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- Radiology

" wing to modern surgical and medi-
] cal treatments, there have heen
w/ major improvements in the prog-
nosis of patients with congenital heart
disease (CHD}, meaning that there is
an increasing prevalence of CHD among
adults {1). Serial lifelong follow-up is
essential in this patient population.
Echocardiography is widely availahle,
but image acquisition is operajor and
acaoustic window depencdent. Conventional
cardiac angiography is a two-dimensional
invasive procedure that is associated
with radiation exposure, Even though
procedure-related mortality and compli-
calion rates have heen reduced to very
low levels over the past decades, further
risk reduction achieved by using noninva-
sive alternatives would he desirable (2).
Cardiovascular magnetic resonance
(MR) imaging is an established, radiation-
free noninvasive tool for diagnosis in and
follow-up of patients with CHD (3,4).
For example, non—electracardiographically
{ECG) gated breath-hold first-pass con-
trast material-enhanced MR angiogra-
phy performed by using extravascular
contrast agents like gadopentetate di-
meglumine has become widely accepied
in the diagnosis of vascular disease over
the past years (5). Therefore, diagnostic
cardiac conventional angiography can
[requently he avoided (8). First-pass
technigunes are limifed because of the
relatively fast dilfusion of currently used
conlrast agents into the extravascu-
lar space. Alternatively, free-breathing

high-spatial-resoluticn three-dimensional
(3D} data sets of the thorax and upper
abdomen can be acquived by using
navigator-gated and ECG-triggered 3D
steady-state free precession (SSFP)
sequences with a T2 preparation pre-
pulse (4). Because these sequences are
corrected for cardiac and respiratory
motion, they are an attractive diagnos-
tic approach in this group of patients.
They have been previously successfully
used without contrast agents (4,7). How-
ever, this technique would benefit from
increased blood pool contrast, as de-
tailed imaging of small cardiovascular
structures such as coronary arteries or
paris of the pulmonary vasculature is
hampered by limited contrast between
the blood pool and extravascular tissue
or fluid (4,7). Gadofosvesel irisodium
is an intravascular MR imaging contrast
agent that potentially allows imaging of
vascular structures with higher contrast-
to-noise ratios (CNRs) (8).

The aim of this study was to test the
following hypothesis: A contrast ageni—
specific sequence design (inversion-
recovery [IR] SSF) in combination with
an intravascular contrast agent (gado-
fosveset trisodium) brings together the
advantages of first-pass imaging with
high signal intensity from the intravas-
cutar contrast agent bolus and motion-
compensated high-spatial-resolution iso-
trapic MR imaging performed by using
T2-prepared SSFP sequences.

mplications for Patie

The purpase of this study was to com-
pare the image qualily and diagnostic
performance achieved by using a con-
trast agent-specific IR SSFP sequence
in combination with an intravascular
conirast agent (gadofosveset trisodium)
with those achieved hy using a com-
monly used T2-prepared SSFP sequence
with an extravascular (gadopentetfate
dimeglumine) and an intravascular (ga-
dofosveset trisoditun) contrast agent in
patients with CHD,

This stucly was supported in part by Bayer
Schering Pharma, including provision of
contrast agents and imaging time. Bayer
Schering Pharma had no control of in-
clusion of any data and information that
might present a conflict of interest.

Study Design and Population

The study was approved by the local
ethics committee (Guy’'s NHS Research
Ethics Commiliee, London, England) and
was registered with the United King-
dom Medicines and Healthcare prod-
ucts Regulatory Agency. Twenty-seven
patients with CHD (20 men and seven
women) were prospectively enrolled
(all patients: age range, 21-60 years;
median age, 32 years; men: age range,

Radlolagy: Volume 260; Number 3--Seplember 2011 = sadiology.rsna.eng

681




CARDIAG IMAGING: MR Imaging with Blood Pool Contrast Agant In Congenital Heart Disease

Makoviski et al

21-60 years; median age, 32 years;
women; age range, 24-48 years; median
age, 33 years). No significant difference
in age was found between the male
and female patient population by using
an unpairved ¢ test (P > .05). Writlen
consent was abtained and medical his-
tory was assessed in all patients. Only
individuals with a history of CHD who
were scheduled for a routine MR im-
aging examination and who therefore
had no contraindication to MR imaging
were included in this study. All patients
had no contraindications to the use of
MR imaging contrast agents. Palien(s
were given a take-home informed consent
form for the adiministration of MR imag-
ing contrast media. Within a follow-up
period of more than 1 year, no side ef-
lects were noted in any patient. Four pa-
tients declined to take part in the second
MR imaging examination without siating
a reason.

Patients (Table E1 [online]) were
examined twice. On day 1, gadopen-
tetate dimeglumine (Magnevist; Bayer
Schering Pharma, Berlin, Germany}
was administered to a maximum dose of
0.2 mmol per kilogram of body weight
{maximum volume, 40 mL}, and on day
2 (>24 hours after but within 6 days
after administration of gadopentetate
dimeglumine)}, a dose of 0.03 mmol/kg
gadofosveset trisodium {Vasovist; Bayer
Schering Pharma) was injected. All ex-
aminations were performed by using a
1.5-T clinical MR imaging unit (Achieva;
Philips Healthcare, Best, the Nether-
lands) with a 32-element cavdiac coil.

Morphologic Imaging

After contrast agent injeclion {gadopen-
tetate dimeglumine on day 1 and gado-
fosveset trisodium on day 2) at a flow
rate of 2 ml/sec, contrast-enhanced MR
angiography was performed hy request-
ing the patient to suspend hreathing
{end expiration) for first-pass data ac-
quisition (Table 1}. This examination
was followed by a respiratory navigator-
gated and ECG-triggered T2-prepared
SSFP sequence (Table 1). On day 2, the
same examinations were repeated, and
an additional IR preparation-prepulse
SSFP sequence that was comparable
to sequences previously described for

coronary MR angiography (9,10} was
usead,

The optimal inversion time (260-280
msec) Lo suppress extravascular tissue
was determined by using a Look-Locker
sequence (11). The Look-Lacker tech-
nique is an MR imaging pulse sequence
for the measurement of spin-lattice T1
relaxation times. It is used in combina-
tien with IR sequences (clinically used
for myocardial infarction imaging) to
optimize the contrasi between the signal
from the contrast agent and the sur-
rounding tissue, In this study, it was
used to determine the oplimal inversion
time (260-280 misec) to minimize signal
from extravascular tissue,

Intage Analysis

Image processing and reformatting were
performed (by G.F.G., with more than
10 years of experience) with commer-
cially available analysis software (View
Forum; Philips Healthcare),

Quantiiative image analysis of
CNRs,—Regions of interest (ROIs) were
defined to determine the signal (S)
from hlood (S, ,) and reference tissue
(Syy0c0rium) - N0ise (N} was determined
by the standard deviation in the respec-
tive ROIs, as parallel imaging was used
(sensitivity encoding for fast MR im-
aging |vendor specific] [12]). CNR was
assessed al several levels of the aorta
(ROT dimensions and levels are given
in Table E2 |online]) and the left pul-
monary actery (mean ROI dimension;
2.1 cm?® = 0.8 |standard deviation});
measurements were performed by
one author (M.B.M., with 3 years of
experience).

CNR was defined by using the fol-
lowing equation (13): CNR = (S, —
Supocsraunn/ 05 (Noos + Mo
where all variables are means.

Quantitative image analysis of vessel
wall sharpness, length, and area.—To
compare data from vascular structures
obtained with different imaging tech-
niques, & custom-made analyzing tool
(“Soap Bubble”) was used (9,14). This
tool altows comparison of data sets for
ohjective quantitative analysis of CNR,
vessel length, sharpness, and area. As
earlier described by Botnar et al (9), the
local vessel sharpness can be obtained

by using a Deriche algorithm {14}, In
brief, this algorithm calculates an edge
image by using a first-order derivative
of the input image, The local value in
a Deriche image represents the magni-
tude of local change in signal intensity.
A vessel sharpness of 100% refers to
a maximum signal intensity change at
the vessel border. A lower edge value
is consistent with inferior vessel sharp-
ness, For the identification of the vessel
edges along the path, a semiautomatic
vessel tracking algoritiun is used. By us-
ing this algorithm, the location of the
vessel horder and the sharpness of the
uscr-specifiod vessel segment are defined
sentiautomatically.

For quantitative assessment of the
pulmonary artery and aorta, images
were first reflormatted by using the Soap
Buhble tool (15}, The aorta and the left
pulmonary artery were chosen for analy-
sis hecause these vascular structures
were imaged with all of the imaging se-
quences (contrasl-enhanced MR angiog-
raphy, IR SSFP, and T2-prepared SSFP)
and both of the contrast agents (gado-
pentetate dimeglumine and gadofosve-
set trisoditum) investigated in this study.
Additionally, the aorta and the pulmo-
nary vasculature are frequently imaged
in patients with CHD.

Vesgel wall sharpness of the aorta and
the left pulmonary artery were measured
as previously described (8). Furthermore,
the maximal true visible length of the left
pulmonary artery was assessed in each
subject. Cross-seclional areas were mea-
sured at different corresponding levels of
the aorta for each sequence used.

Qualitative image analysis.—The
image grading system we used, which
was applied in a previous study for as-
segsment of vascular malformations in
CHD (16), was modified from that used
by MeConnell et al {(17) (Table 2). Con-
sensus reading was performed for image
quality scoring by two readers. Prior to
the analysis, a trial assessment of five
separate MR images (from all MR imag-
ing sequences) for quality assurance was
performed by the two readers together.
Subsequently, the two readers (G.E.G.
and A.B., with more than 10 and more
than § years of experience in pediatric
cardiology and pediatric cardiac MR
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imaging, respectively) analyzed all images
independently in a blinded and random
order. Disagreements were discussed
before a single [inal grade was given.
Visual inspection of image quality was
performed for intracardiac and extrac-
ardiac arterial and venous structures, The
presence of any cardiac or vascular ah-
normality, artifact, or incidental finding
was recorded for each cardiac segment.

Diagnostic information.—Consensus
reading, as described above, was also
performed to determine diagnostic in-
formation. Diagnostic information de-
vived from images obiained with the
IR SSFP scquence with gadofosveset
trisodium was compared with that de-
rived from images ohiained with the
currently used TZ-prepared SSEFD se-
quence with gadopentetate dimeglumine
and gadofosveset trisodium and respec-
tive contrast-enhanced MR angiographic
examinations,

The following two groups of diagnos-
tic information were defined: (a} that
related to the exclusion of discases (ie,
all elinically relevant diseases that could
be excluded with diagnostic image quality
[image quality score, 3-3] [Table 2})
and (b} that related io new, unsuspected
diseases (ie, all new diagnoses hased
on images with diagnostic image qual-
ily [image quality score, 3-5] (hat were
relevant to the patient’s assessment re-
garding CHD).

Information available [rom echocar-
diography (n = 23), conventional angiog-
raphy (n =4}, or surgery (n =1} was used
to confirm all diagnoses.

Statistical Analysis

Variables are reported as means & stan-
dard deviations. Paired and unpaired
t tests were used Lo compare continuous
variables, as appropriate, The Wilcoxon
rank sum test was used lo compare
categoric variables. I < ,05 was consid-
ered to indicale a statistically significant
difference.

Twenty-seven patients were envolled
in the stady protocal. Twenty-three pa-
tients completed hoth imaging sessions.
Four patients declined to take part in the

Acce!eratmn {actnr rnr 4
sensitivity encoding
s aoquisition
Acquisition time {see) ;12
. Navigator effictency (%) NA___

80
CREERt .'E:- 542 §
240 % 340 340 % 340
{1AXTAKTA AR 1AX 14
4 4
" Up4GIPRR T g0 a8
528 53+

Note ——AcquisTtion parameters relevanl
inversion time for the IR $SFP sequence. Vi
consecutive phases were actuired at q_sntr

* Arquired as erercontiguous secbons ;

enmm nangog;apnym ot applicable,

id-a‘:bcai for thaT2~pfepa:ed S5FP and IR SSFPsequem ma_i i

Image (urallty Scurmg Syste

"lleni qualrty dlagnost C mformaﬁon (dlagnﬂsﬁc)

second MR imaging examination with-
oul stating a reason.

Quantitative Imagse Analysls

The use of IR SSIT with gadofosvesel
trisodium resulted in improved CNR and
vessel wall sharpness (Fig 5 Figs E1, E2
[online]; Table E2 [onlme]) compared
with the use of T2-prepared SSFP with
gadopentetate dimeglumine and gado-
fosveset trisodivin, For IR SSFP with ga-
daofosveset trisodium, image acquisition
was independent from holus timing, as
needed for the contrast-enhanced MR
angiographic examinations (Fig 1, Fig El
[online]}. Cross-sectional areas of the
aorta were compared hetween all 3D
imaging lechniques (contrast-enhanced
MR angiography, T2-prepared SSFP, and
IR SSFP). Comparable results were
found for T2-prepared SSFP wilh gado-
pentetate dimeglumine and gadofosveset
trisodian and IR SSFP with gadofosveset

trisodium using respiratory navigator
gating and ECG triggering {Table E2
[online]), Areas were larger in breath-hold
non-ECG-triggered contrast-enhanced
MR angiographic images (Table EZ [on-
linej, P < .05 for all).

Qualitative Image Analysis
All qualitative image analysis results
are summarized in Table E3 (online).
At comparisen of all 3D imaging tech-
miques, the lowest values for image qual-
ity were found for breath-hold first-pass
non-HCG-triggered contrast-enhanced
MR angiography, without significant. dil-
lerences hetween gadopentetate dimeghu-
mine {day 1) and gadofosveset trisodium
(day 2). Gadapentelale dimeglumine and
gadofosveset trisodivm were compared
by using T2-prepared SSFP; no signifi-
cant differences could be found.

In contrast, IR SSFP with gadofos-
veset trisodium resulted in a significantly
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Figure 1:

Images In 43-year-old patient with atretic acrtic arch and drainage of the left and right upper pulmonary veins to the innaminate

vein. A Volume-rendered image obtained in pulmonary phass of first-pass contrast-enhanced MR angiography with gadofosveset trisodium
shows drainage of stenatic left upper primonary veln curling around the left pulmonary artery (LPA) to the Innominate vein. A2, Multiplanar
reformatted plane through vihite box In AT, The same stenotic area is displayed on, A3, a multiplanar reformatied image obtained with
T2-prepared SSFP sequence. A4, IR SSFP image shows that highest contrast from the blood pool was achleved by using this technique. 81,
Corventional anglegram. Dotted arrovr = atrefic distal aortic arch, On, B2, contrast-enhanced MR anglogram of area in white box in B, the alretic
distal aoriic arch is insufficiently imaged owing to bolus timing and en insufficient breath hold, B3, T2-prepared SSFP Image shows the atretic
segment of the aorta. However, the highest contrast from the blood pool veas achieved by using, 84, IR SSFP. Ag = aorta, d4 = descending
aaria, dad = distal aortic arch, /= Innominate vein, P4 = pulmonary artery.

higher image quality for all evaluated
structures compared with T2-prepared
SSFP with gadopentetate dimeglurnine
and gadolosveset (risedium and respec-
tive contrast-enhanced MR angiographic
examinations (Table E3 Jonline], P < .05
for all).

If IR SSFP was applied in combi-
nation with an extravascular contrast
agent with only a short blood half-life,
like gadopentetate dimeglumine (8),
the compound rapidly extravasated inta
the oxtravascular space dwring image
acquisition (FigE3 [online]). Therefore,
IR SSFP was used only with gadofosve-
sot trisodium,

Diagnostic Information

The diagnostic information gained hy us-
ing IR SSFP with gadofosveset (risodium
wag compared with that gained hy using

T2-prepared SSFP with gadopentetate
dimeglumine and gadolosveset trisodium
and the respective contrast-enhanced
MR angiographic examinations (Figs 1, 2;
Figs El, E2 [online]; Table 3).

Exclusion of relevant diseases.—In
15 patients, relevant diseases relaled
to CHD could be excluded for opiimal
treaiment planning (Figs 1, 2; Figs El,
E2 [online]; Table 3). An example of this
was a patient in whom severe aortic
coarctation was suspected (Fig 1), IR
SSEP with gadofosveset trisadium could
not only delineate a complete obstruc-
tion of the aortic arch but also showed
a continuity of the aorta in this area
(Fig 1). This gave reassurance to the
interventionalist in perforating the aor-
tic arch obstruction with a guidewire in
the cardinc angiography laboratory and
inserting a covered stent, T2-prepared

SSFP with gadopentetate dimeglumine
and gadofosveset trisodium and respec-
tive contrast-enhanced MR anglographic
examinations were not able o provide
this information (Fig 1). 1R SSFP with
gadofosveset trisodivm also showed ad-
vantages (Fig 1, Table 3) for assessing
the pulmonary vascular system owing
to better discrimination of pulmonary
arteries and veins. The spatial rela-
tionship hetween arterial and venous
structures and adjacent nonvascular
siruclures such as myocardiumn or peri-
cardial fluid was clearly delineated by
using an iniravascular contrast agent
with an IR prepulse. This improved im-
age quality, particularly for exclusion of
sinus venosus defects (15 [659%)] of 23
[Fig 2]). Other examples include imag-
ing of the semilunar valves (nine [399%6]
of 23).
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Figure 2: Mulhplanar reformations of left coro-
nary artery (L.CA}and proximal pulmonary vessels
chtalned by using, A1, 81, C1, T2-prepated SSFP
MR Imaging sequence and, AZ, BZ, G2, IR SSFP
MR Imaging sequence with gadofosveset trisedium,
Al, BI, Pericardial fluld and extravascular fissue
(arrowheads) obscured the clear definftion of the
origin of the LCA. AZ, B2, Suppressian of perivas-
cular fluld and tissue (arrowheads) with the IR S5FP
sequence allowed clear delineatlon of the course of
the LCA. C71, 2, Images show an axial plang of the
ascending aorla (AAg), supetior vena cava (SVG),
right pulmenary artery (RPA), and right upper
pulmonary veins (+). C71, The presence of perivascu-
{ar fluid (arrowheads} mimics connections between
the SVC, RPA, and right uppar putmonary vain
{armow In C7 and €23, £2, Owing to suppression of
perivascular fluid (arrowheads), these connactions
could be excluded,

LExtravascular {luids and the blood
peol hoth show high signal inlensity
on images obtained with T2-prepared
SSFP with gadopentetate dimeglumine
and gadofosvesel trisodium, Therefore,
in some patients, a clear diagnostic de-
lineation of the origin and course of the
coronary arleries was only possible by
using IR SSFP with gadofosveset triso-
dium (nine [39%] of 23 [Fig 2}} as peri-
cardial fluid was fully suppressed. If the
ventricular septum was evaluated, IR
SSFP with gadofosveset trisodium al-
lowed for imaging with diagnostic image
quality owing to the full suppression of

/IR SSFP Sequence. with 2

&dusxnn af sinus venasus defects
Excluslen of muscidar or membrang
Excluston aof cﬁmnary artery abno

Exduslon of aortic arch in!errupimn in function

aostic arch

B, unsuspecteddlseases

(five f22%] of 23) . -+
3({13)
1@

14

"¢ Mote—Dala are rumbers of
‘additional information with
prepared S57P seqlience
(image quality score, 16
revealing new, unsuspecte
navigator-gated T2-prepared SSF

“amd gadofosvesel t.risudnu

the myocardium or membranous part of
the ventricular septum while generating
strong signal from the blood pool. The
image quality provided by T2-prepared
SSFP with gadopentetate dimeglumine
and gadofosveset trisoditm was in some
cases nol diagnostic and did not al-
low the exclusion of ventricular septal
defects (12 [52%] of 23) (Fig E2 [on-
line]). Similar results for assessment of
the interatrial tunnel were observed in
patients who had undergone the Mus-
tard or Fontan operation {two {8%] of
23 [Table 3]). Information available from
other modalities (echecardiography [n =
23], conventional angiography {n = 4],
and/or surgery [n = 1]) was used to
confirm all diagnoses.

New, unsuspected diseases.—In five
of the examined patients (229%), a previ-
ously undetected diagnosis was found by
using IR SSFP with gadofosveset triso-
dium (Table 3). Previously unexpected
hicuspid aortic valves (three [13%] of 23)
and a ventricular septal defect (one
[49] of 23) (Fig E2 [online]) were im-
aged by using IR SSEP with gadofosveset
trisodium but could not be delineated

by using 12-prepared SSFP with gado-
pentetate dimeglumine and gadofosve-
sel trisodium and respective contrast-
enhanced MR angiographic examinations.
Resulis were consecutively confirimed
at echocardiography. A partial anoma-
lous pulmonary venous return (PAVPR)
of the right and left upper pulmonary
veins was diagnosed by using IR SSFP
with gadofosveset trisodium but was
missed at firsi-pass conirast-enhanced
MR angiography owing (o suboptimal
timing of the contrast agent bolus in a
patient who had difficulties holding her
breath. The diagnosis was also missed
at conventional cardiac angiography as it
was targeted to image an acrtic arch
obstruction. Images ohtained with T2-
prepared SSFP with gadopentetale di-
meglumine and gadofosveset trisodium
raised suspicion of (he diagnosis of
PAPVR, hut owing to limited delineation
of the intrapulmonary vasculature (Fig 1),
definitive diagnosis was provided only
by using IR SSFP with gadolosveset
trisodium. Repeated contrast-enhanced
MR angiographic exarminations with op-
tintal contrast agent holus timing to the
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pulmonary phase and subsequent cardiac
conventional angiography confirmed the
diagnosis (one [4%] of 23 [Fig 1]).

Information availahle from other
modalities (echecardiography [n = 23],
conventional angiography [n = 4], and/or
surgery |n = 1]) was used to confirm all
diagnoses.

In this prospective study, we proposed
a single injection of an intravascular
contrast agent (gadofosveset trisodium)
in combination with an IR SSFP se-
quence for improved assessment of
cardiovascular morphology in patients
with CHD, IR SSFP with gadolosveset
trisodium improved image ¢quality and
diagnostic performance compared with
T2-prepared SSFP with gadopentetate
dimeglumine and gadofosveset triso-
dium and respective contrasi-enhanced
MR angiographic examinations, Na
qualitative or quantitative dilferences
were found between the two contrast
agents in the same patient with the T2-
prepared SSFP and contrast-enhanced
MR angiography sequences,

First-pass contrast-enhanced MR an-
giography is an approach used in clinical
practice to image intrathoracic vessels,
One of its main advantages is the high
contrast generated by the intravascular
contrast agent bolus while the signal from
extravascular lissue is suppressed. How-
ever, there are several limitations: Ac-
quisitiort time is resiricted to one hreath
hold, limiting the spatial resolution (usu-
ally nonisotropic voxels} and field of view
(16). This is also relevant il multiphase
imaging is used. Contrast-enhanced MR
angiography relies on patients holding
their breath to compensate for respira-
tory motion. K patients cannot fully com-
ply with breathing commaids, artifacts
from chest motion can result. Owing
to the requirement for optiral patient-
specific bolus timing while investigating
highly complex cardiovascular anatomy,
standardization and reproducibility of
follow-up MR imaging examinations
can be challenging (18). Bolus injec-
tion should not he repeated bhecause
of the limited amount of contrast
agent that should be given. Imaging of

intracardiac structures is limited, as
contrast-enhanced MR angiographic
sequences are not triggered to cavdiac
motion,

ECG-triggered and respiraiory
navigator-gated 3D MR imaging tech-
nigues such as T2-prepared SSIP are
another approach fo image intrathoracic
struectures and have shown same advan-
tages in the clinical environment. They
are easy to plan, as they do not need
to be adjusted {o specific cardiovascular
structures and usually cover the complete

thorax. ECG triggeving and respiratory -

navigator galing are applied for compen-
sation of respiratory and cardiac motion.
This allows the evaluation of in{racar-
diac structures. Isotropic voxels can he
acquired, allowing highly standardized
and reproducible evaluation of data sets
through postprocessing. Arterial and
venous anomalies can he imaged simul-
taneously, without the need lor precise
bolus timing (4). A shoricoming of this
technique is the reduced contrast he-
tween vascularr structures and surround-
ing soft tissues and fluids. This can lead
te limitations in imaging structures like
the interventricular septum, the pul-
monary vasculature, and the coronary
arferies (4), as these structures may
sometimes nat be clearly distingnish-
able from surrounding tissue, fluids, or
blood.

A single injection of an intravascular
contrast agent {gadofosveset trisodium}
in combhination with a contrast agent—
specific sequence design (IR SSFP)
brings together the advantages of first-
pass imaging with high signal inten-
sity from the vasculature and motion-
compensated high-spatial-resolution iso-
tropic imaging with T2-prepared SSFD.
In this study, IR SSFP with gadofosveset
trisadium allowed imaging with high sig-
nal intensity from the hlood pool, while
signal from extravascular tissues and
fluids was suppressed. This approach
improved the image quality of all in-
vestigated intrathoracic structures sig-
nificantly compared with T2-prepared
SSEP with gadopentetate dimeglumine
and gadofosvesel trisodivm and respec-
tive contrast-enhanced MR angiographic
examinations, All cardiac segments,
including the course of the coronary

artery system, the ventricular septum,
and the arterial and venous pulmonary
vasculature, were assessed with higher
contrast lrom the blood pool and sup-
pression of extravascular structures like
pericardial fluid,

The arterial and venous systems
were imaged simultaneously with high
intravascular contrast with the IR SSFP
sequence with gadofosveset trisodium
without the need for precise contrast
agent bolus timing, Il sequence acquisi-
tion fails hecause of patient movement.
or lechnical issues, examinations can
he repeated without the need for an
additional injection of a contrast agent,
owing te the long hleod half-life of the
intravascular contrast agent (#,,x, ap-
proximately 28 minutes; ¢, 8, approxi-
mately 18 hours 18 minutes) (8).

Using IR SSFP with gadofosveset
trisodium, all mformation can he obtained
during a single high-spatial-resolution
isotropic motion-compensated acquisi-
tion, independent rom bolus timing.
The isotropie property of data sets al-
lows reformatting of any desired imag-
ing plane; hence, precise morphologic
evaluation may be performed with post-
processing. This can have diagnostic
implications. The exclusion or clear de-
lineation of relevant diseases (15 ]65]
of 23) and the diagnosis of new, unsus-
pected diseases (five [22] of 23) showed
the clinical benefit of using IR SSFP with
gadofosveset trisodium. The results of
this study demonstrate that IR SSFP
wilh gadofosveset (risodium is supe-
rior for diagnesing intra- and extracar-
diac vascular and cardiac abnormalities
in patients with CHD compared with
the currently used combination of T2-
prepaved SSFP with gadopentetate di-
meglumine and gadofosveset trisodium
and respective contrast-enhanced MR
angiographic examinations. Other in-
vestigators confirmed in a retrospective
study (19} the superior image quality of
navigator-gated and ECG-triggered IR
SSI'P MR imaging compared with first-
pass breath-hold contrast-enhanced MR
angiography with gadofosveset tiisodium.
T2-prepared SSFI' and extravascular
contrast agents such as gadopentetale
dimeglumine were, however, not avail-
able for comparison in that study (19).
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If IR SSFP is applied in combina-
tion with a extravascular contrast agent
with only a short blood half-life, like ga-
dopentetate dimeglumine (8), the com-
pound will rapidly extravasate into the
extravascular space during image acqui-
sition, Even if the IR pulse is {imed to
achieve a high intravascular signal after
contrast agent injection and imaging is
started immediately afler contrast agent
injection {while the contrast agent is still
in the distribution phase), a substantial
portion of the contrast agent will have
diffused out of the intravascular space
before the imaging sequence is complete
(8). This will result in & mixed contrast
hetween intra- and extravascular space.
The compound may accumulate in, for
example, the cardiac valves, scar tissue
in the myocardium {myocardial late en-
hancement), and atherosclerotic vessel
walls as a consequence of an increased
distribution volume, endothelial perme-
ahility, or neovascularization (20).

The improved contrast between
intra- and extravascular structures seen
“with IR SSFP in combination with ga-
doflosvesel trisodium may have resulled
from the higher relaxivity of gadofosve-
set trisodium when bound to albumin,
in combhination with its prolonged in-
travascular half-life (8) compared with
currently used extravascular conirast
agents. Additionally, the IR SSFP se-
quence applied was heavily T1 weighted
and thus specifically useful to highlight
regions with shortened T1 times. There-
fore, this sequence design was well suited
for the detection of gadolinium-based
contrast agents. The T2-prepared SSFP
sequence used was mainly T2 weighted,
hecause of the T2 preparation prepulse
applied, and some additional T2/T1
weighting resulted from the SSFP read-
out. The T2-prepared SSFP sequence
used was therelore not highly sensitive
for the detection of Tl-lowering con-
trast agents bul rather for the detection
of Auids, including blood.

There were limitations to our study.
No conclusion from our data is applicable
to patients with cardiac arrhythmia. Mo-
tion avtifacts cannot be addressed with
the improved blood pool signal and se-
quence design presented in this study.
Even though substantial improvenient in

imaging of cardiac valves was achioved by
using gadofosveset trisodium, echocar-
diography is still considered o be the
reference standard method for anatomic
imaging (4). The role of intravascular
contrasl agents in imaging myocardial
delayed enhancement is still subject to
investigation snd was not addressed in
this study. In case information on myo-
cardial scar imaging is needed, gadopen-
tetate dimeglumine may be the preferred
imaging ageni at the moment. As the
use of MR imaging method and contrast
agent administration were not random-
ized owing to technical reasons, it could
not he determined to what degree the
order of administration confounded the
power of the method.

In conclusion, a single injection of an
intravascular contrast agent (gadofosve-
set (risodium) in combination with a con-
trast agent—specific sequence design (IR
SSTFP) combines the advantages of first-
pass contrast-enhanced MR angiography
with high signal [rom the vasculature
with the benefits gained from motion-
compensated high-spatial-resolution
isotropic T2-prepared SSFP sequences,
In this study, IR SSFP with gadofosveset
trisodium improved image quality and
diagnostic performance for the assess-
ment of cardiovascular morphology in
patients with complex CHD compared
with T2-prepared SSFP with gadopen-
tetate dimeglumine and gadofosveset
trisodium and respective contrast-
enhanced MR angiographic examinaions.
This may broaden the use of cardiac
MR imaging and improve follow-up in pa-
tients with CHD,
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