Computation of SNR in CT and MRI

To make sure that our device does not affect the imaging quality during a CT and MRI scan, we computed the signal-to-noise ratio (SNR) of a phantom with and without our device.  If the SNR associated with the phantom changes with respect to the device, we could conclude that our device affects the imaging modality as a whole.  If the SNR stays approximately the same, then it can be concluded that our device passes imaging protocol and is suitable for imaging and should be void of causing detriment to imaging quality.

For MRI, we did two sets of pulse sequences, Fast Spin Echo (FSE) and Gradient Recalled Echo (GRE).  These pulses sequences were performed because they are most performed scans in the clinic.  Furthermore, for each sequence two scans were performed: phantom with and without the device.  The analysis of each image was done using ImageJ.  Because the standard deviation scales with the mean, a simple SNR analysis was performed.  Specifically, a region-of-interest (ROI) was drawn within the phantom and the mean number of photon counts were measured (mean of phantom).  Then, the same dimension of ROI was drawn over the background and the counts were measured (mean of background).  The specific calculations are shown below.

With Device FSE 
SNR = 99.376/6.688 = 14.86

Without Device FSE
SNR = 98.214/6.297 = 15.6

With Device GRE 
SNR = 390.310/9.098 = 42.90

Without Device GRE
SNR = 382.460/8.968 = 42.65 

In conclusion, the SNR’s that were measured were normal.  All differences were less than one which indicates that the device does not affect an MRI scan’s SNR.  The SNR’s are different between the two pulse sequences because they contain different excitations.  A FSE consists of a 90 degree RF pulse followed by a 180 pulse and a GRE consists of only one RF pulse which is less than 90 degrees.  Thus, they elicit different contrasts and different SNR’s.

For CT, we did two scans of the phantom with and without our device.  The analysis of the images using ImageJ were performed exactly the same but the calculations were done a little differently.  Because the background counts were a negative number, everything had to be scaled to them.  The proceeding calculations demonstrate this.

Phantom With Device

(35.018-(-1008.86))/1008.86*(10008.86)1/2 = 32.865

Phantom Without Device
(37.976-(-1007.252))/1007.525*(1007.252)1/2 = 32.934

In conclusion, the SNR achieved by both CT scans were very similar.  This means that the device does not affect the image quality of a CT scan and could contribute to static positioning during a CT scan.

Why Not PET?

The reason why the imaging protocol did not require a PET scan is mainly due to the signal properties of PET.  A PET scanner records the annilation events between positrons and electrons.  In order for there to be an event, a positron emitter has to be within the body of a patient.  There are two types of scans that are performed, a transmission scan and an emission scan.  A transmission scan takes into account the attenuation of the patient’s body as well as anything that might be positioning him.  From that, an attenuation map is created that is used during the reconstruction of the image.  After the transmission scan, the PET scanner “listens for” annilation events via the emission scan.  After that has completed, the scanner takes the attenuation information that was recorded during the transmission scan and matches that with the emission information from the body, and creates a PET image of activity within the body.  The reason why we did not have to do a PET scan is because the device does not have a positron emitting isotope within it, and also the reconstructed image would take into account the attenuation sum of the body and positioning device for every individual scan.  In reality, the SNR comes from the patient’s body itself and not the imaging modality.  Unlike MRI or CT where there is a stimulus from the machine, a PET scanner listens from signal from the body and anything blocking signal is accounted for every scan. 

