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Use of intravascular ultrasound for in vivo
assessment of changes in intimal thickness of
angiographically normal saphenous vein grafts one
year after aortocoronary bypass surgery

T Hozumi, J Yoshikawa, K Yoshida, T Akasaka, T Takagi, Y Honda, H Okura

Abstract
Objective-To use intravascular ultra-
sound in vivo to evaluate changes in the
intimal thickness of angiographically nor-
mal saphenous vein grafts one year after
implantation.
Design-Fifteen saphenous vein grafts in
12 patients were examined one month and
12 months after aortocoronary bypass
graft surgery with intravascular ultra-
sound using a 30 MHz transducer. None
of the grafts examined showed any angio-
graphic abnormalities. The intimal thick-
ness and intimal area of the graft in the
proximal portion were measured on
intravascular ultrasound images obtained
one month and 12 months after operation.
Setting-General hospital.
Patients-Twelve patients who underwent
aortocoronary bypass graft surgery
Results-The ultrasound images showed
a thin-walled graft with a thin intima one
month after operation (mean (SD)) (0.31
(0.09) mm). The intimal thickness of the
graft increased significantly to 0 65 (0.08)
mm (P < 0.001) 12 months after opera-
tion. The intimal area of the graft was
0 90 (0.80) mm' one month after opera-
tion. 12 months after operation the inti-
mal area had increased significantly to
5 26 (1.38) mm' (P < 0.001).
Conclusion-Intravascular ultrasound in
vivo showed that one year after implanta-
tion angiographically normal saphenous
vein grafts had a thicker intima than one
month after implantation.
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Use of saphenous vein grafts as aortocoronary
bypasses is widespread for the treatment of
coronary artery disease. There are several
reports of intimal thickening in saphenous vein
grafts after implantation.'-7 To our knowledge,
however, there have been no in vivo studies of
serial changes in intimal thickness in saphe-
nous vein grafts after implantation except by
contrast angiographic examination.6 Though
this technique is capable of revealing wall
irregularities and localised or diffuse severe

narrowing, pathology-angiography correlation
studies demonstrated marked angiographic

underestimation of atheromatous plaque.8-'0
Thus angiography has limitations when it is
used to evaluate the morphological character-
istics of the vessel wall.

Intravascular ultrasound can accurately
measure the luminal dimensions of vessels and
image their morphological characteristics.' 1-20
We have used a new method to evaluate in
vivo the changes in intimal thickness in angio-
graphically normal saphenous vein grafts one
year after implantation.

Patients and methods
PATIENTS
We examined 18 consecutive patients under-
going aortocoronary bypass surgery with
saphenous vein grafts. Five patients were
excluded because the ultrasound image quality
was inadequate for precise measurements.
One patient was excluded because the graft
examined was occluded 12 months after oper-
ation. Therefore, our study population con-
sisted of 12 patients: eight men and four
women (mean (SD) age 60 (7)). All patients
underwent coronary angiography one month
and 12 months after operation. The examina-
tion was designed for this study protocol.
Twenty two grafts were examined with
intravascular ultrasound in these patients.
Seven grafts, however, were excluded because it
was difficult to obtain adequate ultrasound
images. Thus 15 grafts were finally analysed.
Three saphenous vein grafts were sutured to
the left anterior descending coronary artery,
nine grafts to the right coronary artery, and
three grafts to the circumflex coronary artery.
None of these grafts showed abnormalities in
angiograms obtained one month and 12
months after operation. All participants gave
informed consent to the protocol, which was
approved by the Committee for the Protection
of Human Subjects in Research at Kobe
General Hospital.

INTRAVASCULAR ULTRASOUND IMAGING
PROCEDURE
Fifteen vein grafts in twelve patients were
examined with intravascular ultrasound at the
time of the follow up angiography. Intra-
vascular imaging was obtained with a 30 MHz
ultrasound transducer enclosed within an
acoustic housing on the tip of a 4-3 F, flexible
catheter (CVIS). This catheter-based system
provides real-time images of vessel cross sec-
tions with an axial resolution of about 70 ,um
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Figure 1 Intravascular ultrasound image (left panel) ofsaphenous vein graft 12 months after implantation, and magnified view ofa portion of this
image showing measurement of the intimal thickness (right panel). Intimal thickness was measuredfrom the luminal border to the external border of
hypoechoic layer.

and lateral resolution of about 200 um which
are based on the empirical data.'7 During each
study, the gain, reject, and compression set-
tings were adjusted to generate images with
the largest grey scale range. Images were
acquired at 30 frames per second and
recorded on high-quality videotape (s-VHS,
0 5 inch) for off-line analysis. An 8F soft-tip
Judkins guiding catheter (Schneider, USA)
was inserted into the orifice of the saphenous
vein graft. The imaging catheter was inserted
into the vein graft over a 0'014 inch flexible
steerable angioplasty guidewire (USCI), and
positioned in the orifice of the graft.
Intravascular ultrasound images were obtained
from three to five cross sections in the proxi-
mal portion of each graft. The proximal por-
tion of the graft was 2 to 3 cm distal to the
orifice of the graft. Three to five cross sections
were taken at 2 mm intervals by a pullback
system (CVIS). At the time of the first study,
we confirmed the position of the catheter
under biplane fluoroscopic monitoring with
contrast injection, and we tried to set the
imaging catheter at the same site at the follow
up study.

ULTRASOUND ANALYSIS
Ultrasound images were digitised by an image-
processing computer (NEC). Intimal thick-
ness was measured from the luminal border to
the external border of hypoechoic layer in each
graft (fig 1). We measured intimal thickness
every 900 around the lumen circumference on
the images and the mean of these four mea-
surements was taken as the intimal thickness.
The mean intimal thickness of each graft was
obtained from the intimal thickness of three to
five cross-sections in the proximal segment of
the graft.

The luminal area was measured by tracing
lumen-vessel wall interface by planimetry. The
external border of hypoechoic layer was traced
by planimetry, and total area was measured.
The intimal area was defined as the difference
between the total area minus the luminal area.

DATA ANALYSIS
We used Student's paired t test to compare
the mean intimal thickness of the grafts one
month after implantation with those at 12
months. A probability value of less than 0'05
was regarded as statistically significant.

Fifteen ultrasound cross sections from five
grafts were randomly selected and the intimal
thickness was measured randomly and blindly
by two observers. The interobserver variability
was calculated as a percentage error. One
observer measured intimal thickness on two
separate occasions to determine intraobserver
variability, which was calculated as a coeffi-
cient of repeatability.

Results
INTIMAL THICKNESS
The ultrasound image showed a thin-walled
graft one month after operation (fig 2, left).
The mean intimal thickness of the grafts was
0-31 (0 09) mm one month after operation (fig
3). At 12 months after operation, the ultra-
sound images showed a graft with a thickened
wall (fig 2, right). Mean intimal thickness was
significantly increased to 0-65 (0 08) mm (P <
0-001, fig 3) 12 months after operation. No
calcified plaques or lipid deposits were seen in
any cases.

INTIIMAL AREA
The mean intimal area of the graft was 0 90
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Figure 2 Intravascular
ultrasound images one
month (left panel) and 12
months (right panel) after
implantation at the same
site in the saphenous vein
graft of the same patient.
The ultrasound image
showed a thin-walled graft
one month after
implantation. The intimal
thickness of the graft was
greater 12 months after
implantation than one
month after implantation.

P < 0.001

1.0

0.8 F

0.602

'~0.4

1 month 12 months
after operation after operation

Figure 3 Intimal thickness ofsaphenous vein grafts. Intimal thickness was greater 12
months after operation than one month after operation.

(080) mm2 one month after operation. At 12
months after operation, the intimal area had
increased significantly to 5-26 (1 38) mm2 (p
<OOO1).

OBSERVER VARIABILITIES
The interobserver variability for intimal thick-
ness was 4-8%. Agreement was uniformly
close throughout the range of intimal thick-
ness, with a correlation coefficient of 0O99 (y
= 1 03x - 002).

Discussion
We found that the intimal thickness and inti-
mal area of the saphenous vein grafts were sig-
nificantly increased 12 months after
implantation compared with those measured
one month after implantation.

Previous pathological studies have shown
morphological changes in the vessel wall of
saphenous vein grafts that developed as a

consequence of veins being used as arterial
conduits.'-7 In several studies, contrast angio-
graphic examinations, which are currently the

standard for in vivo quantitation and morpho-
logical evaluation of coronary atherosclero-
SiS,21 22 were performed to evaluate the
morphological changes in saphenous vein
grafts.236 Though this technique can show
wall irregularities and localised or diffuse
severe narrowings, pathology-angiography
correlation studies showed marked angio-
graphic underestimation of atheromatous
plaque because they were limited to a luminal
silhouette.8-'0 Thus angiography has limita-
tions when it is used to evaluate the morpho-
logical characteristics of the vessel wall.

St Goar et al showed that intravascular
ultrasound can detect and measure transplant
coronary disease at an early stage and deter-
mine vessel wall morphology in angiographi-
cally normal coronary arteries.'8 Another study
showed that intravascular ultrasound provides
morphological characterisation of the wall of
saphenous vein grafts that accords with histo-
logical data in vitro.'9 A clinical study by Nase-
Hueppmeier et al showed that intravascular
ultrasound investigation of saphenous vein
grafts in vivo is feasible and safe.20 In their
study, however, changes in graft wall morphol-
ogy were not examined in the same patient.
We, however, used intravascular ultrasound to
compare the intimal thickness of saphenous
vein grafts at follow up with that early after
implantation in the same patient. To our
knowledge, the present study is the first report
to evaluate changes in the intimal thickness of
saphenous vein grafts after implantation in
vivo.

Intravascular ultrasound images showed
that one month after implantation the saphe-
nous vein grafts had a thin intima and that at
12 months after implantation this had
increased significantly. Previous pathological
studies have shown that intimal thickening
appears in saphenous vein grafts more than
one month after implantation as an adaptive
change caused by their being connected to the
arterial pressure system.' 24 One pathological
study showed considerable intimal fibrotic
proliferation in each saphenous vein graft used
as an aortocoronary bypass conduit for 3-5
months or longer but no changes in grafts that
had been in place for less than one month.'
Another pathological study found various
degrees of intimal thickening in all aortocoro-
nary saphenous vein grafts from patients who
survived more than one month after opera-
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tion.2 Although the pathogenesis of intimal
changes of saphenous vein graft remains
unclear,'-5 earlier reports suggest that intimal
thickening is a natural consequence of subject-
ing a vein to arterial pressure.' In all grafts in
our study, angiograms showed no irregularities
or narrowings, and intravascular ultrasound
showed no findings suggesting atherosclerosis
such as calcium or lipid deposits. Willard et al
using intravascular ultrasound showed a faint
echolucent band within the vessel lumen of
saphenous vein grafts that correlated with the
intimal hyperplasia seen on histological exami-
nation.'9 We measured the thickness from the
luminal border to the external border of
hypoechoic layer, which is thought to corre-
spond to the intima. We believe that the
increase that we measured in the thickness of
the vein grafts in this study represents thicken-
ing of the intima as consequence of increased
pressure.
We showed that the intimal thickness of

saphenous vein grafts had increased 12
months after operation. We do not know
whether this change would have progressed at
later follow up. Although previous studies
reported that intimal thickening does not
progress in proportion to the time since opera-
tion, a further follow up study using intravas-
cular ultrasound is needed to clarify this point.

CONCLUSION
Intravascular ultrasound showed that the
thickness of the intima of angiographically
normal saphenous vein grafts 12 months after
implantation was greater than it was one
month after implantation, probably as a result
of subjecting a vein to arterial pressure.

We thank Mr Junichi Yamashita, Mr Fumio Inoue, and Mr
Hiroshi Kubo, the radiological technicians, for their assistance in
recording the intravascular ultrasound images.
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