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ARTICLE INFO ABSTRACT

Keywords: Background: In response to the COVID-19 pandemic, telemedicine utilization has increased dramatically, yet most
Telemedicine institutions lack a standardized approach to determine how much to invest in these programs.
Efficiency

Methods: We used the Quadruple Aim to evaluate the operational impact of CardioClick, a program replacing in-
person follow-up visits with video visits in a preventive cardiology clinic. We examined data for 134 patients
enrolled in CardioClick with 181 video follow-up visits and 276 patients enrolled in the clinic’s traditional
prevention program with 694 in-person follow-up visits.

Results: Patients in CardioClick and the cohort receiving in-person care were similar in terms of age (43 vs 45
years), gender balance (74% vs 79% male), and baseline clinical characteristics. Video follow-up visits were
shorter than in-person visits in terms of clinician time (median 22 vs 30 min) and total clinic time (median 22 vs
68 min). Video visits were more likely to end on time than in-person visits (71 vs 11%, p < .001). Physicians
more often completed video visit documentation on the day of the visit (56 vs 42%, p = .002).

Conclusions: Implementation of video follow-up visits in a preventive cardiology clinic was associated with
operational improvements in the areas of efficiency, patient experience, and clinician experience. These benefits
in three domains of the Quadruple Aim justify expanded use of telemedicine at our institution.

Implications: The Quadruple Aim provides a framework to evaluate telemedicine programs recently implemented
in many health systems.

Level of evidence: Level III (retrospective comparative study).

Preventive medicine
Cardiovascular disease

1. Introduction such, it is critical for institutions to assess the impact of telemedicine
programs on care delivery to determine the optimal level of investment

The COVID-19 pandemic has resulted in the rapid adoption of tele- in these services.®®

medicine services in outpatient clinics.»” Telemedicine has allowed
primary care and specialty clinics to continue delivering services while
minimizing risk to patients and clinicians.? ° It is predicted that this shift
to telemedicine during the COVID-19 pandemic will lead to the per-
manent inclusion of virtual care delivery models in health systems.®” As

Previous studies have demonstrated that telemedicine can be used to
effectively deliver preventive care and manage chronic diseases, such as
diabetes and cardiovascular disease.’'* Telemedicine implementation
has also been associated with equal or higher patient and clinician
satisfaction when compared to traditional in-person care in diverse
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practice settings.”'°"'” Importantly, there is limited evidence on the
impact of video visits and other virtual encounters on clinic opera-
tions.'%!>'® Replacing in-person visits with video visits may have sig-
nificant effects on clinic efficiency, patient flow, and clinician workload.
Institutions must systematically assess these operational impacts to fully
evaluate telemedicine programs and guide future investments.

Most institutions lack a standardized approach to evaluate tele-
medicine programs. The Triple Aim is a widely accepted, standardized
framework of three goals that clinical programs should strive to achieve:
improving population health, reducing costs, and enhancing the patient
experience.' The Quadruple Aim builds on the Triple Aim by adding the
goal of enhancing the clinician experience in order to address the
challenge of clinician burnout and the central role of clinicians in the
successful adoption of care delivery interventions.?° In this study, we
use the Quadruple Aim as a standardized approach to evaluate the
operational impact of CardioClick, a telemedicine program introduced
in a preventive cardiology clinic at an academic medical center.

2. Methods
2.1. Intervention design

This study was conducted in a preventive cardiology clinic focused
on primary cardiovascular disease prevention in high-risk South Asian
adults. The clinic care team includes cardiologists, registered dieticians,
and an insulin resistance specialist. Patients enrolled in the prevention
clinic complete an initial visit and at least two follow-up visits with a
physician and a registered dietician over a six-month period. Patients
undergo a comprehensive risk assessment, including an advanced car-
diometabolic laboratory panel. Patients then receive personalized
treatment focused on intensive risk reduction through lifestyle in-
terventions and pharmacotherapy as indicated.

CardioClick, a telemedicine program replacing in-person follow-up
visits with video visits, was fully implemented in this prevention clinic in
2018. Eligibility for CardioClick was limited to patients aged 18 to 63 to
restrict the program to those with private insurance as Medicare did not
reimburse for video visits at the time. New patients were enrolled in
CardioClick by default. Those who did not meet age criteria or did not
wish to enroll continued usual care in the traditional in-person pre-
vention program. Patients were consented for CardioClick during their
first in-person visit or were virtually e-consented.

Clinicians were trained to use the video visit platform, which was
integrated with the electronic health record (EHR). Video visits were
conducted from a dedicated clinic or conference room. Patient access to
video visits was enabled through the health system’s EHR patient portal
application. Patients were provided with instructions and assistance in
installation of this application at the time of consent. Patients could
complete video visits from a smartphone, tablet, or computer worksta-
tion. An automated reminder was sent to patients 24 h prior to the video
visit instructing them to test their device in preparation. Technological
problems encountered by clinicians and patients were handled by a
dedicated technical support team.

This study was deemed exempt from review as a quality improve-
ment initiative by our university’s institutional review board.

2.2. Data

The video visit cohort consisted of 134 CardioClick patients with
video follow-up visits with physicians from June 14, 2018 to April 21,
2020. The in-person cohort consisted of 276 patients enrolled in the
traditional prevention program with in-person follow-up visits with
physicians from September 11, 2014 to March 6, 2020. March 6, 2020
was selected as the final date for in-person visits as it was one week
before a local COVID-19 shelter-in-place order was enacted.

Baseline demographic and clinical characteristics were extracted
from the EHR for all CardioClick patients and 140 patients in the in-
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person cohort. Visit-level data, including appointment date, appoint-
ment status, timestamps, and timing of documentation completion, were
provided by our institution’s Clinical & Business Analytics team for all
patients in both cohorts. Timestamps for in-person visits included check-
in and check-out times, which were logged by clinic front desk staff, and
the times when patients and physicians entered and exited the exami-
nation room, which were recorded by clinic medical assistants. For
video visits, these times were based on when patients and physicians
logged onto and off of the video visit platform. Financial data, including
total reimbursement, were provided for these visits by our institution’s
Financial Planning and Decision Support Services team.

2.3. Analysis

Differences in baseline continuous variables between groups were
assessed for statistical significance using unpaired two-sided t-tests.
Differences in categorical variables were assessed using Fisher’s exact
test. P-values less than .05 were deemed statistically significant. To
minimize the effect of outliers, visit time parameters, such as appoint-
ment duration, are reported as medians with interquartile ranges (IQR).

3. Results
3.1. Patient populations

Patients in the video visit cohort had lower baseline systolic and
diastolic blood pressures and higher low-density lipoprotein cholesterol
(LDL-C) as compared to patients in the in-person cohort. Patients in the
video visit cohort were less likely to be on statin therapy at the time of
enrollment. Patients in the two cohorts were otherwise similar in terms
of average age (43 vs 45 years), gender balance (74% vs 79% male), and
baseline clinical characteristics, including lipid profiles, hemoglobin
Alc, body mass index, and smoking status (Table 1).

3.2. Efficiency

Physician video and in-person follow-up visits were equally likely to
be completed (49 vs 48%, p = .82), and the two cohorts had similar rates
of visit cancellation/rescheduling (45 vs 49%, p = .18) and no-shows (5
vs 3%, p = .081) (Fig. 1). There were 181 completed video follow-up
visits and 694 completed in-person follow-up visits.

Table 1
Baseline patient demographic and clinical characteristics.
Characteristic Video Visit Cohort In-Person Cohort P-
(n=134) (n=140) Value
Age, years 42.8 + 8.9 45.0 £12.1 .10
Male (%) 97 (74) 111 (79) .26
Systolic BP, mmHg 123 +13 128 +£ 21 .014
Diastolic BP, mmHg 78 +£11 81+9 .016
Lipid panel
Total cholesterol, 196 + 43 184 + 49 .053
mg/dL
LDL-C, mg/dL 130 + 39 114 + 43 .003
HDL-C, mg/dL 50 + 14 50 +£19 .88
Triglycerides, mg/dL 125 + 68 129 + 80 .65
Statin use (%) 30 (22) 54 (39) .004
HbAlc, % 59+11 5.7 +0.7 .27
Body mass index, kg/  26.3 + 4.6 26.8 + 3.8 .36
m2
Smoking status (%)
Non-smoker 101 (75) 114 (81) .99
Former smoker 19 (14) 20 (14) .86
Current smoker 3(2.2) 6 (4.3) .50

Mean + standard deviation is reported for continuous variables. Data were
available for >90% of patients except for lipid panel and HbAlc. BP denotes
blood pressure, LDL-C low-density lipoprotein cholesterol, HDL-C high-density
lipoprotein cholesterol, HbAlc hemoglobin Alc.
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Fig. 1. Cancellation/rescheduling and no-show rates for video and in-person

follow-up visits. (color online only).

The median video follow-up visit duration was 22 min (IQR 16, 29),
while the median time spent by physicians with patients for in-person
visits was 30 min (IQR 12, 59 min). The distribution of video visit du-
rations was narrower than for in-person visits (Fig. 2).

In 2019, the average reimbursement for physician video follow-up
visits in this clinic was 29% lower than the average reimbursement for
in-person visits. In 2020, however, this gap in reimbursement was no
longer seen with rates at parity for both types of visits.

3.3. Patient time

Patients spent a median of 68 min (IQR 49, 102) in clinic from check-
in to check-out for in-person follow-up visits, significantly more time
than the median 22 min required for video visits (Fig. 2). The time spent
by patients in clinic for in-person visits included a median of 8 min (IQR
5, 13) in the waiting room, 22 min (IQR 10, 35) for intake and awaiting
the physician in the examination room, and 30 min with the physician.

Video follow-up visits were much more likely to end on time as
compared to in-person visits (71% vs 11%, p < .001). The median video
visit ended on time while the median in-person visit ended 32 min (IQR
13, 70) late (Fig. 2).

3.4. Clinician time

Physicians were more likely to complete EHR documentation for
video visits on the day of the visit as compared to EHR documentation
for in-person visits (56 vs 42%, p = .0016). The proportion of docu-
mentation completed at 30 days was similar for both types of visits
(83%, p = .91) (Fig. 3).

M Video Visits M In-Person Visits Clinician Time B In-Person Visits Total

200
180 =
160

Minutes
N
o
o

40
20 1
0

Visit Duration

Time Ending Later Than Scheduled

Fig. 2. Box-and-whisker plots of visit duration and the time by which visits
ended late for video and in-person follow-up visits. (color online only)

Values 1.5 times below or above the interquartile range were excluded
as outliers.

Healthcare 9 (2021) 100593

mVideo Visits In-Person Visits

60% ,;'
50%
40%
30%
20%
10%

0%

Same Day >30 Days

Fig. 3. Timing of clinician documentation completion for video and in-person
follow-up visits. (color online only)
* indicates statistical significance.

4. Discussion

In this study, we used the Quadruple Aim as a standardized approach
to examine the operational impact of CardioClick, a program replacing
in-person follow-up visits with video visits in a preventive medicine
clinic. It has been demonstrated previously that patient health outcomes
from CardioClick matched or exceeded those achieved with in-person
care.’! In this analysis, we found that the Quadruple Aim provides a
framework to quantify the operational benefits of CardioClick in com-
parison to traditional in-person care in the domains of efficiency (cost),
patient experience, and clinician experience.

We found that CardioClick increased the efficiency of care. Video
follow-up visits were shorter in duration than in-person visits, both in
terms of the total clinic and the physician time required. Importantly,
video and in-person visits included in this study were conducted with
the same group of physicians for the same clinical indications with
similar groups of patients. It is possible that when patients invest less
time in traveling to and waiting for a visit, patients and clinicians are
more willing to conduct succinct visits. Clinicians may also be able to
complete EHR documentation more seamlessly during a video visit as
compared to an in-person visit. These results suggest that clinicians
using video visits could see more patients in less time while maintaining
a similar degree of visit complexity.

A theoretical inefficiency of telemedicine is that it may result in
increased visit cancellations and no-shows due to technological barriers
or increased patient willingness to cancel or skip virtual appointments.
In this clinic, we found that video visits were equally likely to be
completed as in-person visits with similar no-show and cancellation/
rescheduling rates.

We also found that CardioClick was associated with operational
improvements, which enhance the patient experience. CardioClick pa-
tients spent significantly less time completing follow-up visits with
physicians. Video visits eliminate time spent by patients in the waiting
room and in the examination room, awaiting the physician, as well as
travel time. Video visits were also much more likely to end on time as
compared to in-person visits.

Finally, we found that CardioClick was associated with changes in
clinic workflow, which may improve the physician experience. Physi-
cians were more likely to complete video visit EHR documentation on
the day of the visit as compared to EHR documentation for in-person
visits. Previous studies have suggested that the transition from paper
records to EHR systems has exacerbated clinician burnout.?” Video visits
may therefore reduce burnout by decreasing the post-clinic clerical
burden for clinicians.

In the studied clinic, reimbursement rates for physician follow-up
visits were at parity for video and in-person visits in 2020, likely due
in part to changes in telemedicine payment policy enacted during the
COVID-19 pandemic. The observed operational improvements in the
domains of efficiency, patient experience, and clinician experience



N.M. Kalwani et al.

enhance the business case for telemedicine adoption in other clinics at
our institution and motivate its continued use after the COVID-19
pandemic. Even if reimbursement rates do not remain at parity, these
operational benefits may justify further investments in telemedicine.

This study should be interpreted in the context of several limitations.
All visits analyzed occurred within a single clinic, limiting generaliz-
ability to other practice settings and health systems. A small number of
video visits analyzed occurred during the COVID-19 pandemic and may
have had different characteristics as compared to pre-pandemic video
visits. Patients included were majority male, middle-aged, and South
Asian. Further research is needed to determine if similar benefits are
observed in clinics serving diverse patient populations. Though patients
were enrolled in CardioClick by default, there may be differences be-
tween the patient populations that received video and in-person visits,
which accounted for the observed differences in outcomes. Finally, we
did not have data on the content of visits, so we could not determine
whether video visits were shorter than in-person visits because the same
clinical content was covered in less time or because fewer topics were
addressed.

Future research should focus on identifying the characteristics of
outpatient clinics and patient populations that derive the greatest
benefit from telemedicine interventions within the framework of the
Quadruple Aim. Health systems should also determine the impact of
telemedicine implementation on access to care for diverse patient pop-
ulations. Virtual care interventions should be designed explicitly to
reduce disparities and enhance equity in care delivery.

5. Conclusion

In this study, we used the Quadruple Aim as a standardized approach
to assess the operational impact of a telemedicine program in a pre-
ventive cardiology clinic. We found that implementation of video
follow-up visits as the default care pathway was associated with shorter
visit durations, increased on-time visits, and decreased post-clinic cler-
ical burden for clinicians. These improvements in three domains of the
Quadruple Aim, efficiency, patient experience, and clinician experience,
justify expanded use of telemedicine at our institution. Further research
is needed to identify clinics and patient populations most likely to
benefit from telemedicine within the framework of the Quadruple Aim
and to ensure that access to virtual care is equitable.

Funding

This work was funded by the United States Agency for Healthcare
Research and Quality [T32 HS026128], the United States National
Heart, Lung, and Blood Institute [KO1 HL144607 01], the American
Heart Association/Robert Wood Johnson Foundation, and the Kothari
Family Fund. These sponsors had no involvement in the design or
execution of this study or the drafting of this manuscript.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:

References

1 Hollander JE, Carr BG. Virtually perfect? Telemedicine for covid-19. N Engl J Med.
2020;382:1679-1681. https://doi.org/10.1056/NEJMp2003539.

N

w

EN

wu

(o)}

~N

@

O

10

11

12

13

14

15

16

17

18

19

20

21

22

Healthcare 9 (2021) 100593

Anthony Jnr Bokolo. Use of telemedicine and virtual care for remote treatment in
response to COVID-19 pandemic. J Med Syst. 2020;44:132. https://doi.org/10.1007/
s10916-020-01596-5, 132.

Mills EC, Savage E, Lieder J, Chiu ES. Telemedicine and the COVID-19 pandemic. Adv
Skin Wound Care. 2020. https://doi.org/10.1097/01.ASW.0000669916.01793.93.
Publish Ah.

Ben-Pazi H, Beni-Adani L, Lamdan R. Accelerating telemedicine for cerebral palsy
during the COVID-19 pandemic and beyond. Front Neurol. 2020:11. https://doi.org/
10.3389/fneur.2020.00746.

Rimmer RA, Christopher V, Falck A, de Azevedo Pribitkin E, Curry JM, Luginbuhl AJ,
Cognetti DM. Telemedicine in otolaryngology outpatient setting-single center head
and neck surgery experience: otolaryngology outpatient telemedicine. Laryngoscope.
2018;128:2072-2075. https://doi.org/10.1002/lary.27123.

Fisk M, Livingstone A, Pit SW. Telehealth in the context of COVID-19: changing
perspectives in Australia, the United Kingdom, and the United States. J Med Internet
Res. 2020;22, €19264. https://doi.org/10.2196/19264.

Hong Y-R, Lawrence J, Williams Jr D, Mainous III A. Population-level interest and
telehealth capacity of US hospitals in response to COVID-19: cross-sectional analysis
of google search and national hospital survey data. JMIR Public Health Surveill. 2020;
6, €18961. https://doi.org/10.2196,/18961.

Artandi M, Thomas S, Sha NR, Srinivasan M. Rapid system transformation to more
than 75% primary care video visits within three weeks at stanford: response to public
safety crisis during a pandemic. NEJM Catal. Innov. Care Deliv. 2020. https://doi.org/
10.1056/CAT.20.0100.

Schwamm LH, Chumbler N, shnan K, et al. Recommendations for the implementation
of telehealth in cardiovascular and stroke care: a policy statement from the American
Heart association. Circulation. 2017;135. https://doi.org/10.1161/
CIR.0000000000000475.

Levin K, Madsen JR, Petersen I, Wanscher CE, Hangaard J. Telemedicine diabetes
consultations are cost-effective, and effects on essential diabetes treatment
parameters are similar to conventional treatment: 7-year results from the svendborg
telemedicine diabetes project. J. Diabetes Sci. Technol. 2013;7:587-595. https://doi.
org/10.1177/193229681300700302.

Morland LA, Mackintosh M-A, Rosen CS, Willis E, Resick P, Chard K, Frueh BC.
Telemedicine versus IN-person delivery OF cognitive processing therapy for women
with posttraumatic stress disorder: a randomized noninferiority trial. Depress Anxiety.
2015;32:811-820. https://doi.org/10.1002/da.22397.

Afshin A, Babalola D, Mclean M, Yu Z, Ma W, Chen C, Arabi M, Mozaffarian D.
Information technology and lifestyle: a systematic evaluation of internet and mobile
interventions for improving diet, physical activity, obesity, tobacco, and alcohol use.
J. Am. Heart Assoc. 2016;5. https://doi.org/10.1161/JAHA.115.003058.

Frederix I, Hansen D, Coninx K, Vandervoort P, Vandijck D, Hens N, Van
Craenenbroeck E, Van Driessche N, Dendale P. Medium-term effectiveness of a
comprehensive internet-based and patient-specific telerehabilitation program with
text messaging support for cardiac patients: randomized controlled trial. J Med
Internet Res. 2015;17:1-15. https://doi.org/10.2196/jmir.4799.

Hanlon P, Daines L, Campbell C, McKinstry B, Weller D, Pinnock H. Telehealth
interventions to support self-management of long-term conditions: a systematic
metareview of diabetes, Heart failure, asthma, chronic obstructive pulmonary
disease, and cancer. J Med Internet Res. 2017;19:e172. https://doi.org/10.2196/
jmir.6688. el72.

Donelan K, Barreto EA, Sossong S, Michael C, Estrada JJ, Cohen AB, Wozniak J,
Schwamm LH. Patient and clinician experiences with telehealth for patient follow-up
care. Am J Manag Care. 2019;25:40-44.

Chen JA, Chung W-J, Yoner JC, et al. COVID-19 and telepsychiatry: early outpatient
experiences and implications for the future. Gen. Hosp. Psychiatry. 2020. https://doi.
org/10.1016/j.genhosppsych.2020.07.002.

Viers BR, Lightner DJ, Rivner MR, et al. Efficiency, satisfaction, and costs for remote
video visits following radical prostatectomy: a randomized controlled trial. Eur Urol.
2015;68:729-735. https://doi.org/10.1016/j.eururo.2015.04.002.

Williams AM, Kalra G, Commisel J-A, et al. Ophthalmology practice during the
CoronavirusDisease 2019 pandemic: the university of pittsburgh experience in
promoting clinic safetyand embracing video visits. Ophthalmol. Ther. 2020;9:1-9.
https://doi.org/10.1007/540123-020-00255-9.

Berwick DM, Nolan TW, Whittington J. The Triple Aim: care, health, and cost. Health
Aff. 2008;27:759-769. https://doi.org/10.1377 /hlthaff.27.3.759.

Bodenheimer T, Sinsky C. From Triple to Quadruple Aim: care of the patient requires
care of the provider. Ann Fam Med. 2014;12:573-576. https://doi.org/10.1370/
afm.1713.

Kalwani NM, Johnson AN, Parameswaran V, Dash R, Rodriguez F. Initial outcomes of
CardioClick, a telehealth program for preventive cardiac care: observational study.
JMIR Cardio. 2021;5, €28246. https://doi.org/10.2196/28246.

Shanafelt TD, Dyrbye LN, Sinsky C, Hasan O, Satele D, Sloan J, West CP. Relationship
between clerical burden and characteristics of the electronic environment with
physician burnout and professional satisfaction. Mayo Clin Proc. 2016;91:836-848.
https://doi.org/10.1016/j.mayocp.2016.05.007.


https://doi.org/10.1056/NEJMp2003539
https://doi.org/10.1007/s10916-020-01596-5
https://doi.org/10.1007/s10916-020-01596-5
https://doi.org/10.1097/01.ASW.0000669916.01793.93
https://doi.org/10.3389/fneur.2020.00746
https://doi.org/10.3389/fneur.2020.00746
https://doi.org/10.1002/lary.27123
https://doi.org/10.2196/19264
https://doi.org/10.2196/18961
https://doi.org/10.1056/CAT.20.0100
https://doi.org/10.1056/CAT.20.0100
https://doi.org/10.1161/CIR.0000000000000475
https://doi.org/10.1161/CIR.0000000000000475
https://doi.org/10.1177/193229681300700302
https://doi.org/10.1177/193229681300700302
https://doi.org/10.1002/da.22397
https://doi.org/10.1161/JAHA.115.003058
https://doi.org/10.2196/jmir.4799
https://doi.org/10.2196/jmir.6688
https://doi.org/10.2196/jmir.6688
http://refhub.elsevier.com/S2213-0764(21)00076-2/sref15
http://refhub.elsevier.com/S2213-0764(21)00076-2/sref15
http://refhub.elsevier.com/S2213-0764(21)00076-2/sref15
https://doi.org/10.1016/j.genhosppsych.2020.07.002
https://doi.org/10.1016/j.genhosppsych.2020.07.002
https://doi.org/10.1016/j.eururo.2015.04.002
https://doi.org/10.1007/s40123-020-00255-9
https://doi.org/10.1377/hlthaff.27.3.759
https://doi.org/10.1370/afm.1713
https://doi.org/10.1370/afm.1713
https://doi.org/10.2196/28246
https://doi.org/10.1016/j.mayocp.2016.05.007

