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Purpose: Previous studies of the facial artery have

shown significant anatomical variability in this region. The

vascular anatomy of the region is considered unreliable in

predicting the ideal pedicle. Preoperative imaging has

been suggested as a means of improving preoperative

awareness, with Doppler ultrasound as useful tools.

Multi-detector row angiographic computed tomography

(angio CT) is a significant improvement, providing non-

invasive operator-independent details of the vascular

anatomy. This tool was used to perform an in vivo anato-

mical study of the facial artery, demonstrating the use-

fulness of facial angio CT in planning the facial recon-

struction.

Methods: Eleven consecutive patients underwent

facial angio CT of the facial vasculature with the anato-

mical details of the facial artery assessed.

Results: Facial angio CT could demonstrate the size

and course of the facial vasculature, particularly the facial

artery.

Conclusion: The vascular anatomy of the facial artery

is highly variable, and thus there is a role for preoperative

imaging. Facial angio CT can demonstrate cases where

there is an aberrant or non-preferred anatomy, or select

the method of a facial reconstruction.
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I. INTRODUCTION

The midface, which includes the nose, lower eyelid

and medial canthal area, is the most prominent area of

the face and is extremely vulnerable to trauma and skin

cancer. Reconstruction of the midface is difficult because

of its anatomic and functional complexity, donor site

morbidity and poor esthetic results. Skin graft and local

flaps have limitations, such as color, texture and donor

site morbidity. In these cases, axial pattern flaps based

on the facial artery are more useful.1

For a successful reconstruction, it is essential to know

the precise anatomy of the facial artery. Since it shows

highly anatomical variations, its termination and course

is not always symmetrical or constant and types of

major-branch distribution of the facial artery was also

examined in detail by Niranjan et al.2 The high anatomical

variation of the facial artery limits the use of this flap,

and increases the surgical stress and potential for

complications with the procedure. Conventional catheter

angiography and Doppler are useful tools for examining

the vascular network but they have some limitations.

Recently, multi-detector row angiographic computed

tomography (angio CT) has emerged as a significant

improvement, providing non-invasive operator-inde-

pendent details of the vascular anatomy. At our

institution, facial angio CT has been shown to provide

accurate information on the vascular location, size and

course in the planning of axial flaps in the facial region.

Moreover, this imaging technique has been shown to

reduce the surgery time and complications. This study

evaluated the ability of this technology to demonstrate

the in vivo anatomy of the facial artery, as well as the

utility of this technique in the planning of a midface

reconstruction.
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II. MATERIALS AND METHODS

Between 2010 and 2011, 11 consecutive patients (22

facial arteries, 7 males and 4 females) were considered

for a midfacial reconstruction with flaps based on the

facial artery assisted by facial angio CT (Table I). After

obtaining written informed consent from all patients, a

preoperative facial angio CT study was performed for

surgical planning using a 64-detector-row CT Somatom

Sansation model (Syngo CT 2007S) with the following

parameters: 120 kVp, 80-120mA, 512 × 512 matrix.

All scans were obtained after the intravenous admini-

stration of 120mL of nonionic iodinated contrast with

a concentration of 370~400 mgL/ml (Iomeron 370~400).

The volumetric data acquired was then used to recon-

struct images with a slice width of 1.3 mm and a

reconstruction interval of 0.6 mm for 21 faces. The

resulting complete set of reconstructed images was

transferred automatically to a computer workstation,

which generates images in multiple planes and in

3-dimensional volume-rendered images. A 3-dimensional

reconstruction of the faces was performed to locate the

course of facial artery precisely. The axial flaps based

on the facial artery were selected according to its

location, course and size.

III. RESULTS

Facial angio CT could show the facial artery with high

resolution and accuracy, demonstrating vessel size,

location and course (Fig. 1). There were no allergic reac-

tions or adverse effects after administering the non-ionic

iodinated contrast agents, and no complications as a

result of the use facial angio CT. In all cases, bifurcation

and branches of the facial arteries were well visualized.

In 19 of the 22 facial arteries (86%), the facial artery

terminated as the angular artery at the medial canthus

(Niranjan’s classic type, Table I), in two of 22 facial

arteries (9%), the facial artery terminated as lateral nasal

vessel (Niranjan’s nasal type). Rest of facial artery (5%)

was descend from the angle of the mouth toward the

infraorbital foramen, then runs transversely toward the

nose, where it branches to the bridge and ends eventually

as the angular artery at the medial canthus (Niranjan’s

long course type). In cases of asymmetric facial arteries,

the vascular pedicle that was terminated at the medial

canthal area, was located near the nasolabial fold, and

had a larger diameter was chosen. The diameter of facial

artery was from 1.9mm to 3.5mm in this study.

If the pedicle is deviated laterally or shows a tortuous

pathway, it can be detected before surgery and carefully

dissected during surgery. There were no major compli-

Table I. Clinical Analysis of the Patients

Patient
Age/
Sex

Etiology Location
Defect size

(cm
2
)

Niranjan’s subdivision
of facial artery

(Rt./Lt.)

Diameter of
facial artery
(Rt./Lt.,mm)

Operative
method

Complications
/secondary
procedure

1 80/M BCC* Ala, nose 1.5 × 2.0 Classic/Classic 2.7/2.0 RF
Flap bulkiness/

debulking

2 84/M BCC Nasal tip 0.8 × 0.8 Classic/Nasal 2.0/2.5 RF None

3 51/F BCC Nasal tip 1.5 × 1.2 Long course/Nasal 2.0/1.7 RF None

4 52/M BCC Lower lid, Rt. 2.5 × 2.0 Classic/Classic 3.5/3.2 RF None

5 44/M BCC Ala, nose 3.0 × 3.5 Classic/Classic 2.4/2.2 RF None

6 68/M BCC Ala, nose 2.0 × 2.0 Classic/Classic 1.9/2.1 RF None

7 74/F BCC Nasal tip 2.3 × 2.5 Classic/Classic 1.9/2.2 RF None

8 69/M BCC Upper lip 3.0 × 2.8 Classic/Classic 2.5/2.1 NLFOMF+ None

9 64/F BCC Upper lip 3.8 × 2.5 Classic/Classic 2.2/2.4 NLFOMF None

10 72/M BCC Lower lid, Lt. 1.8 × 2.0 Classic/Classic 2.5/2.3 RF None

11 58/F BCC Ala, nose 2.0 × 1.5 Classic/Classic 2.1/2.4 DNF None

*:BCC, basal cell carcinoma; :RF, retroangular flap; +:NLFOMF, nasolabial fold orbicularis oris flap; :DNF, dorsal nasal flap.
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cations, such as wound disruption, hematoma, infection

and flap necrosis. On the other hand, flap bulkiness was

observed one case. Secondary debulking operation was

performed 6 months after surgery.

Case 1
A 65-year-old male patient underwent ablation of a basal

cell carcinoma on the nasal tip. On the preoperative facial

angio CT, the left side of the pedicle was deviated more

laterally from the nasolabial fold than the right side, and

Fig. 1. Preoperative 3D reconstruction with angio-CT scan focusing on facial artery. Angio CT shows size, location and course
of facial artery with high resolution and accuracy.

Fig. 2. Case 1. A 65-year-old male with nasal tip defect caused by a basal cell carcinoma resesction. (Above, left) Preoperative
Angio-CT shows anatomic information of both facial arteries. Rt. angular artery is closer to the nasolabial fold. (Above, right)

The diameter of the right angular artery is larger than the left side. The arrow indicates the right angular artery. (Below,

left) Preoperative photo. (Below, right) The nasal defect was reconstructed successfully using a right retroangular flap.
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showed a larger diameter at the coronal view. A successful

reconstruction with a retroangular flap from the right side

was performed (Fig. 2).

Case 2
A 69-year-old male patient underwent ablation of a basal

cell carcinoma on the right upper lip resulting in a 3.8 × 2.5

cm defect. Since it was impossible to reconstruct with a local

flap, an axial flap based on the facial artery was planned.

The preoperative evaluation indicated no variations in the

facial artery and confirmed that the pedicle had terminated

at the medial canthal area. A nasolabial fold orbicularis oris

myocutaneous flap was designed and elevated, the large

defect area of the upper lip was reconstructed successfully

(Fig. 3).

IV. DISCUSSION

The causes ofmidfacial defects include traffic accidents,

trauma and skin cancer, etc. A midfacial defect < 2 cm

can be repaired with a local flap, such as Limburg flap,

bilobed flap and dorsal nasal flap. In general, there are

limitations regarding the size of a defect that can be

closed using a local flap. These local flaps covering more

than 2 cm can result in a dog ear deformity on the donor

site.3 The forehead flap can be used for large defects but

a 2-stage operation is necessary, and this flap is thick

and requires defatting.4 The nasolabial flap has many

advantages for a midface reconstruction but has dis-

advantages for nasal reconstruction, particularly the

nasal tip and dorsum, because of the limitations of the

rotation arc.5 In these cases, facial artery based island

flaps are often used, such as retroangular flap,6 nasolabial

orbicularis oris myocutaneous flap,7 and island com-

posite nasal flap.
3
For successful results, it is important

to have accurate anatomical information on the vascular

pedicle.

Ingeneral, thefacial arterydivides into4major branches;

submental artery, inferior labial artery, superior labial

artery and angular artery. The facial artery enters the

face at the lower border of the mandible anterior to the

masseter muscle. The artery runs upward and forward

Fig. 3. Case 2. A 69-year-old male. (Above, left) Preoperative Angio-CT evaluation of the right angular artery of the facial

artery. (Above, right) Large defect of the upper lip caused by a basal cell carcinoma resection. (Below, left) Nasolabial

orbicularis oris myocutaneous flap elevation. (Below, right) The upper lip defect was reconstructed successfully.
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tortuously toward the angle of the mouth then on to the

alar base, where it courses along the lateral side of the

nose to terminate as the angular facial artery at the inner

canthus of the eye. The angular artery near the nasolabial

area lies deep in the zygomaticus minor muscle and

zygomaticus major muscle but superficial to the levator

labii superioris muscle, lateral slips of the levator labii

superioris alaeque nasi muscle, and levator anguli oris.1

On the other hand, the anatomical structures of the

facial arteries vary. Niranjan et al. dissected 50 facial

arteries in 25 adults preserved cadavers and they

described five types of facial artery distribution. In 68%

of the dissections the facial artery terminated as the

angular artery at the medial canthus (classic type), in

26% it terminated as a lateral nasal vessel (nasal type),

it only 4% did it terminates as an superior labial artery

at the upper lip (labialis superior type), The remainder

were either alar type (terminated in the alar base, 2%)

or long course type (the facial artery ascends from the

angle of the mouth toward the infraorbital foramen, then

runs transversely toward the nose, where it branches to

the bridge and ends eventually as the angular artery at

the medial canthus, 10%).2 Some reports showed that the

facial artery is symmetrical in 68%, terminated in an

angular facial vessel in 68%, a lateral nasal vessel in 26%

and the alar base in 2%.2 For a midface reconstruction,

the popular reconstructive options include a retroangular

flap and nasolabial orbicularis oris myocutaneous flap

based on the angular artery. Nevertheless, the above

methods are not available if the termination of facial

artery is the superior labial artery (Niranjan’s labialis

superior type)(Fig. 4). For this reason, an individual

precise preoperative evaluation of the vascular anatomy

of the facial artery, such as the location, course and

termination, is highly desirable for improving surgical

planning and execution. Conventional catheter angio-

graphy is considered the gold standard for mapping the

major vessels, identifying variant trifurcation arterial

anatomy or atherosclerotic disease, but the limitations

include its invasive nature and potential morbidity.8,9

The use of preoperative duplex ultrasound to identify

the location of perforator termination in the skin is

routine in many centers but ultrasound cannot accurately

predict the origin and perforator type and has high

inter-observer variability.10,11 ECD (Echo Color Doppler)

is used to map the location and theoretical size of the

perforators, which has been described preoperatively by

Zhou et al. and Koshima et al.12,13 Some of the data on

the use of ECD is controversial. Operator dependence,

false positives in detection of the perforating vessels have

been reported in the literature.14 Doppler is a handy and

inexpensive tool for examining the flow velocity and

resistivity of the vessels. Nevertheless, operator depen-

dence, false positives in the detection of perforating

vessels, and the amount of time that a study takes for

the hospital staff and patients has been reported.

Furthermore, the information cannot be reproduced so

the procedure must be repeated by the radiologist.

Among the last generation of angiographic diagnostic

techniques, angio CT has emerged as an outstanding

noninvasive operator-independent option. Angio CT

defines a technique that combines the technology of a

conventional CT scan with that of traditional angio-

graphy to create detailed images of the blood vessels in

the body. Although conventional angiography requires

an intra-arterial injection, angio CT only requires an

intravenous injection, and is substantially less invasive.

Furthermore, higher level visualization of fine vessels

canbe achievedwith advancedpost-processingprotocols.

These facial angio CT findings have had a strong impact

on surgery. In preoperative planning for an axial flap

based on the facial artery, facial angio CT has allowed

the surgeon to choose between the right and left-side

flap, or eventually to abandon this flap in favor of other

reconstructive options.

A nasal tip defect can be reconstructed by both sides

of a retroangular flap based on the facial artery. The

correct flap to use can be decided bu the size of the

pedicle, donor location close to the nasolabial fold, and

tortuousness. In addition, if the facial artery ends at the

superior labial artery, it can be early detected by a facial

angio CT examination. Preoperative plans can be made

with other options for a midface reconstruction such as

a dorsal nasal flap instead of a facial artery based axial

flap (Fig. 2).

In a real setting, surgeons examine the anatomy of the

facial artery, check for size and anomalous courses, and

begin the dissection. In the case of inappropriate pedicles,

the other side flap or another flap can be chosen. Of

course, a suboptimal decision in reconstruction might

expose the patient to unnecessary scaring, tissue dissec-

tion, and in the end prolonged surgery. Ultimately, facial

angio-CT can save considerable time during surgery,

without an extensive overview looking for the facial

artery. There was no failure of the flap after facial angio

CT and the surgical findings always correlated with the

preoperative imaging.

The radiation exposure associated with facial angio CT

(up to 10m S per patient) must be weighed against the

benefits of this imaging modality. The financial cost
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varies between institutions but is certainly a considera-

tion. Nevertheless, this technique is tolerated well by the

patients because it is simple and fast.

V. CONCLUSION

The vascular anatomy of the facial artery is highly

variable, and thus there is a role for preoperative imaging.

Facial angio CT can demonstrate the size, location, course

and termination of facial artery, and can identify cases

where there is an aberrant or non-preferred anatomy,

and select the favorable flap site for harvest. Overall,

facial angio CT is a highly promising, useful tool for

mapping the facial vasculature.
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