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Background
Since its initial description in the 1970’s [1], and after gaining 

popularity in the late 1980’s and early 90’s by Hidalgo, the fibular 
free flap has become the most widely used method for reconstructing 
osteocutaneous defects of the head and neck. The fibula is a favored 
donor site because of the low rate of donor site morbidity, strong 
bone stock, reliable blood supply and flexible geometry of the skin 
paddle [2]. In order to safely and successfully perform fibular free 
flap transfer, the lower extremity blood supply must be carefully 
evaluated to ensure optimal anatomic requirements.

The most catastrophic but preventable donor site complication 
with fibular free flap transfer is distal foot ischemia [3,4]. Applying 
proper knowledge of lower extremity arteriovascular anatomy 
and avoiding fibular free flap harvest where it would compromise 
perfusion to the foot can prevent this complication. In the most 
common configuration, which is present in 88% of the population, 
the popliteal artery bifurcates into the tibioperoneal trunk and the 
anterior tibial artery (ATA) [3]. Then, the tibioperoneal trunk further 
bifurcates into the posterior tibial artery (PTA) and the peroneal 
artery. The peroneal artery typically stops at the ankle, and along its 
course sends off septocutaneous perforators to the skin of the lower 
leg. The dorsum of the foot, including the dorsalis pedis artery, is 
supplied by the ATA while the lateral plantar artery and deep plantar 
arch are supplied by the PTA [3]. In order to safely perform fibular 
harvest and avoid foot ischemia, preoperative imaging should 
confirm that the foot is supplied by 2 arteries other than the peroneal 
[3]. Congenital anatomic variants exist that would preclude the use of 
a particular leg for fibula free flap harvest. For example, the peroneal 
artery is sometimes the dominant supply to the foot, a condition 
called peroneal artery magna [3]. In other cases, the peroneal artery 
can be absent. Anomalous branching patterns at the trifurcation of 
the popliteal to ATA, PTA and peroneal arteries can occur in 7-12% 
of the population [5]. Peroneal artery magna can occur in 0.2-5.3% 
of the population [5].

Additionally, because of the high incidence of smoking and alcohol 
consumption in head and neck cancer patients, these patients are also 
at increased risk for atherosclerotic disease which can compromise 

Abstract
Importance: Various imaging modalities have been used to 
evaluate lower extremity anatomy including traditional angiography, 
color flow Doppler (CFD), CT angiography (CTA) and MR 
angiography (MRA).

Objective: We seek to compare these imaging modalities 
for preoperative planning of fibular osteocutaneous free flap 
reconstruction and to identify the optimal imaging method.

Design, Setting and Participants: Between 2002 and 2013 the senior 
authors performed over 600 adult microvascular free tissue transfers. 
161 of those patients had a fibular osteocutaneous free flap requiring 
lower extremity imaging. Retrospective chart review was performed 
on the imaging findings, surgical procedures and postoperative course 
of these patients. One patient was excluded since we did not have 
complete information regarding preoperative imaging.

Intervention: Preoperative imaging was performed as per standard 
practices of the two senior authors.

Main outcome Measures: Imaging findings, operative reports, 
postoperative outcomes and complications were reviewed from 
the medical records according to an Institutional Review Board 
approved protocol. Statistical analysis was performed using 2 tailed 
students T test using the Prism 6 software.

Results: 160 patient charts were reviewed. Patients’ ages 
ranged from 20-92, with 105 males, and 55 females. Preoperative 
evaluation included 18 angiograms, 19 CTAs, 21 CFDs and 
102 with MRAs. Relevant anatomic abnormalities, including 
atherosclerosis or aberrant anatomy, were identified in the anterior 
tibial artery (ATA), posterior tibial artery (PTA) or peroneal artery in 
10 (55%) patients receiving angiogram, 10 (52%) receiving CTA, 3 
(14%) receiving CFD, and 50 (49%) receiving MRA. There was a 
statistically significant difference in the identification of abnormality 
between the CFD group and the angiogram (P = 0.015), CTA (P 
= 0.017), and MRA (P = 0.041) groups. However, there was no 
statistical difference among the other three groups.

Conclusions and Relevance: We conclude that CFD is less likely 
to detect anatomic abnormalities in the lower extremities when 
compared with angiogram, CTA or MRA. This suggests that CFD 
may not provide sufficient data for preoperative planning of fibular 
free flap harvest. However, because donor site ischemia is so rare, 
a larger prospective study may be necessary to identify a useful 
difference in relevant findings affecting complication rates.
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flow and velocity in the extremity [8]. CFD is operator dependent, 
time intensive, and may not provide enough anatomic detail. CT 
angiography (CTA) is performed after injection of a bolus of iodinated 
contrast dye [8]. CTA is non-invasive and it provides an accurate 
depiction of the course and caliber of vessels in 2 and 3 dimensional 
reconstructions for surgical planning with enough detail to follow the 
course of the perforators [8]. However, radiation exposure associated 
with CTA is estimated at 5.6 mSv and exposure to contrast dye can 
result in allergic reaction, nephrotoxicity and local vessel spasm [8]. 
Artifact from calcification of the vessel wall can obscure the image and 
affect interpretation in CTA [12]. Magnetic resonance angiography 
(MRA) uses a high power magnetic field and radio frequency pulses 
to align hydrogen nuclei, which is then detected by a scanner [8]. 
MRA, particularly with time resolved contrast protocol, has the 
advantages of avoiding radiation exposure and limited contrast use. 
However, MRA is time consuming, expensive, and unattainable in 
some patients with incompatible implants. Figure 1 shows examples 
of both normal and abnormal MRA and CTA studies of the lower 
extremities. In both of the abnormal studies, the surgical plan would 
be influenced by the findings demonstrated in preoperative imaging.

Methods
Between 2002 and 2013 the senior authors performed over 600 

adult microvascular free tissue transfers. 161 of those patients were 

lower extremity perfusion. The presence of peripheral arterial disease 
in the ATA and PTA can result in formation of collaterals resulting in 
a dominant peroneal artery perfusion to the foot. The ideal candidate 
for fibular free flap transfer is free of moderate or severe stenosis in 
each of the three vessels with a non-dominant peroneal artery and the 
presence of at least one septocutaneous perforator [6].

While controversy exists over the best method for preoperative 
lower extremity assessment, most surgeons agree that some form 
of imaging is necessary [7]. Each method has its strengths and 
limitations and there have been proponents for each in the literature. 
Angiography utilizes X-ray in multiple planes after administration of 
contrast and then through digital subtraction is able to produce an 
image of the lower extremity vasculature with excellent resolution 
[8,9]. For many years this was considered the gold standard of 
the imaging techniques [9,10]. Angiography provides adequate 
information about lower extremity arterial configuration and 
atherosclerotic disease. However, angiography is invasive in nature 
and carries a 3-5% risk of complications including arterial occlusion, 
hematoma, aortic dissection, intimal damage, pseudoaneurysm at 
the groin site, contrast allergy, and nephrotoxicity [8,11]. Additional 
disadvantages of angiography include exposure to radiation, contrast 
dye exposure, and postprocedural care that may require overnight 
hospitalization [8]. Color flow Doppler (CFD) is a noninvasive and 
inexpensive method that uses ultrasound principles to record blood 

         

A. Normal MRA B. Abnormal MRA

C. Normal CTA D. Abnormal CTA

Figure 1: A. Normal MRA B. Abnormal MRA: Left ATA patent only to mid-calf and peroneal supplies foot with collaterals, Right normal C. Normal CTA D. 
Abnormal CTA Left peroneal dominant supply to foot, Right atherosclerosis in 3 vessels.
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92, with 105 males and 55 females. The mean and median age was 61. 
Preoperative evaluation included 18 angiograms, 19 CTAs, 21 CFDs, 
and 102 with MRAs (Table 1).

Imaging abnormalities

Relevant anatomic abnormalities, including atherosclerosis or 
aberrant anatomy, were identified in the anterior tibial artery (ATA), 
posterior tibial artery (PTA) or peroneal artery in 10 (55%) patients 
receiving angiogram, 10 (52%) receiving CTA, 3 (14%) receiving 
CFD, and 50 (49%) receiving MRA (Table 2). There was a statistically 
significant difference in identification of abnormality between the 
CFD group and the angiogram (P = 0.015), CFD and CTA (P = 
0.017), and CFD and MRA (P = 0.041) groups (Table 3). However, 
there was no statistical difference among the other three groups.

Effect on surgical decision-making

Abnormalities identified in the preoperative imaging could 
lead to choosing a contralateral leg, or aborting fibular free flap 
reconstruction all together and proceeding with a different free flap 
or local pedicled flap reconstruction. The abnormal arteriovascular 
anatomy identified in the preoperative imaging affected laterality 
of flap harvest in 5 (27%) patients receiving angiogram, 8 (42%) 
patients receiving CTA, 3 (14%) patients receiving CFD, and 31 
(30%) patients receiving MRA (Table 2). There was no statistically 
significant difference between groups. CFD does appear to have 
influenced the surgical plan less often, but this was not statistically 
significant (Table 3).

Complications

There were only two postoperative donor site complications, 
and both were related to wound infections that were managed 
conservatively. There were no cases of vascular insufficiency to the 
donor site extremity. Flap related complications at the recipient 
site included hematoma, anastamotic thrombosis, and flap failure, 
fistula and wound infection. There were 3 (17%) in the angiogram 
group, 5 (26%) in the CTA group, 8 (38%) in the CFD group, and 
28 (27%) in the MRA group (Table 2). Within the angiogram group, 
complications included one hematoma at postoperative day 10, and 
two cases with distal skin flap congestion requiring leech therapy. 
Among the CTA group, there were three cases of flap dehiscence or 
fistula formation, one case of skin necrosis requiring leech therapy 
and one hematoma at postoperative day one requiring evacuation. 
Among the CFD group, there were 6 cases of wound dehiscence and 
fistula formation, one surgical site infection involving the flap and one 
case of wound break down leading to facial artery rupture requiring 
urgent surgical exploration. There was no statistical difference in 
complication rates between groups based on imaging modality. In 
the MRA group there were 7 hematomas, 8 wound infections (one 
of which led to delayed flap failure), 8 wound dehiscence/fistula, two 
early flap failures requiring reoperation, one early seroma leading to 
flap necrosis requiring washout and debridement, and one flap that 
was discovered to be non-salvageable intraoperatively requiring use 
of a different reconstructive method. Given that these complications 
were at the recipient site and were likely multifactorial, it would be 
difficult to assign causation related to imaging abnormalities. Other 
general medical complications including postoperative pulmonary 
embolism, myocardial infarction, pneumonia and other infections 
not related to the surgical site were not analyzed.

Discussion
While numerous studies have compared one preoperative 

imaging method to another [2,10,11,13-16] we believe our study is 
the first to compare all 4 imaging modalities head to head in assessing 
their impact on fibular free flap planning and outcome.

Given the relatively small sample size, we elected to perform 2 
tailed T tests comparing each pair of groups with different imaging. 
Also, given the assumption that the ability of each imaging modality 
to identify abnormal arterial supply should be independent of any 
other modality, we elected to compare each pair separately with 

planned to have a fibula osteocutaneous free flap requiring lower 
extremity imaging. One patient was excluded due to incomplete 
information regarding preoperative imaging. Preoperatively each 
of these patients received lower extremity imaging as per standard 
practices of the two senior authors. During the study time, the 
predominant imaging modality at our institution changed from 
angiography and CFD to time resolved MRA and CTA. All patients 
were imaged with the goal of identifying anatomic configurations that 
would contraindicate fibular harvest due to congenital variation or 
arteriovascular disease.

An Institutional Review Board approved protocol was used for 
retrospective chart review of the electronic and paper medical record 
of eligible patients. Imaging findings, operative reports, postoperative 
course and complications were all reviewed and all data was deidentified.

Data used for comparison of the various imaging modalities 
included the presence of an abnormality relevant to fibular harvest, 
laterality of the flap harvest site, postoperative complications and 
whether these complications could have resulted from the imaging 
abnormality identified. Relevant imaging abnormalities included 
significant atherosclerosis in the peroneal, ATA or PTA and any 
indication of aberrant supply of the foot including peroneal artery 
magna. Significant disease was defined as loss of patency to the foot of 
the affected vessel. The laterality of the flap harvest site was recorded 
and if it was chosen on the side with more favorable vascular imaging, 
it was concluded that the imaging helped to determine surgical plan. 
Statistical analysis was performed using 2-sided Fisher exact test 
using the Prism 6 software.

Results
Demographics

160 patient charts were reviewed. Patients’ ages ranged from 20-

Table 1: Demographics.

Patient Demographics
Total Patients 160
Male 105
Female 55
Age range at surgery 20-92
Mean age at surgery 60.7
Median age at surgery 61
Patients who received fibular free flap 122
Patients who received alternate reconstruction 38

Table 2: Comparison of Angiogram CTA, CFD and MRA.

Type of study Angiogram CFD CTA MRA
Number of patients 18 21 19 102
Abnormality* 10 (55%) 3 (14%) 10 (52%) 50 (49%)
Abnormality altered surgical plan 5 (27.8%) 3 (14%) 8 (42%) 31 (30%)
Complications 3 (17%) 8 (38%) 7 (37%) 28 (27%)
Cases with a complication 
possibly related to abnormality

0 (0%) 2 (9.5%) 0 (0%) 3 (3%)

*Abnormalities found on scan included significant atherosclerosis or early 
termination or occlusion of the PTA, ATA or peroneal and peroneal dominant 
perfusion of the foot.

Table 3: Statistical significance of abnormality detection of imaging methods.

Imaging methods 
compared

Fisher exact test for 
abnormality finding 

(P value)

Fisher exact test for 
affecting surgical plan 

(P value)
Angiogram × CFD 55% × 14% (0.015) 27% × 14% (0.43)
Angiogram × MRA 55% × 49% (0.80) 27% × 30% (1.0)
Angiogram × CTA 55% × 52% (1.0) 27% × 42% (0.50)
CFD × MRA 14% × 49% (0.0034) 14% × 30% (0.18)
CFD × CTA 14% × 52% (0.017) 14% × 42% (0.077)
CTA × MRA 52% × 49% (0.81) 42% × 30% (0.42)

Statistically significant differences were found between the ability of CFD and MRA 
as well as CFD from CTA in their ability to identify arteriovascular abnormality in 
the lower extremity. There was also statistically significant difference between 
CFD and CTA in the frequency at which their results affected the surgical plan.
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individual T tests. We have demonstrated that CFD is less likely 
to identify a significant anatomic abnormality than the other three 
imaging modalities. Our data also seems to imply that CFD results 
are less likely to influence the operative plan than the other modalities 
studied. We hypothesize this is because fewer abnormalities are 
identified by CFD. We believe that significantly fewer abnormalities 
are found on CFD because it is not sensitive enough to identify less 
severe abnormalities. Alternatively, the other modalities are too 
sensitive resulting in identification of subclinical abnormalities. This 
is also reflected in the data since CFD results influenced surgical plan 
in 14% of cases compared to 27-42% in the other groups. However, 
this difference was not statistically significant and the different 
modalities should be analyzed in a prospective study with a larger 
sample size.

Overall, we found CFD inferior in quality and accuracy when 
compared to the other imaging modalities. As previously described, 
disadvantages of CFD include its inability to provide a comprehensive 
map of the lower extremity blood supply for surgical planning, inability 
to provide internal vessel diameter and variability in results depending 
on the experience of the technician performing the study [8]. Futran et 
al. examined 6 patients with known peripheral arterial disease (PAD) 
with both conventional angiography and CFD and found similar results. 
At the same time, they also performed preoperative CFD on 10 patients 
undergoing fibular free flap reconstruction and found no abnormalities 
in CFD. Postoperatively, there were no donor site complications and 
they concluded that CFD is an acceptable and cost effective mode of 
preoperative imaging for fibular free flap harvest [10,13]. However, 
Lorenz et al. were skeptical of this recommendation, pointing out that 
there have been no reports of CFD identifying pathology in patients prior 
to free flap surgery implying a possible false negative rate not identified in 
the published literature [2].

Ahmad et al proposed the use of CFD to evaluate lower extremity 
vasculature only in the case of abnormal physical exam, such as non-
palpable dorsalis pedis or posterior tibial pulse at the ankle [11]. They 
evaluated 16 patients prior to fibular transfer with physical exam only 
and reported no donor site complications thus concluding this was 
a safe method [11]. Further supporting the use of CFD, Smith et al. 
performed preoperative imaging with both CFD and angiography 
(believed to be gold standard) on 17 patients (34 legs) and found 
18 legs with abnormal perfusion that would make them high risk 
for fibula harvest [9]. These abnormal legs demonstrated biphasic, 
monophasic or no flow waveforms and were confirmed to be abnormal 
on angiography [9]. The remaining 16 legs demonstrated normal 
anatomy with both modalities. The similarity of results between CFD 
and angiography in this study might reflect the operator dependence 
of CFD.

We found comparable results between the newer MRA methods, 
with traditional angiography and CTA. However, the disadvantages 
of MRA including higher cost, lower resolution compared to CTA (to 
1 mm compared to 0.3 mm), incompatibility with certain implants 
(defibrillators, cochlear implants) and difficulty with patients 
who experience claustrophobia limit its application [8,12]. MRA 
resolution has improved with newer technology 1.5T (rather than 
3T) and more recently blood pooled contrast material. Lorenz et al. 
evaluated 32 patients between 1996 and 2000 with preoperative MRA 
and identified 4 patients where arteriovascular disease or aberrant 
anatomy influenced the laterality of flap harvest [2]. In addition, 
they found 3 patients who were not suitable candidates for fibular 
harvest on both side and therefore required use of a different donor 
site. Overall, MRA results influenced the surgical planning in 21% 
of patients, with no reports of postoperative donor site morbidity 
supporting validity in fibula flap surgical planning [2]. Fukaya et al. 
also demonstrated the feasibility of mapping out peroneal anatomy, 
perforator location, and preoperative fibula flap planning with MRA 
in a series of studies [14,15]. No significant anatomic variants or 
significant peripheral vascular disease was identified in either study; 
however, 13 perforators were identified on MRA imaging with 
confirmation of 12 at the time of surgery. Lohan et al. reviewed 29 

patients who received preoperative MRA for fibular free flap planning 
with 81% of subjects demonstrating normal three vessel runoff. Free 
flap donor site laterality was influenced by MRA in 13 patients, 
while 3 patients were not considered fibula flap candidates based on 
MRA results [7]. The authors also highlighted the cost efficiency of 
MRA when compared to angiography since postprocedural care and 
admission was unnecessary [7].

While reliable at detecting larger vessel disease or aberration, 
earlier MRA methods were not reliable at predicting perforator 
location and origin. A retrospective study of 123 patients that received 
MRA between 2004-2009 showed a correlation between perforators 
identified on imaging with surgically identified perforators only 10.9% 
of the time [4]. However, with ever evolving imaging technology, our 
ability to detect perforators has improved. A study recently published 
by one of our senior authors demonstrated high resolution mapping 
of perforators with time resolved MRA techniques in 27 patients [6].

A number of studies in the vascular medicine and surgery literature 
have systematically scrutinized comparison between CFD, CTA, 
MRA and angiography in the evaluation of carotid artery stenosis and 
peripheral arterial disease. Anzidei et al. evaluated 170 patients with 
history of stroke using CTA, MRA and color flow Doppler [17]. They 
found accuracy, sensitivity, and specificity of 97%, 95%, and 97% with 
CTA, 95%, 93% and 97% with MRA, and 76%, 67%, and 87% with 
CFD for carotid artery stenosis in a multicenter trial [17]. A Dutch 
group in 2008 assessed symptomatic patients with peripheral arterial 
disease (PAD) of the lower extremities using MRA, CTA and CFD. 
514 patients with PAD were randomized to receive one of the 3 non-
invasive methods for evaluation of their lower extremities [12]. They 
showed that CFD is not as sensitive as CTA or MRA, and although 
the initial cost is less, the final cost is actually more because of the 
necessary follow up imaging acquired due to insufficient data from 
CFD. In 2008, CFD cost 104 Euro, MRA cost 472 Euro, and CTA cost 
163 Euro to perform [12].

The vascular surgery literature seems to be in agreement with our 
conclusion that CFD is less likely to find a significant arteriovascular 
abnormality than traditional angiography, MRA, or CTA. However, 
given the low rate of donor site complications in our study group and 
previous studies, the clinical implication of subtle vessel abnormalities 
is not fully understood. Future studies can be pursued to further 
delineate these differences.

In today’s healthcare setting, cost can be a major factor when 
obtaining preoperative imaging. In 1997, Futran et al. compared 
the cost of angiography, MRA and CFD demonstrating CFD 
was less than half the cost of the other two methods: $295-300 for 
color flow Doppler compared to $696-758 for MRA and $786-892 
for angiography [10]. Lorenz et al. found similar cost proportions 
in their study from 1996-2000. At that time the relative cost for 
angiography, MRA and CFD was 1:0.9: 0.4 respectively [2]. During 
our study period the Medicare fee for CFD was quoted as $176.33. 
In comparison, the fee for MRA was $537.58, CTA was $420.57 and 
angiography was $245.30. Microvascular surgeons must consider the 
benefit of accurate preoperative imaging for surgical planning when 
interpreting the cost of CTA and MRA. Although the price for each 
test has likely increased in the last eighteen years, new techniques 
have only improved each imaging modality.

We also recognize that the sizes of our groups are unequal. 
While this can be seen as a possible cause of selection bias for the 
imaging modality, it actually reflects some of the limitations of the 
retrospective nature of our study. Our sample of 160 patients includes 
patients from two different institutions over an 11-year span. One 
of the senior authors (RPR) initially worked at an institution where 
angiography and CTA were the preferred methods. In more recent 
years, our institution’s radiology department favored use of MRA for 
the reasons described above. This was also the period where we had 
a significant increase in volume of fibular free flap surgeries with the 
addition of our second reconstructive surgeon (CAZ) resulting in a 
much higher patient number in the MRA group.
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Conclusion
We conclude that CFD is less likely to detect anatomic abnormality 

in the lower extremities than angiogram, CTA or MRA. This suggests 
that CFD may not provide sufficient data for fibular free flap harvest. 
Trends from our data seem to indicate that CFD was less likely to 
influence the surgical plan. However, we do not have enough data 
to prove this with statistical significance. Also, we did not identify 
donor site ischemia among our patient cohort in any group. A larger 
prospective study may be necessary to identify clinically significant 
imaging findings that can predict complications
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