
Journal of Pediatric Surgery xxx (xxxx) xxx

YJPSU-59053; No of Pages 4

Contents lists available at ScienceDirect

Journal of Pediatric Surgery

j ourna l homepage: www.e lsev ie r .com/ locate / jpedsurg
Utilization of a handheld telemedicine device in postoperative pediatric
surgical care☆
Jonathan H. DeAntonio a, Hae Sung Kang a, Hannah C. Cockrell a, William Rothstein a,
Claudio Oiticica b, David A. Lanning b,⁎
a Department of Surgery, Virginia Commonwealth University Medical Center, Richmond, VA
b Children's Hospital of Richmond at Virginia Commonwealth University, Children's Pavilion, Richmond, VA

a b s t r a c ta r t i c l e i n f o
☆ Disclosures and Funding: The tablets (Dictum IDM100
loaned by Dictum Health, Oakland, CA USA. Peripherals w
our Pediatric Surgery Divisional Foundation, Richmond, V
⁎ Corresponding author at: Children's Hospital of Richm

University Health System, Professor of Surgery and Pedi
Division of Pediatric Surgery, P.O. Box 980015, Richmond, V

E-mail address: david.lanning@vcuhealth.org (D.A. Lan

https://doi.org/10.1016/j.jpedsurg.2019.01.032
0022-3468/© 2019 Elsevier Inc. All rights reserved.

Please cite this article as: J.H. DeAntonio, H.S
surgical care, Journal of Pediatric Surgery, ht
Article history:

Received 16 January 2019
Accepted 27 January 2019
Available online xxxx

Key words:
Telemedicine
Pediatric surgery
Postoperative

Purpose: The purpose of this study was to assess the utilization of a handheld telemedicine (TM) device in the
postoperative care of pediatric surgical patients.
Methods: We performed postoperative TM evaluations using an advanced medical tablet immediately prior to
seeing the patients in clinic aswell as at two different time points from their home. The caregivers and physicians
were surveyed about their overall satisfaction.
Results: Twenty-four postoperative patients who underwent a variety of general surgical operations were
included. There were no changes to the TM plan of care following “in person” evaluations (n= 12) and no com-
plications, missed diagnoses, emergency department visits, or additional clinic visits in those who only had TM

postoperative evaluations (n= 12). Caregiver satisfaction ratings were 3.92± 0.28 out of 4 (4= very satisfied).
Ninety-two percent of caregivers responded that they would be comfortable with a TM-only postoperative
evaluation in the future. The physician was able to formulate an accurate assessment and plan using the device.
The average travel distance saved was 44.7 ± 45.5 miles (range = 10–150 miles).
Conclusions: These preliminary data suggest safe and effective carewith high caregiver and physician satisfaction
can be provided by utilizing TM in the postoperative care of pediatric surgical patients.
Level of evidence: IV.

© 2019 Elsevier Inc. All rights reserved.
According to the most recent annual “Health” report from the
Centers for Disease Control and Prevention the cost per hospitalization
of common surgeries such as cholecystectomy and appendectomy has
continued to increase over the past two decades [1]. In 2012, almost
one out of every six U.S. hospital discharges was a child (17 years old
or younger). For pediatric nonneonatal and nonmaternal admissions,
the mean length of stay was 4.2 days and cost was more than $11,000
[2]. From 2008 to 2012, the mean hospital costs increased 6.7% for
infants and 6.4% for children (1–17 years); these are greater than
three times the cost increase of any other age group [2]. One way to re-
duce this cost is to shorten the hospital course, thereby directly cutting
the high expenditure of staying in the hospital and also decreasing the
chance of hospital acquired conditions [HACs]. In addition, the number
of outpatient preoperative and postoperative evaluations can be
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reduced, allowing patients in remote areas to save travel costs and
allowing the clinicians to see a greater volume of patients. However,
this all must be balancedwith the safety of the patients, patient satisfac-
tion and a low rate of hospital readmission. One method to achieve this
balance is to use telemedicine (TM) for preoperative evaluations and
postoperative monitoring. It is now feasible for clinicians to safely pro-
vide healthcare fromafar,with the recent advancements inmobile tech-
nology and its widespread use.

The value home TM has been well documented for patients with
hypoplastic left heart syndrome, after undergoing the first stage of the
Norwood procedure [3–7]. A study showed discharging patients with
TM provided timely detection of interstage desaturation or concerning
weight changes, leading to admission for diagnoses previously asso-
ciatedwith interstage death. The authors concluded that home TM pro-
vided an excellent (98%) interstage survival rate [3]. Another study
found that the home TM program influenced clinical decisions in 37%
of the patients and ultimately reduced the rates of interstage mortality
(7% to 0%) and morbidity [4].

We theorize that TM will serve a valuable role in the future of
pediatric surgical care by providing the highest quality of patient care
while maintaining an equally high level of patient and caregiver
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Table 2
Caregiver survey.

1) How satisfied are you with the telemedicine device and its use during your
child's evaluation?
1–Dissatisfied, 2–Neutral, 3–Satisfied, 4–Very Satisfied

2) How satisfied are you with the ability of the medical provider to provide
appropriate care to your child through the telemedicine evaluation?
1–Dissatisfied, 2–Neutral, 3–Satisfied, 4–Very Satisfied

3) What is your overall satisfaction with your child's telemedicine evaluation?
1–Dissatisfied, 2–Neutral, 3–Satisfied, 4–Very Satisfied

4) a. If your child would need to be seen by a medical provider in the future would
you be comfortable with only a telemedicine evaluation for postoperative care?
Yes or No

b. Would you be comfortable with only a telemedicine evaluation for an initial
evaluation?
Yes or No

5) Would you recommend a telemedicine evaluation to a friend or family member
for their child?
Yes or No

6) Approximately how many miles (round to the nearest mile) did or would you
have traveled for this visit?

Table 2 displays the caregiver satisfaction survey questions.
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satisfaction. Our pilot study was designed to evaluate the use and
feasibility of telemedicine in the postoperative care of pediatric surgery
patients.

1. Methods

Pediatric surgical patients (less than 18 years of age) and their families
were enrolled in this institutional IRB and Data Safety Monitoring Plan
approved telemedicine pilot study from a single pediatric surgeon's
(DL) clinic and operating room schedule. Participantswere only excluded
if the surgery or incision sites would have required viewing of sensitive
anatomical regions (ie. breast, genitals) with the telemedicine device.

Dictum Health a telemedicine device and software company, pro-
vided a telemedicine solution for the length of the study. The telemedi-
cine solution consisted of their FDA Class II cleared medical tablet
(IDM100) with attached medical devices and their HIPAA-compliant
cloud-hosted software platform, CareCentral. They use a feature called
“Virtual Exam Room”, which allows real-time high definition video-
conferencing between the patients and themedical provider, and the re-
cording and live digital transmission of vital signs (blood pressure,
temperature, oxygen saturation, heart rate and respiratory rate). This
video / audio transmission is compressed less than consumer focused
conferencing applications, resulting in higher quality video and audio.
The IDM100 tablets were given to the patients for their use at home to
engage in virtual follow-up visits. Dedicated personnel educated the
patients on how to properly use the tablet. The tablets connect to the
internet by Wi-Fi or by a 4G wireless hotspot if the families did not
haveWi-Fi in their homes. Thewireless connection qualitywas recorded
for each visit on a scale of good, average and poor. The providers’ ability
to perform and complete a patient history, observed physical exam,
assessment and plan, and the answering of caregiver questions were
documented. The medical providers accessed the CareCentral applica-
tion through a web-browser on laptops with web cameras and micro-
phones for the live two-way video communications, as well as to view
the medical device data captured.

Each component of the pilot study was separated into two phases
with each group of evaluations being a subphase within these two
phases. Table 1 displays the phases of the study along with location of
the telemedicine evaluation and if a traditional follow up visit was
held for each phase.

1.1. Phase 1

The overall objective was to provide pediatric surgery postoperative
clinic visits (history, vital signs, assessment, plan, and communication
with the caregiver) through the telemedicine device, while assessing
the appropriateness of the care provided and the caregiver's satisfaction
with the visits.

Subphase i) The telemedicine device was utilized to provide post-
operative clinic visits (n = 6) with the medical provider in another
Table 1
Phases and subphases of telemedicine pilot study.

Phases of study Telemedicine postop
evaluation: approximate
timing and location

Traditional postop visit:
approximate timing
and location

1i 7 days in clinic 7 days in clinic
(immediately after TM evaluation)

1ii 7 days at home
(1 day prior to clinic visit)

7 days in clinic

1iii 7 days at home None
2 1 day at home and

7 days at home
None

Table 1 displays the phases of the study alongwith location of the telemedicine evaluation
and if a traditional follow up visit was held for each phase.
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room, within the same clinic. Following this telemedicine evaluation,
the patient was evaluated during a traditional face to face visit, with
the same provider and the telemedicine history, physical exam, and
assessment and planwere compared to the traditional visit. The care-
giverswere surveyed about their overall satisfaction, appropriateness
of care provided from the telemedicine evaluation, would they have
their child seen only by telemedicine in the future, and would they
recommend telemedicine to friends or family. Lastly, their travel
distance to the nearest mile was requested. Table 2 displays the care-
giver satisfaction survey questions.
Subphase ii) The telemedicine device was sent home with post-
operative patients (n = 6) who also had a one week postoperative
appointment in clinic. The telemedicine device was utilized for post-
operative visits in each patient's home one or two days prior to this
scheduled clinic visit. The patientwas then seen during the scheduled
traditional follow-up visit and the device was returned. The home
telemedicine evaluation was compared to the traditional visit and
the caregivers were surveyed as above in subphase i.
Subphase iii) The telemedicine device was sent home with post-
operative patients (n = 6) and utilized for a home follow-up visit;
however, there was not a traditional clinic follow up. The caregivers
were surveyed as above. The patients' charts were reviewed for
readmissions during the 30 days following their procedures, for any
complications, missed diagnoses, clinic visits, readmissions and
ED visits.

1.2. Phase 2

The overall objective was to utilize the telemedicine device to
provide in-home postoperative checks one to two days following
discharge and also an in home postoperative follow-up in the
same manner as described in subphase iii. Patients in this phase
were discharged home approximately 12 to 24 h earlier than our
traditional clinical practice. Discharges occurred when they were
clinically stable and a longer hospitalization would have only
been required for observation. For example, gastrostomy tube pa-
tients who are sometimes discharged two days following surgery
owing to teaching, parental concerns or, until their feeds are in-
creased to goal, were discharged on postoperative day one. The
caregivers were surveyed and the patients' charts were reviewed
as in subphase iii.

Devices were returned by the care givers at their convenience at
the closest children's hospital facility or clinic or by secure shipping.
Caregiver surveys were returned with the devices.
ilization of a handheld telemedicine device in postoperative pediatric
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2. Results

A total of 24 patients were enrolled: 18 for phase 1 with 6 in each
subphase (i-iii) and 6 in phase 2. Their average age was 7.6 ±
6.0 years (range = 2 months to 17 years). There were 13 males (54%)
and 11 females (46%). The total average duration for the postoperative
telemedicine follow up evaluations was 13.5 ± 6.8 min (Range = 6 to
35 min). Only two of the 24 visits were by cellular connections; the
remaining were by Wi-Fi.

The patients evaluated with telemedicine postoperative evaluations
and/or immediate home checks had a wide range of general pediatric
surgical procedures, which were completed laparoscopically, unless
otherwise noted: partial colectomy, appendectomy, open umbilical
hernia repair (×3), gastrostomy tube placement (×4), epigastric hernia
repair (×2), port-a-catheter placement (×2) and removal (×1), sleeve
gastrectomy and hiatal hernia repair, cecostomy tube placement, splenic
cyst excision, video assisted thorascopy, Nissen fundoplication and hiatal
hernia repair, bilateral inguinal hernia repair, recurrent hernia repair,
urachal cyst excision, and laparoscopic gastroesophageal dissociation.

The average overall satisfaction and perceived appropriateness of
care as surveyed by the caregivers were both 3.92 ± 0.28 out of 4, for
the 24 patients in the study. Twenty-two out of 24 (92%) caregivers
would have a telemedicine only visit for their child's postoperative
evaluation in the future, 19 of 24 (79%) would have a telemedicine
only visit as an initial evaluation of their child and 23 out of 24 (96%)
would recommend a telemedicine evaluation for family or friends. For
the early postoperative home checks (1–2 days following discharge)
the average satisfaction and perceived appropriateness of care as
surveyed by the caregivers were 4.00 out of 4 for the 6 patients
evaluated. If the patients would have only had a telemedicine evaluation
the average travel distance saved would have been 44.7 ± 45.5 miles
(range = 10–150 miles). There were no connection issues (all 24 visits
were rated “good”, the highest connection quality possible). Also, there
were no problems with the telemedicine equipment that prevented
a history, observed physical exam, assessment/plan and answering
questions from the caregivers. The providerswere satisfiedwith the tele-
medicine evaluations and their ability to provide appropriate care.

There were no postoperative complications identified by the tele-
medicine evaluations nor were there any complications missed or
misidentified by these same visits. For the 12 patients evaluated by tele-
medicine, and then also evaluated in a traditional postoperative clinic
visit, therewere no changes to the history, physical exam or assessment
and plan. There were no additional surgical clinic visits, readmissions or
emergency room visits needed in the telemedicine only follow up
groups (12 patients) in the 30 day postoperative period. For one patient,
an upper respiratory tract infection was suspected following the tele-
medicine evaluation and the child was sent to their pediatrician,
where he or she tested positive for streptococcus by rapid streptococcus
test. Another patient went to their pediatrician for a fever on post-
operative day 3 and their return to our emergency department was
prevented by a telemedicine evaluation the same day after discussion
and reassurance of the caregiver. The child had no further issues and
had another follow up visit with the TM device a week later without
any problems. For the six patients in phase two, who were discharged
12 to 24 h earlier with only observational clinical needs, none were
readmitted, returned to clinic, or needed evaluation in the emergency
department, while care provider satisfaction was maintained (3.6 ±
0.4 out of 4). The telemedicine visits saved the families 80miles of aver-
age round trip travel.

3. Discussion

In this pediatric surgery telemedicine (TM) pilot study, postopera-
tive visits provided by the device were safe, effective care with high
levels of caregiver and provider satisfaction. Another goal of this pilot
study was to establish the feasibility of telemedicine in our pediatric
Please cite this article as: J.H. DeAntonio, H.S. Kang, H.C. Cockrell, et al., Ut
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surgery practice. Telemedicine was also utilized to have an in home
postoperative evaluation without a traditional clinic visit. There were
no readmissions, additional clinic visits, emergency department visits
in any group of patients in the 30 day postoperative period. Lastly, for
the six patient's discharged 12 to 24 h earlier who only required obser-
vation, andwho received a postoperative check and postoperative clinic
telemedicine visits, none required further clinic visits, readmissions, or
emergency department visits.

There are a number of advantages to using telemedicine for patients
and hospitals including convenience, financial saving, patient satisfac-
tion, decrease in length of stay, and similar complication rates to
traditional follow-up. A study of parathyroidectomies in adults, showed
telemedicine saved on average 119 miles of travel distance and
$357.00 per patient [8]. A randomized control trial of 65 patients who
underwent outpatient breast reconstruction surgery and were followed
up by mobile application or traditional follow up noted, mobile applica-
tion follow ups resulted in similar complication (p value = 0.42) and
satisfaction (p = 0.7) rates, but had lower in person follow-ups (0.4
less likely, p b 0.001) and higher convenience scores (p = 0.008) than
traditional follow ups [9]. A pilot study using telemedicine in post-
operative pediatric urology patients showed that telemedicine not only
saved patients travel time, but also did not affect the rate of complica-
tions [10]. Those who noted higher perceived cost (ie. missed work, lon-
ger travel times, greater money spent) and distance traveled were more
likely to substitute a clinic visit with video conferencing [11]. Lastly, tele-
medicine may also be an incentive for hospitals and healthcare systems,
as it could be used to shorten postoperative length of stay. A randomized
control trial of orthopedics in Denmark successfully reduced length of
stay from two to one day, without affecting clinical outcomes, after elec-
tive hip surgery [12]. Outpatient rehabilitation using telemedicine was
shown to be comparable to traditional inpatient rehabilitation in cardiac
surgery, and total cost of the study groupwas 58% lower than the control
group. In addition, the study group had higher measures of physical
performance and quality of life [13].

In our small study of 24 patients, we prevented two emergency
department visits and possible readmissions by telemedicine evalua-
tions. As access to smartphones and broadband internet has increased,
society has become more comfortable with technology incorporation
throughout their daily lives, including within their healthcare and that
of their families. This was demonstrated in our study by 92% of the
caregivers supporting telemedicine only postoperative evaluations.
Also, this was shown in a recent publication where 129 families of
pediatric surgical patients were surveyed and 70% of respondents said
“yes” for considering a telemedicine postoperative visit and by the over-
all high caregiver satisfaction survey results of 3.92 ± 0.28 out of 4 [14].
In another study, telemedicine was utilized for consultation of pediatric
surgical subspecialists, and 97% of the 83 families surveyed reported
satisfaction with the visit [15]. There were no complications or, delays
in / misdiagnosis of complications in this pilot study, which are similar
to previous studies [10,16]. The reduction of travel distances, increasing
convenience, and other financial savings have been shown as well in
numerous previous telemedicine studies [8–11,15]. There are a multi-
tude of studies that demonstrate the effectiveness of utilizing telemedi-
cine to monitor children with hypoplastic left heart syndrome, which
helps supports the safety and efficacy of utilizing these devices in
complex patient populations [3–7]. Lastly, for two of our patients, addi-
tional clinic visits and readmissions were prevented as a result of the
TM evaluations.

Ninety-two percent of caregivers from this pilot study would have
telemedicine only visits for their child's postoperative evaluation in
the future and would recommend telemedicine evaluations for family
or friends, whereas 79% responded that theywould have a telemedicine
only visit as an initial evaluation of their child. The majority of explana-
tions from those who would not have only an initial telemedicine
evaluation for their child, stated that their answer would depend
on their child's presenting concern and that they felt the physical
ilization of a handheld telemedicine device in postoperative pediatric
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examination and meeting the surgeon were important components
when evaluating a new surgical concern. One possible reason for why
this occurred, is that initial evaluations by surgical subspecialists are
more commonly viewed as more in-depth evaluations than follow up
visits. This was also supported by the survey of pediatric surgical
patient's families briefly described above, where 89% responded that
they would consider a telemedicine visit with their primary care physi-
cian for a routine follow up but only 68% would consider telemedicine
for a subspecialty evaluation [14].

There were several limitations of this pilot study. There were a
limited number of enrollees and no control group that underwent
only traditional postoperative visits. However, since this was a pilot
study and designed to establish feasibility of telemedicine, future
plans are to enroll a larger group of patients for a randomized, prospec-
tive study that compares telemedicine postoperative follow up group to
a control group of patients similar with traditional postoperative visits
in the clinic. Lastly, wemay have a selection bias because the caregivers
who accepted participation in this pilot study by necessity had to feel
comfortable with the technology and have Wi-Fi (or be able to use a
cellular hotspot device). This may select caregivers who are more
inclined to see the benefits of technology in medicine.

The potential uses of telemedicine throughout the medical field,
especially in pediatric surgery, are limitless. Our future plans are to
evaluate it as a component of our enhanced recovery after surgery
(ERAS) protocols for preoperative and postoperative management.

4. Conclusion

The telemedicine evaluations utilized for pediatric surgery post-
operative care during this pilot studywere found to be safe and effective,
while maintaining high levels of caregiver and provider satisfaction. We
hope to continue our evaluation of telemedicine in pediatric surgical pa-
tients by studying its ability to provide preoperative evaluations and to
assess its effects on length of stay, readmission, and complication rates
in a prospective, randomized study in the near future.
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