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Abstract
Introduction: The coronavirus disease 2019 (COVID-19)

heralded an unprecedented increase in telemedicine utili-

zation. Our objective was to assess patient satisfaction with

telemedicine during the COVID-19 era.

Methods: Telemedicine visit data were gathered from Stan-

ford Health Care (Stanford) and the Hospital for Special

Surgery (HSS). Patient satisfaction data from HSS were

captured from a Press-Ganey questionnaire between April

19, 2020, and December 12, 2020, whereas Stanford data

were taken from a novel survey instrument that was dis-

tributed to all patients between June 22, 2020, and No-

vember 1, 2020.

Participants: There were 60,550 telemedicine visits at

Stanford, each linked with a postvisit survey. At HSS, there

were 66,349 total telemedicine visits with 7,348 randomly

linked with a postvisit survey.

Main Outcomes and Measures: Two measures of patient

satisfaction were used for this study: (1) a patient’s ‘‘overall

visit score’’ and (2) whether the patient indicated the highest

possible ‘‘likelihood to recommend’’ (LTR) score (LTR top box

score).

Results: The LTR top box percentage at Stanford increased

from 69.6% to 74.0% (p = 0.0002), and HSS showed no

significant change (p = 0.7067). In the multivariable model,

the use of a cell phone (adjusted odds ratio [aOR]: 1.18;

95% confidence interval [CI]: 1.12–1.23) and tablet (aOR:

1.15; 95% CI: 1.07–1.23) was associated with higher

overall scores, whereas visits with interrupted connections

(aOR: 0.49; 95% CI: 0.42–0.57) or help required to connect

(aOR: 0.49; 95% CI: 0.42–0.56) predicted lower patient

satisfaction.

Conclusions: We present the largest published description of

patient satisfaction with telemedicine, and we identify im-

portant telemedicine-specific factors that predict increased

overall visit score. These include the use of cell phones or

tablets, phone reminders, and connecting before the visit was

scheduled to begin. Visits with poor connectivity, extended

wait times, or difficulty being seen, examined, or understood

by the provider were linked with reduced odds of high scores.

Our results suggest that attention to connectivity and audio/

visual definition will help optimize patient satisfaction with

future telemedicine encounters.

Keywords: telemedicine, telehealth, COVID, communications,

pandemic

Introduction

A
s the coronavirus disease 2019 (COVID-19) spread

across the United States in March 2020, hospitals

dramatically reduced in-person patient visits1

and transitioned to telemedicine encounters.2–5

Although virtual visits preceded COVID-19, they typically

comprised the minority of all visits and were not studied as

the principal form of patient–provider interaction.6,7 The

duration of COVID-19 restrictions and the breadth of its

impact provided unprecedented opportunities to assess

patient satisfaction with telemedicine as the primary mo-

dality of patient–physician communication. Recently

published studies have assessed telemedicine patient sat-

isfaction in neurosurgical,8–11 orthopedic,2,12 urological,13
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and primary care settings.14 However, these studies had

<2,000 video visits, measured encounters from early in the

COVID-19 pandemic, and focused on one or two depart-

ments. In addition, many did not capture or examine an-

cillary visit characteristics.

Our data set, which includes patient responses from >60,000

unique video visits across two institutions over 19+ weeks, has

allowed us to determine the correlation between patient ex-

perience and the device used during the encounter, individual

wait time, connection interruption, and other factors. To our

knowledge, this is the most comprehensive assessment of

patient satisfaction with telemedicine to date.

Methods
Telemedicine visit data were gathered from the Hospital

for Special Surgery (HSS; NY), adapted from Press-Ganey

questionnaires, or from Stanford Health Care (Stanford, CA),

from a novel survey unique to telemedicine visits. Data from

HSS were aggregated by department and stratified by week.

There were no individual-level data. Conversely, Stanford

had individual responses. During COVID-19 era, patients

at Stanford were sent an electronic survey at the conclu-

sion of their video visit. The complete survey consisted of

12 different patient satisfaction domains (Supplementary

Table S1). All respondents received questions on overall visit

assessment and their likelihood to recommend (LTR) scores.

The remaining 10 sections were evenly randomized such that

each respondent only saw the questions of two sections.

Randomization ensured that an even number of respondents

would see each question section. Each response matched to a

unique video visit. No demographic data were captured. The

percentage of respondents who reported the highest possible

LTR score (‘‘LTR top box percentage’’) were tracked longi-

tudinally to measure differences in patient satisfaction over

time. All Press-Ganey Hospital Consumer Assessment of

Healthcare Providers and Systems variables are reported

using the LTR top box percentage score as a key metric of

patient satisfaction, along with overall visit score, and,

therefore, this outcome measure was selected to be included

in the present study.

Univariable and multivariable ordinal logistic regression

analyses were conducted to identify negative and positive

predictors of overall visit scores. Because patients were

randomly assigned certain questions rather than the

complete survey, the number of observations for a given

variable is a percentage of the total 60,550 visits (see

Table 1 for the number of observations for a given vari-

able). Therefore, for each variable, an ‘‘unknown’’ category

was encoded to allow multivariable comparison in a full

model. The multivariable model was constructed in a for-

ward stepwise manner to obtain a more parsimonious

model. All analyses were conducted in R version 3.5.3 (The

R Foundation) or STATA (StataCorp, USA). Significance

Table 1. Telemedicine Visit Characteristics from Stanford
Health Care Between June 22, 2020, and November 1,
2020

VARIABLES NUMBER

N 60,550

LTR [mean (SD)] 4.61 (0.73)

LTR top box percentage [mean (SD)] 0.72 (0.45)

Device used, n (%)

Cell phone 33,325 (55.0)

Computer 17,488 (28.9)

Tablet 7,147 (11.8)

Unknown 2,590 (4.3)

Lost connection, n (%) 11,191

Did not happen 10,096 (90.2)

I lost the connection 1,095 (9.8)

First telemedicine encounter?, n (%) 11,234

No 7,242 (64.5)

Yes 3,992 (35.5)

Wait time, n (%) 6,983

0–5 min 4,874 (69.8)

6–20 min 1,730 (24.8)

> 20 min 379 (5.4)

Received phone reminder?, n (%) 11,046

No 3,962 (35.9)

Yes 7,084 (64.1)

Help needed to connect?, n (%) 11,352

No 10,326 (91.0)

Yes 1,026 (9.0)

Moved to regular phone call?, n (%) 11,197

No 9,961 (89.0)

Yes 1,236 (11.0)

Connected before the visit was scheduled to begin?, n (%) 11,393

No 798 (7.0)

Yes 10,595 (93.0)

SD, standard deviation.
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was set at 0.05, and all tests were two sided. As the data

were deidentified, the study was deemed exempt by both

institutions’ institutional review boards.

Results
Between June 22, 2020, and November 1, 2020, there were

60,550 telemedicine visits linked with a postvisit survey

across 93 services at Stanford. At HSS, there were 66,349 total

telemedicine visits with 7,348 linked with a postvisit survey.

At Stanford, the weekly average was 3,187 visits (range:

2,557–3,462). At HSS, the weekly average was 210 visits

(range: 124–414). Over 19 weeks, the mean overall visit score

for telemedicine encounters at Stanford increased from 4.69/

5.00 (standard deviation [SD]: 0.67) to 4.77/5.00 (SD: 0.54), a

gain of 1.7% ( p < 0.0001) (Fig. 1A), and the LTR top box

percentage increased from 69.6% to 74.0%, a gain of 6.3%

( p = 0.0002) (Fig. 1B). The LTR top box percentage at HSS

showed no significant change across 35 visit weeks

( p = 0.7067) (Fig. 1C). At Stanford, cellular telephones were

the most common method of communicating during the tel-

emedicine encounter, comprising 33,325 (55.0%) of all video

visits. Computers (n = 17,488; 28.9%) and tablets (n = 7,147;

11.8%) were used less frequently (Table 1).

The remaining question sections were randomly distributed

to all patients at Stanford. Of the 11,191 patients who received

and answered questions relating to their visit’s internet con-

nection, 1,095 (9.8%) reported that the connection was lost

(Table 1). Of the 11,234 patients who received and answered

whether this telemedicine encounter was their first video visit,

3,992 (35.5%) answered affirmatively. We observed that the

majority of surveyed patients experienced wait times <5 min

(69.8%). However, 9.0% (n = 1,026) required help to connect

and 11.0% (n = 1,236) were forced to move the telemedicine

encounter to a regular phone call. The number of telemedicine

encounters listed by selected departments at Stanford is given

in Supplementary Table S2.
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Fig. 1. Weekly mean overall scores and LTR top box percentages for Stanford and HSS, with standard mean errors and linear trend lines
displayed. (A) Mean overall visit score at Stanford increased over 19 weeks ( p < 0.0001). (B) LTR top box percentages increased at Stanford
over the same period ( p = 0.0002). (C) The LTR top box trend at HSS did not deviate from 0 over 35 weeks ( p = 0.7067). HSS, Hospital for
Special Surgery; LTR, likelihood to recommend.
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WEEK-BY-WEEK LTR TOP BOX PERCENTAGES
The percentage of respondents who listed the highest

LTR option for each week was graphed and stratified by de-

partment. Linear trend lines were interpolated to determine

whether the LTR score trend significantly increased or

Table 2. Factors Associated with Overall Telemedicine Visit
Score at the Univariable Level

CHARACTERISTIC

UNIVARIABLE

OR 95% CI P N

Number of weeks 1.01 1.01–1.01 <0.0001 59,103

First video visit

No 0.00 — — 7,242

Yes 0.91 0.83–1.00 0.062 3,992

Device used

Computer 0.00 — — 17,488

Cell phone 1.18 1.13–1.23 <0.0001 33,325

Tablet 1.19 1.12–1.28 <0.0001 7,147

Interrupted connection

No 0.00 — — 10,096

Yes 0.31 0.27–0.35 <0.0001 1,095

Phone reminder

No 0.00 — — 3,962

Yes 1.24 1.13–1.36 <0.0001 7,084

Wait time

0–5 min 0.00 — — 4,874

6–20 min 0.56 0.50–0.64 <0.0001 1,730

>20 min 0.32 0.26–0.40 <0.0001 379

Help needed to connect

No 0.00 — — 10,326

Yes 0.42 0.37–0.48 <0.0001 1,026

Scheduling difficulty

Not difficult at all 0.00 — — 9,687

Slightly difficult 0.44 0.38–0.52 <0.0001 853

Moderately difficult 0.34 0.28–0.42 <0.0001 457

Very difficult 0.19 0.14–0.27 <0.0001 115

Extremely difficult 0.25 0.16–0.37 <0.0001 102

Connected before visit

After visit scheduled to begin 0.00 — — 798

Before visit scheduled to begin 1.37 1.16–1.61 <0.0001 10,595

Move to regular phone call

No 0.00 — — 9,961

Yes 0.28 0.24–0.31 <0.0001 1,236

Table 2. continued

CHARACTERISTIC

UNIVARIABLE

OR 95% CI P N

How well were you able to see the provider?

Extremely well 0.00 — — 7,796

Very well 0.19 0.17–0.22 <0.0001 2,738

Moderately well 0.09 0.08–0.11 <0.0001 448

Slightly well 0.04 0.03–0.07 <0.0001 86

Not well at all 0.05 0.04–0.07 <0.0001 305

How well did the provider see you?

Extremely well 0.00 — — 5,563

Very well 0.21 0.19–0.24 <0.0001 4,278

Moderately well 0.09 0.07–0.10 <0.0001 948

Slightly well 0.04 0.03–0.05 <0.0001 133

Not well at all 0.05 0.04–0.06 <0.0001 339

How well did the provider see the indicated area?

Extremely well 0.00 — — 1,093

Very well 0.27 0.21–0.36 <0.0001 1,133

Moderately well 0.13 0.09–0.17 <0.0001 460

Slightly well 0.05 0.04–0.08 <0.0001 103

Not well at all 0.05 0.03–0.08 <0.0001 96

How well did the provider understand you?

Extremely well 0.00 — — 8,227

Very well 0.15 0.13–0.16 <0.0001 2,743

Moderately well 0.03 0.02–0.04 <0.0001 247

Slightly well 0.01 0.01–0.02 <0.0001 59

Not well at all 0.00 0.00–0.01 <0.0001 94

How well did you understand the provider?

Extremely well 0.00 — — 8,088

Very well 0.14 0.12–0.15 <0.0001 2,804

Moderately well 0.03 0.03–0.04 <0.0001 307

Slightly well 0.01 0.01–0.02 <0.0001 60

Not well at all 0.00 0.00–0.01 <0.0001 92

Statistically significant values (p < 0.05) are indicated in bold italic text.

CI, confidence interval; OR, odds ratio.
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decreased over time. Supplementary Figure S1A–L lists

weekly LTR top box percentages for several nonsurgical de-

partments at Stanford. Despite some weekly fluctuation, LTR

trends remained relatively consistent across specialties and

time, with no trend line deviating significantly from 0, with

the exception of neurology, whose LTR trend increased

( p = 0.0121). LTR trend stability was recapitulated across four

surgical specialties (Supplementary Fig. S2) and five onco-

logical services (Supplementary Fig. S3).

UNIVARIABLE AND MULTIVARIABLE ANALYSES
At the univariable level, multiple factors were significantly

associated with overall visit score (Table 2). The use of a cell

phone (odds ratio [OR]: 1.18; 95% confidence interval [CI]:

1.13–1.23) or tablet (OR: 1.19; 95% CI 1.12–1.28) was asso-

ciated with mildly increased visit score ( p < 0.0001), as was

the receipt of a phone reminder (OR: 1.24; 95% CI: 1.13–1.36)

( p < 0.0001). Predictably, interrupted connection (OR: 0.31;

95% CI: 0.27–0.35), needed connection assistance (OR: 0.42;

0.0 0.5 1.0 1.5 2.0 2.5

Week Number
Tablet

Cell phone
Device

First visit
Phone reminder

>20 min
6-20 min
Wait time

Help needed
Lost connection

Connected before
Move to phone

Not well at all
Slightly well

Moderately well
Very well

How well did the provider see you?
Extremely difficult

Very difficult
Moderately difficult

Slightly difficult
Schedule difficulty

Not well at all
Slightly well

Moderately well
Very well

How well were you able to see the provider?
Not well at all

Slightly well
Moderately well

Very well
How well did the provider understand you?

Not well at all
Slightly well

Moderately well
Very well

How well did you understand the provider?

Odds Ratio

Telemedicine visit characteristics associated with patient-reported overall score

vs. 0-5 min

vs. computer

vs. “Extremely well”

vs. “Extremely well”

vs. “Extremely well”

vs. “Extremely well”

vs. “Not difficult at all”

vs. week 1

Fig. 2. Telemedicine visit characteristics associated with patient-reported overall score. Multivariable ordinal logistic regression displays
aORs for factors associated with overall score. A vertical line at aOR = 1 indicates the odds ratio that is neither positively nor negatively
associated with increased odds of overall score. Different variables are demarcated by distinct colors. aORs, adjusted odds ratios.
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95% CI: 0.37–0.48), and increased wait time (>20 min) (OR:

0.32; 95% CI: 0.26–0.40) reduced overall visit scores

( p < 0.0001). Those patients who had to switch to a regular

phone call for their telemedicine encounter also reported

lower overall scores (OR: 0.28; 95% CI: 0.24–0.31)

( p < 0.0001). In similarly expected results, patients who in-

dicated they were less able to see or understand the provider,

or who indicated the provider was not able to properly see,

understand, or examine them, were associated with lower

overall scores.

After adjusting for a number of covariates, including the

number of weeks, device used, and factors related to visit

connectivity, the associations that were observed at the uni-

variable level were recapitulated in a multivariable model

(Fig. 2). The use of a cell phone (adjusted odds ratio [aOR]:

1.18; 95% CI: 1.12–1.23) and tablet (aOR: 1.15; 95% CI: 1.07–

1.23) was again associated with higher overall score

( p < 0.0001), and wait times beyond 5 min were linked with

markedly reduced scores. Interestingly, first-time tele-

medicine users were not linked to a reduction in the odds of

expressing a perfect (‘‘5/5’’) overall score ( p = 0.760). Instead,

those parameters related to patient difficulty with the logistics

of the telemedicine encounter (help needed or scheduling

difficulty) or the integrity of the visit itself (lost connection;

moved to regular phone call) were linked to dramatically re-

duced overall score. In addition, reductions in the patient’s

self-reported ability to see the provider and their perception of

the physician’s ability to examine them were both associated

with substantially lower overall visit scores. In this model, an

encounter with an interrupted connection decreased the odds

of reporting a perfect overall score by >50% ( p < 0.0001),

whereas an encounter that was forced to be moved to a regular

phone call decreased the odds by 60% ( p < 0.0001), holding all

other parameters constant. In contrast, patients who connected

before the visit was scheduled to begin were 1.79 · more likely

to report a perfect overall score ( p < 0.0001).

At HSS, top box LTR percentage was significantly corre-

lated with audio connection quality scores ( p = 0.002), video

connection quality scores ( p < 0.001), and ease of talking with

the clinical provider over video scores ( p = 0.003) (Supple-

mentary Fig. S4). These HSS data accord with the results from

Stanford, shown in Figure 2.

Discussion
We present the largest published description of patient sat-

isfaction with telemedicine during the COVID-19 era. In two

separate institutions, we found high satisfaction with tele-

medicine encounters across multiple measures. At Stanford,

mean overall visit score and LTR top box percentages increased

over the observation period, whereas LTR top box percentages

at HSS remained stable over 35 weeks. When stratifying by

individual department, LTR top box percentage trends re-

mained fairly consistent over the 4 months of observation and

across multiple medical domains, including surgical and non-

surgical specialties. Average LTR top box scores were even

similar between inpatient and outpatient services, again sug-

gesting broad satisfaction with telemedicine.

Although previous studies have shown that patient satis-

faction with telemedicine visits equals, or betters, that with in-

person encounters,15,16 few have looked across institutions,

over extended time periods, or examined telemedicine-

specific factors. Given the unprecedented public health crisis

that continues to exist throughout the United States, we be-

lieve our findings are of substantial utility. Using data from

>60,000 separate responses, we identified a number of im-

portant telemedicine-specific factors that predict increased

overall visit score. These include the use of cell phones or

tablets, phone reminders, and connecting before the visit is

scheduled to begin. Just as meaningful, however, were the

negative predictors of overall visit score. Visits with poor

connectivity; extended wait times; or difficulty being seen,

understood, or examined by the provider were linked with

reduced odds of high scores. A patient’s status as a first-time

telemedicine user was not significantly associated with

overall visit score after controlling for available covariates.

Our results suggest that attention to connectivity, audio/visual

definition, and wait time will help optimize patient satisfaction

with telemedicine encounters. Increased difficulty seeing and

understanding the provider strongly predicted lower overall

scores. Visits with interrupted connections and those visits that

were moved to regular phone calls were associated with mark-

edly reduced patient satisfaction. Importantly, patient perception

of provider difficulty examining or understanding the patient led

to dramatically lower overall scores. To achieve high overall

scores, physicians may utilize strategies to avoid negative out-

comes, including phone reminders. In addition, clinic schedulers

can instruct patients to ensure they are able to connect to the

telemedicine platform before their scheduled encounter with the

physician. From our study, doing so results in a 1.8 · increase in

the likelihood of reporting the highest visit score.

Previous patient satisfaction studies have documented that

even small increases (1–10%) in patient scores may be clini-

cally relevant.16–18 In fact, the method of capturing patient

preferences is highly sensitive to small absolute changes in

overall or LTR scores.19 For example, in 2015 for ophthal-

mology, a reduction in the mean Press-Ganey score from

92.4% to 91.7% corresponded to a decrease from the 70th

percentile to the 25th percentile.20 Nationally, in 2012, an
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absolute 3% decrease in mean composite score translated to a

drop in 40 percentiles.19 The magnitude of the associations

identified in our multivariable model falls well within the

range of purported clinical significance.

In March 2020, the Centers for Medicare and Medicaid Ser-

vices (CMS) determined that providers would be compensated

equally for telemedicine or in-person appointments. The Health

Insurance Portability and Accountability Act (HIPAA) regula-

tions on telemedicine encounters were waived and other legal

barriers were suspended to facilitate the widespread adoption of

virtual medicine. It is uncertain whether these legal determi-

nations will be extended after the COVID-19 era concludes.

Regardless, as a larger share of physician–patient interactions

continues to be conducted through telemedicine,16,21 it be-

comes increasingly critical to understand the factors that in-

fluence and, ultimately, predict patient satisfaction. These visit

characteristics are of interest not only to physicians and hos-

pitals, but also to the CMS and private insurers who will de-

termine how virtual encounters are compensated in the coming

years. Our results suggest that certain telemedicine-specific

factors have a significant impact on patient satisfaction, in-

cluding audio/visual connectivity and ease of use. It is hoped

that our study identifies key levers of patient satisfaction with

virtual encounters and lays the foundation for future focused

interventions to improve the telemedicine experience.

LIMITATIONS
As with any survey-based study, our analyses are limited by

nonresponder bias. Previous research indicates that satisfied

patients are more likely to respond to surveys.22 In addition, we

were unable to control for patient-specific factors that might

influence their responses, including disease diagnosis or se-

verity, gender, race, ZIP code, or income. However, we at-

tempted to mitigate this bias through the random assignment

of question sections across thousands of respondents. Second,

since our data were derived from two tertiary care centers, our

trends might not extend to other hospitals or clinic settings.

Third, the LTR top box percentages for all in-person encounters

were uniformly higher than those for telemedicine visits

(Supplementary Fig. S5). However, we cannot make the claim

that patients favored in-person to telemedicine encounters

from these data alone; the survey instruments used to assess

telemedicine versus in-person encounters were different. In

addition, patient-specific factors (age, gender, diagnosis, and

disease severity) are nonrandomly distributed among in-

person versus telemedicine visits. Unfortunately, the literature

contains few rigorous comparisons between telemedicine and

in-person encounters to guide this discussion.16 Fourth, the

survey used at Stanford to assess patient satisfaction with

telemedicine was not a Press-Ganey instrument. Even though

some of the questions in Stanford’s survey were phrased in the

same manner as Press-Ganey questions, and included the same

answer options, their psychometrics are different. However, in

this study, we refrained from making absolute comparisons

with data from other studies and instead focused on relative

changes (positive/negative associations or positive/negative

predictors). Finally, although previous studies have identified

associations between increased patient satisfaction and treat-

ment adherence,23 surgical readmission,24 and patient reten-

tion,25 it remains unclear whether patient satisfaction predicts

or results in improved patient care.26

Conclusions
Using patient satisfaction data from two large academic

centers, we demonstrated that patients remained broadly

satisfied with telemedicine across surgical, nonsurgical, in-

patient, and outpatient services during the COVID-19 pan-

demic. In addition, we identified telemedicine-specific factors

that significantly impact patients’ satisfaction with the virtual

encounter. To increase patient satisfaction during a tele-

medicine visit, attention should be paid to video connectivity,

audio/visual definition, and ease of use.
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