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Group II
IN VIVO RADIATION DETECTION: 

BASIC PROBLEMS, PROBES AND RECTILLINEAR SCANNERS

· In vivo can be divided into two groups

· Organ uptake studies

· Uptake of radioactivity by an organ as a whole, either at a given time or as a function of time

· Ex: thyroid, renograms, cardiac outputs, blood flow determinations

· Organ imaging studies

· Relative distribution of radioactivity by an organ either at a given time or as a function of time

· Ex: bone, brain, heart, lung, spleen, kidney, thyroid imaging

· Basic Problems

· Collimation, Scattering, Attenuation

· These 3 factors coupled with the distance of the detector reduces the geometric efficiency in in vivo detection

· In vitro detection is magnified by 2/3 more than in vivo

· In vivo detection uses millicuries as compared with microcuries for in vitro studies

· Collimation

· Collimator is a device that limits the field of view of a radiation detector

· A variety of collimators are used for a variety of purposes

· Those made of lead are inexpensive and have a high density and high attenuation coefficient

· Field of view is determined by two factors

· Length and radius of the opening of the collimator
· Reducing radius or increasing length, the field of view can be reduced or narrowed to desired size
· Field of view of a single- hole collimator

· Related to spatial resolution and sensitivity of collimator
· Increasing the field of view degrades the spatial resolution but improves sensitivity and vice versa

· FOV also increases with depth which also means that spatial resolution will decrease

SCATTERING

· The Y-ray emitted by radionuclide sources embedded in a mass matter experience, during interaction with that material, scattering via Crompton process.

· In Crompton scattering an interacting Y – or X-ray loses some of its energy and its direction.

· Depending on the angle of scattering, an X-or Y- ray loses different amounts of energy during in Crompton scattering.

· In case of 140 keV Y-ray, the energies scattered Y-rays range from 90-140 Kev. This assumes that a Y-rays is scattered only once in tissue.

· In diagnostic X-ray imaging scattered X-rays are reduced by using grids.

· In Nuclear medicine, this can be accomplished by using energy discrimination.

· Efficiency of scatter rejection with energy discrimination depends on the energy resolution of a detector.

· For a 140 KeV Y-ray NaL (TI) scintillation detectors possess moderate energy discrimination capability with full width at half maximum FWHM of 15-20 KeV

· Ge (Li) detectors are seldom used in nuclear medicine, primarily because of their very low sensitivity compared with a NaL (TI) scintillation detector.

· The amount of scattered radiation rejected by a NaL (TI) depends on the width of PHA window.

· The narrower the window, the more scattered radiation is excluded.

· To reject scattered radiation one way is simultaneous use of one or more window at lower energy.

· Another way is the simultaneous use of two or more windows (second and third) that are only few KeV in width and set just below and above photopeak.

· Both methods are better than photopeak window because primary radiation is not lost.

· These methods by no means reject scatter completely and accurately or as much as a Ge (Li) detector.

Attenuation

· Attenuation is the one of the problem in vivo radiation detection.

· Attenuation is the reduction in amplitude and intensity of a signal.

· Depends on shape, thickness, size and tissues of the organ distribution of radioactivity varies and therefore are attenuated by different amounts.

· As a result a uniform distribution of radioactivity produces different counts at different locations. 

· It is possible to minimize attenuation loss by the use of high-energy x- or γ   rays.

· The attenuation coefficient for x- or γ-rays in tissue drops ahrply with an increase in γ- ray energy up to about 100 keV  and levels off with the increase in γ-ray energy above 100 keV.

· Therefore radionuclide emitting  x or γ rays with energies above 100 keV and levels off with the increase in γ- ray energy above 100 keV are preferred.

· Because the sensitivity of NaI detectors and the collimators used in scanning decreases with the increase in X or γ ray energy.

· The optimum range of energies in vivo use is between  and 300 keV

· In organ imaging studies, generally attenuation is considered a fait accompli and is taken into account only when interpreting  a scan.

· The newer imaging instrument with computers can compensate attenuation by taking images from two opposite sides and then forming geometric mean image.

· Geometric mean G of two images or numbers, N1 and N2  is defined as G= √N1×N2 

Organ Uptake Probes

· AN uptake probe consists of two basic parts: A NaI (TI) detector and a collimator

NaI (TI) Detector

· In vivo studies, the size of the crystal in a NaI (TI) is an important consideration, Crystal size is determined by the energy of the y-ray to be detected and the sensitivity requirement of a particular study.

· For thyroid uptake studies using I131, the International Atomic Energy Agency recommends that a crystal less than 1 X 1 inch should not be used.

· A 1.5 X 1 inch is generally adequate for thyroid uptake measurements of I131 and also serves as a multi purpose instrument.

Collimator

· The design of a collimator for uptake studies is dictated by its intended application.

· To keep the radiation burden to the patient to a minimum, the overall efficiency should be as high as possible.

· The field of view of the collimator should be well defined but flexible enough to take into account the varying size of a particular organ in different patients while at the same time excluding any radioactivity present in other organs.

· Because the distribution of radioactivity within the organ and its size, shape, and depth are not known.

· The overall efficiency or sensitivity should be uniform across the field of view of the collimator and throughout the thickness of the organ.

· The overall sensitivity within the field of view of such a collimator varies inversely as the square of the distance between the source and the detector, but the uniformity across the organ improves as the distance from the detector is increased,

· Thyroid uptake, a distance of 30 cm is considered optimum.

      Organ Imaging Devices

· Administration of a particular radiopharmaceutical results in the selective localization in the organ or organs of interest in a patient.

·  The distribution of the radiopharmaceutical in an organ may vary within the organ itself, particularly as a result of some focal distance.

· A diseased or abnormal area in the organ may be hotter (more radioactivity) or colder (less radioactivity) than the adjacent normal tissue. 

· The purpose of organ scanning or imaging is to unravel this relative distribution of the radioactivity present in an organ. 

· Ideally, we should delineate this distribution in all three dimensions (volume), but because of various technical problems, this is not routinely feasible. 

· Instead, a two dimensional or area distribution of radioactivity, which is very useful clinically, is obtained. 

· The lack of three dimensional information in this case is somewhat compensated for by determining the area distribution from multiple directions, generally four: anterior, posterior, right, and left laterals. 

· A two dimensional record of the distribution of the radioactivity present in an organ is called a scan or an image. 

· A scanner or imaging consists of four elements: a collimator, radiation detector, device to give the location (i.e. x, y coordinates) of the radioactivity, and a system to display the relative distribution in a manner easy to comprehend. 

· Depending of how the x, y coordinates, or information about the location of the radioactivity, are obtained, imaging devices can be grouped into two classes: rectilinear scanner and scintillation cameras (gamma cameras). 

           Rectilinear scanner

· In a rectilinear scanner a NaI (Tl) scintillation detector with an appropriate collimator (detector head) is moved over the organ of interest in a straight line with the help of an electric motor. 

· After traversal of a specific distance, the detector head either steps up or steps down a small distance and then continuous the straight-line motion in opposite direction. 

· This back and forth motion of the detector head continues until the area occupied by the organ has been fully scanned.

·  The field of view of the collimator in this case is narrow, and the rectilinear motion of the detector head over the organ generates the span point by point.  

· This type of imaging formation is similar to that encountered in a television, in which the picture is also constructed point by point, although our eyes do not realize it because of the rapidity of the whole process.

· The detector head assembly consists of a collimator, Na(Tl) crystal, and a PMT with preamplifier, all appropriately shielded to reduce room background. Two crystal sizes, 3 x 2- and 5 x 2 inches, are commonly used. 

· The collimator used in a rectilinear scanner is known as a multihole focusing type collimator. It consists of a lead cylinder with a number of tapered holes formed to converge at a single point outside the collimator, known as the focus. 

· The side of the collimator with holes of larger radii faces the NaI(Tl) detector, whereas the holes of smaller radii faces the patient.

· The distance between the collimator face and the focus is the focal length of the collimator.

· The information gathered by the detector head regarding the amount of radioactivity at a given location (number of counts per unit of time) is continuously relayed to a photographic system using a 14 x 17 inch x-ray film, where a small cathode-ray tube, with a fast phosphor screen and well-collimated light spot that exposes the x-ray film, is moved in a light-tight box in synchronization with the detector head. 

· At the completion of the scan, the x-ray film is developed. The count ray R observed by the detector head in a given location of an organ is displayed as the darkening of the x-ray film at a corresponding location of the film. Dark areas on the film represent high areas of radioactivity of the organ, whereas light areas on the film denote a low level of radioactivity.

