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I. LIST OF ABBREVATIONS

ALT: anterolateral thigh flap

CTA: computed tomographic angiography
ICG: indocyanine green

ASIC: anterosuperior iliac crest

DAP: distance between ASIC and patella
DIEP: deep inferior epigastric perforator flap
SGAP: superior gluteal artery perforator flap
TAP: thoracodorsal artery perforator flap
IGAP: inferior gluteal artery perforator flap

TMG: transverse musculocutaneous gracilis perforator flap
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1. INTRODUCTION

The anterolateral thigh flap (ALT) described by Song et al. in 1984 [1] is a perforator flap
harvested from the anterolateral side of the thigh. This fasciocutaneous flap is vascularized
by one or more septo- or musculocutaneous perforator, originating from the descending

branch of the thigh lateral circumflex artery.
It has become increasingly popular due to its versatility and minimal donor-site morbidity [2].

But the perforators present considerable anatomical variation [3] and their locations are

difficult to predict preoperatively.
Perforator topography was classified by Shieh [4] et al. according to origin and direction:
e type 1: musculocutaneous perforators with vertical direction, originating from the

descending branch of the lateral circumflex artery (56.8%);

» type 2: musculocutaneous perforators with horizontal direction, originating from the

transverse branch of the lateral circumflex artery (27%);
* type 3: septocutaneous perforators with vertical direction, originating from the descending
branch of the lateral circumflex artery (10.8%);

* type 4: septocutaneous perforators with horizontal direction, originating from the transverse
branch of the lateral circumflex artery (5.4%).

Musculocutaneous perforators are more difficult to dissect and a magnifying lens is

recommended.

In most cases (93%), perforators are found inside a circle drawn around the middle of a line

drawn between the anterosuperior iliac crest and the superolateral edge of the patella [5].

Imaging is strongly advised, although some surgeons consider that careful surgical

exploration is sufficient.
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Accurate perforator mapping reduces operating time, especially when there are no
perforators in a thigh (5.4% of cases [6]) and another flap has to be used instead. Another
merit of this pre-surgical assessment is that, depending on the location of cutaneous
perforators, the flap design can be customized preoperatively to meet reconstructive

requirements [7].

A variety of methods are used to identify perforators: acoustic Doppler, color Doppler,
magnetic resonance angiography [8], computed tomographic angiography (CTA), recovery-

enhanced thermography [9].

Hand-held Doppler has been used for decades to plan flap surgery [10]. It is inexpensive,

portable, and rapid. But the origin, direction, and caliber of perforators cannot be determined.

Color Doppler flowmetry offers accurate information on the number and location of
cutaneous perforators [11]. It is time-consuming (30 to 40 min) and the machine is expensive.
The surgeon harvesting the flap is the most apt at performing an accurate and practical flap

assessment; furthermore this assessment requires experience.

CTA is considered to be the "gold standard™" examination because of its availability, and
precision in identifying perforators (number, type, location, caliber).

CTA is more specific than Doppler to locate perforators [12,13]. Doppler cannot

differentiate superficial vessels running within the subcutaneous tissue from real perforators.

CTA reduces the inter-observer variability, which is high with Doppler.

Near-infrared angiography with indocyanine green (ICG) dye seems to be an interesting
technology for perforator detection. But in France, it is not validated yet for this indication.

ICG is widely used in ophthalmology, cardiology, hepatology. In plastic surgery, it has been
used mostly to assess flap perfusion [14]. Its ability to localize skin perforators was also
demonstrated [15]. Its accuracy has not been yet verified in clinical practice, and compared
with CTA or Doppler. The authors of one study found a full correlation among perforators
identified with near-infrared fluorescence angiography, x-ray angiography, and anatomic
dissection, on 8 pigs [16].

In a cadaveric study, we assessed the effectiveness of ICG angiography for the detection
and location of ALT perforators and compared it with anatomic dissection and CTA.
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1. MATERIAL AND METHODS

22 cadaveric thighs (11 cadavers) were studied (Table I).

The age of cadavers ranged from 64 to 97.

Cadavers
Age (years) 824+96
[64 ; 97]
Weight (kg) 72.2+158
[45 ; 90]
Height (cm) 173.7+10.5
[155 ; 189]
DAP (cm) 442+13
[42 ; 46.5]
Cadaver state
Good 4 (18.2 %)
Medium 14 (63.6 %)
Damaged 4 (18.2 %)
Artery quality
Normal 16 (72.7 %)
Calcified 6 (27.3 %)

Table I: Cadaver characteristics. Average = SD (range).

They were embalmed by an injection of Arthil 26® through the carotid artery. This product

contains 3% of formaldehyde, ethanol, glycerin, and eosin.
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It was followed by venous drainage of Arthil 26® through the jugular vein.

The cadavers were immersed in a large tub with a mixture of formaldehyde, ethanol, and
glycerin for 15 days to complete preservation.

Then the cadavers were kept in a fridge at 4 degrees for 3 to 4 months before use.
None of the cadavers used had any scar from a previous thigh surgery.

We drew up a binary classification of arteries according to their calcification degree. Good

arteries were labeled zero and calcified arteries one.

The quality of cadavers was labeled zero when the body was very well preserved, one for a
medium preservation, and two for a damaged body.

We considered that the state of preservation was good when soft tissues were flexible and
easy to dissect. On the contrary, damaged bodies were those with more rigid tissues.

Cadavers were put in the supine position.

The line between the anterosuperior iliac crest (ASIC) and the superolateral edge of the

patella was drawn with a marker pen, and also the inguinal ligament outline.

A minimal dissection was performed in the femoral triangle (of Scarpa) to expose femoral

vessels.

This triangular area is limited above by the inguinal ligament (between ASIC and pubic
spine), laterally by the sartorius muscle, and medially by the adductor longus. The apex of this

triangle is formed by the intersection of these two muscles.

The femoral nerve, femoral artery, and femoral vein are located under the skin and the

femoral fascia.

The skin was incised vertically just below the inguinal ligament. The proximal end of the
femoral artery was exposed and catheterized with a silicone tube and a three-way tap. The

tube was fixed with a purse-string suture (Figure 1).

Saline was injected to test the permeability of the artery and the absence of leakage.
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This catheter was used for ICG angiography and for CTA.

Figure 1: a. drawing for incision, b. material, c. exposure of the femoral artery, d. incision of
the femoral artery, e. purse-string suture, f. silicone tube fixed in the femoral artery.
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1) ICG angiography

The cadavers are kept in the supine position. The Fluobeam® system hand probe was placed
20 to 40 cm above the skin, on an articulated arm. 4ml of Infracyanine® (5mg/ml) were
injected, followed by 20 ml of saline. Fluobeam® system recording was started at the same

time (Figure 2).

Images and data were recorded on a dedicated computer (Fluobeam® FB 800, Fluoptics,

Grenoble, France). After two seconds, perforators appeared as fluorescent spots on the thigh
(Figure 3).

Figure 2: a. cadaver in the supine position with the Fluobeam fixed over the thigh, b.

Fluobeam system recording begins, data is stored on a dedicated computer.

The location of each perforator was marked immediately by a cross on the skin.

Each perforator was located according to an orthogonal plan defined by the ASIC-patella line
and a perpendicular to this line. The (x,y) coordinates were measured in centimeters (Figure
4).
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Figure 3: fluorescent spots on the thigh corresponding to perforators.

The femoral artery was rinsed with saline and 4ml of contrast iodine were injected afterwards.

Figure 4: each perforator was located by coordinates (x,y), x corresponding to the thigh
anatomic axis and y to its perpendicular. Measures were in centimeters.
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2) CTA

The thighs were detached above the ASIC and below the knee to keep our marks.
The popliteal artery was ligatured to prevent leaking below the knee.

CTA was performed with a Phillips Brillance 64 CT scan. 20 ml of iodine solution, diluted to
one third, were injected (Omnipaque, 350mg I/ml) in the catheter. Images were reconstructed
in MIP (maximum intensity projection) and VRT (volume rendering tissue) and analyzed by
the same radiologist (FT). The collimation was 0.67mm and the slices were 1mm thick, with a

specific program for perforators (Phillips Portal station).

The perforators were located using the same marks as for ICG angiography (Figure 5).
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Figure 5: each perforator detected by CTA was defined by coordinates (x, y) with the same
marks used for angiography. a. reconstruction of arterial femoral vessels, b. two perforators
located on the thigh by the radiologist, c. transversal slice, the perforator can be seen just
under the skin d. measurement of coordinates of the first perforator artery (22.3 ; +1.1), e.
transversal slice, perforator with an intramuscular path, f. measurement of the second

perforator artery coordinates (29.7 ; -2.2).
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3) Cadaveric dissection

After ICG angiography and CTA, thighs were dissected at the anatomy laboratory.

The incision was made on the medial side of the thigh and went through skin, subcutaneous
tissue, and muscle fascia. The deep layer of the flap was dissected medially carefully to
expose skin perforators. Once the perforator was identified, its projection was marked with a
pen on the skin. It was localized using the previous marks (ASIC-patella). The (X.y)
coordinates were measured in centimeters (Figure 6).

Perforators with a diameter inferior to 1mm were excluded.

Figure 6: cadaveric dissection. The dissection was performed under the fascia to find
perforators the projection of which was then marked on the skin by a cross.

The localization of perforators determined by CTA and fluorescence was compared with the
gold standard given by anatomical dissection.
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We used the Chi2 test or Fisher’s exact test (when Chi2 could not be used) to evaluate the
number of perforators identified by each examination, and the correlation between these
methods and anatomical dissection.

Sensitivity, specificity, positive predictive value, and negative predictive value were
measured according to the recorded data.

The concordance correlation coefficient was calculated with a Kappa test.
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V. Results

Indocyanine green angiography detected 97 perforators on 22 cadaveric thighs, CTA detected
11 perforators. We found 76 perforators with anatomical dissection.

We considered that a perforator detected in CTA or in fluorescence was the same as the one
found by dissection when the difference between coordinates (x,y) was inferior or equal to
0.5cm.

Indocyanine green angiography was correlated to anatomy according to the Chi2 test.

Anatomy ICG angiography
| 0 1] Total
___________ S HY S,
0 | 10 58 | 68
| 22.2 45.8 | 68.0
| 14.71 85.29 | 100.00
| 21.28 59.79 | 47 .22
___________ S HY S,
1] 37 39 | 76
| 24.8 51.2 | 76.0
| 48.68 51.32 | 100.00
| 78.72 40.21 | 52.78
___________ S HY S,
Total | 47 97 | 144
| 47.0 97.0 | 144.0
| 32.64 67.36 | 100.00
| 100.00 100.00 | 100.00

Pearson chi2(1)
Fisher®s exact
l1-sided Fisher®"s exact

18.8460 p = 0.000

I
o
o
o
o

Table II: sensitivity and specificity of indocyanine green angiography are in green. p<0.05
shows that anatomy and ICG angiography are correlated.

The sensitivity of indocyanine green angiography was 51.3%.

Its specificity was 14.7% (Table I1).
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The positive predictive value was 40.2% and the negative predictive value was 21.3%.

CTA was not correlated with anatomy. We cannot reject the independence of these two
techniques, according to the Chi2 test (p>0.05).

The sensitivity of CTA was 3.9% and the specificity was 88.2% (Table I1I).

The positive predictive value was 27.3% and the negative predictive value was 45.1%.

Anatomy CTA
| 0 1] Total
___________ e e e e e
0 ] 60 8 | 68
| 62.8 5.2 | 68.0
| 88.24 11.76 | 100.00
| 45.11 72.73 | 47 .22
___________ e e e e e
1] 73 3] 76
| 70.2 5.8 | 76.0
| 96.05 3.95 | 100.00
| 54 .89 27.27 | 52.78
___________ e e e e e
Total | 133 11 | 144
| 133.0 11.0 | 144.0
| 92.36 7.64 | 100.00
| 100.00 100.00 | 100.00
Pearson chi2(l) = 3.1086 p = 0.078
Fisher®"s exact = 0.115
1-sided Fisher®s exact = 0.073

Table 111: sensitivity and specificity of CTA are in green. p>0.05 shows that anatomy and
CTA were independent.

There was no correlation between angiography and CTA (p>0.05) with Fisher’s exact test.
These two exams were independent (Table 1V).

24



1CG

Angio. CTA

| 0 1] Total
___________ e e e e e
0 ] 43 4 | 47
| 43 .4 3.6 | 47 .0
| 91.49 8.51 | 100.00
| 32.33 36.36 | 32.64
___________ e e e e e
1] 90 7 1 97
| 89.6 7.4 | 97.0
| 92.78 7.22 | 100.00
| 67.67 63.64 | 67.36
___________ e e e e e
Total | 133 11 | 144
| 133.0 11.0 | 144.0
| 92.36 7.64 | 100.00
| 100.00 100.00 | 100.00

Pearson chi2(l) = 0.0752 Pr = 0.784

Fisher®s exact = 0.749

1-sided Fisher®s exact = 0.510

Table 1V: correlation between ICG angiography and CTA (p>0.05). ICG and CTA are
independent.

The concordance correlation coefficient evaluated with a Kappa was very low (<0.00) (Table
V).

Indocyanine green angiography was more concordant with anatomy than CTA. ICG
angiography is more effective to locate perforators.

Anatomy ICG angiography
| 0 1] Total
___________ S HY S,
0 | 10 58 | 68
1] 37 39 | 76
___________ S HY S,
Total | 47 97 | 144
Expected
Agreement Agreement Kappa Std. Err. Z Prob>z
34 .03% 50.96% -0.3454 0.0796 -4.34 1.0000
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Anatomy CTA

| 0 1] Total
___________ S HY S,
0 | 60 8 | 68
1] 73 31 76
___________ S HY S,
Total | 133 11 | 144
Expected
Agreement Agreement Kappa Std. Err. Z Prob>z
43.75% 47 .65% -0.0744 0.0422 -1.76 0.9611

Table V: concordance correlation coefficient of ICG angiography and CTA with anatomy.

We evaluated the relationship between the cadaver's state and results.
22.7% of perforators were found by ICG angiography when the cadaver was well preserved,
58.6% for a medium preservation, and 18.6% for damaged bodies (Table VI).

ICG angio. Cadaver state

| 0 1 21 Total
___________ S U SYp PR
(O | 8 30 9 | 47
| 9.8 28.4 8.8 | 47.0
| 17.02 63.83 19.15 | 100.00
| 26.67 34.48 33.33 | 32.64
___________ S U SYp PR
1] 22 57 18 | 97
| 20.2 58.6 18.2 | 97.0
| 22.68 58.76 18.56 | 100.00
| 73.33 65.52 66.67 | 67.36
___________ S U SYp PR
Total | 30 87 27 | 144
| 30.0 87.0 27.0 | 144.0
| 20.83 60.42 18.75 | 100.00
| 100.00 100.00 100.00 | 100.00

Pearson chi2(2) = 0.6271 p =0.731
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CTA Cadaver state

| 0 1 21 Total
___________ S E U
0| 27 81 25 | 133
| 27.7 80.4 24.9 | 133.0
| 20.30 60.90 18.80 | 100.00
| 90.00 93.10 92.59 | 92.36
___________ S E U
1] 3 6 2 | 11
| 2.3 6.6 2.1 | 11.0
| 27 .27 54 .55 18.18 | 100.00
| 10.00 6.90 7.41 | 7.64
___________ S E U
Total | 30 87 27 | 144
| 30.0 87.0 27.0 | 144.0
| 20.83 60.42 18.75 | 100.00
| 100.00 100.00 100.00 | 100.00

Pearson chi2(2) = 0.3070 p = 0.858

Table VI: number of perforators detected with ICG angiography or with CTA in well-
preserved, medium preservation, or damaged body.

27.3 % of perforators were detected with CTA when the cadaver was in a good state, 54.6%
with medium preservation, and 18.2% with damaged bodies.

There was no statistically significant difference. The cadaver's state was not a bias in this
study.
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V. DISCUSSION

ICG angiography localized ALT perforators on cadavers, with a good precision for the
surgeon.
It had a good sensitivity, 51.3%. It allowed detecting very tiny perforators, which are
sometimes, unsuitable for microsurgery. Several perforators were located by ICG on each
thigh, whereas CTA could not always locate perforators.
ICG specificity was low, 14.7%. This can be explained because ICG cannot discriminate
subcutaneous vessels from perforators. That is why we found 97 perforators with ICG and
only 67 in anatomical dissection. All the fluorescent spots did not correspond to perforators.
The concordance correlation coefficient between anatomy and ICG was average. That is to
say the results found with ICG were concordant with anatomical dissection data.

On the contrary, CTA was not effective to map perforators on anatomical pieces.

CTA had a good specificity (88.2%) but a very low sensitivity (3.9%). CTA could
discriminate perforators from others vessels because of its precision. CTA identified
accurately the path and type of perforators. But it did not detect tiny perforators.

In this study, CTA detected only 11 perforators on 22 thighs, whereas in anatomy we always
found one or more perforators on every thigh.

CTA results found were not concordant with those of anatomical dissection. If anatomy was

an imaging technique, CTA could not replace it.

Imaging with a near-infrared camera system and ICG as a laser-induced fluorescent
marker has already been applied to visualize arteries such as retinal arteries and anastomoses
in cardiac bypass surgery [17, 18].

In hepatology, ICG is used to determine hepatic blood flow and the liver functional reserve
[19].

But, ICG angiography is also widely used in plastic and reconstructive surgery.

Preclinical studies performed on animals proved the sensitivity of ICG angiography to map

perforators and to assess flap perfusion.
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Guinta et al reported that areas of postoperative necrosis among randomly harvested flaps in
rats could be accurately predicted by variations in ICG angiography [20]. They randomly
harvested 20 flaps on the abdominal skin of rats and used ICG angiography to record
perfusion indices immediately postoperatively, correlating a lower perfusion index in distal

segments that eventually became necrotic.

Recently, Lee et al reported using ICG to evaluate perfusion of perforator flaps in 20 pigs
[21]. ICG allowed visualization of perforating vessels for the design of 20 deep superior
epigastric artery perforator flaps. After flap elevation, subsequent ICG injections allowed
assessing flap perfusion. The perforator locations were then validated using a bolus of
contrast iodine and X-ray fluoroscopy, proving 100% correlation. The same group examined
an alternate model using the submental perforator flap in pigs, designed on one to three
perforators, and reported reliable identification of submental perforator arteries by ICG [22].

Some authors have reported the use of ICG fluorescence in burn wound assessment, both in
experimental [23, 24] and clinical studies. ICG fluorescence consistently produced an image
of viable dermis and subcutis perfusion, allowing differentiation of spontaneously healing

second-degree burns from burn wounds requiring total excision and grafting [25, 26].

ICG lymphography was used to facilitate lymphaticovenular anastomoses in five patients with

lymphedema of the lower extremities [27].

Clinical use of ICG angiography in free flap monitoring was first described by Holm in
2002 [28]. The evaluation of circulation by ICG angiography was possible for all flaps in this
series of 20 patients who underwent microvascular tissue transfers. Intraoperative dye-filling
defects are always a warning signal, indicating inadequate perfusion in parts of the flap (two
complications were reported in this study: one partial and one total flap loss).

Many studies were published on the intraoperative use of ICG angiography for flap perfusion
[29-32], transit time [33], anastomoses [34, 35], perfusion zones in DIEP [36] or in SIEA
flaps (superficial inferior epigastric artery) [37], and flap venous congestion [38]. The
sensitivity of ICG angiography was proved in all these indications.

On the contrary, few reports were published on perforator detection with this technique.
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Azuma et al. [39], in its series of 14 perforator-based island flaps, showed the sensitivity
of ICG in preoperative perforator mapping. A pedicled island flap was planned using the
perforator(s) thus detected. During surgery, the perforators were investigated and the
correlation between the location of the anatomically identified vessels and the one predicted

by indocyanine green angiography was confirmed.

ICG is a fluorescent substance that displays a maximum absorption at 805 nm and a
maximum emission at 835 nm upon excitation by laser or light-emitting diode [40].

Light at a wavelength of 800 nm in the near-infrared range is minimally absorbed by water or
hemoglobin and is not scattered by tissues [41], which allows excellent visualization of blood
vessels within the deep dermal plexus and subcutaneous fat.

Blood vessels can be outlined down to 2 cm below the skin surface, which corresponds
approximately to the fascia in lean patients.

After intravenous injection of ICG, the resulting fluorescence was recorded with a digital
video camera using an infrared filter. Perforator location was then marked on the thigh skin

with a marker pen.

Precise visualization of perforators with indocyanine green angiography is achieved by the
high resolution (6 million pixels and 60 frames/second) of the new video camera system.
Blood flow was clearly visualized on the skin because ICG angiography is a dynamic exam.
In addition, this system has the advantage of low background noise because a light- emitting
diode is used as the excitation light source.

This imaging technique is interesting because it can be performed in the patient’s room or in
the operating room by the surgeon just before surgery. The only requirement is to isolate the
patient and the camera from the daylight.

Thus there is no need for the patient to come another day for an exam. This is a considerable

gain of time.
Infracyanine® is injected directly in the veins. In adults, the toxic dose is over 0.5mg/kg

and the lethal dose is over 50mg/kg in rats and rabbits.
The average injected dose to perform ICG angiography is 25mg for a 70 kg adult.
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Infracyanine®, which is marketed by Serb, does not contain iodine and thus there is no
contraindication except for pregnancy or breast-feeding.

But there have been very few reports of anaphylactic reactions to ICG (incidence of 1 in
42,000) with the others pharmaceutical products, and their use is contraindicated only in
patients with iodine allergy [42-45].

Other adverse effects were reported such as sickness, vomiting, hot flushes, cutaneous rash,
pruritus.

A temporary coloration of teguments can be observed in case of accidental para-venous
injection.

Unlike CTA, ICG angiography is not radiant.

In this study, cadavers were not in very good state and the comparison between ICG
angiography and CTA was difficult to establish.
Calcified arteries were difficult to inject, because of leaks around the catheter.
The lack of blood flow required high-pressure injections.
But according to our results, we cannot say that the cadavers’ state was a real bias for the
study.
Unlike CTA, ICG angiography allowed locating many perforators, notably those with a very
tiny caliber.
CTA is not a good exam for perforator mapping on anatomical pieces.
But these results should be considered cautiously because of the difficulty to perform these
two techniques on cadavers.
No clinical or preclinical study was published to compare ICG angiography with CTA in
perforator mapping.
This could be explained by the fact that it is difficult to perform several invasive exams on the
same patient. CTA is radiant and injection of iodine solution can cause anaphylactic reactions.

Although the ALT flap is a widely used and highly successful reconstructive technique,
improved preoperative awareness of individual anatomy may significantly improve operative
outcomes.

Perforator-based flaps have been widely used over the past decade, and there is an increasing
demand for better selection of donor sites, a shorter operating time, and smaller flaps.

Therefore, the precise detection of perforators preoperatively has become more important than
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before.

A lot of imaging techniques are used for ALT perforator mapping.
Accoustic Doppler, colour Doppler, magnetic resonance angiography [8], computed
tomographic angiography (CTA), recovery-enhanced thermography [9] have all been used

clinically to this end.

A 2006 study evaluated the accuracy of handheld Doppler assessment for predicting the
presence of perforators for anterolateral thigh flap planning. Handheld Doppler evaluation
was found to be overly sensitive, to have poor specificity, and to localize perforators
inaccurately [46].

MRA presents several advantages. It works with magnetism instead of radiation and,
depending on the software used, can be used without a non-iodine contrast medium, making it
a relatively safe procedure for the patient [47]. MRA produces a 3D image, which allows
surgeons to accurately assess the course and diameter of the vessels and their relation to other
surrounding structures, prior to surgery [48, 49], like the CTA.

The reported disadvantages of MRA are its relatively high costs. Furthermore, it cannot be
used in claustrophobic patients or patients with implants containing ferrous metals because
these produce scattering or can cause severe damage to the scanner, if they are magnetic.
Further, compared with CTA, the depiction of smaller perforators is less accurate with MRA
(vessels up to 1.0 mm in MRA vs. 0.3 mm in CTA) [50].

CTA is the "gold standard" because of its specificity [12,13] compared to Doppler.

It can precisely describe the perforator direction, their caliber, their number, and their type.

Its availability is an asset too.

The two main disadvantages of CTA are: radiation and injection of iodine solution because of

the risk of anaphylactic reactions.

Preoperative imaging in ALT flap is essential to plan perforator flaps although some surgeons

consider that a careful surgical exploration is sufficient.

32



An accurate perforator planning reduces the operating time [51]. Another advantage of
preoperative perforator localization is the possibility to customize preoperatively the flap to

respect reconstructive requirements [7].

This study is the first step in the validation of a clinical protocol. The use of ICG
angiography will extend to preoperative, intraoperative and postoperative monitoring:

perforators mapping, anastomoses, skin perfusion monitoring, and flap outcome.
Indocyanine green angiography, a new imaging technology seems to be promising for the

preoperative mapping of perforators in ALT flap. This technique could replace the CTA in

this indication.
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Indocyanine green angiography in preoperative perforators mapping for anterolateral
thigh flap: anatomical study.

Theése soutenue par Clotilde OCHALA

CONCLUSION

ALT flap, described by Song, is widely used in plastic and reconstructive surgery. A
precise perforators planning reduces operating time and allows adapting precisely the flap to
the reconstructive requirements. In a cadaveric study we evaluate the efficiency of the ICG
angiography in the detection and the location of ALT perforators compared with anatomic
dissection and CT angiography (CTA).

22 cadaveric thighs were studied. The line between the anterosuperior iliac crest (ASIC)
and the superolateral edge of the patella was drawn with an indelible pen as well as the
inguinal ligament. First, an indocyanine green angiography was performed to locate
perforators on each thigh. Secondly, CTA was performed and perforators were characterized
by coordinates (x,y) according to the previous line. And last, thighs were dissected to detect

perforators. The results of imaging were compared with dissection findings.

Indocyanine green angiography detected 97 perforators on 22 cadaveric thighs, CTA 11
perforators. With anatomical dissection we found 76 surgically useful perforators. ICG
angiography sensitivity was 51.3%; its specificity was 14.7%. CTA sensitivity was 3.9 % and
its specificity was 88.3%. The concordance correlation coefficients between CTA or ICG
angiography and anatomy were low; a little bit better with ICG angiography. The cadaver
quality did not interfere on the results (p>0.05).

Indocyanine green angiography, a new imaging technology was promising in preoperative
mapping of perforators in ALT flap. This technology could supplant the CTA in this
indication. The accuracy of ALT perforators detection with ICG angiography is sufficient for
the surgeon. It had a good sensitivity, which allows locating perforators with a tiny calibre.
But its specificity was low, probably due to its inability to differentiate subcutaneous vessels

from perforators. CTA was not adapted in locating ALT perforators on anatomical specimens.
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Its sensitivity was very low and its agreement with anatomy was very bad. The concordance
correlation coefficient between anatomy and ICG was better than the one between anatomy
and CTA. ICG angiography is widely used in plastic surgery mostly to check the intra-
operative perfusion of the flap. This exam is inexpensive and not radiant. A lot of methods are
used in ALT perforators mapping: Doppler, MRA, CTA... ICG angiography has not been
compared with CTA. But these results should be considered cautiously because of the

difficulty to perform these two techniques on cadavers.

A clinical study should be essential to confirm the place of ICG in ALT perforators mapping.
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