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KEYWORDS Summary Introduction: Perioperative microsurgical planning increases the likelihood of suc-
Augmented reality; cessful results. Augmented reality (AR) is the addition of artificial information to allow the user
Smartphone; to perform tasks more efficiently. The aim of our study is to report the use of AR for microsur-
Preoperative planning; gical planning with a smartphone (ARM-PS) as a dissection route map.
Microsurgical planning; Patients and methods: AR was used for superficial circumflex iliac artery perforator (SCIP) flap
Perforator flap; planning. Three-dimensional (3D) reconstruction images of the inguinal and lower abdomen
SCIP flap; vascular anatomy were obtained by computed tomography angiography. These 3D images were
New technologies imported to a smartphone and an AR app was used to superimpose them with the camera. The
drawings performed with ARM-PS were correlated with handheld Doppler and intraoperative
findings.

Results: The correlation of ARM-PS drawings with handheld Doppler results was 100% for super-
ficial inferior epigastric artery (SIEA) and superficial and deep branches of SCIP in 60 inguinal
areas studied. Intraoperative findings matched perfectly in all 30 cases with ARM-PS drawings
for the location of the mentioned vessels and lymph nodes. Flap harvest time decreased in 20%
compared with our traditional timing.

Conclusions: ARM-PS is an easy, noninvasive, and accurate method that provides a dissec-
tion route map, thereby standardizing flap harvesting, and shows a perfect correlation with
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intraoperative findings. It reduces operating time and may improve operative results, thus de-
creasing donor site morbidity.
© 2018 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El-
sevier Ltd. All rights reserved.

Introduction 3-dimensional (3D) reconstruction image of inguinal and

From the first description of the deep inferior epigastric
artery perforator flap by Koshima and Soeda' in 1989, per-
forator flaps have been widely used and have had an expo-
nential evolution, as has also evolved the technology imple-
mented for their study. Currently, we have accurate meth-
ods to determine the location of perforators and defining
their course through the skin.

Handheld Doppler, color Doppler, computed tomography
angiography (CTA), and magnetic resonance angiography are
methods for perioperative planning”“. These methods have
shown to decrease operative time, decrease the donor site
morbidity, and increase the likelihood of successful results’.
Technological advances have allowed the application of new
technologies, safer and with greater portability. A survey
found that 87% of physicians use a smartphone or tablet de-
vice in their workplace, including 80% above the age of 55
years®. Recently, we have described the use of a smartphone
thermal camera for detecting perforators with a high corre-
lation with CTA.

Augmented reality (AR) is the addition of artificial infor-
mation to one or more of the senses that allows the user to
perform tasks more efficiently. This can be achieved using
superimposed images, videos, or computer-generated mod-
els. Augmentation of reality has been used in surgery for
many years particularly in neurosurgery, where stereotac-
tic surgery has used the combination of radiographic scan
data in stored or real-time acquisition to allow accurate and
safer “neuronavigation.”®

The use of AR for microsurgical planning with a smart-
phone (ARM-PS) is revolutionary and until now has not been
described. The aim of our study is to report the use of ARM-
PS as a dissection route map in the surgeon’s pocket.

Patients and methods

AR was used for superficial circumflex iliac artery perfora-
tor (SCIP) flap planning in the Department of Plastic Surgery
and Burns, Hospital del Trabajador, and the Department of
Plastic Surgery, Clinica Las Condes, during January to June
2018. Patients who underwent upper or lower extremity
microsurgical reconstruction with SCIP free flap were in-
cluded. This research was conducted by following the prin-
ciples of the Helsinki Declaration’ and obtaining approval
from the Scientific Ethics Committee. The authors adhered
to STARD guidelines for diagnostic measure research (http:
//www.stard-statement.org). All patients signed a written
consent authorizing their inclusion in the study.

Lower extremity CTA images were obtained using a
64-detector row helical CT system (Brilliance 64; Philips,
Amsterdam, The Netherlands) with perforator protocol,
maximum intensity projection, and 1-mm slice width. A

lower abdomen vascular anatomy was obtained using
multimodality advanced vessel analysis software (AVA)
(Philips, Amsterdam, The Netherlands) to identify referen-
tial landmarks, i.e., umbilicus, both anterior superior iliac
spines (ASIS) and superior border of pubic symphysis (PS)
(Figure 1).

The 3D image obtained by CTA was reviewed online in
a smartphone (Samsung Galaxy S7, Seoul, South Korea) and
downloaded directly to the picture’s gallery. Sensitive infor-
mation was not included to maintain privacy for patients.
The 3D image was imported from the smartphone’s gallery
to an AR app (Augmented Drawing, New Taipei City, Taiwan)
to superimpose the image with the camera. Freehand draw-
ings were performed guided through the smartphone screen
by fixing the image to the landmarks (umbilicus, both ASIS
and PS) and identifying arteries and veins derived from the
femoral vessels (superficial inferior epigastric (SIE), superfi-
cial branch of SCIP (s-SCIP), deep branch of SCIP (d-SICP)),
and groin lymph nodes. Drawings performed with ARM-PS
were correlated with handheld Doppler and intraoperative
findings. Flap harvest time was recorded and compared to
a series of 15 consecutive cases performed without ARM-PS,
operated by the same team.

Results

CTA and 3D reconstruction images were obtained in 30
patients. ARM-PS was performed in 60 inguinal areas
(Video 1) and was correlated with handheld Doppler find-
ings (SIEA, s-SCIP, and d-SCIP). Intraoperative findings were
correlated with ARM-PS drawings in 30 SCIP flap cases.

Correlation of ARM-PS drawings with handheld Doppler
results was 100% for SIEA, s-SCIP, and d-SCIP arteries of
the 60 inguinal areas studied (Video 2). Intraoperative find-
ings correlated in all 30 cases with the ARM-PS drawings
for the location of the mentioned vessels and lymph nodes
(Figure 2 and Video 3).

The perfect correlation of ARM-PS with handheld Doppler
and intraoperative findings allowed us to decide which side
to use for the SCIP flap based on vascular characteristics
and its relations with lymph nodes. It also aided to optimize
flap design including the largest amount of the vascularized
tissue and tailor it to the defect (Figure 3). Using ARM-PS,
the average time for our flap harvest was 72 minutes, while
the time of the series that did not use this technology was
90 minutes, with a decrease in the average harvest time by
20%.

Discussion

Presently, efforts are directed toward finding complemen-
tary, portable, accurate, and bedside studies that might
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Figure 1

3D reconstruction image of inguinal and lower abdomen vascular anatomy. Landmarks used are umbilicus and green

arrows (both anterior superior iliac spines and superior border of pubic symphysis). (SIEA: superficial inferior epigastric artery;
s-SCIP: superficial branch of superficial circumflex iliac artery perforator; d-SCIP: deep branch of superficial circumflex iliac artery
perforator; LNs: lymph nodes; FA: femoral artery; FV: femoral vein).

Figure 2 Correlation of ARM-PS drawings with intraoperative
findings of a right SCIP flap. (SIEA: superficial inferior epigastric
artery; s-SCIP: superficial branch of superficial circumflex iliac
artery perforator; d-SCIP: deep branch of superficial circumflex
iliac artery perforator).

contribute in both preoperative and intraoperative periods.
The use of AR with a smartphone is an easy, noninvasive, and
accurate method for microsurgical planning. It also provides
relevant information regarding vascular anatomy and its re-
lations, contributing to flap design and harvest.

There are several methods for microsurgical planning.
Handheld Doppler is an inexpensive and portable device for
the evaluation of perforators but provides limited informa-

tion regarding three-dimensionality, venous anatomy, vessel
origin, and vessel course'®"". Color Doppler ultrasound not
only provides more information about the course, origin,
and structures surrounding the perforator but also gives a
hemodynamic evaluation'?. It has high sensitivity and 100%
concordance with intraoperative findings in expert hands,
even in previous surgical sites'®. Despite the above, it is a
time consuming and operator-dependent method, with no
3D reconstruction.

CTA is currently considered the gold standard with excel-
lent performance. The use of CTA in preoperative planning
has been shown to decrease operative time, decrease donor
site complications, and decrease the learning curve of the
technique®'. It allows identification of the vessels origin,
intramuscular pathway, fascial perforation site and its ram-
ification in the subcutaneous tissue. It has the option of 3D
reconstructions to determine more accurately the path of
the vessels and its relations with adjacent soft tissue struc-
tures.

Bosc et al.”® performed AR for perforator identification
in deep inferior epigastric perforator flap by using smart
glasses, thus providing binocular visualization in the oper-
ative field of the vessels identified with CTA. We demon-
strated a perfect correlation of ARM-PS with intraopera-
tive findings, without using any other device but the smart-
phone. This allows to optimize the size of the flap by adjust-
ing the design to the axiality of the pedicle and the anatomy
of arteries and veins, being able to make freestyle designs
tailored to the defect. It delineates venous anatomy, given
that handheld Doppler is not suitable for that, being of par-
ticular interest to avoid flap congestion. Preoperative iden-
tification of lymph nodes and their relations may decrease
donor site morbidity and harvesting time, thus anticipating
complex dissections.
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Figure 3 Optimizing the design of the flap and tailoring it to the defect using ARM-PS.
Conclusions structive surgery: What you hear is not always what you get.

ARM-PS is an easy, noninvasive, and accurate method that
provides a dissection route map, thereby standardizing flap
harvesting, and shows a perfect correlation with intraoper-
ative findings. It reduces operating time and may improve
operative results, thereby decreasing donor site morbidity.
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