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INTRODUCTION
Perforator-based fasciocutaneous flaps such as the 

anterolateral thigh (ALT) flap are versatile and are 
increasingly utilized in reconstructive surgery. Since it 

was first described by Song et al in 1984, the ALT flap has 
emerged as a workhorse flap for soft tissue reconstruction 
of the head and neck, extremities, and groin because it has 
minimal donor site morbidity, a long and sizeable pedicle, 
and provides desirable skin and fascia for coverage.1–6 The 
ALT Flap is harvested in the region between the anterior 
superior iliac spine (ASIS) and the superolateral patella. 
An incision is made along the rectus femoris and the sur-
rounding tissue is dissected until the perforating vessels 
supplying the ALT flap can be exposed. The perforating 
vessels are then dissected to their proximal origins in the 
lateral circumflex femoral (LCFA) system, resulting in a 
mean pedicle length of 12 cm, although the size may vary 
according to the flap design.7,8

The perforating vasculature supplying the cutaneous 
territory of the ALT is highly variable and perforators 
must be carefully dissected using a meticulous technique 
to avoid damage. Familiarity with the variable anatomy 
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Background: The anterolateral thigh (ALT) flap is a commonly utilized perfora-
tor-based flap in reconstructive surgery. Although previous studies have used vari-
ous angiographic techniques to preoperatively image ALT perforators, none have 
investigated the efficacy of noncontrast magnetic resonance imaging (MRI). Our 
study investigates the efficacy of our institutional fat suppression noncontrast MRI 
sequence to characterize the number, location, and course of dominant skin per-
forators in the ALT for preoperative planning.
Methods: We queried our institutional database for 100 noncontrast thigh MRIs 
from July 2013 to July 2018 that included an axial fat suppression sequence with 
visualization from the lesser trochanter to the distal musculotendinous junction of 
the rectus femoris. Perforator course, size, and location relative to bony landmarks 
were determined.
Results: Of the 100 examinations, 70 included bilateral thighs for a total of 170 
thighs for perforator analysis. An estimated 277 perforators were identified, of 
which 101 were septocutaneous (36.5%) and 176 were musculocutaneous (63.5%). 
An average of 1.63 perforators were visualized in each thigh (min, 1; max, 4). The 
average perforator diameter at exit from the anterior thigh compartment fascia 
was 2.5 mm (SD, 0.5). Perforator exit location along the anterior superior iliac 
spine- or lesser trochanter-patella line could be determined for n = 57 perforators 
and mapped into 3 predictable clusters.
Conclusions: At least 1 perforator was found in each of 170 thighs imaged. 
Perforator course, size, and location measured with noncontrast MRI are con-
sistent with prior literature. Noncontrast MRI is a low-morbidity imaging modal-
ity that may serve as an effective tool in preoperative planning of the ALT flap. 
(Plast Reconstr Surg Glob Open 2020;8:e3174; doi: 10.1097/GOX.0000000000003174; 
Published online 22 October 2020.)
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and with surgical techniques of intramuscular perforator 
dissection is critical for flap survival. In a majority of cases, 
the perforator supply to the ALT originates from the 
descending branch of the LCFA but, in some cases, perfo-
rators originate from the oblique, transverse, or ascending 
branches of the LCFA.9 Perforators to the ALT are also 
variable in course and can travel through muscle (muscu-
locutaneous) or through the intermuscular septum (sep-
tocutaneous) before exiting the fascia.10 Septocutaneous 
perforators can be more easily exposed between the rec-
tus femoris and vastus lateralis, while musculocutaneous 
perforators are more technically demanding and time-
consuming to dissect safely. In some cases, it has been 
reported that no perforating vessels from the descending 
branch could be identified during flap harvest, requiring 
abandonment of the ALT for an alternative flap donor.11

Identification of suitable perforators and determina-
tion of perforator characteristics facilitates preoperative 
planning. Various techniques are used in preoperative 
evaluation of the ALT to determine perforator location, 
course, and branching pattern. Two commonly employed, 
nonimaging techniques used to localize perforators 
include handheld pencil Doppler ultrasound (commonly 
referred to as Doppler) and the ABC system described by 
Yu and Youssef, in which the letters A, B, and C describe 
the three different positions of perforator exit.12 Color 
Doppler ultrasound is another informative type of imag-
ing in which colors are superimposed on moving blood 
and can indicate the direction and speed in which blood 
is flowing. This can reliably identify areas of high blood 
flow and can help identify perforators. Doppler and the 
ABC system can localize perforators but do not provide 
information about perforator course, size, or branching 
pattern. Scanning with Doppler starts halfway along the 
line between the ASIS and patella (A-P line), and perfora-
tors are marked along the A-P line. Although Doppler is 
sensitive and accurate in thin patients, it is less reliable in 
obese patients.12,13 Yu and Youssef’s ABC system does not 
require imaging or Doppler to determine perforator loca-
tion.12 Based on a study of 100 free ALT flaps over a 2-year 
period, Yu and Youssef12 found that 3 perforators (A, B, 
and C) can be routinely identified using mini-Doppler. 
They found that the B midpoint perforator is 1.5 cm lat-
eral to the midpoint of the A-P line and that A and C per-
forators are 5 cm proximal and distal to the B perforator.12 
Although these are excellent techniques used to facilitate 
localization of perforators, they do not provide informa-
tion about perforator size, course, or branching pattern.

Compared with using the Doppler or the ABC system, 
preoperative imaging of the ALT may be more useful 
because it provides this additional information beyond 
perforator number and location, including branching 
pattern (originating from the transverse, oblique, or 
descending branches), course (septocutaneous versus mus-
culocutaneous), and size. Imaging techniques that allow 
for visualization of perforating vessels in the ALT include 
digital subtraction angiography, computed tomography 
angiography (CTA), and magnetic resonance angiogra-
phy (MRA).14,15 All of these techniques require contrast 
injection, which poses the risks of vascular damage, renal 

damage, and allergic reactions.16,17 Contrast medium may 
also has a vasoconstricting effect, decreasing the accuracy 
of vascular diameter and small-caliber vessel course assess-
ment.17 Additional disadvantages of digital subtraction 
angiography include its radiation exposure and inability 
to visualize muscles, nerves, and fat.16,18 Radiation expo-
sure is also a limitation of CTA, which has been used to 
visualize the ALT in other studies.10

Noncontrast magnetic resonance imaging (MRI) cir-
cumvents the risks of radiation and contrast injection and 
has previously been used to visualize vasculature in abdom-
inal perforator flaps for breast reconstruction.19 For ALT 
visualization, previous studies have supported CTA with 
contrast as the preferred imaging modality because it 
can show origin vessels, length, and perforator type the 
most clearly.2 However, no prior studies have investigated 
the efficacy of using noncontrast MRI in assessing perfo-
rators of the ALT. The primary aim of this study was to 
investigate the efficacy of our institutional fat-suppression 
noncontrast MRI sequence to characterize the number, 
location, and course of skin perforators to the ALT flap.

METHODS
Our institutional database was queried from July 2013 to 

July 2018 for 100 consecutive noncontrast thigh MRI exami-
nations (70 bilateral) that included an axial fat suppression 
sequence, with visualization of the region from the lesser tro-
chanter (LT) to the distal musculotendinous junction of the 
rectus femoris. All patients underwent MRI on a 1.5 or 3.0 T 
clinical scanner (GE Healthcare, Waukesha, Wis.) utilizing a 
body or cardiac coil, with the patient scanned in the supine 
position. These scans were ordered for a variety of indica-
tions, but all protocols consisted of coronal and axial fat-sup-
pressed fluid sensitive images (inversion recovery), iterative 
decomposition of water and fat with echo asymmetry and 
least-squares estimation, or T2 fat saturation (T2FS) plus 
axial, sagittal, and coronal proton density weighted fast spin 
echo images. For dedicated perforator scans, high-resolution 
unilateral T2FS images were performed for the extremity of 
interest. Owing to the variable scan indications, parameters 
were also variable. Predominant slice thickness ranged from 
4 to 8 mm with no gap, and the field of view ranged from 
14 to 40 cm. Scans of axial inversion recovery consisted of 
a lower resolution 256 × 192 matrix, while higher resolu-
tions for unilateral T2FS axials were achieved at a 512 × 320 
matrix. We excluded thigh MRIs with contrast as well as those 
that did not capture the region from the lesser trochanter to 
the distal musculotendinous junction of the rectus femoris, 
as these landmarks were necessary references for determin-
ing perforator exit points. In addition, studies with excessive 
edema, fatty infiltration, scarring, or artifact that precluded 
reliable visualization of perforators were also excluded.

Patient demographics were recorded, including age, 
sex, and indication for thigh MRI (Tables 1, 2). All noncon-
trast MRIs were downloaded from our institutional picture 
and archiving communication system and analyzed with 
OsiriX (Pixmeo SARL, Geneva). Images were converted to 
3-dimensional multiplanar reconstructions to visualize the 
axial and coronal planes of perforators exiting the fascia. 
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Perforator characteristics were identified on the axial 
sequence. Attention was focused on the subcutaneous fat 
layer where visible perforators were traced retrograde to 
the fascia back to their source vessel. Perforator location, 
size at the fascia, and course were recorded (Table 3).

Averages and SDs were measured for patient demo-
graphics and perforator characteristics. Perforator course, 
size, and location relative to the ASIS, LT, and patella were 
determined. Perforators that coursed entirely through the 
intermuscular septum between the rectus femoris and vas-
tus lateralis were classified as septocutaneous. Perforators 
that coursed either entirely through muscle or through 
both the intermuscular septum and muscle before exit-
ing the fascia were classified as musculocutaneous.10 The 
site of perforator exit through anterior thigh fascia rela-
tive to the LT was measured for all perforators. For those 
patients who had the ASIS, LT, and patella included on a 
single examination in X-ray imaging, the ASIS-patella dis-
tance was measured from the ASIS to the superior pole of 
the patella. For these patients, the site of perforator exit 
through fascia relative to the ASIS-patella distance was cal-
culated based on the ASIS-LT and LT-patella distances. A 
k-means clustering analysis using R package ggplot2 was 
performed on identified perforators along the LT-patella 
line, with sites of perforator exit partitioned into 3 clus-
ters based on the ABC system.20–23 Descriptive statistics 
were also utilized to characterize the number, size, course, 
and location of perforators. A 2-sample Student’s t test was 
run to determine differences between perforators in each 
leg of patients with bilateral thighs on imaging (Table 4). 
These data were analyzed with a significance threshold of 
P = 0.05.

RESULTS
The study period included examinations performed 

between July 2013 and July 2018. A total of 100 patient 
studies were included, with 70 bilateral thigh studies for 
a total of 170 thighs analyzed. Noncontrast fat-suppressed 
MRIs for 100 patients (58 women and 42 men) met our 
inclusion and exclusion criteria and were analyzed. The 
average patient age in the cohort was 45 (range, 5–81), 

with 58% women and 42% men; the average BMI was 
25.49 (range, 15.1–48.6). Patient demographics are pre-
sented in Table  1. Sample noncontrast MRI algorithms 
based on scan indication are presented in Table 2.

An average of 1.63 perforators were identified per thigh 
(range, 1–4). An estimated 277 perforators in 170 thighs 
were identified and classified as either septocutaneous or 
musculocutaneous. In total, 101 of 277 total perforators 
were identified as taking a septocutaneous course to the skin 
(36.5%), while musculocutaneous perforators were identi-
fied in 176 of 277 total perforators (63.5%). All included 
perforators were able to be traced back to their origin from 
the descending branch of the LFCA. All perforators could 
be traced back through the fascia and into the muscle or 
septum. A septocutaneous perforator is shown in Figure 1 
and a musculocutaneous perforator is shown in Figure 2.

The average perforator diameter at exit through the 
anterior thigh fascia was 2.5 mm (SD, 0.5). The A-P dis-
tance was found in 9 patients, 14 thighs with n = 22 perfo-
rators who had coronal XRs, which included the ASIS and 
patella. The LT-patella distance was found in 12 additional 
patients with a combined n = 59 perforators. All measured 
perforators along the LT-patella line (n = 35) were ana-
lyzed through a k-means cluster algorithm. This analysis 
revealed 3 clusters with an average silhouette of 0.55. The 
cluster closest to the LT consisted of 16 perforators, clus-
ter closest to the patella consisted of 8 perforators, and 11 
perforators grouped in between (Fig. 3).

There were 70 studies in which bilateral thigh examina-
tions were obtained, and of these studies, 113 perforators 
were identified in the right leg, and 112 perforators were 
identified in the left leg. There were no statistically signifi-
cant differences in the number, course, size, and location of 
perforators between legs (Table 4). The number of perfora-
tors was the same on the 2 sides in 53% (37/70) of patients, 
with an average of 1.61 (SD, 0.64) and 1.60 (SD, 0.67) per-
forators in the right and left legs, respectively (P = 0.928). 
Of the 37 patients in which the number of perforators were 
the same in each leg, the course of all perforators (septo-
cutaneous/musculocutaneous) was identical on both sides 
in 59% (22/37) of patients. Perforator size was within 1 mm 

Table 1. Patient Demographics

Female  
(n = 58)

Male  
(n = 42)

Overall  
(n = 100)

Age, y
 Mean 46 44 45
 SD 20 21 21
BMI
 Mean 25.12 26.01 25.49
 SD 6.91 4.27 5.95

Table 2. Patient MRI Algorithms

Indication Coverage Fat-suppressed Fluid Sensitive Morphologic

Hamstring injury Bilateral thighs, lower pelvis Coronal and axial IR or IDEAL Axial PD Coronal PD  
Myositis Bilateral thighs, lower pelvis Coronal and axial IR or IDEAL Axial PD Coronal PD Coronal T1
Dedicated ALT Unilateral thigh Axial T2FS Axial PD   
IDEAL, iterative decomposition of water and fat with echo asymmetry and least-squares estimation; IR, inversion recovery; PD, proton density; T2FS, T2 fat 
saturation.

Table 3. Perforator Characteristics

Total No. patients 100
Total No. thighs 170
Total No. perforators 277 (100%)
 Septocutaneous perforators 101 (36.46%)
 Musculocutaneous perforators 176 (63.54%)
Average No. perforators per leg 1.63 (range, 1–4)
Diameter of perforator exit from fascia, mm 2.53 (SD, 0.50)
Median site of perforator exit relative to ASIS-

patella distance (n = 22 perforators)
0.5
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bilaterally in 100% (37/37) of the cases in which the num-
ber of perforators was the same in each leg. In the subset of 
patients with bilateral thighs and measurable A-P distances 
(5 cases), the relative locations of perforator exit along the 
ASIS-patella line in the right and left leg were 0.50 (SD, 
0.07) and 0.51 (SD, 0.09), respectively (P = 0.837).

Case Example
We describe a case in which perforator locations 

determined by preoperative noncontrast MRI corre-
lated well with Doppler and intraoperative findings. In 
addition, noncontrast MRI detected excessive edema in 

Fig. 1. noncontrast axial t2 fat-suppressed slabbed maximum inten-
sity projection image of the right thigh in a 21-year-old woman for 
evaluation of anterolateral thigh perforator anatomy before surgery, 
demonstrating the course of a prominent septocutaneous perfora-
tor (red arrowheads) arising from the descending branch of the lat-
eral circumflex femoral artery.

Fig. 2. noncontrast MRi axial t2 fat-suppressed slabbed maximum 
intensity projection images of the thigh in a 43-year-old man for 
evaluation of anterolateral thigh perforator anatomy before surgery, 
demonstrating the course of a prominent musculocutaneous per-
forator (red arrowheads) arising from the descending branch of the 
lateral circumflex femoral artery.

Fig. 3. K-means cluster analysis showing sites’ density of perfora-
tor exit between the lt and patella determined by a noncontrast 
MRi for n = 35 perforators. Skeleton adapted from Primal Pictures 
anatomy.tv.

Table 4. Similarities in Perforators Found in Studies with Both Left and Right Thighs (n = 70 Patients)

Perforator Characteristic Right Thigh Left Thigh P

Average No. perforators per thigh 1.61 (SD, 0.64) 1.60 (SD, 0.67) 0.928
Average No. septocutaneous perforators 0.60 (SD, 0.62) 0.57 (SD, 0.62) 0.775
Average No. musculocutaneous perforators 1.01 (SD, 0.77) 1.02 (SD, 0.87) 0.943
Size, mm 2.65 (SD, 0.39) 2.65 (SD, 0.39) 0.976
Location of perforator exit between ASIS-patella (5 studies) 0.50 (SD, 0.07) 0.51 (SD, 0.09) 0.837
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the intended limb for ALT transfer that was not appre-
ciable on physical examination and was not detected by 
Doppler or the ABC system. Because of this, we preopera-
tively decided to harvest from the contralateral limb. In 
this case, preoperative imaging potentially spared a chal-
lenging or impossible attempted harvest from the original 
limb that would not otherwise have been detected until 
intraoperatively.

Clinical History
We now describe the case of a 65-year-old man with a 

history of a left total knee replacement and revision, pros-
thetic joint infection treated with incision and drainage 
and a gastrocnemius rotational flap, who recently under-
went explantation and reimplantation of the chronically 
infected left knee arthroplasty. The patient was then pre-
sented to the hospital with a draining wound. A physi-
cal examination of the patient revealed active drainage 
through a knee wound. Wound drainage was initially 
treated by the primary team with irrigation and debride-
ment, with the inability to primarily close the wound.

Indications for ALT Flap
The patient was then indicated for free ALT flap graft-

ing to the lower leg for resurfacing as part of an attempt to 
salvage the knee implant. This decision for more aggres-
sive treatment was made due to the presence of a chronic, 
open lateral wound and the failure of a local rotational 
flap to manage his skin condition.

Imaging
Bilateral noncontrast thigh MRI was obtained preop-

eratively to evaluate the suitability of perforators for trans-
fer. Ipsilateral (left) imaging demonstrated a substantial 

edema in both the thigh musculature and subcutaneous 
fat that was not appreciated on the physical examination 
(Fig. 4A). As a result, the decision was made to harvest 
from the contralateral (right) ALT. Noncontrast MRI of 
the contralateral ALT revealed 3 perforators. One mus-
culocutaneous perforator is shown in Figure  4B. The 
relationship between the corresponding predicted MR 
and surface Doppler perforators are shown further in 
Figures 5 and 6.

Surgical Course
Preoperative left lower extremity wound drainage and 

eventual dissection are shown in Figure 5A. The expected 
perforator location along the ALT thigh, as determined by 
MRI, Doppler, and the ABC system, is shown in Figure 5B. 
Intraoperatively, 2 perforators were initially identified as 
proximal musculocutaneous and distal septocutaneous. 
During further development of the 12 × 24 cm2 flap, an 
additional septocutaneous perforator was identified, con-
firming the number of perforators seen on preoperative 
imaging. In all, we found that there was a good correla-
tion between the perforator location as determined by a 
handheld Doppler versus the perforator location as deter-
mined by an MRI (Fig. 6A).

Postoperative Course and Conclusions
His further postoperative course remained uneventful 

without any flap complication (Fig.  6B). This case illus-
trates that (1) a preoperative MRI provided information 
about excessive soft tissue trauma not appreciable by phys-
ical examination, leading to decision to harvest from the 
contralateral limb, (2) perforators discovered on MRI can 
be reliably identified during surgery, and (3) perforator 

Fig. 4. non-contrast MRi images of the anterolateral thigh. a, noncontrast MRi axial t2 fat-suppressed slabbed maximum intensity 
projection images of the left thigh in a 65-year-old man for evaluation of anterolateral thigh perforator anatomy before surgery, 
demonstrating a substantial edema in both the thigh musculature and subcutaneous fat (red arrowheads) that was not appreciated 
on the physical examination. B, noncontrast MRi axial t2 fat-suppressed slabbed maximum intensity projection images of the con-
tralateral (right) thigh in a 65-year-old man for evaluation of anterolateral thigh perforator anatomy before surgery, demonstrating a 
musculocutaneous perforator (red arrowheads) that has exited the fascia.
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location and course determined by MRI correlates well 
with Doppler and operative findings.

DISCUSSION
In this study, we report the efficacy of using our insti-

tutional noncontrast MRI technique to image the perfora-
tors supplying the ALT flap. A prior investigation using a 
noncontrast MRI to image the ALT is limited. In this study, 
we found at least 1 ALT perforator present in each of the 
170 thighs imaged using noncontrast MRI. Perforator 
size and distribution were consistent with prior literature. 

We found that the majority of perforators took an intra-
muscular course (63.5%). Because ALT perforators are 
variable in their location, course, and branching pattern, 
evaluation of perforators preoperatively may facilitate flap 
selection, design, and harvest. Although handheld pencil 
Dopplers and the ABC system can also identify perforator 
location, they do not provide information about perfora-
tor course, size, or branching pattern. While MRA and 
CTA do provide this information, they introduce con-
trast or radiation. We have found that our institutional 
fat-suppression noncontrast MRI technique is a lower-risk 

Fig. 6. Photographs and the perforators harvested from the anterolateral thigh region. a, Photograph of the preoperative skin deficiency. 
Blue triangles indicate the perforator location on the a P line by MRi. Red arrowheads show the perforator location, as determined by the 
handheld Doppler. X shows the expected location of perforators based on the aBc method. B, intraoperative photograph of the perfora-
tor that was harvested. 

Fig. 5. Preoperative, intraoperative, and postoperative images of the anterolateral thigh. a, 
intraoperative picture of the perforator that was harvested. B, Picture of the left lower extremity at 
follow-up after the surgery. 
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imaging modality compared with CTA or MRA and also 
provides clinically relevant information that can guide 
clinical decision-making.

Our perforator measurements closely match those 
found in other studies. In their systematic review of clini-
cal cases, Lakhiani et al9 found that septocutaneous perfo-
rators were found in 19.8% of total cases. Seth et al10 found 
that of their 174 perforators, 33.9% were septocutaneous 
and 66.1% were musculocutaneous (52.3% musculosepto-
cutaneous, 13.8% musculocutaneous). In our study, of our 
277 perforators, 36.5% were septocutaneous and 63.5% 
were musculocutaneous. Seth et al,10 Lakhiani et al,9 and 
Kimata et al24 found that most perforators exited the fas-
cia at the midpoint between the ASIS and the patella. We 
also found that most perforators exited the fascia halfway 
between the ASIS and the patella. In addition, perfora-
tor size can be measured and perforator course can be 
classified, providing clinically useful information for the 
surgeon before and during flap harvest. While higher BMI 
can lead to increased ALT flap thickness and could poten-
tially preclude reliable clinical evaluation, we were able to 
consistently identify perforators and perforator character-
istics using this noncontrast MRI technique.

Our study has several limitations. As it was purely an 
imaging-based study, we did not correlate MR perforator 
characteristics with in vivo findings, as the majority of the 
MR studies were not obtained as a part of preoperative 
evaluation for free flap harvest but rather for other indi-
cations. As such we cannot report on the accuracy with 
which these MR characteristics parallel intraoperative 
findings. Furthermore, we do not present data demon-
strating that preoperative imaging has a clinically relevant 
impact on surgical course or outcome. MRI, as opposed 
to the handheld Doppler or the use of surface landmarks, 
carries an increased cost. However, prior literature evalu-
ating preoperative CTA in flaps for breast reconstruction 
has demonstrated decreased operative times, physician 
stress, and lower conversion from the perforator to the 
muscle flap.25,26 Finally, cost of MRI, technique, and pro-
tocol dependence for interpretation are limitations to this 
modality compared with more traditional preoperative 
assessment strategies. Depending on the facility, machine, 
and other factors, this specific noncontrast MRI focusing 
on the ALT flap can cost several thousands of dollars in 
the United States. We acknowledge that the high cost of 
MRI can be a potential guiding factor in choosing a less-
expensive option over MRI for preoperative imaging. This 
could be a potentially important consideration depending 
on the clinical context. The purpose of this report was not 
to advocate the use of MRI preoperatively in all cases, but 
rather to demonstrate its potential use and advantages, 
specifically, to demonstrate perforator course (intramus-
cular versus septocutaneous), which may aid in perforator 
selection for more complex cases.

It has become our institutional protocol to perform 
preoperative noncontrast MRI for all perforator flaps to 
aid in surgical planning. We find that noncontrast MRI of 
the ALT employs high-resolution unilateral images of the 
extremity of interest. These images should also include 
the ASIS or patella to localize ALT perforators along the 

A-P line before dissection. As suggested by the case exam-
ple, non-contrast MRI imaging helped identify subcutane-
ous and muscular edema that was not detected with other 
methods. The additional benefit of not introducing con-
trast with its vasoconstrictive and nephrotoxic character-
istics and eliminating the challenges of timing scans with 
the contrast reaching the microvasculature are advantages 
of noncontrast imaging. This modality can be safely and 
effectively used in patients with renal failure, allergies, or 
other contraindications for radiation and contrast.

In summary, we found that noncontrast MRI can 
effectively image perforators and can provide additional 
information compared to doppler and the ABC system 
in identifying perforator characteristics. Future studies 
may compare noncontrast MRI with other techniques, 
including a more rigorous surgical correlation in terms 
of accuracy. Given that the percentage of septocutaneous 
perforators in the ALT flap has previously been reported 
between 15% and 30%, this result, in particular, should 
be confirmed with future studies. Future studies may also 
investigate the concordance of MRI perforator charac-
teristics with intraoperative findings and determine the 
impact of imaging on clinical outcomes, including surgi-
cal time and flap success. Additional algorithms may also 
be created that can determine the length and tortuosity of 
intramuscular course such that when more than one per-
forator can be identified, those with a more direct course 
can be selected to facilitate flap harvest and minimize the 
risk of iatrogenic perforator injury.

Duretti T. Fufa, MD
Hospital for Special Surgery

Hand and Reconstructive Surgery
525 East 71st Street, 2nd Floor

New York, NY 10021
E-mail: fufad@hss.edu
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