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    Dose reduction has been a work in progress in pediatric imaging for nearly a decade. A 1996 report indicated that the long-term risk of carcinogenesis due to ionizing radiation in atomic bomb survivors was higher than had been previously estimated. For solid tumors, representing about 75% of excess cancer mortality, the likelihood of a radiation-induced malignancy after exposure to ionizing radiation was about 1.0–1.8 times higher in a 10-y-old child than in a young adult. For leukemia, representing the remaining 25% of excess cancer mortality, the likelihood of a radiation-induced malignancy after exposure to ionizing radiation was about twice as high for a 10-y-old child as for a young adult (

1).
The new risk estimates led to dose-reduction efforts in pediatric imaging that initially focused on CT. Because of the increased use of CT and the relatively high effective radiation dose per study, CT had emerged as a major source of medical radiation received by children in the United States. A careful look at CT image quality and CT exposure parameters indicated that significant reductions in absorbed radiation dose per study were possible without compromising the diagnostic information or image quality of pediatric CT scans (

2–

6). The ALARA concept, As Low As Reasonably Achievable, was extended to pediatric diagnostic imaging and may be restated as imaging at the lowest absorbed radiation dose that is consistent with quality imaging.
The need for reduced CT exposure was then publicized—in the public domain, in the pediatric radiology community, and throughout general radiology. The introduction of reduced-exposure parameters was assessed in a follow-up survey (

7–

9). Equipment manufacturers made improvements in CT technology that facilitated the reduction of radiation exposures in children. In addition, at this time new dose-reduction efforts are under way in pediatric interventional radiology and fluoroscopy (

10).
A survey conducted in 2008 revealed a wide variation of pediatric radiopharmaceutical administered doses among 13 leading pediatric hospitals in North America (

11). Among the institutions surveyed, the administered activity per kilogram and the maximum administered activity in children older than 1 y varied on average by a factor of 3 and, in 1 case, by a factor of 10. Minimum administered activity varied, on the average, by a factor of 10 and as much as a factor of 20 for 1 procedure. The greatest variability in administered dose occurred in the smallest, youngest, and most at-risk patients. Because the survey included only leading pediatric institutions in North America, concern was raised that the variability among other institutions would be even greater. The survey highlighted the need for a consensus on pediatric radiopharmaceutical administered doses for nuclear medicine imaging in children. The ALARA concept may be extended to pediatric nuclear medicine and restated as the use of the lowest administered activities in children that are consistent with high-quality imaging.
The response to this need for dose reduction and uniformity was the formation of a Pediatric Nuclear Medicine Dose Reduction Workgroup, consisting of pediatric nuclear medicine physicians, technologists, and physicists in North America, representing the Society of Nuclear Medicine through the Pediatric Imaging Council, the Society for Pediatric Radiology, and the American College of Radiology (

Appendix). The workgroup conducted consensus workshops at annual meetings of the Society of Nuclear Medicine and the Society for Pediatric Radiology. Dose reduction was also featured in categoric courses presented at the 2009 and 2010 Society of Nuclear Medicine annual meetings. Likewise, dose reduction and image optimization in conventional and hybrid imaging were prominently featured in the Pediatric Nuclear Medicine Special Focus Session entitled “New Challenges” at the 52nd Annual Meeting of the Society for Pediatric Radiology in 2009. A symposium on pediatric radiopharmaceutical dosimetry was also held at the Society of Nuclear Medicine 2009 annual meeting.
As a result of these consensus workshops, the Workgroup has achieved consensus on pediatric administered radiopharmaceutical doses for 9 commonly used radiopharmaceuticals, in terms of administered activity per kilogram and minimum administered radiopharmaceutical dose for the smallest patients. For 2 additional radiopharmaceuticals, a dose range was specified. 

Table 1 contains the North American Consensus Guidelines for these radiopharmaceuticals.
View this table:	View inline
	View popup



TABLE 1 
North American Consensus Guidelines for Administered Radiopharmaceutical Activities in Children and Adolescents

*



The following important questions had to be answered for the Workgroup to arrive at a consensus.
	
What is the method by which pediatric administered activities should be calculated?


Pediatric administered activities are generally computed using formulas that reduce adult administered activity in the form:Pediatric administered activity=(dose formula)×(adult reference activity).

Dose formulas have included:
	
(a) patient weight (kg)/70

	
(b) patient body surface area (m2)/1.73 m2

	
(c) Webster's formula (

12)

	
(d) The European Association of Nuclear Medicine (EANM) Paediatric Dose Card (

13)


Many hospitals have used patient BSA and Webster's formulas, which result in much larger administered activities per kilogram in infants and small children than in adolescents (

Tables 2 and 

3). For example, using BSA, Webster's formula resulted in calculated administered activities per kilogram in a 1-y-old that were 2 times higher than the administered activities per kilogram in an adolescent. Administered activities per kilogram were also increased in 5- and 10-y-old children, particularly when Webster's formula was used. Advocates of the patient BSA and Webster's formulas stated that more counts were needed to obtain good-quality images in infants and small children. Data were then acquired that indicated that, when the radiopharmaceutical was administered according to the first formula, based on weight only, counts per unit area varied little from infancy through adolescence for 2 common radiopharmaceuticals used in children, 123I-metaiodobenzylguanidine (123I-MIBG) and 99mTc-methylene diphosphonate (99mTc-MDP) (

14).
View this table:	View inline
	View popup



TABLE 2 
Pediatric Dose Formulas
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TABLE 3 
Administered Activity for Each Dose Formula According to Patient Age Compared with a Dosage Computer on a Straight Weight Basis



	
What adult reference activities are used?


For 99mTc-MDP, typical adult administered activities are 740 or 925 MBq (20 or 25 mCi). For 18F-FDG, a typical adult administered activity is 555 MBq (15 mCi). Recommended adult administered activities in the Society of Nuclear Medicine procedure guidelines are 740–1,110 MBq (20–30 mCi) for 99mTc-MDP and 370–740 MBq (10–20 mCi) for 18F-FDG (

14,

15). In contrast, the implied reference administered activities in the 2007 EANM Dose Card for a 70-kg patient are 490 MBq (13 mCi) for a 99mTc-MDP bone scan, 363 MBq (9 mCi) for 18F-FDG when a 2-dimensional PET scanner is used, and 196 MBq (5.3 mCi) for 18F-FDG when a 3-dimensional scanner is used.
When we surveyed the Workgroup members at children's and academic general hospitals, we found that pediatric nuclear medicine specialists at these hospitals had already reduced the reference activities for 99mTc-MDP and 18F-FDG to 555 MBq (15 mCi) and 370 MBq (10 mCi), respectively. These reduced reference activities have been incorporated into the consensus recommendations.
	
What is the appropriate adjustment of the administered activities of positron-emitting radiopharmaceuticals?


Because of the differences in tissue attenuation of photons and the physics of PET scanner detection, the consensus guidelines incorporate recommendations from recent studies by Sammer et al. (with a theoretic basis in the work by Accorsi et al.) (

12,

15,

16). These studies suggest that administered activity for 18F-FDG may be further reduced in infants and smaller children.
	
What is the maximum administered activity for each radiopharmaceutical?


In pediatric nuclear medicine practice, many adolescent patients weigh more than 70 kg and a few exceed 100 kg. Most pediatric nuclear medicine practitioners in the Workgroup used a fixed maximum administered activity that was approximately 70 times the recommended weight-based administered activity. Examples are 370 MBq (10 mCi) for 123I-MIBG and 18F-FDG and 555 MBq (15 mCi) for 99mTc-MDP. To suggest an upper limit, but also provide flexibility for the care of large adolescent patients, the following language has been appended to the consensus guidelines: “For patients who weigh more than 70 kg, it is recommended that the maximum administered activity not exceed the product of the patient's weight (kg) and the recommended weight-based administered activity. Some practitioners may choose to set a fixed maximum administered activity equal to 70 times the recommended weight-based administered activity, for example, approximately 370 MBq (10 mCi) for 18F-FDG body imaging.” The North American Guidelines for pediatric administered radiopharmaceutical doses were approved by the Society of Nuclear Medicine and the Society for Pediatric Radiology Boards of Directors on September 15, 2010, and October 7, 2010, respectively.
The pediatric administered radiopharmaceutical doses in the North American Consensus Guidelines differ from the EANM Paediatric Dose Card in several important respects. The administered activities in the consensus recommendations are slightly lower for infants and small children (

14). Recommended administered activities for 99mTc-dimercaptosuccinic acid and 18F-fluoride are considerably lower. Administered activities for orally administered 99mTc-labeled radiopharmaceuticals and for radionuclide cystography provide a range of administered activities for each type of study rather than an administered activity per kilogram. The consensus recommendations more closely reflect optimal clinical practice in North American pediatric centers.
In the North American Consensus Guidelines, the determination of the administered activity for the pediatric patient is based on body weight, except for radionuclide cystogram and gastric-emptying studies (

Table 1).
 Appropriate selection of the administered radiopharmaceutical activity depends on the patient population, choice of equipment, specific requirements of the clinical protocols, and the physician's judgment. Therefore, deviation from the administered activities listed in the consensus guidelines should be considered appropriate when clinically indicated. Individual practitioners may use lower administered activity if their equipment or software (

17,

18) permits them to do so. Higher administered activities may be required in certain patients.
When the suggested weight-based administered activities are used, the resulting effective doses are far lower than the current established threshold for radiation-induced carcinogenesis (

19). A reasonable assumption is to apply the linear no-threshold hypothesis for radiation-induced carcinogenesis when making judgments about the relative radiation-associated risks of different imaging studies. Effective doses from the suggested administered activities in the North American Consensus Guidelines range from 0.0044 mSv (0.044 rem) for 99mTc-mertiatide (MAG3) in a 1-y-old to 6.7 mSv (0.67 rem) for 18F-FDG in a 10-y-old.

APPENDIX


Pediatric Nuclear Medicine Dose Reduction Workgroup Co-Chairs:

S. Ted Treves, MD

Michael J. Gelfand, MD

Marguerite T. Parisi, MD

Adam Alessio, DSc, Seattle Children's Hospital/University of Washington, Seattle, Washington

Larry Binkovitz, MD, Mayo Clinic, Rochester, Minnesota

Nanci Burchell, CNMT, Children's Mercy Hospital, Kansas City, Missouri

Cynthia Christoph, MD, Miami Children's Hospital, Miami, Florida

Royal Davis, CNMT, Children's Hospital Boston, Boston, Massachusetts

Frederic Fahey, DSc, Children's Hospital Boston, Boston, Massachusetts

Michael Gelfand, MD, Cincinnati Children's Hospital, Cincinnati, Ohio

Daniel Levin, MD, University of Manitoba, Winnipeg, Manitoba

Ruth Lim, MD, Massachusetts General Hospital, Boston, Massachusetts

Gerald Mandell, MD, Phoenix Children's Hospital, Phoenix, Arizona

Massoud Majd, MD, Children's National Hospital, Washington, DC

Helen Nadel, MD, British Columbia Children's Hospital, Vancouver, BC

Marguerite Parisi, MD, MS Seattle Children's Hospital, Seattle, Washington

Marla Sammer, MD, Thompson Children's Hospital, Chattanooga, Tennessee

Susan Sharp, MD, Cincinnati Children's Hospital, Cincinnati, Ohio

Barry Shulkin, MD, St. Jude Children's Research Hospital, Memphis, Tennessee

Stephanie Spottswood, MD, Vanderbilt University, Nashville, Tennessee

Lisa States, MD, Children's Hospital of Philadelphia, Philadelphia, Pennsylvania

S. Ted Treves, MD, Children's Hospital Boston, Boston, Massachusetts

Brad Wyly, MD, Eggleston Children's Hospital, Atlanta, Georgia

Daniel Young, MD, Birmingham Children's Hospital, Birmingham, Alabama


	© 2011 by Society of Nuclear Medicine

REFERENCES
	1.↵
	Pierce  DA, 
	Shimizu  Y, 
	Preston  DL, 
	Vaeth  M, 
	Mabuchi  K

. 
Studies of the mortality of atomic bomb survivors. Report 12, Part I. Cancer: 1950–1990. 
Radiat Res. 
1996;
146:
1–
27.
OpenUrlPubMed


	2.↵
	Ambrosino  MM, 
	Genieser  NB, 
	Roche  KJ, 
	Kaul  A, 
	Lawrence  RM

. 
Feasibility of high-resolution, low-dose chest CT in evaluating the pediatric chest. 
Pediatr Radiol. 
1994;
24:
6–
10.
OpenUrlCrossRefPubMed


	3.
	Brasch  RC, 
	Boyd  DP, 
	Gooding  CA

. 
Computed tomographic scanning in children: comparison of radiation dose and resolving power of commercial CT scanners. 
Am J Roentgenol. 
1978;
131:
95–
101.
OpenUrlPubMed


	4.
	Mayo  JR, 
	Hartman  TE, 
	Lee  KS, 
	Primack  SL, 
	Vedal  S, 
	Muller  NL

. 
CT of the chest: minimal tube current required for good image quality with the least radiation dose. 
AJR. 
1995;
164:
603–
607.
OpenUrlCrossRefPubMed


	5.
	Rogalla  P, 
	Stover  B, 
	Scheer  I, 
	Juran  R, 
	Gaedicke  G, 
	Hamm  B

. 
Low-dose spiral CT: applicability to paediatric chest imaging. 
Pediatr Radiol. 
1999;
29:
565–
569.
OpenUrlCrossRefPubMed


	6.↵
	Vade  A, 
	Demos  TC, 
	Olson  MC, 
	et al

. 
Evaluation of image quality using 1:1 pitch and 1.5:1 pitch helical CT in children: a comparative study. 
Pediatr Radiol. 
1996;
26:
891–
893.
OpenUrlPubMed


	7.↵
	Donnelly  LF, 
	Emery  KH, 
	Brody  AS, 
	et al

. 
Minimizing radiation dose for pediatric body applications of single-detector helical CT: strategies at a large children's hospital. 
AJR. 
2001;
176:
303–
306.
OpenUrlPubMed


	8.
	Paterson  A, 
	Frush  DP, 
	Donnelly  LF

. 
Helical CT of the body: are settings adjusted for pediatric patients? 
AJR. 
2001;
176:
297–
301.
OpenUrlCrossRefPubMed


	9.↵
	Arch  ME, 
	Frush  DP

. 
Pediatric body MDCT: a 5-year follow-up survey of scanning parameters used by pediatric radiologists. 
AJR. 
2008;
191:
611–
617.
OpenUrlCrossRefPubMed


	10.↵
	Sidhu  M, 
	Coley  BD, 
	Goske  MJ, 
	et al

. 
Image gently, step lightly: increasing radiation dose awareness in pediatric interventional radiology. 
Pediatr Radiol. 
2009;
39:
1135–
1138.
OpenUrlCrossRefPubMed


	11.↵
	Treves  ST, 
	Davis  RT, 
	Fahey  FH

. 
Administered radiopharmaceutical doses in children: a survey of 13 pediatric hospitals in North America. 
J Nucl Med. 
2008;
49:
1024–
1027.
OpenUrlAbstract/FREE Full Text


	12.↵
	Accorsi  R, 
	Karp  JS, 
	Surti  S

. 
Improved dose regimen in pediatric PET. 
J Nucl Med. 
2010;
51:
293–
300.
OpenUrlAbstract/FREE Full Text


	13.↵
	Lassmann  M, 
	Biassoni  L, 
	Monsieurs  M, 
	Franzius  C, 
	Jacobs  F

. 
The new EANM paediatric dosage card. 
Eur J Nucl Med Mol Imaging. 
2007;
34:
796–
798. Additional notes and erratum found in Eur J Nucl Med Mol Imaging. 2008;35:1666–1668 and Eur J Nucl Med Mol Imaging. 2008;35:2141.
OpenUrlCrossRefPubMed


	14.↵
	Gelfand  MJ, 
	Treves  ST, 
	Parisi  MT

. 
Survey of radiopharmaceutical administered activities used for tumor and whole body imaging in children [abstract]. 
Pediatr Radiol. 
2009;
39(
suppl 2):
S281–
S282.
OpenUrl


	15.↵
	Sammer  M, 
	Alessio  A, 
	Mohr  B, 
	Machanda  V, 
	Phillips  G, 
	Parisi  M

. 
Selection of optimal acquisition duration or injected activity for pediatric FDG-PET/CT [abstract]. 
J Nucl Med. 
2010;
51(
suppl 2):
486.
OpenUrl


	16.↵
	Gelfand  MJ

. 
Dose reduction in pediatric hybrid and planar imaging. 
Q J Nucl Med Mol Imaging. 
2010;
54:
379–
388.
OpenUrlPubMed


	17.↵
	Sheehy  N, 
	Tetrault  TA, 
	Zurakowski  D, 
	Vija  AH, 
	Fahey  FH, 
	Treves  ST

. 
Pediatric 99mTc-DMSA SPECT performed by using iterative reconstruction with isotropic resolution recovery: improved image quality and reduced radiopharmaceutical activity. 
Radiology. 
2009;
251:
511–
516.
OpenUrlCrossRefPubMed


	18.↵
	Caamano Stansfield  E, 
	Sheehy  N, 
	Zurakowski  D, 
	Vija  AH, 
	Fahey  FH, 
	Treves  ST

. 
Pediatric 99mTc-MDP bone SPECT with ordered subset expectation maximization iterative reconstruction with isotropic 3D resolution recovery. 
Radiology. 
2010;
257:
793–
801.
OpenUrlCrossRefPubMed


	19.↵
	Stabin  MG, 
	Gelfand  MJ

. 
Dosimetry of pediatric nuclear medicine procedures. 
Q J Nucl Med. 
1998;
42:
93–
112.
OpenUrlPubMed




	Received for publication October 15, 2010.
	Accepted for publication October 26, 2010.




  


  
  



  





  


  
  



  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
        In this issue

    
  
  
    
  
    
  
      
  
  
    
    
      

  
  
      
      
          Journal of Nuclear Medicine      
      
        	Vol. 52, Issue 2 February 1, 2011 


      
      
        		Table of Contents
	Table of Contents (PDF)
	About the Cover
	Index by author




      




  


  
  



  



  


  
  



  
      
  
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Print  


  
  


  
      
  
  
     Download PDF  


  
  


  
      
  
  
     Article Alerts

  
    
  
      
  
  
    
  User Name *
 



  Password *
 


Sign In to Email Alerts with your Email Address

  Email *
 








  


  
  



  





  


  
  


  
      
  
  
     Email Article

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word on Journal of Nuclear Medicine.
NOTE: We only request your email address so that the person you are recommending the page to knows that you wanted them to see it, and that it is not junk mail. We do not capture any email address.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Pediatric Radiopharmaceutical Administered Doses: 2010 North American Consensus Guidelines



  Message Subject 
 (Your Name) has sent you a message from Journal of Nuclear Medicine



  Message Body 
 (Your Name) thought you would like to see the Journal of Nuclear Medicine web site.



  Your Personal Message 
 











  


  
  



  





  


  
  


  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      
  
  
  
  
      Pediatric Radiopharmaceutical Administered Doses: 2010 North American Consensus Guidelines
  
    	Michael J. Gelfand, Marguerite T. Parisi, S. Ted Treves

  
    	Journal of Nuclear Medicine Feb 2011, 52 (2) 318-322; DOI: 10.2967/jnumed.110.084327 

  
  
  



  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  



          

        

        
        
          
            
  
      
  
  
     Share  


  
  


  
      
  
  
    
  
    
  
      
  
  
    
  
  
  
  
      Pediatric Radiopharmaceutical Administered Doses: 2010 North American Consensus Guidelines
  
    	Michael J. Gelfand, Marguerite T. Parisi, S. Ted Treves

  
    	Journal of Nuclear Medicine Feb 2011, 52 (2) 318-322; DOI: 10.2967/jnumed.110.084327 

  
  
  



  


  
  



  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  
      
  
  
       
  


  
  



  



  


  
  


  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  


  
      
  
  
     Bookmark this article
  User Name *
 



  Password *
 



   Remember my user name & password. 










  


  
  



          

        

	
 	
	
	


  


  
  



  
        Jump to section

    
  
  
    	Article	APPENDIX
	REFERENCES



	Figures & Data
	Info & Metrics
	 PDF



  


  
  



  
      
  
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  


  
  



  
      
  
  
    
  
     Related Articles
	
  
  
  
  
      This Month in JNM  
  
  
  
  




	
  
  
  
  
      Errata  
  
  
  
  






	PubMed
	Google Scholar




 Cited By...
	SNMMI Procedure Standard/EANM Practice Guideline on Pediatric 18F-FDG PET/CT for Oncology 1.0


	PennPET Explorer: Human Imaging on a Whole-Body Imager


	Is True Whole-Body 18F-FDG PET/CT Required in Pediatric Lymphoma? An IAEA Multicenter Prospective Study


	Technologist Approach to Global Dose Optimization


	Alteration of Monoamine Receptor Activity and Glucose Metabolism in Pediatric Patients with Anticonvulsant-Induced Cognitive Impairment


	Operational and Dosimetric Aspects of Pediatric PET/CT


	Glucose Metabolic Profile by Visual Assessment Combined with Statistical Parametric Mapping Analysis in Pediatric Patients with Epilepsy


	Subjecting Radiologic Imaging to the Linear No-Threshold Hypothesis: A Non Sequitur of Non-Trivial Proportion


	Administered Activities in Pediatric Nuclear Medicine and the Impact of the 2010 North American Consensus Guidelines on General Hospitals in the United States


	Standardization of Administered Activities in Pediatric Nuclear Medicine: A Report of the First Nuclear Medicine Global Initiative Project, Part 2--Current Standards and the Path Toward Global Standardization


	Gastrointestinal Bleeding Scintigraphy in the Early 21st Century


	Role of Reference Levels in Nuclear Medicine: A Report of the SNMMI Dose Optimization Task Force


	Dose Optimization of the Administered Activity in Pediatric Bone Scintigraphy: Validation of the North American Consensus Guidelines


	Effects of Image Gently and the North American Guidelines: Administered Activities in Children at 13 North American Pediatric Hospitals


	International Guidelines for Pediatric Radiopharmaceutical Administered Activities


	Imaging the Norepinephrine Transporter in Neuroblastoma: A Comparison of [18F]-MFBG and 123I-MIBG


	EANM/SNMMI Guideline for 18F-FDG Use in Inflammation and Infection


	SNMMI/EANM Guideline for Guideline Development 6.0


	SNM Practice Guideline for Lung Scintigraphy 4.0


	Minimizing and Communicating Radiation Risk in Pediatric Nuclear Medicine


	An Approach for Balancing Diagnostic Image Quality with Cancer Risk: Application to Pediatric Diagnostic Imaging of 99mTc-Dimercaptosuccinic Acid


	The SNM Practice Guideline for Somatostatin Receptor Scintigraphy 2.0


	Imaging Infection and Inflammation in Children with 18F-FDG PET and 18F-FDG PET/CT


	Minimizing and Communicating Radiation Risk in Pediatric Nuclear Medicine


	Evaluation of Optimal Acquisition Duration or Injected Activity for Pediatric 18F-FDG PET/CT


	Nuclear Medicine in the First Year of Life




	Google Scholar



 More in this TOC Section
	
  
  
  
  
      The Accomplishments and Legacy of Saul Hertz, MD  
  
  
  
  




	
  
  
  
  
      MIRD Pamphlet No. 29: MIRDy90—A 90Y Research Microsphere Dosimetry Tool  
  
  
  
  




	
  
  
  
  
      Total-Body PET/CT Applications in Cardiovascular Diseases: A Perspective Document of the SNMMI Cardiovascular Council  
  
  
  
  






Show more Special Contribution

 Similar Articles






  



  


  
  



  
      
  
  
    
  


  
  



  
      
  
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  


  
  



			

		

	
	
 	
	
	


    

  



  
                
    
      
  
    
  
      
  
  
    


  



  


  
  



  



    

  


      


  

    
  
      
    
  
    
  
    
  
                
    
      
  
    
  
      
  
  
      


  
  



  
      
  
  
    
  
      
  
    © 2024 Journal of Nuclear Medicine
  




  


  
  



  
      
  
  
      


  
  



  



    

  


  


  

  
    
  
      







  