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Abstract-This in vitro study was executed to evaluate the double line pattern generated at both near and
far walls of human carotid arteries using B-mode ultrasound. Therefore, extravascular (7.5 MHz) and
intravascular (30 MHz) ultrasound imaging were performed at the samelocations of the carotid artery.
The thicknessof the double line pattern of the extravascular image(7.5 MHz) wascompared to the thickness
of the intima-media complex seenon the corresponding intravascular image(30 MHz) and on the histologic
section. At the far wall of the extravascular image, the measurementswere executed at the leading edgeof
the echo. The data showedhigh correlation and agreement with the intravascular (r = 0.91,p < 0.001;
rneaQiff = -0.01 and SD= = 0.12) and the histologic measurements(r = 0.87, p < 0.001; meandie=
-0.12 and SDdirr= 0.13). In addition, the results of the measurementsof the intravascular image showed
high correlations and agreement with the histologic data (mear= 0.86, p < 0.001; meandiff = -0.08 and
SDdis = 0.15, respectively, r,, = 0.92, p < 0.001; meatidlE = -0.12 and SDdiR= 0.12). For comparison
with other studies,near wall measurementswere also included. Thesehad to be performed at the trailing
edgeof the echoesto be compatible with thesestudies.The resultsof the measurementsof the extravascular
image showedpoor correlations and lack of agreementwith those of the intravascular (r = 0.49,p = 0.03;
meandiE= 0.09 and SDda = 0.25) and of the histologic (r = 0.37, p = 0.03; meandiff = 0.04 and SD,, =
0.23) measurements.These results can easily be explained from the physical limitations of measuring at
the trailing edges.We conclude that the double line pattern seen at the far wall of the extravascular
image is representative of the intima-media complex. Copyright 0 1996 World Federation for Ultrasound
in Medicine

& Biology
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wall due to a pathologic accumulation of lipid within the
intima in conjunction with a tissue response (Becker
1989; Ross 1986). Later, the lumen reduces in diameter
and clinical symptoms may develop. The process of atherosclerosis has then reached a final stage and is characterized by mineralization, fibrosis, atheronecrosis, ulceration and plaque haemorrhage. Clearly, to establish efficient control of atherosclerosis, lesion stabilization and
reversal should begin as early as possible (Blankenhorn
and Kramsch 1989).
The presence of atherosclerotic lesions can be
evaluated by invasive methods (such as contrast angi-

INTRODUCTION

Atherosclerosis and subsequent complications such as
myocardial infarction, stroke and peripheral vascular disease remain major causes of morbidity and mortality. The
process of atherosclerosis is characterized by dynamic
progression and repair at an early stage and continuous
progression at later periods (Hennerici et al. 1985). The
hallmark of atherosclerosis is a thickening of the vascular
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ography ) or noninvasively
by ultrasound techniques
( Comerota et al. 1984: Ricotta et al. 1987 ) . In contrast
to angiography. B-mode ultrasound imaging is able to
visualize the vascular wall itself. Pignoli et al. ( 1984,
1986 ) were the first to suggest that the double line
pattern of the arterial wall, which is seen on the ultrasound B-mode image, represents the lumen-intima
and media-adventitia
tissue boundaries. The area in
between these two lines was, therefore, referred to as
the intima-media
complex.
If extravascular B-mode ultrasound is to be used
as a method in the evaluation of the progression or
regression of atherosclerosis by measuring the thickness of the intima-media complex of the vascular wall,
these measurements should be performed in a uniform
and standardized way. However, controversy still exists on the basic concept of “where and what?”
to
measure. Pignoli et al. (1984, 1986) concluded that
only the interfaces of the far wall represented, respectively. the intima-lumen
and adventitia-media
tissue
boundaries. This idea was supported by Picano et al.
( 1988 ) and Wendelhag et al. ( 199 1) . The latter created
a model of the anatomic correlates of the echo interfaces of the arterial wall and concluded that: ( 1) measurements should always be executed at the leading
and not at the trailing edge of the ultrasound echo; and
(2 ) the intima-media
thickness of the near wall could
not be measured in a valid way due to identification
difficulties of the adventitia-media
interface. Their in
vitro experiments were not validated by histology. In
contrast, Mercuri et al. ( 1991 ) concluded that the measurements of the intima-media
complex at the near
wall were valid and reproducible.
Currently,
measurements
of the intima-media
thickness are included in many clinical trials on progression or regression of early atherosclerosis. Some investigators included only measurements at the far wall in
their studies: for instance, see Salonen et al. ( 1990),
Wendelhag et al. ( 1992 ) . Veller et al. ( 1993 ) and Howard et al. ( 1994). Other investigators included measurements. which were performed at both the near and far
wall; for instance, see Bond et al. ( 1989, 1990), Craven
etal.(1990),Handaetal.(1990),O’Learyetal.(1991)
and Espeland et al. ( 1994 ) . To overcome the interpretation problems of adventitia-media interface at the near
wall, Espeland et al. ( 1994) executed measurements at
the trailing edge of the ultrasound echo of both the adventitia-media and intima-lumen
interface. On the other
hand, the measurements at the far wall were executed at
the leading edge of the ultrasound echo. A similar strategy was followed by O’Leary et al. ( 1991). In the studies
of Veller et al. ( 1993) and Hodges et al. ( 1994 ), the
intima-lumen interface of the near wall was included as
a reference point. In contrast, Veller et al. (1993) exe-
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cuted their measurements at the leading edge. while
Hodges et al. ( 1994) executed their measurements at the
trailing edge of the ultrasound echo. ‘1’0 entangle the
problem even more, Nolsoe et al. ( 1990 ) concluded that
the line pattern seen at the arterial wall was due to an
artifact generated at plane surfaces of biologic and nonbiologic material using a linear-array transducer. All of the
aforementioned studies were transcutaneous investipations, executed with low frequency transducers ( 5 to IO
MHz). Due to this significant disagreement between investigators concerning the validity of the measurements
of the intima-media complex at both the near wall and
far wall, we conducted the present study.
The aim of this in vitro study was to investigate
the double line pattern seen on the extravascular ultrasound image at both the near and far walls of arteries.
To this purpose, extravascular (7.5 MHz) and intravascular (30 MHz) ultrasound imaging were performed
at the same locations of the carotid artery. The thickness of the double line pattern of the extravascular
image was compared to the thickness of the intimamedia complex of the intravascular image and of the
histologic sections.

METHODS
Specimen
In total, ten carotid arteries were excised at autopsy
from eight patients aged 24 to 7 1 years (mean 42 years)
who had no history of stroke or cerebral vascular disease.
Immediately, subcutaneous tissue and nearly the complete periadventitia was removed, and only a small rim
remained. Care was taken not to damage the adventitia.
The arteries were frozen and stored at -20°C. To execute
the study, the arteries were defrosted at room temperature.
The external carotid artery and its branches were
ligated and the cut edges of the common carotid and
internal carotid arteries were cannulated. The artery was
embedded in a bath filled with purified water and kept
at room temperature, approximately 1 cm below the water
surface. To preserve the geometry of the artery. the cannulas were attached to a water column corresponding to
a pressure of 80 mmHg. During ultrasonic imaging, the
pressure in the lumen of the artery was maintained and
controlled by a syringomanometer.
Extravascular
ultrasound system
The imaging was performed with a color Doppler
B-mode ultrasound system (Acuson
128, Mountain
View, CA, USA) with a linear-array 7.5-MHz transducer (L7384).
The aperture of the transducer, containing 128 elements, is 38 mm in length. For transmit
foci within a range of 35 mm, the measured pulse
length at -6 dB is 0.5 ps, corresponding to an axial
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resolution of approximately 0.4 mm for an ultrasonic
speed of 1540 m/s. By using the regional expansion
solution (RES) mode improved visualization of a localized area of interest could be provided. At a depth
range of 35 mm, the RES mode will not affect the
axial resolution.
lntruvascular ultrusound system
The imaging was performed with a 30-MHz single-element transducer ( Du-MED, Rotterdam, The
Netherlands) mounted on a 5F catheter tip. The system
was based on a mechanically motor-driven rotating
catheter tip element connected to a flexible shaft, which
provided continuous real-time cross-sections of the
vessel wall (up to 16 images per second). The element
was covered by an acoustically transparent dome. The
axial resolution of the system was 0.075 mm. The
ultrasound studies were carried out by placing the catheter in the lumen of the artery.
Ultrasound procedure
The extravascular transducer was placed in a
holder and positioned perpendicular to the artery. At
the same time, the intravascular transducer was introduced through the plastic cannula at the site of the
common carotid artery. At first, the extravascular procedure was executed. The longitudinal images of the
near and far wall were optimized separately and the
image was adjusted by using time gain control (TGC).
Afterwards, the intravascular procedure was executed.
The transversal images of the corresponding locations
were optimized separately and recorded in the largest
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magnification possible (Fig. 1). Each site of interest
was marked using a reference needle placed through
the periadventitia of the near wall. At subsequentintervals, a total of 47 images were acquired (34 images
of the common and 13 images of the internal carotid
arteries). All extravascular and intravascular ultrasound images were recorded with a video recorder
( Panasonic NV-FS 100 HQ ) .
Histologic preparations
For histologic comparison, the arteries were fixed
for 60 min in a 10% buffered formalin solution maintaining the intraluminal pressure at 80 mmHg. Subsequently, the vessels were stored in a 10% buffered
formalin solution for at least 24 h before histologic
preparation was performed. The arteries were processedfor routine paraffin embedding. Transverse sections (5 pm thick) were cut perpendicular to the longitudinal axis of the artery at the site of the reference
needle. The sections were stained with Verhoeff’s
elastin van Gieson stain technique.
Measurements
The video frames of the extravascular and intravascular images were digitized to measure the wall
thickness (Sony GVM-1400 QM Triniton Color Videomonitor, Panasonic NV-FS 100 HQ Videorecorder.
Digital Time Base Corrector IVT-7P).
Extruvascular images. The thickness of the near
wall was defined as the distance between the trailing
edgesof the first and secondechoes; whereasthe thick-

muscular

EXTRAVASCULAR

rr N/.

elastic

INTRAVASCULAR

Fig. I. Showing the longitudinal
imageof the extravascularultrasound(7.5 MHz) and the transverseimagesof
the intravascular ultrasound (30 MHz) procedures obtained from the internal carotid (muscular) and common
carotid (elastic) artery. The thickness of the arterial wall is defined as the distance between the two hyperechoic
interfaces (double line pattern) of the extravascular image (see 1 and 2).
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Locatton
Near wall
Extra
Intra
Histo
Far wall
Extra
Intra
Histo
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1. The

thickness
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(millimeters)
of near
in carotid
arteries.

No.

Mean

39
40
43

0.74
0.81
0.75

46
45
44

0.86 -c 0.25
0.84 IL 0.28
0.74 F 0.24

Range

2 0.18
+ 0.31
2 0.25

0.40-1.11
0.27-1.49
0.27-1.21
0.270.300.32image;

1.49
1.39
I .20

lntra
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common carotid artery was seen as a homogeneous
echo-bright structure due to the elastic fibers present
in the media. Conversely, the intima-media
complex
of the internal carotid artery showed a relative hypoechoic zone, due to the muscular fibers in the media
(Fig. 1).

and far walls

? SD

SD = standard deviation;
Extra = extravascular
intravascular
image; Histo = histologic
sections.
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ness of the far wall was defined as the distance between
the leading edges of the first and second echo (Figs.
1 and 4).
Intravascular
images. At the corresponding locations, measurements of the intima-media
thickness
were executed from the luminal boundary to the
boundary of the adventitia.
HistoEogy. Measurements from the histologic sections were executed from endothelium to adventitia
at the corresponding
locations, using a computerized
technique (Kontron Bildanalyse, IBAS 2000 system,
Mtinchen, Germany).
Measurements were executed by manually tracking
the defined distance with an interactive cursor.
Statistical analysis
The statistical significance of the difference between the results of the measurements of the extravascular and intravascular ultrasound procedures and histology were evaluated using linear regression analysis.
The regression equation was separately calculated for
near and far walls and was plotted in a scatter diagram.
According to the method described by Bland and Altman ( 1986) for the assessment of the agreement between methods, the differences of the corresponding
measurements were plotted against the mean of the
measurements.
RESULTS
Ultrasound and histology
Extravascular ultrasound of both the common and
internal carotid arteries revealed a double line pattern
in all 47 acquired images (Fig. 1). The double line
pattern was characterized by a relative hypoechoic
zone located between two hyperechoic interfaces and
was seen at both the near and far wall. In contrast, this
double line pattern was not shown in the intravascular
ultrasound images. The intima-media
complex of the

Near wall measurements
A total of 39 extravascular, 40 intravascular and
43 histologic thickness measurements were included
for evaluation (Table 1) . We excluded eight extravascular and seven intravascular images for quantitative
measurements, given the poor quality of the images.
Additionally,
four histologic cross-sections
were excluded due to damage of the specimen at the site of
the near wall. The correlation coefficient calculated
between the matched results of the thickness of ( I )
extravascular,
(2) intravascular
and (3 ) histologic
measurements are shown in Table 2. A high correlation
was found between the results of the intravascular and
histologic measurements ( r = 0.86, p < 0.001) (Table
2, Fig. 2). The results of the extravascular measurements showed a poor correlation with both intravascular (r = 0.49, p = 0.03) and histologic (r = 0.37,
p = 0.03) examinations (Table 2. Fig. 2). For the
extravascular procedure, a lack of agreement was observed with both intravascular ( meandi,f = 0.09. SD,,,
= 0.25) and histologic (meandi, = 0.04. SDdiff = 0.23)
findings (Table 3, Fig. 2 ) . On the other hand, good
agreement between methods was obtained between the
intravascular
and histologic procedures ( mean,ilf =
-0.08, SD,in = 0.15).
Far wall measurements
A total of 46 extravascular, 45 intravascular and
44 histologic thickness measurements were included

Table 2. Comparison of extravascular, intravascular and
histologic measurements.
Near

Histo
No.
I.
*nia
No.
Y
P

wall

Far wall

Extra

Intra

Extra

Irma

35
0.37
0.03

36
0.86
<O.OOI

43
0.87
<O.OOl

42
0.92
<O.OOI

34
0.49
0.03

No. = number of measurements
available
correlation
coefficient;
p = p-value; Extra

44
0.9 I
<o-o01
after comparison;
= extravascular

r =
ultra-

sound image;Intra = intravascular ultrasound image;Histo = histologic sections.
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Fig. 2. Comparison between the extravascular, intravascular and histologic measurements of intima-media
thickness of the near wall. Left: measurements (mm) according to the linear regression analyses and lines of identity.
Right: differences versus means of measurements acquired by the three different methods.
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Fig. 3. Comparison betweenthe extravascular, intravascular and histologic measurements of intima-media
thickness of the far wall. Left: measurements (mm) according to the linear regression analyses and lines of identity.
Right: differences versus means of measurements acquired by the two methods.
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far wall
I

Fig. 4. The interfaces ( 1 and 2) being generated at changes
of acoustic impedance between two substances seen at a
frequency of 7.5 MHz. At the near wall, measurements are

executed at the trailing edge of the echo. At the far wall,
measurements
are executedat the leadingedgeof the echo.

for evaluation (Table 1) . The exclusion of one extravascular and two intravascular ultrasound images was
due to interpretation problems. The three histologic
sections were excluded due to damage to the specimen
at the site of the far wall. The correlation coefficients
calculated between the matched results of the thickness
of ( 1) extravascular, (2) intravascular and (3) histologic measurementsare shown in Table 2. We found
high correlation between the results of the extravascular measurementsand both the intravascular ( r = 0.9 1,
p < 0.001) and histologic (r = 0.87, p < 0.001)
measurements. A high correlation was also observed
between the results of the intravascular and histologic
measurements(r = 0.92, p < 0.001) (Table 2, Fig. 3).
Also, good agreement was shown between all methods
used (Table 3, Fig. 3 ).

DISCUSSION
In the present in virro study, the line pattern as seen
at the near and far wall of the extravascular ultrasound
imageswas investigated. In all casesof the extravascular
ultrasound procedure, a double line pattern was shown
at both the near and far wall (Fig. 1). The distance
between thesetwo lines was comparedwith the thickness
of the intima-media complex as measuredon the intravascular ultrasound imagesand on the histologic sections
(Table 2, Fig. 4). Due to the study design, we were able
to: ( 1) maintain the normal geometry of the artery; (2)
evaluate the effect of the direction of the ultrasoundwave
usingextravascular and intravascular transducers;and ( 3)
assess
unfixed tissueduring extravascular and intravascular ultrasound imaging, since a shrinkage of tissue was
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documentedduring the processof fixation (Wong et al.
1993). The histologic part of the study (fixed tissue)
was included becausethis is consideredas the gold stardard. As demonstratedin Table 2, at the near (r = 0.86,
p < 0.001) and far wall (Y = 0.92, p < O.OOl), a
high correlation was found between the intravascular and
histologic measurements.In Table 3, the agreementbetween methodsis shown (Bland and Altman 1986). At
the far wall, the standard deviation of the differences
between the extravascular (meandiff = -0.12, SDdirr=
0.13), and intravascular (meandirf = -0.12, SDdlff =
0.12) examination and the histologic examination are of
the same order. In all likelihood, the resolution of the
intravascular ultrasound system is not the limiting factor
in the processof data acquisition.
The usefulness of ultrasound as an imaging tool
is primarily the result of reflection and scattering at
tissue boundaries and scattering within heterogeneous
tissues. It is suggestedthat collagen and elastin fibers
are dominant factors in the echographic visibility of
arteries (Geleski and Shung 1982; Gussenhoven et al.
1989; Lockwood et al. 1992; Picano et al. 1988;
Rooney et al. 1982). Based on the anatomy of the
vascular wall, several tissueboundaries can be defined.
At the near wall. we recognize: ( 1) the periadventitaadventitia; (2) the adventitia-media; (3) the mediaintima; and (4) the intima-lumen boundary. At the
far wall, the tissueboundaries have a reversed notation:
( 1) lumen-intima; (2) intima-media; (3) media-adventitia; and (4) adventitia-periadventitia boundary
(Fig. 4). The ultrasound wave will reflect on these
tissue boundaries, depending on the difference in
acoustic impedance between tissues(Kremkau 1989).
We observed, in all extravascular examinations, a double line pattern in both muscular and elastic arteries.
The echoesoriginating at the media-intima or intimamedia boundary could not be resolved, due to the lim-

Table 3. Agreement between extravascular,
and histologic measurements.

intravascular

Near wall

Histo
No.

Mean,+,,
SDd,,,
Intra
No.

Mea%
Sht

Far wall

Extra

Intra

Extra

35
0.04
0.23

36
-0.08
0.15

43
-0.12

34
0.09
0.25

0.13

Intra

42
-0.12
0.12

44
-0.01

0.12

No. = number of measurements; meand,rf = mean of the differences (method 1 - method 2) in millimeters; SDdIR = standard
deviation of the differences; Extra = extravascular ultrasound image;
Intra = intravascular ultrasound image: Histo = histologic sections.
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ited resolution of the ultrasound system (Fig. 5)
I Nolsoe et al. 1990; Wendelhag et al. 1991 ).
In the present study, for the extravascular procedures. a discrepancy was noticed between the results
OF the near and far wall measurements. The high correlations of the far wall measurements with both the
intravascular ( r = 0.91, p < 0.001) and histologic (r
= 0.87.11 < 0.001) findings, combined with the good
agreement between methods according to the method
of Bland and Altman ( 1986), were not observed for
the near wall measurements (r = 0.49 and r = 0.37;
1’ = 0.03 ) (Tables 2 and 3 and Figs. 2 and 3). At the
near wall, to be compatible with the many in ~$VO
studies, the trailing edges of the echoes from the adventitia-media and the intima-lumen
interface were measured (Fig. 4). Measurements at the leading edge were
not performed in these in Go studies because of interpretation problems of the first interface (Espeland et
al. 1994). As shown in Fig. 5. at a certain threshold
level, the echo will become visible. At the leading
edge, a small reading error might be introduced, which
is a negligible factor at the varying gain settings or

8. 19Y6

reflectivity of the interfaces. Conversely, a sigmticant
reading error will be introduced at the trailing edge by
gain settings and reflectivity of the interfaces. Therefore, at the near wall of the extravascular ultrasound
image. the intima-media complex cannot be correctly
visualized, which resulted in the observed poor correlations and lack of agreement. At the far wall of the
extravascular ultrasound image. the pathway of ultrasound is reversed. The beam of sound travels from
intima to periadventitia. At the lumen-intima
intermace
(Figs. 1 and 4, no. 2) the trailing portion of the ultrasound echo will project into the intima-media
conplex, whereas, at the media-adventitia
interface (Figs.
1 and 4, no. 1). the trailing portion of the echo will
project into the periadventitia and will not interfere
with the measurements. Also, these measurements are
hardly influenced by gain settings (Fig. 5 ) . This resulted in the observed high correlations and agreement
between methods. We emphasize that measurements
should, for that reason, always be executed at the leading edge of the echo. In contrast to the near wall.
we consider the area at the far wall between the two

,/7

+

22, Number

high gain or high reflectivity

edge

error
at leading
edge
Fig. 5. Influence of gain settings or reflectivity on estimating leading and trailing edges of ultrasound echoes.
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interfaces to be representative of the intima-media
complex. During intravascular ultrasound imaging, the
transducer is situated within the lumen of the artery
(Fig. 1). At all locations, the pathway of ultrasound
is then comparable to the far wall of the extravascular
ultrasound procedure (intima to adventitia) . This resulted in the high correlations and agreement between
the data of the intravascular and histologic measurements at both the near and far wall (Tables 2 and 3 ) .
In summary, at a frequency of 7.5 MHz, in all
cases, the image of the vascular wall was represented
by a double line pattern. With regard to this double
line pattern, an important difference was noticed between the results of the near and far wall measurements. At the far wall, we found high correlations
between the results of the extravascular, intravascular
and histologic measurements and good agreement between methods. On the contrary, at the near wall, the
double line pattern of the extravascular image did not
correlate with the thickness of the intima-media complex of the intravascular image and with the histologic
sections. In addition, a lack of agreement between
methods was found.
We conclude that only the double line pattern seen
at the far wall is representative of the intima-media
complex and can be included in clinical intervention
trials which use the thickness of the intima-media
complex as a parameter in the regression or progression of atherosclerosis.
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