JOURNAL OF MEDICAL INTERNET RESEARCH Gohet d

Original Paper

The Benefits of Integrating Electronic Medical Record Systems
Between Primary and Specialist Care Institutions: Mixed Methods
Cohort Study

Kim Huat Goh', PhD; Adrian Yong Kwang Yeow?, PhD; Le Wang®, PhD; Hermione Poh?*, BSc; Hannah Jia Hui Ng°,
MBBS; Gamaliel Tan’, MBBS, MMed; Soon Khai Wee®, MBBS:; Er Luen Lim’, MBBS, MRCS; Jared Louis Andre
D’ Souza®, MBBS, MMed

lNanyang Technological University, Singapore, Singapore

% ngapore University of Social Sciences, Singapore, Singapore
3City University of Hong Kong, Hong Kong, China (Hong Kong)
“4National Universi ty Health System, Singapore, Singapore
Sortho Spineworks, Singapore, Singapore

SNational Universi ty Polyclinics, Singapore, Singapore
"National Universi ty Hospital, Singapore, Singapore

Corresponding Author:

Kim Huat Goh, PhD

Nanyang Technological University
91 Nanyang Avenue

Singapore, 639956

Singapore

Phone: 65 67904808

Email: akhgoh@ntu.edu.sg

Abstract

Background: The benefits of a fully integrated electronic medical record (EMR) system across primary and specialist care
institutions have yet to be formally established. Integrating the EMR systems between primary and specialist careisthefirst step
in building a medical neighborhood. A medical neighborhood isa set of policies and procedures implemented through integrated
systems and processes that support the joint management of patient care across primary care physicians, speciaist physicians,
and other health care providers.

Objective: This study aims to quantify the impacts of integrating the EMR systems of primary and specialist care institutions
in the process of devel oping amedical neighborhood. Theimpacts are operationalized in both quantitative and qualitative measures,
measuring the benefits of such an integration in 3 specific areas, namely, patient diagnosis tracking, patient care management,
and patient coordination.

Methods: A comprehensive, mixed methods examination was conducted using 3 different data sources (EMR consultation data,
clinician survey data, and in-depth interviews). The EMR data consist of patient encounters referred to a specialist clinic from 6
primary care providers before and after integrating the EM R system into the primary and specialist careinstitutions. We analyzed
25,404 specialist consultation referralsto the specialist clinics by the primary care partners for a 12-month period, during which
the integration of the EMR system was conducted. A cohort empirical investigation was used to identify the quantitative impacts
of the EMR integration, and a follow-up survey was conducted with the clinicians 18 months post integration. The clinicians
perceptions of the integration were measured to triangulate the empirical observation from the patient encounters, and the
postimplementation perception survey was analyzed to triangulate the empirical investigation of consultation instances of the
earlier cohort. Concurrently, atotal of 30 interviewswere conducted between March 16, 2021, and July 28, 2021, with clinicians
and operations staff to gather on-the-ground sentiments engendered by this integration, which further informed our quantitative
findings.

Results: Theintegration of EMR systems between primary and specialist careinstitutions was associated with benefitsin patient
diagnosis tracking, patient care management, and patient coordination. Specifically, it was found that the integration resulted in
a decrease in wait time for specialist appointments of an average of 16.5 days (P<.001). Patients were also subjected to fewer
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repeated procedures and tests; the number of procedures (P=.006), radiographies (P=.02), and overall bill sizes (P=.004) all
decreased by between 4.08% and 39.7%, resulting in reduced health care resource wastage while maintaining similar medical
outcomes (P=.37).

Conclusions: Our study’s results are among the first instances of empirical evidence to show that the integration and sharing
of data between primary and specialist care institutions promote continuity in health care delivery and joint patient management
in amedical neighborhood. The findings go beyond the traditional benefits of improved referral communication, as shown in

prior literature.

(J Med Internet Res 2025;27:e49363) doi: 10.2196/49363
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Introduction

The problem of patient referral and coordination between
primary and specidlist care continuesto be an ongoing challenge.
In 2005, the average primary care physician (PCP) in the United
States needed to coordinate patient care with 229 other
physiciansin asmany as 117 practices[1], and such figuresare
representative of health systems where the aging population
and number of health care providers are growing in tandem.
However, such an interinstitutional fragmentation of care, as
shownin aliterature review published in 2020 [2], isassociated
with poorer health outcomes. The US Department of Health
and Human Services defines care coordination as*“the deliberate
organizing [of] patient care activities and sharing [of]
information among all of the participants concerned with a
patient’s care to achieve safer and more effective care’ and
identified health information technology as a critical resource
inthisendeavor. Despite the need for close coordination among
different health care providers, |IT-enabled communication
between primary and specidlist careingtitutionsislimited, which
has negatively impacted patient care continuity [3].

Prior studies and the American College of Physicians have
proposed the patient-centered medical neighborhood (PCMH-N)
framework to promote coordinated care between PCPs and other
providers for a given group of patients [4-8]. A medica
neighborhood essentially involves a set of policies and
procedures implemented through integrated systems and
processes that support the joint management of patient care
across PCPs, speciadist physicians, and other health care
providers[9,10]. If implemented correctly, PCMH-N will lead
to faster and more appropriate referrals for specialist care with
less wastage and repeated medical diagnostics, and as aresult,
patients can expect better care outcomes[3,9,11,12].

In Fisher’s[4] seminal work, 5 componentswereidentified and
weighted in terms of their importance in the implementation of
PCMH-N; among them, the use of integrated health I T systems
for patient diagnosistracking (ie, to have synchronous electronic
medical record [EMR] systems track patients diagnoses, test
results, prescriptions, etc, acrossdifferent institutions) isranked
top and accounts for 50% of the total resources required.
Systems and guidelines to ensure pati entcare management and
patient coordination (referrals across institutions) are ranked
second, which accounts for 15% of the resources required.
Devel oping communications standards, devel oping patient care
plans, and performance reporting are the other 3 components
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that jointly account for the remaining 35% of the resources
required. In this study, the focus was placed on measuring the
aforementioned components that ranked most important in
buildingaPCMH-N (ie, patient diagnosistracking, patient care
management, and patient coordination), and these measures
were used to guide the study’s research design and data
collection. The overall objective of this mixed methods study
is to conduct an implementation assessment of the benefits of
a fully integrated EMR system across different PCPs and
specialist care health careinstitutions. We examined the benefits
using 3 dimensions. First, in the area of patient diagnosis
tracking, we measured whether the synchronous flow of
complete patient clinical data among PCPs and specialists, as
well as the communication among PCPs, specialists, and their
administrative teams, would result in a reduction of repeated
laboratory tests, diagnostic radiology tests, and overall patient
bill sizes. Second, in the area of patient care management, we
examined whether there were differences in patient outcomes
and reductions in medical procedures due to the EMR
integration. Third, in the area of patient coordination, we
measured whether the EM R integration and standardized referra
process improved tracking and follow-up among primary care
clinics and specialist clinics thereby leading to shorter wait
times for specialist appointments.

The purpose of this research is to measure the effects of
integrating EMR systems between primary and specialist care
institutions. To achieve this objective, three types of data were
used: (1) patient encounter data from the EMR system (data
source 1, DS 1), (2) clinician survey data (datasource 2, DS 2),
and (3) interviews (data source 3, DS 3). Our study aims to
provide acomprehensive understanding of the benefits of afully
integrated EMR system across different health careinstitutions
to develop a PCMH-N. The findings of this research can serve
as a guide for other health care organizations on how to
successfully implement an integrated system.

Methods

Data Collection and Data Sources

DS 1: EMR Data Collection

We collected data from a cohort of 25,404 patient encounters
referred from 6 primary care clinicsto various specialist clinics
from April 1, 2020, to March 31, 2021. The inclusion criteria
are all speciaist care referrals from the 6 primary care clinics
referred to the specialist clinic for the period. No sampling was
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performed to reduce sampling or selection biases. Each of these
6 primary care clinicstypically handles about 800 consultations
per clinic per day, of which there are instances where patients
haveto bereferred to aspecialist clinic. The datawere extracted
from the EMR system of the health institutions. Of these
referrals, 22,309 have complete data; the remaining 3095
encounters have some missing data due to the patient not turning
up for the appointment. The observations with some missing
variables were listwise omitted from the analysisif the missing
variables were part of the model specification, there was no
imputation of missing data, and the missing rate was equival ent
to ingtitutions’ historical averages. Additional details of the
collection methodology are reported using the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines and can be found in Multimedia
Appendix 1.

Between September 26, 2020, and November 16, 2020, the
primary care clinics changed to a new EMR system that was
integrated with those in the specialist clinics. The integration
involves synchronous, read-and-write access to the medical
notes, patient scheduling, and viewing of all patient medical
records, including laboratory tests, radiographies, and so forth,
by both the PCPs and specialist care clinicians. Asaresult, the
referral process for the primary care clinics was standardized
in the EMR system. The EMR integration was performed on a
weekend when the consultations for the weekend were
suspended. A total of 14,124 encountersin the specialist clinics
occurred beforetheintegration, and 11,280 encounters occurred
after the integration.

DS 2: Clinician Survey

As suggested in the literature [13], we surveyed clinicians in
both primary and specialist careingtitutionsto gain insightsinto
thefactors potentially driving any differencein the management
of referrals. The survey was emailed to all clinicians working
in primary and specialist care clinics in June 2022 who are
impacted by the integration of the EMR system. A total of
approximately 200 clinicians were emailed. Due to the
confidentiality agreement with the health careingtitutions, these
emails were sent to the clinicians via the hospital network and
not by the researchers. A total of 104 clinicians replied to the
survey (81 from the primary care clinics and 23 from the
specialist clinics) at a95% Cl; the margin of error for the survey
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was 6.7%. The survey responses were anonymized, and all
responses were retained for analysis and reporting.

DS 3: In-Depth I nterviews

In addition to the survey, the researchers al so conducted in-depth
qualitative interviews with different stakeholders. The data
collection period was from March 16, 2021, to July 28, 2021.
Interviewees were sel ected based on purposive sampling to have
a diverse set of interviewees involved in the referral process.
As such, we selected interviewees from (1) those who worked
in the specific specialist clinics (chosen for the high volume of
referrals received from the primary care clinics), (2) the call
center, and (3) those in specific primary care clinics (chosen
for sending high number of referrals to the specialist clinics).
Within those clinics and call centers, we selected those who
held clinical and nonclinical roles and were involved in the
referral process (from writing the referral to processing,
scheduling, and receiving the referrals). As our goal was to
understand the perceptions of the clinicians and admin staff
concerning the EMR integration and its impact on the referral
process, invitations for interviews were sent via email more
than 3 months after the integration. Thiswould provide amore
balanced perception of the integration after asignificant period
of use. A total of 30 interviews were conducted—15 at the
specialist clinic and call center (clinicians, clinic managers, and
call center staff), and 15 at the primary care clinics (PCPs,
managers, and referral admin staff). Refer to Table 1 for the
breakdown of the interviews by the interviewees' respective
roles and organizations.

Interviews were conducted either at the interviewees' office or
via web-based mode (Zoom; Zoom Video Communications,
Inc). The duration of each interview was between 30 minutes
and an hour and they were conducted by 2 interviewers (AYKY
and CLGB). A set of standardized interview questionswas used,
but the interviewers allowed the interviewee to guide them based
on what they felt was more salient based on their experience.
Most of the interviews had audio recordings and were
transcribed after each interview. For those that were not
recorded, copious notes were written. Additional details of the
interview methodology are given in Multimedia Appendix 2
using the COREQ (Consolidated Criteria for Reporting
Qualitative Research) checklist.

JMed Internet Res 2025 | vol. 27 | e49363 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Number of interviews by roles and organization®.

Goh et a

Roles and organization

Interviews post-EM R® integration, n

Specialist clinics
Specidlists (and specialist nurses)
Clinic manager
Call center admin staff
Subtotal

Primary careclinics
PCPs°®
Manager
Referral admin staff
Subtotal

Total

3
6
15
30

3Each count represents an interview instance with a unique staff member lasting between 30 and 60 minutes. Refer to Multimedia Appendix 2 for more

details about the selection methodol ogy.
PEMR: electronic medical record.
®PCP; primary care physician.

Analysis of Data Collected

DS 1: Analyzing EMR Data

We collected detailsrelating to all thereferral patient encounters
between the 6 primary care clinicsand the specialist careclinic.
The unit of analysis for the estimation is per patient referral
encounter, j, where
Yij = f(xijvziiji)

where y represents 6 continuous dependent variables and 1
binary dependent variable. X represents the vector of control
variables, Zisabinary variable representing pre- and post-EMR
integration, U; representsthe specific error term for each primary

careclinic, and i and ij represent each patient encounter.

The outcome variables are represented asy. The 6 continuous
dependent variableswere measured to operationalize the benefits
of patient diagnosis tracking, care management, and
coordination. These dependent variables were (1) the patient’s
wait time for a speciaist appointment (patient coordination),
(2) the number of procedures conducted at a specialist clinic
(patient care management), (3) the number of panel tests
conducted at a specialist clinic (patient diagnosis tracking), (4)
the number of laboratory tests conducted at a specidist clinic
(patient diagnosis tracking), (5) the number of radiographies
conducted at aspecialist clinic (patient diagnosistracking), and
(6) the bill size of the specialist consultation (patient diagnosis
tracking). Due to confidentiality reasons, bill sizes were
standardized by dividing individual bill encounter sizes over
the overall mean hill size of the dataset. If improved patient
diagnosis tracking occurred, all else held constant, a reduction
inthe number of radiographies, |aboratory tests, and overall bill
sizes in the specialist clinics was expected, given that these
reports from the primary care clinics had been made available
to the specidists viathe EMR integration. To measure whether
health care outcomes (patient care management) had changed
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post-EMR integration, the dependent variable of the resolution
(or lack thereof) of the clinical encounter was recorded as a
binary outcome.

The control variables, X, for this estimation included medical
speciaty, the International Classification of Diseases, Tenth
Revision (1CD-10) problem code, the procedure performed, the
case’surgency as assessed by the PCP, and the patient’s gender,
race, marital status, and visit date. These variables partialed out
the majority of the confounding factors that would impact the
referral process.

We used both fixed-effects feasible generalized least squares
and random-effectsfeasible generalized least squares estimators
to analyze the relationship between the 6 outcome variables
represented by Y, the independent variables represented by X
and Z for dl thereferral encountersfrom April 1, 2020, to March
31, 2021. This methodology accounts for unobserved,
time-invariant heterogeneity by including unit-specific intercepts
and addresses potential heteroscedasticity or serial correlation
in the error terms. Specifically, the estimation procedure
involves two steps: (1) fixed effects (and random effects) are
initially estimated using ordinary least squares, and (2) residuals
from the first step are used to construct a feasible generalized
least squares weighting matrix for a second-step estimation.
Robust SEs are reported to account for possible
heteroskedasticity of the data.

For fixed-effects and random-effects estimations, we used the
grouping variable of each primary care clinic to account for
time-invariant primary care clinic characteristics and the source
of theprimary care clinicreferral. The estimation was conducted
in Stata 18 (StataCorp LLC) using the X TREG function for all
6 fixed-effects and 6 random-effects feasible generalized |east
squares [14]. These would help us estimate the posteffects of
the EMR integration for the medical neighborhood.
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Finally, we also performed 1 fixed-effectsand 1 random-effects
logistic regression [15] to estimate the inline graphic 1
specification with the binary dependent variable of whether the
clinical encounterswereresolved. The estimation was conducted
in Stata 18 using the X TLOGIT function. Likewise, the results
were reported according to the STROBE guidelines, as
documented in Multimedia Appendix 1.

DS 2: Analyzing Survey Data

To triangulate our empirical resultsfrom the consultation records
[16], we conducted a secondary analysis to measure the
perceptions of both primary and specialist carecliniciansin five
areas, specifically (1) their access to clinical notes, (2) their
access to test results, (3) referral appointment scheduling, (4)
referral management, and (5) quality of care. Items 1 and 2
measured patient diagnosis tracking, items 3 and 4 measured
patient coordination, and item 5 measured patient care
management.

For each category, we surveyed clinicians 18 months
postimplementation to gauge their sentiments about the possible
changes brought about by the EMR integration. PCPs and
specialists were asked to rate (on a 5-point scale) [17] whether
the EMR integration for the PCMH-N presented changes to
their daily work in each area. The questions were edited to fit
their primary care or specialist care contexts.

DS 3: Analyzing Interview Data

We used qualitative content analysis to analyze the interview
datacollected after theimplementation of the EMR system [18].
To have a better comparison between the 2 key stakeholders,
the analysis was divided into primary care clinic and specialist

Goh et a

clinic data. We compared the themes emerging from the primary
care clinics' data with those from the specialist clinics' datato
observe their similarities and differences. The coding of
interview data was conducted by 1 researcher (AYKY) and
validated by aresearch associate (CLGB). All of the interview
datawere coded using MaxQDA (version 2020; VERBI GmbH).
Overall, our coding analysis generated themes that we mapped
to our survey, that is, accessto referral notes and tests, referral
scheduling and management, and overall quality of care.
Furthermore, we surfaced important differences between the
PCPs' and specialists’ perceptions within some of the themes.
Interview texts were included in the “Results’ section to
illustrate these themes.

Ethical Consider ations

The ethics approval for this study was obtained on September
8, 2020, from the National Healthcare Group, Domain Specific
Review Board, Singapore (National Healthcare Group, Domain
Specific Review Board reference no. 2020/00156). Thisapproval
covered all 3 data sources. Informed consent for data sources
DS 2 and DS 3 were explicitly obtained. For DS 1, under the
Human Biomedical Research Act 2015, informed consent is
deemed to be obtained for deidentified, archival medical records.
All data collected were deidentified, and human subjects were
not compensated for participating in this research.

Results

Overview

Both sets of random- and fixed-effects estimation yielded similar
results. For brevity, unless specified otherwise, we described
the findings using the fixed-effects estimation (Tables 2 and 3).

Table 2. Results from fixed-effects estimation for specialist clinic referrals®,

Dependent Varizble Construct Fixed effects, FGL S estimation
Coefficient SE P vaue 95% ClI R?2

Wait time (days) to referral  Patient coordination —16.4933 0.7257 <.001 —18.3587 to —14.6280 0.335
appointment date
Number of procedures at Petient caremanage- —0.0398 0.0086 .006 -0.0618 to —-0.0178 0.292
specialist clinic ment
Number of panel tests at Patient diagnosis —-0.0159 0.0092 14 —0.0395 to 0.0076 0.403
specialist clinic tracking
Number of laboratory tests  Patient diagnosis -0.0064 0.0130 .64 —0.0398 to 0.0270 0.445
at specialist clinic tracking
Number of radiographiesat Patient diagnosis -0.0408 0.0125 .02 -0.0730 to —0.0085 0.274
specialist clinic tracking
Bill size (index dollars) Patient diagnosis —-0.0780 0.0156 .004 -0.1181 to -0.0379 0.532

tracking
Condition resolved Patient caremanage- —0.0973 0.1092 37 -0.3113t0 0.1168 N/AC

ment

AWe anonymized the actual bill size for confidentiality reasons; the consultation bill sizes were divided by an index value—coefficients represent the
drop in percentage of the bill size. Fixed- and random-effects ordinary least squares estimations were also performed with similar statistical results but

not reported due to data heteroskedasticity.
bFGLS: feasible generaized least squares.
°N/A: not applicable.
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Table 3. Results from random-effects estimation for specidist clinic referrals®
Dependent variable Construct Random effects, FGLSP estimation
Coefficient SE P value 95% Cl R?2
Wait time (days) to referral ~ Patient coordination —16.2349 0.6235 <.001 —17.4568 to —15.0129 0.335
appointment date
Number of procedures at Petient caremanage- —0.0392 0.0083 <.001 —0.0555 to -0.0229 0.292
specialist clinic ment
Number of panel tests at Patient diagnosis -0.0164 0.0086 .06 —0.0333 to 0.0005 0.403
specialist clinic tracking
Number of laboratory tests ~ Patient diagnosis —0.0065 0.0130 .62 -0.0319 to 0.0189 0.445
at specialist clinic tracking
Number of radiographiesat Patient diagnosis —0.0409 0.0126 <.001 —0.0656 to -0.0162 0.275
specialist clinic tracking
Bill size (index dollars) Petient diagnosis -0.0787 0.0148 <.001 -0.1078 to —0.0496 0.532
tracking
Condition resolved Petient caremanage- —0.0507 0.1173 .67 —0.2806 to 0.1792 N/AC

ment

A\e anonymized the actual bill size for confidentiality reasons; the consultation hill sizes were divided by an index value—coefficients represent the
drop in percentage of the bill size. Fixed-effects and random-effects ordinary least squares estimations were also performed with similar statistical

results but not reported due to data heteroskedasticity.
BFGLS: feasible generalized least squares.
°N/A: not applicable.

In terms of patient diagnosis tracking, we observed some
improvementsin patient tracking through the EM R integration.
First, we observed a significant reduction in the number of
radiographies conducted after the integration (coefficient
—0.0408; P=.02). This trandates to a 39.6% decrease in the
number of radiographies post integration when the coefficient
is divided by the mean number of radiographies conducted for
all procedures. The synchronous availability of radiographic
images and reports between primary and specialist care
institutions perhaps reduced the need for specialist clinics to
perform repeated radiographies.

Intuitively, with the reduction in the number of procedures and
radiographies, the regressions showed an overall decrease of
7.8% in bill size after the EMR integration (P=.004). The
integration, however, did not bring about areductionin resource
usein other areas. Specifically, there were no changes observed
in the number of laboratory tests conducted at the specialist
clinics after the integration (P=.64). Similarly, the estimation
results provided minimal statistical support for a reduction in
the number of panel tests conducted after the EMR integration
(fixed-effects coefficient —0.0159, P=.14; random-effects

https://www.jmir.org/2025/1/e49363

coefficient —0.0164, P=.06). We discuss some of the possible
reasons for these results in the Discussion section.

In terms of patient care management, a significant drop was
observed inthe number of procedures conducted at the specialist
clinic (coefficient —0.0398, P=.006, which translates to a30.4%
drop in procedures). Thisis calculated by dividing the drop by
the mean number of proceduresfor all consultations by 0.131.
Similarly, no changes were observed in the number of
encounters marked as resolved after the consultation (P=.37),
suggesting no significant aggregated change in medical
outcomes after integrating the primary and specialist care EMR
systems.

Finally, our results showed improvements in patient
coordination. Based on the descriptive statistics (Table 4), we
observed that the mean wait time was shortened from 34.65
daysto 21.03 daysover 12 months, during which the EMR was
integrated between the primary and specialist careclinics (Table
5). The FLGS estimation (Table 4) also showed that the average
wait timefor areferral from primary to specialist care decreased
by 16.49 days (P<.001) after the EMR integration.
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Table 4. Tabled. Descriptive statistics of dependent variables from electronic medical record system (before and after integration).

Variable Construct Before integration After integration
Mean (SD) Median (IQR) Mean (SD) Median (IQR)

Wait time (days) toreferral appoint- Patient coordination 34.651 (32.352) 26 (8-52) 21.040 (19.970) 13 (5-35)
ment date
Number of procedures at specialist Peatient caremanage- 0.122 (0.384) 0(0-0) 0.146 (0.411) 0(0-0)
clinic ment
Number of panel tests at specialist  Peatient diagnosis 0.101 (0.520) 0(0-0) 0.100 (0.540) 0(0-0)
clinic tracking
Number of laboratory testsat special-  Petient diagnosis 0.068 (0.411) 0(0-0) 0.068 (0.417) 0(0-0)
ist clinic tracking
Number of radiographiesat special- Patient diagnosis 0.100 (0.416) 0(0-0) 0.108 (0.423) 0(0-0)
ist clinic tracking
Bill size (index dollars) Diagnosistracking  0.998 (0.750) 0.717 (0.611-1.130) 1.011 (0.710) 0.717 (0.611-1.164)
Condition resolved Patient caremanage-  0.044 (0.205) 0(0-0) 0.045 (0.207) 0(0-0)

ment

Table 5. Descriptive statistics of dependent variables from the el ectronic medical record system.

Variable Construct Overadl
Mean (SD) Median (IQR)
Wait time (days) toreferral appoint- Patient coordination 29.775 (29.277) 20 (7-46)
ment date
Number of procedures at specialist Patient care management 0.131 (0.394) 0 (0-0)
clinic
Number of panel tests at specialist  Patient diagnosis tracking 0.101 (0.527) 0 (0-0)
clinic
Number of laboratory testsat special-  Patient diagnosis tracking 0.068 (0.413) 0 (0-0)
ist clinic
Number of radiographiesat special- Patient diagnosis tracking 0.103 (0.419) 0 (0-0)
ist clinic
Bill size (index dollars) Diagnosis tracking 1.000 (0.743) 0.717 (0.611-1.137)
Condition resolved Patient care management 0.045 (0.206) 0 (0-0)

Sy d . | clinicians' sentiments on the ground. Table 6 providesthe survey
rvey and Interview Results results, where sentiment scores larger than 3 represent the
We analyzed the survey responses and interview data to positive change resulting from the integration, and values less
triangulate the findings from the consultation records with the  than 3 present negative changes from the integration.
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Table 6. Results from survey post—electronic medical record integration for medical neighborhood?®.

Category Construct Questions Mean (SD) P value 95% ClI

Primary care clinicians

Accesstoclinical notes Patient diagnosis | findthat itiseasiertoac- 3.90 (0.12) <.001 3.65-4.15
tracking cess patient notes that (the
specialist) clinicians have
written (after the integra-

tion).
Accesstotest results  Patient diagnosis | findthat itiseasiertoac- 3.33(0.20) .10 2.94-3.73
tracking cess laboratory tests and
medication (after theintegra:
tion).
Referral scheduling Patient coordination | observed that my clinic's  2.94 (0.14) .69 2.66-3.22

patient could get his or her
scheduled appointment at
(the specialist clinic) at an
earlier date.

Referral management  Patient coordination My work of managing pa=  3.68 (0.18) <.001 3.31-4.04
tient referrals from specia-
ists benefits from my access
to (specidist) clinicians' pa-
tient notes and laboratory

tests.
Specialist careclinicians
Quality of care Petient caremanage- | believe that (theintegra-  3.37 (0.15) .02 3.06-3.68
ment tion) has enabled my clinic

to provide better clinical
carefor my patientsreferred
to (specidist care).

Accesstoclinical notes Patient diagnosis Since (theintegration), | feel  3.79 (0.26) .009 3.23-4.35
tracking that it iseasier to accessre-
ferral notesand patient notes
written by the (primary care)
clinicians and referral staff.

Accesstotest results  Patient diagnosis Since (theintegration), | feel  4.23 (0.17) <.001 3.89-4.59
tracking that it iseasier to accessa
(primary care) referral pa-
tient’s laboratory tests and
medication lists.

Referral scheduling Patient coordination  Since (theintegration), | ob- 3.92 (0.23) .002 3.41-4.42
served that (primary care)
referral patients had their
appointment booked at an
earlier date.

Referral management  Patient coordination  Since (theintegration), | feel  3.50 (0.23) .048 3.01-3.99
that accessing (primary care)
referrals has become less
time-consuming.

Quality of care Petient caremanage- (Theintegration) hashelped 4.11 (0.20) <.001 3.65-4.57
ment meto improve overall clini-
cal care and service to (pri-
mary care) referral patient.

3\leasures from a scale of 1-5, where 3 represents the midpoint where no change was perceived after the integration. Values larger than 3 represent a
positive perception toward the integration, and values less than 3 represent a negative perception toward the integration. Two-sided P values and 95%
Clsare reported.

Patient Di is Tracki read the details of the noteswritten by cliniciansacross primary
atient Diagnosis fracking and specialist care institutions (primary care 3.90, SD 0.12,

PCPs and specidlists agreed that the EMR integration brought  P<.001; specialist care 3.79, SD 0.26, P=.009). This sentiment
about greater accessibility to clinical notes, where they could  was reflected in a quote from a PCP who said:
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| think it's easier to give areferral. They can look at
our notes, and we can look at their notes—regarding
what happened, what their discussion was. So, | think
that’s actually a convenience.

A specialist concurred, saying:

Since we can access the notes, it is better than the
previoustime, aswe can see what they have assessed.
They would have enquired about their past medical
history and drug allergies, and the reason for referral
is also much clearer than before.

Likewise, PCPsfound marginal improvement in the accessibility
of standardized records such aslaboratory tests (mean 3.33, SD
0.2; P=.10), while the specialists perceived significant
improvementsin the accessibility of these standardized records
(mean 4.23, SD 0.17; P<.001). Thisimprovement in notes also
aided the specialist during patient examination:

Yes, it makes it more convenient (and) uniform, and
| know that patient has a heart problem, a kidney
problem, | can just further enquire, “what
medications are you taking?” rather than going all
over again “do you have any heart problem?”
[Orthopedic Specialist]

Patient Coordination

In terms of referral scheduling and referral management, we
observed that PCPs did not perceive any positive changes in
referral scheduling (mean 2.94, SD 0.14; P=.69) but observed
improved ease in referral management (mean 3.68, SD 0.18;
P<.001). The admin staff explained how the referra
management improved for patients:

So now we are on the same platform— see all of the
patient’s appointments, whether it's in the [primary
care clinic] or the [specialist clinic]. It is good
because when we schedul e an appointment, wetry to
avoid the date the patient has to go to the [primary

Table 7. Summary of findings®
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care clinic], or it helps us understand where the
patients are going on different days.

The specialists also observed that referral scheduling became
faster (mean 3.92, SD 0.23; P=.002) and better managed (mean
3.5, SD 0.23; P=.048). This is reflected by a specidist clinic
staff who said, “Efficiency increased and productivity (of
referrals) increased, because (we) don’t need to toggle between
multiple applications to handle one referral .

Patient Care Management

Finally, both PCPs and specialists felt that the quality of care
for the patients after the integration had improved (primary care
3.37, SD 0.15, P=.02; specidist care 4.11, SD 0.2, P<.001). A
PCP shared how the EMR integration helped with improving
the quality of care:

| think the most relevant is the Cardio side, because they are
running aclinic called the Rapid Access Chest Pain Clinic. So,
usually, what we do is refer the patient to [the specialist clinic]
for avery quick cardiac assessment. So, if they did the treadmill,
the blood test comes back all normal, they will send [them] back
to usto see. In this scenario, because we can see the Cardiology
notes and their screening,..., we can more easily follow up for
these patients.

Discussion

Principal Results

In this study, we triangulated the effects associated with EMR
system integration using patient encounter records, survey, and
interview data. The survey and interview results provided some
explanations for our observations based on the quantitative
outcomes associated with integrating primary and specialist
careingtitutions. Table 7 presents an integrated summary of this
study’s findings by juxtaposing the 3 dimensions of impact (ie,
patient diagnosi stracking, patient care management, and patient
coordination) resulting from the EMR integration, with the data
sources and analysis from this study.

Data source Methodol ogy

Patient diagnosis tracking

Impact measured

Patient care management Patient coordination

Cohort empirical investiga-

DSP 1: Objective, patient ~ C
tion

encounter records measures

DS 2: Perception, survey Survey of clinicians

of 4 measures

DS 3: Perception, clinicians  In-depth interviews with

clinicians

Improvementsin 2 of 4

Improvement observed in 3

Improvement perceived by
PCP* and specialists

Improvementsin 1 of 2
measures

Improvementin 1 of 1 mea-
sure

Improvement perceived in 2
of 2 measures

Improved perceived in 3 of
4 measures

Improvement perceived by
PCP and speciaists

Improvement perceived by
staff doing patient schedul-
ing

@Quantitative findings are based on the different measures used to operationalize the 3 constructs of patient diagnosis tracking, patient care management,
and patient coordination. The qualitative findings from the in-depth interviews are juxtaposed with the quantitative findings.

PDS: data source.
®PCP: primary care physician.

Regarding patient diagnosis tracking, from the survey and

institutions after the EMR system integration. This sentiment

interviews, both PCPsand specidistsfound that it becameeasier  was quantitatively supported by our cohort’'s empirical

to access the clinical notes written by clinicians from other
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and treatment procedures conducted by the specialists during
their consultations.

Interestingly, in terms of the clinicians' perception regarding
the improved accessibility of standardized test results (eg,
radiographies and laboratory tests), it was strongly felt by the
specialists but less so by the PCPs. One possible reason for this
isspecialists may tend to read the PCPS' initial diagnosisduring
the consultation when patients are referred to them. In our
empirical estimation, we observed that the number of
radiographies decreased after the EMR integration, while
laboratory panel tests saw a marginal decline, and stand-alone
laboratory tests did not experience any decline after the EMR
integration. Our interview data suggested that specialists
required laboratory teststo get more current readings from their
patients, hence increasing the likelihood of conducting a
repeated test during the specialist consultation, while specialists
typicaly did not require additional radiographiesif there were
no material changesin the patient’s condition.

The reduced number of radiographies and procedures conducted
in specidlist clinics without any additional increase in other
formsof diagnosiswas naturally associated with an overall drop
inthe patient consultation bill size. Ascliniciansdo not perform
the patient’s billing and it is an objective quantifiable measure,
hence, we did not survey the clinicians concerning this aspect
post-EMR implementation. An overall lower bill for the patient
represents a more efficient use of medical resources in health
care systems.

From the patient encounter records that measured patient care
management quantitatively, we observed a drop in the number
of procedures performed, with no associated drop in the
resolution rate of diseases. Although we did not see an
improvement in the resolution rate from the objective data, the
clinician survey results suggested an improvement in the
perceived quality of care provided. We believe that the mixed
results are due to the many definitions and measurements of the
quality of care. Hence, we argue that perhaps careimprovements
cannot be fully measured with just the resolution rate of clinical
problems. Instead, by adopting the clinicians broader
perspective, we could observe some improvements in patient
care after EMR integration. Taking these results together, a
conservative conclusion is that the patient quality of care did
not decline after the EMR system integration between primary
and specialist care ingtitutions. This finding is important as
EMR system implementations will impact clinical workflow
processes, and it is essential to ensure that the integration does
not unintentionally compromise the quality of care.

Finaly, from the patient's perspective regarding care
coordination post-EMR integration, our results show that they
did experience shorter waiting times, as measured by the time
required to schedul e a specialist appointment. This quantitative
finding was supported by the specialist clinic’s perception of
the improvements seen in managing referrals and appointment
scheduling [19]. This perceived improvement, however, is less
sdient for the PCPs who did not perceive a significant
improvement in appointment scheduling. From our interviews
with the PCPs, we discovered that one of the reasons behind
thisfinding was that their call center staff typically handlesthe

https://www.jmir.org/2025/1/e49363
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appointment schedule for PCP referrals. As such, PCPs may
not be aware of their patient’s wait time for the next specialist
appointment, which might explain their lack of perceived
improvements post-EMR integration.

Comparison With Prior Work

This study is one of few studies that empirically quantifies the
benefits of synchronizing the EMR systems between primary
and specidlist care to form a medica neighborhood. This
contributes to the existing medical neighborhood literature, as
most of those studies were mainly advocating for the medical
neighborhood through observational and logical deduction
[3,4,9,11], while our study provides empirical evidence to
support the medical neighborhood framework.

Furthermore, our research extends existing research in 3 key
areas. Firgt, prior studies that examined the referral integration
between primary and specialized care institutions tend to study
those where there is an asynchronous sharing of data between
the PCPs and specidists [20] (ie, the PCP provides patient
medical datain their referral to the specialist, but the specialist
does not share patient medical data back to the PCP, which
prevents the comanagement of the patient [9]). This
asynchronous sharing is mainly due to the fact that the referral
systems used essentially functioned like messaging systems
between primary and specialist care institutions and they did
not involve a full EMR integration between primary and
specialist care, which would have enabled the 2-way referral
information sharing [21]. Our investigation involved
synchronous sharing and integration of medical records as part
of referral integration, thereby permitting a closed referral loop.

Second, the outcomes of theintegration of such referral systems
are often mixed [22]. Some studies showed that integration
reduced medical costs based on claims and fewer specialist
visits [20]. Others found an increase in specidist referrals due
to potentially tighter integration between primary and specialist
care [23]. Regarding care coordination, referral systems were
associated with poor information integration across stakehol ders
[24] but helped to improve wait time, communication, and
administrative efficiencies [19]. Other studies suggested that
theintegration of EM R systems reduced unnecessary laboratory
testing and imaging when previous test results were made
available to referral specialists [25]. Many of these studies
examined referral integration using a single data source and
methodol ogy, which presented a significant albeit limited view
of integration. In contrast, our study provided acomprehensive
examination of integration, showing concrete benefits by using
multiple data sources to triangulate our results.

Third, most existing research relied on quantitative or qualitative
indicatorsto examinereferral and integration impacts. However,
to properly assess the outcomes of EMR integration in
PCMH-N, scholars have proposed that we should leverage a
mix of quantitative indicators (eg, electronic tracking of
referrals) and qualitative measures from clinician surveys and
in-depth interviews (cf Tables 2 and 3 [9]). Specificaly,
Greenberg et a [9] called for a more holistic approach to
measuring the performance of medical neighborhoods using
EMR data, along with surveying and interviewing clinicians.
Likewise, Vimaanandaet al [13] suggested surveying clinicians
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to better understand what the success of such animplementation
entails since the success of the medical neighborhood relieson
the complicated alignment and coordination between PCPsand
specidlists [3]. We heed these calls for a more holistic
assessment by using a multimethod approach in our research
inquiry.

In sum, thiswork provides an initial step toward the validation
of PCMH-N. Theintegration of EMR systems between primary
and specialist care institutions is a necessary first step toward
building a PCHH-N. Our literature review reveals that a
comprehensive, empirical validation of the PCMH-N’s benefits
isrelatively scarce, with those that are focused on parts of the
PCMH-N having mixed results [20,22,23]. The semina
PCMH-N papers are commentaries or observational studiesthat
logically argue for PCMH-N’s benefits to public health and the
management of health care resources[3,4,9]. Among the handful
of studiesthat validated the PCMH-N’s benefitsis the study by
Tuot et al [11] where they found that afeedback ratings system
in an ereferral system created high-quality PCP specialist
preconsultative engagement and virtual comanagement of
patients. Another study found that the use of an e-referral system
for PCPs improved the ability to track referrals, reduced wait
time for scheduled visits, and thereby improved patient access
[26]. While these findings establish some aspects of the
PCMH-N, they are based on asynchronous information sharing
using an electronic messaging system and not through a fully
integrated EMR system [12]. Assuch, many of the key benefits,
such as reduced repeat testing and imaging [25] and
comanagement [27] that could be delivered by the PCMH-N,
aredtill not extensively explored. Our study presentsthefindings
of anintegration that hasfully synchronous medical datasharing
across al institutions.

Goh et a

Limitations

As in al surveys and interviews, participation is voluntary.
Although we have conducted an analysis and confirmed that
early and late respondents have statistically similar responses,
the possihility of respondent self-selection biasesfor the survey
data exists.

In addition, given the multimethod approach used in this study,
the main purpose of the survey results is to triangulate the
findings from the quantitative EMR data. The survey questions
complemented thein-depth interviews. Asaresult, the questions
used in the survey were not developed and validated in the
typical comprehensive manner for survey scale development.
The task of scale development can be a future study for
researchers to embark on.

Conclusions

Theaim of integrating the EMR systems of PCPsand specialists
is to improve care and coordination continuity for a specific
patient community. Such EMR integration of primary and
specidist care institutions could improve patient diagnosis
tracking, patient care management, and patient coordination.
These improvements are manifested as tangible benefits such
as reduced diagnostic redundancy, shorter patient wait time for
specialist appointments, and lower patient bill sizes without
compromising health outcomes. In this study, we analyzed
specidlist referral patient encounters and surveyed clinicians
from primary and specialist care clinics to provide a set of
comprehensive empirical evidence of integration benefits. We
further triangulated our findings with in-depth interviews with
the clinicians to better uncover the nuances of these benefits.
Our results support the move toward integrating primary and
specidist care EMR systems for more efficient utilization of
health care resources, which will particularly benefit health care
systems that face significant resource constraints.
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