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Original Article
Telemedicine for Endovascular Neurosurgery Consultation During the COVID-19 Era:
Patient Satisfaction Survey
Neil Majmundar, Andrew F. Ducruet, D. Andrew Wilkinson, Joshua S. Catapano, Jimmy Patel, Jacob F. Baranoski,
Tyler S. Cole, Felipe C. Albuquerque
-BACKGROUND: The coronavirus disease 2019 pandemic
necessitated the use of telemedicine for most medical
specialties, including neurosurgery, although before the
pandemic, neurosurgeons infrequently used telemedicine
for outpatient visits. We conducted a patient-centric eval-
uation of telemedicine in our endovascular neurosurgery
practice, covering a 4-month period early in the pandemic.

-METHODS: Survey e-mails after telemedicine visits
were sent to all patients who underwent an outpatient
telemedicine visit between March 11, 2020, and June 22,
2020, at an endovascular neurosurgery clinic affiliated with
a tertiary care center.

-RESULTS: Of 140 patients, 65 (46%) completed the e-mail
survey. Of the 65 respondents, 35 (54%) agreed or strongly
agreed with the statement that even before their telemed-
icine experience, they thought telemedicine would be a
convenient way to receive a neurological consultation.
After their telemedicine visit, 47 (72%) agreed or strongly
agreed with this statement, and 28 (43%) agreed or strongly
agreed that they would prefer telemedicine for future visits.
Of the 65 respondents, 61 (94%) rated their telemedicine
visit as average or better: 34 (52%) rated it excellent, 12
(18%) rated it above average, and 15 (23%) rated it average.
When patients compared their telemedicine visit with a
prior in-person clinic visit, only 10 of 44 patients (23%)
thought the telemedicine visit was more complicated than
an in-person visit, and 21 of 44 (48%) said they would prefer
telemedicine for future visits.
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-CONCLUSIONS: Our patients expressed satisfaction
with their telemedicine visits, and telemedicine will likely
play an important role in future outpatient endovascular
neurosurgery consultations.
INTRODUCTION
he coronavirus disease 2019 (COVID-19) pandemic caused
by the severe acute respiratory syndrome coronavirus 2
Tvirus, which started in late 2019 and escalated in 2020, has

required a paradigm shift in how health care is delivered to pa-
tients. With traditional in-person medical visits limited by shut-
downs and social distancing guidelines from public health
agencies, health care providers began turning to telemedicine,
which is the use of electronic communication for direct patient
care. Telemedicine offers increased availability of health care
services to patients, with decreased time required for patient
visits, decreased financial costs, and decreased risk of potential
exposure to the virus. When stricter social distancing measures
were enacted across the United States in March 2020, the use of
telemedicine became more prevalent. Although telemedicine in
some form started nearly 50 years ago, it has not previously played
an important role in health care delivery because of concerns
regarding the need for patient confidentiality, the lack of tech-
nological infrastructure, poor third-party reimbursement, and
difficulty in using telemedicine to conduct physical
examinations.1-3

However, once the COVID-19 pandemic established the need
for telemedicine and changes in regulations and the elimination of
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barriers facilitated the transition to telemedicine, many health care
networks and subspecialties began strengthening the foundations
of their telemedicine workflow. The field of neurosurgery has also
adapted to this trend, with various institutions providing data
about their own experiences and offering recommendations for
best practices.4-7 Within the specialty of endovascular neurosur-
gery, telemedicine has long been used to evaluate patients with
stroke.8 The importance of telemedicine for patients requiring
neuroendovascular intervention has grown even greater during
the pandemic as new protocols and guidelines have been
developed and implemented.9,10

The aim of this article was to present our findings on patient
satisfaction with outpatient telemedicine visits to our institution’s
endovascular neurosurgery practice during the early months of the
COVID-19 pandemic in the United States. Our primary objective
was to examine the experiences of patients and identify any con-
cerns they had after their outpatient neuroendovascular consul-
tations were conducted via telemedicine. To our knowledge, this
study is the first to investigate patient satisfaction outcomes after
telemedicine visits for neuroendovascular evaluation during the
COVID-19 pandemic.

MATERIALS AND METHODS

All patients who had undergone a telemedicine visit conducted by
one of our neuroendovascular clinicians between March 11, 2020,
and June 22, 2020, were asked to complete a telemedicine expe-
rience survey sent through e-mail. Telemedicine visits were per-
formed using the GoToMeeting platform (LogMeIn, Boston,
Massachusetts, USA). Before the visit, the clinical office staff e-
mailed patients the instructions on how to download the neces-
sary software when booking an outpatient telemedicine appoint-
ment. The telemedicine visits were performed using a
videoconference option. A small portion of the visits were con-
verted to audio only if the patient’s internet connection did not
allow for adequate videoconferencing. The patients were initially
seen by the neurosurgery resident or endovascular fellow and then
by the attending physician. History, imaging review, and a remote
examination were performed.
After the neuroendovascular telemedicine visit, we e-mailed a

14-question survey to all eligible patients; patients who had pre-
viously undergone an in-person visit at our clinic were asked to
respond to an additional 5 questions on the survey. Responses
were made on a 5-point Likert scale (strongly disagree, disagree,
neutral, agree, and strongly agree). Patients also rated their overall
telemedicine experience responses as poor, below average,
average, above average, or excellent on a 5-point Likert scale. The
St. Joseph’s Hospital and Medical Center Institutional Review
Board for Human Research made a nonresearch determination for
this quality-improvement project on the basis of internal experi-
ence. Written patient consent was not deemed necessary because
returning the survey indicated tacit consent. Also, all survey re-
sponses were anonymized.

Statistical Analysis
Statistical analysis was performed using Prism 8 (GraphPad Soft-
ware, San Diego, California, USA) and Excel (Microsoft Corpora-
tion, Redmond, Washington, USA). Patients were assessed as an
e578 www.SCIENCEDIRECT.com WORLD NE
overall group and as 6 subgroups classified by age (�30, 31e40,
41e50, 51e60, 61e70, and >70 years old). Patients also were
compared by first-time versus previous experience with telemed-
icine. Comparisons were made using unpaired t tests and 1-way
analysis of variance. All results with a P value < 0.05 were
considered significant.
RESULTS

Of 140 patients who participated in telemedicine visits during the
study period and were e-mailed the patient satisfaction survey, 65
patients (46%) completed the survey, although some patients did
not answer all the questions. Of these 65 respondents, 54 (83%)
were >50 years old. By age category, 2 patients (3%) were �30
years old, 3 patients (5%) were 31e40 years old, 6 patients (9%)
were 41e50 years old, 9 patients (14%) were 51e60 years old, 22
patients (34%) were 61e70 years old, and 23 patients (35%) were
>70 years old. Information on the sex of patients was not gathered
in the survey. These neuroendovascular telemedicine visits were a
first-time telemedicine experience for 40 patients (62%). Figure 1
summarizes the responses of patients to 7 of the 14 survey
questions. Additional questions were asked to gather patient
demographics and information about clinic visits.
Of the 65 respondents, 35 (54%) agreed or strongly agreed with

a statement indicating that even before their neuroendovascular
telemedicine experience, they thought telemedicine was a conve-
nient way to receive a consultation about neurosurgical issues.
After their telemedicine visit, an increased number of respondents
(n ¼ 47, 72%) agreed or strongly agreed that telemedicine was a
convenient way to receive such a consultation. When questioned
about technical difficulties with their telemedicine visit, only 9
patients (14%) indicated that setting up the necessary software
had not been straightforward. Only 15 patients (23%) expressed
concern about privacy and confidentiality. Of respondents, 53
(82%) agreed or strongly agreed that the endovascular neurosur-
geon had been able to address all their questions adequately.
When asked about their preference of telemedicine for future
visits, 28 of 64 patients (44%) agreed or strongly agreed that they
would prefer telemedicine, and 50 patients (77%) believed that the
telemedicine visit was worth their time. Of patients, 61 (94%)
rated their telemedicine visit as average or better: 34 patients
(52%) rated it as excellent, 12 patients (18%) rated it as above
average, and 15 patients (23%) rated it as average (percentages for
subgroups total <100% owing to rounding) (Figure 2). Of 28
patients for whom a procedure was recommended, 25 agreed to
the recommendation and scheduled the procedure, and 3
patients declined to do so.
When the overall experience of patients with their telemedicine

visit was evaluated by age group using 1-way analysis of variance,
no statistically significant difference was found (P ¼ 0.40). In
addition, no statistically significant difference was found using an
unpaired t test to compare the overall experience of patients who
were first-time telemedicine users with the overall experience of
patients who were repeat users (P ¼ 0.30).
There were 44 patients who had completed an in-person clinic

visit before their telemedicine visit and were asked to answer 5
additional survey questions comparing their telemedicine visit
with their in-person visit (Figure 3). Most patients (34 of 43, 79%)
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.11.023
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Figure 1. Stacked bar chart summarizing responses to 7
questions answered by 65 survey respondents (n ¼ 64
for question 6) regarding their neuroendovascular
telemedicine experience. Responses were on a 1-to-5

scale: 1 for strongly disagree to 5 for strongly agree.
Used with permission from Barrow Neurological
Institute, Phoenix, Arizona, USA.
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agreed or strongly agreed that they were able to ask questions and
receive adequate answers in their telemedicine visit just as easily
as they could during an in-person visit. Overall, most of the 44
patients (n ¼ 27, 61%) agreed or strongly agreed that they had
found their telemedicine visit easier than an in-person visit.
Concerning the amount of time the physician spent with the pa-
tient, 20 of 44 patients (45%) agreed or strongly agreed that the
physician was able to spend more time with them during their
telemedicine visit than during their in-person visit. Only 10 of 44
patients (23%) considered the telemedicine visit more complicated
than an in-person visit. Finally, 21 patients (48%) indicated that
they would prefer a telemedicine visit to an in-person visit in the
future.

DISCUSSION

Although telemedicine has been reported to offer both economic
and clinical benefits, its use for neurosurgery outpatient consul-
tations was limited before the COVID-19 pandemic.1,4 The use of
telemedicine had not been widespread because of a lack of clear
WORLD NEUROSURGERY 158: e577-e582, FEBRUARY 2022
reimbursement policies, interstate licensure and liability issues,
lack of access to technology, potential patient confidentiality
issues, and the absence of a clear need for these remote
services.1,4 Previous telemedicine legislation also limited the use
of telemedicine to patients living in rural areas who required
access to geographically distant services.1

The U.S. Congress passed the Coronavirus Aid, Relief, and
Economic Security (CARES) Act, which was signed into law on
March 27, 2020. The CARES Act supported the increased use of
telemedicine, as did a waiver allowed by Section 1135 of the Social
Security Act, which temporarily set aside many of the regulatory
barriers previously impeding the regular use of telemedicine,
specifically, reimbursement rates and geographical limitations for
persons with Medicare and Medicaid insurance.11 The CARES Act
allowed health care providers to bill for telemedicine visits at the
same rate as in-person, face-to-face visits. In addition, out-of-state
providers no longer had to be licensed within the state where the
patient resides, thereby allowing out-of-state patients to be seen
via telemedicine providers.
www.journals.elsevier.com/world-neurosurgery e579
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Figure 2. Bar chart summarizing how 65 survey respondents rated their
overall patient experience with a telemedicine visit for a
neuroendovascular consultation, with more than one half (52%) rating it as
excellent. Percentages total <100% owing to rounding. Used with
permission from Barrow Neurological Institute, Phoenix, Arizona, USA.
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Before the COVID-19 pandemic, the use of telemedicine at our
institution was quite limited. Although we routinely used tele-
phone and e-mail consultations to evaluate patient imaging before
in-person clinic visits for new patients, perform follow-up imaging
reviews for established patients, and provide second opinions, we
conducted very few formal telemedicine encounters. As was the
case with medical practices worldwide, the pandemic forced our
outpatient practice to incorporate telemedicine visits into our daily
schedule.
Along with the experiences reported by other neurosurgery

practices, our patient satisfaction survey results substantiate the
use of telemedicine for neurosurgery outpatient care during the
COVID-19 pandemic and show it to be a promising opportunity for
eventual routine use.4,5,12,13 In a recent survey that evaluated the
use of telemedicine by neurosurgeons during the COVID-19
pandemic, 87.1% of the 271 respondents reported that they were
using telemedicine for consultation.7 Interestingly, although these
providers indicated that telemedicine increased their ability to see
patients with urgent needs, most respondents (55.7%) believed
that telemedicine would compromise the quality of the doctor-
patient relationship.7 This concern, which is an important
consideration for both physicians and patients, would likely
affect patient satisfaction and comfort when a patient decides to
undergo a neurosurgical procedure or intervention. However,
our survey results indicate that 25 of 28 patients (89%) for
e580 www.SCIENCEDIRECT.com WORLD NE
whom a procedure was recommended opted to schedule that
procedure, which leads us to conclude that our patients feel
comfortable about undergoing neurosurgical procedures
discussed and scheduled during a telemedicine visit.
Although concerns about possible compromise of the doctor-

patient relationship may be valid, the level of satisfaction
expressed by our patients did not seem to be negatively affected by
telemedicine, with 61 of 65 patients (94%) reporting an average-to-
excellent experience, and 53 of 65 patients (82%) agreeing or
strongly agreeing that all their questions had been adequately
addressed. This was also true among patients who had previously
undergone an in-person clinic visit, with 34 of 43 patients (79%)
agreeing or strongly agreeing that they had been able to ask
questions and receive adequate answers just as easily during the
telemedicine encounter as during an in-person visit, and with 27
of 44 patients (61%) indicating that their telemedicine visit had
been easier than an in-person visit. The use of videoconferencing
software allowing the patient and physician to be face to face may
alleviate some of the concerns patients may have about seeing
their physician remotely.
Other neurosurgery groups have also published their early ex-

periences with the use of telemedicine for neurosurgery outpatient
care, but these reports are limited to physicians sharing their
experiences. LoPresti et al.12 compiled a list of problems they had
encountered early in their launch of telemedicine, along with the
solutions they used to resolve them. For example, they suggested
using telephone encounters to determine clinical urgency and to
evaluate whether an in-person assessment was required to
address the problem of “patient access and barriers for elderly or
nontechnologically accessible or knowledgeable patient pop-
ulations.” In the report by Eichberg et al.4 of lessons learned from
a systematic review of telemedicine in neurosurgery, technological
failure (81.5%) was the primary cause of an unsuccessful
telemedicine visit. Lack of universal access to technology has
long been thought to be a limitation in the effectiveness of
telemedicine.1 Furthermore, the lack of Health Insurance
Portability and Accountability Act (HIPAA)ecompliant software
has been a significant barrier. With the advent of HIPAA-
compliant software and increasing accessibility to high-speed
internet connections, technological failure poses less of a
challenge.
In response to our patient survey, only 9 of 65 patients (14%)

indicated that setting up the necessary software was not
straightforward, whereas 47 patients (72%) said it was straight-
forward. Nine patients (14%) were neutral on this point. In
addition, we found no statistically significant difference in the
overall experience of patients in different age groups. Before pa-
tients met with their physicians, the office staff initiated the
telemedicine visit to ensure that the patients had an adequate
audiovisual setup and a good internet connection. When technical
issues were encountered in setting up the software or maintaining
a connection because of poor internet access, the visit was con-
verted to a telephone call to bypass these issues. Converting to a
telephone call precludes the performance of a telemedicine-
tailored neurological examination, but it does allow for the
completion of the visit and the conveyance of any important in-
formation regarding the consultation. We found neuro-
endovascular surgery patients to be well suited to telemedicine
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.11.023
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Figure 3. Stacked bar chart summarizing responses to 5
questions answered by 44 survey respondents (n ¼ 43
for question 1) who were comparing their previous
in-person visit at our clinic with their neuroendovascular

telemedicine experience. Responses were on a 1-to-5
scale: 1 for strongly disagree to 5 for strongly agree.
Used with permission from Barrow Neurological
Institute, Phoenix, Arizona, USA.
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because imaging review is paramount. Most patients showed no
signs of illness on physical examination. In our experience, the
success of this program required adequate support personnel to
facilitate ready access to imaging.
Although our survey did not assess patients’ perceptions of wait

times, it is plausible that reduced travel times to and from the
clinic, along with the ability to complete a visit from home,
positively impacted their perception of this metric. A recent report
by Lun et al.14 shared survey results of 118 patients and 6
physicians who participated in a virtual interventional
neuroradiology clinic. Notably, 64.4% of the patients (76 of 118)
reported no wait time before their virtual appointment. Five of
the 6 physicians participating in the survey also perceived the
virtual visits to be shorter. Overall, Lun et al.14 found that 94.9%
of the patients (112 of 118) and 67% of the providers (4 of 6)
were generally satisfied with the virtual visits, both of which are
remarkably encouraging results for telemedicine. The
perceptions of patients regarding reduced wait times for
telemedicine appointments may also positively impact their
overall satisfaction with a virtual appointment.
The protection of patient confidentiality has also long been

thought to be one of the concerns limiting the widespread use of
WORLD NEUROSURGERY 158: e577-e582, FEBRUARY 2022
telemedicine.1 LoPresti et al.12 listed privacy and confidentiality
concerns as one of the early problems encountered in launching
telemedicine because patients are unfamiliar with the consent
process for this technology. LoPresti et al.12 resolved this issue
by involving the compliance team of their organization and
providing videos to patients regarding the telehealth process. In
our survey of 65 patients, about one fourth (n ¼ 15, 23%) had
concerns about privacy and confidentiality when using
telemedicine services, whereas nearly one half (n ¼ 32, 49%) did
not have these concerns. Theoretically, telemedicine may pose
privacy or security threats to patients when used incorrectly;
therefore, it is imperative to use a HIPAA-compliant software
program. In our practice, our office staff conveyed the details
regarding the telemedicine visit to patients when scheduling their
appointments. Before discussing the patient’s medical history, the
provider obtained verbal consent, which should be obtained
before the formal consultation and documented in the patient’s
medical record. Although we did not record telemedicine visits
with our patients, we did notify them regarding the possibility of
sessions being video recorded.
As to the future use of telemedicine after the COVID-19

pandemic wanes, our survey points to an important result.
www.journals.elsevier.com/world-neurosurgery e581
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When asked about patients’ preferences for telemedicine for
future visits, almost half of the patients (28 of 64, 44%) said they
would prefer telemedicine for future visits. Although telemedicine
provides convenience and safety during a pandemic, patients may
still prefer in-person visits when discussing their health care with
a neurosurgeon. This key finding suggests that telemedicine
cannot replace the in-person clinic. Therefore, the future model
may be a hybrid clinic, with the physician meeting with patients
who wish to meet in person and alternatively conducting virtual
visits with patients who prefer telemedicine.

Limitations
This study was a patient satisfaction study conducted at a single
treatment center. Although our results are promising for the
routine use of telemedicine in a neuroendovascular surgery clinic,
they may be affected by restrictions implemented during the
COVID-19 pandemic. Furthermore, patients in our clinic were
predominantly seen for neuroendovascular consultations, and the
majority of respondents (83%) were >50 years old. Other neuro-
surgery specialties, especially spine, may require in-person visits
because of the emphasis on physical examination findings,
including surgical-site evaluations, which are key to diagnosis and
management. Our study was also conducted over a brief period of
time, thereby limiting our response rate to 46%. A learning curve
regarding telehealth visits at our institution was unable to be
assessed because this study was conducted over a short period of
time early during the pandemic.

CONCLUSIONS

This patient-centric study investigated and reported patient
satisfaction rates for telemedicine in endovascular neurosurgery
e582 www.SCIENCEDIRECT.com WORLD NE
during the COVID-19 pandemic. Along with the experiences
published by other neurosurgery practices, our results support the
use of telemedicine for neurosurgery outpatient care during the
pandemic and show its promise for eventual routine use. Although
these positive outcomes demonstrate that the regulatory expan-
sion of telemedicine implemented during the COVID-19 pandemic
should be made permanent, we do not recommend that tele-
medicine replace all in-person visits once these can be safely
conducted again. Instead, our findings demonstrate that tele-
medicine can be a valuable adjunct to in-person visits for patients
and neurosurgery providers.
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