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Enabling Remote Monitoring Using Free Apps and
Smart Devices for a Free-Flap Adjunct Monitor

James C. Yuen, MD L o ) )
Summary: Remote monitoring capability does not currently exist for Periflux

(Perimed AB, Jarfalla, Sweden) laser Doppler and other perfusion monitors.
Two simple adaptations using free apps (applications) and smart devices can
enable transmission of the perfusion readout to the surgeon's smartphone. A
literature review was conducted to identify reports relating to remote free flap
monitoring. In addition, 2 wireless methodologies are devised: One method uses
a free app that converts a smart device into a camera, stationed next to the perfu-
sion monitor, to stream live video of the laser Doppler readout to the surgeon's
smartphone; a second method uses a free app installed on a bedside laptop com-
puter, which is connected to the laser Doppler flowmeter via a data cord. A live
feed of the computer's desktop as a teleconference host is transmitted to the sur-
geon's smart device over the Internet. These 2 methodologies were employed on
9 and 8 free flaps, respectively, as a pilot study. All free flaps were monitored re-
motely for 4-6 days with near 100% reliability. The Internet connectivity became
disrupted only on several occasions, requiring simple Wi-Fi and software reset.
Minor mechanical issues were encountered with the video streaming method.
Literature review identified very few articles describing remote monitoring of
free flaps. The 2 methodologies reported here provided reliable continuous
transmission of quantitative data of flap perfusion to smart devices via Inter-
net connection, which can revolutionize the microsurgeon's practice if his/her
adjunctive perfusion monitor with display does not yet have Wi-Fi capability.
(Plast Reconstr Surg Glob Open 2017;5:¢1507; doi: 10.1097/GOX.0000000000001507;
Published online 21 September 2017.)

widespread, little has been published describing

real-time remote monitoring of free-flap perfu-
sion. This article presents the currently available tech-
niques in remote free-flap monitoring and describes 2
new modalities using adaptation of free applications
(apps) on smart devices (SD). One modality uses the
AtHome app (iChano, inc, Richmond, BC, Canada),
which converts an SD into a wireless video camera,
while its viewer app on a remote SD receives the contin-

Although the use of telemedicine has become

From the Division of Surgical Oncology, Banner MD Anderson
Cancer Center, Gilbert, Ariz.

Received  for publication July 25, 2017; accepted July 31,
2017.

Selected for presentation at Plastic Surgery The Meeting 2017—
American Society of Plastic Surgeons Annual Meeting, October
6-10, 2017, Orlando, Fla.

Copyright © 2017 The Author. Published by Wolters Kluwer Health,
Inc. on behalf of The American Society of Plastic Surgeons. This
is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Dertvatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the
work provided it is properly cited. The work cannot be changed in
any way or used commercially without permission from the journal.

DOI: 10.1097/GOX.0000000000001507

uous streaming via Wi-Fi or mobile broadband (3G, 4G,
LTE network). The second modality uses the join.me
app (LogMeln, Boston, Mass.), which allows the com-
puter desktop to be shared as a teleconference host,
while the app on another SD allows the surgeon to join
the meeting and view remotely any data displayed in
real-time on the bedside computer. These Internet-
based SD apps are employed in conjunction with the
laser Doppler flowmeter (LDF) for routine adjunctive
monitoring of free flaps.

METHODS AND MATERIALS

Method 1 (Video Streaming)
In setting up the SDs with the free AtHome app,
the user downloads the free app in either the Android
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Fig. 1. The smart device (mini-iPad) with Wi-Fi capability is posi-
tioned next to the laser Doppler flowmeter with its camera captur-
ing the digital readout. An underpad “cradles” the 2 devices to pre-
vent dislodgement of the camera angle.

(Google, Mountain View, Calif.) or iOS (Apple, Inc., Cu-
pertion, Calif.) platform. The app is designed to convert
an SD into a security camera. In this report, the mini-iPad
was converted into a continuous video camera, connected
to the Internet via hospital Wi-Fi and positioned next to
the LDF (Fig. 1). Transmission of real-time video of the
laser Doppler reading must never include any patient
identifier; therefore, the camera must capture the LDF’s
display in close-up, away from any patient identifiable
part with sound capability deactivated. The Periflux 5000
(Perimed AB, Jarfalla, Sweden) LDF, as a routine practice,
was employed for free-flap monitoring with its surface
probe sutured to the skin of each flap. The entire set-up
(table and devices) is positioned to avoid any chance for
transmission of patient identifiers.

Method 2 (Teleconferencing)

This method uses the free join.me app, which allows
the computer desktop to serve as a teleconference host.
This adaptation requires a Perimed data cord connecting
the LDF to the computer. By bedside, a Wi-Fi-enabled ded-
icated laptop computer is required for transmitting data
over the Internet (Fig. 2). The Perimed Data Acquisition
and Analysis Software is used to display the LDF record-
ing onto the computer’s screen. The join.me app is then
launched, generating a security code. On the SD, such as
an iPhone (Apple, inc., Cupertion, Calif.), the join.me
app is launched with code entered. The LDF recording is
then transmitted to the smartphone’s display in real-time.

To confirm that no publication exists to date in the
English literature describing these 2 free-flap remote
monitoring methodologies, a MEDLINE search was con-
ducted using PubMed (Bethesda, Md.) and OVID (New
York, N.Y.) databases, including EBM Reviews and using
the following Mesh terms: [(free or microvascular) AND
flap] AND [(remote and monitoring) OR telemedicine)].

With Institutional Review Board (IRB) approval, a ret-
rospective review of free-flap remote monitoring was con-
ducted on 9 and 7 consecutive cases using the AtHome
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Fig. 2. A laptop computer is connected to the laser Doppler flow-
meter using a data cord and software provided by the laser Doppler
company. The laptop’s desktop is configured using the free join.me
app to become a teleconference host for screen sharing.

and join.me apps, respectively. Accuracy in clinical perfor-
mance of LDF has previously been reported.!

RESULTS

There were 13 total articles identified in the English
literature to be related to telemedicine in plastic surgery
or monitoring free flaps with remote methodologies and/
or smartphone technologies. Only 9 articles are related to
remote free-flap monitoring in the Internet era.>'” Table
1 summarizes the methodologies and/or technologies
that can be employed for remote monitoring of free flaps.

Method 1

Using the AtHome app on the mini iPad (Apple, inc.,
Cupertion, Calif.) and iPhone 6S, live streaming of LDF
digital readout was completed on 9 patients for 5-6 days.
Only on 3 occasions did the AtHome app spontaneously
quit or became disconnected from Wi-Fi, which required
simple reset. Otherwise, the app and Internet connectivity
were reliable for the duration. Positional issues with the
camera angle were prevented by cradling the iPad and
LDF with an underpad and tape (Fig. 1).

Method 2

The second methodology uses a data cord to trans-
mit the LDF recording onto the computer monitor. The
Perimed data transfer software was 100% reliable for all 7
patients during the entire monitoring period. The Inter-
net connectivity was interrupted on 4 occasions, requiring
Wi-Fi and software reset.

No microvascular complication was encountered dur-
ing either methodology.

DISCUSSION
Remote methodologies of free-flap monitoring have
not been widely published. As for continuous monitor-
ing using objective parameter, there is 1 report quali-
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Join.me

'l Video

Video Graphic 1. See video, Supplemental Digital Content 1, which
shows 3 apps (ViOptix, AtHome, and join.me) in action for remote
free-flap monitoring. This video is available in the “Related Videos”
section of the Full-Text article on PRSGlobalOpen.com or available
at http://links.lww.com/PRSGO/A540.

fying the wireless capability of the ViOptix device.?
Since 2009, the ViOptix device offers built-in Wi-Fi,
allowing its continuous oximetry recording to be sent
to the provider’s SD. Other technologies, such as the
Perimed LDF, do not yet have this telemonitoring ca-
pability built-in. The concept of free-flap continuous
telemonitoring on the surgeon’s handheld device us-
ing laser Doppler/spectrophotometry and computer
desktop Wi-Fi transmission was posited in 2014.* The
general idea of remote monitoring on SDs, therefore,
is not new. However, the concept of configuring SDs
and free apps with established adjunct continuous,
real-time monitoring is novel, and this descriptive
report and pilot study serve as proof-of-concept [see
video, Supplemental Digital Content 1, which shows
3 apps (ViOptix, AtHome, and join.me) in action for
remote free flap monitoring, http://links.lww.com/PRS-
GO/A540]. Whether remote continuous monitoring
during vascular compromise will translate into faster
return to the operating room or improved salvage rate
will require large prospective and randomized compar-
ative studies.

Since the transmission of information is restricted to
the laser Doppler recording (no identifiers), there is no
violation of the Health Insurance Portability and Account-
ability Act (HIPPA). As in day-to-day handling of medical
records, the surgeon must remain vigilant in safeguarding
protected health information and conform to regulatory
guidelines within one’s institution.

PRS Global Open © 2017

SUMMARY
Both methods, using the video streamer/viewer app
and teleconference app, in conjunction with the LDF,
proved to be reliable and practical in continuous remote
monitoring of free flaps. The ability to remotely look at
the flap’s perfusion recording on demand in real-time can
be provided by relatively simple and inexpensive adapta-
tions of apps and SDs when using adjunct monitors that

do not have built-in Wi-Fi capability.
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