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BACKGROUND An increasing proportion of visits are now delivered via a virtual platform. Virtual visits are limited by

the lack of important components of cardiovascular assessment such as physician examination and electrocardiogram.

OBJECTIVES The purpose of this study was to evaluate the quality of care delivered by virtual visits compared to

office-based visits among adults who sought care for three common cardiac-related symptoms: dyspnea, dizziness, or

palpitations.

METHODS Retrospective cohort study of 992,526 outpatient visits between January 1, 2017, and December 31, 2021,

within an integrated health system, including 356,159 visits for dyspnea, 412,913 for dizziness, and 223,454 for palpi-

tations. We compared the differences in patient characteristics associated with telemedicine visits versus in-office visits,

evaluated the referral rates for noninvasive cardiac testing, and examined the association between virtual visits and

30-day clinical outcomes.

RESULTS Among 992,526 visits, 71.5% were office visits, 25.8% telephone visits, and 2.7% video visits. Median age

was 59 (IQR: 43-72) years, and 63.1% were women. Patient characteristics associated with increased likelihood of virtual

visits included younger age, female sex, being non-Hispanic Black, and being from lower-income households. No asso-

ciation was observed between visit types and 30-day cardiovascular hospitalization for patients with dizziness or pal-

pitations. However, for patients with dyspnea, evaluation via virtual visits was associated with a higher risk of 30-day

hospitalization for heart failure (aOR: 1.25; 95% CI: 1.16-1.36 for telephone visits; aOR: 1.45; 95% CI: 1.17-1.80 for video

visits). Compared to office-based visits, patients with dyspnea were less likely to be referred for echocardiogram with

telephone (aOR: 0.73; 95% CI: 0.72-0.75) or video visits (aOR: 0.92; 95% CI: 0.87-0.98).

CONCLUSIONS Virtual visits may be appropriate for some clinical concerns but not all. Optimal alignment of clinical

conditions with appropriate care modalities is an important component of a successful telemedicine strategy.

(JACC Adv. 2024;3:101353) © 2024 The Authors. Published by Elsevier on behalf of the American College of Cardiology
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T here has been a rapid expansion of
telemedicine use over the past
several years.1 Video and telephone

visits offer tremendous promise to transform
the delivery of cardiovascular care by over-
coming geographic distance, enhancing access to
care, and building efficiencies.2 Benefits of virtual
visits include increased access for appointments to
patients with physical, geographical, or transporta-
tion barriers.3,4 Virtual visits are associated with
high levels of patient satisfaction.5 However, there
may be disparities in technology use and access,
particularly among older patients with limited digital
literacy or patients of lower socioeconomic status
who lack internet access.6

For cardiovascular care, virtual visits do not
deliver the full spectrum of services offered by in-
office visits. Important elements of cardiovascular
examination including auscultation of the heart and
lung sounds cannot be easily conducted virtually.7-9

Comprehensive cardiovascular evaluation relies on
many elements, including history, physical exami-
nation, vital signs, and cardiac testing such as elec-
trocardiogram or echocardiogram to arrive at the
correct diagnosis and management plan. Incomplete
physical examination for symptomatic patients may
result in emergency department referrals that could
have been avoided with an in-office visit. Diagnostic
studies in low-risk patients may be ordered to
compensate for the lack of physical examination.
Lack of vital signs measurements may lead to un-
derdiagnosis and treatment of cardiac risk factors.
Early evidence based on an analysis of 125.8 million
primary care visits during the COVID-19 pandemic
found that assessment of blood pressure declined by
37% and cholesterol levels by 20%, partly because of
the significant increase in virtual visits.10 Whether
virtual visits adversely impact the diagnosis and
clinical management of patients with cardiac-related
symptoms has not been studied. Tracking clinical
outcomes is important to show evidence-based value
and to demonstrate the effectiveness of a virtual care
model.

The goal of this study was to assess telemedicine
use and modality among adults presenting with three
common cardiac-related symptoms: dyspnea, dizzi-
ness, or palpitations. We compared the differences in
patient characteristics associated with telemedicine
visits versus in-office visits, evaluated the referral
rates for noninvasive cardiac testing, and examined
the association between virtual visits and 30-day
clinical outcomes.
METHODS

This is a retrospective cohort study conducted within
Kaiser Permanente Southern California (KPSC). This
study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
reporting guideline.11 This study was approved by the
Institutional Review Board with a waiver of informed
consent based on 45 CFR x46.

DATA SOURCE. KPSC is an integrated health care
delivery system with over 4.8 million members, 15
hospitals, and more than 200 medical offices. The
membership is ethnically and socioeconomically
diverse and is representative of the general popula-
tion of California.12 Patients enroll through the Kaiser
Foundation Health Plan for comprehensive health
insurance, including prescription drug benefits.
Comprehensive medical information, including de-
mographics, administrative, pharmacy, laboratory,
and health care utilization data from ambulatory and
inpatient encounters, is prospectively captured elec-
tronically through clinical and administrative data-
bases and the electronic health record and stored at a
centralized research data warehouse.13

STUDY COHORT. We included adults ages 18 and
above who completed an outpatient visit between
January 1, 2017, and December 31, 2021, at a primary
care clinic or a cardiologist clinic with a chief concern
of “dizziness,” “dyspnea,” or “palpitation.” The chief
concern refers to the reason for the patient’s visit, as
documented in the medical record by either the
intake nurses or physicians, based on the patient’s
report. We included office visits, telephone visits, and
video visits provided by physicians, nurse practi-
tioners, physician assistants, and resident physicians.
The analysis was performed at the encounter level,
with each clinic visit treated as a distinct event, and
the date of visit used as the index date. Patients who
were not KPSC members or had less than 1 year of
membership prior to the index visit were excluded.

Demographic characteristics, including age, sex,
race, and ethnicity, were collected from the electronic
medical record. Race and ethnicity were self-reported
and categorized into mutually exclusive groups:
Asian or Pacific Islander, Black, White, and other
(defined as Native American or Alaska Native and
multiple or other races and ethnicities). Household
income was estimated using the provided home
address and the corresponding neighborhood infor-
mation. We identified baseline medical comorbidities
using International Classification of Diseases-10th
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Revision codes. Patients were followed for 30 days for
clinical endpoints.

NONINVASIVE CARDIAC PROCEDURES. Noninva-
sive cardiac testing procedures were identified using
Current Procedural Terminology codes. We evaluated
rates of transthoracic echocardiogram, treadmill
stress test, stress echocardiogram, stress nuclear
myocardial perfusion imaging with single-photon
emission computed tomography (MPI), Holter
monitor, and event monitor.

CLINICAL OUTCOMES. The primary outcome was
hospitalization for a cardiovascular cause within
30 days after the index visit. Secondary outcomes
included 30-day hospitalization for myocardial
infarction, heart failure, or atrial fibrillation. Hospi-
talization for myocardial infarction, heart failure, or
atrial fibrillation was defined as hospital discharges
with a principal diagnosis of these conditions identi-
fied using International Classification of Dis-
eases codes.

STATISTICAL ANALYSIS. Continuous variables were
reported as median (IQR). Categorical variables are
reported as numbers (%). Differences in categorical
data were compared by the chi-square tests. Multi-
variable logistic regression models were constructed
to examine the association between index visit type
(office visit, video visit, or telephone visit) and 30-day
clinical outcomes. Separate models were constructed
for each outcome. Models were adjusted for patient
demographics, including age, sex, race or ethnicity,
and medical comorbidities. We also examined the
association between patient demographic character-
istics (age, sex, race, ethnicity, and household income
level) and the use of video visit or telephone visit
compared to in-person office visits. OR and the
associated 95% CI were reported. All analyses were
performed using 2-sided tests for significance, and
P < 0.05 was used as the threshold for statistical
significance. Analyses were conducted using Stata 17/
MP 17.0 (StataCorp LLC) or SAS version 9.4 (SAS
Institute Inc).

RESULTS

STUDY POPULATION. Among 992,526 visits during
the study period, 709,998 (71.5%) were office visits,
255,625 (25.8%) were telephone visits, and 26,903
(2.7%) were video visits. In terms of chief complaints
for these visits, 356,159 (35.9%) were for dyspnea,
412,913 (41.6%) were for dizziness, and 223,454
(22.5%) were for palpitations. Table 1 shows the
baseline characteristics of the population. Median age
was 59 (IQR: 43-72) years, 63.1% were women, 39.3%
self-identified as non-Hispanic White, 9.3% non-
Hispanic Black, 37.8% Hispanic, and 11.0% non-
Hispanic Asian. The majority of visits were provided
by clinicians with internal medicine or family medi-
cine training. Cardiologists provided care for 8.5% of
these visits. A high proportion office visits were
for dizziness.

NONINVASIVE CARDIAC TESTING PATTERNS BY VISIT

TYPE. Rates of noninvasive cardiac testing were lower
with virtual visits (Central Illustration). Among pa-
tients with dyspnea, an echocardiogram was ordered
in 16.7% of office visits, 11.5% of telephone visits, and
13.1% of video visits (Figure 1). Compared to office
visits, telephone visits were associated with a lower
likelihood of referral for an echocardiogram (aOR:
0.73; 95% CI: 0.72-0.75), stress testing (aOR: 0.55;
95% CI: 0.53-0.56), and cardiac rhythm monitoring
(aOR: 0.69; 95% CI: 0.65-0.72) (Table 2). Video visits
were also associated with a lower likelihood of
echocardiogram (aOR: 0.92; 95% CI: 0.87-0.98), stress
testing (aOR: 0.66; 95% CI: 0.62-0.71), and cardiac
rhythm monitoring (aOR: 0.81; 95% CI: 0.72-0.93).

Among patients who presented with palpitations,
cardiac rhythm monitoring was ordered in 20.7% of
office visits, 15.2% of telephone visits, and 17.2% of
video visits (Figure 1). Compared to office visits, pa-
tients with palpitations were less likely to be referred
for cardiac rhythm monitoring if they had telephone
visits (aOR: 0.69; 95% CI: 0.67-0.71) or video visits
(aOR: 0.80; 95% CI: 0.75-0.86) (Table 2).

PATIENT CHARACTERISTICS ASSOCIATED WITH A

TELEPHONE VISIT OR A VIDEO VISIT. Adjusted as-
sociations between patient sociodemographic char-
acteristics and utilization of telephone visits or video
visits are shown in Table 3. Compared to adults ages
18 to 34, adults 50 years and above were less likely to
utilize telephone or video visits. Men were slightly
less likely than women to utilize telephone visits
(aOR: 0.96; 95% CI: 0.95-0.97). Compared to non-
Hispanic White patients, non-Hispanic Black pa-
tients were more likely to utilize telephone and video
visits (telephone: aOR: 1.13; 95% CI: 1.11-1.15; video:
aOR: 1.34; 95% CI: 1.28-1.40). Hispanic patients and
non-Hispanic Asian patients were also more likely to
utilize video visits.

We evaluated the association between estimated
household income and virtual visit utilization and
observed that patients with lower household incomes
were more likely to utilize telephone or video visits.

CLINICAL OUTCOMES. Among patients evaluated for
dyspnea, 0.75% of office visits, 0.82% of telephone
visits, and 0.82% of video visits were followed by
hospitalization for heart failure within 30 days



TABLE 1 Baseline Characteristics

Office Visit
(n ¼ 709,998)

Telephone Visit
(n ¼ 255,625)

Video Visit
(n ¼ 26,903)

Total
(N ¼ 992,526) P Value

Age, y

18-34 91,062 (12.8) 40,002 (15.7) 5,021 (18.7) 136,085 (13.7) <0.001

35-49 135,224 (19.1) 56,516 (22.1) 7,377 (27.4) 199,117 (20.1)

50-64 192,098 (27.1) 67,972 (26.6) 6,867 (25.5) 266,937 (26.9)

65-79 206,581 (29.1) 64,320 (25.2) 5,605 (20.8) 276,506 (27.9)

$80 85,033 (12.0) 26,815 (10.5) 2,033 (7.6) 113,881 (11.5)

Sex

Male 264,803 (37.3) 91,855 (35.9) 9,848 (36.6) 366,506 (36.9) <0.001

Female 445,195 (62.7) 163,770 (64.1) 17,055 (63.4) 626,020 (63.1)

Race/ethnicity

White 283,682 (40.0) 97,790 (38.3) 8,626 (32.1) 390,098 (39.3) <0.001

Black 63,649 (9.0) 26,018 (10.2) 2,878 (10.7) 92,545 (9.3)

Hispanic 264,764 (37.3) 98,976 (38.7) 11,757 (43.7) 375,497 (37.8)

Asian 80,693 (11.4) 25,472 (10.0) 2,722 (10.1) 108,887 (11.0)

Other 17,210 (2.4) 7,369 (2.9) 920 (3.4) 25,499 (2.6)

Insurance type

Commercial 366,460 (51.6) 141,992 (55.6) 16,154 (60.1) 524,666 (52.9) <0.001

Medicare 247,978 (34.9) 77,658 (30.4) 6,638 (24.7) 332,274 (33.5)

Medicaid 38,950 (5.5) 16,199 (6.3) 1,948 (7.2) 57,097 (5.8)

Other 56,400 (7.9) 19,650 (7.7) 2,145 (8.0) 78,195 (7.9)

Missing 210 (0.03) 126 (0.05) 18 (0.07) 354 (0.04)

Income

>$80,000 356,316 (50.2) 123,647 (48.4) 12,412 (46.1) 492,375 (46.1) <0.001

$45,001-$80,000 285,703 (40.2) 106,698 (41.7) 11,712 (43.5) 404,113 (40.7)

#45,000 65,672 (9.3) 24,783 (9.7) 2,744 (10.2) 93,199 (9.4)

Unknown 2,307 (0.3) 497 (0.2) 35 (0.1) 2,839 (0.3)

Specialty

Cardiology 60,662 (8.5) 20,391 (8.0) 3,502 (13.0) 84,555 (8.5) <0.001

Family medicine 426,134 (60.0) 163,947 (64.1) 14,744 (54.8) 604,825 (60.9)

Internal medicine 223,202 (31.4) 71,287 (27.9) 8,657 (32.2) 303,146 (30.5)

Medical comorbidities

Hypertension 349,124 (49.2) 118,224 (46.3) 10,809 (40.2) 478,157 (48.2) <0.001

Hyperlipidemia 401,709 (56.6) 134,416 (52.6) 12,869 (47.8) 548,994 (55.3) <0.001

Diabetes 166,657 (23.5) 58,380 (22.8) 5,472 (20.3) 230,509 (23.2) <0.001

Coronary artery disease 36,924 (5.2) 13,052 (5.1) 1,228 (4.6) 51,204 (5.2) <0.001

Heart failure 62,964 (8.9) 24,658 (9.7) 2,298 (8.5) 89,920 (9.1) <0.001

Atrial fibrillation 66,955 (9.4) 23,898 (9.4) 2,224 (8.3) 93,077 (8.3) <0.001

Stroke/TIA 47,621 (6.7) 17,246 (6.8) 1,546 (5.8) 66,413 (6.7) <0.001

Chronic kidney disease 110,105 (15.5) 36,721 (14.4) 3,132 (11.6) 149,958 (15.1) <0.001

Liver disease 5,832 (0.8) 1,386 (0.5) 109 (0.4) 7,327 (0.7) <0.001

COPD/asthma 201,682 (28.4) 78,201 (30.6) 7,754 (28.8) 287,637 (29.0) <0.001

Obesity 240,644 (33.9) 85,568 (33.5) 9,180 (34.1) 335,392 (34.1) <0.001

Hypothyroidism 94,136 (13.3) 33,195 (13.0) 2,995 (11.1) 130,326 (13.1) <0.001

Dementia 12,863 (1.8) 4,482 (1.8) 421 (1.6) 17,766 (1.8) 0.003

Depression 182,718 (25.7) 70,952 (27.8) 7,453 (27.7) 261,123 (26.3) <0.001

Chief complaint

Dizziness 311,558 (43.9) 91,847 (35.9) 9,508 (35.3) 412,913 (41.6) <0.001

Dyspnea 234,993 (33.1) 110,155 (43.1) 11,011 (40.9) 356,159 (35.9)

Palpitations 163,447 (23.0) 53,623 (21.0) 6,384 (23.7) 223,454 (22.5)

COPD ¼ chronic obstructive pulmonary disease; TIA ¼ transient ischemia attack.
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(Table 4). After adjusting for demographics and
comorbidities, the likelihood of 30-day hospitaliza-
tion for heart failure was significantly higher for
telephone visits (aOR: 1.25; 95% CI: 1.16-1.36) and
video visits (aOR: 1.45; 95% CI: 1.17-1.80). No signifi-
cant association was observed between visit type and
hospitalization for atrial fibrillation or myocardial
infarction. All-cause cardiovascular hospitalization
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within 30 days was higher for telephone visits (aOR:
1.11; 95% CI: 1.05-1.18) and video visits (aOR: 1.25;
95% CI: 1.07-1.46).

For patients evaluated for dizziness or palpita-
tions, no association was observed between visit type
and 30-day cardiovascular hospitalization (Table 4).

DISCUSSION

Among patients who presented for an outpatient visit
for the evaluation of dyspnea, dizziness, or palpita-
tions within an integrated health care system in the
United States, approximately one-fourth were
assessed through telemedicine. The majority of tele-
medicine visits were conducted by telephone. Patient
characteristics associated with increased likelihood of
telemedicine visits included younger age, female sex,
being non-Hispanic Black, and being from lower-
income households. Compared to in-person visits,
referral for noninvasive cardiac testing was signifi-
cantly lower with virtual visits. Among patients with
dyspnea, telephone visits were associated with a 25%
increased likelihood of hospital admission for heart
failure within 30 days, while video visits were asso-
ciated with a 45% increased risk compared to in-
person visits. For patients with symptoms of dizzi-
ness or palpitations, no significant association was
observed between visit type and the risk of 30-day
cardiovascular hospitalization. These findings sug-
gest telemedicine may not be the ideal visit type for
all patients. Patients with certain symptoms, such as
dyspnea, might require in-person evaluation and
management.

The past few years have seen a rapid increase in
ambulatory telemedicine visits.14 In the post-COVID
world, a substantial proportion of patient care con-
tinues to be delivered virtually. This increase in vir-
tual care may be a turning point for the delivery of
clinical services moving forward, with the potential to
transform health care into a model that is more
patient-centered, with increased convenience and
reduced cost.15-17 With any new care delivery model,
the quality of care delivered needs to be actively
evaluated. Tracking clinical outcomes associated with
virtual visits is important to demonstrate the safety
and effectiveness of a virtual care model. Certain
conditions and patient profiles may be particularly
well-suited for virtual care. For example, follow-up
appointments for chronic conditions, where man-
agement focuses on medication adjustments and
reviewing lab results, can often be effectively
handled through telemedicine.18-20 Similarly, mental
health consultations and psychotherapy have been
shown to be as effective when conducted virtually,
with the added benefit of offering patient privacy and
removing barriers to access.21,22

For the evaluation of cardiac conditions, virtual
visits are limited by the lack of a comprehensive
physical examination. The importance of physical
examination may differ based on the patient’s pre-
senting concerns. An important observation of this
study was the increased likelihood of hospital



FIGURE 1 Rate of Cardiac Testing Referrals by Visit Type and Chief Complaint

Rates of referrals for echocardiogram, stress tests, and Holter or event monitor stratified by visit types for patients presenting with (A)

dyspnea, (B) dizziness, and (C) palpitations.
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TABLE 2 Association Between Visit Type and Cardiac Testing Stratified by Chief Complaint

Office Visit Telephone Visit Video Visit

Rate per 100
Encounters

Rate per 100
Encounters

Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)a

Rate per 100
Encounters

Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)a

Dyspnea

Echocardiogram 16.7 Reference 11.5 0.65 (0.64-0.65) 0.73 (0.72-0.75) 13.1 0.75 (0.71-0.80) 0.92 (0.87-0.98)

Stress test 14.4 Reference 7.7 0.49 (0.48-0.50) 0.55 (0.53-0.56) 8.7 0.56 (0.53-0.60) 0.66 (0.62-0.71)

Holter or event monitor 3.2 Reference 2.1 0.66 (0.63-0.69) 0.69 (0.65-0.72) 2.1 0.77 (0.68-0.87) 0.81 (0.72-0.92)

Dizziness

Echocardiogram 7.2 Reference 6.5 0.89 (0.87-0.92) 0.88 (0.86-0.91) 7.7 1.06 (0.98-1.15) 1.14 (1.06-1.23)

Stress test 4.0 Reference 3.0 0.73 (0.70-0.76) 0.74 (0.71-0.78) 2.7 0.67 (0.59-0.76) 0.73 (0.64-0.83)

Holter or event monitor 5.8 Reference 4.9 0.85 (0.82-0.88) 0.84 (0.81-0.87) 5.5 0.94 (0.86-1.03) 0.99 (0.91-1.09)

Palpitations

Echocardiogram 13.5 Reference 13.0 0.96 (0.93-0.99) 0.96 (0.93-0.99) 14.4 1.08 (1.01-1.16) 1.12 (1.04-1.20)

Stress test 9.5 Reference 7.8 0.80 (0.77-0.83) 0.82 (0.79-0.85) 8.4 0.87 (0.80-0.96) 0.94 (0.86-1.03)

Holter or event monitor 20.7 Reference 15.2 0.69 (0.67-0.70) 0.69 (0.67-0.71) 17.2 0.79 (0.74-0.85) 0.80 (0.75-0.86)

aAdjusted for age, sex, race and ethnicity, income level, comorbidities (hypertension, diabetes, coronary artery disease, heart failure, atrial fibrillation, chronic kidney disease, stroke or transient ischemic
attack, COPD/asthma).
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admission for heart failure within 30 days after a
virtual visit for dyspnea. This suggests that virtual
visits, particularly for evaluating dyspnea, may not
adequately identify patients at risk of decompensa-
tion or needing immediate intervention that could
have prevented hospitalization. In contrast, for
symptoms of dizziness or palpitations, virtual visits
appeared to be equally effective compared to in-
TABLE 3 Patient Characteristics Associated With Use of Telephone o

Telephone Visits

Unadjusted
OR (95% CI)

Adju
OR (9

Age, y

18-34 Reference Refe

35-49 0.95 (0.94-0.97) 0.96 (0

50-64 0.82 (0.81-0.83) 0.83 (0

65-79 0.73 (0.72-0.74) 0.74 (0

$80 0.74 (0.73-0.75) 0.75 (0

Sex

Female Reference Refe

Male 0.94 (0.94-0.95) 0.96 (0

Race/ethnicity

White Reference Refe

Black 1.17 (1.15-1.19) 1.13 (1

Hispanic 1.07 (1.06-1.09) 0.99 (0.

Asian 0.91 (0.90-0.93) 0.89 (0.

Other 1.21 (0.18-1.25) 1.11 (1.0

Income

>$80,000 Reference Refe

$45,001-$80,000 1.07 (1.06-1.08) 1.04 (1.

#45,000 1.08 (1.06-1.10) 1.04 (1.

aAdjusted for age, sex, race or ethnicity, and income.
person care in addressing these concerns. These ob-
servations may be due to heart failure being an
important diagnosis among patients presenting with
dyspnea. Physical examination plays a central role in
managing patients with heart failure.23 A compre-
hensive physical examination allows assessment of
patients underlying hemodynamic state so they can
be categorized based on their volume status (wet/dry)
r Video Visits

Video Visits

sted
5% CI)a

Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)a

rence Reference Reference

.94-0.97) 1.00 (0.97-1.04) 1.01 (0.98-1.05)

.81-0.84) 0.69 (0.66-0.72) 0.71 (0.68-0.73)

.72-0.75) 0.54 (0.52-0.56) 0.57 (0.55-0.59)

.73-0.76) 0.47 (0.45-0.50) 0.51 (0.48-0.53)

rence Reference Reference

.95-0.97) 0.99 (0.96-1.01) 1.04 (1.01-1.06)

rence Reference Reference

.11-1.15) 1.42 (1.36-1.48) 1.34 (1.28-1.40)

98-0.99) 1.43 (1.39-1.47) 1.22 (1.19-1.26)

87-0.90) 1.13 (1.09-1.18) 1.07 (1.02-1.11)

8-1.14) 1.66 (1.54-1.77) 1.36 (1.27-1.46)

rence Reference Reference

03-1.05) 1.15 (1.12-1.18) 1.06 (1.04-1.09)

03-1.06) 1.17 (1.12-1.22) 1.06 (1.02-1.11)



TABLE 4 Rates and Odds Ratio of 30-Day Clinical Outcomes Comparing Telephone Visits and Video Visits With Office Visits Stratified by Chief Complaint

Office Visit Telephone Visit Video Visit

Dyspnea (n ¼ 234,993)
OR

(95% CI) (n ¼ 110,155)
Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)a (n ¼ 11,011)

Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)a

Myocardial infarction 437 (0.19) Reference 195 (0.18) 0.95 (0.80-1.13) 1.13 (0.95-1.34) 15 (0.14) 0.73 (0.44-1.23) 0.96 (0.57-1.61)

Heart failure 1,768 (0.75) Reference 901 (0.82) 1.09 (1.00-1.18) 1.25 (1.16-1.36) 90 (0.82) 1.09 (0.88-1.34) 1.45 (1.17-1.80)

Atrial fibrillation 423 (0.18) Reference 196 (0.18) 0.99 (0.83-1.17) 1.18 (0.99-1.40) 12 (0.11) 0.61 (0.34-1.07) 0.81 (0.46-1.45)

Cardiovascular hospitalization 4,019 (1.71) Reference 1,796 (1.63) 0.95 (0.90-1.01) 1.11 (1.05-1.18) 178 (1.62) 0.94 (0.81-1.10) 1.25 (1.07-1.46)

Dizziness (n ¼ 311,558) (n ¼ 91,847) (n ¼ 9,508)

Myocardial infarction 177 (0.06) Reference 64 (0.07) 1.23 (0.92-1.63) 1.13 (0.85-1.51) 6 (0.06) 1.11 (0.49-2.51) 1.25 (0.55-2.82)

Heart failure 284 (0.09) Reference 103 (0.11) 1.23 (0.98-1.54) 1.05 (0.83-1.32) 12 (0.13) 1.38 (0.78-2.47) 1.42 (0.79-2.55)

Atrial fibrillation 199 (0.06) Reference 74 (0.08) 1.26 (0.97-1.64) 1.18 (0.91-1.55) 9 (0.09) 1.48 (0.76-2.89) 1.71 (0.87-3.35)

Cardiovascular hospitalization 1,648 (0.53) Reference 544 (0.59) 1.12 (1.01-1.23) 1.05 (0.96-1.16) 58 (0.61) 1.15 (0.89-1.50) 1.30 (0.99-1.70)

Palpitations (n ¼ 163,447) (n ¼ 53,623) (n ¼ 6,384)

Myocardial infarction 67 (0.04) Reference 21 (0.04) 0.96 (0.59-1.56) 0.94 (0.57-1.53) 1 (0.02) 0.38 (0.05-2.75) 0.38 (0.05-2.71)

Heart failure 165 (0.10) Reference 42 (0.08) 0.78 (0.55-1.09) 0.73 (0.52-1.03) 9 (0.14) 1.40 (0.71-2.73) 1.41 (0.71-2.81)

Atrial fibrillation 198 (0.12) Reference 63 (0.12) 0.97 (0.73-1.29) 0.92 (0.69-1.22) 5 (0.08) 0.65 (0.27-1.57) 0.70 (0.29-1.71)

Cardiovascular hospitalization 779 (0.48) Reference 245 (0.46) 0.95 (0.83-1.11) 0.94 (0.81-1.08) 29 (0.47) 0.95 (0.66-1.38) 1.00 (0.69-1.46)

aAdjusted for age, sex, race and ethnicity, income level, comorbidities (hypertension, diabetes, coronary artery disease, heart failure, atrial fibrillation, chronic kidney disease, stroke or transient ischemic
attack, COPD/asthma).
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and perfusion status (warm/cold).24 Volume assess-
ment, including evaluation of jugular venous
distention, hepatojugular reflux, and square-wave
response in blood pressure to the Valsalva maneu-
ver, can be difficult to ascertain at a virtual visit.
Perfusion assessment, including determining if a pa-
tient’s extremities are warm versus cold can also be
difficult over the telephone or video. In office-based
visits, accurate classification of a patient’s volume
status and perfusion state allows the implementation
of appropriate therapy. Patients who are volume
overloaded require diuresis for decongestion. With
the risk of heart failure admission being tightly
coupled to filling pressure, the importance of inter-
vention guided by hemodynamic assessment cannot
be overemphasized.25

In this cohort, referral for noninvasive cardiac
testing was lower with virtual visits. Several potential
reasons may be considered. It is possible that the
physical examinations performed during in-office
visits allowed clinicians to uncover findings such as
heart murmurs or irregular heart rhythms, prompting
further evaluation with additional cardiac testing.
Electrocardiograms, which are easily performed dur-
ing in-office visits, may show abnormalities such as Q
waves or other changes that necessitate downstream
testing. Additionally, clinicians might feel more
compelled to order additional tests during in-office
visits because the patient had made the effort to
come to the office. By ordering tests, both the clini-
cian and the patient might feel that something con-
crete is being done to address the patient’s concerns.

Technology advancements could play a crucial role
in overcoming some of the challenges associated with
virtual visits. Digital stethoscopes allow remote
auscultation of the heart and lungs.26 Wearable car-
diac monitors enable recording of cardiac rhythms
and electronic sharing of the recording with physi-
cians.27 Systems that monitor oxygen saturation,
heart rate, and walking information can be used to
evaluate an individual’s cardiopulmonary condition,
similar to a 6-minute walk test.28 Although the tech-
nology to provide additional data for virtual care is
already available, it is not yet widely utilized. Efforts
to effectively integrate these technologies within
virtual care practices will likely enhance the quality
of care. As these technologies continue to evolve, the
potential to address the gaps in virtual health care
delivery becomes increasingly feasible.

In our cohort, certain patient demographics were
more likely to adopt virtual care: younger individuals,
women, non-Hispanic Black patients, and those from
lower-income households. These patterns may reflect
health care access issues, with virtual care possibly
offering a more accessible option to those facing
barriers to in-person care, such as time constraints,
transportation difficulties, or financial difficulties.
Other studies have also found older age to be



PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: In this study that evaluated 992,526 visits for three

common cardiac symptoms (dyspnea, dizziness, or palpitations),

the effectiveness of telemedicine differed based on symptoms.

For patients with dizziness or palpitations, the type of visit (vir-

tual versus in-person) had no significant impact on the rate of

cardiovascular hospitalization within 30 days. In contrast, pa-

tients evaluated for dyspnea via telephone or video had a

significantly higher likelihood of being admitted for heart failure.

TRANSLATIONAL OUTLOOK: While telemedicine is appro-

priate for many patients, patients with certain cardiac symptoms,

such as dyspnea, where physical examination represents an

important component of diagnostic evaluation, may require in-

person visits to ensure optimal care. Further research is needed

to confirm the results in external cohorts.
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associated with lower telemedicine use.29 Engaging
in virtual visits may be challenging for older adults
due to impaired hearing, vision, and motor skills.30

Designing telemedicine devices focusing on
improving usability in the geriatric population is an
important area that deserves investments. We
observed a higher rate of telephone visits compared
to video visits in our study population. For video
visits, patients and clinicians were required to install
and use software that complies with Health Insurance
Portability and Accountability Act regulations. The
need to install a new software may have introduced
an extra hassle factor for patients, making the process
cumbersome for some patients who opted for the
convenience of telephone visits instead.

The finding that non-Hispanic Black patients and
those from lower-income households had higher
adoption rates is different from what others have
observed.29,31 When telemedicine was first intro-
duced, there were concerns that decreased accessi-
bility to broadband internet and reliable cellphone
services may exacerbate health care disparities.31 This
study’s finding is reassuring, suggesting that the
technology challenges are not insurmountable, and
telemedicine may, in fact, improve access by allowing
patients to be evaluated without needing to take time
off from work. Similarly, for women who bear a
disproportional burden of childcare responsibilities,
telemedicine provides a platform to access health
care services without the added stress of arranging
care for their children.

STUDY LIMITATIONS. First, our findings may not be
generalized to all patients as our cohort represents an
insured population with access to comprehensive
health care. Therefore, our findings may not apply to
uninsured patients, or those residing outside of the
United States. Second, patient comorbidities and pa-
tient outcomes were limited by the information
captured in the electronic medical records. We were
not able to capture patient-reported outcome mea-
sures such as patient assessment of their symptoms,
well-being, and functional status. Third, this study
primarily focused on patient clinical outcomes. We
were not able to assess the clinicians’ experience with
virtual care. Fourth, although we observed that
referral rates for cardiac testing were lower for virtual
visits, we were not able to determine whether the
ordered tests were clinically appropriate. However,
the low rate of echocardiogram ordering and the
higher rate of subsequent admission for heart failure
raised the possibility that testing may have allowed
more timely identification of patients with heart
failure, allowing intervention that may have pre-
vented a hospital admission. Finally, given the
observational nature of this study, the association of
virtual visits with higher event rates should not be
interpreted as causative.

CONCLUSIONS

While virtual visits have emerged as an important
component of modern health care delivery, their
application must be thoughtful, targeted, symptom-
specific, and condition-specific to ensure patient
safety and optimal outcomes.
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