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CLINICAL

M any initiatives aimed at transforming primary care have 

concentrated on the development of patient-centered 

medical homes, with emphasis on elements including 

the adoption of electronic health records (EHRs), multidisciplinary 

team-based care, and care coordination. Fewer efforts have been 

directed at improving the interface between primary care provid-

ers (PCPs) and specialists in the outpatient setting.1-3 This gap is 

notable given the significant clinical importance and financial 

impact of the PCP–specialist relationship. Outpatient specialty 

visits represent a disproportionate source of year-over-year 

increases in healthcare expenditures,4,5 with research suggesting 

that a typical PCP interacts with more than 200 specialists in a 

year.6 Such financial considerations are increasingly important as 

payment reform gains momentum across the country and stimu-

lates experimentation with novel reimbursement arrangements. 

Additionally, the proliferation and adoption of new technologies, 

including EHRs and secure health information exchanges, are 

creating fertile conditions for improving the interface between 

specialists and PCPs. 

Electronic consultations (eConsults) are non–face-to-face (F2F) 

consultations between a PCP and a specialist that utilize secure 

messaging to exchange information. Unlike electronic referral 

systems that link primary care practices with specialty providers 

for F2F appointment triage, eConsults provide a virtual consulta-

tion by the specialist after clinical information sent by the PCP 

is reviewed and returned with recommendations, which poten-

tially eliminates the need for the patient to be seen in person by 

the specialist. Health systems that implemented eConsults have 

improved specialty access, reduced wait times,7 and decreased 

F2F consultations between 9% and 51% depending on setting 

and specialty.8-14 However, few studies have evaluated the effects 

of PCP access to a secure eConsult platform on total healthcare 

expenditures. Findings using retrospective data from an eConsult 

program in Canada suggest the potential for cost savings,15,16 but 

these studies were not randomized and did not evaluate the impact 

on total cost of care. The reduction in F2F visits with specialists 
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ABSTRACT

OBJECTIVES: To evaluate the cost-effectiveness of 
electronic consultations (eConsults) for cardiology compared 
with traditional face-to-face consults.

STUDY DESIGN: Cost-effectiveness analysis for a subset 
of Medicaid-insured patients in a cluster-randomized trial 
of eConsults versus the traditional face-to-face consultation 
process in a statewide federally qualified health center.

METHODS: A total of 369 Medicaid patients were referred 
for cardiology consultations by primary care providers who 
were randomly assigned to use either eConsults or their 
usual face-to-face referral process. Primary care providers 
in the eConsult arm transmitted consults to cardiologists 
using a secure peer-to-peer communication platform in 
an electronic health record. Intention-to-treat analysis 
was used to assess the total cost of care and cost across 7 
categories: inpatient, outpatient, emergency department, 
pharmacy, labs, cardiac procedures, and “all other.” Costs 
are from the payer’s perspective.

RESULTS: Six months after the cardiology consult, 
patients in the eConsult group had significantly lower mean 
unadjusted total costs by $655 per patient, or lower mean 
costs by $466 per patient when adjusted for non-normality, 
compared with those in the face-to-face arm. The eConsult 
group had a significantly lower cost by $81 per patient in the 
outpatient cardiac procedures category.

CONCLUSIONS: These findings suggest that eConsults are 
associated with total cost savings to payers due principally to 
reductions in the cost of cardiac outpatient procedures.
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is a potential source of cost savings to payers, but these savings 

could be offset by an increase in primary care costs and the cost 

of administering an eConsult program. We recently published 

results of a cluster-randomized controlled trial of eConsults for 

cardiology in a statewide federally qualified health center (FQHC) 

in Connecticut14 that demonstrate significant improvements in 

access and timeliness of care with a reduction in cardiology uti-

lization. In this article, we report the impact of the intervention 

on cost for the subset of Medicaid-insured patients in this trial.

METHODS
Setting

Community Health Center, Inc, (CHCI) is a statewide multisite 

FQHC providing comprehensive primary medical, behavioral, and 

dental care to medically underserved patients in Connecticut. 

CHCI delivers care in 13 primary care clinics as well as in numer-

ous school-based and homeless shelter–based facilities. All sites 

use an integrated EHR. Patients receive primary medical care from 

internists, family physicians, pediatricians, nurse practitioners, 

and physician assistants. Most of CHCI’s practice sites refer to 

hospitals and specialists within their neighboring communities or 

to large regional academic medical centers. During the study, more 

than 60% of CHCI’s patients were racial/ethnic minorities, more 

than 90% had incomes at or below 200% of the federal poverty 

level, more than 60% had state Medicaid insurance, and almost 

25% were uninsured.

Study Design

Complete details of the design and methods of the trial have been 

published.14 Briefly, the intervention period for the eConsult study 

was between August 1, 2012, and June 30, 2013, and involved 590 

patients and 36 providers from CHCI and 3 cardiologists from the 

University of Connecticut Health Center (UCHC). All consenting 

PCPs were assigned to the intervention (eConsult) or control (F2F) 

arm using 1:1 blocked randomization at the level of the PCP. No 

other parameters were used. There were no significant differences 

in site of practice between the intervention and control sites. All 

providers at all practices accepted all patients 

regardless of insurance status.

Intervention providers used eConsults for 

all nonurgent cardiology referrals except for 

patients who had an established relationship 

with a cardiologist. Determination of urgency 

was at the discretion of the PCP. The eConsult 

option was a function embedded in the EHR 

that allowed direct electronic communica-

tion between the PCP and the cardiologist. 

The eConsult included a specific question 

and relevant documentation, such as a brief clinical history, 

electrocardiograms, medication lists, laboratory and procedure 

results, and progress notes. A referral coordinator managed the 

eConsult process. The participating cardiologist received an email 

notification each time an eConsult was submitted, retrieved the 

eConsult from a secure Web portal, and responded within 2 

business days. Their responses generally provided answers to 

PCPs’ questions and included other relevant suggestions, such 

as additional laboratory readings/tests or therapeutic trials prior 

to a subsequent consult, or occasionally a recommendation for 

a F2F visit. When a F2F consultation was recommended, provid-

ers and patients were free to choose any cardiologist accepting 

FQHC referrals in the service area. Providers in the control group 

sent all cardiology consults via the traditional F2F referral pro-

cess at CHCI (Figure). The institutional review board of CHCI 

approved the study.

Data Sources

The economic analysis used demographic information for partici-

pating PCPs and their patients from CHCI’s practice management 

system and Medicaid paid claims data between August 8, 2011, and 

February 21, 2014.

Statistical Analysis

Three types of analysis were conducted: 1) an intention-to-treat 

(ITT) analysis, 2) an analysis of actual treatment (AT) received, and 

3) a sensitivity analysis. 

In the ITT analysis (Group B vs C in the Figure), all claims from 

patients in the PCP intervention and control arms were counted in 

their respective groups regardless of provider’s or patient’s adher-

ence to their assigned consultation arm. 

In the AT analysis, patients were grouped based on actual con-

sultation choice (eConsult vs F2F), regardless of the provider’s 

assigned group. This second analysis regrouped claims of patients 

of intervention PCPs who were reassigned to a F2F consult as per 

the study protocol (B+E vs F in the Figure). This analysis presents 

the postrandomization (“real-world”) provider referral behavior. 

The sensitivity analysis used 3 hypothetical fee combinations. 

All combinations were tested for the ITT and AT scenarios. In 

TAKEAWAY POINTS

Electronic consultations (eConsults) improve access, timeliness, and coordination of care 
compared with traditional face-to-face consultations. Findings from this study suggest that 
the use of eConsults is associated with cost savings to payers due principally to reductions in 
the cost of cardiac outpatient procedures.

 › The implications of cost savings demonstrated in this study are important for state Medicaid 
agencies and other health systems seeking new ways to improve access and quality while 
reducing cost. 

 › Policy changes that support the use of eConsults could result in significant savings to the 
Medicaid program in a relatively short time frame. 
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FIGURE. Consort Diagram of Randomized Assignment to Conditions and Received Treatmenta,b 

CG indicates control group; F2F, face-to-face; IG, intervention group.
aBold numbers in dark blue boxes indicate sums from lower tier (denoted by letters in black tabs).
bNumbers in italics in black tabs are Consort Diagram Codes.
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addition to the $25 eConsult fee charged for this study, we used 

$185 per visit for F2F visits and $45 per visit for eConsults. The 

latter 2 reimbursement rates correspond to the average commer-

cial reimbursement rate for a 30-minute new patient F2F office 

consultation in the same zip code as the UCHC and a cost-based 

estimate for eConsults, respectively.17,18 

Cost items were segregated into the categories shown in Table 

1. Baseline costs were established by evaluating all claims for 180 

days preceding the cardiology consult request. Cost analysis for 

the intervention period was based on claims inclusive of the date 

of the referral and the following 180 days. All claims included a 

3-month lag. Extreme costs were not truncated.

All cost analyses were performed from the payer’s (Connecticut 

Medicaid) perspective. Transportation costs paid for by Medicaid 

for F2F visits were not included. At the time of the study, Medicaid 

did not reimburse for eConsults and therefore payment was not 

reflected in the claims extracts. All analyses included a $25 fee for 

each eConsult visit paid to the cardiologist by CHCI. Cardiology 

F2F new visits (Current Procedural Technology code, 99243) were 

reimbursed by Medicaid at their customary rate of $66. Any costs 

borne by PCPs (eg, additional time spent creating and review-

ing eConsults), specialists (eg, lost revenue from “no-shows”), 

or patients (eg, co-pays, unpaid time off work, or out-of-pocket 

transportation costs) were not included. 

Healthcare costs are typically not normally 

distributed (ie, they are skewed),19 resulting 

in the distributions of repeated cost variables 

being “pulled up” toward a higher mean by a 

few extreme scores. Several statistical paths 

were followed to ensure that comparisons of 

changes in costs between F2F and eConsult 

patients yielded robust results. 

Baseline and intervention costs were 

assessed across 7 categories (inpatient, emer-

gency department, outpatient, pharmacy, 

labs, cardiac procedures, and all other) for 

departure from normality. Then, non-normal 

cost changes were modeled using Mplus ver-

sion 7.4 software (Muthén & Muthén; Los 

Angeles, California).20,21 Its skew-t estima-

tion method allows for direct comparisons 

of means without the need to truncate scores, 

by estimating 2 parameters beyond mean and 

variance, namely the skewness and t degrees 

of freedom for extreme scores (to model 

“thick-tailed” distributions).22 

Patient demographic characteristics and 

raw baseline costs were first evaluated for 

baseline equivalency. This was followed by 

analyses of differences between the non-

normality–adjusted means of the cost changes (ie, change scores 

adjusted for baseline values).23,24 All results are reported as the test 

of differences in changes between cost categories from the baseline 

to intervention periods for the total cost. Amounts paid in 2013, 

2014, and 2015 were converted to 2016 dollars. All claims categories 

(ie, cardiac and noncardiac) were included in the analysis.

RESULTS
Thirty-six PCPs participated in the trial; 19 were randomly 

assigned to the control group and 17 to the intervention group. 

Characteristics of the PCPs in both groups were balanced, with 

no statistically significant differences in age, clinical experience, 

gender, race/ethnicity, or primary care specialty (Table 2). 

During the study period, these participating PCPs initiated 590 

adult cardiology consults. Of those, 369 patients had Medicaid 

insurance continuously for the duration of the study and were 

pooled for this comparative cost analysis. 

The number of Medicaid patients in each group included 235 

(64%) in the F2F group and 134 (34%) in the eConsult group. A 

portion of this difference was accounted for by the fact that 2 pro-

viders in the intervention group dropped out of the study at the 

outset and 2 additional intervention providers left the health center 

before completion of the study. Patient demographic and clinical 

TABLE 1. Cost Categories

Cost Category Comments

Total costs Includes all nonduplicative cost categories.

Inpatient admissions Includes all admissions to hospitals regardless of 
diagnosis. This category includes all patients seen in the 
ED and later admitted to the hospital. A subset of this 
category is cardiac admissions, defined as admissions 
with a principal cardiac diagnosis.

ED Includes all ED visits that were not converted to inpatient 
admissions. A subset of this category is ED patients with 
a potential cardiac chief complaint, such as chest pain or 
syncope, who were later discharged.

All outpatient visits All provider office visits including specialists other than 
cardiology. This category excludes outpatient procedure-
related cardiology visits (see below). 

Total prescriptions Includes inpatient and outpatient prescriptions. 

Labs All outpatient tests (predominantly blood tests)  
performed at clinics or independent laboratory facilities.

Cardiac outpatient  
treatment or  
diagnostic tests

Includes cardiac invasive and noninvasive outpatient 
tests and procedures, such as echocardiograms, cardiac 
catheterizations, coronary artery stent placement, 
nuclear cardiac imaging, Holter monitors, etc.

All other This represents a small fraction of claims that could not 
be attributed to any of the above categories. Residual 
claims are an artifact of the cost categorization logic and 
the way claims were coded or later modified by the payer. 

ED indicates emergency department.
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characteristics are shown in Table 3. There 

were no significant demographic differences 

between the 2 groups. Clinically, rates of smok-

ing and diabetes were similar in both groups, 

as were average blood pressure, body mass 

index, cholesterol level, and composite cardio-

vascular risk as measured by the Framingham 

Risk Score.25 The average total cost of care for 

the 6-month period prior to the referral date 

was $4102 in the control group and $4667 in 

the intervention group (P = .650 for difference).

The Figure shows the distribution of 

patients and the flow of patient referrals 

included in this analysis. Of the 134 consults 

in the intervention group, 59 (44%) were sent 

directly for a F2F visit due to the perceived 

urgency of the referral or the existence of an 

established relationship with a cardiologist. 

Seventy-five consults (56%) were referred to 

the reviewing cardiologist. Fifty-four (72%) of 

these eConsults contained advice for manage-

ment in primary care and a recommendation 

that a F2F visit was unnecessary. Nineteen 

(25%) of the eConsults recommended a F2F 

visit by the patient, of whom 10 (53%) com-

pleted a visit and 9 (47%) did not (the PCP 

did not order a F2F visit for 4 patients, 2 were 

no-shows, and the status of the 3 remain-

ing patients was unknown). Two patients 

(3%) referred for an eConsult did not receive 

it, 1 due to technical problems and 1 for an 

unknown reason.

Of the 235 patients in the control group, 196 

(83%) had a F2F visit with a cardiologist, 35 

(15%) were not seen, and the status of 4 (2%) 

patients was unknown. Of the 35 patients 

who were not seen, 24 were no-shows (10% of 

those patients who were originally referred).

Table 4 shows the ITT unadjusted and adjusted means20,26 for all 

cost categories in both arms of the study. For 6 months following 

the request for the cardiology consult, patients referred by provid-

ers in the eConsult arm had a mean unadjusted total cost of care 

that was $652 per patient lower than that of patients referred by 

providers in the F2F group. After adjusting for skewness, t shape, 

and baseline differences, overall cost in the eConsult group was 

$466 per patient lower than in the F2F group.

Further analysis demonstrated that the number of claims for 

cardiac testing, total claims, and the total cost diverged between 

treatment and control groups immediately following initiation 

of the cardiology consult, with higher rates in the control group, 

suggesting that the observed differences were in fact the result of 

differences in utilization.

Although a portion of the cost difference between the 2 groups 

can be attributed to the difference in cost between an eConsult and 

a F2F visit ($25 vs $66 for this study), this difference accounted for 

only a small part of the actual observed savings. Even after applying 

a $66 charge to all patients in the eConsult arm, including for those 

not seen F2F, the savings were still significant ($433; P = .032); the 

AT analysis (75 patients in eConsult vs 296 in F2F) showed savings 

of $550 per patient (P = .084).

A sensitivity analysis further demonstrates the potential cost 

savings with various reimbursement rates for eConsults and F2F 

TABLE 2. Demographic Characteristics of Primary Care Providers

Provider Characteristics
Intervention

(n = 17)
Control 
(n = 19)

Age, years, mean (SD) 37.3 (7.5) 40.5 (10.1)

Years in practice, mean (SD) 6.1 (7.2) 10.1 (9.6)

Female gender, n (%) 13 (76) 12 (63)

Race, n (%)

Asian 3 (18) 5 (26)

Black 3 (18) 2 (11)

Hispanic 0 (0) 1 (5)

White 11 (65) 11 (58)

Provider specialty, n (%)  

Family medicine physician 8 (47) 13 (68)

Internal medicine physician 3 (18) 1 (5)

Nurse practitioner/physician assistant 6 (35) 5 (26)

TABLE 3. Patient Demographic and Clinical Characteristics

Patient Characteristics
Intervention 

(n = 134) 
Control

(n = 235)

Age, years, mean (SD) 51 (14) 53 (13)

Female gender, n (%) 76 (57) 144 (61)

Race, n (%)   

Black 24 (18) 29 (12)

Hispanic 38 (28) 99 (42)

White 55 (31) 84 (36)

Other 17 (13) 23 (10)

Clinical characteristics   

Current every day smoker, n (%) 36 (28) 67 (29)

Former smoker, n (%) 26 (20) 49 (21)

Never smoker, n (%) 45 (35) 100 (43)

Body mass index, mean (SD) 31.9 (9.2) 31.6 (8.0)

Total cholesterol (mg/dL), mean (SD) 192.6 (55.1) 186.3 (42.3)

Diagnosis of diabetes, n (%) 39 (30) 69 (29)

Framingham Risk Score, mean (SD) 13.4 (10.1) 13.5 (10.1)
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TABLE 4. Average Cost Changes Per Patient by Expense Category and Unadjusted and Adjusted Means

Unadjusted Mean Changesa Adjusted Mean Changesb

Cost Changes  
Baseline/Intervention (∆) 

Control  
(n = 235)

Intervention 
(n = 134)

Differencec 
Control/

Intervention
Control  

(n = 235)
Intervention 

(n = 134)

Differencec 
Control/

Intervention P

∆Inpatient $692 $37 –$655 $692 $37 –$655 .227d

∆Outpatiente $102 $139 $37 $102 $152 $51 .660d

∆Emergency department –$15 $13 $28 -$15 $13 $28 .181d

∆Labs $36 $45 $9 $36 $45 $9 .319d

∆Cardiac procedures $167 $86 –$81 $167 $86 –$81 .001d

∆Pharmacy –$93 $205 $298 –$2079 –$2144 –$65 .809

∆Residual claims –$1600 –$2341 –$741 $5540 $3554 –$1986 .046

∆Total costse $508 –$144 –$625
–$3963  
(SE, $76)

–$4429
(SE, $182)

–$466
(SE, $201)

.021

SE indicates standard error.
aControlled for baseline costs.
bControlled for baseline costs, skewness, and t shape.
cNegative difference indicates savings in treated versus controls. Significant savings in bold.
dEstimation problems existed for all skew, t, and skew-t models, hence normal mixture estimates are reported.
eA $25 eConsult additional fee was added to the treated group only. 

visits. Case scenario 1 (ITT eConsult, $45; F2F, $66.40) showed a 

reduction in total adjusted savings for eConsults of $450 (P = .025). 

In case scenario 2 (ITT eConsult, $25; F2F, $185), the adjusted sav-

ings was $557 (P = .006). In case scenario 3 (ITT eConsult $45; F2F, 

$185), the adjusted savings was $541 per patient (P = .007). 

DISCUSSION
Inadequate access to specialty services among Medicaid beneficia-

ries is a well-recognized barrier to optimal health outcomes and a 

contributing factor to healthcare disparities.27-29 Previous studies 

have demonstrated that eConsults improve access by reducing 

referral waiting times,8,30 but until now, the economic impact of giv-

ing practicing PCPs access to a secure, efficient eConsult platform 

to enhance their interactions with specialists was unknown. The 

results of our analysis show for the first time that when PCPs are 

given an option to use eConsults for Medicaid beneficiaries, the 

total costs and the cost of outpatient cardiac tests and procedures 

at 6 months are significantly lower, by $466 and $81, respectively, 

compared with the traditional F2F approach. Although we random-

ized providers, rather than patients, baseline data demonstrate 

that patients in both PCP groups were similar in demographics, 

cost of care, and clinical characteristics. In addition, there were no 

differences between providers in the 2 treatment arms or in their 

sites of practice. This relatively rapid decline in cost (6 months) is 

unusual in health services studies. Moreover, the results suggested 

that, given the conservatism inherent in the ITT or “as randomized” 

method, the analysis may underestimate savings with eConsults 

compared with the “as treated” case scenario. Our secondary analy-

sis using the as treated scenario confirmed significant savings of 

$93 per patient for cardiac tests and procedures and a favorable 

trend of $533 for overall costs. This analysis should give confidence 

to payers looking for innovative delivery models that reduce costs 

and improve access, timeliness, and convenience for patients and 

specialists alike.

At the outset, a hypothetical explanation for potential savings 

with eConsults was based on more timely initiation of a treatment 

plan and reduced duplication of tests and procedures. Our study 

was not able to elucidate the impact of considerable improvements 

in timeliness on cost of care, but it did demonstrate a net reduction 

in overall outpatient procedures. This finding is a direct result of the 

redesigned process itself, rather than individual provider behaviors, 

suggesting that this transformation is potentially durable.

Our analysis was conservative, as it only evaluated claims-

related costs from the payer perspective and did not evaluate other 

plausible sources of cost savings. For example, many Medicaid 

patients receive reimbursement for transportation to F2F appoint-

ments. The claims file did not include payments related to patient 

transportation, but those unmeasured cost savings in the eConsult 

group accrued to Medicaid.

There were several additional potential cost implications to 

the PCP. The use of eConsults reduced the administrative work of 

scheduling F2F consults and coordinating F2F visits with patients, 

which could have staffing implications. Some safety-net health 

centers invest significant resources not only in scheduling spe-

cialty visits for their patients, but also in providing extra support 

to help patients overcome financial, transportation, and other 

logistical barriers to reduce the likelihood of a no-show.31

The eConsult workflow used in this project required little 

additional work or training on behalf of the PCP. Consults were 
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routed via the eConsult system by a referral coordinator who was 

responsible for managing the consult process. Any additional work 

for providers reviewing and implementing eConsult treatment 

recommendations was likely offset by a reduction in the work 

required to address and manage complaints while patients were 

waiting for their F2F visit. 

The impact of this intervention on costs to patients was also 

not considered in this analysis. One study from Canada has dem-

onstrated that cost savings to patients may be significant16 due to 

avoided transportation costs and lost productivity and wages from 

taking uncompensated time off from work. These potential benefits 

associated with the eConsult represent unmeasured but potentially 

important cost savings that accrued to patients in this study.

One final cost savings to specialists (but not to payers) that was 

not measured in our study was the potential reduction in no-show 

rates in the F2F group. Reducing the number of F2F visits and only 

sending those patients who truly require one may also reduce 

rates of costly no-shows. Of the 235 patients in the F2F group, 35 

(15%) patients never saw the cardiologist and 24 (10%) were con-

firmed no-shows. No-shows are not only costly to the specialist, 

but missing appointments also means forfeiting needed input on 

the patient’s care. This can result in costly complications later on 

that may have been preventable.

Limitations

This study had several limitations. The short 6-month duration of 

follow-up may have resulted in an inability to detect any seasonal 

cost variations. It is also possible that shorter-term cost savings 

resulted in cost increases at a later date. In addition, the focus on a 

single specialty precludes generalizing these findings to other spe-

cialties. Many eConsult systems provide access to a wide range of 

specialties for which the cost implications are unknown. Also, this 

evaluation only included patients with Medicaid, which precludes 

drawing broader conclusions on the impact of eConsults for the 

uninsured or for patients with Medicare or private insurance, as 

Medicaid costs are significantly different from those of other payers.

CONCLUSIONS
We conducted the first randomized controlled trial of eConsults for 

cardiology and demonstrated that they resulted in reduced total 

healthcare costs for Medicaid members’ care. The implications 

of the cost savings demonstrated in this study are important for 

state Medicaid agencies and other health systems seeking new 

ways to improve access and quality while reducing cost. Policy 

changes that support the use of eConsults as a new service modal-

ity could result in significant savings to the Medicaid program 

in a relatively short time frame. However, sustaining eConsult 

programs will require changes in reimbursement policies, either 

by authorizing payments for eConsults on a fee-for-service basis 

or by increasing the opportunities for primary care and specialty 

providers to share in the savings that accrue from more efficient 

and effective care. Future studies should examine the cost–benefit 

balance of eConsults for multiple specialties and in more diverse 

settings to further inform these policy changes as well as which 

changes in costs trigger changes in other costs. Longer follow-up 

will also be useful to determine the durability of savings realized 

in the short term. n
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