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Abstract Background Proactive referrals through electronic orders (eReferrals) can increase
patient connection with tobacco quitlines. More information is needed on “real-world”
implementation of electronic health record tools to promote tobacco cessation while
minimizing provider burden.
Objectives This paper examines the health system implementation of an eReferral to
a tobacco quitline without best practice alerts in primary care, specialty, and hospital
settings in an academic health system.
Methods This is a prospective implementation study of a health system tobacco
eReferral to a state quitline that was completed with an approach to minimize provider
cognitive burden. Data are drawn from electronic health record data at University of
California, Davis Health Systems (March 2013–February 2016).
Results Over 3 years, 16,083 encounters with smokers resulted in 1,137 eReferral
orders (7.1%). Treatment reach was 1.6% for quitline services and 2.3% for outpatient
group classes. While the group classes were offered to outpatient smokers, the
eReferral order was included in an outpatient order set and eventually an automated
inpatient discharge order set; no provider alerts were implemented. Referrals were
sustained and doubled after inpatient order set implementation. Among all first time
eReferral patients, 12.2% had a 6 to 12 month follow-up visit at which they were
documented as nonsmoking.
Conclusion This study demonstrates a quitline eReferral order can be successfully
implemented and sustained with minimal promotion, without provider alerts and in
conjunction with group classes. Reach and effectiveness were similar to previously
described literature.
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Background and Significance

Referrals to tobacco cessation resources are an important
prevention and treatment tool, part of the “5 A’s” or ask–
advise–refer approaches to assist smokers.1,2 However, resour-
ces like group classes or tobacco treatment specialists may not
befeasible for all health care systems.1,3Tobaccoquitlines arean
effective resource available nationwide that can improve long-
term cessation rates.4–6 Electronic health records (EHRs) are a
burgeoning tool for providers to connect patients to tobacco
cessation resources.7,8 Proactive referrals to a quitline using an
EHR(hereafter “eReferrals”)may increaseapatient’sconnection
and enrollment into quitline services by 13-fold.9 In “bidirec-
tional” eReferrals, the outcomes of the quitline are reported
back to the health system’s ordering provider and have higher
referral rates than traditional fax-based referrals.10–12

Most eReferral studies relied on team-based models and
are focused on either inpatient or outpatient implementa-
tions rather than changes across a health care system or in
specialty settings.9,13–16 Specialty services like oncology are
important settings for promoting tobacco cessation.17 When
implementing new preventive strategies, best practice alerts
(BPAs) are often recommended,18 yet these may cause
provider “alert fatigue.”19 More information is needed on
“real-world” implementation of EHR tools to promote tobac-
co cessation in diverse clinical settings while minimizing
provider burden.7,8,20,21 Uses of the EHR to promote tobacco
cessation resources in the absence of tobacco treatment
specialists or team-based caremay inform future implemen-
tation of tobacco-cessation programs.22,23

In 2013, California’s first bidirectional quitline eReferral
was launched between University of California, Davis Health
Systems (UCD), and the California Smokers’ Helpline (Help-
line). The eReferral was implemented without a team-based
model and without BPAs. The purpose of this study is to
examine the “real-world” implementation of California’sfirst
bidirectional eReferral system.

Methods

Study Setting and Participants
Thisprospective studyexamines the2013 implementationofa
Helpline eReferral order at UCD. UCD is an academic medical
centerwith almost 1million annual encounters in theprimary
care (14 offices at the time in 10 area communities), specialty
care, emergency, and inpatient settings with approximately
1,600activecliniciansat thetimeof this study. Thisprojectwas
considered exemptby theUCD Institutional ReviewBoard as it
did not involve human patients’ research.

Description of UCD eReferral to Helpline
UCD has used Epic Systems Corporation software (“Epic”) for
its EHR since 2006. There was no prior integrated UCD referral
system. Prior to this study, primary care medical assistants
were trained on meaningful use requirements to document
smoking status for patients in theEHR.TheeReferral order is an
outpatient order available across all clinics and the medical
center at hospital discharge. The eReferral order workflow

follows a bidirectional pathway. Once a patient verbally con-
sents, the provider electronically places an eReferral order
which takes about 1minute or less. The patient’s information
is automatically sent to the Helpline through a bidirectional
interface using standard Health Level Seven (HL7) V.2 mes-
sages. The outcomes of the Helpline’s encounter with the
patient are sent back to the ordering provider’s inbox and
canbe reviewedwithin thepatient’smedical record in theEHR.
The Helpline contacts the patient within 1 to 2 days, conducts
an intake questionnaire, and offers counseling services. All
California Helpline users are eligible for counseling services.

Data Sources
Data sources included UCD EHR and Helpline caller data for
orders placed between March 2013 and February 2016.
During the study-time period, 16,083 patient encounters
included a diagnostic code of current tobacco use, 1,974were
during an inpatient admission, and 14,109 were during an
outpatient encounter. The Helpline providedmonthly eRe-
ferral aggregate contact and service outcome reports. Mor-
tality was not assessed; patients who received an eReferral
were included in analyses without regard to vital status.

As seen in►Fig. 1, the UCD EHR data had 1,198 eReferrals,
49 orders which were not included because they were
canceled, leaving 1,149 eReferrals. The Helpline reported
1,137 total UCD eReferrals during the same time period.
The Helpline caller data were used to describe how many
patients were contacted. The source of the discrepancy of 12
eReferrals is unknown but may reflect user error.

Study Design and Measures
The Reach Effectiveness Adoption Implementation Mainte-
nance (RE-AIM) conceptual framework23,24 was used to eval-
uate the implementation of theUCD eReferral system. RE-AIM
consists of the following five components and assesses imple-
mentation from both a patient and system perspective: (1)
reach—theproportionof the target populationwhoparticipate
in an intervention, (2) effectiveness—the effect of an interven-
tion on outcomes of interest, (3) adoption—the proportion of
those who implement the intervention on an individual and

Fig. 1 First eReferral order count (March 2013–February 2016).
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setting level, (4) implementation—whether the intervention
was delivered as intended, and (5) maintenance—the institu-
tionalization of the intervention. In the results, implementa-
tion is presented first to provide context for the other
components.

Four measures were used to describe reach of the
eReferral, as defined by the North American Quitline Con-
sortium25 as follows: 1) contact rate—the proportion who
were successfully contacted by the Helpline, among those
referred; (2) rate of accepting services—proportion who
accepted any services (e.g., intake and mailed educational
booklet) from the Helpline, among those referred; (3) treat-
ment reach—proportion who accepted counseling services,
among those who had an outpatient or inpatient encounter
at UCD; and (4) Helpline treatment reach—proportion who
accepted counseling services, among thosewho accepted any
services.We used clinical encounterswith tobacco use rather
than the UCD smoking population as our denominator for
treatment reaches for comparability with other eReferral
studies.26

For effectiveness, eReferral recipientswho reported current
tobacco use at the time of order were assessed for follow-up
visit tobacco status. Multiple (second, third, or fourth) orders
(n¼117) were not included in the primary analysis, for a total
of1,032first eReferrals (►Fig. 1);howeverquitoutcomes forall
orders are included in ►Table 1. Quit status was defined as a
time-stamped, point prevalence status of not smoking at a
follow-up clinic visit during one of four time periods (0–1, 1–3,
3–6, and 6–12months). Using Chi-square analyses, the propor-
tion of patients who had quit among patients with a follow-up

clinic visit was described for a “complete case” analysis. The
proportion of patients who had quit among all patients with a
first eReferral was also evaluated for a “missing¼ smoking”
analysis (primary outcome) which assumed any smoker who
did not have a follow-up visit was still smoking.27 We also
compared the proportion of patients who quit between those
who did or did not accept Helpline counseling services across
the four-time periods.

For adoption, the proportions of primary care, specialty,
and inpatient eReferralswere calculatedoutof total eReferrals.
The proportion of UCD providers who placed an eReferral was
calculated. For Implementation, EHRmodifications toenhance
the utilization of the eReferral are described. ForMaintenance,
average monthly eReferrals are tracked over time.

Results

Implementation
The Centers for Disease Control and Prevention provided
approximately $50,000 in funding toUCD in 2012 to build the
first California bidirectional eReferral to the Helpline.28

Funding went toward a computer programmer, interopera-
bility manager, and physician champion. Current standard
costs for the Helpline to connect with health systems via HL7
are $7,000 then $150 per month for maintenance.29 The
eReferral order was implemented as a standalone project to
address the “refer” component of ask–advise–refer.1,2

An EHR in-basket announcement was sent to all ordering
providers on March 2013, with a web link to additional
screenshots and information. The eReferral order was

Table 1 Quit rates of patientsb with a first, second, third, and fourth eReferral order at clinic follow-up

Quit, n (%)

0–1months 1–3months 3–6months 6–12months

First eReferral
na¼ 1032

nb ¼223 n¼ 497 n¼510 n¼ 576

“Complete case”c 33 (14.8) 92 (18.5) 108 (21.2) 126 (21.9)

“Missing¼ smoking”d 33 (3.2) 92 (8.9) 108 (10.5) 126 (12.2)

Second eReferral
n¼ 103

n¼ 27 n¼ 50 n¼59 n¼ 80

“Complete case” 4 (14.8) 10 (20) 11 (18.6) 10 (12.5)

“Missing¼ smoking” 4 (3.8) 10 (9.7) 11 (10.7) 10 (9.7)

Third eReferral
n¼ 12

n¼ 3 n¼ 9 n¼9 n¼ 9

“Complete case” 1 (33.3) 2 (22.2) 2 (22.2) 0 (0)

“Missing¼ smoking” 1 (8.3) 2 (16.6) 2 (16.6) 0 (0)

Fourth eReferral
N¼ 2

n¼ 0 n¼ 2 n¼2 n¼ 2

“Complete case” 0 (0) 0 (0) 0 (0) 0 (0)

“Missing¼ smoking” 0 (0) 0 (0) 0 (0) 0 (0)

aTotal number of first, second, third, or fourth eReferrals ordered.
bPatients who returned for a follow-up clinic visit during the indicated time period with a documented smoking status.
c“Complete case”: proportion of patients who quit among those with a documented smoking status at follow-up visit.
d“Missing¼ smoking”: proportion of patients who quit among those with a first eReferral order (n¼ 1032), with the assumption that
missing¼ smoking.
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available as the same single order in all inpatient (discharge)
and outpatient settings. No other eReferral promotional
activity took place until 2015. Informal teaching took place
within the resident teaching clinics. No provider alerts to
order the eReferral were implemented primarily due to
concern for provider alert fatigue. The eReferral order was
integrated into a tobacco outpatient “SmartSet” in Fall 2015.
This “SmartSet” was not accessible within the usual order
entry box but was instead accessible at a side panel in an
outpatient clinical encounter with other “SmartSets.” Several
medication options and a referral to theUCD in-person group
class were included in the “SmartSet.” Subsequently, the
“SmartSet”with the referral orderswas added to an inpatient
discharge order set in November 2015. The “SmartSet” is
automatically included if a hospital patient has a tobacco
status of “current smoker.” The eReferral was modified in
2015 to include referrals for household smokers. After the
study time period, the eReferral order was incorporated into
a 2016 pediatric resident quality improvement project.

There were other statewide initiatives promoting the
Helpline during this time which may have raised provider
or patient awareness of the Helpline. The statewideMedi-Cal
Incentives To Quit Smoking project’s statewide outreach
through health channels was 2012 to 2015.30 The UC quits
project was a collaboration across all five University of
California health systems in implementing bidirectional
eReferrals during the study time period.31,32

Reach
During the study time period, 1,149 eReferrals were placed,
reflecting 7.1% of 16,083 clinical encounters with a tobacco
user. Of the orders received by the Helpline (n¼1,137), 52%
of the referrals were successfully contacted. The rate of
accepting services was 39% (430 of 1,149 eReferrals placed).
The rate of accepting services was lower in the hospital 23%
(50 of 215 orders) than the clinics 43% (399 of 934 orders).
The Helpline treatment reach was 61.2% (263 callers out of
430 who accepted services).

The treatment reach for the health system was 1.6% (263
patients out of 16,083 clinical encounters with a tobacco
user). UCD also offers group classes for tobacco cessation
which have been an established service for years prior to the
concurrent Helpline eReferral. Comparatively, the UCD group
class treatment reach for the same time periodwas 2.3% (331
patients out of 14,109 outpatient clinical encounters). There
were no fax referrals before or during the study. Assuming
these patients were selected from either Helpline or group
class services, the additive treatment reach would be 3.7%.

Effectiveness
►Table 1 shows the quit rates for1,032UCDpatientswhohad a
time-stamped tobacco status at a follow-up encounter after
their first eReferral. Only one-fifth of patients had an encounter
within 1 month but about half of patients had a follow-up
encounter between1 to12months. At 6 to12monthsof follow-
up, which had the highest follow-up rate, the “complete case”
quit rate was 21.9%, and the “missing¼ smoking” quit rate was
12.2%. Theprior timeperiodsof1 to3monthsand3 to6months

differed by only 3 to 4% points lower in the “complete case” or
“missing¼ smoking”quit rate categories.►Table 1 shows there
were 103 second referrals, 12 third referrals, and two fourth
referrals.At6 to12months, secondreferralshada9.7%quit rate.
Third or fourth eReferral groups had very few follow-ups.

Patients with first eReferrals who accepted Helpline ser-
vices had a higher quit rate at 1 to 3 months (13.6 vs. 7.6%,
p¼0.007) than those who did not accept services. However,
comparisons at other time intervals were not statistically
significant (data not shown).

Adoption
Diverse providers and clinics ordered the eReferral over time,
even though group cessation classes were also available. Two
hundred and seventy-one providers used the eReferral order
at least once, which represents 17% of UCD providers. About
55% (n¼641) of referrals originated from primary care
providers. The other referrals were 25% (n¼292) from
specialty clinic providers, 19% (n¼215) from inpatient pro-
viders, and <1% (n¼5) from pediatric providers. Among the
various UCD clinics, 86% (12 of 14) of primary care clinics and
20% (30 of 150) of specialty clinics had placed the eReferral
order. The internal medicine residency clinic had the highest
number of orders (over 200), followed by the familymedicine
residency clinic (over 100); other faculty-based primary care
clinics averaged 26 orders. Other clinics with a higher
volume of eReferral orders (>50 total orders over 3 years)
included the UCD pain clinic and thoracic surgery cancer
clinic. Almost two-thirds (64%) of all providers who used the
eReferral once used it at least a second time.

Maintenance
The monthly eReferrals initially averaged 32 eReferrals per
month, as seen in ►Fig. 2. ►Fig. 2 shows that monthly
referrals doubled in December 2015 after the eReferral order
was incorporated into inpatient discharge orders for current
tobacco users.

Discussion

This study demonstrates that a quitline eReferral order can be
successfully implemented and sustained in a health system
with minimal promotion, without provider alerts and in
conjunction with group classes, while maintaining reach and
effectiveness similar to other studies. The UCD bidirectional
eReferral with the Helpline is the first in California. This early
adoption allowed this study to examine long-term implemen-
tation. Primary care, specialty care, and hospital care adopted
the eReferral, demonstrating the utility is not specific to
primary care. Adoption, implementation, and maintenance
were likely enhanced with automation enhancements that
were minimally intrusive to the provider as follows: (1) the
bidirectional feedback to the ordering provider may explain
why almost two-thirds of ordering providers used it at least
twice, and (2) automation into thehospital discharge order set
doubled monthly orders. This study focuses on a generalized
provider-driven workflow model but workflow models that
activate other health care team members could have greater
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reach than the 7.1% of UCD clinical encounters for patients
with current tobacco use.

For reach, our contact rate of 52% is consistent with rates
found inother studies. Vidrine et al26 reported a contact rate of
41% in their randomized trial providing patients with elec-
tronic quitline referrals or the quitline number. Kruse et al11

reported a slightly higher contact rate of 56%when connecting
patients to an internal tobacco treatment coordinator which
may represent increasedwillingness to engagewith in-system
resources.11 Poor contact rates found throughout eReferral
studies may reflect a wide variety of issues, such as patient
readiness, contact information accuracy, scheduling, or accep-
tance of telephone services. Incorporating complementary
technology, such as texting or mobile apps, may enhance
smoker engagement in cessation, such as texting for appoint-
ment reminders.33–35 The difference in rate of accepting
services between clinic and hospital patients is not surprising,
sincehospitalpatientsmaybe recovering fromanacute illness.
The Helpline treatment reach of 61% is comparable or higher
than others reported in the clinical trials by Vidrine et al
(68.7%)26 and Fiore et al (30% connected but not necessarily
treated).12 The similar treatment reach between the Helpline
and group class suggest that these offerings are not mutually
exclusive and can be promoted concurrently. Our treatment
reach (1.6%) is higher than the ask–advise–refer group (0.5%)
but lower than an ask–advise–connect group (14%) in a study
by Vidrine et al.26 This may reflect our inclusion of inpatient
eReferrals which had lower rates of accepting services.

For effectiveness, the “missing¼ smoking” quit rate of
12.2%, a conservative estimate, is comparable to 6 month
quit rates of 11 to 12% seen in other studies of eReferrals to
tobacco quitlines.4,36 Even the “complete case” quit rate of
21.9% may reflect an underestimate of the higher range, as
only half of the patients who had a eReferral had a follow-up
clinic visit within the year.12,26 We did not measure utiliza-
tion of medications, which may improve quit rates, as these
may not have been prescribed and documented in the EHR
but used over the counter. There was also a concurrent
Helpline offer for free nicotine patches mailed directly to
patients in the Medi-Cal Incentives to Quit Smoking project
(2012–2015)30whichwould also not have been documented
in the EHR. We found that second eReferrals had a lower quit
rate of 9.7% at 6 to 12 months. It may take smokers multiple
attempts to quit which may be reflected in the ongoing
success of the second eReferrals. The low number of third
and fourth eReferrals limited interpretation.

For adoption, primary care, hospital care, and specialty care
providers utilized the eReferral. Although only five eReferrals
came from pediatrics, the option for referral for household
smoker came late in the study time period, and the pediatrics
department included the eReferral in an inpatient discharge
order set after the study time period. Pediatric eReferrals were
expected to increase after these inclusions, other studies by
Jenssen et al have found that clinical decision support tools for
parental tobacco treatment increasedquitlineenrollment.37–39

Ourfinding that thehospital-based resident clinics had greater

Fig. 2 Monthly eReferral order count (March 2013–February 2016).
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useof the eReferral order than faculty-basedclinicsmay reflect
a difference in patient or provider characteristics, resident–
physicianengagement, orpromotional strategies.Thehospital-
based clinic patient population may represent a different
population as patients may reflect the urban, underserved
neighborhood, or follow-up hospital discharges for patients
that live remotely. UCD group classes at the surrounding
faculty-based clinics were concurrently promoted directly to
these patients with permission by their providers. Group
classes that were on-site and in-person may hold greater
appeal than the Helpline to some patients. Direct-to-patient
promotion by health systems may be an adjunctive method to
engage smokers with quitlines. Targetedmailings to identified
smokers, particularly with incentive messaging, including ces-
sation medications, can stimulate calls to a quitline.40

For implementation and maintenance, a strength of our
study is that, it demonstrates the impact in both hospital and
outpatient settings which allows for more than one perspec-
tive.7 The eReferral was launched as an outpatient order and
later incorporated as a hospital discharge order. Patients
referred in the outpatient setting had almost double the rate
of accepting services from the Helpline than those in a hospital
setting. Possible explanations include that outpatients may
have had more trust with their primary care or specialty
provider, or that discharged patients were too sick to engage
or not available (e.g., transferred to a skilled nursing facility).
From the maintenance perspective, eReferral orders doubled
when the hospital discharge order set automatically included
the tobacco “SmartSet” when linked to a current tobacco user.
There was not an equivalent integrated and automated work-
flow in the outpatient setting, where the concern for an
outpatient provider “best practice alert” linked to orders was
that it may contribute to the provider’s cognitive burden with
additional clicks and “alert fatigue.” For either setting, it is
possible that the bidirectional feedback to order providersmay
encourage providers to continue using the eReferral order, as
almost two-thirds of providers had more than one order.
Monthlyordersdidnot increaseover timesuggestingproviders
didnot start tousetheeReferralmorefrequentlyafter feedback.
Further research may explore whether the bidirectional feed-
back is evennecessary for providers, themessagingor timingof
the bidirectional feedback, or the additional benefit of more
provider training or integration into the clinical workflow. Use
of an audio computer-assisted self-interview system to assess
smoking status, or a noninterruptive clinical decision support
tool to promote referral, may be other feasible resources.39,41

Implementation and maintenance of the eReferral
requires workflow considerations such as available support
staff or culture and the institutional capacity for population
health. Training licensed Vocational Nurses to record smok-
ing status and place referrals in the Vidrine et al.9 eReferral
study resulted in a greater treatment reach (8%) than that of
the UCD eReferral (1.8%) which relied on physician entry.
Automated methods of connecting patients to tobacco ces-
sation, such as interactive voice response calls after hospital
discharge,42,43 are promising for increasing reach and fol-
low-up. Future efforts may consider tobacco registries to
track tobacco status and outcomes after interventions.44,45

The bidirectional eReferral feedback from a quitline can
potentially contribute to such tobacco registries by tracking
tobacco status at follow-up calls and describing interven-
tions received. Interoperability between tobacco cessation
EHR resources may be a model when developing clinical
informatics tools, such as an open EHR.46

Limitations

Our study has several limitations. This was an observational
study at a single-academic institution, not a randomized
controlled trial. We identified smokers who had quit by
whether their smoking status was time-stamped at a fol-
low-up clinic visit which may have difficulties with validi-
ty.45 Directly contacting all patients for follow-up smoking
status, medications used, or biochemical validation would
providemore accurate data but would have been less feasible
and not reflect “real-world” practices. The effectiveness
measure is limited by absence of a control population. The
patients who had follow-up encounters may represent a
unique patient population.We did not include an assessment
of medication use as their utilization may not have been
documented in the EHR.We did not include an assessment of
the use of the “SmartSet” due to a lack of available data. The
proportion of patients who completed counseling out of
those who accepted services is lower than that of other state
quitlines, the etiology of which was not within the scope of
this study, limits the generalizability.

Conclusion

This “real world” implementation study demonstrates that an
eReferral system can be successfully integrated into an aca-
demic health system, resulting in reach and quit rates compa-
rable to those seen in other studies. As tobacco users may
average8 to12attempts topermanentlyquit,2 theaccessibility
and integration of the quitline eReferral throughout thehealth
system’s EHR can help address tobacco at every potential
clinical encounter. Advantages of this outpatient order includ-
ed the versatility to be used in specialty clinic and hospital
settings. Future efforts may also consider how population
health strategies combined with clinical informatics may
enhance tobacco treatment efforts outside of the clinical
encounter setting.46

Clinical Relevance Statement

As health systems consider adding eReferrals to their elec-
tronic health records, stakeholders question how to effec-
tively implement the eReferral in their system. Decisions,
such as who will place the order, whether to make a
bidirectional order, whether to require a BPA, or order
set, will depend on the unique environment of an individual
health system and will benefit from sharing prior imple-
mentation experiences. This paper not only describes one
method of implementation across diverse clinical settings
but additionally contains effectiveness data over a 3-year
time frame.
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Multiple Choice Questions

1. The incorporation of the UCD eReferral into the hospital
discharge order set led to
a. A decrease in hospital eReferral orders.
b. No change in hospital eReferral orders.
c. An increase in hospital eReferral orders.
d. The removal of the eReferral order from the outpatient

order sets.

Correct Answer: The correct answer is option c. After the
implementation of a discharge order set, we observed an
increase in hospital eReferral orders.

2. The highest proportion of eReferrals came from
a. Resident clinics.
b. Faculty clinics.
c. Specialty clinics.
d. Hospital units.

Correct Answer: The correct answer is option a. The
highest proportion of eReferrals came from resident clin-
ics at this academic site.

Protection of Human and Animal Subjects
The Institutional Review Board of UCD determined this
study was not human patients’ research.
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