Table 7 Presence of artefacts

Artefacts N No Artefacts Artefacts more  Artefacts more
discrepancy less serious scrious serious

according 10 SS  according to SS  according to SS
by | level by | level by 2 levels

svC 29 23(79%) 4 2 0

RB 29 17(59%) 7 5 0

RS 29 21 (72%) 6 2 0

RA 29 17(59%) 8 4 0

RI 29 24(83%) 3 2 0

LB 29 12(41%) 10 7 )]

LS 29 17(59%) 8 3 |

LA 29 17(59%) 5§ 6 |

LI 29 19(66%) 5 5 0

Total 261 167(64%) 56 36 2

Sec table 1 for abbreviation



Table 8 shows the SS artefact scores against the FP artefact scores. The kappa
coefTicient was only 0.29; indicating only fair agreement between SS and FP.
Apgreement was not very high between the two imaging techniques in terms of artefact
assessment. A McNemar's test was performed on the reduced table of counts with the
*Mild” and “‘Major” categories combined to form a single category. The p-value was
calculated to be 0.04, so there was a significant difference in aniefact assessment
between the two techniques. Images were significantly more likely to be assessed as
“mild” or “major™ by FP compared to SS. However, in 2 venous segments the SS

imaging concluded major artefact while the FP imaging concluded no artefacts.

Table 8 Artefact scores between first pass (FP) and steady-state (SS) imaging

techniques
S8
Artefacts
' None Mitd Major Total

FP None 97 kk] 2 132
Mild 55 70 3 128
Major 0 1 0 1
Total 152 104 5 261




Discussion:

Imaging of the central veins usually requires a combination of techniques that may
include colour Doppler ultrasonography (CDUS), computed tomography (CT),
intravenous digital substraction angiography (IV-DSA) and magnetic resonance
venography (MRV). Each modality has advantages and disadvantages depending on

the location and nature of the venous disease.

CDUS is widely available and is usually the first investigation of choice. It is non-
invasive and particularly useful in assessing upper extremity and neck venous system.,
However, it is relatively operator dependent and full evaluation including
compression of more centrally located veins (superior vena cava and brachiocephalic
veins) is not possible due 1o overlying bones and lungs. Hairc ct al. has reported that
CDUS cannot demonstrate 45% of short segment occlusions at the medial aspect of
subclavian vein and 43% of non-occlusive subclavian venous thrombosis [1). The
gold standard, IV-DSA, has some limitations including neprotoxicity risk due to
iodine contrast agents, allergic reactions, ionized radiation exposure, requirement of
bilateral injections and lack of opacification in jugular veins. Misregistration artcfacts
along SVC due to motion are also recognised. CT venography is particularly
susceplible to contrast agent artefacts which may persist despite bilateral injections.
Moreover, bilateral venous cannulation in patients with limited venous access can be

highly challenging.

MR imaging of the vascular system has been increasingly utilised due to increased
MR availability and the advantages of avoiding risks associated with iodine contrast

media and ionising radiation. Initial MR venography techniques wcre based on



unenhanced MR sequences, most commonly two-dimensional (2D), time-of-flight
(TOF) techniques. These have been used in imaging of deep vein thrombosis of the
lower limbs and assessment of central veins [2). However, the clinical use of TOF
techniques has been limited by long examination times and misleading artefacts.
Overall, interpretation of two-dimensional TOF images is difficult, as indicated by the
high degree of inter-obscrver disagreement scen particularly in the study of Rose et al
(3]. Balanced steady-state frec precession MR venography has been reported to be
highly accurate in the diagnosis of lower extremity deep venous thrombosis but it is
prone to magnetic susceptibility artifact [4]. The accuracy of true fast imaging with
steady state precession (FISP) imaging for the detection of thrombus in the central

veins are too limited for this sequence to scrve as the sole means for diagnosis [5).

Contrast-enhanced MR venography was first used in 1997 for lower extremity decp
venous system evaluation [6]. Results of MR venography of upper extremity deep
venous system were consistent with conventional venography [7). The initial
experience of this technique in imaging of central veins was described in 1999 [8).

The technique is an indirect method requiring subtraction of selective arterial phase
from late arterio-venous phase. Subsequently static high-spatial-resolution contrast-
enhanced MR venography has been shown to be equally sensitive and specific for
revealing stenoses and occlusions as conventional venography of the central veins of
the chest [2,7,8,9,10,11,12). However, a gadolinium-based contrast medium is
required, and the majority of contrast media are extracellular agents that rapidly leave
the vascular pool. The dose administered commonly exceeds the standard single dose
used for most contrast-enhanced MR studies. This is less than ideal given the

concerns regarding nephrogenic systemic fibrosis after high-dose contrast enhanced -



MR examinations in patients with impaired renal function, which is relatively

common in the group of patients that require central venous assessment {13].

Further improvement of MR techniques using time-resolved serial acquisition methods
has improved this situation. By rapid acquisition of sequential images combined with
*K™ space manipulation, time-resolved MRV can show the temporal dynamics of
blood flow as in conventional venography. Visualisation of collateral vessels can help
to assess the haemodynamic significance and chronicity of the diseased vessel. As a
stand-alone sequence, tlime-resolved MRV has high sensitivity that is equal to that of
high-spatial-resolution MRV for the detection of central venous stenoses and
occlusions, but with only a moderate specificity. These findings imply that if the
central veins are patent without stenosis, the sensitivity and specificity will be
excellent; however, when stenosis or occlusion is present, it might be difficult to
determine which veins are abnormal and to what extent, likely because of extremely
slow contrast material flow into scverely diseased vein segments. However, it has
been shown to be a useful adjunct to the conventionally acquired static high-spatial-
resolution MR data set by improving specificity for detecting occlusions and
enhancing reviewer confidence without increasing the overall study interpretation
time (14]. Additional advantages of this approach include a lower contrast material
dose requirement (10 mL vs 30 mL) and a shorter acquisition time (2 minutes vs
approximately 5 minutes) [15,16). The sidc of contrast material injection can also be
detected on time-resolved images. This is of clinical importance, as non-diluted
contrast material occasionally bccomes trapped in the venous valves within the

subclavian veins, causing potential image degradation in adjacent vessels because of

T2*-related susceptibility artifacts {17,18)



Although adequate to characterize the general morphology and degree of stenosis, the
spatial resolution, and hence image qualily of time-resolved images may not be
optimum. High resolution stcady stalc imaging may improve this but the temporal

window steady-state imaging is very limited using extravascular contrast agents.

Macromolecular blood pool agents such as Vasovist® owe their intravascular
retention to a strong but reversible affinity to albumin, which extends the vascular
lifetime of the contrast medium. As a result, lower doses are required and this agent
can still be used for the multiphase first pass imaging of blood vessels as it has similar
relaxivity properties to conventional gadolinium media. A higher vascular signal-to-
noise ratio can be obtainced during equilibrium phase or steady-state imaging but they
also allow more prolonged imaging less dependent on bolus dynamics, permitting
increased signal averaging and repeated additional high-resolution images in the
steady-state. A longer acquisition time permils increascd matrix size with preserved
or higher signal-to-noise ratio, thus improving the spatial resolution. Steady-state
imaging offers the possibility of depicting the entire vascular system without relevant
extravasation of the contrast medium from the intravascular space, thus imaging of a
larger anatomical area can also be achieved. In addition, vessels with different flow

velocities can be properly depicted.

Hartmann et al [19] estimated that T1 of blood in the equilibrium phase, 3-5 minutes
after injection of 0.03 mmolkg gadofosveset, is about 130 ms, increasing to about
150 ms after 10-15 minutes. This prolonged T1 reduction offers the opportunity to
obtain images of the vascular tree up to about 45-60 minutes afier injection. In

clinical practice this means that scan duration is no longer determined by the transient



T1 shortening, but by the capacity of the patient to sustain a breath-hold or to remain

motionless.

The comparison of SS imaging with FP imaging using Vasovist® for assessment of
the central veins in our study showed favourable results for both techniques but
overall better imaging quality and lower artefacts with SS imaging. Our results
indicated that in 43% of venous scgments where discrepancies on image quality
occurred, SS imaging showed better image quality in 5% by 2 or 3 points point and
26% by 1 point scale so overall the image qualily was usually better for SS imaging
compared to FP. The right sided venous segments showed better image quality using
the SS technique by more than 2 or 3 points scale. The SS technique also showed
better image quality (9 of the 11 scgments where discrepancies occurred) in the left
brachiocephalic vein which is most susceptible 1o transicnt compression and motion
artefacts due to its position between the aortic arch and the sternum. In terms of
comparison of the overall image quality scores between the two imaging techniques
on the entire central venous system, we found that SS imaging produced images of a

significantly higher quality than the first pass imaging.

There was good agrecment between SS and FP in grading the level of stenosis. Our
findings of 88% of venous segments showing concurrence between the 1wo imaging
techniques in identifying and grading stenoses indicated that both techniques
werecffective in providing clinically useful information on assessment of central
venous patency. We subscquently reviewed the remaining 12 % where discrepancies
occurred and concluded that these are duc to overcall from the FP imaging. As with

stenotic scores, there was also good agreement between SS and FP in thrombosis

assessment.



Our study found that discrepancies in the presence of artefacts occurred in 36% of
venous segments where the SS technique usually concluded a lower level of artefact.
Discrepancies were particularly prominent along the left brachiocephalic vein (in 59%
of all 29 subjects). The use of cardiac triggering (not used in our study) may reduce
pulsation artefacts and thus improve the homogeneity of the signal within vessels. We
also found that images were significantly more likely to be assessed as having “mild”

or “major” artefacts by FP compared to SS.

The use of gadofosveset trisodium in our study has demonstrated improved image
quality and the extended window for imaging allows further refinememnt of the
imaging techniques. Indccd the feasibility of a combined protocol for the MRI
diagnosis of deep vein thrombosis and pulmonary embolism using gadofosveset
trisodium has also been reported [20). lis use for MRV of the leg veins and inferior
vena cava using fat-suppressed 3D gradient echo Volume Interpolated Breath-hold
Examination showed high diagnostic image quality with no cases of moderate, poor
or nondiagnostic image quality. Additionally, an excellent inter-rater reliability was

observed [21]).

Although the SS-MRA ofTers all the advantages of a near isotropic 3D sequence, no
information on flow dynamics can be oblained from the SS-MRA. Its use as a siand
alone technique is clinically adequate 10 assess central veins but a combination of FP
and SS techniques would complement each other and in our experience avoiding the
nced for a conventional venography. The two different imaging sets allow for more
detailed assessment on any ambiguous venous segments. A similar finding was
reported in the assessment of carotid artery stenosis using gadofosveset-enhanced MR

angiography wherc sicady-state image reading is superior to first-pass image reading,



but the combined reading protocol is more accurate [22]. The use of gadofosveset
trisodium with SS imaging has also been found favourable in the assessment of other
thoracic vasculature. In an analysis of 25 patients, ECG-gated, motion-compensated
high-resolution SS-MRA of the thoracic vasculature (left superior pulmonary vein,
leR pulmonary artery and aortic arch) with gadofosveset trisodium offered
significantly higher image quality and vesscl sharpness compared to standard FP-
MRA. The authors found that although SS-MRA delivered no dynamic information it
may prove specifically helpful as an add-on to FP-MRA for imaging of small vascular
structures. SS-MRA revealed lower intra- and interobserver variability for vessel
diameters compared with the FP-MRA. The FP-MRA showed higher contrast ratio
compared to the SS-MRA [23).

Despite the lack of cardiac and respiratory galed technique, the outcome of our study
is strongly favourable for the addition of SS-imaging to our conventional FP
technique. The technique could be enhanced and the outcome may be significantly
favourable should the motion cffects be addressed. Naehle CP et al demonstrated that
the high-resolution cardiac- and respiratory-gated SS-MRA showed less overall image
antefacts and a higher diagnostic confidence than FP-MRA. They found that vessel
sharpness itsell was not only improved due to the higher spatial resolution, but also
due to motion compensation through navigator-respiratory compensation in

comparison to the breath-hold. nongated FP-MRA, and through ECG-gating [24).

There were few limitations in our study. The sample size was not big enough to
provide adequate power to detect statistically significant differences. The number of
patients needed to provide adequate power would be in the region of 200 patients.

Consensus reading did nol address variation in subjective assessment but this



approach may enhance accuracy compared to independent single observers, thus
leading to a maximum advantage of the techniques studied. Furthermore, usc of
consensus reading was deemed acceptable since the aim of this study was not to
determine the gencral sensitivity and specificity of MR data sels, as compared with
conventional venography data scts, but rather to elucidate the relative degree of
diagnostic information obtained and the efficiency in interpretation achicved with FP
and SS images. Conventional venography, which has its own limitations, has not been
uscd as the gold standard as the information obtained from MRV provided adequate
clinical information that 1V-DSA was not required in any of the cases following the
MRV examinations. The average interpretation time was not evaluated in our study.
However, it has been shown that there was no significant increase in interpretation
time when reading both data sets together compared with when the high-spatial-
resolution data sct was read alone, despile the fact that there were more images to

interpret [14].
Conclusion:

In this study MR venography with gadofosveset demonstrated that steady state
imaging in the equilibrium phase produced significantly higher quality images with
less artefacts than a conventional first pass time resolved technique and was

cquivalent for the demonstration of venous stenosis and thrombosis.

A larger validation study is required but a combination of FP and SS imaging using

gasdofosveset may improve the diagnostic confidence and accuracy of central venous

assessment.
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