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Figure 2: Comparison of 
CMRO2 (μmol/(100g.min) 
between the parent 30-sec 
OxFlow and 10-sec fast 
Oxflow (F-OxFlow). 

Table1: Oximetric parameters (means±SD): SvO2 (%), CBF 
(ml/(100g.min)), CMRO2 (μmol/(100g.min)) for 8 subjects obtained 
with 10-sec and 30-sec temporal resolution OxFlow. 

Figure 1: a) 10-sec temporal resolution OxFlow (F-OxFlow) 
sequence alternating between two anatomic locations; b) sagittal 
MIP indicating the slice locations of SvO2 (brown line) and CBF 
(blue line) measurement; c) Velocity map; d) Phase difference 
image at the level of SSS with ROI for background tissue phase 
measurement.  
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Introduction: In some of the authors’ recent work, global CMRO2 was measured at 30-second temporal resolution with a sequence denoted 
OxFlow1,2. The sequence described in that work was designed to quantify superior sagittal sinus SSS SvO2 and cerebral blood flow (CBF) in the 
major arteries feeding the brain simultaneously by means of four interleaved gradient echoes alternating between brain and neck locations, yielding 
SvO2 and CBF. Although adequate for assessing baseline CMRO2, the metabolic response to neuronal activation takes place within seconds3, 4. The 
purpose of this work was to substantially improve temporal resolution of the OxFlow sequence.   
Methods:  The parent sequence was modified to include three instead of the four interleaves (Fig. 1a) of RF-spoiled GRE alternating between 
acquisitions at the level of the SSS and the neck1. All but the second interleave (VENC=60 cm/s) were flow compensated. The first and second 
interleaves were acquired above the carotid bifurcation to enable quantification of CBF in the major inflow vessels (internal carotid and vertebral 
arteries) by measuring the phase accrued by the flowing spins and nulling the phase from the stationary spins. The third interleave acquires two of 
equal-polarity successive echoes at the level of the SSS for SvO2 quantification by measuring the susceptibility difference between intravascular 
blood and surrounding tissue5. Based on the new scheme of the OxFlow sequence (henceforth referred to as F-OxFlow), the acquired signals for CBF 
quantification at interleave 1 and 2 have slightly different T1-steady state characteristics which potentially could lead to a systematic error in velocity 
quantification. This potential problem was investigated in four healthy subjects by using a three-interleave phase contrast sequence. The first and 
third interleaves were flow encoded (VENC=60 cm/s) while the second interleave was flow compensated. Two velocity maps were obtained from 
interleaves 1 &2 and 2 & 3. To investigate potential bias of F-OxFlow results, a range of TR values were chosen for the third interleave (TR=12, 16, 
25, 40 ms), while TR=12 ms for first and second interleave. Pulse-sequence parameters: F-OxFlow: FOV=208 x 208 mm2, matrix size=208×208, 
TR1= TR2=12 ms for the first and second interleave, bandwidth=240 Hz/pixel, VENC=60 cm/s, TR3= 16 ms for the third interleave, bandwidth=322 
Hz/pixel, inter-echo spacing between equal-polarity successive echoes in the third interleave was 7 ms, flip angle (θ)= 15o. In-vivo studies: SSS SvO2 
and CBF were measured at resting state in eight healthy subjects (mean age 32±6 years) at 3T (Siemens TIM Trio) using the 10-sec and 30-sec 
temporal resolution OxFlow sequence in the same session with five successive measurements being made for each method. 

 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

Results: Fig. 1 shows the OxFlow pulse sequence alternating between two 
anatomic locations along with sample images. SvO2, CBF, and CMRO2 
values quantified with OxFlow and F-OxFlow are listed in Table 1. The 
correlation between global CMRO2 quantified using the two sequences is 
shown in Fig. 2. 
Conclusions: The three-interleave phase contrast sequence showed that 
the CBF values from both velocity maps in good agreement with less than 5% difference. The CMRO2 values quantified from 10-second and 30-
second temporal resolution OxFlow are highly correlated (R2=0.93, P< 0.0002). Absolute percent differences indicate excellent agreement between 
both sequences with mean differences of 2%, 3%, and 1% for SvO2, CBF, and CMRO2 respectively. 
References: [1] Jain et al, JCBFM, 2010 [2] Jain et al, JCBFM, 2011 [3] Leithner et al, JCBFM, 2014 [4] Lecrux et al, Acta Physiol, 2011 [5] 
Fernandez-Seara et al, MRM, 2006.  
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Subject 

10-second temporal 
resolution 

30-second temporal  
resolution 

SvO2 CBF CMRO2 SvO2 CBF CMRO2 

1 72±4 54±6 117±10 73 ±3 55±3 115±5 
2 62±1 38±2 116±6 62±1 38±2 115±5 
3 65±3 45±4 125±8 65±2 46±2 125±5 
4 68±2 48±2 120±7 66±2 46±3 122±7 
5 72±1 54±2 119±5 71±1 52±1 119±5 
6 63±1 41±2 118±5 64±3 42±2 119±4 
7 69±2 51±2 125±8 68±2 50±4 127±6 
8 65±3 45±5 124±7 61±3 42±1 127±9 

Means 
± SD 

67±4 47±6 121±4 66±4 46±6 121±5 
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