Bolus delay and dispersion: implicationsfor tissue predictor modesin stroke
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Introduction: Dynamic-susceptibility contrast MRI (DSC-MRI) can be used to calculate maps of cerebral blood flow (CBF), cerebral blood volume (CBV)
and mean transit time (MTT). These maps, in combination with diffusion- and T2-weighted images, are being used in models to predict the fate of the tissue
in acute stroke, with the final aim to identify the patients that are more likely to benefit from therapy. However, it has been shown that the presence of bolus
delay/dispersion can introduce significant errorsin CBF (i.e. underestimation) and MTT (i.e. overestimation) [1]. This potential bias can have very important
implications in the outcome of the predictor models. While deconvolution methods insensitive to the degree of delay have been proposed (e.g. [2,3]), the
effect of dispersion is more difficult to deal with; it requires amodel for the vascular bed [4,5], or the use of alocally defined arterial input function (AIF)
[6,7]. The relationship between the degrees of delay and dispersion has not been fully investigated in vivo; if a simple relationship were identified, it could be
used in the design of vascular models (e.g. by estimating the degree of dispersion from the much more easily calculated bolus delay). This study presents an
assessment of the relationship between the degrees of delay and dispersion in a group of patients with arange of cerebral arterial abnormalities.

Methods: Patients included in the study had unilateral abnormalitiesin major cerebral arteries, and at least one region of bolus arrival delay. Data were
acquired on a 1.5T Siemens Symphony scanner using a GE-EPI sequence (TE/TR=47/1500 ms) after the injection of a bolus of 0.15 mmol/kg of Gd-DTPA
using an MR-compatible power injector (Medrad). For each patient, the local AIF was defined using our recently proposed method based on independent
component analysis [7]. On this dataset, a number of characteristic dispersed AIF (AlFqs) examples were measured in the ipsilateral hemisphere (typically 1-
3, depending on the patient’s local AIF distribution). A normal AIF (AlFnorma) Was also measured in the M 1 segment of the contralateral middle cerebral
artery (MCA). Since Al Frorma Can be considered to represent the AlF in the absence of dispersion, the two AlFs were assumed related by the convolution
AlFgig(t)= AlFnoma () ®VTF(t), where VTF isthe vascular transport function [5]. For each Al Fgis, the degree of delay with respect to Al Fyoma Was calculated
(including taking into account the time delay between the acquisitions of the corresponding slices). To quantify the degree of dispersion, the VTF was
obtained by deconvolution using Tikhonov regularization [8], and the normalized first moment of the VTF (VTF®) was calculated. This parameter was used
because of itsanalogy to MTT (i.e. the first moment of the tissue transport function [9]). Before deconvolution, the AIF curves were fitted using a gamma-
variate function, the data subsampled to a 0.05sec resolution, and the delay removed by realigning the curves. The latter was done to isolate the dispersion
from the delay effects. The subsampling is required to avoid discretization errors in the calculation of VTF®; this parameter can be much shorter than the
MTT, and the original TR would lead to large inaccuracies in the numerical integration required in the first moment. The relationship between the degrees of
delay and dispersion was then investigated. The CBF errorsintroduced by the bolus dispersion were assessed using a similar methodology to that in [7]: the
tissue concentration C(t) was measured in aregion around the place where Al Fis, Was sampled, and two estimates of CBF were obtained by deconvolution of
C(t) using either the local (dispersed) AIF or the contralateral AIF.

Results: Fifteen patients were identified; their abnormalities included stenosis, occlusion or dissection of amajor cerebral artery. Twenty-one Al Fgg, Were
defined, with arange of delays between ~0-4sec, and dispersion (i.e. VTF®) between ~0.5-3sec. Figure 1 shows a plot of the first moment as a function of
delay. Ascan be seen in the plot, there is no correlation between the amount of delay and the degree of dispersion; in particular one patient had dispersion
without delay (this patient had another region that showed delay and dispersion), and others with relatively small dispersion had delay >2sec. It should also be
noted that the longest delay found in this group of patients did not correspond to the largest dispersion. The lack of correlation is not a consequence of the
range of vascular abnormalities in the patientsincluded in the study; for example, the 6 patients (corresponding to 8 AlFgg) with MCA abnormalities also
show no correlation (circled points in the figure).
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