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Introduction
Despite the advantages of radial artery access over a femoral 

approach, especially in coronary artery catherization,1,2 femoral 
access remains the main access in interventions that require 
large sheaths, such as transaortic valve replacement (TAVR). 
Vascular complications occur often during percutaneous in-
terventions, particularly with femoral access, and range from 
minor hematomas to arterial thrombosis, pseudoaneurysm, ar-
teriovenous fistula, distal embolization, and life-threatening 
retroperitoneal bleeding.3,4 With the wide adoption of radial 
access over femoral access, complications may increase due to 
a lack of expertise and fewer interventions being done through 
a femoral access in daily practice. 

The location of the entry point of the femoral artery (FA) 
strongly predicts the outcome of the procedure; therefore, 
exact knowledge of the anatomical features of the femoral re-
gion is important for interventionalists. The common femoral 
artery (CFA) is in the femoral triangle between the femoral 
vein (medial) and the femoral nerve (lateral). It starts at the 
midpoint of the inguinal ligament as a continuation of the ex-
ternal iliac artery after the latter branches off into the inferior 
epigastric artery (IEA). Usually, it terminates by bifurcating 

into the superficial FA and profunda femoris (deep FA) as it 
enters the adductor canal in the middle of the thigh.5 

It is recommended to puncture the CFA 1 cm to 2 cm be-
low the inguinal ligament, where the arterial pulse is palpable 
and compressible against the head of the femur, which allows 
for good hemostasis.6 This study aims to provide a descriptive 
anatomy of the CFA among an Egyptian population through 
computed tomography (CT) angiography of the lower limb, 
looking for fixed bony landmarks visible by fluoroscopy that can 
refine perfect FA puncture during interventional procedures.

Methods
At our centers, patients are referred for lower limb CT an-

giogram for different indications. We retrospectively collected 
all CT peripheral angiograms done at our center for different 
indications from July 2019 to July 2020 that included the CFA.

All DICOM files were collected, and postprocessing was done 
using RadiAnt DICOM viewer software (Medxant, Version 
2020.1). Examination of the FA is done concentrating on one 
side at a time; the multi-planer reconstruction (MPR) mode 
is used to determine the start of the CFA by the returning 
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point of the IEA (nadir). The end is defined by the point of 
distal bifurcation. Dimensions and length of the CFA were 
measured in the MPR mode on both sides and stored in a 
dedicated data sheet.

The relationship of the CFA origin and CFA end to the 
femoral head (FH) and the pubic tubercle (PT) were assessed 
in the 3D reconstruction mode with transverse view. Five 
imaginary zones were defined in relation to the FH (zone 1, 
above the FH; zone 2, upper third of the FH; zone 3, middle 
third of the FH; zone 4, lower third of the FH; and zone 5, 
below the FH). For each patient, the origin and the end of the 
FA were given a number from 1 to 5 according to where it lies 
above the FH according to imaginary zones (Figure 1). Using 
the same method, 3 imaginary zones related to the PT were 
identified: zone 1, above the PT;  zone 2, at the PT; and zone 
3, below the PT. The relation of the CFA bifurcation to the 
PT was described and recorded according to these imaginary 
zones (Figure 1). The study conformed to the Declaration of 
Helsinki on research involving human subjects.

Study aim
The aim of this CT analysis was to find fluoroscopic land-

marks that could accurately help during FA puncture to get 
a safe stick at the CFA, combining both FH and PT as fluo-
roscopic landmarks. 

Statistical analysis 
Continuous variables were reported as mean ± standard devi-

ation and compared with analysis of variance (paired Student’s 
t-test). Categorical variables were expressed as frequencies and 
compared with chi-squared test. Normality of data was deter-
mined using the D’Agostino-Pearson test and verified using
histogram plots. A two-sided P-value of .05 was considered
significant in Student’s t-test. A one-sided P-value of .05 was

considered significant in chi-squared test. Statistical analyses 
were conducted using RStudio (RStudio Team, 2020). 

Study limitations
Our study had two main limitations: the absence of other clini-

cal data regarding the subjects other than age and gender. Using 
only CT data, our study lacks a clinical and real-life application.

Results
In total, 207 CT femoral scans were reviewed, and 17 cases 

were excluded due to occluded femoral arteries, extensive 
atherosclerosis, or poor opacification; 190 were included in the 
study. For each patient, the FA on both sides was examined 
according to the steps described in the Methods section. The 
mean age of our study population was 59.62 ± 11.21 years; 
144 were male (75.76%) and 46 were female (24.24%). 

Regarding CFA anatomy, on the right side the length was 
4.41 ± 1.25 cm with an average diameter of 8.4 ± 1.78 mm. 
The origin was found above zone 4 in 99.5% of cases, except for 
1 patient where the origin was found at zone 4 (lower third of 
the FH). Regarding the level of CFA bifurcation, it was found 
above the PT in only 14 (7.4%) cases, while all the other cases 
(92.6%) were found either at or below the PT. In relation to 
the FH, all the cases’ bifurcation were either over or below 
the FH; 71% were below the FH. Figure 2 includes examples 
from the cases showing the variability of CFA anatomy. 

On the left side, CFA length was 4.41 ± 1.49 cm and aver-
age diameter was 8.46 ± 1.72 mm; the origin was found to be 
above zone 4 in all cases. This makes zone 4 the safest zone 
to avoid high punctures on both left and right sides. For the 
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Figure 1. An illustration of the imaginary lines we used to identify 
the anatomy of the common femoral artery: 5 zones in relation to the 
femoral head and 3 zones in relation to the pubic tubercle. Figure 2. Examples of our population cases: (A) The longest com-

mon femoral artery (CFA) among our population. (B) The shortest 
CFA among our population. (C) A patient with a CFA aneurysm. (D) 
A patient with an evident discrepancy in length between the left and 
right CFAs (long left CFA and short right CFA).
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bifurcation level, it was found above the PT in 26 (13.6%) cases, 
while all others were either at or below the PT. In relation to 
the FH, all the cases were found on the right side either over 
or below the FH; 61% of cases were below the FH. 

Regarding sex differences, we compared dimensions between 
both males (n = 144) and females (n = 46) (Table 1). The 
common FA length was found to be longer in males compared 
with females (4.5 ± 1.38 cm and 4.1 ± 1.31 cm, respectively; 
P=.0197). No other parameters were found to be significantly 
different regarding sex variation. 

The bifurcation site was reviewed in relation to both the 
FH and the PT. While zone 3 seems to be a safer option than 
zone 4 in terms of avoiding a low puncture (a puncture below 
the CFA bifurcation), adding the PT in consideration with a 
puncture in zone 4 at or above the superior border of the PT 
can increase the probability of avoiding a low puncture (on 
the left side: X-squared = 43.191, df = 1, P-value=4.965; on 
the right side: X-squared = 30.645, df = 1, P-value=3.099) 
(Figure 3). 

We combined the right and left FAs to include 380 arteries as 
there was no statistically significant difference between domi-
nant and non-dominant sides and to increase the study sample.

The nadir point of the internal iliac artery was found 122 
(32.1%) times in zone 1 of the FH; 198 times (52.1%) in zone 
2 of the FH; 59 times (15.5%) in zone 3 of the FH; and 1 time 
(0.26%) in zone 4 of the FH. 

CFA bifurcation was detected according to the 5 femoral 
zones: 252 (66.3%) times in zone 5 of the FA; 89 times in 
zone 4 of the FA; 30 times in zone 3 of the FA; and 9 times 
in zone 2 of the FA. The bifurcation according to the PT was 
found in 248, 92, and 40 cases below, at, and above the PT, 
respectively (Table 2, Figure 4).

Assuming a puncture site at zone 4 could avoid a low puncture 
(below the common femoral bifurcation) in 252 cases (66.3%) 
where the bifurcation occurred in zone 5. Adding the PT for a 
puncture in zone 4 above the PT could avoid a low puncture 
in 322 cases (84.7%; X-squared = 79.859, df = 1, P-value<2.2).

Discussion
To our knowledge, this may be the largest CT study for the 

CFA anatomy. In our study, we divided the area over the FH to 
5 zones (zone 1 above the FH; zones 2, 3, and 4 over the FH; 
and zone 5, below the FH). We studied 380 femoral arteries 
and found that the nadir of the IEA (which corresponds to the 
CFA origin) opposite to zone 1 in 31%, zone 2 in 52%, zone 3 
in 15%, and almost never occurred below zone 3. CFA bifurca-
tion never occurred above the head of the femur; it occurred at 
zone 2 in 2.7%, while opposite zone 3 in 7.6% and zone 4 in 
22.5%; most bifurcations occurred in zone 5 (66.7%). Our data 
show that fluoroscopic guidance during femoral puncture aim-
ing at the lower two-thirds of the FA provides a 67.2% chance 
of CFA puncture. So, we included the PT (CFA bifurcation 
occurred above in 10.4%, at the same level in 23.6%, and 65.7% 
below the PT). While zone 3 in relation to the FH seems to be 
a safer option than zone 4 in terms of avoiding low puncture, 
adding the PT in consideration with a puncture in zone 4 or 
5 at or above the PT can increase the probability of avoiding 
a low puncture, as the CFA bifurcation occurs below the PT 
in 70% of the FAs and 60.5% in left-side arteries. 

The anatomy of the CFA is considered of significant impor-
tance for interventionalists. It is considered ideal to puncture 
the CFA above the level of the bifurcation, as higher puncture 
above the nadir of the IEA (accessing the external iliac artery ) 
is associated with at least a 15-fold increase in the incidence of 
retroperitoneal hematomas,7 while a lower puncture increases 
the risk of pseudoaneurysms, arteriovenous fistulas, hemato-
mas, and perforations.8 

Vascular complications are considered the leading cause of 
morbidity after percutaneous interventions.9 The Valve Aca-
demic Research Consortium-2 (VARC-2)10 studied clinical 
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Figure 3. Graphical representation of the site of the common 
femoral artery (CFA) bifurcation to different imaginary zones in relation 
to the pubic tubercle (PT) and the femoral head.

Table 1. Different measurements of the CFA among the 
study population.

Minimum Maximum Mean SD
Sex 

Variation

Length 
(cm)

0.4 11.26 4.43 1.37 0.0197

Minimum 
diameter 
(cm)

1.1 14.4 7.81 1.88 0.241

Maximum 
diameter 
(cm)

2.2 15.8 9.047 1.8 0.11

Average 
diameter 
(cm)

2.35 14.50 8.44 1.75 0.146

CFA = common femoral artery; SD = standard deviation.
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endpoints for TAVR procedures and considers bleeding com-
plications, especially those resulting from vascular access, to 
be subclassified to life-threatening, major or minor.10 The 
Bleeding Academic Research Consortium (BARC)11 dem-
onstrated that bleeding is associated with nonfatal myocardial 
infarction,12 stroke,13 and stent thrombosis.14 The exact mecha-
nisms underlying this relationship are not fully understood 
but may indicate that in such clinical scenarios, physicians 
stop evidence-based therapies, including antiplatelets, beta-
blockers, and statins15 to avoid the direct effects of blood 
transfusion used to treat bleeding,16,17 or a greater prevalence 
of comorbidities in patients who bleed,18 as well as the del-
eterious role of anemia.19 

The CFA normally passes over the head of the femur,20,21 
so using bony landmarks to determine the site of the CFA 
provides help in obtaining successful access.5,22 Many trials 
have studied the best method and site to access the CFA to 
reduce morbidities; it was found that fluoroscopic guidance 
significantly reduced the incidence of vascular complica-
tions.23,24 Chinikar et al25 compared fluoroscopic (305 cases) 
and anatomical (304 cases) of guided puncture and found 
that fluoroscopy significantly increased the puncture over 
the FH (96.7% vs 82.3%, P-value=.001) and the fluoroscopic 
method increased CFA puncture significantly (93.8% vs 87.5 
%, P-value=.012). Also, fluoroscopy significantly increased 
the successful puncture in high-risk groups (female patients 
and those with a body mass index [BMI] > 30 kg/m2).25 Abu-
Fadel et al26 compared 474 cases with fluoroscopic-assisted 
CFA access and 498 cases with anatomical-assisted access. They 
found that fluoroscopy decreased the number of low puncture 
sites. However, the time to sheath insertion, the number of 
arterial punctures needed to obtain access, and the incidence 
of complications were similar.26 

CT angiography of the lower extremities has been proven to 
be an accurate method for assessment of aortoiliac and lower 
limb vessels.27 Ota et al, who compared CT angiography with 
intraarterial digital subtraction angiography for assessment of 
peripheral arterial disease (PAD), concluded that CT is a sensitive 
and accurate method for studying lower-extremity vasculature.28 
It has been established as a method for diagnosis and follow-
up of PAD with superiority over magnetic resonance imaging 
angiography.29 

In a study by Yaganti et al,30 their first intention was to ex-
plain the limitations of the current recommendation regarding 
fluoroscopic guidance for FA puncture due to either anatomical 
considerations or different patients’ characteristics such as BMI. 
They have no specific recommendation regarding fluoroscopic 
guidance except for looking to the PT, which  may help the 
operator imagine the position of the inguinal ligament. 

Seto et al31 looked only for the relation to the FH and in-
vestigated the effect of different patients’ characteristics. They 
found no specific criteria related to the femoral bifurcation 
but found that male sex and body surface area may predict a 
low-seated IEA, and they recommend using ultrasound guid-
ance for FA puncture. 

Gopalakrishnan et al32 studied the relation between the 
FA and the CFA and concluded that the lower third of the 
FH is a better option to avoid a high puncture, but this may 
lead to an increased incidence of a lower puncture below 
the femoral bifurcation. Our data show that combining both 
the FH and the PT during a CFA puncture may help avoid 
a low puncture. 
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Figure 4. Graphical representation of the site of the common 
femoral artery (CFA) origin at the nadir of the inferior epigastric artery 
(IEA) in relation to the femoral head.

Table 2. Relation of the origin and end of the CFA to 
bony landmarks. 

Relation of the Nadir of the Inferior 
Epigastric Artery to the Femoral Head 

n =  380 

1 122 (32.1%) 

2 198 (52.1%)

3 59 (15.6%)

4 1 (0.26%)

5 0

Relation of the CFA Bifurcation Level to 
the Femoral Head 

n = 380

1 0

2 9 (2.4%)

3 30 (7.9%)

4 89 (23.4%)

5 252 (66.3%)

Relation of the CFA Bifurcation Level to 
the Pubic Tubercle 

n = 380

1 40 (10.5%) 

2 92 (24.2%)

3 248 (65.2%)

CFA = common femoral artery. 
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Conclusions
Vascular complications in interventional cardiology are de-

bilitating, so blind FA puncture, even with an experienced 
operator, is not advised. Using imaging guidance can decrease 
such complications and improve a patient's outcome. Ultra-
sound may not be available in all cath labs, especially in coun-
tries with low budgets. As the fluoroscope is available, we 
examined the combination of fixed bony landmarks to guide 
FA puncture with an easy and readily available tool. Combining 
both the FH and PT as fluoroscopic landmarks can be valuable 
in avoiding a low puncture. n
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