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Perforator vascular localization assisted by different
methodology in reconstructive surgery
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Different methodologies assist perforator’s vascular localization
in reconstructive surgery. In modern reconstructive microsurgery,
perforator flaps have become the pillar of treatment. Their well-
described benefits over the conventional free flaps are reduced donor
location morbidity, improved flap mobility, and determining, creating
reconstructive methods additional ingenious. There are different
procedures used for vascular plotting in perforator flaps. In this review,
we will debate the pros and cons as well as comparison of numerous
vascular plotting techniques used for vascular localization in detail such
as Hand-held Doppler Sonography (HHD), CT angiography (CTA), MR
angiography (MRA), DS angiography (DSA), CD Sonography (CDS),
Infrared thermography (IRT), and Indocyanine green-fluorescence
angiography (ICG-FA).
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INTRODUCTION

For preoperative planning in plastic surgery, particularly for
perforator flap surgery, preoperative imaging is being used
more and more. This strategy came when contemporary
reconstructive surgery made a greater attempt to reduce
donor site morbidity, which led to the perforator flap's
subsequent rise in popularity [1-4] the choice of the
perforator artery used to perfuse the flap is a crucial factor
in the success of all perforator flaps. The “dominant”
perforator, chosen to supply the flap, is selected based on
a variety of characteristics, such as size (biggest caliber
accessible), venous caliber and/or venous interconnectivity,
and anatomic features including subcutaneous, subfascial,
and intra-muscular course.

The danger of partial necrosis of the flap is significant in this
surgical treatment and is directly connected to perforator
choice. According to authors’ reports, this risk occurs
30% of the time, particularly among high-risk patients
like smokers and obese people [5-7] Thus, it is crucial
to employ methods that enable in-depth examination of
perforator anatomy. Prior to a few years ago, the evaluation
of instruments includes Laser Doppler Flowmetry (LDEF),
power-Doppler ultrasonography (PDUS), and duplex
ultrasound (DUS) [8-12] Preoperative PDUS localization
of flap perforators may enhance the surgeon's capacity to
elevate the flap and construct it to catch the dominant
vasculature and increase survival [10]

The investigation of vascular structure and perfusion in
three dimensions at high resolution is now possible because
to new imaging technologies. Recent advances have made
magnetic resonance angiography (MRA) and computed
tomographic angiography (CTA) two of the best non-
invasive methods for studying the vascular system [13] The
advantages and disadvantages as well as comparison of a
variety of vascular plotting techniques used for vascular
localization, including hand-held Doppler Sonography
(HHD), CT angiography (CTA), MR angiography (MRA),
DS angiography (DSA), CD Sonography (CDS), infrared
thermography (IRT), and Indocyanine green-fluorescence
angiography (ICG-FA), will be discussed in detail in this
review. The following methods are shown in (Fig. 1.)

DISCUSSION

Appraisal of Hand-Held Doppler
Sonography (HHD)

Handheld Doppler ultrasound was first applied to free
flap microsurgery in 1975 and is a portable, relatively
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Fig.1. Names of perforators vascular
localization devices.
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inexpensive detection technique [14]The appropriate site
of perforators in well-muscled helpers operating a hand-
held Doppler is analogous to the site of the corresponding
perforators found after dissection in new cadavers and
established that a close correlation existed was described
by Taylor et al [15] Pencil-type Doppler probe records the
movement of erythrocytes by referring and identifying
reflected  ultrasound. Several tests with distinctive
frequencies can be utilized which are contingent upon the
vessels profundity and width to be researched. The eight
and ten MHz are two most generally utilized frequencies,
and they have the highest sensitivity of just twenty and
fifteen mm, individually. [16] The usage of hand-held
Doppler have been accounted to find perforators of the
upper limb, lower limb, and trunk.[17-20] A moderately
latest domain of reconstructive surgery, where the hand-
held Doppler utilized in the pedicle perforator-flaps [21,
22]and freestyle perforator flaps [23-26]

Pros of HHD

HHD’s benefits are inexpensive, tiny size, non-intrusive,
convenience, and effortlessness of doing the checkup.
Furthermore, there are extraordinary tests accessible that
can be sanitized and make the procedure accessible during
operation to conclude the preparation and to test the throb
of a vessel throughout the surgery [16, 17, 20, 27]

Cons of HHD

The primary drawback of most broadly utilized doppler
tests (8 MHz) is that it’s just recognizing vessels to the
profundity of twenty mm. it makes the method not much
effective for detecting perforator appearance over the fascia,
at whatever point the wideness of skin and subcutaneous
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tissue surpasses this sum [17] Furthermore, one can never
identify for sure which vessel produces the HHD to pick
up the Doppler signal. This method also does not generate
a three-dimensional picture of the vasculature and its
nearby anatomical structure that can later be accumulated
and recovered.

Success rate of HHD

In 2006, the research of Yu and Youssef [17] contained one
hundred patients experiencing reconstruction of antero-
lateral thigh and the sites of hand-held doppler signs of
the eight-MHz and ten-MHz test were contrasted to the
intraoperation finding. In the result of the perforator, the
+VE prescient rate for the eight- MHz test was eighty-
nine percent, whereas no false-negative outcome were
discovered. A +VE prescient rate of ninety-four percent and
-VE prescient rate of forty-three percent was detected in
the ten-MHz test. Shaw et al [19] investigation contrasted
hand-held doppler with the intraoperative finding of thirty
patients experiencing a reconstruction of the anterolateral
thigh. For the hand-held doppler finding, they discovered
an enormous underestimation of thirty percent to an
overestimation of one hundred and fifty percent. An
analysis of 8 perforator flaps of the superior gluteal artery
and thirty-two perforator flaps of deep inferior epigastric,
in which hand-held doppler finding was contrasted to
intra-operative finding discovered a +VE prescient rate of
just 52.4 percent for consolidated deep inferior epigastric
perforator and superior gluteal artery perforator flaps [20].
Appraisal of Computed Tomography Angiography (CTA)

Computed tomography angiography incorporates the
utilization of X-radiations with the three-dimensional
investigation of the pictures. The quantity of lines of
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detectors makes decision on how quickly a scan can be
carried out and to what degree detail can be disclosed. An
incredible assortment of computed tomography scanners
and operating systems are presently accessible, which
makes it difficult to compare the results of different studies.
The quantity of lines of multi-detector utilized in various
studies range from four [28] to sixty-four [29], allowing
the generation of cuts of around one mm or more slender,
contingent upon the scanner use of Computed tomography.
CTA scan has lately appeared as an outstanding and mini-
invasive vascular system procedure and is now regarded as
a dependable perforating vessel analysis technique. The
precision ratio for recognizing the branching source of
perforators of antero-lateral thigh have been accounted for
to be ninety-eight percent, and pre-operative localization
of perforators by computed tomography angiography have
revealed to make operation period short essentially [30]
Another research found a 100% connection between CTA
results and intraoperative results in breast reconstruction
of the profound inferior epigastric perforator (DIEP) [29].

Pros of CTA

For anterolateral thigh perforator flap transplantation,
Yang et al. used computed tomography angiography (CTA)
and revealed a significant reduction in flap complication
using CTA as compared to the standard group. [31] The
benefit of computed tomography angiography is that
it gives a picture with exact visual descriptions on the
vessel's route and caliber and their associations with other
anatomical structures. This makes it possible for specialists
to establish a dissection plan, option for perforators before
the operation, and make the dissection more secure and
convenient. [28] [32-37]

Cons of CTA

Identification of the smallest divisions of perforator arteries
relies on obtaining the CT photos properly. Because of the
need about sensitivity to ionizing radiation, CTA utilizes
low-dose procedures that minimize patient radiation dose
which have the ability to reduce picture quality if image
specifications are not optimized [38]While CTA can
provide precise info on perforator design, it doesn't deliver
preoperative physiological info on perforator flow features
or perfusion evaluation [39] The major disadvantages of
computed tomography are exposure to radiations and
distinctive management. Notably, with the use of multi-
detector row CTA with attenuation based online tube
current modulation, the radiation dose can be reduced [40]
and the nonionic iodinate contrasted medium is viewed as
more secure. Despite the fact that computed tomography
angiography might incur extra charges, Rozen et al. [41]
cost assessment revealed that cost advantages of utilizing
pre-operative computed tomography angiography in the
harvesting of deep inferior epigastric perforator flaps via
decreasing the period of operation and hospital stay.

Appraisal of Color duplex sonography
(CDS)

CDS allows assessment of perforator area, size,
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and accompanying vessel credibility details such as
atherosclerotic disease, prior surgery (scar tissue), or
other vascular disorders [42] Color duplex sonography is
a promptly accessible noninvasive imaging tool in most
vascular components which also provides info regarding the
three-dimensional anatomical structures throughout the
vasculature to some extent. [43]CDS was effectively used
to pre-operatively evaluate flaps in head and neck, trunk
(44-48) and extremities [43, 49] for reconstruction. Before
ALT flap harvesting, Tsukino et al. [43, 50] researched
the reliability of CDS in 10 patients. A comparison of
CDS finding with intraoperative finding revealed a 100%
concordance. This has been affirmed in a study of 6 cases
for deep inferior epigastric perforator (DIEP) flaps [45]
Color duplex sonography have been seen of an incentive
in instances where the perforated vessels may have been
harmed, such as after fat modeling, as it may provide info
regarding the quantity of movement in the vessels or in
instances where the amount of computed tomography
angiography radiation is unwanted [45].

Pros of CDS

Color duplex is noninvasive much like to hand-held
Doppler. There is one advantage of CDS if compared it
with hand-held Doppler is “its capacity to provide further
info regarding vessel's anatomy and perforators with
respect to its encompassing tissue and which perforator is
the prevailing one can examine quantitatively” [47].

Cons of CDS

The drawback of CDS is that the examination must be
carried out by skillful staff, who has enough awareness about
anatomical structures of free flap perforator. Moreover,
due to its actual dynamic, it's slighter reproducible [33,
51] There is another drawback of CDS with compared to
computed tomography angiography, magnetic resonance
angiography and digital subtraction angiography is
that CDS dont produce a two-dimensional or three-
dimensional picture of the whole anatomy of vessels which
may be utilized by a specialist through design or elevation

of the flap [28, 32, 33].

Appraisal of Digital subtraction
angiography (DSA)

An iodine contained contrast medium is given intra-
arterial whereas taking X-radiations in conventional
angiography. In DSA, for the depiction of vascular
anatomy, these contrast-enhancing images are subtracted
digitally from the prior to administration of contrast
masking X-radiations. This method of inquiry produces
2D pictures and thus usually has to be carried out in two
directions. The preliminary picture is saved in memory
from an angiographic arrangement. The following pictures
are removed from this picture and presented a video
monitor as an ongoing screen. This allows the examination
to be fully monitored as it is in advancement. The picture
data is also saved at real-time rates concurrently on a
digital disk [52] In the free flap design, DSA is described

transcendently in flaps of the fibula, where it's fundamental



Ali R, et al. — Perforator vascular localization assisted by different methodology in reconstructive surgery...

to knowledgeable regarding congruity of the 3 vessels of
the lower legs, tibiofibular trunk bifurcating degree, and
on the plaque of arteriosclerotic [52-54] The usage of DSA
was also noted in the preparation of musculocutaneous
flaps of transverse [55] and oblique [56] rectus abdominis.
Throughout the surgery, it was apparently utilized to
imagine a flap’s vascular design afterwards it is harvested. It
may exhibit perforator and its association with the vessels
of the axial flap, which in the subordinate procedure can
assist the specialist securely thin and isolate the flap [55,
56] However, this is not a frequently reported method.

Pros of DSA

DSA can be conducted in outpatient and making it
possible to observe it cost-effectively and in real-time [57]
DSA’s recounted benefits incorporate the realities that it
can deliver a picture of the anatomy of intraluminal vessels
and info regarding changing in atherosclerotic.

Cons of DSA

A drawback of digital subtraction angiography is that it’s
a tedious, invasive method that requires the utilization
of iodinated-contrast medium, which may cause to a
hypersensitivity reaction, harm to kidney and vessels [58]
Additionally, there is a dose of radiation to be contemplated
[53] There is an additional drawback of DSA is that the
vasoconstriction effects of iodine-contrast medium, make
the accurate estimation of the breadth of vessels and the
appraisal of small caliber vessels undependable. Besides,
after the angiography, the patient must remain in the supine
position for many hours to permit healing of puncture
location. It often leads to admit in hospital compulsory
and modality of image comparatively pricy. Finally, at
the puncture place, there is a 4.5 percent possibility of
developing fake aneurysms [59].

Appraisal of Magnetic resonance
angiography (MRA)

Magnetic resonance imaging consistently adjusts the turn
of hydrogen molecules in tissues with the utilization of
the magnetic field. As hydrogen molecules come back to
their moderate form, the consequent use of radiofrequency
pulse outcomes in the release of energy. Magnetic
resonance imaging identifies the discharged of energy and
information process into anatomical pictures by computer
software. Cancer growth havent been associated with
experience to a magnetic field or radiofrequency pulse with
magnetic resonance imaging [60]. The vessels enhanced by
the infusion of gadolinium (Gd) which is a paramagnetic
contrast agent. Although MRI doesnt use radiations, the
vessels images are typically found in the arterial phase and
consequently to specifically envision just arteries in the
blood pool phase and additionally discern the combinations
of huge artery and vein. Currently, a latest intravascular
contrast agent called Gd, Ablavar has come to be obtainable
which is designed to image both phases of artery and blood
pool of contrast improvement in the absence of interfering
from soft tissues improvement. There’s also the likelihood
of visualizing vessel in the absence of contrast infusion,

although with minimal resolutions [61]

Magnetic resonance angiography was mainly utilized
in the mapping of fibula free flaps. [51] However,
currently, it is utilized in the designing of reconstruction
of breast perforator-flaps [61] In research containing 56
patients, Masia et al [61] discovered one hundred percent
connection among magnetic resonance angiography and
intra-operational finding for DIEP flaps. In a research
of 31 patients, Greenspun et al. [62] described PPV
(Positive Predictive Value) of hundred percent, but an
NPV (Negative Predictive Value) of ninety-six percent
and utilizing magnetic resonance angiography contrast.
However, in the case of fibula flaps, it’s unluckily harder to
make conclusion regarding the PPV and NPV depend upon
present accessible literatures. The studies which associate
the pre-operative photographs with operational results are
made up of just little populaces and arent unambiguous

[62-67].
Pros of MRA

The pre-operative understanding of MRA results allows
surgeons to provide pre-operative specific guidance to
patients on practical choices for donor sites choice. In fact,
MRA significantly aids in the general protection of intra-
operative surgical dissection and decision-making, as well
as potential post-operative 2nd flap malfunction choices
[68] MRA does not involve ionizing radiation exposure,
and usually, it shorts the data period as compared to
conventional scans. The benefit of MRA is that it can be
carried out in the clinic. MRA is suitable for the recognition
of aneurysms, occlusions, and stenosis and is particularly
important in cases where the use of contrast agents is high
risk. MRA is a piece of favorable machinery to evaluate
blood flow and blood vessel morphology accurately
and non-invasively. Although it cannot be deemed as a
conventional technique at present. It is highly helpful for
recognition, particularly in those patients whose diagnosed
disease is contraindicated for conventional angiography
[69] MRA generates a 3D picture that permits specialists
to precisely evaluate the vessel's breadth, route, and their
connection to additional encompassing structures before

the operation [51, 63, 66].
Cons of MRA

MRA's drawbacks are contraindications for usage with
a cardiac pacemaker or patients who are extremely
claustrophobic. Maximum claustrophobic patients may
endure an anxiolytic MRI. Ongoing progress in MRA has
reduced the method period for a single donor position to
20 minutes and reduced the real procurement scan time to
20s.[61, 62, 67, 70] Nevertheless, the examination period
for various donor site investigation could be 40 minutes.

Appraisal of Infrared thermography (IRT)

Infrared thermography (IRT) is a fairly long-standing idea,
recently applied to vessel imaging. In 1800 Sir William
Herschel found "infrared" radiation while calculating
the temperature of light [71] In 1929 Kalman Tihanyi
discovered a camera grounded on the principle which all
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objects in the form of infrared radiation emanate a "heat
signal." [72] This radiation is sensed in the same way as a
regular camera senses light [72], and produces visible heat
maps in the same way images are made. The movement in
perforator vessels produces a visible heat signal which can
recognize by IRT enabling localization [73].

Pros of IRT

Over time the IRT has grown to become commonly
available in the medical industry. In flap preparation and
processing, IRT provides a non-ionizing, non-invasive way
of determining the position and efficiency of the perforator
and therefore assists in making surgical decisions in real
time. This will ensure better quality and more effective
processes, and possibly enhance patient results [74].

Cons of IRT

First, IRT just delivers perforator position info, in contrast
to morphology and physiology. Secondly, any anatomical
details supplied are in the form a superficial, 2-dimensional
chart. It’s remaining essential for the surgeon to retain an
in-depth awareness of the local vascular and flap anatomy
while viewing such photos. However, IRT is not commonly
accessible at present, and few people are educated in its

application [74].

Appraisal of Indocyanine green-
fluorescence angiography (ICG-FA)

A modern laser-assisted near-infra-red angiography
technology with intravenous indocyanine green (ICG) dye
will greatly increase the immediacy and precision of the
flap perfusion evaluation[75] Imaging using a near-infrared
camera network and ICG as a laser-induced fluorescent
symbol for the depiction of arteries such as the retinal
arteries and anastomoses in cardiac bypass surgery[76]
ICG angiography has also been recorded to be efficient for
flap blood circulation identification and bile and lymphatic
flow visualization[75].

Preferably, ICG angiography imaging should be done during
the architecture of the flap and require localization of the
perforator vessels underlying it. The flap is then constructed
depending on the position and scale of the vessel, since the
picture may be replicated after dismemberment to test
flap perfusion. Suppose that, image may be done at the
time of perforator assortment to determine flap perfusion,
where the required perforators are retained and the residual
perforators can be provisionally clamped. If considered
ineffective, clamps are detached and pick supplementary or
alternative vessels. Imaging can identify flap perfusion after
transition during microsurgery and assess blood flow inside
the anastomosis[77].

Pros of ICG-FA

ICG-FA may be useful in intra-operatively testing the
perfusion of pedicle perforator flaps by defining areas of
reduced infusion. When clinical findings such as sufficient
bleeding from the boundaries of the wound deny this info,
resection of the tissue may be suspended to allow perfusion
stabilization [78] ICG-FA will provide a more detailed
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picture of the specific region where a pedicle (angiosome)
or an actual perforator (perfisome) perfuses. ICG-FA could
make for better choice of perforators and likely reduce
the occurrence of partial flap failure[77] In autologous
breast reconstruction with microvascular-free flaps, ICG-
FA has helped to minimize post-operative fat necrosis
by enabling visualization intra-operatively of the degree
of critically perfused regions that require resection[79]
ICG angiography can be beneficial for pre-operative flap
choice preparation and for intra-operative / post-operative
evaluation of flaps utilized in reconstructive surgery. It has
the ability to be advantageous in making judgments on
replantation operation, surgical debridement in accident
or cancer treatment, and also in deciding amputation rates.
ICG angiography is a novel plastic surgeon innovation for
evaluating perforators, angiosomes, and flap perfusion,
all of which are central to plastic surgery values; offering
reconstructions that reduce recipient morbidity and
enhance clinical results[77].

Cons of ICG-FA

The main drawback of ICG-FA is that its precise only as a
snapshot in time. Consequently, forecasting flap ischemia
may not be hundred percent reliable due to certain causes
such as geographic vasospasm, post-operative edema,
dressings and non-compliance with patients [77] While
there is no precise vital perfusion index rating, a filling flaw
shown from ICGA on a pedicle flap during restoration
can allow alteration of the surgical strategy to avoid flap
impediments pro-actively[80].

Comparison of CTA and MRA

Over a 15-second breath-hold journey through the bore
of the CT scanner, regular scanners rapidly obtain 0.5
mm on any photo resolution pictures. In other words, the
tissue volumes shown on each picture are 0.5x, 0.5x, 0.5
mm in any plane of obliquity. This is enough resolution
to study entirely major coronary artery sections. Plaque
with and without calcium can be quantified under optimal
conditions as none, slight, temperate and severe.

CTA's benefit over MRA is that it can more correctly
portray tiny vessels and particularly perforators. That’s
why computed tomography angiography is dominatingly
utilizing in the perforator-flap scan, where the perforators
route and volume are of big significance for the medical
procedure [32, 33]. MRAs primary benefits above
computed tomography angiography are “it is the absence
of patient experience with ionizing radiations and need to
utilize the probable nephrotoxin contrast-medium [61, 66].

Comparison of color Doppler ultrasound
(CDUS) and computed tomography
angiography (CTA)

Feng, et al. has made a comparison between CDUS
and CTA for their unwavering quality and affectability
in identifying the perforator’s area precisely [81] They
indicated that in identifying the location of dominant
perforators, the preoperational CDUS accuracy rate is
95 percent and the CTA accuracy rate is 82.5 percent
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which is lower as compared to CDUS. Nevertheless, this
disparity wasn’t statistically substantial. The mean error
(ME) value of CDUS findings was 1.11 + 1.29mm,
while the ME value of CTA was 2.55 + 2.63mm which
are noteworthy statistical contrast. Contrarily, the period
required for analyzing the pictures utilizing CTA is 27.2
+ 1.77 min recorded lower than the period for CDUS is
34.83 + 3.55 min. the achievement of CDUS have been
straightforwardly associated with the radiologist's skill;
however, for CTA, the same haven’t been true [81]

Metal implants in CTA pictures are recognized to create
artifact formation, but this does not concern to CDUS.
On the other side, Doppler ultrasound is an inexpensive
method in contrast to CT angiography [81] Thus, Feng et
al. proposed using CDUS in skilled hands rather than CTA

to locate perforators better, and it is also less costly [81] .
Comparison of CDS, CTA and MRA

CDS is noninvasive and gives 3D anatomy around vessels
[43] but it is only can be performed by a skillful person who
require to enough experience of flap surgery. Additionally,
its less reproducible because of its real-life dynamics[33,51]
Only in specific cases, for example, in situations where CT
angiography and MR angiography are inadvisable or where
there’re particular inflows inside the vessel, should CDS be
used as the main mapping method [2].

Comparison of DSA, CDS, CTA, and MRA

With the implementations of color duplex ultrasound,
computed tomography angiography, magnetic resonance
angiography, the DSA’s needed as an essential mapping tool
in free-flaps preparation seem to fade. It is more invasive,
requiring a dose of radiation and utilization of iodinated
contrast-medium in comparison to CDS and MRA.
Moreover, it's only generate two-dimensional pictures, and
eventually, there might be false aneurysm take place [2].

Comparison of IRT, Doppler ultrasound,
ICG-FA, MRA and CTA

IRT is a 2-dimensions map. IRT is usable with CTA
and MRA, in comparison to 3D modeling [74] It is also
necessary to remember that IRT can only include details to
a certain extent, in addition to having a two-dimensional
map(74] It is mean that perforators in subcutaneous tissues
may not be identified further from the skin surface, and
thus may be unnoticed in flap planning via IRT. CTA is
superior at recognizing those perforators [82] Doppler
ultrasound is operator dependent for perforator detection

and high inter-user variability, with limited responsiveness.
MRI, ICG angiography and CTA are costly, need the usage
and interpretation of proper instruction, and involve the
usage of contrast and/or ionizing radiation. MRI and CTA
do not have any perforator consistency details and can’t be
utilized for intra-operative or post-operative surveillance
[83]. In addition, MR and CT are timewasting and based
on the availability of scanners and awaiting catalogs, which
need feedback from radiology for analysis which reporting.
In contrast, the operational surgeon can perform and
interpret IRT either pre-operatively or in a preliminary
clinical setting, and it just takes five min to perform once
people are primarily skilled. Consequently, IRT offers
a faster, less intrusive skin perfusion evaluation process,
deprived of the hazards related with ionizing radiation and
contrast injection [84].

CONCLUSION

Before free flap transfer, preoperative imaging of perforators
is a crucial step to take in order to minimise problems and
maximize flap harvesting. Currently, pertinent details
on the presence, origin, course, dimension, and traits of
the perforators and of their feeding tubes are available.
This review illustrated the pros, cons and comparison
of different methodologies used in perforator vascular
localization assistant. All the methodologies have their own
pros and cons but surgeon can choose the suitable method
to assist localization of vascular perforator flap according
to the place and type of flap which is going to harvest.
In comparison to all methodologies, CDS is invasive,
more reliable, less expensive, and easy to locate vascular
perforator flap. However, further studies need to find out
novel methodology which can overcome the disadvantages
of present techniques.
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