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Original Article
Patient Satisfaction with Neurosurgery Telemedicine Visits During the Coronavirus
Disease 2019 Pandemic: A Prospective Cohort Study
Elise J. Yoon, Doris Tong, Gustavo M. Anton, Jacob M. Jasinski, Chad F. Claus, Teck M. Soo, Prashant S. Kelkar
-BACKGROUND: Telemedicine refers to various modal-
ities for remote care, including telephone calls, imaging
review, and real-time video teleconferencing visits.
Although it has not been widely used in outpatient neuro-
surgery settings, the COVID-19 (coronavirus disease 2019)
pandemic has necessitated a broader adoption. Our goal is
to show the level of patient satisfaction with their tele-
medicine care.

-METHODS: We prospectively studied consecutive tele-
medicine patients who scheduled outpatient neurosurgery
visits from May 15 to June 8, 2020. Patients were seen by
the surgeon via real-time video conferencing using Google
Meet, and then completed a telemedicine satisfaction
survey. Our primary outcome was telemedicine satisfaction
scores. We compared satisfaction scores between new
and established patients and between patients within and
outside of a 15-mile radius of the nearest clinic location.
Sensitivity analyses were performed to account for the
nonrespondents. Descriptive and univariate analyses were
performed. A P value of <0.05 was considered significant.

-RESULTS: Five-hundred and ninety patients completed a
telemedicine visit during the study period. One patient from
out of state was excluded. Three-hundred and ten patients
(52.6%) responded. The average age was 60.9 � 13.60
years; 59% were female, 20.6% were new patients; the
average distance to the clinic was 28.03 � 36.09 km (17.42
� 22.43 miles). The mean overall satisfaction score was
6.32 � 1.27. Subgroup analyses by new/established patient
status and distance from their home to the clinic showed
no significant difference in mean satisfaction scores
between groups.
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-CONCLUSIONS: Telemedicine provided a viable and
satisfactory option for neurosurgical patients in the
outpatient setting during the COVID-19 pandemic.
INTRODUCTION
elemedicine refers to the use of technology to remotely
care for patients. This definition ranges from delivering
Tcare via a telephone call or e-mail to viewing imaging to

real-time audiovisual virtual visits. Here, we refer to telemedicine
or telehealth as the use of real-time video conferencing for virtual
appointments.
Historically, telemedicine has mainly been used to provide

health care to rural populations for the management of chronic
medical and psychological conditions.1-4 In neurosurgery,
real-time visits in the acute care setting have been used for remote
triage of patients with stroke or trauma with little application in
the outpatient setting.3,5 The use of telemedicine had not been
widely adopted by practitioners in the United States due to a
lack of well-proven need, patients’ limited access to technology,
privacy concerns, financial disincentive, and state-specific
licensing restrictions.1-3,5,6 With the COVID-19 (coronavirus dis-
ease 2019) pandemic and subsequent shelter-in-place orders, there
was an urgent need to provide outpatient care for patients who
were unable or reluctant to visit their providers.
The Coronavirus Preparedness and Response Supplemental

Appropriations Act, signed into law on March 6, 2020, provides a
waiver of specific Medicare telemedicine payment requirements
during the public health emergency. Specifically, the Act allows
for reimbursement of telemedicine visits in nonrural settings, and
from the patient’s residence using non-HIPAA (Health Insurance
Portability and Accountability Act)ecompliant video conferencing
platforms.
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Few studies have examined patient satisfaction with the use of
telemedicine for neurosurgical patients in the outpatient setting.3,5

In light of the ongoing COVID-19 pandemic, understanding pa-
tients’ satisfaction with this care modality is essential for justifi-
cation and expansion of its use. In this study, we sought to
prospectively determine the level of patient satisfaction with
neurosurgery telemedicine visits during the COVID-19 pandemic.
In addition, we hypothesized that patients with an established
relationship with their surgeon and patients living farther from the
clinic than closer would have higher satisfaction scores.
METHODS

From May 15, 2020, to June 8, 2020, consecutive patients who were
seen in the neurosurgery outpatient clinic for either brain or spine
disease via telemedicine visits were prospectively included in a
patient satisfaction survey. We excluded patients from out of state.
All physicians (5 neurosurgeons and 1 orthopedic spine surgeon)
and ancillary staff worked remotely.
At the time of appointment scheduling, the patient was sent a

link with a date and time confirmation and a link to a virtual
meeting using the HIPAA-compliant platform Google Meet
(Google, Mountain View, California, USA). Patients also had the
option to use FaceTime (Apple Inc., Cupertino, California, USA).
An electronic calendar event was automatically generated and sent
to the patient with the appointment confirmation e-mail. Imaging
and other clinical documentation were collected before the
appointment in the usual manner.
Using their devices from home, patients accessed the virtual

meeting room, where a member of the intake staff greeted the
patient. Any technological issues were addressed and resolved at
this point. Simulating the in-person visit process, a medical as-
sistant took a history from the patient and then left the virtual
room. The patient was then met by the surgeon, who was joined
by a medical scribe. After completion of the visit with the surgeon,
the patient was attended by office staff, who completed the
checkout process. Immediately after the telemedicine visit, each
patient was sent an e-mail with a link to complete the online
satisfaction survey. After 72 hours, research staff called patients to
remind them to complete the survey or to complete the survey
with the patient.
The telemedicine satisfaction survey was conducted using a

Google Form consisting of 8 Likert scale questions, as published
by Hicks et al.7 Answer choices ranged from 1, representing “very
unsatisfied,” to 7, representing “very satisfied” (Supplementary
Figure 1). In addition, there was 1 open-ended question for any
applicable patient comments. Responses were recorded in a
password-protected, HIPAA-compliant electronic database. De-
mographic, medical history, and visit data were collected from the
electronic medical record.
Our primary outcome was telemedicine satisfaction scores. Our

secondary outcome was disposition after telemedicine visits.
Descriptive statistics were used. A Mann-Whitney U test was used
to compare satisfaction scores between new and established pa-
tients and between patients within and outside a 24.14-km (15-
mile) radius of the nearest clinic location. Sensitivity analyses
were performed to account for the nonresponders. Data were
analyzed using SPSS for Windows version 25.0 (IBM Corp.,
WORLD NEUROSURGERY 145: e184-e191, JANUARY 2021
Armonk, New York, USA). A P value <0.05 was considered
significant.
RESULTS

The survey link was sent to 590 patients who completed a tele-
medicine visit from May 15 to June 8, 2020. One patient with a
primary address in Florida was excluded. Of the 589 patients, 310
patients (52.6%) completed the satisfaction survey. The average
time to survey completion was 15.19 � 10.5 days (range, 0.40e36.5
days). Demographic data are shown in Table 1. The average
distance to the nearest clinic location was 28.03 � 36.09 km
(17.42 � 22.43 miles). Five patients lived >160 km (100 miles)
away. Sixty-four visits (20.6%) were for new patients. A total of
109 patients (35.2%) were working full time; 25 (8.1%) working
part time; 110 (35.5%) retired; 12 (3.9%) unemployed; 38 (12.3%)
on disability; and 16 (5.2%) patients’ employment status was un-
known. A total of 122 patients (39.4%) had private insurance; 157
(50.6%); government insurance; 29 (9.4%) auto or workers’
compensation insurance, and 2 (0.6%) self-pay/other.
Satisfaction scores for individual survey questions are shown in

Table 2. In response to overall patient satisfaction with the visit,
the average score was 6.32 � 1.27 out of 7. Visit disposition
after the telemedicine visit is shown in Table 3. Eighty-four pa-
tients (27.1%) scheduled surgery, 175 patients (56.5%) scheduled
follow-up visits, 94 patients (30.3%) had imaging ordered, and 1
patient (0.3%) was sent to the emergency department for direct
hospital admissions.
We compared the satisfaction scores between new patients and

returning patients (Table 4).There was no significant difference in
mean scores between the groups for any of the survey questions.
We compared the satisfaction scores between patients living
within a 24.14-km (15-mile) radius of our closest clinic and
living farther than 24.14-km (15 miles) away. Comparing the
<24.14-km (15-mile) group with the >24.14-km (15-mile) group,
the mean distance from the patients’ home to our closest clinic
was 13.79 � 5.82 km (8.57 � 3.62 miles) and 41.40 � 20.72 km
(25.73 � 12.88 miles) after we removed 5 patients who lived >160
km (100 miles) away from our nearest clinic. The median of the
overall satisfaction scores for these 5 patients were 6.5 (range,
6.25e7). There was no statistically significant difference between
the scores of these 2 groups of patients (Table 5).
We repeated the comparison analyses between these 2 pairs by

using the average satisfaction scores of all 8 questions in each
survey. We considered the patients to be generally “satisfied” with
their telemedicine visit when their average response of all survey
questions was �4. We considered them generally “not satisfied”
when their average response of all survey questions was <4. When
comparing new and returning patients, the proportion of patients
satisfied with the telemedicine visit was 93.8% versus 94.7%.
When comparing patients living within a 24.14-km (15-mile)
radius of our closest clinics and those living farther, the propor-
tion of patients satisfied with the telemedicine visit was 93.7%
versus 95.5% (Table 6). There was no statistical significance in
either comparison (Figure 1).
We performed a sensitivity analysis to account for 47.4% of

nonrespondents (Table 7). Assuming that all missing patients
were satisfied, the overall satisfaction rate was 97.1% (572/589).
www.journals.elsevier.com/world-neurosurgery e185
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Table 1. Patient Demographics (N ¼ 310)

Value

Age (years) 60.89 � 13.60

Distance (km) 28.03 � 36.09 (17.42 � 22.43 miles)

Sex

Male 127 (41.0)

Female 183 (59.0)

Visit type

New patient 64 (20.6)

Return patient 217 (70.0)

Postoperative appointment 29 (9.4)

Insurance

Government 157 (50.6)

Private 122 (39.4)

Auto/workers' compensation 29 (9.4)

Self-pay/other 2 (0.6)

Employment status

Working full time 109 (35.2)

Working part time 25 (8.1)

Retired 110 (35.5)

Unemployed 12 (3.9)

Disability 38 (12.3)

Unknown 16 (5.2)

Continuous data are presented as mean � standard deviation. Categorical data are
presented as n (%).

Table 2. Satisfaction Outcomes

Patient Satisfaction Scores, 1e7 (N [ 310)
Mean � Standard

Deviation

Overall, how satisfied were you with your telemedicine
visit?

6.32 � 1.27

How easy was it to talk with the telemedicine provider? 6.51 � 1.17

How much did the telemedicine provider seem to care
about you as a person?

6.70 � 0.85

Did you feel relaxed or tense during the telemedicine
session?

6.38 � 1.27

Do you think your telemedicine visit improves your
medical care?

5.51 � 1.83

Do you think your telemedicine visit was as good as a
regular in-person visit?

4.55 � 2.12

How well did the telemedicine visit equipment work
today?

6.12 � 1.55

Would you want to use telemedicine again? 5.56 � 1.93

Table 3. Visit Disposition After Telemedicine Visit

Visit Disposition (N [ 310) n (%)

Follow-up scheduled 175 (56.5)

Surgery scheduled 84 (27.1)

Imaging ordered 94 (30.3)

Referral given 70 (22.6)

Medication prescribed 49 (15.8)

Return as needed 61 (19.7)

Return to work 9 (2.9)

Disability paperwork 17 (5.5)

Direct admission to emergency room 1 (0.3)
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Assuming that all missing patients were unsatisfied, the overall
satisfaction rate was 50.3% (296/589).

DISCUSSION

The Value of Telemedicine
There has been tentative evidence regarding the cost-effectiveness
of telemedicine.2,3,5,6 Although telemedicine involves initial
startup costs for the provider, the net benefits for patients were
clear. Telemedicine saved money for patients and their
caregivers in travel expenses and time away from work.3,6,8-11 In
the setting of the COVID-19 pandemic, telemedicine is a safer
option, particularly for vulnerable patients at greater risk of
COVID-19-related morbidity or mortality.
Studies involving the use of telemedicine for neurosurgical

patients in the postoperative setting have shown safety and
satisfaction. One prospective study by Reider-Demer et al.11

showed no significant difference in readmission or emergency
department visit rates when using telemedicine for postoperative
visits after elective craniotomies. The study also showed that
100% of patients reported satisfaction with their telemedicine
visit, and 85% of patients responded that they would prefer
e186 www.SCIENCEDIRECT.com WORLD NE
telemedicine to an in-person appointment for future post-
operative visits.
In our respondents, the overall satisfaction with telemedicine

was high, with an average score of 5.96 � 1.09 out of 7 points. In
addition, 94.5% of respondents were overall satisfied (average
survey response �4) with their telemedicine visit. This finding is
consistent with the results of previous studies showing high
satisfaction for telemedicine visits.5,7,9 A few patients commented
that they would prefer an in-person meeting. However, given the
circumstances, these patients believed that telemedicine was a
satisfactory alternative to delayed care. A similar sentiment has
been seen in previous studies.5,7,9 Although patients may prefer an
in-person visit, they would choose telemedicine over traveling a
long distance to an appointment.10 Although the lowest-rated
question was regarding whether patients believed that their tele-
medicine visit was as good as an in-person visit, the rating was
still positive overall, with an average score of 4.55 � 2.12 out of 7.
UROSURGERY, https://doi.org/10.1016/j.wneu.2020.09.170
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Table 4. Satisfaction by Visit Type

New Patients (n [ 64),
Mean � SD

Returning Patients
(n [ 246), Mean � SD D Mean

95% Confidence
Interval

P
Value

Overall, how satisfied were you with your telemedicine visit? 6.30 � 1.29 6.33 � 1.27 e0.032 e0.39 to 0.33 0.858

How easy was it to talk with the telemedicine provider? 6.38 � 1.42 6.54 � 1.10 e0.17 e0.55 to 0.21 0.376

How much did the telemedicine provider seem to care about
you as a person?

6.67 � 0.87 6.71 � 0.84 e0.04 e0.28 to 0.20 0.746

Did you feel relaxed or tense during the telemedicine session? 6.25 � 1.31 6.41 � 1.26 e0.16 e0.52 to 0.20 0.376

Do you think your telemedicine visit improves your medical
care?

5.38 � 1.72 5.55 � 1.85 e0.17 e0.66 to 0.31 0.481

Do you think your telemedicine visit was as good as a regular
in-person visit?

4.44 � 2.05 4.59 � 2.14 e0.15 e0.72 to 0.43 0.611

How well did the telemedicine visit equipment work today? 5.98 � 1.54 6.15 � 1.56 e0.17 e0.60 to 0.26 0.434

Would you want to use telemedicine again? 5.56 � 1.81 5.56 � 1.97 0.01 e0.51 to 0.52 0.983

P < 0.05 was considered significant.
SD, standard deviation.
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We hypothesized that new patients would report lower satis-
faction with telemedicine compared with returning patients. The
lowest scored question (4.44 � 2.05), “Do you think your tele-
medicine visit was as good as a regular in-person visit?,” was
scored among new patients. However, comparing the 2 groups,
there was no significant difference in satisfaction scores for in-
dividual survey questions or the proportion of patients being
overall satisfied. The failure to achieve statistical significance may
be due to imbalance of the groups, with 64 new patients compared
with 246 returning patients. Between the 2 groups, the satisfaction
scores for each question were similar. Our finding is in contrast to
a previous study8 that found that patients familiar with
telemedicine scored higher satisfaction. A larger sample size
Table 5. Satisfaction by Distance From Site

New Patients (n [
Mean � SD

Overall, how satisfied were you with your telemedicine visit? 6.28 � 1.31

How easy was it to talk with the telemedicine provider? 6.51 � 1.12

How much did the telemedicine provider seem to care about
you as a person?

6.67 � 0.91

Did you feel relaxed or tense during the telemedicine session? 6.47 � 1.16

Do you think your telemedicine visit improves your medical
care?

5.39 � 1.96

Do you think your telemedicine visit was as good as a regular
in-person visit?

4.51 � 2.16

How well did the telemedicine visit equipment work today? 6.16 � 1.54

Would you want to use telemedicine again? 5.48 � 1.96

P < 0.05 was considered significant.
SD, standard deviation.
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and a more balanced patient type distribution could help further
clarify this issue.
We expected that patients who lived farther from our closest

clinics would be more likely to prefer telemedicine based on
previous studies showing a high degree of satisfaction when pa-
tients saved time and money by avoiding extensive travel.3,6,8-11

Our highest scored question (6.76 � 0.75), “How much did the
telemedicine provider seem to care about the patient as a per-
son?,” was scored among patients living farther than 24.14 km (15
miles) from our closest clinics. Although statistically insignificant,
patients living farther than 24.14 km (15 miles) from our closest
clinics gave a higher score (5.68 � 1.89) in response to the desire
to use telemedicine again compared with those living within 24.14
64), Returning Patients
(n [ 246), Mean � SD D Mean

95% Confidence
Interval

P
Value

6.39 � 1.22 e0.11 e0.40 to 0.18 0.461

6.51 � 1.25 e0.004 e0.28 to 0.27 0.975

6.76 � 0.75 e0.09 e0.28 to 0.10 0.325

6.24 � 1.41 0.22 e0.08 to 0.53 0.148

5.71 � 1.58 e0.33 e0.72 to 0.07 0.110

4.63 � 2.07 e0.12 e0.60 to 0.36 0.624

6.05 � 1.58 0.11 e0.24 to 0.47 0.530

5.68 � 1.89 e0.20 e0.64 to 0.24 0.380

www.journals.elsevier.com/world-neurosurgery e187

www.journals.elsevier.com/world-neurosurgery


Table 6. Overall Satisfaction by Visit Type and Distance From
Site (N ¼ 310)

Satisfied,
n (%)

Not Satisfied,
n (%) P Value

Visit type 0.762

New patient (n ¼ 64) 60 (93.8) 4 (6.3) —

Returning patient (n ¼ 246) 233 (94.7) 13 (5.3) —

Distance 0.403

�24.14 km (15 miles) (n ¼ 189) 177 (93.7) 12 (6.3) —

>24.14 km (15 miles) (n ¼ 121) 116 (95.9) 5 (4.1) —

P < 0.05 was considered significant.

Table 7. Compliance and Sensitivity Analyses of Satisfaction
Scores

Observed Values

Compliance rate 310 (52.6)

Number satisfied 293 (94.5)

Number dissatisfied 17 (5.5)

Average satisfaction score 5.96 � 1.09

Missing values

Loss of follow-up 279 (47.4)

Satisfaction assuming all missing patients are satisfied 572 (97.1)

Dissatisfaction assuming all missing patients are dissatisfied 296 (50.3)

Continuous data are presented as mean � standard deviation. Categorical data are
presented as n (%).

Patients were considered “satisfied” with their telemedicine visits when their average
response of all survey questions was �4.
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km (15 miles) (5.48 � 1.96). One reason for this result is the
conversion of the distance variable into a binary variable using 24.
14 km (15 miles) as the cutoff. The mean distance from the pa-
tients’ home to our closest clinic location was 13.79 � 5.82 km (8.
57 � 3.62 miles) in the <24.14 km (15 miles) group and 41.40 �
20.72 km (25.73 � 12.88 miles) with the >24.14 km (15 miles)
group after we excluded the 5 patients who lived >160 km (100
miles) away. The mean distance of 28.03 � 36.09 km (17.42 � 22.
43 miles) from the patient’s home to our closest clinic had a
significantly right-skewed distribution, with 84% of the patients
living within 64.13 km (39.85 miles) of our closest clinic.

Strengths
This is the largest study to evaluate patient satisfaction with tele-
medicine visits in neurosurgical patients in the United States. In
Figure 1. Average Satisfaction Score by Distance from Site and Type of
Visit.
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addition, our response rate of 52.6% is consistentwith the literature.
Although survey response rates are not widely available, 2 studies
reported 34.5% and 83%, respectively.11,12 A review of 717 surveys13

reported an average response rate of 49.8% (range, 16.1%e80%).
Another review of 210 studies of patient satisfaction14 reported an
average response rate of 72.1%; however, the investigators noted
that this review included surveys that recruited patients in-person,
which had statistically significantly higher response rates. In the
setting of telemedicine, the response rate could be improved by
close monitoring of survey completion and facilitation by electronic
reminders by SMS (short message service), push notifications, or e-
mail.
We showed a high level of patient satisfaction with telemedicine

given a wide range of interval to completion. This finding is
consistent with the available data suggesting mixed effects of time
to survey on patient satisfaction.15-18

Limitations
The telemedicine survey used in this survey is not a validated in-
strument. Nevertheless, it is the instrument used in another
telemedicine satisfaction study.7 The expediency required by the
COVID-19 pandemic necessitated its adoption in our study.
Another distinction is that the data were collected during the
COVID-19 pandemic, when health care providers have been
viewed in a positive light, which could have improved satisfaction
scores.

Future Directions
A large study of >1500 neurosurgical patients by Dadlani et al.4

reported that the use of telemedicine was associated with 100%
sensitivity and 94% specificity in the identification of
postoperative complications using telemedicine. In identifying
preoperative problems through virtual physical examination via
telemedicine, several nonneurosurgical studies have shown
accuracy.10,19-21 However, this problem has not been widely
addressed in neurosurgical patients. We anticipate that the diffi-
culty in identifying subtle neurologic deficits through the physical
UROSURGERY, https://doi.org/10.1016/j.wneu.2020.09.170
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examination will contribute to the limitations of telemedicine in
the neurosurgery. Although gross cranial nerve deficits may be
observable through Internet video platforms, more subtle deficits
(e.g., sternocleidomastoid and trapezius weakness) would be
challenging to detect virtually. Subtle differences in muscle
strength, reflexes, and cerebellar signs would also be difficult to
detect via telemedicine.
Future studies would benefit from surveying patients using

more in-depth questions, questions specific to neurosurgical
disease, and a validated instrument for patient satisfaction in the
setting of telemedicine. In the next phase of our study, we will
compare patient satisfaction and diagnostic accuracy between
patients in telemedicine and in-person settings, during and
outside of the pandemic when applicable.
Patient satisfaction with telemedicine may be influenced by the

individual’s comfort with video technology and Internet access.
Some studies showed that low income and elderly populations
were less likely to use the Internet or to have Internet access. With
the COVID-19 pandemic, the federal government has allocated
funds for improving data connections and providing hardware to
patients and providers to facilitate further adoption of telemedi-
cine.22 Centers for Medicare and Medicaid Services approved the
use of non-HIPAAecompliant platforms, which allowed patients
to use popular platforms such as FaceTime, Skype, or Google
Hangouts/Google Meet. In a study of postoperative patients,
respondents who had already used a telemedicine protocol
reported high satisfaction, presumably because of familiarity
with the technology.8 As patients continue to grow more
comfortable with telemedicine, we anticipate that the use of
telemedicine will become more widespread in health care.
WORLD NEUROSURGERY 145: e184-e191, JANUARY 2021
CONCLUSIONS

The COVID-19 pandemic has provided an opportunity for tele-
medicine to be more widely used in neurosurgery. Telemedicine
is a valuable tool to reduce the risk of patient exposure and
deliver the care that they require. However, patient satisfaction
with telemedicine has not been fully studied. With 310 patients
prospectively studied, our high level of patient satisfaction
strongly supported the use of telemedicine care in neurosurgical
outpatient care, regardless of the patient’s geographic location
and visit type. Further telemedicine studies are warranted to
evaluate its use outside the pandemic and regarding clinical
outcomes.
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