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Background 
Noise segregation is a critical component of fMRI analysis. Signals 
are contaminated by many noise sources including thermal noise 
from tissue, measurement errors due to field inhomogeneities, 
physiologic noise from cardiac and respiratory functions, as well as 
subject motion. Many noise sources are distributed evenly across 
the brain, whereas most signals of interest are confined to a local 
region. This observation has led to the hypothesis that removing 
these spatially distributed signals will improve SNR. 

Global signal regression (GSR) attempts to 
reduce noise by removing signal components 

that are common across the brain. 
Current literature on GSR cites multiple theoretical issues with this 
methodology. Because calculation of global signal (GS) includes 
voxels of interest, it is weakly correlated with signals of interest 
(Murphy et al., 2009), seems to reduce the magnitude and extent of 
activation (Aguirre et al., 1998), and it produces negative 
correlations in connectivity analyses (Murphy et al., 2009) 

Although GSR may remove noise components, 
it may also be removing signals of interest. 

Methods 
To test the validity of GSR, we applied it to an fMRI analysis that 
predicts neuropsychological outcome after left anterior temporal 
lobe surgery (Sabsevitz et al., 2003; Binder et al., 2008). If 
predictions improve after GSR, SNR must be increasing in the data. 

We took the ability to predict patient outcome 
as an externally valid standard of true 

information content.
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Using prediction of patient outcome as a standard indicator of true, 
physiologically based signal… 

…global signal regression consistently reduced 
noise and increased overall information content. 
In addition, it is interesting to note that voxel counts were lower with 
the more predictive models. As voxel counts are frequently used as a 
proxy for the quality of an analysis, this finding suggests that… 

…raw voxel counts are not reliable measures of 
model quality.

This analysis included 44 patients with intractable epilepsy who 
underwent left anterior temporal lobectomy and preoperative 
fMRI mapping. Examples of individual patient fMRI maps are 
shown in Figure 1. The regression model used to predict post-
operative neuropsychologic change on naming (Boston Naming 
Test; BNT) and memory (Consistent  Long Term Retrieval; CLTR) 
was initially created using the pre-operative neuropsych score 
(“base model”). Laterality indices (LIs) were created using the 
difference in voxel counts between hemispheres in a standard 
analysis (“standard”), one using GS as a noise covariate in the 
deconvolution (“GS covariate”), and one where the raw data was 
scaled by the GS (“GS scaled”; Gavrilescu et al., 2002). GS was 
calculated by taking the spatial average across all voxels in the 
brain. 

Results 
The raw correlation of fMRI-derived LIs and post-operative 
decline on the BNT and CLTR is illustrated in Figure 2. The R2 
values for the predictive model after adding the LIs calculated in 
the standard fashion, or along with GSR is listed in Table 1 and 
illustrated in Figure 3. In all models tested, adding GS improved 
patient outcome prediction, and reduced the raw voxel counts (as 
seen in Figure 4).
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Figure 1. Examples of individual patient fMRI maps 
used to derive Laterality Indices (LIs)

Figure 2. Raw correlation between LIs and post-operative decline. 
Left-lateralized language (LI=1.0) is associated with larger declines
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Figure 4. Voxel counts in ROIs used for prediction model. Although 
GS methods increased information, they reduced voxel counts

Figure 3. R2 increase in the prediction model after adding LIs 
derived using standard methods or GS. Both the covariate and 
proportion scaling GS methods consistently increased 
predictability

Poster reprint: 

Base 
model

Standard 
LIs

GS 
(covariate)

GS 
(scaled)

BNT 0.328 0.362 0.391 0.385

CLTR 0.529 0.581 0.608 0.604

Table 1. R2 values for prediction model after adding 
standard LIs, and LIs derived using data after GSR

For more information,  
visit our website: 
http://www.neuro.mcw.edu
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