
Fast Measurement of Arteriovenous Oxygenation Differences Using Blood T2 in the Jugular Vein and Carotid Artery at 3T 
 

Q. Qin1,2, and P. C. van Zijl1,2 
1Department of Radiology and Radiological Science, Johns Hopkins University, Baltimore, MD, United States, 2F.M. Kirby Research Center for Functional Brain 

Imaging, Kennedy Krieger Institute, Baltimore, MD, United States 
 

INTRODUCTION:  
Quantitative measurement of in vivo blood oxygen saturation fractions (Y) can provide important information on metabolism and hemodynamics. 
The arteriovenous difference reflects the oxygen extraction fraction (OEF) in that Ya-Yv=OEF×Ya. Blood oxygenation is directly related to T2 of 
blood and can be determined from T2 using calibration curves (1-4). T2 in blood vessels is typically measured using a so-called T2 preparation, 
consisting of a train of non-selective (NS) refocusing pulses over a short period of time (TEprep), bracketed by an excitation pulse and a flip-back 
pulse (5). This was first used to measure coronary venous blood T2 a decade ago (6). Recently, this approach was extended to allow determination of 
T2 in the sagittal sinus (7). The latter is more complex due to occurrence of partial volume effects with tissue, which could be removed using the 
difference between control and labeled (on venous side) scans (7). The same scheme was also used to measure the T2 in the internal jugular vein (IJV) 
in about 5 minutes (8). Since major neck vessels have faster flow, bigger cross-section areas, we modified the conventional T2,prep approach to also 
slice-selectively (SS) saturate the tissue signal and allow assessment of both IJV and the internal carotid artery (ICA), in a time close to 1 min. 
METHODS:  
Experiments were performed on a 3T Philips Intera scanner using body coil transmission and an 8-channel head coil for reception. 5 healthy 
volunteers (age:24~49yrs) were enrolled with informed consent. Scan planning: phase contrast MRA (PCA) images were acquired in both the coronal 
and sagittal planes to visualize the location of major neck vessels. Our pulse sequence diagram for measuring blood T2 is shown in Fig. 1. NS pulses 
90ºx, [90ºx180ºy90ºx ]N, 270ºx360º-x were chosen to compensate for B0/B1 inhomogeniety with an MLEV phase pattern (1). N=[0,2,4,8,16] refocusing 
pulses with constant inter-echo spacing of 10ms were used to generate TEprep=[0,20,40,80,160]ms respectively (2). After SS excitation (THK=5mm), 
flow compensation (FC) gradients, and data acquisition (6-segment gradient echo EPI with SENSE factor=2, TE=15ms), a NS adiabatic saturation 
pulse immediately resets all recovered longitudinal magnetization to the transverse plane. A fixed time delay (Tdelay=2s) before the next T2,prep was 

kept to allow a steady state where the blood signals are weighted only 
by T2 contrast. Since blood velocity of healthy subjects is about 
v=15cm/s in IJV and v>40cm/s in ICA (from our blood T1 study), a 
SS saturation pulse is performed at ∆T=200ms before the SS 
excitation. This ∆T needs to be short to saturate the static tissue signal 
and yet still long enough to replenish the flowing spins in the imaging 
slice (∆T>THK/v). Other parameters: FOV=200x150mm2, 
acquisition matrix=192x132, in-plane resolution after reconstruction 
was 0.78x0.78mm2. Total measurement time ≈ 2s(Tdelay) x 6(Nshots) x 
5(NTE)=60s. 
RESULTS and DISCUSSION:  
Images collected without SS saturation pulses (conventional, Fig. 2a) 
were compared with the ones with the SS saturation pulses enabled 
(Fig. 2c). Tissue signals were reduced significantly when using 
saturation, allowing easier selection of vascular regions of interest 
(ROI) and minimizing partial volume effect with tissue signals. ROIs 
of both ICAs (red) and IJVs (blue) were selected and their 
corresponding T2 curves were fitted. No significant difference was 
observed between the T2 curves without (Fig. 2b).and with the SS 
saturation pulses (Fig. 2d). 
T2s fitted from the ROIs of the carotids and jugulars on one side of all 
5 subjects are shown in the table. The oxygenations fitted using a 
calibration curve from blood phantom studies under physiological 
conditions (Hct = 0.44) as well as the calculated OEF values are also 
displayed. The results are on the low end compared to values from the 
literature (OEF range 0.27-0.50) (9), which may be due to the fact 

that participants were watching a movie during the study. Brain 
activation is known to increase Yv.                                
CONCLUSION:  
The technique presented in this work provides the ability to 
simultaneously measure the T2s of both the jugular veins and carotid 
arteries with minimum tissue contamination in one minute. With the 
obtained T2,IJV and T2,ICA, blood oxygenation and thus arteriovenous 
differences could be estimated.    
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Subject T2,IJV T2,ICA Yv Ya OEF 
1 77 ± 11 143 ± 17 0.72 1 0.28 
2 70 ± 4 154 ± 11 0.69 1 0.31 
3 78 ± 8 175 ± 23 0.73 1 0.27 
4 66 ± 4 158 ± 15 0.67 1 0.33 
5 83 ± 7 149 ± 6 0.75 1 0.25 

Average 75 ± 7 156 ± 12 0.71 ± 0.03 1 ± 0 0.29 ± 0.03 
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