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ZUSAMMENFASSUNG

Ziel Evaluation von Femoralarterien (FA) bei Neugeborenen

im Rahmen einer Herzkatheteruntersuchung mittels B-Mode

(BMS) und B-Flow Sonographie (BFS) und Vergleich beider

Methoden bzgl. Bildqualität und Reliabilität von Diameter-

messungen.

Material und Methoden Das Studienkollektiv bestand aus

21 konsekutiven Säuglingen, welche einen Ultraschall zur

Evalation der FA vor oder nach Herzkatheteruntersuchung

erhielten. Die Ultraschalldatensätze wurden von zwei Radiolo-

gen ausgewertet. Es wurden Gefäßdiameter sowie die maxi-

mal auf einem Ultraschallbild darstellbare Gefäßlänge mittels

BMS und BFS vermessen. Zusätzlich wurde die Bildqualiät von

einem Radiologen bewertet. Die Statistik umfasste den Intra-

Klassen-Korrelationskoeffizient, eine Bland-Altman Analyse,

Fisher´s exakten Test sowie einen t-Test.

Ergebnisse Die Intra- und Interobserverkorrelation war

exzellent für BMS (0,7922 and 0,6521) sowie BFS (0,8094

and 0,7637). Eine Bland-Altman Analyse zeigte mittlere

Abweichungen zwischen +/–0,73mm (intraobserver) und

für BMS +/–0,55 mm (interobserver) sowie +/–0,83 mm

(intraobserver) und +/–0,7mm (interobserver) für BFS. BFS

ermöglicht eine signifikant längere Gefäßabbildung auf einem

Ultraschallbild (3,54 +/–0,85 vs. 2,21 +/–0,9 cm, p < 0,0001).

Darüber hinaus war die Bildqualität mit BFS signifikant besser

als mit BMS (p = 0,0043).

Schlussfolgerung Da BFS eine exzellente Reproduzierbarkeit

bei Gefäßdiametermessungen sowie eine der BMS überle-

gende Bildqualität zeigt, sollte BFS, falls vorhanden, standard-

mäßig in Untersuchungsprotokolle integriert werden, wenn

realistische Gefäßmessungen und -abbildungen erforderlich

sind.

Kernaussagen
▪ Die B-Flow Sonographie bietet eine hohe Bildqualität für

die Evaluation von Femoralarterien

▪ Gefäßdiametermessungen können mit der B-Flow Sono-

graphie mit exzellenter Reproduzierbarkeit durchgeführt

werden

▪ Eine ergänzende B-Flow Sonographie der Femoralarterien

von Säuglingen wird empfohlen, falls vorhanden

ABSTRACT

Purpose To evaluate femoral arteries (FAs) in infants in the

context of catheter angiography with B-mode (BMS) and

B-flow sonography (BFS) and to compare both methods for

vessel delineation and reliability of vessel diameter measure-

ments.

Methods 21 consecutive infants who underwent ultrasound

for the evaluation of FAs before or after cardiac catheteriza-

tion were retrospectively included in this study. The diameter

of the FAs and the maximum length of the vessel section
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displayed on a single ultrasound plane were recorded by two

radiologists for BMS and BFS. The visual image quality was

rated by one observer. Statistics included intraclass correla-

tion coefficient, Bland-Altman analysis, Fisher´s exact test

and t-test.

Results The intraobserver as well as interobserver correlation

was excellent for BMS (0.7922 and 0.6521) and BFS (0.8094

and 0.7637). The Bland-Altman analysis revealed limits

of agreement for BMS between +/–0.73mm (intraobser-

ver) and +/–0.55mm (interobserver) and for BFS between

+/–0.83 mm (intraobserver) and +/–0.7 mm (interobser-

ver). BFS allowed visualization of a longer stretch of the

FA than BMS (length 3.54 +/–0.85 vs. 2.21 +/–0.9 cm,

p < 0.0001). The image quality was significantly higher

for BFS (p = 0.0043).

Conclusion Since BFS shows excellent reproducibility for

vessel measurements and superior image quality in infants,

if available, BFS should be included in standard protocols

when realistic measurements are required.

Key Points
▪ B-flow sonography offers high image quality for the eval-

uation of femoral arteries.

▪ Femoral artery diameter measurements performed with

B-flow sonography show excellent reproducibility.

▪ If available, additional B-flow sonography of femoral arter-

ies in infants is recommended.

Citation Format
▪ Groth M, Dammann E, Arndt F et al. Comparison of B-Mode

with B-Flow Sonography for the Evaluation of Femoral

Arteries in Infants. Fortschr Röntgenstr 2017; 189: 1161–

1167

Introduction
B-flow sonography (BFS) is a technique for vessel imaging with
ultrasound, which was first introduced in 2000 [1]. By boosting
moving and suppressing non-moving tissue signals, BFS allows
digital-subtraction-like imaging of blood vessels [2]. The tech-
nique is based on B-mode images and can depict vessel size true
to scale while producing a flow image at the same time. BFS may
be superior to color Doppler sonography (CDS) when realistic
assessment of vascular anatomy is sought as the latter regularly
overestimates true vessel size.

Application of BFS for the imaging of carotid arteries [3, 4],
hepatic vasculature [5], renal transplant vasculature [6] and other
vascular systems has been reported [7, 8]. However, by reviewing
the literature we revealed only two studies dealing with BFS for
the imaging of femoral arteries in adults [9, 10].

In the pediatric population indication for ultrasound examina-
tion of femoral arteries includes evaluation before catheterization
[11] as well as suspected complication after femoral artery
catheterization [12]. BFS combines information regarding vascu-
lar perfusion and patency together with true-to-scale representa-
tion. Therefore, the technique may be useful to assess femoral
artery anatomy before and after interventional therapy in infants
to obtain realistic measurements.

The aim of our study was to compare B-mode sonography
(BMS) with BFS with regard to vessel delineation and the interob-
server as well as intraobserver reliability of vessel diameter mea-
surements in a population of infants.

Materials and methods:

Study population

21 consecutive infants (14 girls and 7 boys; mean age: 3.8
months, range: 0 – 12 months), who underwent sonography for
the evaluation of the femoral arteries before or after cardiac

catheterization, were retrospectively included in this study. The
main cardiac diseases/indications for cardiac catheterization are
listed in ▶ Table 1. The study has been approved by the local
ethics committee and the requirement for informed consent was
waived. All examinations were conducted according to the
Declaration of Helsinki.

Sonography

All ultrasound studies were performed by a radiologist with more
than seven years of experience (M.G.) using a GE Logiq 9 ultra-
sound system (GE Medical Systems, Milwaukee, WI, USA) with an
ML6 – 15MHz probe. The ultrasound protocol included the acqui-
sition of BMS and BFS volume scans by tilting the ultrasound
probe in the long axis orientation of the femoral arteries straight
beneath the inguinal ligament. Additionally, CDS single ultra-
sound images in the long axis of the femoral arteries were record-
ed. BMS was performed with a probe frequency of 10MHz, BFS
with a frequency of 9MHz, and CDS with a frequency of 9 Mhz.

Image analysis

Evaluation of BMS and BFS movies were performed separately and
independently by two observers with more than seven (M.G.) and
more than 14 years (J.H.) of experience in sonography. Each read-
er was blinded to the other observer’s assessments. A time inter-
val of four weeks between the reading sessions of BMS and BFS
was followed by each observer. To evaluate intraobserver reliabil-
ity, a second assessment was made by one reader (M.G.). Again a
time interval of four weeks was followed for BMS and BFS meas-
urements in an attempt to minimize the recall bias.

The peak systolic diameter of the common femoral artery was
measured straight above the femoral bifurcation. For BMS, mea-
surements were performed between the inner layer of the femo-
ral artery [13], and for BFS, the vessel diameter was determined as
the distance between the parallel walls of the vessel contrasted by
B-flow signals [14] (▶ Fig. 1).
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Additionally, the maximum length of the vessel section
displayed on a single ultrasound plane during the systolic phase
was recorded for BMS and BFS (▶ Fig. 1).

Finally, femoral artery diameters were measured again by one
of the observers (M.G.) for the datasets that included a single CDS
image with representation of the common femoral artery and its
bifurcation (n = 15).

To evaluate the visual image quality of the femoral artery, a
4-point scale was used by one observer (M.G.) for BFS and BMS:
0 = common femoral artery not clearly definable; 1 = bifurcation
of the common femoral artery not clearly definable; 2 = bifurca-
tion of the common femoral artery clearly definable, but limited
contrast; 3 = excellent visualization of the common femoral
artery. Vessel patency was rated by using the following 4-point
scale: 0 = normal vessel; 1 = total vessel occlusion; 2 = vessel steno-
sis; 3 = uncertain.

Statistical analysis
To investigate the interobserver as well as intraobserver correla-
tion and agreement for BMS and BFS measurements, intraclass
correlation coefficient (ICC) [15] and Bland-Altman analysis
(BAA) [16] were applied. The following ICC interpretation scale
was used: poor to fair (below 0.4), moderate (0.41 – 0.60), excel-
lent (0.61 – 0.80), and almost perfect (0.81 – 1) [17]. To compare
BMS, BFS, and CDS measurements, Person´s correlation coeffi-
cient, t-test and BAA were used. Differences in visual image qual-
ity were evaluated using Fisher´s exact test. Statistical analysis
was performed with commercially available software tools (Med-
Calc for Windows, Mariakerke, Belgium and Excel, Microsoft Cor-
poration, Redmond WA USA).

Results

Visual evaluation

BFS revealed vessel occlusion in 3 cases (▶ Fig. 2). With BMS,
occlusion could be detected in 1 of these cases. In the other
2 cases, discrimination between occlusion and stenosis was not
possible. Both BFS and BMS revealed stenosis in 1 case (▶ Fig. 2).

The visual image quality was significantly higher for BFS
(p = 0.0043). The average image quality was 1.4 (+/– 1.14) for
BMS and 2.1 (+/– 0.91) for BFS.

BMS versus BFS diameter measurements

A bias of a greater diameter of 0.29mm for BMS compared with
BFS was found (▶ Fig. 3). The correlation between both methods
was strong (r = 0.79; p < 0.00 001).

BMS versus CDS diameter measurements

Compared with BMS, CDS revealed a bias of a greater diameter of
0.45mm (▶ Fig. 4). Both methods showed a strong correlation
(r = 0.79; p < 0.0005).

▶ Fig. 1 Vessel diameter and length measurements performed
with B-mode a and B-flow b sonography in a 5-month-old boy.
B-mode measurements were performed between the inner layer
of the femoral artery. For B-flow measurements the vessel diameter
was determined as the distance between the parallel walls of the
vessel contrasted by B-flow signals.

▶ Abb. 1 Gefäßdiameter und -längenmessungen mit B-Mode
a und B-Flow Sonographie b bei einem 5 Monate alten männlichen
Säugling. Gefäßmessungen mit der B-Mode Sonographie wurden
zwischen den Innenwänden der Femoralarterie durchgeführt. Mes-
sungen mit der B-Flow Sonographie wurden zwischen den paralle-
len Wänden des sich kontrastierenden Gefäßes durchgeführt.

▶ Table 1 Main cardiac diseases/indications for cardiac catheteri-
zation in the study population.

▶ Tab. 1 Kardiale Hauptdiagnosen/Indikationen für eine Herzka-
theteruntersuchung der Studienpopulation.

n Main cardiac disease/indication for cardiac catheteriza-
tion

7 Aortic arch coarctation

4 Complete atrioventricular septal defect

3 Transposition of the great arteries

3 Hypoplastic left heart syndrome

2 Tetralogy of Fallot

1 Myocarditis

1 Bland-White-Garland syndrome
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BFS versus CDS diameter measurements

CDS revealed a bias of a greater diameter of 0.64mm compared
to BFS. Both methods revealed strong correlation (r = 0.78;
p < 0.0002).

Intraobserver and interobserver reliability

The intraobserver as well as interobserver correlation was excel-
lent for BMS (ICC: 0.7922 and 0.6521) and BFS (ICC: 0.8094 and
0.7637). For BMS, BAA revealed limits of agreement ranging
between +/– 0.73mm (intraobserver) and +/– 0.55mm (interob-
server). BFS revealed limits of agreement ranging between +/–
0.83 mm (intraobserver) and +/– 0.7 mm (interobserver)
(▶ Fig. 5).

Comparison of maximum vessel length displayed
on a single ultrasound plane by BMS and BFS

BFS allowed visualization a 1.3 cm longer stretch of the femoral
artery than BMS (length 3.54 +/– 0.85 vs. 2.21 +/– 0.9 cm,
p < 0.0001) (▶ Fig. 6).

▶ Fig. 3 Bland-Altman plot of agreement for vessel diameter
measurements performed with B-mode versus B-flow (x-axis)
sonography.

▶ Abb. 3 Bland-Altman Graph für Gefäßdiametermessungen mit
der B-Mode versus B-Flow (x-Achse) Sonographie.

▶ Fig. 4 Bland-Altman plot of agreement for vessel diameter
measurements performed with B-mode versus color Doppler
(x-axis) sonography.

▶ Abb. 4 Bland-Altman Graph für Gefäßdiametermessungen mit
der B-Mode versus Color-Doppler (x-Achse) Sonographie.

▶ Fig. 2 Stenosis (arrow in a and b) of the common femoral artery
in a 6-month-old girl and femoral artery occlusion (arrow in c and d)
in a 6-month-old boy imaged with B-flow (a and c) and B-mode so-
nography (b and d). Both infants underwent cardiac catheteriza-
tion. In comparison to B-flow, B-mode sonography was not able to
differentiate between vessel stenosis and occlusion in d.

▶ Abb. 2 Stenose (Pfeil in a und b) der Arteria femoralis communis
bei einem 6 Monate alten Mädchen und Femoralarterienverschluss
(Pfeil in c und d) bei einem 6 Monate alten Jungen mit der B-Flow
(a und c) und B-Mode Sonographie (b und d). Bei beiden Säuglin-
gen wurde vorher eine Herzkatheteruntersuchung durchgeführt.
Im Vergleich zur B-Flow Sonographie war die B-Mode Sonographie
nicht in der Lage zwischen Gefäßverschluss und -stenose zu unter-
scheiden d.

1164 Groth M et al. Comparison of B-Mode… Fortschr Röntgenstr 2017; 189: 1161–1167

Pediatric Radiology

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Discussion
This study investigated infants with the ultrasound methods of
BMS, BFS, and CDS to obtain realistic measurements of femoral
artery size and configuration. Vessel size is age-dependent and
varies considerably between individuals. Studies reporting on
ultrasound-guided vascular puncture in infants demonstrated
lower complication rates [18]. In small children and after repe-
titive puncture, vascular access should be evaluated in detail and
prior to the intervention, since the smallest possible devices
should be used to minimize vascular damage [19].

Our study demonstrates that BFS is suitable to obtain true-to-
scale measurements of femoral arteries in children. The maxi-
mum systolic artery diameter assessed with BFS showed only
very low differences with respect to the reference standard of
BMS.While measurements obtained with BFS are almost equal to
BMS, BFS was clearly superior for vessel delineation allowing for
coverage of a significantly longer stretch of the artery. This refers

to the fact that BFS boosts the contrast of moving tissues like
blood and demarcates perfused parts of the vessel [1, 2].

Furthermore, our data demonstrate excellent intraobserver
and interobserver reliability of BFS to BMS when volume scans
are performed. The major advantage of volume scans is that
even someone who did not perform the initial ultrasound is able
to evaluate the vessel. This approach is especially useful in a set-
ting where pre-interventional workup and catheter angiography
are not performed by the same person or team.

Characterization of post-puncture vascular abnormalities
was not the primary focus of this study. Femoral artery occlusion
was noted in three pediatric patients and femoral artery stenosis
in one patient. Using parallel visual grading, the abnormalities
were more distinctly shown by BFS and the technique may be
superior to BMS also in the differentiation of postprocedural com-
plications. After cardiac catheterization in children, common
complications include femoral artery pseudoaneurysm, arteriove-
nous fistula, hematoma, arterial stenosis and arterial occlusion

▶ Fig. 5 Bland-Altman plots of intraobserver a, b and interobserver agreement c, d for vessel diameter measurements performed with B-mode
a, c and B-flow b, d sonography.

▶ Abb. 5 Bland-Altman Graphen der Intra- a, b und Interobserverübereinstimmung c, d für Gefäßdiametermessungen mit der B-Mode a, c und
B-Flow b, d Sonographie.
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[20 – 22]. Based on clinical examination alone, the diagnosis of
femoral artery occlusion after cardiac catheterization in infants is
only 4.7 %, while the use of Doppler ultrasound leads to a higher
detection rate of 18.5 % to 32.4 % [12, 20]. Therefore, ultrasound
should be performed on a regular basis after cardiac catheteriza-
tion to screen for complications in order to initiate fast treatment
[12]. The potential role of BFS in this field has to be addressed in
further studies.

Our survey compared CDS measurements with BMS and BFS
measurements, as well. Since our ultrasound protocol did not
include volume scans of CDS, vessel diameter measurements
were performed here on single images. Compared with BMS, the
vessel diameter was overestimated by a mean of nearly half a
millimeter with CDS.Moreover, in comparison to BFS, overestima-
tion was even more than half a millimeter with CDS. Because the
single CDS image was recorded either in a systolic or diastolic
phase, the mean bias between CDS and systolic BMS or BFS diam-
eter measurements could have been even higher, if only systolic
CDS images were evaluated. Therefore, caution has to be taken
when femoral artery diameters are measured with CDS in clinical
practice.

Certain limitations of our study have to be addressed

First, our study included only infants. Since the distance between
the ultrasound probe and the femoral artery is shorter than in
older children and adults, our data does not allow a statement
regarding the utility of BFS in older patients. To the best of our
knowledge, only two other studies evaluated BFS for femoral
arteries in adults [9, 10]. These studies demonstrated the feasibil-
ity of BFS to detect femoral artery pseudoaneurysm and dissec-
tion. However, vessel diameters and stretch coverage were
not evaluated. Further studies should analyze the relationship

between probe/vessel distance and vessel visualization by BFS
and to evaluate possible limitations of BFS in older patients.

Second, there are several methods for measuring vessel diame-
ters with BMS like the outer-to-outer method, where calipers are
placed on the outer vessel layer, the inner-to-inner layer, where
calipers are placed on the inner vessel layer, and the leading
edge-to-leading edge method, where calipers are placed on the
outer layer of the anterior and inner layer of the posterior vessel
wall [13]. The leading edge-to leading edge method is widely
accepted for diameter measurements of vessels like the carotid
and femoral artery [23]. Instead of the leading edge-to-leading
edge method, we applied the inner-to-inner method for BMS
measurements. Since BFS was performed between the parallel
walls of the vessel contrasted by B-flow signals, we felt that the
inner-to-inner method was the most comparable. A bias of a
greater diameter of 0.29mm for BMS compared with BFS under-
lined this assumption.

Third, until now, BFS is offered only by one manufacturer of
ultrasound machines and its use is therefore limited to a few ins-
titutions. A comparison of BFS with other ultrasound imaging
techniques offered by different manufactures like Superb Micro-
Vascular Imaging by Toshiba would be desirable [24]. At the
same time, such a comparison is difficult since patients must be
examined on different ultrasound machines and the performing
institution must be in possession of these machines.

Our study demonstrates BFS to be superior to BMS for display-
ing longer stretch coverage of the femoral artery and visual image
quality in infants. Moreover, diameter measurements performed
with BFS showed excellent reproducibility. Therefore, if available,
we recommend additional application of BFS for the evaluation of
femoral arteries in infants.
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