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Time for a Next-Generation Nuclear Medicine Gamma 
Camera? 
 
I. George Zubal PhD, Program Director for Nuclear Medicine, CT, and X-Ray, National Institute of 
Biomedical Imaging and Bioengineering, Bethesda, MD 

 
Hal Anger invented the gamma camera in 

1957, and it is fair to say that the basic geometry 
and components of his camera design have re-
mained substantially the same, while its use in 
general clinical applications has been optimized 
for imaging 140-keV gamma rays. The past 60 
years have seen some improvements in NaI scin-
tillators, readout electronics, collimators, recon-
struction algorithms, and image analysis. During a 
short period in the late 1990s and early 2000s, op-
posing Anger cameras were used for clinically ac-
quiring positron-emitting isotopes, and some cam-
era components were reengineered for imaging 
511-keV coincident photons. Not surprisingly, 
dedicated PET cameras proved to be the better 
choice for imaging PET radiotracers. 

One clinical application, however, generated 
substantial camera variations. The highly success-
ful use of cardiac imaging in the United States has 
spurred interesting new camera designs and novel 
radiopharmaceuticals. Nuclear cardiology cur-
rently represents more than 50% of all U.S. nu-
clear medicine scans. Dedicated cardiac cameras 
have implemented 7-, 9-, and 19-pinhole collima-
tors, early use of new detectors (CsI and CZT), L-
shaped camera configurations, and chair-based 
imaging. Given this important and well-recog-
nized clinical application, camera designs mor-
phed into a variety of geometries, detector materi-
als, and associated reconstruction methods. 
Whole-body (bone scans) and brain-imaging cam-
eras have evolved over these same years, but cur-
rent whole-body scanners employ a standard An-
ger camera translated along the patient bed. Dedi-
cated brain cameras have not yet achieved broad 
acceptance and, perhaps, are awaiting new break-
throughs in theranostic applications for brain im-
aging. 

Recent developments in unsealed source ther-
apies using electron- and α-emitting radiopharma-
ceuticals would benefit from improvements in 

patient-specific dosimetry estimates. 177Lu, 90Y, 
and 223Ra are the most common isotopes currently 
used to deliver high doses to the targeted cancer 
and to spare healthy tissue. Because of the high ra-
diation doses delivered locally by these radiother-
apeutic agents, it is important to know the patient-
specific uptake distribution of these ligands. Ana-
logs of these ligands have been developed to as-
sess uptakes. By imaging the analog (labeled with 
68Ga, for example), one assumes that the analog 
has the same pharmacodynamics and pharmacoki-
netics as the 90Y- or 177Lu-labeled therapy ligand. 
Such an assumption becomes complicated with 
223Ra, where such a process would be ignoring the 
doses to healthy tissues delivered by 223Ra daugh-
ters. 

Imaging of these radiotherapy ligands has 
been investigated. Two of the 6 photopeaks (113 
and 208 keV) of 177Lu were imaged with addi-
tional energy windows set to subtract scatter from 
higher energy emissions (1). An array of brems-
strahlung emissions, together with internal pair-
production annihilation radiation, was used to pro-
duce 90Y images (2). Images of 223Ra (and its 
daughter 219Rn) were acquired using 3 photopeaks 
(85, 154, and 270 keV) with 3 additional windows 
to deal with scattered events (3). Imaging proto-
cols become more complicated for other α emit-
ters, including 225Ac, 211At, 212Pb, and others yet to 
be considered for therapy. These isotopes pose a 
challenge to nuclear medicine camera systems be-
cause the radiations lie outside current clinical im-
aging protocols. New camera designs could lead 
to improved image quantitation. 

Is it time to reconsider the instrumentation we 
use for theranostic methods for these α-emitting 
unsealed sources? If nuclear cardiology could de-
velop an array of specialized camera designs and 
acquisition methods to specifically image the 
heart, can we consider new instrumentation and 
image analysis methods that would give us 
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improved insights into targeted cancer therapy? 
The next phases of therapy outcomes that use these 
new ligands will speak to this question. A dedi-
cated therapy camera could help to maximize dose 
to the cancer and minimize dose to healthy tissues. 
It seems axiomatic that by improving methods for 
imaging these new ligands, we would improve the 
success of the clinical therapy outcomes. This tan-
dem step forward appears reasonable. 

To which ideas can we turn for meeting this 
imaging challenge? The gamma emissions of 
these new therapy isotopes are often low yield. 
Can previous work on high-sensitivity coded ap-
ertures or Compton cameras be reinvestigated for 
some of the higher energy emissions? Can gas 
electron multiplication detectors be used to meas-
ure gamma rays and their incident angles without 
the use of collimators (4,5)? New detector systems 
have been and are being developed by PET instru-
mentation investigators, with some promising co-
incidence timing approaching 1 picosecond. Can 
any of these detectors be reapplied for single-pho-
ton imaging? Because some of the α emitters (de-
spite the low yield of individual gamma emis-
sions) emit many 10s of gammas at various ener-
gies (e.g., 225Ac), could very high-energy resolu-
tion detectors be used to acquire the various gam-
mas by picking out these photopeaks (and reject-
ing most other scattered photons) to assemble an 
image of unscattered multienergy gammas? Can 
recent advances in deep learning play an important 
role in imaging and estimating patient dose?   

These and other questions will be considered 
and discussed at a National Institute of Biomedical 
Imaging and Bioengineering (NIBIB) workshop 
on “Engineering New Instrumentation for Imaging 
Unsealed Source Radiotherapy Agents,” to be held 
August 17 and 18 at the Natcher Center on the 
main National Institutes of Health (NIH) campus 
in Bethesda, MD. We believe that such discus-
sions are timely for moving hand-in-hand into the 
testing and use of α-emitting therapy trials. 

The mission of NIH’s NIBIB is to improve 
health by leading the development and accelerat-
ing the application of biomedical technologies. 
Among the many technologies supported, NIBIB 

researchers believe the challenge of considering 
cameras that would deliver improved dosimetry 
measurements for optimizing the outcome of α-
emitting radiotherapy ligands is one that merits a se-
rious look. For more information on the workshop, 
see https://www.imagingtherapy.nibib.nih.gov/.  

 

References 

1. Sanders JC, Kuwert T, Hornegger J, Ritt P. Quantitative 
SPECT/CT imaging of Lu-177 with in vivo validation in 
patients undergoing peptide receptor radionuclide ther-
apy. Mol Imaging Biol. 2015;17(4):585–593. 

2. Wright CL, Zhang J, Tweedle MF, Knopp MV, Hall NC. 
Theranostic imaging of yttrium-90. Biomed Res Int. 
2015;2015:481279.  

3. Benabdallah N, Bernardini M, Bianciardi M, de Labri-
olle-Vaylet C, Franck D, Desbrée A. 223Ra-dichloride 
therapy of bone metastasis: Optimization of SPECT im-
ages for quantification. EJNMMI Res. 2019;9(1): 20. 

4. Sauli F. The gas electron multiplier (GEM): Operating 
principles and applications. Nucl Instrum Methods Phys 
Res A. 2016;805 (1):2–24. 

5. Brunbauer FM, Lupberger M, Oliveri et al. Radiation im-
aging with optically read out GEM-based detectors. J In-
strum. 2018;13:T02006. Available at: https://iop-
science.iop.org/article/10.1088/1748-
0221/13/02/T02006/pdf. 

 


