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Abstract
Purpose: To retrospectively evaluate the variations of deep femoral artery (DFA) bifurcation on computed

tomography (CT) and technical success in femoral venous access.

Materials and Methods: CT images of 353 patients who underwent adrenal venous sampling were evalu-

ated. Height with relation to the inferior border of the femoral head and direction of DFA bifurcations were

classified as follows: type L, low bifurcation; type H1, high lateral bifurcation; type H2, high posterior to

posterolateral bifurcation; type H3, high posteromedial bifurcation; and type H4, high medial bifurcation

crossing in front of the femoral vein. Technical success and complications during femoral venous access were

also evaluated.

Results: The frequencies of types L, H1, H2, H3, and H4 were 82.7%, 9.1%, 6.9%, 0.4%, and 0.9%, re-

spectively. In 92.2% of type H1 and 69.4% of type H2, the superior femoral artery displaced medially by the

high DFA partially overlapped the femoral vein. Upon the inclusions of H3 and H4, in 14.4% of cases, the

high DFAs could obstruct the access route to the femoral vein. Using Doppler ultrasound guidance, no sig-

nificant differences were observed in the rates of success for puncture in the first attempt (84.5% vs. 75.4%,

p = 0.122) and accidental arterial puncture (1.0% vs. 0%, p = 1.00) between low and high DFA bifurcations,

respectively.

Conclusions: High DFA bifurcation is observed in 17.3% of patients and could obstruct the access route to

the femoral vein. This can be evaluated using Doppler ultrasound guidance to avoid accidental arterial punc-

ture during femoral venous access.
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Introduction

The femoral vein is commonly used as an access site for

various venous interventional radiology procedures. It is

often selected for central venous line placement, particularly

during urgent circumstances [1]. However, the rate of infec-

tious or thrombotic complications is higher than that ob-

served in the jugular or subclavian veins [2]. Presently,

femoral venous access is still often performed without ultra-

sound guidance, unlike jugular venous access. Nonetheless,

serious complications due to accidental arterial puncture,
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such as retroperitoneal hemorrhage or arteriovenous fistula

(AVF), have been reported [3-6].

During femoral venous access using Doppler ultrasound

guidance, cases with deep femoral artery (DFA) variations

that obstruct venous access are often encountered. Some re-

ports evaluated variations in the DFA using angiography or

cadavers to determine the impact of arterial puncture or sur-

gery [7-13]. Others have assessed the variations in the me-

dial and lateral circumflex femoral arteries (MCFA and

LCFA, respectively), branches of the DFA, for orthopedic

surgery [14-17]. Some case reports and case series have re-

ported DFA variations that cross in front of the femoral vein

[3, 5, 14, 18]. However, there is no systematic report evalu-

ating the variations in DFA bifurcation and obstruction of

the femoral venous access. Moreover, the rate of complica-

tions associated with these variations during femoral venous

access has not been reported.

Thus, the current study was designed to retrospectively

evaluate the frequencies of variations in DFA bifurcation on

CT and accidental arterial puncture during femoral venous

access in patients who underwent adrenal venous sampling

(AVS).

Materials and Methods

Patients

This retrospective single-institution study was approved

by the institutional review board of our facility. The require-

ment for written informed consent for the inclusion of indi-

vidual patient data in the analysis was waived because of

the investigation’s retrospective nature. However, consent for

the AVS procedure was obtained. A total of 360 patients

who met the criteria for suspected primary aldosteronism

[19] underwent AVS between November 2015 and June

2019. Of these, seven patients were excluded as contrast-

enhanced CT of their pelvis was not available. No other pa-

tients were excluded from the study. The final study group

consisted of 353 patients (144 men and 209 women; median

age, 53 years; range, 25-79 years) with a mean body mass

index of 24.9 ± 4.6 kg/m2.

CT Examinations

Contrast-enhanced CT images were obtained before AVS

using a 64-row detector scanner (Aquilion 64; Canon Medi-

cal Systems, Otawara, Japan) or a 320-row detector scanner

(Aquilion One or Aquilion One GENESIS Edition; Canon

Medical Systems). The screening of adrenal tumors was

conducted at the following settings: a 1:1 table pitch; colli-

mation, 0.5-1 mm; reconstruction thickness/interval, 1.0

mm/1.0 mm; 100-120 kVp with automatic exposure control;

and adaptive iterative dose reduction (AIDR) [20]. After in-

jecting the contrast medium for 30 s, three-phase images

were obtained after 45 s, 55 s, and 180 s. The first and sec-

ond phases’ scan ranges were the upper abdomen, while the

third phase covered the abdomen and pelvis. The total io-

dine dose was 600 mg/kg (maximum amount, 45 g). The

median interval between CT and AVS was 62 days (range,

1-1281 days).

Venous Access Methods

Unilateral double femoral venous access was performed

by one of the radiology residents, fellows, radiologists, or

interventional radiologists, using a previously suggested pro-

tocol [21]. The presence or absence of arteries in front of

the femoral vein, such as the low inferior epigastric artery

loop and high DFA bifurcation on contrast-enhanced CT,

was evaluated before the procedure [7, 22]. Furthermore,

immediately before venous access, Doppler ultrasound ex-

amination was performed to check the arteries. A sequential

insertion of two 18-gauge needles was conducted in tandem

into a single femoral vein using Doppler ultrasound guid-

ance after local anesthesia. When both punctures failed, the

two needles were inserted again. In cases where one of the

two punctures was successful, double sheath insertion via a

single hole method (two-in-one method) was used as de-

scribed in a previous report [21]. This protocol was repeated

until venous access was achieved. Subsequently, AVS was

performed according to the method described in previous re-

ports [21, 23, 24]. The access site was checked after 2 h of

bed rest and the next day to evaluate hematoma. The pres-

ence or absence of AVF was also assessed using a stetho-

scope.

CT Evaluation

Images were independently evaluated by an interventional

radiologist (with more than 18 years of experience in AVS-

S.M) and an interventional radiology fellow (with more than

2 years of experience in AVS-T.Y) using a viewer (Shade-

Quest/ViewR; Yokogawa Medical Solutions, Tokyo, Japan).

In case of discrepancies, a final judgment was obtained by

consensus. Transaxial CT images with 3.0-mm thickness and

interval and a scout view, which indicated the bifurcation

height, were used. The cases were randomized, and the re-

viewers were blinded to the details about the variations and

femoral venous access. The reviewers classified DFA bifur-

cation types concerning the femoral head and femoral vein,

as shown in Figure 1. The height of the DFA bifurcation

was evaluated according to a previous report [9] as follows:

zones 1-4, divided equally in a craniocaudal direction on the

femoral head, and zone 5, below the inferior border of the

femoral head. Zones 0-4 were defined as high bifurcation,

and zone 5 as low bifurcation (type L). Bifurcation on or

around the femoral head’s inferior border or the one that

was difficult to designate as zone 4 or 5 was classified as

zone 5 with low bifurcation. The direction of the DFA ori-

gin in patients with high DFA bifurcation was also evaluated

as follows: lateral (type H1), posterior to posterolateral (type

H2), posteromedial in which the DFA ran under the superior

femoral artery (SFA) (type H3), or medial, in which the

DFA crossed in front of the femoral vein (type H4). In case

of variations, whether the arteries overlapped with the femo-
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Figure　1.　Schemas of deep femoral artery (DFA) bifurcation types: type L, low bifurcation; type 
H1, high lateral bifurcation; type H2, high posterior to posterolateral bifurcation; type H3, high pos-
teromedial bifurcation; and type H4, high medial bifurcation crossing in front of the femoral vein. 
The femoral head’s inferior border was used as the border between the high and low DFA bifurca-
tions. The zone of the DFA bifurcation level was defined in relation to the femoral head. Schemas in 
the lower column are the transaxial images in zone 3 as an example. SFA, superior femoral artery

Figure　2.　Schemas of the high medial circumflex femoral artery (MCFA) and lateral circumflex 
femoral artery (LCFA) origin with low and high deep femoral artery (DFA) bifurcations: subtype 
La, low DFA bifurcation without high MCFA and LCFA; subtype Lb, with a high MCFA; subtype 
Lc, with a high LCFA; subtype Ld, with high MCFA and LCFA; subtype Ha, high DFA bifurcation 
without high MCFA and LCFA; subtype Hb, with a high MCFA; and subtype Hc, with a high 
LCFA. Images of the high DFA bifurcation are examples of type H2.

ral vein was assessed. As a subclassification, MCFA and

LCFA origin’s height with low and high DFA bifurcations

were also evaluated in a similar way, as shown in Figure 2.

Clinical Evaluation

Radiological procedure reports were reviewed to evaluate



Interventional Radiology 2021; 6: 29-36

32

Table　1.　Frequencies of DFA bifurcation types and zone of DFA bifurcation level against 
the femoral head

Type Total Right Left DFA bifurcation level 

(n = 706) (n = 353) (n = 353) Zone 1 Zone 2 Zone 3 Zone 4 

L 584 (82.7%) 294 (83.3%) 290 (82.2%) - - - - 

H1 64 (9.1%) 23 (6.5%) 41 (11.6%) 2 (3.1%) 15 (23.4%) 36 (56.3%) 11 (17.2%) 

H2 49 (6.9%) 31 (8.8%) 18 (5.1%) 0 (0%) 3 (6.1%) 21 (42.9%) 25 (51.0%) 

H3 3 (0.4%) 0 (0%) 3 (0.8%) 0 (0%) 1 (33.3%) 2 (66.7%) 0 (0%) 

H4 6 (0.9%) 5 (1.4%) 1 (0.3%) 1 (16.7%) 0 (0%) 5 (83.3%) 0 (0%)

DFA = deep femoral artery.

the number of attempts for successful puncture and investi-

gate the presence or absence of accidental arterial puncture.

The information about the DFA bifurcation variations de-

scribed in radiological procedure reports and ultrasound im-

ages stored as proof were also checked to assess whether the

operators had noticed these variations prior to the procedure.

Medical records were reviewed to investigate the presence

or absence of an inguinal hematoma and AVF post-

procedure.

Statistical analysis

Statistical analyses were performed using JMP 15 soft-

ware (SAS Institute Inc., Cary, North Carolina, United

States). Statistical significance was set at p < .05. Fisher’s

exact test was used to compare the relationship between the

right and left sides’ variations. It was also used to compare

the frequencies of accidental arterial puncture and inguinal

hematoma between the low and high DFA bifurcations.

Reader agreements for recording the DFA bifurcation types

and subtypes were assessed using kappa statistics. The de-

gree of observer agreement, as indicated by kappa values,

was interpreted as follows: 0-0.20, slight agreement; 0.21-

0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-

0.80, substantial agreement; and 0.81-1.00, almost perfect

agreement [25].

Results

The frequencies of the DFA bifurcation types and bifurca-

tion levels are summarized in Table 1. There was an almost

perfect interobserver agreement for the DFA bifurcation

types with kappa statistics (k = 0.843). The frequency of

type H1 was marginally higher in the left DFA group (p =

0.03). The frequency of type H2 was slightly higher in the

right DFA group (p = 0.056). Otherwise, there were no sig-

nificant differences in the frequencies’ types between the

right and left DFAs (p = 0.22-1.00). High DFA bifurcations

were observed in the bilateral DFAs in 34 (9.6%) patients;

however, it was not observed bilaterally in 265 (75.1%) pa-

tients. If one of the DFAs had high bifurcation, the odds ra-

tio of having a contralateral high DFA bifurcation was 12.4

(6.5-23.6). The frequencies of high MCFA and LCFA origin

with low and high DFAs are summarized in Table 2. No

significant differences in the frequencies of the types were

observed between the right and left DFAs (p = 0.62-1.00).

Substantial interobserver agreement was observed for the

subtypes with kappa statistics (k = 0.784).

In 59 of 64 (92.2%) and 34 of 49 (69.4%) DFAs with

type H1 and H2, the SFA displaced medially by the DFA

partially overlapped the femoral vein (Figure 3). In 9 of 9

(100%) DFAs with type H3 and H4, the DFA partially over-

lapped or crossed in front of the femoral vein (Figure 4 and

5). Thus, these 102 (14.4%) high DFAs obstructed the ac-

cess route to the femoral vein. Moreover, in three patients

with subtype Lc, the SFA displaced medially by the LCFA

partially overlapped the femoral vein. In one patient with

subtype Lb, the MCFA crossed medially in front of the

femoral vein. Thus, a total of 106 (15.0%) variations related

to DFA obstructed safe femoral venous access.

During AVS, in 19 of 39 (48.7%) patients who had high

DFA bifurcation and obstructed the right femoral vein, op-

erators recorded the variations in the procedure reports or

ultrasound images were stored as proof. The left femoral

vein was selected for venous access in two of these patients

with type H1 and H4 on the right side, as safe venous ac-

cess in the right femoral vein seemed difficult on preproce-

dural CT and Doppler ultrasound evaluation (Figure 3 and

5). The frequencies of the number of attempts for a success-

ful puncture, arterial puncture, and hematoma during or after

femoral venous access in low and high DFA bifurcations are

summarized in Table 3. The success rate of puncture in the

first attempt in high DFA bifurcations was slightly lower
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Figure　3.　Representative CT images of high deep femoral artery (DFA) bifurcation in type H1 
(subtype Ha) in a 60-year-old woman (a, b). The right DFA bifurcates high running laterally to the 
superficial femoral artery (SFA), which lies on the femoral vein (arrowheads). The left DFA has no 
variations. The left femoral approach was selected.

Table　2.　Frequencies of high MCFA and LCFA origin with low and high DFA bifurcations

Type Frequency MCFA and LCFA origin level 

Total Right Left Zone 1 Zone 2 Zone 3 Zone 4 

La 501 (71.0%) 253 (71.7%) 248 (70.3%) - - - - 

Lb 27 (3.8%) 15 (4.2%) 12 (3.4%) 0 (0%) 5 (18.5%) 11 (40.7%) 11 (40.7%) 

Lc 52 (7.4%) 25 (7.1%) 27 (7.6%) 1 (1.9%) 11 (21.2%) 23 (44.2%) 17 (32.7%) 

Ld 4 (0.6%) 1 (0.3%) 3 (0.8%) 0 (0%) 1 (25.0%) 2 (50.0%) 1 (25.0%) 

Ha 102 (14.4%) 49 (13.9%) 53 (15.0%) - - - - 

Hb 7 (1.0%) 4 (1aa.1%) 3 (0.8%) 0 (0%) 0 (0%) 7 (100%) 0 (0%) 

Hc 13 (1.8%) 6 (1.7%) 7 (2.0%) 2 (15.4%) 3 (23.1%) 5 (38.5%) 3 (23.1%) 

DFA = deep femoral artery, MCFA = medial circumflex femoral artery, LCFA = lateral circumflex 

femoral artery.

than that in low DFA bifurcation, although a significant dif-

ference was not observed (75.4% vs. 84.5%, p = 0.122).

This might be due to the higher frequency of residents who

performed venous access in patients with high DFA bifurca-

tion compared with those with low DFA bifurcation (p =

0.036). No significant differences were observed in arterial

puncture and hematoma (p = 1.00, p = 0.69).

Discussion

Our results showed that high DFA bifurcation is relatively

common, and many of the DFA variations could obstruct

safe femoral venous access. Notably, in 0.9% of the cases,

high DFA crossed medially in front of the femoral vein.

However, these data have not been evaluated and well rec-

ognized, while femoral venous access continues to be a

commonly performed procedure. This lack of information

could be due to severe complications that have not been ap-

preciably noticed in femoral venous access as in the cases of

jugular and subclavian venous access. Retroperitoneal hem-

orrhage caused by accidental puncture of these arteries

might be prevented by manual compression, as these vari-

ations lie lower than the inguinal ligament. However, if a

catheter or sheath is inserted into a vein through an artery,

AVF can occur [3, 5]. AVF might disappear with manual

compression or may remain unnoticed without any symp-

toms. At any rate, the risk of arterial puncture or AVF

should be avoided.

A meta-analysis of 20 articles classified the direction of

the DFA origin into six types and reported the frequency for

each of them as follows: lateral, 21.7%; anterolateral, 0.4%;

posterolateral, 34.0%; posterior, 38.8%; postero-medial,

2.6%; and medial, 2.5% [13]. We classified the lateral and

anterolateral types into type H1 and posterolateral and pos-

terior types into type H2 for simplicity. The rates of 52.4%

in type H1 and 40.2% in type H2 differ from the previous

meta-analysis, which might be because we classified the di-

rection of the DFA origin only in patients with high DFA
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Figure　4.　A representative CT image of high deep femoral 
artery (DFA) bifurcation in type H2 (subtype Ha) on the right 
side and type 3 (subtype Hc) on the left side in a 59-year-old 
woman. The right DFA bifurcates high running posterior to 
the superficial femoral artery (SFA) without overlapping the 
femoral vein (arrowhead). The left DFA bifurcates high run-
ning posteromedial to the femoral vein (arrowhead). The left 
lateral circumflex femoral artery (LCFA) also bifurcates high. 
The right femoral approach was selected.

Figure　5.　CT (a, b, c) and Doppler ultrasound (d) images of high deep femoral artery (DFA) bifur-
cation in type 4 (subtype Hc) in a 49-year-old woman. The right DFA bifurcates high running an-
teromedial to the femoral vein (arrowheads). The right lateral circumflex femoral artery (LCFA) 
also bifurcates high. The femoral vein (arrowheads) is surrounded by these arteries, including the 
superficial femoral artery (SFA). The left femoral approach was selected.

bifurcations. Differences in the variations within MCFA and

LCFA were also observed. In three cases with high LCFA

displacing SFA medially in subtype Lc and one case with

high MCFA that crossed in front of the femoral vein in sub-

type Lb, femoral venous access was obstructed.

Ultrasound guidance has been reported to be successful in

providing access to the internal jugular veins and is the rec-

ommended practice to improve placement success and re-

duce complications [26]. Methods for accessing femoral

veins are still controversial. A Cochrane review showed that

the rate of accidental arterial puncture for femoral vein can-

nulation using ultrasound guidance was lower than that of

the landmark method (9 of 150 [6.0%] vs. 27 of 161

[16.8%] and the risk ratio with 95% CI was 0.4 [0.14,1.16])

[27]. However, it was concluded that there was no evidence

of a difference in inadvertent arterial puncture, possibly due

to the small sample size. A report showed that the rates of

mechanical complications with femoral venous central line

placement without ultrasound guidance in critically ill pa-

tients were reportedly not as low (17.3% including 9.0% of

arterial puncture and 1.4% of major hematoma) [1]. The rate

of accidental arterial puncture in our study was quite low

(0.9%) when compared to these results. Although our retro-

spective study has no comparison with cases not using Dop-

pler ultrasound guidance, our results suggest femoral venous
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Table　3.　Frequencies of number of attempts for successful venous puncture, accidental arterial 
puncture, and hematoma during or after femoral venous access in low and high DFA bifurcations

DFA 

bifurcation  

Operator of venous access No. of attempts for successful 

puncture  

Arterial 

puncture 

Hematoma

Interventional 

radiologist

Fellow or 

radiologist

Resident 1st 2nd 3rd or 

more

Total

(n=353) 

29 

(8.2%) 

195 

(55.2%) 

129 

(36.5%) 

293  

(83.0%) 

36 

(10.2%) 

24 

(6.8%) 

3  

(0.9%) 

11  

(3.1%) 

Low

(n=296) 

27 

(9.1%) 

168 

(56.8%) 

101§

(34.1%) 

250*

(84.5%) 

28 

(9.5%) 

18 

(6.1%)

3†

(1.0%) 

9‡

(3.0%) 

High

(n=57) 

2

(3.5%) 

27

(47.4%) 

28§

(49.1%) 

43*

(75.4%) 

8

(14.0%) 

6

(10.5%)

0†

(0%)

2‡

(3.5%) 

DFA = deep femoral artery. No significant differences are observed between patients with low and 

high bifurcations (*p = 0.122, †p = 1.00, and ‡p = 0.69). The frequencies of residents who performed 

venous access in patients with high DFA bifurcation is significantly higher than that with low DFA 

bifurcation (§p = 0.036). 

access using Doppler ultrasound guidance avoiding acciden-

tal arterial puncture even in high DFA bifurcation cases.

Avoiding accidental arterial puncture without Doppler ultra-

sound guidance in a case such as that shown in Figure 5 is

impossible where arteries surrounded the femoral vein.

The present retrospective study had several limitations

owing to its retrospective nature. First, we did not evaluate

arterial phase CT images because of their availability in

these patients. Although the evaluation of significant vari-

ations such as DFA bifurcation types by late-phase images

is possible, small variations may be overlooked. Another

limitation is that we did not evaluate CT or Doppler ultra-

sound examinations to check for AVF after AVS. Long-term

follow-up might be required for detecting AVF as time may

be required for its growth and detection [5]. Additionally,

we did not compare technical success and complications

with cases without Doppler ultrasound guidance, as de-

scribed.

Conclusion

In conclusion, high DFA bifurcation is observed in

17.3%, and in 14.4% of cases, femoral venous access could

be obstructed by arteries related to high DFA bifurcations.

Notably, in 0.9% of cases, the high DFA crossed medially in

front of the femoral vein. High DFA bifurcation can be

evaluated during femoral venous access using Doppler ultra-

sound guidance to avoid accidental arterial puncture.
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