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  To Professor Gianclaudio Ciofetta 
 who dedicated his life to pediatric nuclear medicine and has contributed 
to our vocational education with humanity and scientifi c strength 
 Our work is a way to remember him and thank him for what he has given us 
and all the young patients. 
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   That is a good book which is opened with expectation, and closed with delight and profi t. (Amos 
Bronson Alcott) 

   When Professor D’Errico and I decided to write this book, myriad of thoughts and feelings 
went through my mind. 

 The fi rst feeling was the delight of being able to share with him the writing of a work started 
when I was “young,” and he was the fi rst tutor when I was a resident in nuclear medicine: he 
asked me what I was able to do and I said “nothing at all”! 

 The second one was the sadness for the passing of Professor Gianclaudio Ciofetta, to whom 
this work is dedicated, who would have been proud to see his greatest wish realized. 

 The last one was the enthusiasm felt in translating in word a daily experience – made of 
kindness, of fears, of commitment, and of devotion to the children who pass every day through 
our unit – in order to create something that can help those who approach pediatric nuclear 
medicine and those who wish to fi nd a hint or a method and an answer I hope, a tangle of pos-
sibilities that open up in front of a child and in front of a test to which a child is submitted. 

 Furthermore, the thoughts about the best and the most educational possible way to set up 
and to perform the various topics and the study of the various body districts, my wish is to 
provide to those who open the book, searching a help or an answer, more and more than they 
search, to fi nd a case similar to his one and an adequate answer to his question. 

 The work was long and it would not have started without the help of my colleagues, Dr. 
Milena Pizzoferro and Dr. Maria Felicia Villani, who, with utmost care and great detail, have 
researched the clinical cases, have made the scintigraphic images for publication, and supple-
mented them with radiological images. They have left out no detail, no possible explanation, 
no images, and no texts. And all the iconographic documentation would not have been so 
complete and so made without the cooperation of the technical staff, Gaetano Masi, Stefano 
Chiapparelli, and Elisa Villanucci, and nurses – Consilia Lella and Filomena Petrucci –that, 
with professionalism and affection, have followed and cuddled the children and their parents 
during the execution of scintigraphic studies. 

 Performing quality studies on children without using anesthesia is a daily challenge; it is a 
goal that we try to achieve every day, keeping high our guard and also the commitment toward 
the standards that the “Bambino Gesù” Children Hospital child struggles to respect and to 
keep. 

 Dutiful thanks go to Professor Tomà and to all our fellow radiologists and clinicians in our 
hospital who actively participated in the drafting of the various chapters of the book but also to 
all those of which the name does not appear but who work and take part in our activities, col-
laborating in the good success, each one for his role. 

 Special thanks also go to the colleagues of the Medical Physics Unit – Dr. Vittorio Cannatà 
and Dr. Elisabetta Genovese – who are alongside us every day, helping us to respect the con-
tinued effi ciency of our instruments and handling all aspects of dosimetry. 

 Affectionate thanks to Professor Paolo Caione with whom we have shared countless patients 
and numerous scientifi c discussions. 

  Pref ace   
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 This book is the result of collaboration, and it is based on a daily teamwork. Each chapter 
is derived not only from our consolidated experience by now but also from the exchange of 
information and from the contact with the specialists who formulate the questions which we 
strive to answer in a complete, clear, and standardized way, making the interpretative doubts 
clear to them. It shows that we can and we must work well with humility. It strongly shows that 
conventional nuclear medicine can still give much if the studies are conducted properly and 
integrated with the supporting diagnostics. 

 We hope that the readers, who occasionally perform studies on children, fi nd in the book 
what we have proposed they will fi nd, and we hope that it is also useful to all the colleagues 
who deal with pediatric nuclear medicine as a part of their activities not dedicated to 
children.  

  Rome, Italy     Maria     Carmen     Garganese      
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 It was in the early 1980s that I get interested in pediatric nuclear medicine and, in particular, 
of pediatric nephro-urology. In the 1990s, the young doctor Garganese meets me and “pediat-
ric nuclear medicine,” and, since then, this fi eld has represented her “great love.” 

 Nuclear medicine, revealing the physiological processes in vivo, has had, in recent years, 
incredible progress, but, since the child is not a “young adult,” it is not enough to adapt proce-
dures performed in adults to the age and size of the child. Considerable progress has been 
made in the fi eld of pediatric nuclear medicine due to the high capacity of earlier diagnosis, 
easier management of young patients, and treatment that have benefi ted children. Just to this 
reason, pediatric diagnostic paths have been developed internationally (e.g., health.wa.gov.au). 
The pediatric nuclear medicine has become an increasingly important tool both to follow the 
success of therapy and to assess the progression. In other words, the development of pediatric 
nuclear medicine is because it provides information about the condition of the child physiolog-
ically, fast, safe, sensitive, and minimally invasive. 

 The novelty of this work consists in providing a systematic approach, as a textbook, with 
the simplicity of consultation of an atlas, on a niche topic in nuclear medicine, so important 
and widespread as the pediatrics. 

 This book, entitled  Conventional Nuclear Medicine in Pediatrics: A Clinical Case-Based 
Atlas , fi lls a gap in the literature of a reference tool “clinical case based” in pediatric nuclear 
medicine imaging, by a collection of richly illustrated teaching cases and problem-solving, 
dealing with clinical history, technical informations, workfl ows, image descriptions, and 
pitfalls. 

 Each chapter describes the diagnostic nuclear medicine molecular imaging based on the 
availability of sensitive and relatively specifi c radiopharmaceuticals tailored for different tar-
gets that can be expressed in this complex pediatric scenario. 

 Authors with different tasks (M. Pizzoferro, M.F. Villani, and M.C. Garganese as nuclear 
medicine physicians; G. Masi, S. Chiapparelli, and E. Villanucci as nuclear medicine technolo-
gists; and C. Lella and F. Petrucci as pediatric nurses) contributed by writing Chap.   1     about the 
need for a dedicated “teamwork” and several informations on the management of children 
such as reception, administration, and interaction with parents. 

 In Chap.   2     (“radiation exposure”), V. Cannatà, M. Longo, and E. Genovese provide infor-
mation about the activities to be administered, according to dosimetric considerations. 

 The role of the nuclear medicine physician, in the usual pediatric clinical scenarios, is care-
fully covered, in Part 2, “Clinical Pediatric Practices,” with the important contribution of many 
coauthors, skilled clinicians in each fi eld. 

 N. Capozza, S. Nappo, G. Torino, E. Mele, G. Di Zazzo, G. Mosiello, M.L. Capitanucci, 
M. De Gennaro, and D. Barbuti, expert co-workers, treat, in Chaps.   3    ,   4    ,   5    ,   6    ,   7    ,   8    ,   9    , and   10    , 
the different aspects of nephro-urology. 

 Oncology was treated by F. Locatelli, L. Vinti, A. Mastronuzzi, A. Castellano, R. Lombardi, 
and D. Barbuti in Chaps.   11    ,   12    , and   13    , while gastroenterology was dealt by L. Dall’Oglio, 
T. Caldaro, P. De Angelis, R. Tambucci, F. Torroni, G. Angelino, L. Del Prete, F. Rea, 
V. Balassone, A.C.I. Contini, E.F. Romeo, F. De Peppo, G. Torre, M. Candusso, M.S. Basso, 
A. Pietrobattista, A. Infante, and L. Monti in Chaps.   14    ,   15    ,   16    ,   17    ,   18    , and   19    . 
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 F. De Benedetti, A. Insalaco, and A. Krzysztofi ak have contributed, in Chaps.   20     and   21    , 
interesting clinical cases about infl ammation–infection and rheumatology disease; L. Menchini, 
clinical cases about bronchopneumology (Chap.   27    ); and A. Grossi and G. Ubertini, clinical 
cases in endocrinology fi eld (Chaps.   22    ,   23    ,   24    ,   25    ) and G. Natali and D. Barbuti, benign bone 
disease (Chap.   26    ). 

 We are very fortunate to have had the contributions of coauthors, also our colleagues, skilled 
clinicians in each fi eld, whose experiences enrich this atlas, and therefore, we are deeply 
indebted to all of them. 

 Our close collaborators, Dr. M. Pizzoferro and Dr. M.F. Villani, deserve special acknowl-
edgments for the care given to provide images and clinical cases.  

  Rome, Italy     Giovanni     Francesco     Livio     D’Errico      
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1.1     Introduction to Pediatric Imaging in Multimodality 
Diagnostic Era 

 As a pediatric radiologist, I have seen the impact of SPECT and PET on the clinical care of children. 
Our imaging practice has had to change to accommodate the powerful nature of these new images. 

 Image fusion overlays two or more three-dimensional (3D) image sets of the same or differ-
ent imaging modality that are in the same orientation in the same space. Anatomic and func-
tional imaging is complementary; this is the metaphor of the relationships between radiologists 
and nuclear medicine physicians. 

 In my opinion, nuclear medicine is a crucial part of pediatric radiology. 
 Pediatric radiology has peculiar characteristics depending on anatomical development and 

specifi c clinical conditions related to the different stages of growth. Other peculiarities specifi -
cally related to pediatric radiology include radiation safety and the need of dedicated environ-
ments and approaches. 

 In both pediatric and adult patient care situations, there are family members with whom the 
imager must interact. However, in the pediatric setting, there are several unique features in the 
relationship among imager, patient, and family. Most of the complaints by parents and families 
are not related to technical errors; they are more commonly related to issues of professionalism 
and communication. 

 Providing child-friendly surroundings may help to ease a young child’s anxiety and cause 
him or her to be more cooperative. Paintings on the walls and equipment and cartoonish fi gures 
in the examination rooms can be helpful. Eliminating or minimizing painful portions of the 
examination can also be very helpful in keeping a young child cooperative. 

 In general, the physicians who choose to go into pediatric subspecialties, as well as health 
care workers who choose to work at pediatric institutions in general, have to be nice, gentle 
people. Aggressive, power- hungry people cannot work with children. 

 This edition of the book comes at a very propitious time. Revolutions in medical imaging 
are modeling and quantifi cation. Imaging of physiologic and cellular processes displays them 
in four dimensions (three- dimensional images over time). 

 The goal of the book is to provide a comprehensive text on the clinical applications of 
nuclear medicine in a pediatric population. 

 As some techniques have faded (e.g., scrotal scintigraphy), others have been added to the 
nuclear medicine arsenal. The most signifi cant development has been the dissemination of 
positron emission tomography (PET) into pediatric practice. 

 Writing a book is a task that requires time and commitment from many people. 
 I express appreciation to MG, who has transformed their lives in a text. Her dedication is 

refl ected in the high quality of the fi nal product. 
 It is my sincere hope that readers will fi nd this work to be a cornerstone of pediatric imaging 

and one that they will use frequently in their daily practices.       

   Part I 

   General Considerations 

        Paolo     Tomà                
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      Management of the Pediatric Patient: 
A Teamwork                     

     Milena     Pizzoferro     ,     Maria     Felicia     Villani    , 
    Maria     Carmen     Garganese     ,     Gaetano     Masi    , 
    Stefano     Chiapparelli    ,     Elisa     Villanucci    ,     Consilia     Lella    , 
and     Filomena     Petrucci   

1.1          Introduction 

 Pediatric nuclear medicine refers to imaging examinations 
performed in babies, young children, and teenagers. Carrying 
out nuclear medicine procedure on children requires a com-
pletely different approach than on adults. The complexity of 
the examination varies depending on the age of the patient, 
the degree of cooperation, clinical conditions, and duration 
of scintigraphic acquisition. Depending on the increasing 
complexity of pediatric nuclear medicine studies, a higher 
level of department expertise is necessary for the delivery of 
good quality examination and safe patient care. 

 In a pediatric nuclear medicine department, all members 
must be profi cient in performing their competencies according 
to their role, and a trained teamwork is the winning strategy to 
achieve the main goal, getting a diagnostic imaging that allows 
to accurately respond to specifi c clinical question. 

 Within a framework of a well-coordinated staff (including 
specialized training pediatric nurse, technician, and nuclear 
medicine physician), it is easier to create a positive atmo-
sphere that serves to take the child cooperation, limiting the 
sedation in few selected children. 

 Pediatric patient management requires considering the 
special status of these patients in relation to age and medical 
condition depending on the underlying disease.

   Working with pediatric population requires adequate 
awareness: in order to obtain appropriate acquisition 

 standards, the team approach must be shaped to the child’s 
mind- set, rather than fi tting the child into the paradigm of 
adult examinations. 

 In fact, children are not miniature adults and, as well as 
the normal values of the vital parameters of infants and chil-
dren are different than adults, even methods of communica-
tion should be adequate for their developmental age. 

 Besides, pediatric patients are children with special health 
care needs who could have any type of condition that may affect 
normal growth and development; this may include physical dis-
ability, acute or chronic illness, peculiar clinical condition (pain, 
technological dependency, etc.). During the diagnostic proce-
dure, even when the staff use distraction techniques to hold child 
still and calm, health care professionals must be ready to manage 
a possible worsening of the patient’s clinical status (Fig.  1.1 ). 

 Taking care of a pediatric patient includes parental man-
agement, and the attitude of all staff members must be posi-
tive toward the child and parent (or other family components). 
In “family-centered approach,” the family’s input is the 
major driving force to achieve a good cooperation of the 
child and a high degree of satisfaction of parents. 

 A department structured with colored paintings on the 
walls, playful environments (equipped with toys, books, 
video games, or DVDs) and child-friendly spaces could help 
foster a welcoming accommodation, but it does not replace 
the right atmosphere that the nuclear medicine staff must be 
able to create from the fi rst patient approach.  

        M.   Pizzoferro ,  MD, PhD      (*) •    M.  F.   Villani ,  MD, PhD    
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“SPECIAL ATTITUDES SKILLS FOR PEDIATRIC PATIENT MANAGEMENT”

ability to adapt to different
patient types

ability to handle anxiety and
situations of emotional tension

supportive attitude

empathetic abilitypediatric care and
emergency management

creativity

constant attention

be calm and “patient”

  Fig. 1.1    Special attitudes and 
skills for pediatric patient 
management       
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1.2     Accommodate the Child 
and the Parents 

 Nurses usually handle the reception of the child and the par-
ent. Based on a fi rst quick observation, it is crucial to defi ne an 
individual approach evaluating a child’s personal features and 
familiar or sociocultural infl uences. In all cases, the fi rst child 
approach must be slowly and calm in order to set the basis of 
a good relationship with all the nuclear medicine staff. The 
reception of pediatric patients must include an  initial evalua-
tion of clinical condition to set up an appropriate assistance 
and monitoring level in case of special health care needs. 

 From the fi rst moment the child and parent enter the 
department, all members must be honest with both of them, 
in order to create a trusting relationship. In the case of both 
children and adolescents, the staff members must be able to 
adapt to different patient types, involving them in every 
moment and explaining the whole procedure in simple terms. 

 Starting from the fi rst contacts, parents and children must 
be introduced into the department’s environment by a spe-
cifi c education about correct paths within the department 
(with particular regard to the use of bathrooms and disposal 
of radioactive diapers) and explanation of the use of dedi-
cated tools available in the waiting room (bottle warmer, 
electronic devices, etc.). To avoid the risk of accidental falls, 
it is necessary to enforce the standards of child safety, invit-
ing the parents to buckle up the stroller and constantly moni-
toring the baby should not run or climb in the waiting room. 

 Parents are encouraged to stay with their children throughout 
every part of the examination (with the exception if the child’s 
mother is pregnant), emphasizing the importance of their role in 
supporting the child for a good outcome of the examination. 
Generally, the idea to perform a scintigraphic examination gen-
erates fear in the child and the parent. Professionals in charge of 
the pediatric patient management have to be adequately trained 
handling anxiety and situations of emotional tension of child 
and the parents. This peculiar ability is closely related to a per-
sonal attitude (prone to a supportive and empathetic approach) 
as well as the capability to provide clear information. 

 To gain the trust of the child, put him at ease and reduce 
anxiety; one of the most used tricks in pediatrics is entertain-
ing the patient speaking about his everyday life or family 
members before starting with the diagnostic procedure. 
Explaining same symptoms by metaphors could be useful to 
create a direct line of communication (i.e., we usually 
describe the puncture syringe similar to a mosquito bite or a 
little pinch). 

 Providing clear information is also the best form to reduce 
anxiety for parents. During the interview for the anamnesis 
and the acquisition of the written informed consent, nuclear 
medicine physician must explain the entire scintigraphic 
procedure, stressing the clinical utility within the global 
diagnostic–therapeutic iter. Providing instructions on how 
parents can collaborate together with staff is a helpful way to 
motivate them to be part of the team in order to improve the 
impact of diagnostic examination on their child. 

 One of the most diffi cult steps is minimizing and com-
municating radiation risk in pediatric nuclear medicine. 
Generally, parents can understand that their child will 
undergo an appropriate medical imaging test, but the expla-
nation about radiation risk associated with nuclear medicine 
examination is always a critical point. 

 Nuclear medicine practitioners must be able to effectively 
communicate that the dose range associated with most 
nuclear medicine procedure results in a low radiation expo-
sure and a very low risk of detrimental health effects. In case 
of scintigraphy, with a medium or high radiation exposure 
level, it is necessary to clarify that the potential risk associ-
ated to ionizing radiation remains still low compared with 
the benefi ts derived by the diagnostic information, unattain-
able using other imaging procedures. 

 Depending on the type of nuclear medicine exam, nuclear 
medicine physicians have to provide adequate radioprotec-
tion instructions to avoid undue radiation exposure of other 
children or pregnant women; in order to reduce global patient 
radiation exposure, proper indications should be suggested 
(good hydration with water or whatever is pleasing to the 
child and frequent urination).  

1 Management of the Pediatric Patient: A Teamwork
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1.3     Administration 
of Radiopharmaceutical 

 Depending on the type of nuclear medicine exam, the 
radiotracer is either injected into the body, swallowed, or 
inhaled as a gas in order to evaluate the functional informa-
tion of the organ system being examined. Except for intra-
venous injections, most nuclear medicine procedures are 
painless and rarely associated with signifi cant discomfort 
or side effects.

1.3.1       Endovenous Administration 

 If the tracer is given intravenously, a small needle is used to 
inject the radiotracer and removed immediately after. At 
times, an indwelling intravenous catheter may be used if it is 
already present, in case of multiple phases of administration 
or provocative examination (i.e., stress myocardial scintigra-
phy), when the patient is in poor clinical conditions. In onco-
logical patients, the use of central venous catheter is limited 
only to certain types of scintigraphic examinations with 
proper antiseptic precautions. 

 For a successful intravenous injection, a team approach 
is necessary to distract the child, to properly immobilize the 

limb of the child, and to explain to the parent, as he may 
cooperate reassuring the child. During administration, a bed 
pad must be positioned under the injection site to limit 
potential contamination. Different immobilization tech-
niques are used depending on the age of the child and 
administration site (Fig.  1.2 ).  

1.3.2     Aerosol Administration 

 The radioaerosol can be inhaled through deep breaths, 
using a mask of appropriate size for age. In case of unco-
operative patient, the radioaerosol can be adequately 
administered during the whole inspiration phase, even if 
the child cries. Immediately following the radioaerosol 
inhalation, the patients must rinse their mouth by gar-
gling, when the child is able. Then, the patient is placed in 
the supine position, and a gamma camera detector is pos-
teriorly positioned for acquiring lung radioactivity. After 
an initial qualitative evaluation, if a satisfactory distribu-
tion is not obtained, a number of extra inspirations must 
be performed. Measurement of the administered radioac-
tivity dose can be performed calculating the ratio of fi rst 
frame counts and a conversion ratio, specifi c for each 
gamma camera.  

a b c

  Fig. 1.2    The newborn is made to lie on the stretcher, the parent remains 
close to the head of the child, the nurse immobilizes the upper limb 
(arm or hand), while the doctor administers ( a ); in the case of adminis-
tration to the foot, the use of sandbags is useful to facilitate the blocking 

of the contralateral leg ( b ). The child is seated on the parent’s legs that 
blocks the baby’s legs between his, the nurse immobilizes the child’s 
arm or hand, while the doctor injects the radiopharmaceutical ( c )       
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Oral Naso-gastric tube

PEG

  Fig. 1.3    In case of oral feeding, one of the parents can administer the 
meal so that the child does not notice the difference from the usual. The 
nurse provides instructions to parents to avoid contamination, supervises 
the administration, and supports the parent in case of diffi culty ( a ). If a 
child is unable to feed orally, the nurse manages meal administration using 
nasogastric tube or percutaneous endoscopic gastrostomy when already 

positioned ( b ). Meal administration is with the patient lying on the bed of 
gamma camera and, by monitor persistence, the nuclear medicine physi-
cian evaluates gastric fi lling according to the patient’s capability. The right 
amount of meal is determined by the habits of the patient and by the pres-
ence of indirect signs as high grade of gastroesophageal refl ux or the 
beginning of intestinal progression of the meal from the stomach       

1.3.3     Meal Administration 

1.3.3.1     Gastric Emptying Scintigraphy (GES) 
Protocol 

 For gastric emptying scintigraphy, radionuclide-labeled test 
meals are used. The test meal can be liquid, semiliquid, or 
semisolid, according to the normal meal that the patient 
under study would generally consume. When swallowed, the 
radiotracer has no taste. Labeled meals, milk scan as well as 
homogenized, yogurt or chocolate drinks, are used for gas-
tric emptying studies in newborn, infants and children. The 
meal should have a pleasant taste to encourage a quick and 
complete recruitment of the meal, ensuring a good nutri-
tional intake to obtain reliable functional information about 
gastric emptying parameters. A good amount of meal taken 
is also closely linked to the sensitivity of scintigraphy in 
detecting the presence of gastroesophageal refl ux. Meals 
must be consumed within a 10-min period, after which the 
scintigraphy study must be started to avoid the beginning of 
intestinal progression of the meal from the stomach. 

 In case of oral feeding, one of the parents can administer 
the meal, so that the child does not notice the difference from 
the usual. The nurse provides instructions to parents to avoid 
contamination, supervises the administration, and supports 
the parent in case of diffi culty. The necessary precautions to 
limit contamination in case of vomiting must be taken always.

    In such a condition, the technique is completely noninva-
sive, whereas in evaluating children with feeding diffi culties, 
the nurse can place a nasogastric tube which can be removed 
after meal administration. If a child is unable to feed orally, 
the nurse manages meal administration using nasogastric 
tube or percutaneous endoscopic gastrostomy when already 
positioned. Meal administration is with the patient lying on 
the bed of gamma camera and, by monitor persistence, 
nuclear medicine physician evaluates gastric fi lling accord-
ing to the patient’s capability. Habits of the patient and pres-
ence of indirect signs (as high grade of gastroesophageal 
refl ux or the beginning of intestinal progression of the meal 
from the stomach) allow to determinate the right amount of 
meal (Fig.  1.3 ).
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a b

  Fig. 1.4    If the child collaborates or sleeps, a whole-body acquisition 
protocol can be performed, using EANM procedural guidelines about 
speed scanning by age ( a ). In case of lack of cooperation of the child, 

the whole-body acquisition can be divided in several static scans to give 
way to the child to relax between an image and the other and allowing 
the staff to better block that part of the body ( b )       

1.4          Acquisition of Images: Take 
the Child’s Cooperation 

 Though nuclear imaging itself causes no pain, children may 
experience some discomfort from having to remain still dur-
ing imaging, in particular for procedures of prolonged 
duration. 

 Approaching as much as possible the gamma camera to 
the patient is crucial to achieve good quality images using 
the recommended pediatric amounts of radioactivity, but it 
could be technically diffi cult when the child is frightened 
and does not cooperate. In a pediatric nuclear medicine 
department, drug sedation can be used only exceptionally 
using an alternative way, consisting in an adequate approach 
of the patient. Specifi c education of technologists is required, 
including proper handling of the child during the procedure 
and adequate psychological attitudes toward child and par-
ents. Parents are encouraged to stay with their children to 
help them remain calm and still during imaging.

   From a technical point of view, the way to get better results 
with less stress for the baby is to match the time of the acqui-
sition with the natural sleep of the child. The importance of 
this simple method must be clearly explained to the parent 
who, knowing the habits of the child, is the major driving 
force to achieve this goal. In such a way, it can be possible to 
perform procedures of prolonged duration (as SPECT acqui-
sition) or whole-body acquisition protocol without sedation. 
In order to avoid having scintigraphic images affected by the 
presence of radiourine, it is necessary to remind the parent to 
change the diaper before letting the child fall asleep. 

 Good image quality can be achieved even when the baby 
is awake with particular technical tricks. A whole-body 
acquisition can be divided in several static scans to give way 
to the child to relax between an image and the other, allow-
ing staff to better block that part of the body. Sandbags are 
the most used means of restraint (Fig.  1.4 ). 

 Whenever possible, the camera should be rotated in the 
posterior view to ensure that the child does not feel “sand-
wiched” between the camera bed and the detector. With this 
arrangement of the gamma camera, the child can see and feel 
near to parents, and the team members can more easily block 
the patient, when necessary. In this position, the mother can 
actively collaborate for a good outcome of examination, also 
in newborns, breast-feeding the baby; this represents the best 
natural sedative. This setting with the gamma camera rotated 
in posterior view is also helpful for anterior acquisition, turn-
ing the child in prone position. 

 A practical tip to remember is that the most distressing 
acquisition view should be performed last on infants and 
younger children. Moreover, for particular scan views (like 
anterior skull acquisition), the parent can collaborate lying 
on the gamma camera bed next to the child, but turned on 
the contrary to bring his head to that of the child. In this 
way, even young children can remain calm and still during 
imaging (Fig.  1.5 ). 

 The use of books, toys, video games, or DVDs can be 
helpful to distract the child. A good staff is also able to take 
the patient’s cooperation, interacting with him and capturing 
his interest by age (Fig.  1.6 ).     
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a b

  Fig. 1.5    In newborns, the mother can actively collaborate for a good 
outcome of examination, breast-feeding the baby; it is the best natural 
sedative for her child ( a ). The parent can also collaborate to perform 

distressing acquisition view, lying on the gamma camera bed next to the 
child but turned on the contrary to bring his head to that of the child (as 
represented in  b )       

  Fig. 1.6    For an adequate approach of the pediatric patient, it is neces-
sary to create a positive atmosphere that serves to take the child’s coop-
eration. Specifi c education of technologists is required, including 

proper handling of the child during the procedure and adequate psycho-
logical attitudes toward pediatric patient       
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Radiation Risk

Vittorio Cannatà, Elisabetta Genovese, 
and Mariaconcetta Longo

2.1  Introduction

The practice of nuclear medicine leads to a potential risk of 
exposure for the patient. The activity of radiopharmaceutical 
should be administered in order to guarantee the correct bal-
ance between risks and benefits. In the last years, the intro-
duction of technological advances, the increased availability 
of scanning equipment, and new radiopharmaceuticals lead 
to an intensified use of nuclear medicine examinations. On 
the one hand, these improvements involved in a remarkable 
progress in image quality; on the other hand, technological 
advances do not necessarily imply a decrease in patient 
exposure to ionizing radiation. The implementation of radia-
tion protection practices aimed to limit radiation exposure in 
nuclear medicine exams is an utmost need. For pediatric 
patient, a more attention has to be paid as they have higher 
tissue radiosensitivity and longer life expectancy.

2.2  Effects of Ionizing Radiations

A type of radiation which has enough energy to eject elec-
trons from atoms or molecules is defined as ionizing radia-
tion. It is well known that the interaction between ionizing 
radiation and biological tissues or organs may cause changes 
in cells which may later cause them to become malignant or 
bring about other detrimental functional changes in irradi-
ated tissues and organs. It is important to note that irrespec-
tive of the nature of the primary radiation (which may be 
composed of particles and/or electromagnetic waves), the 
energy transfer mechanism always occurs via the secondary 
electrons which are produced by interaction between the pri-
mary radiation beam and the biological targets. At the micro-
scopic level, when incident rays or particles interact with 

orbital electrons within the atoms, two processes through 
which radiation interacts with matter can happen: one of 
these processes is the excitation, the other one is the ioniza-
tion [14]. Excitation involves raising a bound electron to a 
higher energy state, leaving the atom in an excited state, 
while ionization happens when the electron receives suffi-
cient energy to be ejected from its orbit and to leave the host 
atom. These physical interactions between radiation and spe-
cific structures within the cells can cause more or less serious 
biological damages. These latter are associated to the inter-
action of radiation with deoxyribonucleic acid (DNA) and 
can mainly occur through direct and indirect processes.

The direct interaction implies a direct damage of DNA 
structures after ionization of atoms or molecules, through a 
sequence of chemical events which can provoke the final 
biological damage. This is the dominant process for highly 
ionizing particles, i.e., heavy charged particles, proton and 
neutrons. On the contrary, the indirect interaction involves 
secondary electrons which are ejected during the ionization 
process. These secondary particles, energetic and unbound, 
are capable of migrating away from the site of their produc-
tion giving up their energy to the surrounding medium, 
through a series of interactions with other atoms and mole-
cules. This energy absorption process results in the forma-
tion of free radicals and other chemical species, i.e., more 
reactive molecules which are the true causatives of damages 
of critical targets in the cells [2].

For example, when the radiation interaction happens with 
water molecules, the created highly unstable free radicals, 
such as water ions (H2O+) and hydroxyl (OH.), can spread 
through the cell interacting even with distant cellular target. 
The indirect interaction and its consequently biological det-
riment are mainly caused by sparsely ionizing radiation, i.e., 
electrons or x-ray.

In the events timescale, the initial ionization event occurs 
instantaneously (~10−18 s) at the microscopic level, while the 
chemical changes may appear to operate over a timescale of 
about 10−5 s. Thus, the period during which the chemical 
damage is caused is relatively long on the microscopic scale. 
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These events are the precursors to a chain of subsequent 
events which may eventually lead to the clinical (macro-
scopic) manifestation of radiation damage. The clinically 
observable radiation effects, whose timescale may extend to 
years, are expressed as the results of the functional impair-
ment after lethal damage inflicted to large numbers of cells 
or critical substructures [3].

Dealing with these macroscopic effects, an important dis-
tinction has to be made between low and high dose effects, 
whose consequences on biological tissues are really differ-
ent. This concept is highlighted by the NCRP Report No. 
136 [15] and by the BEIR VII Report [10] where a funda-
mental distinction is made: low to moderate doses encom-
pass the values between 0 and 100 mSv, while high doses 
include values greater than 100 mSv.

Moreover, a distinction of the effects of ionizing radiation 
on biological tissues is often made according the required 
time for the effects to manifest. If an effect occurs within 
several hours or days after the exposure of the individual to 
extremely high doses, it is considered as an acute effect. 
Conversely, delayed or latent effects manifest several weeks 
or years after the exposure.

In some cases, the damaged component of the genetic 
material is essential for cell survival, and the cell may die or 
not be able to undergo proper mitosis. The removal of these 
cells will not contribute to late radiation effects such as car-
cinogenesis. Instead, late effects occur when the cell survives 
the initial genetic damage. The consequences of this damage 
manifest later, perhaps decades after the initial exposure; 
such late effects may result from genomic instability due to 
the initial radiation damage. In particular, cells that are grow-
ing rapidly and undergoing mitosis at a higher rate may be 
more susceptible to late radiation effects than those that are 
growing more slowly [9].

On the basis of these considerations, the radiation effects 
can also result in a radiation detriment, which is defined as 
the harm that would eventually be experienced by an exposed 
group and its descendants as a result of the group’s exposure 
to a radiation source [11].

The radiation damage may be classified as being either 
deterministic or stochastic.

Deterministic effects are characterized by a threshold dose 
level. These effects manifest themselves in the form of harm-
ful tissue reactions, i.e., cataract induction, general radiation 
syndromes, bone marrow ablation, which could manifest after 
an exposure to high radiation doses. Above the threshold dose 
level, the severity of the effect is linearly dependent with dose: 
if the amount of radiation dose is increased, the lesion severity 
also grows depending on the number of damaged cells [11].

Stochastic effects, which include both carcinogenic and 
hereditary effects, are those for which the likelihood of occur-
ring is dose related, but the severity of the resultant condition 
is not related to the dose received. They may occur without a 
threshold dose, and for them, an increase on radiation dose 
will result in a growth of the probability of occurring [11].

In the field of Nuclear Medicine (NM) diagnostic uses, 
stochastic effects have to be predominantly considered as 
potential side effects while, for radionuclide therapy applica-
tions, the concerns relate to both stochastic and deterministic 
effects [12].

In addition, there are other parameters that influence the 
radiation effects and that need to be discussed. In fact, it is 
well established that the risk of ionizing radiation varies 
with both age and sex. In particular, for pediatric patients, 
the risk of radiation effect is higher than in adults. This 
behavior can be attributed to a twofold cause: on one hand, 
the tissues of younger subjects are more radiosensitive as 
they are actively growing and, on the other hand, life expec-
tancy in young people is higher than in adults allowing a 
longer time for the risk to be realized. Moreover, girls dem-
onstrated a higher risk for cancer induction than boys, which 
is, in large part, attributable to the excess risk of breast can-
cer in this population [9].

2.2.1  Evaluation of Radiation Exposure 
in Nuclear Medicine

Nuclear medicine procedures involve the use of radio-
pharmaceuticals that emit radiations such as γ-rays, 
α-particles, β-particles, and positron. These emissions 
expose the patient to ionizing radiation that might lead to 
detrimental health effects [11]. Nuclear Medicine offers 
the possibility to detect early stages diseases, and its non-
invasive nature allows to use it as a powerful diagnostic 
tool in examinations involving children. The administered 
activities in nuclear medicine procedures are well estab-
lished in many specialties including oncology, urology, 
cardiology, gastroenterology, and orthopedics. For pediat-
ric patients, it is highly recommended that practitioners of 
pediatric nuclear medicine have to develop a knowledge 
in understanding radiation risk and dosimetry and how 
this risk may vary in children relative to adults. Using 
nuclear medicine procedures, expected clinical results can 
be guaranteed using the lowest possible administered 
activities and, thus, the minimum necessary risk for 
patients. To this purpose, as recommended by the Society 
of Nuclear Medicine and Molecular Imaging, the key to 
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dose optimization is to perform the right test with the 
right dose on the right patient at the right time [8]. In 
order to estimate the dose received by organs and tissues 
during nuclear medicine procedures, the knowledge of 
bio-kinetic models about the incorporated radionuclides 
is needed.

The methodologies developed to assess dosimetric evalu-
ations in nuclear medicine are mainly two: one of these mod-
els was developed by the International Commission on 
Radiological Protection (ICRP) [12], and the other one by 
the Medical Internal Radiation Dose (MIRD) Committee of 
the United States Society of Nuclear Medicine [16]. Based 
on the same theoretical considerations, MIRD model is 
focused on biological endpoints for which the knowledge of 
intake is necessary, while ICRP also gives an estimation of 
the radiation detriment.

The theoretical approach of both methods will be dis-
cussed in the following paying particular attention to how 
risk varies with age. Moreover, the radiation risk and dose 
calculation will be discussed later for pediatric nuclear 
medicine.

The calculation of the absorbed doses by the different 
organs or tissues is based on the definitions of sources and 
target organs. The target organs or tissues are those for whom 
the absorbed doses may arise as a result of radioactive decays 
occurring in other organs, the so-called source regions.

Thus, the absorbed dose in a particular organ or tissue is 
calculated as the sum of contributions from various sources, 
including the target organ or tissue itself.

In order to take into account the different radiosensitivity 
of organs or tissues, ICRP introduced a dosimetric quantity 
named effective dose. This definition allowed an overall can-
cer risk computation for a situation in which different organs 
receive different doses, with or without external irradiation 
of the whole body.

According to ICRP model, the mean absorbed dose 
D(T ← S) to a target organ or tissue T is the sum of the con-
tributions arising from nuclear transformations of the radio-
nuclide in various source organs S and it is given by:

 
D T S

M
E Y S T S

T
i i i←( ) = × = × ←( )∑ A A1

i

ϕ
 

where Ã is the time-integrated or cumulated activity, equal to 
the total number of nuclear transformations in S, and 
S T S←( )  is the absorbed dose in T per unit of cumulated 
activity in S.

The other symbols have the following meaning: MT is the 
mass of the target organ or tissue, Ei is the mean energy of 

radiation type i, Yi is the yield of radiation type i per transfor-
mation, φi is the absorbed fraction of energy of radiation type i.

Ã is the bio-kinetic component, S T S←( )  represents the 
physical-geometrical component, as it depends on the radia-
tion type, on the energy emitted per transformation, on the 
mass of the target organ, and on the geometry of the mathe-
matical phantoms representing the adult and children of vari-
ous ages.

This model is essential to estimate the dose absorbed by 
the different target organs or tissues. However, if we wish to 
compare different procedures and the resulting patient doses 
for assessment of risk versus benefit, the more appropriate 
parameter to be consider is the effective dose, as it takes into 
account the different organs sensitivities. ICRP 106 also 
reports, for each radionuclide, the bio-kinetic model, the bio- 
kinetic data, the absorbed dose, and the correspondent effec-
tive dose per unit of activity administered for different ages 
(Adult and 15, 10, 5, 1 years old) [12].

The MIRD Committee follows the same theoretical dosi-
metric approach described above for ICRP. For each source 
organ, the radiation dose is calculated and summed to deter-
mine the total dose to the target organ.

For pediatric patients, the radiopharmaceutical dose var-
ies from that to an adult as organ masses of children differ 
from those of adults because they are smaller and closer 
together. S values for patients of different ages can be used to 
estimate the radiation dose to children. However, both ICRP 
and MIRD methods do not take into account individual dif-
ferences in anatomy and physiology from the standard mod-
els. The patient’s body may vary from the standard with 
respect to size, weight, shape, organ orientation, and dis-
tances from other organs. These models also make assump-
tions with respect to the amount of source organ radioactivity, 
including rates for uptake and clearance of the radiopharma-
ceutical from that organ. These methods were developed for 
estimating the average dose to a population and should not 
be used to estimate the dose to a specific patient [11].

Even though models have traditionally used simple shapes 
representing the organs, more realistic voxel-based models have 
been developed with the aim to provide more accurate dose esti-
mations [4]. Using these methods, the radiation dose to organs 
of patients of different sizes and ages can be estimated.

The software code Organ Level INternal Dose Assessment/
EXponential Model (OLINDA/EXM) [17] has been devel-
oped to facilitate automated and standardized internal dose 
calculations for nuclear medicine applications. The 
OLINDA/EXM code uses the same technical basis (phan-
toms, organ masses, equations, relationships assumed, and 
other details) reported by MIRD [16].

2 Radiation Risk
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2.2.2  Radiation Protection Principles 
and Considerations on Diagnostic 
Reference Levels

The ionizing properties of radiation and the correspondent 
biological effects have to be taken into account in order to 
implement some radiation protection measures. The ICRP 
on its 2007 Publication [11] states that practices involving 
the use of ionizing radiation are regulated by three funda-
mental principles of radiological protection: justification, 
optimization, and limitation of doses.

According to the first principle, any medical practice involv-
ing patient exposures must be justified: any decision that alters 
the radiation exposure situation should do more good than 
harm [11]. It should be in the right balance between risk and 
benefit, taking into account social, economic, and technical 
factors involving the realization of the procedure itself.

The second principle states that once the exposure to ion-
izing radiation is justified, each examination must be per-
formed so that individual doses should all be kept as low as 
reasonably achievable (ALARA), taking into account eco-
nomic and societal factors [11].

Dose limits are established to ensure that no individual is 
exposed to radiation risk level exceeding the appropriate lim-
its recommended by the ICRP. Medical exposure is not sub-
jected to the third principle but to the first two only [5].

In 1997, the European Council of Ministers, following the 
recommendation of the ICRP in its Publication 73 [13], issued 
the Medical Exposure Directive (MED) [5] which introduced 
the Diagnostic Reference Levels (DRLs) for diagnostic exams.

DRLs are part of the quality assurance program and are 
defined as the dose levels in medical diagnostic practices or, 
in case of radiopharmaceuticals, levels of activity, for typical 
examinations for groups of standard-sized patients or stan-
dard phantoms for broadly defined types of equipment [5]. 
DRLs are primarily intended to offer benchmark values as a 
rough guideline for appropriate practice and can be consid-
ered as a useful tool to help physicians in realizing best prac-
tices [1]. These levels are expected not to be exceed for 
standard procedures when good and normal practice regard-
ing diagnostic and technical performance is applied.

In diagnostic nuclear medicine, DRLs are expressed in 
terms of administered activity. This latter is based on the 
administered activity necessary for a good image during a 
standard procedure. DRLs can be used for diagnostic exami-
nations in clinical practice to different aims: set standards to 
identify average doses, compare local practice with peer 
institutions and national levels, provide required protocol 
settings for local practices, and provide legal justification in 
event of malpractice law suit. However, as administered 
activity is not expected to be exceeded in standard proce-
dures, it should be approached as closely as possible to pro-
duce optimized images [6]. This is the reason because in 

nuclear medicine an “optimum” value for DRL is used. On 
the basis of the experience of the professional groups, it is 
recommended to nationally set reference levels for adminis-
tered activities of radionuclides with the aim to obtain infor-
mation for standard groups of patients (adults and children).

In therapeutic nuclear medicine, where all exposure of 
target tissues should be specially planned for each patient, so 
that the doses are as low as possible in nontarget tissues, a 
system of reference levels is not applicable.

The administered activities are highly dependent on the 
procedures used. Poorly functioning gamma camera or other 
chain imaging equipment, the calibration of the activity- 
meter, the nuclear medicine staff expertise can influence DRL 
values. Therefore, not only it is highly difficult to compare 
administered activities without knowing precisely the proto-
col used, but also there is a large variation between DRLs 
given by different countries. Not all European Member States 
have still recommended DRLs for nuclear medicine [7].

Only the 64 % of the European countries set DRLs for 
NM exams, while the 33 % have no DRLs and the data of the 
remaining 3 % are unknown (Fig. 2.1).

Most European countries provided optimal values for 
almost all types of examinations produced by the profes-
sional groups and approved by the competent authorities, 
giving national DRLs for NM procedures [7]. The existence 
of specific guidance showed that some countries had included 
references for the DRLs such as published guidance, reports 
or results of national surveys.

It should be noted that DRLs are based on administered activ-
ities used for normal size patients (70 kg). If the adult patients are 
of a nonstandard size, the injected activities need to be corre-
spondently adjusted. A pro-rata adjustment by patient weight is 
the simplest method to allow for patient size variation [6].

Regarding pediatric patients, it is highly important to give 
guidance for a dosage and the following effective dose.

For children the administered activity has to be a fraction 
of that for adults: this can be assessed on the basis of child 
weight or by age. Basing the evaluation simply on weight, the 
resulted activity uptake is comparable to that for adults of less 
weight, but for children aged under 10, it could not be the 
right strategy due to children smaller organ masses or to a 
shorter retention times. The European Association of Nuclear 
Medicine’s Task Group on Pediatrics has produced a list of 
fractions of adult activity (Table 2.1) which gives an accept-
able image quality using nomograms for surface area [6].

These fractions are suitable for most nuclear medicine exam-
inations. Both methods require a minimum activity of 1/10th of 
the adult value and should be used to ensure that imaging times 
are acceptable in young children (see Table 2.2) [6].

The employment of DRLs in nuclear medicine clinical 
practice can ensure the right balance between image quality 
for a specific diagnostic task and the administered activity, 
especially for pediatric patients.

V. Cannatà et al.



15

DRLs exist based partly or
mainly on own national
surveys

DRLs exist but adopted
from other sources

No DRLs

No reply or source of data
unknown

tool by ammap.com

Fig. 2.1 Adoption of national Diagnostic Reference Levels for NM examinations in European countries [7]

Table 2.1 Fraction of adult administered activity for different age groups of children recommended by the Pediatric Task Group of the European 
Association of Nuclear Medicine [6]

kg
Fraction of adult 
administered activity kg

Fraction of adult 
administered activity kg

Fraction of adult 
administered activity

3 0.1 22 0.50 42 0.78

4 0.14 24 0.53 44 0.80

6 0.19 26 0.56 46 0.82

8 0.23 28 0.58 48 0.85

10 0.27 30 0.62 50 0.88

12 0.32 32 0.65 52–54 0.90

14 0.36 34 0.68 56–58 0.95

16 0.40 36 0.71 60–62 1.00

18 0.44 38 0.73 64–66

20 0.46 40 0.76

2 Radiation Risk
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Table 2.2 Minimum amounts of administered activities for children [6]

Radiopharmaceutical
Minimum administered 
activity for children (MBq)

Gallium-67-citrate 10

I-123-Amphetamine (brain) 18

I-123-Hippuran 10

I-123-Iodide (thyroid) 3

I-123-MIBG 35

I-131-MIBG 35

Tc-99m-albumin (cardiac) 80

Tc-99m-colloid (liver and spleen) 15

Tc-99m-colloid (marrow) 20

Tc-99m-colloid (gastric reflux) 10

Tc-99m-DTPA (kidneys) 20

Tc-99m-DMSA 15

Tc-99m-MDP (phosphonate) 40

Tc-99m-spleen (denatured RBC) 20

Tc-99m-HIDA (biliary) 20

Tc-99m-HMPAO (brain) 100

Tc-99m-HMPAO (WBC) 40

Tc-99m-MAA or microspheres 10

Tc-99m-MAG3 15

Tc-99m-pertechnetate 
(micturating-cystography)

20

Tc-99m-pertechnetate (first pass) 80

Tc-99m-pertechnetate (Meckel’s 
diverticulum/ectopic gastric mucosa)

20

Tc-99m-pertechnetate (thyroid) 10

Tc-99m-RBC (blood pool) 80
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      Focus on Children with Nephrological 
and Urological Problems                     

     Nicola     Capozza      and     Giacomo     Di     Zazzo   

3.1          Introduction 

 Pediatric urology in recent decades has made fundamental 
progress in the fi eld of minimally invasive. The development 
of laparoscopic and endoscopic surgical techniques went 
hand in hand with the adoption of minimally invasive diag-
nostic methods. 

 Especially nuclear medicine and ultrasound have become 
the methods of choice for the diagnosis and management of 
urological problems of childhood, completely replacing the 
urography and limiting the use of other more invasive imag-
ing studies. 

 The main advantage of nuclear medicine is the possibility 
of obtaining functional data, which are of fundamental 
importance in pediatric urology. 

 The studies of nuclear medicine do not require sedation, 
fasting, or bowel preparation. Rarely, urinary catheterization 
is necessary. These characteristics, in addition to the low 
dose of radiation, have contributed to the spread of these 
methods, generally performed on an outpatient basis. 

3.1.1     Main Nuclear Medicine Procedures 
in Pediatric Urology 

3.1.1.1     DMSA Scan 
 The DMSA renal scintigraphy is the preferred radiotracer for 
imaging of the renal cortex and has its main indication in the 
search of renal scarring. The radiopharmaceutical is closely 

linked to the renal tubules, providing the best  visualization of 
the renal cortex without any interference due to dilatation of 
the renal pelvis. It also provides functional data correlated 
with GFR separately for each kidney. At some centers, DMSA 
scan is also used for the diagnosis of acute pyelonephritis [ 6 ]. 
Other indications are made by the confi rmation of multicystic 
kidney, dysplasia, agenesis, or ectopia. Especially in the neo-
natal period, ultrasound may sometimes be insuffi cient to dif-
ferentiate multicystic kidney from hydronephrosis; in these 
cases, renal scintigraphy can give a defi nitive answer. In case 
of ectopic kidneys, renal scintigraphy is also able to identify 
minimally functional parenchyma residues.  

3.1.1.2     MAG3 Scan 
 MAG3 is the radiotracer of fi rst choice currently utilized for 
dynamic renal scintigraphy in pediatric population. The 
sequential renal scintigraphy is the gold standard in the study 
of congenital abnormalities of the urinary tract. 

 The study, carried out according to clearly defi ned guide-
lines, provides useful information on separate renal func-
tions (angiographic phase), the excretion and urinary 
drainage. In case of suspected urinary obstruction, the exam-
ination is supplemented by orthostatic and diuretic tests [ 5 ].  

3.1.1.3     Radionuclide Cystography 
 Radionuclide cystography is an alternative to voiding cysto-
urethrography (VCUG) for detection of vesicoureteral refl ux 
(VUR). There are two distinct methods of radionuclide cys-
tography: direct and indirect. 

 The direct radionuclide cystography, initially proposed by 
Winter in 1959 and modifi ed by Conway in 1972, is per-
formed instilling the radiopharmaceutical directly into the 
bladder [ 4 ,  14 ]. Refl ux is identifi ed when there is the appear-
ance of radioactivity in the kidney and ureter. The indirect 
cystography is obtained at the end of the sequential renal 
scintigraphy. When the patient is asked to empty the bladder, 
refl ux causes the reappearance of the radioactivity in the kid-
ney and ureter.   
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3.1.2     Main Pediatric Nephrological 
and Urological Problems 

3.1.2.1     Congenital Anomalies of the Kidney 
and Urinary Tract (CAKUTs) and Inherited 
Kidney Disease 

 CAKUTs occur in 3–6 per 1000 live births and are respon-
sible for 34–59 % of chronic kidney disease (CKD) and for 
31 % of all cases of end-stage kidney disease (ESKD) in chil-
dren in the United States. All children with ESKD require 
renal replacement therapy, and up to 70 % of them develop 
hypertension. CAKUTs comprise a wide range of structural 
and functional malformations of renal system that occur at the 
level of the kidney (e.g., hypoplasia and dysplasia, horseshoe 
kidney, and renal agenesia), collecting system (e.g., hydrone-
phrosis and megaureter), bladder (e.g., ureterocele and vesi-
coureteral refl ux), or urethra (e.g., posterior urethral valves). 
With improved prenatal screening, many cases of CAKUT 
are diagnosed by antenatal ultrasonography performed on the 
fetus of 18–20 weeks of gestation. Most common antenatal 
manifestations of CAKUT include oligohydramnios or varia-
tions in gross morphology of the kidney, ureter, or bladder. 
Postnatal manifestations of CAKUT may include presence 
of palpable abdominal mass or single umbilical artery, feed-
ing diffi culties, decreased urine output, defi cient abdominal 
wall musculature, and undescended testes in a male infant or 
multiorgan birth defects. Renal scintigraphy using DMSA is 
accepted for evaluating renal cortical damage associated with 
vesicoureteral refl ux. Diuretic renography using MAG3 is 
widely accepted for evaluating differential renal function and/
or the shape of the diuretic curve associated with obstructive 
uropathy. Renal scintigraphy is also a complementary imag-
ing modality in the workup of patients with inherited kidney 
disease as polycystic kidney disease, tuberous sclerosis com-
plex, medullary cystic kidney disease (MCKD), and nephro-
nophthisis. DMSA is a highly sensitive tracer for detecting 
functioning renal cortical tissue, and there have been several 
reports about its utility in different forms of parenchymal and 
tubulointerstitial diseases.  

3.1.2.2     Hydronephrosis 
 Generally, the ultrasound diagnosis of hydronephrosis has 
been known since prenatal age and, if it is confi rmed in the 
fi rst weeks of life, the question arises of whether this is due to 
a real stenosis of ureteropelvic junction. At our center, we 
perform the renal scintigraphy in cases of hydronephrosis 
with anteroposterior diameter greater than 15 mm, usually 
after 2 months of age. The renal scintigraphy provides useful 
information on whether the obstruction is signifi cant (positive 
diuretic test) and if there is a decrease in kidney function. This 
information, supplemented by clinical and ultrasound (wors-
ening of dilation?), let ultimately assess which patients need 
surgery or just conservative follow-up [ 11 ]. 

 Primary hydronephrosis has an incidence of approxi-
mately 1:1250 newborns, with a male/female ratio of 3–2/1, 
mainly interesting the left side. In the newborn and in the 
infant, there are no symptoms; only sometimes there is a pal-
pable abdominal mass. As mentioned above, the diagnosis is 
frequently made prenatally. Ultrasound and renal scintigra-
phy have a key role in the follow-up, to select the correct 
surgical indications, whereas prenatal hydronephrosis 
resolves spontaneously in the postnatal period, as long as 
80 %. In cases operated with pyeloplasty, renal scintigraphy 
allows to verify the success of the surgical procedure in most 
cases. However, in some patients, postoperative renal scin-
tigraphy shows a persistent obstruction, even when a real 
stenosis can be excluded with endourological procedure. The 
scintigraphic and ultrasound monitoring of these cases will 
prevent unnecessary repetition of surgery, showing a gradual 
resolution of hydronephrosis and stable renal function.  

3.1.2.3     Megaureter 
 The primary megaureter, in order of frequency, is the second 
cause of obstruction in pediatric urology. 

 Some authors have proposed as defi nition of megaureter a 
dilation larger than 5 or 7 mm. In our experience, we take 
care of megaureter only when the dilation exceeds 10 mm [ 8 ,  9 ]. 
The voiding cystourethrography (VCUG) is necessary to dif-
ferentiate between refl uxing and nonrefl uxing megaureter. In 
this second case, the next step is the distinction between 
obstructive and nonobstructive megaureter. For these assess-
ments, as for hydronephrosis, ultrasound and renal scintigra-
phy are the methods of choice. 

 The initial management of obstructive megaureter is 
usually conservative, but surgical or endourological treat-
ment is indicated in case of symptoms, increase of dilation, 
or progressive kidney damage [ 7 ]. This last point is still 
debated, but it must be noted and communicated to parents 
of children that a possible kidney damage is still unpredict-
able and irreversible. In our center, the selection of patients 
for surgery/endourology is based on the complex of clini-
cal, scintigraphic, and ultrasound data. Patients with a ure-
teral dilation >15 mm are investigated with MAG3 renal 
scintigraphy. The regions of interest are kidney and ureter, 
getting a renogram and a ureterogram. The examination is 
almost always completed by the diuretic test. An obstruc-
tive pattern, with no decrease in kidney function, is not an 
absolute indication for treatment. If ureteral dilatation per-
sists or tends to increase at follow-up ultrasound, the renal 
scintigraphy is repeated and compared with the previous 
study, allowing to assess the evolution of megaureter and to 
decide for a treatment [ 13 ].  

3.1.2.4     Vesicoureteral Refl ux 
 Vesicoureteral refl ux is the most frequent problem in pediat-
ric urology (1–2 % of the pediatric population). 
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 Nuclear medicine has a key role in the diagnosis of the 
so-called refl ux nephropathy. Actually, as recently well- 
known, in most cases, the nephropathy is simply associated 
to the refl ux (CAKUT). According to the known theory of 
Mackie and Stephens, the ectopic ureteral bud is at the basis 
of both vesicoureteral refl ux (intramural ureteral tract shorter 
than normal) and anomalous induction of renal blastema, 
with the result of different grades of renal dysplasia [ 10 ]. 
However, the real acquired refl ux nephropathy can intervene 
subsequently as a result of episodes of pyelonephritis that 
determine renal scarring [ 1 ]. From the clinical point of view, 
the distinction between congenital dysplasia and acquired 
nephropathy is very important. The fi rst, if unilateral, is usu-
ally compensated by hyperplasia (improperly defi ned hyper-
trophy by some authors) of the contralateral kidney, without 
affecting the total renal function. On the contrary, acquired 
nephropathy can reduce the function of the affected kidney, 
but especially the presence of scars may be associated with 
hypertension and proteinuria in the following years [ 12 ]. 

 DMSA scan defi nes very well the presence of renal scar-
ring, providing essential information for the clinical manage-
ment of vesicoureteral refl ux [ 15 ]. 

 Nuclear medicine also has a role in the diagnosis of vesi-
coureteral refl ux, traditionally entrusted to voiding 
cystourethrography. 

 Both methods of radionuclide cystography, direct and 
indirect, can be used. 

 The advantage of radionuclide cystography is the lower 
radiation dose compared to VCUG. The indirect cystography 
also has the advantage of not requiring catheterization of the 
bladder, although it requires the active cooperation of the 
patient, who has to be toilet-trained; this technique is there-
fore reserved for children over the age of 2–3 years. Another 
advantage of indirect radionuclide cystography is to allow a 
simultaneous evaluation of renal function and refl ux. The 
main disadvantage of this kind of cystography (direct and 
indirect) is the less morphological defi nition, with the ability 
to classify refl ux in three grades, instead of fi ve of that of 
VCUG. 

 In our center, we use the indirect radionuclide cystogra-
phy in the follow-up of vesicoureteral refl ux according to our 
minimally invasive commitment to our young patients [ 2 ,  3 ]. 

 In the follow-up of vesicoureteral refl ux treated endo-
scopically, we consider three groups of patients: (A) children 
of any age with mild-to-moderate refl ux, (B) children with 
severe refl ux under the age of 3 years, and (C) children with 
severe refl ux over the age of 3. 

 In group A, we do not perform any routine control cystog-
raphy, because success rate of endoscopic treatment in mild 
and moderate refl ux approaches 100 %. In group B, we still 
perform VCUG, 6 months after treatment. In group C, we 
have completely replaced VCUG with indirect radionuclide 
cystography.  

3.1.2.5     Renovascular Disorders 
 Renovascular hypertension refers to hypertension caused by 
renal hypoperfusion, which is usually the result of renal 
artery stenosis. The stenosis may be unilateral or bilateral 
and may involve one or more branches of the renal artery. 
Therefore, the angiographic demonstration of stenosis in a 
hypertensive patient does not prove that the stenosis caused 
the hypertension. The prevalence of renovascular hyperten-
sion varies with the nature of the hypertensive population 
that has also been recognized in neonates and children. 

 Renal infarction is a rare disease and results from interrup-
tion of the normal blood supply to part of or to the whole 
kidney. Most often, it is secondary to a known underlying 
disease or appears as idiopathic. The causes of renal infarc-
tion include thromboembolism, trauma, polycythemia vera, 
dissection of artery, aneurysm, connective tissue disease, and 
primary antiphospholipid syndrome. This condition should 
be suspected in cases of sudden fl ank or upper abdominal 
pain. DMSA is useful to detect cortical defects in the kidney.  

3.1.2.6     Renal Transplant 
 Ultrasound (US) and Doppler US are the primary imaging 
modalities for evaluation of the renal transplant. US can 
identify post-transplant complications, obstruction, and mass 
lesions. Doppler US can detect vascular disease after kidney 
transplant. Radionuclide imaging is useful when US does not 
provide an explanation for graft dysfunction. Absence of 
fl ow to the kidney occurs with arterial or venous obstruction 
or with hyperacute rejection. In contrast, a graft with acute 
tubular necrosis (ATN) has normal renal perfusion, but 
delayed or no excretion. Radionuclide imaging is useful for 
demonstrating urinary obstruction or that a perinephric fl uid 
collection is due to a urine leak.       
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      Hydronephrosis                     

     Maria     Felicia     Villani    ,     Milena     Pizzoferro    ,     Simona     Nappo     , 
and     Maria     Carmen     Garganese   

4.1          Introduction 

 Hydronephrosis, which is the dilatation of the renal pelvis, is 
the most common urological anomaly. In the vast majority of 
cases, hydronephrosis is nowadays detected prenatally and is 
therefore asymptomatic. A limited number of cases are still 
diagnosed during childhood or adolescence after symptoms 
(urinary tract infection, hematuria, and pain), and their man-
agement is straightforward surgical in order to relieve symp-
toms and obstruction. 

 Congenital hydronephrosis is detected from 1 to 5 % of all 
pregnancies. These patients offer a unique dilemma, since 
over 50–75 % of them will undergo resolution either prena-
tally or postnatally. The goals of treatment are therefore the 
early identifi cation of patients at risk of signifi cant uropathy 
and prevention of renal damage, avoiding at the same time 
overmedicalization of children not at risk. 

 How should patients with hydronephrosis be evaluated 
prenatally and postnatally and who should be candidate to 
surgery have been the objects of intense debate over the past 
20 years. 

4.1.1     Prenatal Diagnosis 

 Prenatal hydronephrosis is one of the most common fi ndings 
on prenatal ultrasound, with an incidence of 1–5 % of preg-
nancies. The most common clinically signifi cant etiology of 

hydronephrosis is ureteropelvic junction obstruction (UPJO), 
which has an incidence of 1/1000–1/1250. 

 There is no clear consensus defi ning the entity of prenatal 
dilatation and which should be considered clinically signifi -
cant, and therefore requires postnatal investigation. 

 The fi rst and most common system of classifi cation of 
hydronephrosis is by measuring the anteroposterior diameter 
(APD) of the renal pelvis. In the original work by Corteville, 
an APD >4 mm at 33 weeks and >7 mm at 40 weeks of ges-
tational age were considered threshold for postnatal evalua-
tion. Other studies have proposed clinically signifi cant 
hydronephrosis as being >10 mm in the second trimester and 
>15 mm in the third trimester: such cutoff values are associ-
ated with a >50 % likelihood of UPJO in the postnatal age. 
However, one should keep in mind that dilatation also 
depends on gestational age, bladder fullness, and maternal 
hydration status. 

 A second classifi cation system of hydronephrosis was 
proposed by the Society of Fetal Urology (SFU) in 1993, 
based not only on the pyelic diameter but also on the global 
appearance of the renal collecting system. The SFU system 
goes from grade 1, with normal parenchymal thickness and/
or renal pelvis splitting, to grade 4 hydronephrosis, in which 
distension of pelvis and calyces goes together with paren-
chymal thinning. The SFU grading correlates with the poten-
tial for postnatal resolution of the hydronephrosis, with 
>50 % grade 1 and only 3 % grade 4 hydronephrosis resolv-
ing spontaneously. However, similarly, hydronephrosis with 
APD <15 mm seldom requires surgery, while almost 100 % 
of those with APD >40 mm will defi nitely need surgery. 

 When facing a hydronephrosis, in addition to defi ning the 
grade of pyelocalyceal dilatation, the ultrasonography must 
also assess other issues: presence and morphology of contra-
lateral kidney, visualization of dilated ureter, visualization of 
the distended bladder and bladder cycling, and in the fetus, 
amount of amniotic fl uid, fetal growth, and other organ system 
abnormalities. These additional fi ndings will guide prenatal 
counseling and postnatal differential diagnosis (Table  4.1 ).
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    Table 4.1    Differential diagnosis of antenatal/postnatal hydronephrosis   

 Etiology  Incidence (%)  US fi ndings  Diagnostic exams 

 Transient hydronephrosis  50–70  Isolated hydronephrosis (mild)  US 

 UPJO  10–30  Isolated hydronephrosis (DAP >15 mm)  MAG3 

 VUR  10–40  Intermittent hydronephrosis, ureteric dilatation, small kidney  VCUG/DMSA 

 UVJU  5–10  Ureteric dilatation  VCUG/MAG3 

 MCDK  1–5  Random renal cyst, little or no hyperechoic parenchima  DMSA 

 PUV  2–5  Thickened bladder wall, hydronephrosis, hyperechoic kidney, ureteric 
dilatation, oligoidramnios (fetal), key-hole sign (fetal) 

 VCUG/MAG3 

   Other postnatal obstructive uropathies than PUJO can be 
associated with prenatal or neonatal hydronephrosis, such 
as posterior urethral valves (PUV) or ureterovescical junc-
tion obstruction (UVJO), and are more often associated 
with higher grades of hydronephrosis. Vesicoureteric refl ux 
(VUR) is present in 5–15 % of prenatal hydronephrosis 

and, differently from the aforementioned obstructive urop-
athies, does not appear to be related to the severity of the 
dilatation, which is obvious if one thinks to the intermittent 
nature of VUR. As a consequence, postnatal imaging could 
be warranted even in the setting of mild prenatal 
hydronephrosis.  
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4.1.2     Postnatal Management 

 There is general consensus that moderate to severe prenatal 
hydronephrosis should undergo routine postnatal imaging: in 
such cases, the risk of postnatal pathological fi nding ranges 
from 45 to 80 % of cases (the more severe hydronephrosis is, 
the higher is the risk). In infants with mild hydronephrosis, 
the role of postnatal imaging is less clear; however, up to 
10 % of these cases may have signifi cant uropathies. 
Therefore, even in infants with mild or disappeared hydrone-
phrosis, at least a single postnatal imaging seems of benefi t. 

 Renal ultrasonography (US) is the principal imaging tech-
nique used in both postnatal and in prenatal life, due to the 
easy availability, low cost, and absence of radiation expo-
sure; however, it is operator-dependent. 

 Postnatal ultrasonography should be performed at 3–7 
days of life, in order to avoid underestimation or incorrect 
assessment due to physiological disidratation occurring in 
the very fi rst days of life. 

 Differential diagnosis of postnatal hydronephrosis based 
on US fi ndings is shown in Table  4.1 . 

 When dilatation of calyces and pelvis is isolated and not 
associated with any other abnormal fi nding, up to 50–70 % 
of these cases will be transient, and will gradually disappear 
spontaneously without any clinical sequelae or renal impair-
ment. The remaining 30 % of prenatal hydronephrosis will 
require further postnatal investigation other than 
ultrasonography.  

4.1.3     Diagnostic Investigations 

 Since the vast majority of hydronephrosis will gradually dis-
appear, periodic urinary tract ultrasonography (every 2–3 
months in the fi rst year of life) is mandatory in order to 
assess the evolution of the urinary dilatation. 

 In cases of hydronephrosis associated with ureteric dilata-
tion, and in patients presenting with symptomatic UTI, inter-
national guidelines recommend the execution of VCUG in 
order to rule out the presence of VUR, as in the chapter on 
VUR. Otherwise, in asymptomatic isolated hydronephrosis, 
routine VCUG may not be needed: in this instance, infact 
VUR prevalence is low (15 %), with VUR being of low grade 
in most cases and clinically not signifi cant. 

 In the absence of VUR, and when periodic ultrasonogra-
phy shows persistence or worsening of hydronephrosis, the 
presence of UPJO has to be suspected. Dynamic renal scan is 
the imaging investigation of choice. 

 The most popular dynamic scan in cases of suspected 
obstruction uses Tc-mercaptoacetyltriglycine (MAG3) as 
radiotracer. Briefl y, MAG3 is primarily excreted by secretion 
from the proximal tubule. As a result, it can allow evaluation 

of both split renal function and urine progression to the 
bladder. 

 Renal immaturity prompts us to perform nuclear medi-
cine exams before the infant is 1 month old, for the risk oth-
erwise to underestimate split renal function. For the same 
reason, the child must be adequately fed and well hydrated. 
IV fl uids are however considered unnecessary to the vast 
majority of cases. Sedation is not required, and the place-
ment of a bladder catheter should be reserved to much 
selected cases.  

4.1.4     Particular Cases 

4.1.4.1     Symptomatic Hydronephrosis 
 Symptomatic hydronephrosis is a totally different entity 
from congenital asymptomatic hydronephrosis. It generally 
occurs in a school-age child or adolescent, which presents 
with intermittent abdominal pain, sometimes together with 
vomiting. Urinary tract infection may or may not be present. 
Perinatal US may be negative, or a previous hydronephrosis 
may have solved spontaneously. Children as young as 3 
years may present with colicky pain due to hydronephrosis. 
In the vast majority of symptomatic cases, aberrant vessels 
may be found going to the lower pole of the kidney and caus-
ing intermittent compression of the UPJ. In situation of 
hyperdiuresis, the UPJ is compressed and the pelvis gets dis-
tended; this in turn determines reduction of diuresis and 
reduction of the hydronephrosis. The pain is therefore inter-
mittent, as is the US fi nding of hydronephrosis, Nonetheless, 
this mechanism can lead to signifi cant loss of kidney func-
tion. Grade of hydronephrosis can be extremely variable at 
US. MAG3 scan can be nonobstructive. The treatment is 
straightforward surgical.  

4.1.4.2     Hydronephrosis in Renal Anomalies 
 Three peculiar cases are possible: hydronephrosis in duplex 
system, hydronephrosis in ectopic kidney, and in horseshoe 
kidney. In most cases of renal anomalies, an anatomical 
defect of UPJ is present and spontaneous resolution of 
obstruction is less plausible. 

 Hydronephrosis in horseshoe kidney occurs more com-
monly than in normal kidneys. Vascular anomalies with 
aberrant vessels may be present as well as the anomalies of 
the UPJ with very high insertion of the ureter on the pelvis. 
The surgical approach must be decided, keeping in mind the 
abnormal position of the renal pelvis (anterior and medial to 
the kidney), and a laparoscopic transperitoneal approach 
should be considered nowadays the surgical approach of 
choice. Section of the hystums is no longer an option. 

 Hydronephrosis in the ectopic kidney can be associated 
with reduced function due to renal hypoplasia. At US, the 
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pelvis is generally malrotated. Evaluation of UPJO and indi-
cation to surgery may not be so evident. 

 Hydronephrosis in the duplex kidney is the less common. 
It generally occurs in the lower pole. Compression by aber-
rant vessels to the lower pole can be a possible cause. 
Hypoplasia of UPJ in case of incomplete duplex system (two 
pelvis draining in a single ureter) is also a possible 
occurrence.    

4.2     The Surgical Treatment 

 Surgical correction of UPJO consists of excision of the 
obstructed tract at the UPJ and a pyeloureteral anastomosis, 
as described by Anderson–Hynes technique. Surgery can 
be performed in an open fashion, through a lumbar lateral, 
anterior or posterior incision. In the last decade, minimally 
invasive approaches have become popular, which means by 
small open-fashioned incisions in infants and young chil-
dren, laparoscopy- assisted procedures in infants and young 
children, laparoscopic trans-or retroperitoneal in grown-up 
children, or robotics-assisted procedures. These procedures 
have gained wide acceptance due to the reduced pain, 
quicker recovery, and similar results as in traditional open 
surgery. 

 In children and adolescents with aberrant vessels, cepha-
lad mobilization of the vessel (so-called “vascular hitch”), 
according to Hellstrom technique, can be as effective as the 
dismembered Anderson–Hynes pyeloplasty in selected 
patients.  

4.3     The Follow-Up 

 Periodical US is recommended after surgery. Signifi cant 
reduction of the hydronephrosis is expected, but it may 
take months or years to take place. Persistent dilatation of 
the renal pelvis is a possible occurrence even in the 
absence of obstruction, especially when very large hypo-
tonic pelvis and calyces were observed before surgery. 
MAG3 scan should be repeated at 6–12 months follow-up, 
or earlier if dilatation persists. In this latter case, defi ni-
tion of persistent obstruction from large hypotonic pelvis 

with dilated calyces can be particularly challenging for 
the nuclear medicine specialist.  

4.4     Dynamic Renal Scintigraphy 

 Dynamic renal scintigraphy allows to assessing renal func-
tion and drainage, evaluating both renal excretion and dif-
ferential renal function (DRF). 

 Most common indications in pediatric population include 
determination of DRF and drainage in hydronephrosis and 
megaureter, in diagnostic phase, after surgical repair (when 
performed), and during follow-up. 

4.4.1     Study Technique and Interpretation 

 The patient, adequately hydrated, receives 99mTc-MAG3 
(mercaptoacetyltriglycine) as a bolus injection contextually 
with the starting of 30-min dynamic acquisition The admin-
istered activity of radiotracer is adjusted to the patient’s 
weight, according to EANM dosage card and to the national 
regulations. 

 Region-of-interest (ROI) around the heart, the kidneys, 
and the area around the kidneys (“background”) are drawn 
on a summed image of dynamic frames using a dedicated 
software; thus, time/activity curves are obtained, of expres-
sion of perfusion (fl ow T/A) and of renal function and drain-
age (renograms), respectively. In renograms, the ascending 
part represents the parenchymal phase (single kidney func-
tion) and the descending part refl ects renal transit and empty-
ing; with the same method, differential renal function (DRF 
or split function) is also determined. 

 If renal drainage is impaired at the end of the dynamic 
study, an additional image after 5 min standing upright is 
acquired (“gravity-assisted drainage,” GAD1). In case of still 
poor drainage (cutoff = 30 %), a 1 mg/kg dose of furosemide 
is given intravenously and an additional 20-min dynamic 
acquisition follows. If pyelic drainage is still incomplete 
(half-time >20 min, drainage <30 %), a second “gravity- 
assisted drainage” test (GAD-2) is also performed. The 
drainage is classifi ed as impaired on the basis of all the previ-
ous mentioned three tests.  
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a

b

  Fig. 4.1    MAG3 dynamic renal scan (after pyeloplasty): dynamic 
images ( a ) show good and homogeneous radiotracer uptake and normal 
drainage in both kidneys; renograms ( b ) confi rm normal function and 

drainage of both kidneys (left DRF: 48 %; right DRF: 52 %); fl ow T/A 
curves ( b ) show synchronous and symmetrical perfusion       

4.4.2     Teaching Cases 

4.4.2.1     Case 4.1 Normal Ultrasonographic 
and Scintigraphic Pattern After Left 
Pyeloplasty 

 A 5-year-old boy came to Emergency for recurrent left lumbar 
pain. On ultrasonography, grade 3 left hydronephrosis was 

detected. No urinary tract dilatation was referred at prenatal 
ultrasound. Dynamic renal scintigraphy showed symmetrical 
split function with obstructive urinary drainage at diuretic test. 
Pyeloplasty for correction of UPJO was performed with com-
plete ultrasonographic resolution of the left hydronephrosis. 
MAG3 scan was repeated at 1-year follow-up after pyelo-
plasty (Fig.  4.1 ).
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4.4.2.2        Case 4.2 Persistent nonobstructive Left 
Hydronephrosis with Normal Split 
Function 

 A boy of 3 years was followed for prenatal diagnosis of 
bilateral hydronephrosis, stable during pregnancy and con-
fi rmed at birth with an anteroposterior diameter (APD) of 
15 mm. After birth, progressive decrease of right pyelic 
dilatation and persistent left hydronephrosis was found. 
One episode of acute pyelonephritis occurred at 3 months 

with subsequent cystography (VCUG) negative for vesico-
ureteric refl ux. No further episodes of urinary tract infec-
tions (UTI). At the age of 3 years, he presented persistent 
left hydronephrosis with anteroposterior (AP) pyelic diam-
eter of 24 mm and good parenchymal thickness, asymp-
tomatic. MAG3 scan showed normal left split renal function 
and adequate urinary drainage after GAD-1 test. No surgi-
cal indication. Ultrasonographic follow-up was recom-
mended (Fig.  4.2 ).

a

b

c

  Fig. 4.2    MAG3 dynamic renal scan: dynamic images ( a ) show good 
radiotracer uptake and nonhomogeneous intraparenchymal distribution 
in left kidney; an area devoid of tracer corresponding to dilated renal 
pelvis is evident and drainage is poor; right kidney presents good and 
homogeneous radiotracer uptake and normal drainage; renograms ( b ) 
confi rm normal function but poor drainage of left kidney (“plateau 

 pattern”) and normal function and drainage of right kidney (left DRF: 
53 %; right DRF: 47 %); fl ow T/A curves show synchronous and sym-
metrical perfusion. Gravity-assisted drainage-1 test shows signifi cant 
emptying of left kidney, excluding a signifi cant obstacle in the upper 
pyelic junction ( c )       
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4.4.2.3        Case 4.3 Prenatal Diagnosis of Right 
Hydronephrosis with Worsening 
of Dilatation at Follow-Up 

 A girl of 4 years was seen for prenatal diagnosis of right 
hydronephrosis, confi rmed at birth and stable at follow-
up. No UTI were referred. Toilet training was attained at 
the age of 2, with no lower urinary tract symptoms. At 4 

years, ultrasonography showed increase of right hydrone-
phrosis with AP diameter of 28 mm and calyceal dilata-
tion. The girl was asymptomatic. Dynamic renal 
scintigraphy showed normal right split function and ade-
quate urinary drainage after diuretic test. No surgical indi-
cation. Ultrasonographic follow- up was recommended 
(Fig.  4.3 ).

a

b

c

d e

  Fig. 4.3    MAG3 dynamic renal scan: dynamic images ( a ) show good 
and homogeneous radiotracer uptake and normal drainage in left kid-
ney; right kidney shows good radiotracer uptake and nonhomogeneous 
intraparenchymal distribution. A large area devoid of tracer corre-
sponding to right dilated renal pelvis and collecting system is evident, 
and urinary drainage is poor. Renograms ( b ) confi rm normal function 
and drainage of left kidney and normal function but poor drainage of 

right kidney (“rising curve”) (left DRF: 51 %; right DRF: 49 %); fl ow 
T/A curves ( b ) show synchronous and symmetrical perfusion. Gravity- 
assisted drainage-1 test shows no signifi cant improvement in right kid-
ney drainage ( c ). Diuretic dynamic images ( d ) and diuretic renogram 
( e ) show prompt and signifi cant renal washout after administration of 
furosemide, ruling out a signifi cative obstructive pattern       
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4.4.2.4        Case 4.4 Persistent Left Calyceal 
Dilatation at 10 Years Follow-Up 
After Pyeloplasty with Preserved 
Split Renal Function 

 A case of a boy with Noonan syndrome is presented. Left 
pyeloplasty was performed at 1 year of age for UPJO. During 
follow-up, at 13 years of age, the boy was asymptomatic, and 
ultrasonography and MAG3 renal scan were performed; 
ultrasonography showed persistent calyceal dilatation, stable 

over time, without signifi cant pyelic dilatation (AP diameter 
9 mm). Dynamic renal scintigraphy showed normal split 
renal function and slow but signifi cant urinary drainage after 
diuretic test. Delayed transit time at diuretic test may be found 
in calyceal dilatation, but signifi cant washout at diuretic test 
and preserved split renal function support the thesis of 
absence of signifi cant obstruction. Since left kidney split 
function was preserved at 12 years follow-up, ultrasono-
graphic surveillance every 3–5 years is suggested (Fig.  4.4 ).

a

b

c

d

e

  Fig. 4.4    MAG3 dynamic renal scan: dynamic images ( a ) show good 
radiotracer uptake and nonhomogeneous intraparenchymal distribution 
in left kidney; an area devoid of tracer corresponding to dilated renal 
pelvis and collecting system is evident, and drainage is poor; right kid-
ney presents good and homogeneous radiotracer uptake and normal 
drainage. Renograms ( b ) confi rm normal function but poor drainage of 

left kidney (“rising curve”) and normal function and drainage of right 
kidney (left DRF: 51 %; right DRF: 49 %); fl ow T/A curves ( b ) show 
synchronous and symmetrical perfusion. Gravity-assisted drainage-1 
test shows no signifi cant improvement in left kidney drainage ( c ). 
Diuretic dynamic images ( d ) and diuretic renogram ( e ) show slow 
response to furosemide in left kidney, but signifi cant washout       
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4.4.2.5        Case 4.5 Persistent Left Hydronephrosis 
with Delayed Urinary Drainage 
After Pyeloplasty 

 After prenatal fi nding of bilateral grade 3 hydronephrosis, 
with postnatal progressive worsening of dilatation on the left 
side, a girl of 3 years of age underwent left pyeloplasty for 
UPJO. At follow-up, persistent grade 3–4 hydronephrosis was 

found. MAG3 scan was performed 6 months after  pyeloplasty 
and showed preserved split function and urinary drainage after 
GAD-2 test; based on the scintigraphic scan, the ultrasono-
graphic fi nding of persistent high-grade hydronephrosis was 
interpreted as hypotonic dilated pelvis in the absence of sig-
nifi cant obstruction. Repeated surgery was not indicated. 
Strict ultrasonographic surveillance was scheduled (Fig.  4.5 ).

a
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  Fig. 4.5    MAG3 dynamic renal scan: dynamic images ( a ) show good 
radiotracer uptake and nonhomogeneous intraparenchymal distribution 
in left kidney; an area devoid of tracer corresponding to dilated renal 
pelvis and collecting system is evident, and drainage is poor; right kid-
ney presents good and homogeneous radiotracer uptake and mildly 
poor drainage; renograms ( b ) show normal function and impaired 
drainage of left kidney (“rising curve”) and normal function of right 
kidney with partial radiotracer washout during the last minutes of the 

study (left DRF: 59.5 %; right DRF: 40.5 %); fl ow T/A curves ( b ) show 
synchronous but mildly asymmetrical perfusion (reduced in right kid-
ney, due to reduced size of the kidney). Gravity-assisted drainage-1 test 
shows further improvement in right kidney drainage, but no signifi cant 
improvement in left kidney drainage ( c ). Diuretic dynamic images ( d ) 
and diuretic renogram ( e ) show slow response to furosemide and no 
signifi cant improvement in drainage in left kidney. Gravity-assisted 
drainage-2 test ( f ) shows signifi cant washout in left kidney       
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4.4.2.6        Case 4.6 Prenatal Hydronephrosis: 
Normal Split Function 

 A boy of 7 months of age was seen after prenatal diagnosis of 
left hydronephrosis. Postnatally, progressive increase of left 
hydronephrosis was found, with most recent ultrasonography 
showing grade 4 hydronephrosis and AP diameter of 32 mm 

with calyceal dilatation. No UTI occurred. MAG3 scan 
showed symmetrical split function with insuffi cient urinary 
drainage after all scintigraphic tests. Pyeloplasty was sched-
uled. At surgery confi rmation of intrinsic UPJO was found. 
Postoperative follow-up was uneventful with minimal residual 
dilatation at ultrasonography at 6 months follow-up (Fig.  4.6 ).

a
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  Fig. 4.6    MAG3 dynamic renal scan: left kidney is larger than the other 
one, with good radiotracer uptake and nonhomogeneous intraparenchy-
mal distribution; a large area devoid of tracer corresponding to dilated 
renal pelvis and collecting system is evident, and drainage is poor; right 
kidney presents good and homogeneous radiotracer uptake and normal 
drainage (dynamic images,  a ); renograms ( b ) confi rm normal function 
but poor drainage of left kidney (“rising curve”) and normal function 

and drainage of right kidney (left DRF: 48 %; right DRF: 52 %); fl ow 
T/A curves ( b ) show synchronous and symmetrical perfusion. Gravity- 
assisted drainage-1 test shows no signifi cant improvement in left kidney 
drainage ( c ). Diuretic dynamic images ( d ) and diuretic renogram ( e ) 
show very slow response to furosemide and no signifi cant improvement 
in drainage in left kidney. Finally, left kidney drainage remains still 
poor even after gravity-assisted drainage-2 test ( f )       
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4.4.2.7        Case 4.7 Late Diagnosis of Right 
Hydronephrosis: Reduced Split Function 

 An 8-year-old girl came to Emergency for acute lumbar pain 
and vomiting. Ultrasonography showed right grade 4 
 hydronephrosis. In the history, prenatal detection of bilateral 
hydronephrosis was reported, which was improved at 1 year of 
age. The patient was then lost at follow-up. Considering the 
diagnosis of hydronephrosis, a MAG3 scan was  performed in 

order to assess split function and urinary drainage, and showed 
severe hypofunction and poor drainage of right kidney. Based 
on the results of MAG3 scan, laparoscopic pyeloplasty was 
performed confi rming UPJ obstruction without aberrant ves-
sels. At 1 year follow-up, ultrasonographic reduction of dilata-
tion was found, together with mild increase of split function at 
MAG3 scan (left split function 27 %) and improvement of uri-
nary drainage (Fig.  4.7 ).

a

b

c

d
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  Fig. 4.7    MAG3 dynamic renal scan: dynamic images ( a ) show good 
and homogeneous radiotracer uptake and normal drainage in left kid-
ney; right kidney shows globally reduced radiotracer uptake and nonho-
mogeneous intraparenchymal distribution with a large area devoid of 
tracer corresponding to dilated renal pelvis and collecting system, and 
drainage is poor; renograms confi rm normal function and drainage of 
left kidney and severe hypofunction and poor drainage of right kidney 

(“rising curve”) (left DRF: 79 %; right DRF: 20 %); fl ow T/A curves ( b ) 
show synchronous but asymmetrical perfusion (reduced in right kid-
ney). Gravity-assisted drainage-1 test shows no signifi cant improve-
ment in right kidney drainage ( c ). Diuretic dynamic images ( d ) and 
diuretic renogram ( e ) show very slow response to furosemide and no 
signifi cant improvement in drainage in right kidney. Right kidney 
drainage remains still poor even after gravity-assisted drainage-2 test ( f )       
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  Fig. 4.8    MAG3 dynamic renal scan: left kidney is larger than the other 
one, with irregular shape; radiotracer uptake is globally reduced, and 
intraparenchymal distribution is nonhomogeneous, with a large area 
devoid of tracer corresponding to dilated renal pelvis and collecting 
system; drainage is poor; right kidney shows good and homogeneous 
radiotracer uptake and normal drainage (dynamic images,  a ); reno-
grams confi rm mild hypofunction and impaired drainage of left kidney 

(“plateau pattern”) and normal function of right kidney with poor drain-
age (“rising curve”) (left DRF: 43 %; right DRF: 57 %); fl ow T/A 
curves ( b ) show synchronous but asymmetrical perfusion (reduced in 
left kidney). Gravity-assisted drainage-1 test ( c ) shows no signifi cant 
improvement in drainage in both kidneys, but diuretic dynamic images 
( d ) and diuretic renogram ( e ) show prompt and signifi cant renal wash-
out after administration of furosemide in both kidneys       

4.4.2.8        Case 4.8 Bilateral Prenatal 
Hydronephrosis with Nonobstructive 
Pattern 

 A male newborn was seen with prenatal diagnosis of bilat-
eral grade 4 hydronephrosis, normal amniotic fl uid, and 
 normal intrauterine growth. Postnatal ultrasonography 
showed grade 2 right hydronephrosis with APD 9 mm and 

grade 4 left with APD 28 mm. Based on MAG3 scan show-
ing mildly reduced left function with an adequate urinary 
drainage after diuretic test, a strict ultrasonographic follow-up 
was scheduled. At 6 months follow-up, right hydronephrosis 
(APD 5 mm) appeared signifi cantly improved while left 
hydronephrosis was severely worsened with APD of 38 mm. 
Left pyeloplasty was scheduled (Fig.  4.8 ).
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4.4.2.9        Case 4.9 Hydronephrosis in Lower Pole 
of Complete Duplex System 

 A 10-year-old boy was seen at Emergency for acute abdomi-
nal pain in the left upper quadrant. Previous history was 
uneventful, in particular prenatal ultrasonography was 

referred as normal and no UTI were reported. Ultrasonography 
showed bilateral duplex system with grade 2 hydronephrosis 
of the left lower system. MAG3 scan was asked in order to 
enquire split function of the lower and upper poles, together 
with the evaluation of urinary drainage (Fig.  4.9 ).

a

b

c

d
e

e

  Fig. 4.9    MAG3 dynamic renal scan: dynamic images ( a ) show duplex 
system in left kidney, which is smaller than the other one, with irregular 
shape; radiotracer uptake is good and homogeneous, and drainage is 
normal in upper pole; lower pole shows reduced uptake and nonhomo-
geneous intraparenchymal distribution, with an area devoid of tracer 
corresponding to dilated system and poor drainage; right kidney also 
shows a duplex system, with good and homogeneous radiotracer uptake 
in both systems; drainage is normal in upper system and mildly poor in 
lower one; renograms ( b ) confi rm mild hypofunction and preserved 

drainage of left kidney and normal function and drainage of right kid-
ney (left DRF: 31 %; right DRF: 69 %). T/A curves of duplex systems 
of left kidney ( c ) show normal function and drainage of upper system 
and moderate hypofunction and poor drainage of lower system. DRF of 
duplex systems calculated on a composite image extracted from paren-
chymal phase ( d ) shows: upper system DRF: 69 %; lower system DRF: 
31 %. Gravity-assisted drainage-1 test ( e ) shows signifi cant improve-
ment in drainage in lower systems of both kidneys       
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a
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  Fig. 4.10    MAG3 dynamic renal scan (anterior view): left kidney is 
located in its own proper site and shows good and homogeneous uptake 
of radiotracer and normal drainage; right kidney is ectopic pelvic, with 
round shape and good radiotracer uptake; intraparenchymal distribution 
is nonhomogeneous, with an area devoid of tracer corresponding to 

dilated renal pelvis, and drainage is poor (dynamic images,  a ); reno-
grams ( b ) show normal function and drainage of left kidney and normal 
function but poor drainage of right kidney (“plateau pattern”); fl ow T/A 
curves ( b ) show synchronous and symmetrical perfusion. Gravity- 
assisted drainage-1 test shows signifi cant emptying of right kidney ( c )       

4.4.2.10        Case 4.10 Hydronephrosis in Ectopic 
Kidney 

 A boy was followed after prenatal diagnosis of right pel-
vic kidney. At birth, ultrasonography confi rmed the renal 
ectopia, showing grade 2 hydronephrosis. VCUG did not 

show any VUR. At the age of 10 years, worsening of the 
right hydronephrosis was detected with grade 3 hydrone-
phrosis and APD of 22 mm. MAG3 scan was asked in 
order to assess renal split function and urinary drainage 
(Fig.  4.10 ).
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4.4.2.11        Case 4.11 Hydronephrosis in Horseshoe 
Kidney: Nonobstructive Pattern 
with Preserved Renal Function 

 A 7-year-old boy was seen after recurrent abdominal pain. 
Ultrasonography was suspicious for horseshoe kidney with bilat-
eral grade 2 hydronephrosis. MAG3 scan was asked in order to 
confi rm renal fusion and assess urinary drainage (Fig.  4.11 ).

a

b

c

  Fig. 4.11    MAG3 dynamic renal scan: dynamic images ( a ) show 
horseshoe kidney, with good radiotracer uptake and poor drainage in 
both kidneys; renograms ( b ) show normal function (left DRF: 50 %; 
right DRF: 50 %) and impaired drainage with delayed excretion phase 

in both kidneys, in particular, in the left one; fl ow T/A curves ( b ) show 
synchronous and symmetrical perfusion. Gravity-assisted drainage-1 
test ( c ) shows signifi cant improvement in drainage in both kidneys       
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  Fig. 4.12    MAG3 dynamic renal scan: dynamic images ( a ) show a 
horseshoe kidney; in left kidney, radiotracer uptake is reduced and 
intraparenchymal distribution is nonhomogeneous, with an area devoid 
of tracer corresponding to dilated renal pelvis and collecting system; 
drainage is poor; right kidney shows good and homogeneous radio-
tracer uptake and normal drainage; renograms ( b ) show moderate hypo-
function and impaired drainage of left kidney (“plateau pattern”) and 
normal function and drainage of right kidney (left DRF: 37 %; right 

DRF: 63 %); fl ow T/A curves ( b ) show synchronous but asymmetrical 
perfusion (mildly reduced in left kidney). Gravity-assisted drainage-1 
test ( c ) shows no signifi cant improvement in drainage in left kidney. 
Diuretic dynamic images ( d ) and diuretic renogram ( e ) show very slow 
response to furosemide and no signifi cant improvement in drainage in 
left kidney. Drainage remains still poor even after gravity-assisted 
drainage-2 test ( f )       

4.4.2.12        Case 4.12 Hydronephrosis in Horseshoe 
Kidney: Obstructive Pattern with Renal 
Function Impairment 

 A 14-month-old girl was seen for prenatal diagnosis of left 
hydronephrosis. At postnatal follow-up, progressive worsen-

ing of the left hydronephrosis was observed (grade 4 hydro-
nephrosis with pyelic APD of 33 mm). No UTI occurred. 
MAG3 scan was asked in order to confi rm surgical indica-
tion (Fig.  4.12 ).
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  Fig. 4.13    MAG3 dynamic renal scan: dynamic images ( a ) show good 
and homogeneous radiotracer uptake and normal drainage in left kid-
ney; right kidney is larger than the other one, with good radiotracer 
uptake and nonhomogeneous intraparenchymal distribution; a large 
area devoid of tracer corresponding to very dilated renal pelvis and col-
lecting system is evident, and drainage is poor; renograms ( b ) confi rm 
normal function and drainage of left kidney and normal function but 
poor drainage (“plateau pattern”) of right kidney (left DRF: 48 %; right 
DRF: 52 %). Gravity-assisted drainage-1 test shows no improvement in 
right kidney drainage ( c ). Diuretic dynamic images ( d ) and diuretic 
renogram ( e ) show very slow response to furosemide and no signifi cant 
improvement in drainage in right kidney. Right kidney drainage remains 

still poor even after gravity-assisted drainage-2 test ( f ). Persistence of a 
very dilated pelvis after pyeloplasty may represent a potential pitfall in 
interpretation of scintigraphic fi ndings, because some renal scintigra-
phies could show a persistent poor drainage even in the absence of ana-
tomical pyeloureteric junction obstruction. In our experience, this could 
be probably explained with the analogy of the “bathtub”: it takes long 
time to empty a bathtub when the plug has been removed, because of 
the dimension of the bathtub related to the small drainage hole. In the 
same way, emptying of very dilated pelvis can be very slow, even in the 
absence of an anatomical obstacle. In this group of patients, when renal 
function remains stable over the time, periodical clinical evaluation and 
ultrasonographic monitoring are recommended       

4.4.2.13        Case 4.13 Poor Drainage in Very Dilated 
Renal Pelvis: A Potential Scintigraphic 
Pitfall 

 A girl was fi rst seen at the age of 6 years for recurrent 
abdominal pain since 3 years of age. Ultrasonography 
showed grade 4 right hydronephrosis with pyelic APD of 
60 mm. Pyeloplasty was performed. At follow-up, gradual 
decrease of ADP was fi rst seen, with a minimum APD of 

20 mm. Then progressive increase of right hydronephrosis 
occurred. MAG3 scan was asked in order to assess renal 
split function and urinary drainage and showed normal 
function of right kidney and poor  drainage. Ascending 
pyelogram did not show any kinking or recurrent obstruc-
tion at the pyeloureteric junction. The girl remained 
asymptomatic. Split renal function was stable (Fig.  4.13 ).
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      Megaureter                     
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5.1          Dynamic Renal Scintigraphy 

 Study technique has been reported in Chapter   4    . 

5.1.1     Interpretation of Ureteral Time/Activity 
Curves 

 Ureteral time/activity (T/A) curves are obtained from ROI 
drawn on both ureters on dynamic renal study and diuretic 
sequence (when performed). T/A curves may present three 
different patterns:

 –    A normal pattern, with horizontal trend;  
 –   A dilated nonobstructive pattern, with an initial ascending 

tract and a following horizontal tract;  
 –   An obstructive pattern, with rising trend.     

5.1.2     Teaching Cases 

5.1.2.1     Case 5.1: Transient Secondary Left 
Megaureter by Bladder Diverticulum 

 A 6-year-old boy was referred to our outpatient clinic due to 
nonfebrile urinary tract infections and one hematuria 
episode. 

 No urological abnormality was detected during the preg-
nancy and the fi rst 6 years of age of the child. 

 The urinary tract ultrasonography, at 6 years of age, 
revealed a left hydroureteronephrosis (pelvic anteroposte-
rior diameter of 11 mm; distal ureteral dilation of 12 mm); 
for this reason, the voiding cystourethrography was 
 performed, and it showed the absence of vesicoureteral 
refl ux and the presence of left paraureteral bladder diver-
ticulum (maximum diameter of 60 mm during the voiding 
phase). 
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  Fig. 5.1    MAG3 dynamic renal scan: dynamic images ( a ) show good 
and homogeneous radiotracer uptake and normal drainage in both kid-
neys, with mild and transient radioactivity in both ureters; renograms 

( b ) confi rm normal function and drainage of both kidneys; fl ow T/A 
curves ( b ) show synchronous and symmetrical perfusion. Ureter T/A 
curves ( c ) show normal pattern       

 The following technetium-99m-labeled mercaptoacetyl-
triglycine (MAG-3) renography detected a normal split renal 
function with no evidence of urinary tract dilation and nor-
mal urinary drainage without diuretic injection. 

 At the last day hospital follow-up, the patient remained 
asymptomatic, and the ultrasound scan confi rmed the 

 presence of left paraureteral bladder diverticulum but it 
described the absence of left hydroureteronephrosis. 

 The patient is actually awaiting to remove with the sur-
gery the bladder diverticulum (Fig.  5.1 ).
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5.1.2.2        Case 5.2: Nonrefl uxing and 
Nonobstructive Primary Right Megaureter 
with Normal Split Renal Function 

 Female patient affected by prenatally detected right uropathy. 
 At 1 month of life, the ultrasonographic scan showed a 

right urinary tract dilation (pelvic anteroposterior diameter 
of 6 mm; distal ureteral dilation of 5 mm). 

 At the follow-up, the patient had a febrile urinary infection 
and a worsening of the right ureteral dilation (up to 10 mm); 
for this reason, the voiding cystourethrography was per-
formed, but it revealed the absence of urinary pathologies. 

 The following technetium-99m-labeled mercaptoacetyl-
triglycine (MAG-3) renography detected a normal split renal 
function with evidence, at the right side, of the megaureter 
and slow urinary drainage but absence of obstructive urinary 
pattern (no diuretic injection was necessary). 

 At the last clinical checkup, the patient remained asymp-
tomatic and the ultrasonographic scan showed the stability of 
the right megaureter (diameter of 10 mm). 

 The management of the patient is actually based on wait- 
and- see strategy associated to serial ultrasonographic evalu-
ations (Fig.  5.2 ).

a

d

c
b

  Fig. 5.2    MAG3 dynamic renal scan: dynamic images ( a ) show good 
and homogeneous radiotracer uptake and normal drainage of left kid-
ney; right kidney presents good and homogeneous radiotracer uptake; 
pyelic drainage is poor, and persistent radioactivity stasis is evident also 
in ipsilateral dilated ureter; renograms confi rm normal function and 
drainage of left kidney, and normal function, prolonged transit time, 

and delayed excretion of right kidney; fl ow T/A curves ( b ) show syn-
chronous and symmetrical perfusion. Gravity-assisted drainage-1 test 
shows signifi cant emptying of right kidney and right ureter ( c ). This 
fi nding is confi rmed by ureter T/A curves ( d ): normal pattern of left 
ureter and dilated nonobstructive pattern of right ureter       
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5.1.2.3        Case 5.3: Nonobstructive Right 
Megaureter with Low Right Split Renal 
Function, Autosomal Dominant Bilateral 
Polycystic Kidney Disease, and Bilateral 
Urinary Microlithiasis 

 A 15-year-old girl with history of acute renal pain episodes, 
bilateral urinary microlithiasis, and poor right renal function 
was admitted to our hospital. 

 The initial ultrasonographic scan showed right kidney 
hypoplasia, bilateral urinary microlithiasis, bilateral poly-
cystic kidney disease, and right urinary tract dilation. 

 The following technetium-99m-labeled mercaptoacetyl-
triglycine (MAG-3) renography revealed a poor right split 
renal function and right kidney hypoplasia with evidence at 
the right side of megaureter and slow urinary drainage but 
absence of obstructive urinary pattern (no diuretic injection 
was necessary). 

 At the last clinical follow-up, the patient remained 
asymptomatic. 

 The management of the patient is actually based on clini-
cal and ultrasonographic evaluations (Fig.  5.3 ).

a

d

c
b

  Fig. 5.3    MAG3 dynamic renal scan: dynamic images ( a ) show good 
and homogeneous radiotracer uptake and normal drainage of left kid-
ney; right kidney is smaller than the other one, with irregular shape; 
right kidney presents reduced radiotracer uptake with nonhomogeneous 
intraparenchymal distribution due to an area devoid of tracer corre-
sponding to dilated collecting system, and the drainage is poor; persis-
tent radioactivity is also evident in ipsilateral ureter. Renograms ( b ) 

show normal function and drainage of left kidney and severe hypofunc-
tion, prolonged transit time, and delayed excretion phase of right kid-
ney; fl ow T/A curves ( b ) show synchronous but asymmetrical perfusion 
(reduced in right kidney). Gravity-assisted drainage-1 test shows sig-
nifi cant emptying of right kidney and right ureter ( c ). This fi nding is 
confi rmed by ureter T/A curves ( d ): normal pattern of left ureter and 
dilated nonobstructive pattern of right ureter       
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5.1.2.4        Case 5.4: Secondary Left Megaureter 
by Posterior Urethral Valves 

 Male infant affected by prenatally detected left uropathy. 
 During the fi rst month of life, the initial ultrasonographic 

scan showed a left urinary tract dilation (pelvic anteroposte-
rior diameter of 7.5 mm; distal ureteral dilation of 16 mm) 
and a bladder wall hypertrophy. 

 The voiding cystourethrography was performed, and it 
revealed the absence of vesicoureteral refl ux but the presence 
of posterior urethral valves; for this reason, at 6 months of 
life, the patient was submitted to endoscopic ablation of pos-
terior urethral valves. 

 The ultrasonographic scan at 2 months postoperative follow-
 up confi rmed the stability of the preoperative left megaureter. 

 The following technetium-99m-labeled mercaptoacetyl- 
triglycine (MAG-3) renography showed a normal split renal 
function with left ureteral dilation and poor urinary drainage 
that required the diuretic injection; no obstructive urinary 
pattern was detected after the diuretic injection. 

 At the last day hospital follow-up, the patient remained 
asymptomatic, and the ultrasonographic scan revealed the 
reduction of the left megaureter (diameter of 8 mm). 

 Conservative management is actually the utilized strategy 
for the patient (Fig.  5.4 ).
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  Fig. 5.4    MAG3 dynamic renal scan: dynamic images ( a ) show good 
radiotracer uptake in left kidney with nonhomogeneous intraparenchy-
mal distribution due to an area devoid of tracer corresponding to dilated 
renal pelvis and collecting system; drainage is poor, with persistent 
radioactivity also in left ureter, in particular in its distal tract; right kid-
ney presents good and homogeneous radiotracer uptake and normal 
drainage; renograms ( b ) confi rm normal function but mildly delayed 
excretion phase of left kidney, and normal function and drainage of 
right kidney; fl ow T/A curves ( b ) show synchronous and symmetrical 

perfusion. Gravity-assisted drainage-1 test shows no signifi cant wash-
out of left kidney and left ureter ( c ). Diuretic dynamic images ( d ) and 
diuretic renogram ( e ) show prompt and signifi cant washout in both left 
kidney and left ureter after administration of furosemide. Ureter T/A 
curves ( f ) show: normal pattern of right ureter and dilated nonobstruc-
tive pattern of left ureter during dynamic renal scan ( upper graph ); nor-
mal pattern of right ureter and prompt washout of left ureter during 
diuretic scintigraphy ( lower graph )       
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5.1.2.5        Case 5.5: Nonobstructive Right 
Megaureter and Left Renal Agenesis 

 A male newborn affected by right urinary tract dilation (pel-
vic anteroposterior diameter of 10 mm; distal ureteral dila-
tion of 9 mm) and left renal agenesis as showed by the 
ultrasonographic scan at 6 days of life. 

 At 4 months of life, the technetium-99m-labeled mercap-
toacetyltriglycine (MAG-3) renography confi rmed the 
absence of the left kidney and the right megaureter, but it 

showed a poor urinary drainage that required the diuretic 
injection; no obstructive urinary pattern was detected after 
the diuretic injection. 

 At the last follow-up (at 16 months of life), the patient 
remained asymptomatic, and the ultrasonographic scan 
revealed a stability of the right megaureter. 

 The management of the patient is actually based on wait- 
and- see strategy associated to serial ultrasonographic evalu-
ations (Fig.  5.5 ).
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  Fig. 5.5    MAG3 dynamic renal scan: dynamic images ( a ) show good 
and homogeneous radiotracer uptake in right kidney; drainage is poor 
and stasis of radiourine is evident in dilated pelvis; persistent radioac-
tivity is also present in dilated and tortuous right ureter; there is no 
visualization of left kidney. Renogram ( b ) shows good slope of paren-
chymal phase and poor drainage of right kidney (“plateau pattern”); 
fl ow T/A curves ( b ) show regular perfusion of right kidney. 

 Gravity- assisted drainage-1 test shows no signifi cant washout of right 
kidney and ureter ( c ). Diuretic dynamic images ( d ) and diuretic reno-
gram ( e ) show slow but signifi cant renal washout after administration of 
furosemide. Ureter T/A curves ( f ) show: “rising curve” during dynamic 
renal scan ( upper graph ); prompt washout during diuretic scintigraphy 
( lower graph )       
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5.1.2.6        Case 5.6: Secondary Obstructive Left 
Megaureter by Surgical Treatment 
of Anorectal Malformation in Child 
with Valve Bladder 

 Male patient affected by valve bladder (endoscopically 
treated posterior urethral valves) and surgically treated ano-
rectal malformation. 

 During the follow-up, the patient developed an intermit-
tent left megaureter as shown by serial ultrasonographic 
scans associated with urinary incontinence and incomplete 
bladder emptying. 

 The fi rst technetium-99m-labeled mercaptoacetyltrigly-
cine (MAG-3) renography detected a poor left split renal 
function with evidence at the left side of megaureter and 
slow urinary drainage, but absence of obstructive urinary 
pattern (no diuretic injection was necessary); during the 
same examination, the indirect MAG-3 cystography revealed 
the absence of vesicoureteral refl ux. 

 During the following period was observed an increase of 
left megaureter up to 25 mm diameter; for this reason, the 
patient underwent magnetic resonance urography (MRU) 
that showed a distal ureteral stricture at the left side. 

 The patient was submitted to surgical operation with 
extravesical approach: removal of left distal ureter, left ure-
teral tapering, and its reimplantation for distal ureteral steno-
sis caused by the previous surgical treatment of the anorectal 
malformation. 

 During the postoperative period was highlighted an initial 
improvement of the left megaureter, but after 2 years follow-
 up, a worsening of the left ureteral dilation (up to 27 mm 
diameter) associated with urinary incontinence and incom-
plete bladder emptying was detected. 

 The following MAG-3 renography showed a poor left 
split renal function with left megaureter and poor urinary 
drainage that required the diuretic injection; no obstructive 
urinary pattern was detected at upright position with emptied 
bladder at the end of diuretic test. 

 The additional MRU observed a left megaureter with 
absence of strictures and normal urinary drainage. 

 Based on the results of the last MAG-3 renography and 
MRU, the patient has been until now treated with toilet 
training and alpha-blocking agent, and he has up to now 
remained asymptomatic with stable left megaureter 
(Fig.  5.6 ).
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  Fig. 5.6    MAG3 dynamic renal scan, after surgery: dynamic images ( a ) 
show severe reduction of uptake in left kidney, with nonhomogeneous 
intraparenchymal distribution due to an area devoid of tracer corre-
sponding to dilated renal pelvis and collecting system; shape is irregu-
lar and drainage is poor; persistent radioactivity is evident also in 
dilated left ureter; right kidney presents good and homogeneous radio-
tracer uptake and normal drainage; renograms ( b ) confi rm severe hypo-
function and poor drainage of left kidney (“rising curve”), and normal 
function and drainage of right kidney; fl ow T/A curves ( b ) show syn-
chronous but asymmetrical perfusion (severely reduced in left kidney). 

Gravity-assisted drainage-1 test shows no signifi cant washout of left 
kidney and ureter ( c ). Diuretic dynamic images ( d ) and diuretic reno-
gram ( e ) show very slow response to furosemide and no signifi cant 
improvement in drainage in left kidney. Ureter T/A curves ( f ) show: 
“rising curve” of left ureter and normal pattern of right ureter during 
dynamic renal scan ( upper graph ); no signifi cant washout during 
diuretic scintigraphy in left ureter ( lower graph ). Only after micturition 
and further gravity- assisted drainage-2 test ( g ), signifi cant washout in 
both left kidney and ureter is evident       
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5.1.2.7        Case 5.7: Partial Obstructive Primary 
Left Megaureter 

 Male infant affected by prenatally detected left uropathy. 
 At 7 days of life, the ultrasonographic scan revealed a left 

urinary tract dilation (pelvic anteroposterior diameter of 
18 mm; distal ureteral dilation of 14 mm). 

 At 9 days of life, the patient was admitted to the hospital 
for febrile urinary tract infection; for this reason, the voiding 
cystourethrography was performed, and it showed the absence 
of vesicoureteral refl ux with normal urethra and bladder. 

 The following technetium-99m-labeled mercaptoacetyl- 
triglycine (MAG-3) renography detected a normal split renal 
function with evidence at the left side of hydronephrosis 

without ureteral dilation and poor urinary drainage out of the 
left pelvis that normalized itself during the diuretic phase 
(demonstrating no obstructive renal pattern); on the contrary, 
during the diuretic phase, a left megaureter was observed 
with poor urinary drainage out of the left ureter until the end 
of the diuretic scintigraphy (demonstrating a partial obstruc-
tive ureteral pattern). 

 At the last day hospital follow-up (at 7 months of life), the 
patient remained asymptomatic, and the ultrasonographic 
scan revealed a stability of the left megaureter. 

 The management of the 7-month-old patient is actually 
based on clinical and ultrasonographic serial evaluations 
(Fig.  5.7 ).
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  Fig. 5.7    MAG3 dynamic renal scan: dynamic images ( a ) show good and 
nonhomogeneous radiotracer uptake in left kidney with an area devoid of 
tracer corresponding to dilated renal pelvis and collecting system, and 
drainage is poor; right kidney presents good and homogeneous radio-
tracer uptake and poor drainage; renograms ( b ) confi rm normal function 
and impaired drainage of left kidney (“rising curve”), and normal func-
tion and impaired drainage of right kidney; fl ow T/A curves ( b ) show 
synchronous and symmetrical perfusion. Gravity-assisted drainage-1 test 
shows no signifi cant washout of left kidney, but improved drainage of 

right kidney ( c ). Diuretic dynamic images ( d ) and diuretic renogram ( e ) 
show prompt response to furosemide and signifi cant improvement in 
drainage in left kidney, but also show dilated and tortuous left ureter, not 
evident at basal renal scan. Ureter T/A curves ( f ) show: normal pattern of 
both ureters during dynamic renal scan ( upper graph ); during diuretic 
scintigraphy, left ureterogram shows a rising phase until 13th minute of 
the study, followed by a mild decrement of activity in the last minutes 
( lower graph ); pattern of right ureter is normal       
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5.1.2.8        Case 5.8: Primary Obstructive Right 
Megaureter: Treatment with Endoscopic 
High-Pressure Balloon Dilation 

 A right urinary tract dilation (pelvic anteroposterior diameter 
of 26 mm; distal ureteral dilation of 17 mm) was accidentally 
detected by the ultrasonographic scan in a male infant after a 
febrile urinary tract infection that required admission to 
hospital. 

 The voiding cystourethrography was performed, and it 
showed the absence of vesicoureteral refl ux with normal ure-
thra and bladder. 

 The following technetium-99m-labeled mercaptoacetyl-
triglycine (MAG-3) renography revealed a normal split renal 
function with, at the right side, megaureter and poor urinary 
drainage that required the diuretic injection; an obstructive 
urinary pattern was observed during the diuretic phase, and it 

was confi rmed at upright position at the end of the diuretic 
scintigraphy. 

 Because of the age (<12 months of life), the patient was 
submitted to mini-invasive treatment of the primary obstruc-
tive right megaureter: endoscopic high-pressure balloon dila-
tion of the vesicoureteral junction was performed. 

 At 6 postoperative months, the MAG-3 renography con-
fi rmed a normal split renal function with right megaureter, but 
it showed an improvement of the urinary drainage with nonob-
structive urinary pattern (no diuretic injection was necessary). 

 During the postoperative follow-up, the patient has 
remained asymptomatic, and the serial ultrasonographic 
scans have revealed an improvement of the right megaureter 
up to 8 mm diameter. 

 The management of the patient is actually based on the 
conservative treatment (Fig.  5.8 ).
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  Fig. 5.8    MAG3 dynamic renal scan: dynamic images ( a ) show good 
and homogeneous radiotracer uptake and normal drainage in left kid-
ney; right kidney presents good radiotracer uptake with nonhomoge-
neous intraparenchymal distribution due to an area devoid of tracer 
corresponding to dilated renal pelvis and collecting system; drainage is 
poor, with persistent radioactivity also in tortuous and dilated right ure-
ter; renograms ( b ) confi rm normal function and drainage of left kidney, 
and normal function and poor drainage of right kidney (“plateau”pattern); 
fl ow T/A curves ( b ) show synchronous and symmetrical perfusion. 

Gravity-assisted drainage-1 test shows no signifi cant washout of right 
kidney and ureter ( c ). Diuretic dynamic images ( d ) and diuretic reno-
gram ( e ) show very slow response to furosemide and no signifi cant 
improvement in drainage in right kidney. Gravity-assisted drainage-2 
test confi rms poor drainage of right kidney and ureter ( g ). Ureter T/A 
curves ( f ) show: normal pattern of left ureter and “rising curve” of right 
ureter during dynamic renal scan ( upper graph ); no signifi cant washout 
during diuretic scintigraphy in right ureter ( lower graph )       
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5.1.2.9        Case 5.9: Transplanted Kidney Affected 
by Nonrefl uxing and Nonobstructive 
Megaureter 

 A 16-year-old boy was submitted to kidney transplant, 
because he was affected by nephropathy associated to vesi-
coureteral refl ux. 

 A urinary increasing dilation (pelvic anteroposterior 
diameter up to 19 mm; distal ureteral dilation up to 16 mm) 
of the renal graft associated with a progressive increase of 
the creatinine was observed during the post-transplant 
follow-up. 

 For this reason, the technetium-99m-labeled mercapto-
acetyltriglycine (MAG-3) renography was performed, and it 
showed a small reduction of the renal graft function (at the 

upper pole) with evidence, at the renal graft, of megaureter 
associated with slow urinary drainage but absence of obstruc-
tive urinary pattern (no diuretic injection was necessary); 
during the same examination, the indirect MAG-3 cystogra-
phy revealed the absence of vesicoureteral refl ux. 

 During the postrenography follow-up, the patient has 
remained asymptomatic with normalization of the creati-
nine, and the serial ultrasonographic scans have revealed a 
spontaneous decrease of the megaureter up to 8 mm 
diameter. 

 For this reason, the management of the patient is actually 
based on wait-and-see strategy associated to clinical and 
ultrasonographic serial evaluations, in addition to repeated 
blood tests (Fig.  5.9 ).

a

c
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  Fig. 5.9    MAG3 dynamic renal scan: dynamic images ( a ) show trans-
planted kidney in right iliac fossa; the kidney presents mildly reduced 
radiotracer uptake, in particular in the upper pole; intraparenchymal 
distribution is not homogeneous due to an area devoid of tracer corre-
sponding to dilated collecting system; drainage is poor, and persistent 
radioactivity is present in the ureter too; a moderately low target/back-
ground ratio is also evident. Renogram ( b ) shows mildly reduced slope 
of parenchymal phase and poor drainage of transplanted kidney. 

Gravity-assisted drainage-1 test shows signifi cant emptying of trans-
planted kidney and ureter ( c ). Ureter T/A curves ( d ) confi rm a dilated 
nonobstructive pattern. In the presence of a dilated ureter, when the 
obstructive pattern has been ruled out, it could be useful (in toilet- 
trained patients) to perform an indirect cystoscintigraphy, in order to 
verify the possible presence of vesicoureteral refl ux responsible for 
dilatation       
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      Nephrourology: Vesicoureteral Reflux                     
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6.1          Indirect Radionuclide Cystogram 

6.1.1     Study Technique and Interpretation 

 Indirect radionuclide cystogram (IRC) is a radionuclide 
technique that gives the possibility of detecting vesicoure-
teral refl ux (VUR) without a bladder catheter (micturition is 
studied under physiological conditions) with a low effective 
radiation dose. Furthermore, the IRC is done following a 
dynamic renogram (early, after, or whenever the child wishes 
to void). In such a way, a unique tracer administration allows 
to achieve the overall function of the kidneys, drainage data 
from the upper tracts (by dynamic renogram) followed by 
VUR, and micturition evaluation under normal physiological 
conditions (by IRC). If necessary, IRC can be performed also 
after diuretic test, achieving better technical conditions: 
improving urinary drainage and bladder fi lling (i.e., helpful 
in case of megaureter). 

 The unique preparations required for this test are good 
hydration, and children must be toilet-trained. 

 IRC is recorded by fast dynamic scintigraphy (0.5 s/
frame) by posterior view registration (with gamma camera 
centered on pelvic and abdominal region). Well-trained staff 
(nurse and technician) must be extremely careful to start reg-
istration before bladder voiding (avoiding to fail micturition 
phase), limiting patient’s movement (critical for mild VUR 
assessment). 

 Dedicated software for movement correction could be 
useful, but sometimes can introduce possible artifacts in rela-
tion to low activity dose and fast dynamic acquisition. 

Nuclear medicine staff have to be kind with the child and 
must be also able to perform several micturition attempts in 
case of uncooperative child or particular clinical conditions. 

 Results can be described as reframed dynamic series or 
by means of activity/time curves obtained in multiple regions 
(kidneys, ureters, and bladder).  

6.1.2     Teaching Cases 

6.1.2.1     Indirect Radionuclide Cystogram 
in Vesicoureteral Refl ux Detection 

   Case 6.1 Urinary Tract Infections not Associated 
with Vesicoureteral Refl ux in a Child with Normal 
Renal Function and Bilateral Renal Microlithiasis 
 Child followed for previous acute pyelonephritis, bilateral 
renal microlithiasis (composed by 70 % ammonium phos-
phate and 30 % calcium), and mild hydronephrosis. At 8 
months of life, a cystography performed after the fi rst acute 
event showed neither pathological fi nding nor vesicoureteral 
refl ux (VUR). The child was followed up with periodic uri-
nalysis and ultrasonography scans until the age of 10 years 
old when the baby had an acute pyelonephritis. During hos-
pitalization, he underwent a MAG3 dynamic study that 
showed a normal renal function, and an indirect radioisotope 
cystography (IRC) confi rmed the absence of voiding refl ux. 
After excluding suspicion of VUR predisposing to urinary 
infections, clinical condition improved by a better hydration 
and more correct voiding habits.  
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   Case 6.2 Urinary Tract Infections Associated 
with Low-Grade Vesicoureteral Refl ux (Grade I) 
Without Nephropathy 
 A 3-year-old child with a urinary tract infection episode. 
Having acquired the control of urination, a renal scintigraphy 
with IRC was performed. The scintigraphic study showed a 
left kidney slightly smallest compared with the contralateral 

one with a normal renal function and a  low- grade refl ux on 
the left side. As the child had a unilateral low-grade VUR 
without nephropathy, he was followed on surveillance by 
periodic urinalysis and ultrasonography scans, and he is cur-
rently asymptomatic. In general, in fact, low-grade refl uxes 
(Grades I–II) have high rates of spontaneous resolution (usu-
ally more than 80 %) in young children (Fig.  6.1 ).

a

c d

b

  Fig. 6.1    ( a ,  b ) The qualitative analysis of basic dynamic study reveals 
an intense concentration of tracer in the renal parenchyma and rapid 
washout of both kidneys ( a ). Renogram curves confi rm qualitative 
interpretation of the study, showing normal tracer uptake in both kid-
neys, bilateral regular transit with rapid urinary excretion; the basic 

renogram also provides a symmetrical measurement of relative renal 
function ( b ). IRC images show a complete bladder voiding in the 
absence of VUR ( c ). Time-activity curves of bladder and kidneys con-
fi rm a regular and complete bladder voiding without radioactivity incre-
ment corresponding to kidneys and ureters ( d )       
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      Case 6.3 Asymptomatic Residual Monolateral Refl ux 
(Grade II) After Endoscopic Correction of Bilateral 
Vesicoureteral Refl ux 
 A 2-year-old girl referred to our center for recurrent pyelone-
phritis. An IRC showed a bilateral vesicoureteral refl ux 
(Grade II); thus, we performed an endoscopic treatment of 
VUR, followed by antibiotic prophylaxis for 1 month. 

During follow-up, the child has presented urinary tract infec-
tion no longer, but an IRC performed after about 1 year of 
treatment, as control treatment effectiveness, documented 
persistence of left-sided vesicoureteral refl ux (Fig.  6.2c, d ). 
Therefore, the child underwent ureteral reimplantation, and 
currently she is asymptomatic.

a

c d

b

  Fig. 6.2    ( a ,  b ) A 3-year-old child with a urinary tract infection episode. 
Having acquired the control of urination, a renal scintigraphy with IRC 
was performed. The scintigraphic study showed a left kidney slightly 
smaller than the contralateral one with a normal renal function and a low-
grade refl ux on the  left side . As the child had a unilateral low-grade VUR 
without nephropathy, he was followed on surveillance by periodic uri-
nalysis and ultrasonography scans, and he is currently asymptomatic. In 
general, in fact, low-grade refl uxes (Grades I–II) have high rates of spon-
taneous resolution (usually more than 80 %) in young children. By the 
qualitative assessment of scintigraphic images, both kidneys are located 

in their own proper sides with regular perfusion. Left kidney is slightly 
smaller than the contralateral one, even if both kidneys show normal mor-
phology, renal uptake, and urinary excretion. ( a ) Both renogram curves 
show normal slope of parenchymal phase and regular elimination of 
tracer from the kidneys (left curve is slightly less wide in relation to the 
size of the kidney). The split renal function is suffi ciently symmetric ( b ). 
( c ,  d ) During bladder voiding (regular and complete), a synchronous 
radiourine refl ux limited to left ureter is observed (Grade I) ( c ). This scin-
tigraphic fi nding is confi rmed by time-activity curve of the left ureter 
without radioactivity increment corresponding to homolateral kidney ( d )       
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      Case 6.4 Persistent Urinary Tract Infections 
Secondary to Residual Bilateral Refl ux (Grade II–III) 
After Endoscopic Correction in Bilateral Duplex 
Collecting System 
 A 1-year-old baby with right high-grade vesicoureteral 
refl ux in double system. She was treated with antibiotics 
for several episodes of pyelonephritis in the fi rst months 
of life. During follow-up, a DMSA scan showed double 
bilateral system with good function of both kidneys, even 
if renal scars were bilaterally present in lower systems. 
The child continued to present febrile urinary infection 

after endoscopic treatment of vesicoureteral refl ux, and a 
cystography showed persistence of VUR (in both systems 
of left kidney and in the upper right system). Therefore, a 
new endoscopic treatment of refl ux was performed at 18 
months of life, but next IRC showed persistence of bilat-
eral vesicoureteral refl ux. Due to the close proximity of 
the ureteral orifi ces, endoscopic correction of vesicoure-
teral refl ux in duplicated collecting systems is challenging 
to be effective, avoiding secondary obstructive 
megaureter.  
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  Fig. 6.3    By qualitative assessment of scintigraphic images, both kid-
neys are located in their own proper sides with synchronous but asym-
metrical perfusion (reduced on the  left side ). Left kidney is small with a 
slightly irregular morphology; left renal uptake is preserved, and uri-
nary excretion is normal. Right kidney shows an intense concentration 
of tracer in the renal parenchyma and a rapid washout ( a ). Left reno-
gram curve (less wide than the contralateral one) shows preserved slope 
of parenchymal phase and regular elimination of tracer. The shape of 

the right renogram curve is normal in all phases. The split renal function 
is slightly asymmetric (relatively reduced on the left) ( b ). ( c ,  d ) IRC 
images show a complete and regular bladder voiding. During bladder 
voiding, a synchronous radiourine refl ux is present on the  left side  that 
reaches the renal pelvis without dilatation (Grade II) ( c ). Time-activity 
curves of bladder and kidneys reveal a regular and complete bladder 
voiding, with a radioactivity increment corresponding to left ureter and 
kidney ( d )       

   Case 6.5 Relapse of High-Grade Vesicoureteral Refl ux 
(Grade II–III) After Acquisition of Bladder-Voiding 
Control in Child with Refl ux Nephropathy 
and Retensionist Habit 
 A 3-year-old child with previous recurrent pyelonephritis, 
followed for bilateral high-grade VUR (treated endoscopi-
cally at 18 months) and bilateral nephropathy (at 2 months of 
life, a DMSA scan showed bilateral renal scarring with 
greater impairment of the right kidney). 

 After acquisition of bladder-voiding control, the child 
had a retentionist attitude, and he had an acute pyelone-
phritis, despite a time-urination management. An IRC was 
performed revealing a bilateral vesicoureteral refl ux 
(obtained with high bladder fi lling), with a severe refl ux 
nephropathy at the right side. VUR highlighted by the 
scintigraphic study was confi rmed by a subsequent cystog-
raphy, and patient underwent ureter reimplantation 
(Figs.  6.3 ,  6.4 , and  6.5 ).
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  Fig. 6.4    ( a ) At 8 months of life, a DMSA scan shows a double bilateral 
system with good uptake of the radiopharmaceutical in both kidneys; 
tracer concentration is regular in the upper systems, while a nonhomoge-
neous distribution is detected in the lower systems due to focal cortical 
defects (more marked scars on the left). No evidence of parenchymal 
defects is observed in the upper systems.( b ,  c ) At 26 months of life, a 
MAG3 renal scan is performed showing a good function of the right kid-
ney (both systems) and a double left kidney district with hypofunction 
and scars of the lower system. Bilaterally, urinary excretion is slow with 
evidence of moderate stasis of radiourine (in the lower systems and in the 
left upper one) which tended to resolve itself and to further improve after 

orthostatism, excluding the presence of lower or upper pole pelviureteric 
junction obstruction in duplicated collecting systems ( b ). Both renogram 
curves show normal slope of parenchymal phase and mildly slow elimi-
nation of tracer from the kidneys. Overall, the split renal function is suf-
fi ciently symmetric. ( d ,  e ) IRC study (qualitative images and time-activity 
curves) shows irregular but complete bladder emptying: for three times, a 
sudden interruption of urination is observed with bilateral VUR and sub-
sequent refi lling of the bladder. Time-activity curves of ureters and kid-
neys reveal a bilateral radioactivity increment corresponding to the 
bilateral ureter and kidney (reaching up the renal pelvis with a mild dila-
tation, these kinds of VUR are classifi ed as II–III scintigraphic grade)       
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  Fig. 6.5    ( a ) At 2 months of life, a DMSA scan is performed after recur-
rent pyelonephritis. Scintigraphic imaging shows radiopharmaceutical 
uptake preserved in the left kidney and markedly reduced in the right one. 
Bilaterally, tracer distribution is not homogeneous due to multiple focal 
cortical defects with greater impairment of the right kidney (split renal 
function of right kidney was 29 %). Background signal is increased as for 
global insuffi cient renal function. At 18 months of life, a MAG3 renal scan 
confi rms bilateral renal scars with preserved parenchymal function in the 
left kidney and severe hypofunction in the right one. Urinary excretion is 
mildly delayed in the left kidney, delayed and slow on the right, with evi-
dence of radiotracer stasis which tended to resolve itself ( b ) and to further 
improve after orthostatism (gravity-assisted drainage test-1,  d ). Bilateral 
tracer accumulation is observed in the ureters, but both ureterograms show 

nonobstructive pattern. ( e ). Left renogram curve shows preserved slope of 
parenchymal phase and mildly slow elimination of tracer. Right renogram 
curve has a low width, showing reduced slope of parenchymal phase, 
delayed transit, and slow urinary excretion ( c ). The basic renogram shows 
a poor right split renal function, steady if compared to the previous DMSA 
scan. ( f – g ) IRC study is obtained only after several attempts, with a high 
fi lling bladder: performing an IRC study can sometimes be diffi cult due to 
poor child cooperation, but it is of crucial importance. In the IRC images, 
in fact, we can observe a regular and complete bladder emptying with 
bilateral VUR, more severe on the  right side  ( f ). Time-activity curves of 
kidneys reveal a bilateral radioactivity increment, synchronous with the 
bladder emptying, especially on the right (II–III scintigraphic grades on 
the left and III scintigraphic grade on the  right ) ( g )       
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        Case 6.6 Relapse of Monolateral Passive and Active 
Vesicoureteral Refl ux Endoscopically Corrected, 
Secondary by Displacement of the Previously 
Injected Material 
 Female infant followed by pediatricians for suspected uri-
nary tract infection. A cystography showed bilateral vesico-
ureteral refl ux (Grade IV on the left, Grade I on the right), 
and a scintigraphic scan revealed a mild hypofunction of the 
left kidney. Thus, she underwent endoscopic treatment of 

vesicoureteral refl ux, and baby was always asymptomatic 
with normal imaging follow-up. At 3 years of life, the child 
presented new infections of the urinary tract, and a 
 radionuclide indirect cystography showed relapse of left pas-
sive and active vesicoureteral refl ux (Fig.  6.6c, d ). A new 
endoscopic treatment was performed, and at the cystoscopy, 
an evident displacement of the previously injected material 
was found. At the last clinical follow-up, the child remained 
asymptomatic.

a b

c d

  Fig. 6.6    ( a ,  b ) By qualitative assessment of scintigraphic images, left 
kidney is smaller than normal with a slightly reduced renal uptake. Transit 
and urinary excretion of radiotracer from the kidney are slightly delayed 
and slow with evidence of mild pelvic stasis which tends to resolve itself 
during basal study. Right kidney shows an intense concentration of tracer 
in the renal parenchyma and a rapid washout ( a ). Left renogram curve 
(less wide than the contralateral one) shows preserved slope of parenchy-
mal phase, transit slightly prolonged, and elimination of tracer from the 
kidney mildly slow. The shape of the right renogram curve is normal in 
all phases. The split renal function is slightly asymmetric (mildly reduced 
on the left) ( b ). ( c ,  d ) In order to obtain a diagnostic examination with 

improving sensitivity, IRC study was performed after oral hydration 
awaiting a better fi lling bladder and a further left pelvic stasis resolution. 
In the IRC images, we can observe persistence of left pelvic stasis, which 
slightly decreases and increases before bladder emptying. After a regular 
but incomplete bladder emptying (about 15 % of residual postvoiding 
activity), a high-grade VUR was detected on the  left side  ( c ). Time-
activity curves of kidneys confi rm a left radioactivity increment previ-
ously and synchronous with bladder emptying (passive and active VUR, 
II and III scintigraphic grades, respectively) ( d ). A good technical IRC 
performing is crucial to avoid false-negative fi ndings or movement arti-
facts (especially when residual urine stasis is present)       
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      Case 6.7 Indirect Radionuclide Cystography 
Evaluation After Endoscopic Vesicoureteral Refl ux 
Treatment: Absence of Residual Refl ux 
in Asymptomatic Child with Nephropathy 
 Female infant with febrile urinary tract infections. Renal 
ultrasonography previously performed showed no abnormal-
ities while a cystography revealed bilateral vesicoureteral 
refl ux (Grade III). A renal DMSA scintigraphy was  performed 
showing multiple scarring in both kidneys, with greater 
impairment of the right one (split renal function of right kid-
ney was mildly reduced). At 3 years of life, the child under-
went endoscopic treatment of refl ux. A control IRC was 
performed 1 year later, showing a steady hypofunction of 
right kidney and absence of residual refl ux. Currently, she is 
asymptomatic.  

   Case 6.8 Indirect Radionuclide Cystography 
Evaluation After Endoscopic Vesicoureteral Refl ux 
Treatment: Persistent Low-Grade Monolateral Refl ux 
in Asymptomatic Child with Nephropathy 
 Female infant with febrile urinary tract infections. Renal 
ultrasound was normal. Given the presence of periodic uri-
nary tract infections, a cystography was performed showing 
bilateral vesicoureteral refl ux (Grade III). 

 At 6 months of age, the child underwent endoscopic treat-
ment for vesicoureteral refl ux. About a year later, the child 
underwent a new endoscopic treatment for persistence of 
refl ux detected by cystography. An ultrasound also showed 
left kidney mildly small (57 mm) with cortical thinning. At 4 
years of life, a MAG3 renal scan was performed, showing a 
severe impairment of left kidney function, and an IRC 
revealed persistence of left vesicoureteral refl ux (Grade II). 
The child remained asymptomatic since the last endoscopic 
refl ux correction, and conservative management is actually 
the utilized strategy for the patient (followed on surveillance 
by periodic urinalysis, blood pressure measurements, and 
ultrasonography scans).  

   Case 6.9 Bilateral High-Grade Vesicoureteral Refl ux 
Detected by Indirect Radionuclide Cystography 
in Severe Left Kidney Hypodisplasia (Secondary 
to Monolateral Refl ux Endoscopically Treated) 
 A 9-year-old boy, followed for severe left kidney hypodys-
plasia and monolateral VUR (Scintigraphic Grade II), endo-
scopically treated at 7 years of age. He had no infections 
with mild hypertension.  

   Case 6.10 Renal Ectopia with Abdominal Pain 
and Kidney Lithiasis 
 A 3-year-old girl with family history of kidney stones and 
renal ectopia. During an episode of abdominal pain, an ultra-
sound scan was performed revealing right kidney in lumbar 
ectopia without ureteral dilatation but with the presence of 

small lithiasic formations (diameter of about 2 mm); right 
kidney size was smaller than contralateral ones with reduced 
parenchymal thickness and fi ve renal cysts in the lower pole 
(5–7 mm). To obtain a functional renal evaluation, a MAG3 
scan was performed showing a mild-moderate hypofunction 
of right kidney, and an IRC excluded the presence of vesico-
ureteral refl ux associated with renal ectopia.  

   Case 6.11 Single Kidney in Ectopic Region 
with Vesicoureteral Refl ux Endoscopically Corrected 
 Male patient followed since birth for single kidney ectopic in 
pelvic region and vesicoureteral refl ux endoscopically cor-
rected at 6 months of life. The child no longer has presented 
urinary tract infection, and renal function remained normal. 
At 7 years of life, an ultrasonographic scan showed mild pel-
vis dilatation without ureter dilatation. A MAG3 scan was 
performed to evaluate renal function end urinary drainage; 
an IRC control was also achieved showing no vesicoureteral 
refl ux.  

   Case 6.12 Vesicoureteral Refl ux Detection 
in Transplanted Kidney 
 An 8-year-old boy followed for kidney transplantation sec-
ondary to chronic renal insuffi ciency for posterior urethral 
valves. Numerous infections of urinary tract occurred 
despite endoscopic correction of vesicoureteral refl ux, and 
an IRC control was performed showing persistent 
VUR. For this reason, a surgical VUR correction was per-
formed with subsequent clinical resolution of urinary tract 
infections.   

6.1.2.2     Complication of Endoscopical Refl ux 
Correction 

   Case 6.13 Infection of Injected Material 
in Vesicoureteral Refl ux, Endoscopic Treatment 
 A 6-year-old girl with left vesicoureteral refl ux associated to 
refl ux nephropathy underwent endoscopic treatment in two 
different occasions. After 2 years from the last refl ux correc-
tion, the child developed bladder voiding disorders (urinary 
retention), and an ultrasonographic scan showed a signifi cant 
dilation of left pelvis and ureter. A new renal scintigraphy 
was performed confi rming poor left split renal function and 
showing a signifi cant obstruction of the ureterovesical junc-
tion. Radionuclide cystography was not achieved because 
the child could not empty the bladder despite the urge to uri-
nate and numerous voiding attempts. 

 For this reason, the child underwent ureteral left reim-
plantation, and an infection of previous injected material for 
refl ux correction was histologically detected. The child is 
actually asymptomatic, and the last functional imaging fol-
low- up showed renal function stability and left residual non-
refl uxing and nonobstructive hydroureteronephrosis.  
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   Case 6.14 Right Obstructive Megaureter Secondary 
to Endoscopic Refl ux Correction 
 A male patient affected by posterior urethral valves endo-
scopically treated with bilateral vesicoureteral refl ux under-
went endoscopic treatment in two different occasions. 
During postoperative follow-up, ultrasonographic scan 
revealed a signifi cant dilation of bilateral ureters. 

 A MAG3 scan showed normal function of both kidneys 
with nonobstructive left megaureter and obstructive pattern 
on the right. For this reason, the child underwent meatoplasty 
on the left and ureteral right reimplantation.   

6.1.2.3     Technical Teaching Cases 

   Case 6.15 Beware of Indirect Radionuclide 
Cystography Evaluation in Case of Residual 
Renal Stasis 
 A 12-year-old boy, followed since birth by nephrologists for 
moderate chronic renal failure secondary to bilateral renal 
hypoplasia and vesicoureteral refl ux endoscopically cor-
rected at the age of 1 year. At radionuclide cystography con-
trol, no more vesicoureteral refl ux was detected. 

 The last ultrasonographic follow-up showed right 
hypodysplastic kidney (a small echogenic mass with some 

simple peripheral cysts) and left kidney with irregular 
thinning of cortical parenchyma (characterized by hyper-
echoic structure with almost absent corticomedullary dif-
ferentiation) and dilatation of calyces and pelvis in the 
middle and inferior renal third (pelvic anteroposterior 
diameter of 22 mm). At the last clinical surveillance, cre-
atinine level remained steady, but an acute febrile urinary 
tract infection occurred, and a MAG3 scan with IRC study 
was performed to evaluate renal function and to detect 
possible VUR relapse.  

   Case 6.16 Compare Indirect Radionuclide 
Cystography Imaging to Basal Renal Study 
 A 5-year-old girl with prenatal diagnosis of bilateral renal 
double system. A postnatal ultrasound revealed dilated lower 
systems, and several acute pyelonephritis episodes occurred. 
The cystography showed a bilateral high-grade vesicoure-
teral refl ux. No evidence of scars was detected by DMSA 
renal scan. Two endoscopic refl ux treatments were per-
formed, and an IRC control (after 8 months from the last 
treatment) showed persistent bilateral refl ux. Therefore, the 
child was proposed for surgical correction of vesicoureteral 
refl ux.  
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   Case 6.17 Perform Several Attempts to Achieve 
a Complete Bladder Voiding 
 An 11-year-old boy followed for left renal dysplasia (mark-
edly poor left renal function, equal to 2 %) secondary to vesi-
coureteral refl ux, and the child underwent endoscopic 
correction at 10 years of life. Last renal ultrasound showed 

right kidney in compensatory hypertrophy and did not dis-
play left kidney. A subsequent episode of cystitis occurred, 
and a radionuclide cystography showed a mild residual left 
vesicoureteral refl ux. Until now, the management is based on 
conservative treatment (Figs.  6.7 ,  6.8 ,  6.9 ,  6.10 ,  6.11 ,  6.12 , 
 6.13 ,  6.14 ,  6.15 ,  6.16 , and  6.17 ).

a

b

d e

c

  Fig. 6.7    ( a ) At 2 years of life, a DMSA scan is performed. Scintigraphic 
imaging shows radiopharmaceutical uptake preserved in both kidneys; 
bilaterally, tracer distribution is not homogeneous due to multiple focal 
cortical defects with more serious impairment of the right kidney. As 
we can observe in posterior and left posterior oblique views, parenchy-
mal defects are evident in the left kidney in correspondence of  upper 
pole , medial  lower pole  and the  middle  third (anterior face). Right kid-
ney is smaller than normal with multiple scars and split renal functions 
mildly reduced is detected (Right Differential Renal Function: 41 %). 
( b ,  c ) At 3 years of life, a MAG3 renal scan confi rms bilateral renal 
scars with preserved parenchymal function in left kidney and mild 
hypofunction in the right one. Urinary excretion is normal in the left 

while the right kidney tracer transit is slightly extended without evi-
dence of signifi cant residual stasis at the end of basal registration. ( c ). 
Left renogram curve shows normal slope of parenchymal phase and 
regular elimination of tracer. Right renogram curve is less wide than the 
contralateral kidney showing mildly reduced slope of parenchymal 
phase, slightly prolonged transits and quite normal urinary excretion. 
The basic renogram confi rms a mildly reduced split renal function of 
right kidney, quite steady if compared to the previous scintigraphic 
DMSA study ( d ). ( d ,  e ) IRC images shows a complete bladder voiding 
in absence of VUR ( d ). Time-activity curves of bladder and kidneys 
confi rm a regular and complete bladder voiding without radioactivity 
increment corresponding to kidneys and ureters ( e )       
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  Fig. 6.8    ( a ,  b ) By qualitative assessment of scintigraphic images, both 
kidneys were located in their own proper sides with synchronous but 
asymmetrical perfusion (markedly reduced on the  left side ). Left  kidney  
was small with an irregular morphology; left renal uptake was reduced 
and tracer distribution was inhomogeneous due to multiple focal corti-
cal defects. Radiotracer transit was prolonged, and urinary excretion 
was moderately slow. Right kidney showed an intense concentration of 
tracer in the renal parenchyma and a suffi ciently rapid washout ( a ). Left 
renogram curve (little wide) showed markedly reduced slope of paren-
chymal phase, prolonged transit, and moderately slow elimination of 

tracer from the kidneys. The right renogram curve showed normal slope 
of parenchymal phase and quite regular elimination of tracer from the 
kidneys. The split renal function was markedly asymmetric with a very 
low left renal split function (equal to 19 %). ( b – d ) IRC images showed 
a complete and regular bladder voiding. During bladder voiding, a syn-
chronous radiourine refl ux was present on the left that reaches the renal 
pelvis without signifi cant dilatation (Grade II) ( c ). Time-activity curves 
of bladder and kidneys revealed a regular and complete bladder voiding 
with a radioactivity increment corresponding to left ureter and kidney 
( d )       
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  Fig. 6.9    ( a ,  b ) By the qualitative assessment of scintigraphic images, 
left kidney is late displayed and hypoperfused with small size and irreg-
ular shape. The parenchymal uptake was poor, and urinary excretion 
was slow. Right kidney showed an intense concentration of tracer in the 
renal parenchyma, and urinary excretion was mildly delayed with slight 
and transient stasis ( a ). Left renogram curve (very little wide) appeared 
fl attened. The right renogram curve showed normal slope of parenchy-
mal phase, and elimination of tracer from the kidneys mildly delayed. 
The split renal function was markedly asymmetric (left renal split func-

tion was severely reduced, equal to 4 %). ( b ). IRC study (qualitative 
images and time-activity curves) showed irregular but complete bladder 
emptying: for two times, a sudden interruption of urination was 
observed with bilateral VUR and subsequent refi lling of the bladder. 
( c ). Time-activity curves of ureters and kidneys reveal a bilateral radio-
activity increment corresponding to ureters and kidneys (reaching up 
the renal pelvis more markedly on the left, III scintigraphic degree on 
the  left  and II scintigraphic degree on the  right ) ( d )       
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  Fig. 6.10    ( a – c ) The imaging was performed posteriorly and anteri-
orly, in the supine position, by a double-head gamma camera. Left 
kidney was located in its own side and therefore was analyzed in 
posterior projection. By visually evaluating, dynamic images 
showed an intense concentration of tracer in the renal parenchyma 
and a rapid washout from the kidney. Right kidney was confi rmed in 
lumbar ectopia with smaller size and slightly irregular morphology. 
By qualitative evaluation of images in anterior view, tracer uptake 
was slightly reduced, and transit was mildly prolonged with a mod-
erately slow elimination of tracer from the kidneys ( a ). Left reno-
gram curve in the posterior view showed normal slope of 
parenchymal phase and regular elimination of tracer from the kid-
neys. Right renogram curve in the anterior projection showed mildly 
reduced slope of parenchymal phase, slightly prolonged transits, 
and slow urinary excretion ( d ). The split renal function should be 

calculated, considering the different distance of each kidney from 
the detectors to avoid errors that may lead to inadequate assessment 
of renal function. As we reported in ( f ), measurement of split renal 
function can be extremely variable according to the considered pro-
jection. Measurement of relative renal function exclusively per-
formed in the posterior view leads to a signifi cant underestimation 
of ectopic split renal function. Measurement of relative renal func-
tion is accurate if performed in posterior view for the normal posi-
tioned kidney and in anterior projection for the ectopic kidney. Split 
renal function calculated by geometric mean is a precise method 
too. ( g ,  h ) After a full resolution of residual urine stasis, IRC was 
performed showing a complete bladder voiding in the absence of 
VUR ( g ). Time-activity curves of bladder and kidneys confi rmed a 
regular and complete bladder voiding without radioactivity incre-
ment corresponding to the kidneys and ureters ( h )       
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  Fig. 6.11    ( a – c ) The imaging was performed anteriorly including the pel-
vic area within the fi eld of view of the camera (extremely important in 
case of pelvic kidney). By simple visual observation of the parenchymal 
phase, a single kidney in the pelvic region was observed. Renal uptake of 
the tracer was preserved, and intraparenchymal distribution was inhomo-
geneous due to an area devoid of tracer corresponding to the medial renal 
side (as for calyces and pelvis dilatation). Urinary excretion was delayed 
and was slow, with the evidence of radiotracer stasis, which tended to 

resolve itself during basal study ( a ) and to further improve after ortho-
statism. ( c ). Renogram curve showed preserved slope of parenchymal 
phase and slow elimination of tracer from the kidney. Renogram curve 
showed preserved slope of parenchymal phase, prolonged transit, and 
slow urinary excretion. ( b ). IRC imaging showed a complete bladder 
voiding without any radioactivity increment in supravesical region, cor-
responding to the kidney side ( d ). Time- activity curves of the bladder and 
kidney confi rmed qualitative IRC evaluation ( e )       
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  Fig. 6.12    The imaging was performed anteriorly including the pelvic 
area within the fi eld of view of the camera. By simple visual observa-
tion of the parenchymal phase, a single kidney in the pelvic region was 
observed. Transplanted kidney showed moderately reduced uptake of 
the tracer (with slight increased background activity) and inhomoge-
neous intraparenchymal distribution due to cortical focal defects. 
Urinary excretion was delayed and was slow, with evidence of radio-

tracer stasis corresponding to pelvis and ureter, which tended to resolve 
itself during basal study ( a ). Renogram curve showed moderately 
reduced slope of parenchymal phase, prolonged transit, and slow uri-
nary excretion. ( b ). IRC imaging showed a quite complete bladder 
voiding with high radioactivity increment corresponding to the trans-
planted kidney ( c ). Time-activity curves of bladder and kidney con-
fi rmed qualitative IRC evaluation ( d )       
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  Fig. 6.13    ( a – c ) By qualitative assessment of scintigraphic images, 
both kidneys were located in their own proper sides with synchro-
nous but asymmetrical perfusion (severely reduced on the  left side ). 
Left kidney was small with irregular morphology. Radiotracer uptake 
was poor, and tracer distribution was markedly inhomogeneous due 
to photodefi cient area (depending on calyces dilatation) and multiple 
focal cortical defects. Urinary pelvis and ureter drainage was slow 
with persistent radioactivity after standing upright. Right renal 
uptake was intense, tracer distribution was homogeneous, and uri-
nary drainage was normal ( a - c ). Left renogram curve had very little 
width, showing markedly reduced slope of parenchymal phase, pro-
longed transits, and low urinary excretion. Right renogram curve had 
normal shape of all phases. The basic renogram showed a poor left 

split renal functions ( b ). ( d – g ) Diuretic dynamic images ( d ) and 
diuretic renogram ( e ) show very slow response to furosemide without 
signifi cant improving in drainage in left kidney after upright stand-
ing. Ureter T/A curves showed “rising curve” of left ureter during 
basal dynamic renal scan without signifi cant washout during diuretic 
scintigraphy (persisting a slight radioactivity increment). Right ure-
ter showed normal pattern ( f ). ( h ,  i ) Radionuclide cystography was 
not achieved, because the child could not empty the bladder despite 
the urinary urge and numerous voiding attempts. At IRC images, hin-
dered by the presence of residual urinary stasis, no evidence of radio-
activity increment corresponding to kidneys and ureters was 
observed. Time-activity curves of bladder and kidney confi rmed 
qualitative IRC evaluation ( h )         
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  Fig. 6.14    ( a – c ) MAG3 dynamic renal scan showed normal function of 
both kidneys and bilateral impaired urinary drainage (worst on the  right 
side ); persistent radioactivity stasis was also detected in both dilated 
ureters ( a ). After gravity-assisted drainage-1 test, there was improved 
drainage in left kidney but no signifi cant improvement in the right one 
( c ). Both renogram curves showed normal slope of parenchymal phase, 
prolonged transit, and low urinary excretion. The basic renogram 

showed symmetric split renal functions ( d ). Diuretic dynamic study 
(images and time/activity curves) showed complete resolution of left 
ureter stasis and very slow response to furosemide of right kidney with-
out signifi cant improvement in ureter drainage too ( d ,  e ). Ureter T/A 
curves ( f ) showed: normal pattern of left ureter and “rising curve” of 
right ureter during dynamic renal scan; no signifi cant washout was 
detected during diuretic scintigraphy in the right ureter       
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  Fig. 6.15    ( a – c ) MAG3 renal scan showed left kidney with increased 
size and irregular morphology. Tracer distribution was markedly inho-
mogeneous with limited uptake in the upper renal third and a wide area 
devoid of tracer in the middle and inferior renal third (corresponding to 
ultrasonography-detected dilatation). On the left, urinary excretion was 
delayed and was slow, with the evidence of an intense radiotracer stasis 
in the middle-inferior renal third, which tends to resolve itself and to 
further improve after upright standing. Right kidney was small with an 
irregular morphology; right renal uptake was reduced, and tracer distri-
bution was inhomogeneous due to multiple focal cortical defects. 
Radiotracer transit was prolonged, and urinary excretion was suffi -
ciently rapid ( a ). Left renogram curve showed mildly reduced slope of 
parenchymal phase, and elimination of tracer from the kidney was 

delayed and slow. Right renogram curve had very little width showing 
markedly reduced slope of parenchymal phase, prolonged transits, and 
quite rapid urinary excretion. The basic renogram showed a poor right 
split renal function ( b ). ( d ,  e ) When the child has voiding stimulus, it is 
not possible waiting for a complete urine stasis resolution. In this tech-
nical condition, avoiding patient movement is crucial to not have arti-
factual increment and decrement of renal activity. IRC images showed 
a complete bladder voiding in the absence of VUR. In fact, considering 
the fi rst IRC frame, a mild residual stasis was observed in the left pelvis 
without increment during bladder emptying ( d ). Time-activity curves of 
bladder and kidneys confi rmed a regular and complete bladder voiding 
without radioactivity increment corresponding to the kidneys and ure-
ters ( e )       
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  Fig. 6.16    ( a ,  b ) The qualitative analysis of basic dynamic study revealed 
a bilateral intense concentration of tracer in the renal parenchyma (in 
upper and lower systems) and a rapid washout from both the kidneys ( a ). 
Renogram curves confi rmed the qualitative interpretation of the study, 
showing a normal tracer uptake in both kidneys, a bilateral regular transit 
with a rapid urinary excretion; the basic renogram also provides a sym-
metrical measurement of relative renal function ( b ). ( c ,  d ) In these clini-
cal cases, IRC images showed a complete bladder voiding with a slight 
radioactivity increment corresponding to the left ureter. In the fi rst IRC 
frame, a urinary stasis was observed on the  right side  with just a mild 

radioactivity increment in the upper part during bladder voiding; after-
ward, a progressive decrement was detected after bladder emptying. The 
fi rst IRC image, however, must be compared to the last frame of basal 
dynamic study, revealing a high-grade passive refl ux in the lower right 
system ( c ). By time-activity curves (of bladder and kidneys) evaluation, 
a regular and complete bladder voiding was confi rmed with evidence of 
low-grade radioactivity increment corresponding to the left ureter and 
right kidney ( d ). Interpretation of IRC images must include a careful 
comparative evaluation of basal dynamic study, especially when residual 
tracer stasis in the renal collecting system was present.       
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  Fig. 6.17    ( a ,  b ) The qualitative analysis of basic dynamic study 
revealed a small left kidney with severely impaired blood fl ow, poor 
tracer uptake, and delayed intrarenal transit. Right kidney showed nor-
mal morphology, an intense concentration of tracer in the renal paren-
chyma, and a mildly slow urinary excretion ( a ). The pattern of the left 
renogram curve was fl at. Right renogram curve showed normal slope of 
parenchymal phase, and elimination of tracer from the kidney was 
mildly slow. The basic renogram showed an extremely poor left split 
renal function ( b ). ( c ,  d ) IRC images showed an incomplete bladder 
voiding (about 50 % of postvoiding residual radioactivity in bladder) 

without signifi cant activity in increment corresponding to the kidneys 
and ureters. In these technical conditions, IRC study has a low sensibil-
ity of VUR detection, and other bladder-emptying attempts are manda-
tory. ( e ,  f ) A second bladder-emptying attempt was performed after oral 
hydration to obtain a good bladder refi ll. The fi rst IRC frame showed a 
bilateral complete resolution of tracer stasis in the renal collecting sys-
tem, and a complete bladder voiding was achieved. In these proper tech-
nical conditions, an exiguous VUR was detected on the  left side  ( e ) and 
confi rmed by time-activity curves ( f )       
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      Nephrourology: Nephrological 
Problems                     
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7.1          Teaching Cases 

 In this chapter are reported several teaching cases in which 
scintigraphic evaluation was helpful in clinical assessment of 
nephrological disease and its complications. 

7.1.1     Case 7.1 DMSA Scan in Differential 
Diagnosis Between Renal Hypoplasia 
and Renal Hypodysplasia 

 In patients with ultrasonographic fi nding of “small” kidney, 
DMSA scan allows to differentiate renal hypoplasia from 
renal hypodysplasia. In the presence of renal functional 
impairment, renal scan assesses the severity of impairment, 
selecting patients eligible for nephrectomy.  

7.1.2     Case 7.2 DMSA Scan in Case 
of Ultrasonographic Finding of Multiple 
Hypoechoic Round Areas 

 In patients with ultrasonographic fi nding of multiple 
hypoechoic round areas, DMSA scan allows to confi rm diag-
nosis of multicystic kidney, to differentiate multicystic from 

polycystic kidney, and to assess renal function in severe 
hydronephrosis eligible for surgery.  

7.1.3     Case 7.3 Functional and Drainage 
Assessment in Tuberous Sclerosis 
Syndrome with Hydronephrosis 

 A 3-year-old girl with tuberous sclerosis (TSC2/PKD1 con-
tiguous gene syndrome). She has hamartomatous lesions in 
various organs (including brain, skin, heart, eyes, and kid-
ney) with a typical phenotype of TSC and early-onset renal 
polycystic disease. She also had a prenatal diagnosis of right 
hydronephrosis with progressive increase of pyelic dilatation 
(last US showed right renal pelvis diameter of 23.1 mm and 
left pelvis of 7.5 mm, respectively). Therefore, she under-
went a dynamic renal scan, which showed severe hypofunc-
tion and poor drainage of right kidney. The girl then 
underwent right pyeloplasty and is actually on clinical ultra-
sonographic follow-up.  

7.1.4     Case 7.4 Functional Assessment 
in Tuberous Sclerosis Syndrome 
with Pyelonephritis 

 A 14-year-old boy with tuberous sclerosis. He presented 
large angiomyolipomas, benign tumors consisting of fatty 
tissue associated with an elevated risk of bleeding when the 
diameter is over 4 cm. Therefore, several transcatheter- 
selective arterial embolizations were carried out electively 
since he was 11 years old. He presented a renal abscess, 
treated with antibiotic therapy, and 6 months later a DMSA 
renal scan was performed in order to assess renal function 
and to evaluate kidney damage.  
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7.1.5     Case 7.5 Chronic Renal Failure in a Child 
with Surgically Treated Neuroblastoma 
and Contralateral Duplex System 

 A 3-month-old baby with chronic renal failure, right duplex 
system, and previous left nephrectomy-adrenalectomy for 
neuroblastoma. A DMSA renal scan was performed in order 
to assess renal function, in a child with complicate clinical 
and therapeutic management.  

7.1.6     Case 7.6 DMSA Scan in the Assessment 
of Kidney Damage Secondary 
to Ischemia 

 DMSA renal scan is helpful in the assessment of renal func-
tion and in the evaluation of kidney damage, secondary to 
renal ischemia; comparative evaluation of radiological and 

scintigraphic imaging is necessary to add functional data to 
anatomical imaging and to read scintigraphic imaging by 
anatomical backup.  

7.1.7     Case 7.7 Metabolic Assessment 
of Skeletal Involvement in Primary 
Hyperoxaluria: Bone Scintigraphy 
Pattern 

 Type 1 primary hyperoxaluria is an autosomal recessive dis-
order due to the defi ciency of glyoxylate aminotransferase; it 
is characterized by hyperoxaluria, calcium oxalate urinary 
lithiasis, nephrocalcinosis, and renal failure; oxalate precipi-
tates in the skin, blood vessels, and bone. 

 The case of a 3-year-old baby, with type 1 primary hyper-
oxaluria, chronic renal failure in dialytic therapy, and liver 
transplantation, is reported.  
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7.1.8     Case 7.8 Functional Assessment 
in Newborn with Drug-Resistant 
Hypertension and Thrombosis 
of Multiple Arteries: Additional Value 
of SPECT-CT Fused Images 

 A 5-month-old baby refers to our Emergency for severe 
drug-resistant hypertension. She had multiple hospitaliza-
tions since her birth, and her medical history included throm-
bosis of multiple arteries (abdominal aorta, renal arteries, 
and celiac tripod), thrombophilia, left ventricular hypertro-

phy, left cerebral hemisphere ischemia, respiratory distress, 
and klebsiella infection. 

 Because of the presence of thrombosis of renal arteries, a 
renal hypertension is hypothesized and a therapeutic nephrec-
tomy is considered. Therefore, a renal scintigraphy with 
 99m Tc-DMSA is performed in order to evaluate functional 
assessment. 

 Static images of abdomen are acquired 3 h after radio-
tracer injection. Single photon emission computed tomogra-
phy (SPECT) images are also obtained and manually fused 
with computed tomography (CT) (Fig.  7.1 ,  7.2 ,  7.3 ,  7.4 ,  7.5 , 
 7.6 ,  7.7 , and  7.8 ).             

  Fig. 7.1    In the DMSA renal scan, posterior view, are displayed three 
patients with normal  left kidney  and ultrasonographic fi nding of small 
 right kidney : ( a )  right kidney  is smaller than the other one, but shows 
good and homogeneous uptake of radiotracer without evidence of corti-
cal defect;  right kidney  DRF is 39 %, as seen in hypoplastic kidneys; ( b ) 

 right kidney  is smaller than the other one, with moderate-severe reduc-
tion of radiotracer uptake ( right kidney  DRF: 21 %, “moderate-severe 
hypodysplasia”); ( c )  right kidney  is markedly smaller than the other 
one, with severe reduction of the radiotracer uptake ( right kidney  DRF: 
5 %, “severe hypodysplasia”)       

  Fig. 7.2    In the DMSA renal scan, posterior view, are displayed three 
patients with normal  left kidney  and ultrasonographic fi nding of multi-
ple hypoechoic round areas in right kidney: ( a ) DMSA renal scan in a 
8-month-old boy with prenatal diagnosis of multicystic kidney: there is 
no visualization of  right kidney  (multicystic dysplastic kidney is not 
able to uptake radiotracer, because there is no functioning parenchyma); 
( b ) DMSA renal scan in a 3-year-old boy with prenatal diagnosis of 
renal cystic dysplasia:  right kidney  is larger than the other one and 
shows irregular shape, with nonhomogenous intraparenchymal radio-
tracer distribution and multiple focal areas of reduced uptake, espe-

cially in the upper pole, associated with cortical defects, related to the 
presence of cystic lesions (polycystic dysplasia); ( c ) DMSA renal scan, 
in a 5-year-old boy with severe hydronephrosis:  right kidney  is larger 
than the other one, with irregular shape; moderate reduction of radio-
tracer uptake is evident associated with multiple areas devoid of tracer 
corresponding to dilated collecting system, surrounded by thin paren-
chyma without cortical defects (right DRF: 35 %). DMSA renal scan is 
considered the gold standard for split renal function assessment, even if 
MAG3 renal scan allows an analog split function evaluation and adds 
defi nition of urinary drainage, useful in follow-up after surgery       
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  Fig. 7.3    MAG3 dynamic renal scan: dynamic images ( a ) show good 
radiotracer uptake in  left kidney  with nonhomogeneous intraparenchy-
mal distribution due to an area devoid of tracer corresponding to dilated 
renal pelvis and collecting system; shape is irregular and drainage is 
poor;  right kidney  is smaller than the other one, with very irregular 
shape, severe reduction of uptake, and poor drainage; radiotracer uptake 
is evident only in lower third of the kidney. ( b )  Left renogram  shows 
normal function but poor drainage of  left kidney  (“rising curve”);  right 

renogram  has low width and shows severe hypofunction of  right kidney  
with impaired drainage; fl ow T/A curves show synchronous but asym-
metrical (reduced in  right kidney ) perfusion. Gravity-assisted drainage-
 1 test shows signifi cant improvement in  left kidney  drainage, but still 
poor drainage of  right kidney  ( c ). Diuretic dynamic images ( d ) and 
diuretic renogram ( e ) show very slow response to furosemide and no 
signifi cant improvement in drainage in the  right kidney. Right kidney  
drainage remains still poor even after gravity-assisted drainage-2 test ( f )       

 

M.F. Villani et al.



85

  Fig. 7.4    DMSA renal scan (60 s uptake image, posterior view, LPO 
view, and RPO view):  left kidney  shows good uptake of radiotracer, 
with homogeneous intraparenchymal distribution;  right kidney  is 

smaller than  left  one, with irregular shape; radiotracer uptake is good in 
 lower third  of the kidney, but very much reduced in the  upper and mid-
dle two-thirds , with cortical defects       
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  Fig. 7.5    DMSA renal scan (60 s uptake image, posterior view and 
RPO view): there is no visualization of  left kidney  (previous nephrec-
tomy);  right kidney  shows global reduction of radiotracer uptake and 

evidence of a large hypoactive area with cortical defect in the upper 
system. A very low target/background ratio is also evident       
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  Fig. 7.6     Thrombosed aneurysm of upper pole left renal artery, surgi-
cally treated,  in an 18 month-old infant with hypertension DMSA renal 
scan, posterior view. ( a )  Left kidney  is very small, with evidence of 
radiotracer uptake only in  lower third , but not in  upper and middle two- 
thirds  (previous infarction);  right kidney  shows good uptake of radio-
tracer with homogeneous intraparenchymal distribution and no 
evidence of scars. Computed tomography angiography. ( a’ )  Left kidney  
presents reduced volume, showing parenchymal hypoperfusion in 
upper and middle portions.  Perinatal right renal artery thrombosis  in a 
9-year-old girl with congenital thrombophilia (antithrombin III defi cit) 
and right renal artery thrombosis: DMSA renal scan, posterior view. ( b ) 
 Left kidney  shows good uptake of radiotracer, with homogeneous intra-
parenchymal distribution; no visualization of  right kidney . Magnetic 

resonance angiography. ( b’ ) No evidence of gadolinium enhancement 
in  right kidney , due to known right renal artery thrombosis.  Renal 
infarction  in a 14-year-old boy who underwent  renal transplantation , 
complicated by renal arterial stenosis. DMSA renal scan, anterior view. 
( c ) Transplanted kidney is located in the  left  iliac fossa; it is small and 
shows global reduction of radiotracer uptake; intraparenchymal distri-
bution is not homogeneous, and two hypoactive areas with cortical 
defects are evident: the larger one in the  upper pole  and a small focal 
one in the  lower pole , respectively (renal infarction). A very low target/
background ratio is also evident. Computed tomography angiography 
( c’ ) shows reduced renal parenchymography with nonhomogeneous 
enhancement in the  upper  and  lower poles.        
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a

  Fig. 7.7    ( a ) Bone scan, early phase ( left image ): no pathological radio-
tracer uptake in soft tissue in whole body blood pool image. Bone scan, 
delayed phase ( right image ): delimited and linear radiotracer uptake, 
symmetrically located in distal metadiaphyses of both femurs and in 
proximal and distal metadiaphyses of both tibiae. These characteristic 

fi ndings are typical features of scintigraphic pattern of skeletal involve-
ment in primary hyperoxaluria; corresponding radiological images are 
reported in ( b ) showing typical skeletal changes of oxalosis character-
ized by marked translucent metaphyseal bands with sclerotic margins in 
lower limbs       
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a

  Fig. 7.8    ( a ) Static images show absence of radiotracer uptake in  left  
renal lodge and uptake in  right  kidney. Only SPECT-CT images ( b ) 
allow to better defi ne which portion of  right  kidney is actually function-
ing, that is, the upper half of the kidney. In this case, SPECT images and 

in particular SPECT-CT fused images are essential to detect renal func-
tioning parenchyma. Planar images alone, in fact, did not allow a cor-
rect identifi cation of kidneys for the lack of morphological defi nition of 
scintigraphic images, especially in abdomen of small size       
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      Nephrourology: Urinary Tract Infections                     
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and     Maria     Carmen     Garganese   

8.1          Static Renal Scintigraphy 

8.1.1     Study Technique and Interpretation 

 Static images in posterior, left posterior oblique (LPO), and 
right posterior oblique (RPO) views are acquired at least 4 h 
after 99mTc-DMSA (dimercaptosuccinic acid) injection; 
administered activity of radiotracer is adjusted to the patient’s 
weight, according to EANM dosage card and to the national 
regulations. 

 When kidneys are ectopic or when a congenital kidney 
abnormality is suspected, additional and adequate static 
views are required (i.e., anterior view, left anterior oblique 
view). 

 A 60 s image, refl ecting kidney uptake, is also registered 
in all patients. Using ROI technique method, with a dedi-
cated software, global uptake and differential renal function 
are calculated.  
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8.1.2     Teaching Cases 

8.1.2.1     DMSA Renal Scan: Normal Pattern 
(Fig.  8.1 ) 

  Fig. 8.1    (60 s uptake image, 
posterior view,  LPO  view, and 
 RPO  view): both kidneys show 
good uptake of radiotracer, with 
homogeneous intraparenchymal 
distribution; no cortical defects 
are evident in both kidneys       
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8.1.2.2         DMSA Renal Scan in Acute Pyelonephritis 
 DMSA renal scan in a 4-month-old baby, with diagnosis of 
acute pyelonephritis. No evidence of pathological fi ndings 
was detected by ultrasonography, while DMSA scan 
showed a characteristic acute pyelonephritis pattern. 
Cystography performed after 1 month revealed bilateral 

high-grade vesicoureteral refl ux (VUR). DMSA renal scan 
in acute pyelonephritis allows an early detection of kidney 
damage and is characterized by a high prognostic value in 
identifying children with higher risk of renal impairment 
(Fig.  8.2a, b ).

  Fig. 8.2    ( a ) DMSA renal scan 
(posterior view,  LPO  view, and 
 RPO  view):  left kidney  is smaller 
than the other one, with global 
reduction of radiotracer uptake 
(acute fl ogosis); two cortical 
defects are evident, one in the 
 upper pole  and the larger one in 
the  lower pole , respectively;  right 
kidney  shows good uptake of 
radiotracer with decreased uptake 
in  upper  and  lower poles , without 
cortical defects. A very low 
target/background ratio is also 
evident. ( b ) Cystography: 
bilateral high-grade 
vesicoureteral refl ux (Grade IV)       
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8.1.2.3        DMSA Renal Scan in Follow-up ofVUR: 
Evaluation of Stable Scars 

 DMSA renal scan in an 8-year-old child with renovascular 
hypertension and treated bilateral VUR (Fig.  8.3 ).

  Fig. 8.3    (60 s uptake image, 
posterior view,  LPO  view, and 
 RPO  view): radiotracer uptake is 
reduced in both kidneys with 
bilateral multiple cortical defects, 
in particular, in the right one. A 
low target/background ratio is 
also evident       
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8.1.2.4        DMSA Renal Scan in Diagnosis of Renal 
Scars in High-Grade VUR 

 Severity of VUR is not always proportional to kidney dam-
age, as it is showed in the following cases (Fig.  8.4 ).

  Fig. 8.4    ( a ) No evidence of scars in relation to high-grade VUR. DMSA 
renal scan (posterior view,  LPO  view, and  RPO  view): both kidneys 
show good uptake of radiotracer, with homogeneous intraparenchymal 
distribution; no cortical defects are evident in both kidneys. ( b ) 
Evidence of a small scar in relation to high-grade VUR. DMSA renal 
scan (posterior view,  LPO  view, and  RPO  view):  left kidney  is smaller 
than the other one, with globally reduced radiotracer uptake and a cen-
tral area devoid of tracer corresponding to dilated renal pelvis; a small 

focal cortical defect is evident in the upper pole.  Right kidney  shows 
good uptake of radiotracer with homogeneous intraparenchymal distri-
bution and no evidence of cortical defects. ( c ) Evidence of multiple 
bilateral scars. DMSA renal scan (posterior view,  LPO  view, and  RPO  
view): both kidneys are small with irregular shape; radiotracer intrapa-
renchymal distribution is nonhomogeneous, and multiple cortical 
defects are evident in both kidneys, in particular, in the left one. A very 
low target/background ratio is also evident.           
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Fig. 8.4 (continued)
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8.1.2.5        DMSA Renal Scan in Assessment of Renal 
Function and in Diagnosis of Cortical 
Defects in Posterior Urethral Valves 

 A 6–month-old baby, with chronic renal failure secondary to 
posterior urethral valves.

    (a)    Cystography: bilateral high-grade vesicoureteral refl ux 
(V grade on the left, IV grade on the right) with dilated 
proximal urethra and radiological signs of posterior ure-
thral valves.   

   (b)    DMSA renal scan (posterior view, LPO view): no visu-
alization of right kidney; left kidney has got an irregu-
lar shape and shows globally reduced uptake of 
radiotracer with nonhomogeneous intraparenchymal 
distribution. A very low target/background ratio is also 
evident.      

8.1.2.6     DMSA Renal Scan in Obstructive 
Uropathy (With or Without Scars) 

     (a)    DMSA renal scan (posterior view) in left hydronephro-
sis with no evidence of cortical defects. Left kidney is 
very much enlarged, with mildly irregular shape; it 
shows nonhomogeneous intraparenchymal distribution 
of  radiotracer, with the evidence of a large area dilated 
renal pelvis; renal parenchyma is thin, with no cortical 
defects. Radiourine is evident in dilated pelvis. Right 
kidney shows good uptake of radiotracer, with homoge-
neous intraparenchymal distribution and no evidence of 
cortical defects (left DRF: 55 %; right DRF: 45 %).   

   (b)    DMSA renal scan (posterior view) in right hydrouretero-
nephrosis with no evidence of cortical defects. Left kid-
ney shows good uptake of radiotracer, with homogeneous 
intraparenchymal distribution. Right kidney shows good 
uptake of radiotracer with nonhomogeneous intraparen-
chymal distribution for the presence of an area devoid of 
tracer corresponding to dilated renal pelvis; no cortical 
defects are evident in both kidneys (left DRF: 48 %; 
right DRF: 52 %).   

   (c)    DMSA renal scan (posterior view) in right kidney hydro-
nephrosis with renal impairment and multiple cortical 
defects. Left kidney shows good uptake of radiotracer, 
with homogeneous intraparenchymal distribution and no 
evidence of cortical defects. Right kidney shows reduced 
uptake of radiotracer, with the evidence of a large area 
devoid of tracer corresponding to dilated renal pelvis 
and collecting system; renal parenchyma is thin, and 
multiple cortical defects are evident (left DRF: 71 %; 
right DRF: 29 %).   

   (d)    DMSA renal scan (posterior view) in staghorn calculi of 
left kidney with low renal function. Left kidney is 
smaller than the other one, with irregular shape, and 
shows severe reduction of radiotracer uptake. 
Intraparenchymal distribution is not homogeneous, and 

many areas devoid of tracer (corresponding to renal 
 litiasis) are evident with multiple focal cortical defects. 
Right kidney shows good uptake of radiotracer, with 
homogeneous intraparenchymal distribution and no evi-
dence of cortical defects (left DRF: 28 %; right DRF: 
72 %).      

8.1.2.7     Urinary Tract Malformations: Duplex 
Kidney 

     (a)    DMSA renal scan (posterior view): both kidneys show 
good uptake of radiotracer, with homogeneous intrapa-
renchymal distribution; no cortical defects are evident in 
both kidneys. There is evidence of duplex system in the 
left kidney, with regular uptake of radiotracer in both 
systems.   

   (b)    DMSA renal scan (posterior view): left kidney shows 
good uptake of radiotracer, with homogeneous intrapa-
renchymal distribution. There is evidence of duplex 
 system in right kidney, with reduction of radiotracer 
uptake in upper system and evidence of dilated renal pel-
vis; good uptake in lower system is evident. No cortical 
defects are evident in both kidneys. Using ROI technique 
method, it is possible to calculate DRF and function of 
each system too.   

   (c)    DMSA renal scan (posterior view): evidence of duplex 
system in left kidney, with good radiotracer uptake in 
upper system and severe reduction of uptake in lower 
system. Right kidney shows good uptake of radiotracer 
with homogeneous intraparenchymal distribution with-
out cortical defects.      

8.1.2.8     Renal Congenital Abnormalities with No 
Evidence of Cortical Defects 

     (a)    DMSA renal scan (posterior view): horseshoe kidney, 
with bilateral good uptake of radiotracer and homoge-
neous intraparenchymal distribution. No cortical defects 
are evident in both kidneys.   

   (b)    DMSA renal scan (anterior view): visualization of a sin-
gle kidney, round-shaped (as seen in “pancake kidney”), 
with good uptake of radiotracer and mildly nonhomoge-
neous intraparenchymal distribution. No cortical defects 
are evident.   

   (c)    DMSA renal scan (posterior view): right kidney is in its 
own proper site and shows good uptake of radiotracer, 
homogeneous intraparenchymal distribution, and no evi-
dence of cortical defects. Left kidney is located in the 
abdomen, is malrotated, and its upper pole is fused with 
the medial border of the lower pole of the right one (as 
seen in cross-fused ectopic kidneys or sigmoid kidney). 
Intraparenchymal tracer distribution of left ectopic kid-
ney is mildly nonhomogeneous (decreased uptake in 
both poles), with no evidence of signifi cant cortical 
defects.      
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8.1.2.9     Renal Congenital Abnormalities: 
Horseshoe Kidney 

     (a)    DMSA renal scan (posterior view, anterior view, LPO 
view, and RPO view): horseshoe kidney, with good 
uptake of radiotracer and homogeneous intraparenchy-
mal distribution in both kidneys without cortical defects.   

   (b)    DMSA renal scan (posterior view, anterior view, LPO 
view, and RPO view) in horseshoe kidney. Left kidney 
shows reduction of radiotracer uptake and nonhomoge-
neous intraparenchymal distribution (due to an area 
devoid of tracer corresponding to dilated renal pelvis 
and collecting system) and multiple cortical defects. 
Right kidney shows good uptake of radiotracer, homoge-
neous intraparenchymal distribution, and no evidence of 
cortical defects.      

8.1.2.10     Renal Congenital Abnormalities: Fused 
Ectopic Kidneys 

     (a)    DMSA renal scan (anterior view) in ectopic pelvic kid-
neys fused on their medial border. Left kidney shows 
good and homogeneous uptake of radiotracer, with no 
evidence of cortical defects. Right kidney shows irregu-
lar shape, with nonhomogeneous radiotracer uptake; two 
small cortical defects are evident in the upper and mid-
dle two-thirds of the kidney, on the medial and lateral 
border.   

   (b)    DMSA renal scan (anterior view): as displayed by draw-
ing, a single ectopic kidney is located in the abdomen on 
the left paramedian line, showing good and homoge-
neous uptake of radiotracer without evidence of cortical 
defects.   

   (c)    DMSA renal scan (anterior view): as displayed by draw-
ing, a single ectopic pelvic kidney is evident, showing 
good uptake of radiotracer with two cortical defects in 
the upper and lower poles, respectively.      

8.1.2.11     Renal Congenital Abnormalities: 
Nonfused Ectopic Kidneys (Cortical 
Defects and Renal Pelvis Dilatation) 

     (a)    DMSA renal scan (posterior view, anterior view, LAO 
view, and RPO view) shows left ectopic kidney located 
in the pelvis, with irregular shape and mild reduction of 
radiotracer uptake; a cortical defect is evident in the 
upper pole. Right kidney is located in its own proper site 
and shows good uptake of radiotracer, homogeneous 
intraparenchymal distribution, and no evidence of corti-
cal defects.   

   (b)    DMSA renal scan (posterior view, anterior view, LAO 
view, and RPO view) shows left kidney located in its 
own proper site with good uptake of radiotracer, homo-
geneous intraparenchymal distribution, and no evidence 
of cortical defects. Right ectopic kidney is located in the 
pelvis with irregular shape and mild reduction of radio-
tracer uptake. Intraparenchymal distribution is nonho-
mogeneous, with an area devoid of tracer corresponding 
to dilated renal pelvis and no cortical defects (Figs.  8.5 , 
 8.6 ,  8.7 ,  8.8 ,  8.9 ,  8.10 , and  8.11 ).

M.F. Villani et al.



99

a b

  Fig. 8.5    A 6–month-old baby, with chronic renal failure secondary to 
posterior urethral valves. ( a ) Cystography: bilateral high-grade vesico-
ureteral refl ux (V grade on the left, IV grade on the  right ) with dilated 
proximal urethra and radiological signs of posterior urethral valves. ( b ) 

DMSA renal scan (posterior view,  LPO  view): no visualization of  right 
kidney ;  left kidney  has got an irregular shape and shows globally 
reduced uptake of radiotracer with nonhomogeneous intraparenchymal 
distribution. A very low target/background ratio is also evident       
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a b

dc

  Fig. 8.6    ( a ) DMSA renal scan (posterior view) in  left  hydronephrosis 
with no evidence of cortical defects.  Left kidney  is very much enlarged, 
with mildly irregular shape; it shows nonhomogeneous intraparenchy-
mal distribution of radiotracer, with the evidence of a large area dilated 
renal pelvis; renal parenchyma is thin, with no cortical defects. 
Radiourine is evident in dilated pelvis.  Right kidney  shows good uptake 
of radiotracer, with homogeneous intraparenchymal distribution and no 
evidence of cortical defects (left DRF: 55 %; right DRF: 45 %). ( b ) 
DMSA renal scan (posterior view) in right hydroureteronephrosis with 
no evidence of cortical defects.  Left kidney  shows good uptake of radio-
tracer, with homogeneous intraparenchymal distribution.  Right kidney  
shows good uptake of radiotracer with nonhomogeneous intraparen-
chymal distribution for the presence of an area devoid of tracer corre-
sponding to dilated renal pelvis; no cortical defects are evident in both 
kidneys (left DRF: 48 %; right DRF: 52 %). ( c ) DMSA renal scan (pos-

terior view) in  right kidney  hydronephrosis with renal impairment and 
multiple cortical defects.  Left kidney  shows good uptake of radiotracer, 
with homogeneous intraparenchymal distribution and no evidence of 
cortical defects.  Right kidney  shows reduced uptake of radiotracer, with 
the evidence of a large area devoid of tracer corresponding to dilated 
renal pelvis and collecting system; renal parenchyma is thin, and mul-
tiple cortical defects are evident (left DRF: 71 %; right DRF: 29 %). ( d ) 
DMSA renal scan (posterior view) in staghorn calculi of  left kidney  
with low renal function.  Left kidney  is smaller than the other one, with 
irregular shape, and shows severe reduction of radiotracer uptake. 
Intraparenchymal distribution is not homogeneous, and many areas 
devoid of tracer (corresponding to renal litiasis) are evident with mul-
tiple focal cortical defects.  Right kidney  shows good uptake of radio-
tracer, with homogeneous intraparenchymal distribution and no 
evidence of cortical defects (left DRF: 28 %; right DRF:72 %)       
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a b c

  Fig. 8.7    ( a ) DMSA renal scan (posterior view): both kidneys show 
good uptake of radiotracer, with homogeneous intraparenchymal distri-
bution; no cortical defects are evident in both kidneys. There is evi-
dence of duplex system in the  left kidney , with regular uptake of 
radiotracer in both systems. ( b ) DMSA renal scan (posterior view):  left 
kidney  shows good uptake of radiotracer, with homogeneous intrapa-
renchymal distribution. There is evidence of duplex system in  right 
kidney , with reduction of radiotracer uptake in upper system and evi-

dence of dilated renal pelvis; good uptake in lower system is evident. 
No cortical defects are evident in both kidneys. Using ROI technique 
method, it is possible to calculate DRF and function of each system too. 
( c ) DMSA renal scan (posterior view): evidence of duplex system in  left 
kidney , with good radiotracer uptake in upper system and severe reduc-
tion of uptake in lower system.  Right kidney  shows good uptake of 
radiotracer with homogeneous intraparenchymal distribution without 
cortical defects       

a b c

  Fig. 8.8    ( a ) DMSA renal scan (posterior view): horseshoe kidney, 
with bilateral good uptake of radiotracer and homogeneous intraparen-
chymal distribution. No cortical defects are evident in both kidneys. ( b ) 
DMSA renal scan (anterior view): visualization of a single kidney, 
round-shaped (as seen in “pancake kidney”), with good uptake of radio-
tracer and mildly nonhomogeneous intraparenchymal distribution. No 
cortical defects are evident. ( c ) DMSA renal scan (posterior view): 
 right kidney  is in its own proper site and shows good uptake of radio-

tracer, homogeneous intraparenchymal distribution, and no evidence of 
cortical defects.  Left kidney  is located in the abdomen, is malrotated, 
and its upper pole is fused with the medial border of the lower pole of 
the right one (as seen in cross-fused ectopic kidneys or sigmoid kid-
ney). Intraparenchymal tracer distribution of left ectopic kidney is 
mildly nonhomogeneous (decreased uptake in both poles), with no evi-
dence of signifi cant cortical defects       
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a b

  Fig. 8.9    ( a ) DMSA renal scan (posterior view, anterior view,  LPO  
view, and  RPO  view): horseshoe kidney, with good uptake of radio-
tracer and homogeneous intraparenchymal distribution in both kidneys 
without cortical defects. ( b ) DMSA renal scan (posterior view, anterior 
view,  LPO  view, and  RPO  view) in horseshoe kidney.  Left kidney  shows 

reduction of radiotracer uptake and nonhomogeneous intraparenchymal 
distribution (due to an area devoid of tracer corresponding to dilated 
renal pelvis and collecting system) and multiple cortical defects.  Right 
kidney  shows good uptake of radiotracer, homogeneous intraparenchy-
mal distribution, and no evidence of cortical defects       

a b c

  Fig. 8.10    ( a ) DMSA renal scan (anterior view) in ectopic pelvic kid-
neys fused on their medial border.  Left kidney  shows good and homoge-
neous uptake of radiotracer, with no evidence of cortical defects.  Right 
kidney  shows irregular shape, with nonhomogeneous radiotracer uptake; 
two small cortical defects are evident in the upper and middle two-thirds 
of the kidney, on the medial and lateral border. ( b ) DMSA renal scan 

(anterior view): as displayed by drawing, a single ectopic kidney is 
located in the abdomen on the left paramedian line, showing good and 
homogeneous uptake of radiotracer without evidence of cortical defects. 
( c ) DMSA renal scan (anterior view): as displayed by drawing, a single 
ectopic pelvic kidney is evident, showing good uptake of radiotracer 
with two cortical defects in the upper and lower poles, respectively       
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a b

  Fig. 8.11    ( a ) DMSA renal scan (posterior view, anterior view,  LAO  
view, and  RPO  view) shows left ectopic kidney located in the pelvis, 
with irregular shape and mild reduction of radiotracer uptake; a cortical 
defect is evident in the upper pole.  Right kidney  is located in its own 
proper site and shows good uptake of radiotracer, homogeneous intra-
parenchymal distribution, and no evidence of cortical defects. ( b ) 
DMSA renal scan (posterior view, anterior view,  LAO  view, and  RPO  

view) shows  left kidney  located in its own proper site with good uptake 
of radiotracer, homogeneous intraparenchymal distribution, and no evi-
dence of cortical defects. Right ectopic kidney is located in the pelvis 
with irregular shape and mild reduction of radiotracer uptake. 
Intraparenchymal distribution is nonhomogeneous, with an area devoid 
of tracer corresponding to dilated renal pelvis and no cortical defects       
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      Nephrourology: Focus On Child 
with Bladder Dysfunctions 
and Urodynamics                     

     Mario     De     Gennaro    ,     Maria     Luisa     Capitanucci     , 
and     Giovanni     Mosiello   

9.1          Introduction 

 Bladder dysfunction is a broad term used to describe differ-
ent dysfunctional conditions of the bladder-sphincter com-
plex, due to nonneurogenic and neurogenic causes. The 
International Children’s Continence Society (ICCS) pro-
vided guidelines on bladder dysfunctions which are better 
defi ned with the term  lower urinary tract dysfunctions  
(LUTD) [ 3 – 6 ,  16 ,  17 ]. The ICCS classifi ed two main groups 
of nonneurogenic conditions: nighttime ( enuresis ) and day-
time ( overactive bladder  –  OAB ,  dysfunctional voiding  – DV, 
 underactive bladder  – UB,  bladder and bowel dysfunction  – 
 BBD ) conditions. They are more common problems in chil-
dren and adolescents, leading to urinary incontinence (UI); 
LUTD seriously affect quality of life.  Neurogenic bladder  
( NB ) is the term applied to LUTD due to congenital or 
acquired neurological lesions. Depending on the site of neu-
rological insult, urodynamic studies show pattern of detrusor 
overactivity or underactivity with or without sphincter dys-
synergia. Due to pathophysiological reasons, urinary tract 
infection (UTI) and vesicoureteral refl ux (VUR) are strong 
comorbid conditions in both nonneurogenic and neurogenic 
LUTD. This chapter focuses on defi nition, pathophysiology, 
and assessment of both nonneurogenic and neurogenic 
LUTD.  

9.2     Nonneurogenic Lower Urinary Tract 
Dysfunctions [ 3 ,  5 ,  6 ,  16 ] 

 Since the fi nal steps of lower urinary tract (LUT) control 
development are usually achieved at the age of 3 or 4 years, 
defi nitions of LUT symptoms and dysfunctions are relevant 
from the age of 5 years.

•     Lower urinary tract symptoms  ( LUTS ): LUTS are classi-
fi ed according to their relation with the storage or voiding 
phase of bladder function.
    Storage Symptoms 
 –     Increased or decreased voiding frequency : The nor-

mal range is 3–7 voiding per day.  Voiding frequency  
is  increased  in those children who void ≥8 times 
daily and  decreased  in the ones who void ≤3 times 
daily.  

 –    Urinary incontinence  ( UI ): It means involuntary leak-
age of urine. It can be continuous or intermittent. 
When UI is continuous, it is almost exclusively associ-
ated with congenital anomalies (ectopic ureter, poste-
rior urethral valves, exstrophy-epispadias complex), 
iatrogenic damage (external sphincterotomy, vesico-
vaginal fi stulas), and NB. Differently, intermittent UI 
is due to nonneurogenic LUTD. When associated with 
urgency, it is called urge UI.  

 –    Urgency : It means the sudden and unexpected experi-
ence of an immediate need to void.  

 –    Nocturia : The child must be awaken at night to void.      
    Voiding Symptoms 
 –     Hesitancy : denotes diffi culty in the initiation of 

micturition.  
 –    Straining : child applies abdominal pressure to initiate 

and maintain voiding.  
 –    Weak stream : observed ejection of urine with a weak 

force.  
 –    Intermittency : micturition occurs in several discrete 

spurts.  
 –    Dysuria : burning or discomfort during micturition.      

        M.   De   Gennaro    •    G.   Mosiello    
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    Other Symptoms 
 –     Holding maneuvers : they are observable strategies to 

postpone micturition as well as squatting, standing on 
tiptoe, forcefully crossing the legs.  

 –    Feeling of incomplete bladder emptying .  
 –    Urinary retention : sensation of the inability to void 

despite persistent effort in the presence of a fully, dis-
tended bladder.  

 –    Postmicturition dribble : involuntary urine leakage 
which occurs immediately after voiding has fi nished.  

 –    Spraying  ( splitting )  of the urinary stream : urine 
passes as a spray or a split rather than a single dis-
crete stream.        

•    Lower urinary tract dysfunctions  ( LUTD ): These include 
nighttime and daytime conditions:
    Nighttime condition 
 –     Enuresis : It is a form of  intermittent nocturnal UI  

defi ned as involuntary voiding during sleep, at least 
three times a week, in nonneurologically impaired 
children over 5 years of age. Enuresis may be  mono-
symptomatic  (without daytime symptoms) or  non-
monosymptomatic  (with daytime symptoms) and 
 primary  (children who have never been free of bed-
wetting for 6 months) or  secondary  (re- emergence of 
bed-wetting after a dry period of at least 6 months). 
The classifi cation into mono- (MNE) and nonmono 
(NMNE) symptomatic enuresis is very important when 
we consider treatment strategies. MNE is an isolated 
phenomenon due to delayed maturation in one or more 
of the following systems: stability of bladder function, 
arginine–vasopressin release, or response and ability 
to wake from sleep to full bladder sensations. 
Combinations of all the three problems may be present 
in the same children. NMNE is not an isolated phe-
nomenon but a part of symptom complex which is 
expression of LUTD. Therefore, children with NMNE 
are more appropriately managed in the context of 
LUTD.      

    Daytime Conditions  
 Classifi cation of daytime LUTD is more complex due to 
heterogeneity of LUTS and considerable overlap between 
conditions. The main types of daytime LUTD have been 
reported:   
•     Overactive Bladder  ( OAB ): OAB is defi ned by urgency, 

usually accompanied by increased frequency and/or 
nocturia. UI may be concomitant with urgency (urge 
UI). The hallmark symptom of OAB, the urgency, 
arises from detrusor overactivity (DO): detrusor con-
tractions are registered during the fi lling phase of inva-
sive urodynamic study (UDS). During invasive UDS, 
DO is countered by voluntary contraction of the pelvic 
fl oor to postpone voiding and minimize urge UI. The 

predominant pathophysiological theory to explain 
OAB in children is that OAB is due to delayed matura-
tion of reticulospinal pathways and inhibitory center in 
the midbrain and cerebral cortex [ 5 ]. Delay in blad-
der–sphincter coordination during voiding causes DO 
to be met with voluntary external sphincter contrac-
tions. Consequent increase in intravesical pressure is 
recognized by children as sense of urgency, and may 
lead to the development of VUR. Recurrent detrusor 
contraction against a closed or incompletely relaxed 
sphincter/pelvic fl oor can induce progressive detrusor 
hypertrophy, which may lead to decreased functional 
bladder capacity and increased DO; in this manner, a 
vicious circle is created in which OAB can only get 
worse [ 2 ].  

•    Dysfunctional Voiding  ( DV ): Children with DV are 
disabled to fully relax the sphincter or pelvic fl oor 
muscles during voiding. This condition can be 
defi ned only by means of fl owmetry plus pelvic-fl oor 
electromyography showing staccato or interrupted 
pattern. Children with DV usually present with low 
voiding frequency, UI, and UTI, with or without 
VUR. Pathophysiology of DV remains unclear. It has 
been hypothesized that DO eventually leads to over-
activity of the pelvic fl oor with subsequent insuffi -
cient relaxation during voiding [ 1 ]. Another theory 
suggests that poor relaxation of the pelvic fl oor mus-
cles during voiding is a learned condition during the 
toilet training years, adopted following episodes of 
urinary tract infection or constipation or occurring 
after sexual abuse [ 10 ]. Moreover, toilet conditions 
and privacy issues can trigger or exacerbate voiding 
disturbances [ 8 ]. In some girls, DV may be associ-
ated with anatomical anomalies of the external ure-
thral meatus: the urine stream may be defl ected 
anteriorly and cause stimulation of the clitoris with 
refl ex activity of the bulbocavernous muscle, causing 
intermittent voiding [ 14 ].  

•    Underactive Bladder  ( UB ): The term UB replaces 
the old entity of lazy bladder. This term is reserved 
for children with a need to increase abdominal pres-
sure to initiate, maintain, or complete voiding. The 
children with UB show an inability to void using 
detrusor pressure alone; they often produce an inter-
rupted or plateau fl ow pattern with relevant postvoid-
ing residual urine (PVR). In these cases, UDS is 
mandatory to defi ne the presence of detrusor under-
activity during voiding. Long-standing overactivity 
of the pelvic fl oor may lead in some children to 
detrusor decompensation with detrusor hypocontrac-
tility and  UB ; however, no data are available to sup-
port this theory.  
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•    Bladder and Bowel dysfunction  ( BBD ): BBD is a com-
bination of LUTD and bowel dysfunction in children 
with no identifi able or recognizable neurological 
abnormalities [ 3 ]. Children in the early stage of defe-
cation disorders show an incomplete and infrequent 
bowel emptying. With the progression of the disorder, 
the rectum and descending colon are distended with a 
decrease in normal sensation; children develop consti-
pation, which may be associated with fecal retentive 
incontinence [ 7 ]. Abnormal recruitment of the external 
anal sphincter during defecation may elicit concomi-
tant urethral sphincter and pelvic fl oor co-contractions, 
leading to functional obstruction in both systems. 
Consequently, high pressure generated by detrusor to 
overcome functional obstruction can stimulate detru-
sor hypertrophy, DO, and lead to incompetence of the 
vesicoureteral junction with development of secundary 
VUR [ 2 ].       

9.2.1     Assessment 

 Standardization documents for diagnostic evaluation of 
 children with nonneurogenic daytime incontinence and 
LUTS have been recently published by the ICCS [ 5 ,  13 ]. 
A  noninvasive approach  is recommended with detailed his-
tory, questionnaires [ 9 ], physical examination, bladder 
diary, urinalysis, urofl owmetry, and pre- and postvoiding 
bladder ultrasound (Table  9.1 ). These tools enable to make 

differential diagnosis between different types of LUTD, to 
select patients who will need further evaluations (invasive 
urodynamic, micturition cystourethrography, and renal scin-
tigraphy), and to identify children with NB or structural 
anomalies.

•      Bladder Diary : Bladder diary records fl uid intake, mictu-
rition frequency, voided volume, episode of urgency, and 
urine loss. For diagnostic purpose, it should cover at least 
3 days of registration. A bowel movement chart and 
Bristol stool chart [ 12 ] are also important, either separate 
from or in conjunction with bladder diary.  

•    Urinalysis : It may provide information about urinary tract 
infection, possible associated diabetes and renal damage, 
or disease-causing proteinuria. Dipstick may be useful in 
clinical practice to achieve these information quickly [ 15 ]. 

   Urofl owmetry  ( FLW ) [ 5 ]: It is the less invasive of all uro-
dynamic studies and, therefore, is perfect for pediatric 
patients [ 11 ]. In children, more than one FLW recording 
should be obtained in the same session before drawing 
conclusions, and three evaluations are advised [ 3 ,  16 ]. 
Pelvic fl oor EMG and ultrasound PVR are recommended, 
increasing the value of FLW measurement. Results of 
FLW, combined with those of history, bladder diary, and 
PVR, seem to be more effective than UDS in detecting 
both OAB and DV. The shape of the fl ow curve is the most 
important factor to analyze in pediatric patients (Fig.  9.1 ) 
[ 5 ]. In normal voiding, the curve is bell-shaped. OAB may 
produce an explosive voiding contraction that appears as a 

   Table 9.1    First-line assessment in children with nonneurogenic lower urinary tract dysfunction   

 Diagnostic tools  Overactive bladder  Dysfunctional voiding 

  Medical history   Urgency 
 Holding maneuvers to contrast urgency 
 ± Increased void frequency a  
 ± Urge incontinence 
 ± Urinary tract infection 
 ± Constipation 

 Holding maneuvers to postpone micturition 
 Increased/decreased void frequency a  
 ± Intermittent incontinence 
 ± Urinary tract infection 
 ± Constipation 

  Bladder diary   Episodes of urgency 
 Increased number of voiding a  
 Low voided volume b  
 Episodes of incontinence + urge 
 Amount of urine loss 
 Bowel movements 

 Abnormal number of voiding a  
 Normal/high voided volume b  
 Episodes of incontinence without urge 
 Amount of urine loss 
 Bowel movements 

  Urofl owmetry   Tower-shaped curve  Staccato or interrupted curve 

 Low voided volume b   Normal/high voided volume b  

  Pelvic fl oor EMG   Relaxed pelvic fl oor  Overactive pelvic fl oor 

  Pre-voiding US   Low bladder capacity b   Normal/increased bladder capacity b  

 Bladder wall: normal or thickened  Bladder wall: normal or thickened 

  Postvoiding US   No postvoiding residuum  ± Postvoiding residuum 

   a Normal voiding frequency in children: 5–7/day [ 3 ] 
  b Expected bladder capacity for age [30 + age in years × 30)] in ml [ 3 ]  
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high-amplitude fl ow curve of short duration, namely, a 
 tower - shaped curve . In DV, sphincter overactivity during 
voiding produces a  staccato fl ow , as a continuous urine 
fl ow with periodic reductions in fl ow rate precipitated by 
bursts of pelvic fl oor activity; voiding is commonly pro-
longed and incomplete.  Interrupted or fractionated fl ow  is 
micturition in separate fractions due to unsustained void-
ing contractions. Interrupted or fractionated fl ow can be 
seen in children with severe DV and UB. Functional and 
anatomical obstruction often has a low amplitude, and 
rather even fl ow curve, that is, a  plateau curve . Generally, 
in children with OAB, voided volume (Vvol) is lower than 
the expected bladder capacity for age (EBC). On the con-
trary, in children with DV, Vvol can be higher than 

EBC. EBC for age is estimated by the formula: [30 + (age 
in years × 30)] in ml [ 16 ]. Evaluating FLW, EBC is of great 
importance, because it has been shown that urofl ow curve 
changes when the voided volume is less than 50 % of EBC 
[ 5 ]. In children, poor correlation exists between Qmax and 
outfl ow resistance. Therefore, Qmax is of minor impor-
tance than in adult age.

•        Ultrasound : In all children with proven LUTS, bladder 
ultrasound is indicated. It should be performed before 
and after voiding. Prevoid examination contributes to 
overall assessment of bladder capacity, bladder wall, 
lower ureteral dilatation, and bladder neck appearance. 
Since bladder wall thickness depends on the degree of 
bladder fi lling and age of children, it is of great  variability 
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EMG
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EMG
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  Fig. 9.1    Urofl owmetry pattern in children with nonneurogenic LUTD. ( a ) bell-shaped: normal fl owmetric curve; ( b ) Staccato fl ow indicates 
dysfunctional voiding; ( c ) interrupted fl ow due to severe dysfunctional voiding or underactive bladder        
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Interrupted uroflow pattern

Dilation of the right kidney

Bilateral VUR during voiding MAG3 cystoscintigraphy

a b

c d

  Fig. 9.2    Flowmetry and radiological fi ndings of a 6-year-old girl with dysfunctional voiding, recurrent UTI, and VUR: ( a ) fl owmetric pattern 
(interrupted) of severe dysfunctional voiding; ( b ) mild dilation of the right kidney at ultrasound evaluation of the urinary tract; ( c ) bilateral VUR 
during voiding at micturition cystourethrography; ( d ) appearance of VUR at MAG3 cystoscintigraphy       

in pediatric age, and normal values are not disposable. 
However, correlations have been demonstrated in chil-
dren with LUTD between bladder wall thickness, urody-
namic pattern, and treatment outcome, with good 
specifi city [ 18 ]. Therefore, a thickened bladder wall may 
alert clinicians on the presence of a long-standing LUTD, 
leading to detrusor hypertrophy. Ultrasound evaluation 
of bladder immediately after voiding can demonstrate 
PVR. A PVR ≥10 % of EBC or ≥20 ml is considered 
signifi cant [ 5 ].    

 Children with LUTD complicated by recurrent UTI and/
or upper urinary tract dilation (Fig.  9.2 ), may need further 
investigations to detect:

•    Secondary VUR and urethral anomalies (male), by means 
of micturition cystourethrography  

•   Renal parenchyma involvement, by means of renal 
scintigraphy    

 Technetium-99 m-dimercaptosuccinic acid (DMSA) is 
an excellent parenchymal imaging radiopharmaceutical, 
primarily used for detecting and defi ning pyelonephritis 
and renal cortical scars. Technetium-99 m mercaptoacetyl 
triglycine (MAG3) is rapidly extracted and secreted by 
tubular cells. It is used for evaluating obstructive uropa-
thy. However, it may be useful in monitoring evolution of 
secondary VUR and in evaluating postvoiding residual 
urine.   
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9.3     Neurogenic Lower Urinary Tract 
Dysfunction [ 4 ,  17 ] 

 Neurogenic bladder dysfunction (NB) in children is an ever- 
evolving condition. In the mid-1950s, there were few insights 
and minimal alternatives to the children with NB. Starting with 
the development of adequate neurosurgical assessment and 
interventions and reliable urodynamic investigation, the advent 
of clean intermittent catheterization, various drug therapies, 
and urological surgical treatment modifi ed long- term progno-
sis of children with NB. The most common cause of NB in 
children is neurospinal dysraphism, primarily an open back 
lesion, but an occult or closed dysraphic state is being diag-
nosed with more frequency, as neonatal spinal ultrasound and 
magnetic resonance imaging (MRI) are used with increasing 
regularity to visualize any lower midline spinal cutaneous or 
gluteal cleft malformation. Other causes of NB involving the 
spine include sacral agenesis, tethered spinal cord associated 
with imperforate anus, cloacal malformations, and spinal cord 
injuries from sporting injuries and motor vehicle accidents. 
Central nervous system abnormalities include spastic diplegia 
(cerebral palsy) and learning disabilities, that is, attention-defi -
cit hyperactivity disorder (ADHD) or attention-defi cit disorder 
(ADD). In 2012, ICCS defi ned indications and timing of inves-
tigations in children with NB (Fig.  9.3 ). The type of neurogenic 
LUTD is detected by UDS. UDS consists of the following 
components: transurethral double-lumen catheter to fi ll the 
bladder and record intravesical pressure; rectal balloon cathe-
ters which measure intra-abdominal pressure to identify arti-
facts of motion and monitor increases in abdominal pressure 
during the fi lling and emptying phases of UDS; external ure-
thral sphincter electromyography (EMG), using a 24-gauge 
concentric needle electrode inserted perineally in boys or para-
urethrally in girls and advanced into the skeletal muscle com-
ponent of the sphincter until individual motor unit action 
potentials are seen or heard on a standard EMG recorder. 
Neurogenic DO is defi ned as any short-lived pressure rise of 
>15 cm H 2 O from baseline before bladder capacity is reached. 
The examination fi ndings are considered normal when there is 

an appropriate capacity, good compliant bladder, with no DO, 
and normal innervation of the sphincter with normal sacral 
refl exes, and an increase in sphincter activity during fi lling and 
complete silencing during emptying. An upper motor neuron 
lesion is present when there is DO and/or hyperactive EMG 
responses to sacral refl exes and/or a failure of the sphincter 
muscle, on EMG, to relax (either partially or completely) with 
a bladder contraction or leaking at capacity. A lower motor 
neuron lesion is noted when there are no contractions of the 
detrusor muscle (detrusor underactivity), and/or there is a 
degree of denervation, either partial or complete, in the sphinc-
ter muscle, with characteristic EMG changes in the motor units 
or no motor unit activity at all, respectively, and little or no 
response in the sphincter to sacral refl exes and/or bladder fi ll-
ing or emptying. UDS can be combined with fl uoroscopic 
video-imaging (video- urodynamic study) using a dilute radio-
opaque contrast agent to visualize the appearance of the blad-
der wall (Fig.  9.4 ) and bladder neck (Fig.  9.5 ) or to detect the 
presence of VUR (Fig.  9.6 ). In children with NB, evaluation of 
upper urinary tract is mandatory by means of ultrasonongra-
phy, voiding cystourethrography, and renoscintigraphy.

9.3.1          Renal Scintigraphy in Children 
with Lower Urinary Tract Dysfunction 

 In children with both neurogenic and nonneurogenic bladder 
dysfunction, the main indications of renal scintigraphy (RS) 
include:

    1.    History of recurrent febrile urinary tract infection to 
quantify renal function and detect parenchymal scarring   

   2.    Secondary vesicoureteral refl ux (VUR), to quantify renal 
function, detect parenchymal scarring, and monitor evo-
lution of vesicoureteral refl ux, avoiding micturition 
cystography   

   3.    Symptomatic or relevant upper urinary tract dilatation 
without VUR to quantify renal function, detect parenchy-
mal scarring, and evaluate obstruction          

Open spinal dysraphism

Initial evaluation
- After neurosurgery: residual urine;

. hydro, dysplasia,

. UDS: detrusor overactivity, poor
  compliance, high leak pressure
  point, dyssinergia

- Voiding cystourethrography
- Ultrasound (US)
- UDS in the first 2-3 months of life

- UDS 2-3 months later
- UDS if development of hydro, change
       in continence, signs of progressive
spinal cord tethering

- US every 6 months in the first 2 year
     of life in children with detrusor

Follow-up

  Fig. 9.3    ICCS recommendations 
for initial diagnostic evaluation 
and follow-up in congenital 
neuropathic bladder and bowel 
dysfunction in children       
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  Fig. 9.4    Video-urodynamics in 
2-year-old children with neuro-
pathic bladder due to open spinal 
dysraphism: detrusor overactivity 
with bladder wall diverticula       

  Fig. 9.5    Video-urodynamics in 
14-year-old children with 
incontinence due to neurogenic 
bladder (NB) secondary to spinal 
cord injury: poor compliant and 
underactive NB with sphincter 
incompetence       
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10.1          Study Technique and Interpretation 

 Study technique (dynamic renal scan, static renal scintigra-
phy and indirect radionuclide cystoscintigraphy) has been 
reported in the previous chapter.  

10.2     Teaching Cases 

10.2.1     Case 10.1 Incomplete Bladder 
Emptying in a Girl with Frequent UTI 
and Type 1 Glycogenosis 

 A 17-year-old girl, followed in our institution for type 1 gly-
cogenosis and a prenatal diagnosis of renal hypoplasia, 
undergoes MAG3 dynamic renal scan and indirect radionu-
clide cystoscintigraphy (IRC) for frequent urinary tract 
infections (UTI) and dysuria without fever. Nuclear imaging 
is also required to determine differential renal function, in 
particular in hypoplastic kidney. 

 Renal scan shows a preserved function of right hypoplas-
tic kidney, while IRC shows absence of vesicoureteral refl ux 
(VUR), but detects incomplete bladder emptying. For this 
reason, the girl is scheduled for toilet and micturition 
training.  

10.2.2     Case 10.2 Irregular Bladder Emptying 
in a Boy Previously Treated for VUR 

 A 4-year-old boy undergoes MAG3 dynamic renal scan and 
indirect radionuclide cystoscintigraphy (IRC) 1 year after 
endoscopic treatment of bilateral VUR in order to verify the 
effi cacy of treatment. Renal scan confi rms a known hypo-
function of left kidney, and IRC shows absence of VUR and 
evidence of an irregular bladder emptying. Currently, the boy 
is still on follow-up, and he is asymptomatic.  

10.2.3     Case 10.3 Diffi cult Micturition 
Without Evidence of VUR 

 A 13-year-old girl, treated at the age of 2 years for VUR, 
undergoes MAG3 dynamic renal scan and indirect radionu-
clide cystoscintigraphy (IRC) for recurrent fever and diffi -
cult and painful micturition. Renal scan shows hypofunction 
of right kidney while IRC confi rms severe diffi culty in mic-
turition in the absence of vesicoureteral refl ux (VUR). For 
this reason, the girl is scheduled for toilet and micturition 
training.  

10.2.4     Case 10.4 Diffi cult Micturition 
with Evidence of VUR 

 A 3-year-old boy, previously treated for VUR, presents 
constipation, urinary retention habit, and recurrent epi-
sodes of pyelonephritis; therefore, a MAG3 scan with IRC 
is performed in order to evaluate renal function and to rule 
out the persistence of VUR. Renal scan shows bilateral 
scars with hypofunction of right kidney; IRC detects high-
grade bilateral VUR and diffi cult micturition. Considering 
these fi ndings, the boy undergoes bilateral ureteral reim-
plantation, and he is still on treatment for stipsis and on 
toilet training.  
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10.2.5     Case 10.5 Irregular Bladder Emptying 
with Scintigraphic Evidence of VUR 

 A 4-year-old girl is treated with toilet training for bilateral II 
grade VUR, probably due to detrusor sphincter dysynergia; 
during the treatment, a MAG3 renal scan with IRC is per-
formed in order to evaluate renal function and to monitor 
training effi cacy. 

 Renal scan shows normal function of both kidneys, while 
IRC shows a II grade right VUR and a possible low-grade 
left VUR; considering scintigraphic fi ndings and the occur-
rence of further episodes of UTI although she is still on toilet 
training, the girl undergoes endoscopic correction of VUR.  

10.2.6     Case 10.6 Evidence of VUR in Bladder 
Overfi lling 

 IRC in a 6-year-old girl treated for left VUR at the age of 4. 
Frequent UTI and retentionist habit are referred during last 
year, despite toilet training program (Figs.  10.1 ,  10.2 ,  10.3 , 
 10.4 ,  10.5 , and  10.6 ).
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  Fig. 10.1    MAG3 dynamic renal scan. Dynamic images ( a ) show good 
and homogeneous radiotracer uptake in  left  kidney.  Right  kidney is 
markedly smaller than the other one, with irregular shape and reduced 
uptake. Drainage is normal in both kidneys.  Left  renogram shows nor-
mal function and drainage;  right  renogram has low width, presents 

reduced slope of parenchymal phase and normal drainage. Flow T/A 
curves show synchronous but asymmetrical perfusion (reduced in  right  
kidney) ( b ). IRC images ( c ) and time-activity curves ( d ) show regular 
but incomplete bladder emptying (30 % of residual radioactivity after 
voiding) and no evidence of VUR       
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  Fig. 10.2    MAG3 dynamic renal scan. Dynamic images ( a ) show 
reduction of uptake in left kidney, which is smaller than the other one, 
with irregular shape and normal drainage.  Right  kidney shows good and 
homogeneous radiotracer uptake and normal drainage. Renograms ( b ) 
confi rm moderate hypofunction and normal drainage of  left  kidney and 

normal function and drainage of  right  kidney; fl ow T/A curves ( b ) show 
synchronous but asymmetrical perfusion (reduced in  left  kidney). IRC 
images ( c ) and time-activity curves ( d ) show complete but irregular 
bladder emptying and no evidence of VUR       
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  Fig. 10.3    MAG3 dynamic renal scan. Dynamic images ( a ) show good 
and homogeneous radiotracer uptake in  left  kidney.  Right  kidney is 
smaller than the other one, with irregular shape and reduction of uptake. 
Drainage is normal in both kidneys.  Left  renogram shows normal func-
tion and drainage;  right  kidney renogram has low width, reduced func-
tion, and normal drainage. Flow T/A curves ( b ) show synchronous but 

asymmetrical perfusion (reduced in  right  kidney). Micturition is 
obtained only after several attempts (all registered); one of these IRC 
registrations is displayed and shows no bladder emptying and no evi-
dence of VUR ( c ,  d ); fi nally, voiding was obtained, and IRC images ( e ) 
and time-activity curves ( f ) show a complete and regular bladder emp-
tying and no evidence of VUR       
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  Fig. 10.4    IRC. Micturition is obtained only after several attempts (all 
registered); one of these IRC registrations is displayed and shows ( a ,  b ) 
no bladder emptying, but possible presence of radiourine refl ux in right 
kidney that reaches the renal pelvis (interpretation of images and curves 
is diffi cult for the presence of urinary stasis in both renal pelvis and 

ureters). Finally, voiding is obtained, and IRC images ( c ) and time- 
activity curves ( d ) show a complete and regular bladder voiding with 
evidence of VUR in both kidneys that reaches the renal pelvis, which is 
bilaterally dilated (grade III)       
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  Fig. 10.5    MAG3 dynamic renal scan. Dynamic images ( a ) show good 
and homogeneous radiotracer uptake and normal drainage in both 
 kidneys; renograms ( b ) confi rm normal function and drainage of both 
kidneys. Flow T/A curves show synchronous and symmetrical perfu-
sion. IRC images ( c ) and time-activity curves ( d ) show irregular and 

 incomplete bladder emptying (60 % of postvoiding residual activity): 
for two times, a sudden interruption of urination is observed with evi-
dence of VUR in  right  kidney that reaches the renal pelvis (grade II); a 
small amount of radiourine refl uxed is also evident in  left  ureter       
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  Fig. 10.6    At fi rst attempt, the girl was not able to void, despite a good 
bladder fi lling; IRC images ( a ) show no bladder emptying and no evi-
dence of VUR. After several hours and many attempts, the girl was able 

to void only when the bladder was overfi lled. IRC ( b ) shows complete 
and regular bladder emptying with evidence of VUR in left kidney that 
reaches the renal pelvis (grade II–III)       
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10.2.7             Case 10.7 DMSA Renal Scan in Prune- 
Belly Syndrome 

 Prune-belly syndrome is a rare disorder characterized by 
poor development of the abdominal muscles (it causes wrin-
kles in the abdominal skin, which looks like a prune), crypt-
orchidism, and variable dilation of the lower urinary tract. In 
Fig.  10.7  is displayed a DMSA scan performed in a 1-year- 
old baby with prune-belly syndrome and bilateral VUR.

a b
  Fig. 10.7    ( a ) Cystography 
(lateral view) shows an abnormal, 
expanded bladder, and bilateral 
passive IV grade VUR with 
dilated ureters. ( b ) DMSA renal 
scan (posterior view,  LPO  view, 
and  RPO  view):  left  kidney 
shows good uptake of radiotracer 
and no evidence of cortical 
defects;  right  kidney is larger 
than the other one; it shows 
nonhomogeneous 
intraparenchymal distribution 
with multiple areas devoid of 
tracer corresponding to dilated 
renal pelvis and collecting 
system, without cortical defects       
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10.2.8        Case 10.8 Obstructive Uropathy 
in a Complicated Clinical Case 

 MAG3 renal scan in a 16-year-old girl with Down syndrome, 
previously treated for bilateral VUR, and neurogenic bladder 

due to ischemic event. During follow-up, bilateral hydrone-
phrosis is observed, with progressive increase of dilatation. 
In this complicated case, renal scan is helpful in the evalua-
tion of the whole urinary system (Fig.  10.8 ).      

  Fig. 10.8    MAG3 dynamic renal scan: dynamic images ( a ) show irreg-
ular shape of both kidneys, with evidence of multiple cortical defects 
and nonhomogeneous intraparenchymal radiotracer distribution with an 
area devoid of tracer corresponding to dilated renal pelvis; drainage is 
poor in both kidneys. A low target/background ratio is also evident. 
Renograms ( b ) show hypofunction and impaired drainage of both kid-
neys (“rising curves” in both kidneys); fl ow T/A curves ( b ) show syn-

chronous and symmetrical perfusion. Gravity-assisted drainage-1 test 
( c ) shows no signifi cant improvement in drainage in both kidneys. 
Diuretic dynamic images ( d ) and diuretic renogram ( e ) show very slow 
response to furosemide and no signifi cant improving in drainage in both 
kidneys. Drainage remains still poor even after gravity-assisted drain-
age- 2 test ( f )       
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11.1          Introduction 

 Although childhood cancer is rare, it is the second most com-
mon cause of death among children in Western countries, 
after accidents. Global incidence rate shows that there are 
140–150 new cases for every million children aged 0–16. 
Childhood cancer rates have been rising slightly for the past 
few decades; increase in incidence has been attributed in part 
to improvements in diagnosis and changes in reporting 
patterns. 

 Thanks to investment in pediatric oncology, overall out-
look for childhood cancer has improved greatly over the past 
50 years. It is estimated that 65 % of children diagnosed with 
cancer can be successfully treated, so there is approximately 
1 survivor of childhood cancer among 800–900 adults. Long- 
term survivors need follow-up care for the rest of their lives 
because of the risk of late effects (such as anthracycline- 
induced cardiotoxicity, higher breast cancer rates in women 
treated for Hodgkin’s lymphoma with chest irradiation) that 
may occur many years after they complete treatment for can-
cer. This is the reason why a program that provides survivors 
of childhood cancer with lifelong health surveillance has to 
be planned and realized. 

11.1.1     Acute Lymphoblastic Leukemia 

 Acute lymphoblastic leukemia (ALL) is the most common 
childhood cancer (accounting for 35 % of pediatric malig-
nancies with 30–40 new cases for every million children 
aged 0–16) and represents a prototype of improvements in 
treatment and remarkable gains in survival. ALL accounts 
for about 80 % of leukemias and occurs at all ages, but the 
peak incidence is between 2 and 6 years of age.  

11.1.2     Non-Hodgkin’s Lymphoma 

 Malignant lymphomas account for approximately 10 % of 
childhood cancers: in industrialized countries, they are the 
third most common neoplastic disease according to inci-
dence rates. Lymphoma is a general term for a histologically 
heterogeneous group of neoplasms characterized by clonal 
proliferation of immunologically active cells (B, T, and NK 
lymphocytes). They are used to be divided into (HLs) and 
non-Hodgkin’s lymphomas (NHLs). 

 NHL represents the most common lymphomatous neo-
plasm in children aged under 10 years, while HLs occur 
more frequently in adolescents. There are eight new cases of 
NHLs for every million children, and the peak incidence is 
between 7 and 10 years of age (extremely rare under 2 years). 

 Etiology of NHL remains unknown. Epstein Barr virus is 
associated with Burkitt lymphoma in equatorial Africa, but 
is observed only in 15 % of patients in Western countries. 
Unlike leukemias, NHLs arise from lymphoid tissues such as 
spleen, thymus, lymph nodes, and mucosa- associated lym-
phoid tissue (MALT). When neoplastic cells spread to the 
bone marrow (more than 25 %), malignant lymphoma turns 
into a leukemia. 

 Classifi cation system for NHLs is very complex, but pedi-
atric subtypes are basically four: Burkitt’s lymphoma (T or 
B), lymphoblastic lymphoma, anaplastic large cells lym-
phoma (ALCL), and diffuse large B-cells lymphoma 
(DLBCL). Pediatric NHLs are highly aggressive with fast 
growing and dissemination, especially to extranodal sites. 

 Histological diagnosis of lymphoma is always required, 
and thus a biopsy is essential for the proper framing of the 
disease. Once NHL is diagnosed, tests are performed to 
determine the stage: whole body computer tomography (CT) 
scan can analyze primary site and any disseminations, while 
bone scintigraphy may reveal metastatic bone lesions. FDG-
PET/CT scan detects metabolic activity both in primary 
localization and metastasis. 

 NHL staging system according to  St Jude Children’s 
Research Hospital  criteria:
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•    Stage I: NHL is limited to one lymph node group (e.g., 
neck, underarm, groin, etc.) or tumor outside of the abdo-
men or mediastinum (middle chest)  

•   Stage II: NHL is limited to one tumor with local lymph 
node involvement, or NHL is limited to two or more 
tumors or lymph node groups on the same side of the dia-
phragm, or NHL is limited to a primary tumor of the gas-
trointestinal tract with/without involvement of the local 
lymph nodes.  

•   Stage III: NHL includes tumors or lymph node groups 
on both sides of the diaphragm, or any primary NHL 
tumor within the thorax (trunk) or extensive NHL within 
the abdomen, or any NHL around the spine or the outer-
most membrane of the brain and spinal cord (dura 
mater).  

•   Stage IV: NHL is in the bone marrow or central nervous 
system (CNS), with/without other sites of involvement. 
Bone marrow NHL is defi ned as 5 % malignant cells in an 
otherwise normal bone marrow with normal blood counts 
and smears. By contrast, lymphoblastic lymphoma that 
produces more than 25 % malignant cells in the bone mar-
row is defi ned as leukemia.     

11.1.3     Hodgkin’s Lymphoma 

 Hodgkin’s lymphoma represents 6 % of childhood cancers 
and typically occurs in adolescents (more frequently in 
male), while it is extremely a rare entity in children under 6 
years of age. Neoplastic cells ( Reed-Sternberg  or Hodgkin’s 
cells) are usually derived from B lymphocytes in germinal 
center, and around 50 % of HL cases express EBV-encoded 
proteins. 

 HL is histologically classifi ed into two groups: nodular 
lymphocyte-predominant and classic (subdivided into four 
pathological subtypes). Patients present painless enlarge-
ment of one or more lymph nodes (cervical and supracla-
vicular nodes are most frequently involved). Mediastinum 
is often affected and may be noticed on a chest radiograph. 
Defi nitive diagnosis is made by lymph node biopsy in order 
to accurately specify histological subtype. TC, bone scin-
tigraphy, and PET/CT are also used during staging 
process. 

 The staging system for HL was initially developed by 
Ann Arbor, which was then revised in 1989:

•    Stage I: single lymph node group  
•   Stage II: multiple lymph node groups on the same side of 

diaphragm  
•   Stage III: multiple lymph node groups on both sides of 

diaphragm  
•   Stage IV: multiple extranodal sites or lymph nodes and 

extranodal disease    

 X = bulky mass >10 cm. E = extranodal extension or sin-
gle, isolated site of extranodal disease. A or B = B symptoms: 
weight loss >10 %, fever, drenching night sweats.  

11.1.4     Langerhans Cell Histiocytosis 

 Langerhans cell histiocytosis (LCH) is a disorder with highly 
variable clinical presentation and biological behavior, char-
acterized by proliferation and accumulation of cells pheno-
typically and functionally similar to the activated normal 
Langerhans cells (LCs) which move into tissues where they 
are not normally found, frequently involving bone and skin. 
Most cases of histiocytosis occur under the age of 15 years, 
and the incidence peak is in children aged 1–3 years. 

 A typical lesion consists of collections of LCs, interdigi-
tating cells, and macrophages, accompanied by T lympho-
cytes with variable numbers of multinucleated giant 
histiocytes and eosinophils. 

 Staging is usually made by X-ray, CT scan, and scintigra-
phy. These disorders are often treated with chemotherapy 
and steroids; surgery may also be used for single or specifi c 
bone lesions. 

 Patients presenting with single bone LCH have a benign 
course and an excellent survival, while multifocal bone or 
multisystem LCH may have a risk of signifi cant permanent 
sequelae. Multisystemic LCH (MS-LCH) with involvement/
dysfunction of critical organs (e.g., liver, spleen, hematopoi-
etic system) have a high risk of mortality. 

 MS-LCH patients initially responding well to treatment 
may experience disease reactivations that can lead to perma-
nent consequences such as orthopedic problems, hormonal 
disorders, or neurological defi cits.  

11.1.5     Central Nervous System Tumors 

 Central nervous system (CNS) tumors are the second most 
common malignancies in children, after acute lymphoblastic 
leukemia, with a peak of incidence in the fi rst decade. Today, 
CNS tumors represent the leading cause of death in children 
affected by any oncological diseases. They make up a very 
heterogeneous group, since tumors arise from different types 
of cells in the brain. 

 CNS tumors can be reported as sporadic case or linked 
to genetic predisposing syndrome, such as neurofi bromato-
sis type I and II, Li-Fraumeni syndrome, Gorlin syndrome, 
and Turcot syndrome. Despite the classifi cation of many 
different histotypes, all CNS tumors have biological char-
acteristics in common: quite exclusively dissemination 
to cerebrospinal fl uid (CSF), malignant features unless 
surgically resectable, and radiologically characteristic 
localization. 
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 The most common types are medulloblastomas (25–
30 %), low-grade (20–25 %), and high-grade (12–18 %) glio-
mas. Clinical presentation is variable as resulting from 
primary tumor localization, infi ltration pattern, and patient’s 
age. Subtentorial neoplasms may cause IV ventricle com-
pression that leads to increased intracranial pressure and 
consequent manifestations (morning headache, vomiting, 
and visual problems). In supratentorial neoplasms, symp-
toms are only related to localization: seizure, severe head-
ache, and focal neurological defi cit. 

 Tests for brain tumors include neurological and ophthal-
moscopic examination. Children presenting with focal 
symptoms or visual problems are required to undergo fundus 
photography. At present, magnetic resonance (MR) has 
replaced CT, which may be still the fi rst scan to be used, 
especially in emergency. 

 Despite latest improvements in surgical procedures and 
radiochemotherapy combined treatment, survival in children 
affected by CNS tumors has slightly improved, and mortality 
has showed lesser decrease compared to other pediatric 
malignancies. Prognosis remains related to histological sub-
type (disease-free survival ranging from 5 % in Diffuse 
Intrinsic Pontine Gliomas (DIPGs) to 70–75 % in 
medulloblastoma).  

11.1.6     Retinoblastoma 

 Retinoblastoma (RB) is the most relevant eye tumor in pedi-
atric patients and accounts for approximately 3–4 % of all 
childhood cancers. About 60 % of affected individuals have 
unilateral RB with a mean age of 2 years, while the remaining 
40 % have bilateral localization that develops earlier. In 40 % 
of cases, RB shows familial history, since RB gene mutations 
are germinal and inherited in an autosomal dominant pattern. 
Leukocoria represented the typical sign in large RB and, 
along with strabismus, may lead parents to refer child to oph-
thalmologists. Early diagnosis is essential for effi cient treat-
ment, which involves surgery and radiotherapy. At present, 
surgical removal (enucleation) is not needed for all retino-
blastomas, especially for smaller and localized tumors.  

11.1.7     Neuroblastoma 

 Neuroblastoma accounts for 8–10 % of all childhood tumors 
but shows the worst prognosis, especially for advanced 
stages. The incidence rate is about 1 new case per 7000 born 
children, and the average age is 19 months. 

 Neuroblastoma originates from in neural crest cells, often 
in the nerve tissue of the adrenal glands. There is a wide 
range in how neuroblastomas behave: it may grow slowly, 

while others spread quickly. In other cases, the cells some-
times mature on their own into normal ganglion cells and 
stop dividing (ganglioneuroma). 

 Children affected by neuroblastoma present with 
unspecific symptoms, usually related to primary or meta-
static localization. Less frequently, it begins with spinal 
cord compression or  Claude-Bernard-Horner  syndrome, 
while opsoclonus- myoclonus syndrome is peculiar but 
rare. 

 In most cases, neuroblastoma cells secrete high levels 
of catecholamines detectable by blood or urine test; the 
two metabolites most often measured are homovanillic 
acid (HVA) and vanillylmandelic acid (VMA). Useful 
tests for diagnosis are ultrasonography, CT scan, and 
meta- iodobenzylguanidine (MIBG) scan, which are rou-
tinely used during diagnostic, staging, and monitoring 
processes. 

 For the neuroblastoma classifi cation, see Chap.   12    . 
 Prognosis in neuroblastoma patients is related to stage, 

age at diagnosis, presence of cytogenetic anomalies (e.g., 
n-Myc amplifi cation), and histology. Advanced stages (III 
and IV) as well as Myc-amplifi ed tumors show poor progno-
sis, while better survival rates are achieved in children under 
1 year of age.  

11.1.8     Other Abdominal Tumors 

 Nephroblastoma, or Wilm’s tumor (WT), is the most com-
mon childhood abdominal malignancy. It represents a model 
of hereditary neoplastic disease, as WT is associated to WT1 
or WT2 gene mutation, mapped on chromosome 11. 

 Diagnosis is often accidental or driven by the presence of 
abdominal mass. In only 20–30 % of WT cases, children 
present macroscopic hematuria and unspecifi c symptoms, 
while hypertension occurs in less than 25 % (due to renin 
production or renal artery compression). Nephrectomy 
defi nes conclusive histology, while ultrasonography and CT 
scan are required for tumor extension. 

 Thanks to combined treatments and multidisciplinary 
approach, at present, more than 90 % of children affected 
by localized WT and 60 % of metastatic patients can be 
cured. 

 Hepatoblastoma is a malignant hepatic tumor and is the 
most common pediatric liver cancer, followed by hepatocel-
lular carcinoma. Liver tumors usually begin as asymptomatic 
abdominal mass, sometimes associated with anorexia, 
weight loss, and vomiting, while jaundice is rare at diagno-
sis. Alpha-fetoprotein (AFP) levels are commonly elevated 
(80–90 % of cases) and lead to ultrasonography and CT scan 
to defi ne diagnosis, while liver biopsy allows fi nal histologi-
cal characterization. 
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 Staging and prognosis classifi cation are related to disease 
extension to hepatic sections (PRETEXT system):

•    I: One section is involved, and three adjoining sections 
are free  

•   II: One or two sections are involved, but two adjoining 
sections are free  

•   III: Two or three sections are involved, and no two adjoin-
ing sections are free  

•   IV: All four sections are involved     

11.1.9     Soft Tissue and Bone Tumors 

 Sarcoma is the general term for malignant neoplasms that start 
from mesenchymal cells. The most common soft tissue sar-
coma is represented by rhabdomyosarcoma, where neoplastic 
cells are committed toward striated musculoskeletal differen-
tiation, but may occur outside striated muscular tissue. 
Rhabdomyosarcoma accounts for half the sarcomas and 4–8 % 
of all childhood cancers. It belongs to small, blue, round-cell 
tumor group and is classifi ed into histological subtypes:

•    Embryonal  
•   Alveolar  
•   Botryoid  
•   Anaplastic  
•   Pleomorphic    

 Biopsy is required to defi ne histology of soft tissue lesions 
that cannot be distinguished by clinical presentation. 
Radiological imaging (X-rays, CT, and RM) and bone scintig-
raphy are essential to determine tumor extensions, treatment, 
and prognosis. Rhabdomyosarcoma needs a multidisciplinary 
approach, but surgery still plays the main role. 

 On the contrary, osteosarcoma and Ewing’s sarcoma are 
the most important bone tumors in children. The peak inci-
dence is under 20 years, as fast bone growth is suspected to 
contribute to the development of osteosarcoma. Primary 
localizations are typically long bones, especially distal femur 
and proximal tibia. Usual clinical symptoms are mild pain 
for weeks, accompanied by swelling and limitation of 

motion, or fracture with minor trauma. 
 Several subtypes of osteosarcoma may be identifi ed on 

X-rays (e.g., Codman’s triangle) and biopsy above all; the 
biopsy of suspected bone tumor should be performed by a 
qualifi ed orthopedic oncologist. A complete surgical resec-
tion of the tumor is the treatment of choice in osteosarcoma, 
while chemotherapy is usually administrered before surgery 
(neoadjuvant chemotherapy).  

11.1.10     Germ Cell Tumors 

 Reproductive system cancers are rare in children and may 
originate from both germ (80 %) and stromal (10–20 %) 
cells. Germ cell tumors (GCTs) may develop not only ovary 
and testis, but extragonadal localization is typical in new-
borns and children under 3 years. GCTs can also involve the 
CNS. GCTs classifi cation includes teratomas (mature and 
immature) and malignant GCTs. The latter are generally 
divided into the following:

•    Germinomatous: dysgerminoma (ovary) and seminoma 
(testis)  

•   Nongerminomatous GCTs: yolk sac tumor, embryonal 
carcinoma, choriocarcinoma, and combined tumors    

 Genital tumors usually present with abdominal mass in 
girls and swelling testicles in boys, painless or accompanied 
by dull ache; ultrasonography is often the fi rst test to be per-
formed, followed by CT and MRI scan. Serum tumor mark-
ers, such as alpha-fetoprotein and human chorionic 
gonadotropin, may be detected in blood and guide clinicians 
in diagnosis, staging, and surveillance of patients.      
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12.1          Study Technique and Interpretation 

12.1.1     123I-MIBG Scintigraphy 

 Study technique has been reported in Chap.   13    .  

12.1.2     99mTc-MDP Bone Scintigraphy 

 Whole-body bone scintigraphy is acquired 3 h after intrave-
nous injection of Tc-99 m-MDP (methylene diphosphonate). 
The administered activity of radiotracer is adjusted to the 
patient’s weight, according to EANM dosage card and to the 
national regulations. 

 Additional static scan and/or SPECT (single photon emis-
sion tomography) acquisition of interested skeletal segment 
are eventually performed, when required. SPECT images are 
also manually fused with CT and/or MRI when available. 

 In very young or uncooperative children, multiple static 
views of all skeletal segments can be performed, instead of 
whole-body acquisition.   

12.2     Teaching Cases 

12.2.1     Case 12.1 MIBG Scintigraphy 
in Diagnostic Workup of Abdominal 
Mass: MIBG-Avid Lesion 

 A 2-month-old baby underwent an ultrasonography for inci-
dental fi nding of abdominal swelling; the study showed an 
abdominal mass, and following CT (Fig.  12.1a, b ) defi ned 
the lesion as a retroperitoneal large tumor, suspected for neu-
roblastoma. During the hospitalization, arterial hypertension 
was diagnosed. A MIBG scintigraphy was then asked in 
order to verify if the lesion shows MIBG uptake and, in turn, 
to confi rm the diagnostic hypothesis (Fig.  12.1c–e ). 
Scintigraphy confi rmed a MIBG-avid lesion, without sec-
ondary involvement. Diagnostic hypothesis was verifi ed, and 
histological examination confi rmed the diagnosis of poor 
neuroblastoma stroma. The genomic profi le showed the 
presence of numerical chromosomal aberration, NMYC 
nonamplifi ed.

   The patient was enrolled in LINES protocol stage L2 
<18 months NCA genomic profi le with life-threatening 
symptoms (arterial hypertension). 

 The patient received chemotherapy according to the pro-
tocol, and because of the persistence of arterial hypertension, 
the chemotherapy was prolonged for a total two courses of 
carboplatin/etoposide plus two courses of cyclophospha-
mide/vincristine/doxorubicin. The patient underwent sur-
gery at the end of chemotherapy.  
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  Fig. 12.1    ( a ,  b ) Contrast-enhanced CT. Axial (a) and MPR coronal 
( b ) images showed a large retroperitoneal mass, appearing not homo-
geneously hypodense for the presence of multiple nonenhancing 
necrotic areas and tiny calcifi cations in the contest. The lesion, grow-
ing behind the aorta, encased left renal artery and displaced left adre-
nal gland and left kidney; abdominal aorta and inferior cava were 
pervious, although stretched, fl attened, and displaced anteriorly, as 

well as the splenic vessels, pancreatic tail, and left renal vein. ( c – e ) 
MIBG scintigraphy (static views,  c ) showed an area of intense radio-
tracer uptake in the left abdomen, crossing the median line; no other 
areas of pathological uptake of radiotracer were evident. SPET-CT 
fused images ( d ,  e ) better defi ned that the area of uptake corresponded 
to the mass detected by CT         

a

c

b
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12.2.2     Case 12.2 MIBG Scintigraphy 
in Diagnostic Workup of Abdominal 
Mass: MIBG – Nonavid Lesion 

 A 2-year-old baby referred to our hospital for fever and 
limping; an ultrasonography revealed a median retroperito-
neal lesion; therefore, a computed tomography (CT) was 
performed, confi rming the presence of a large retroperito-
neal mass, extending from celiac artery to mesenteric 
artery, suspected for neuroblastoma (Fig.  12.2a–c ) 
Therefore, a MIBG scintigraphy was scheduled in order to 
verify if the lesion shows MIBG uptake, confi rming the 

diagnosis. MIBG  scintigraphy (Fig.  12.2d–e ) did not show 
any area of pathological uptake of radiotracer; in particular, 
the abdominal lesion detected by CT appears as nonavid 
MIBG.

   Subsequently, a biopsy of the lesion was performed, and 
histological examination showed a ganglioneuroma. As in 
this case, MIBG uptake and proliferative activity are strictly 
correlated, because MIBG refl ects metabolic activity of 
tumor derived from neural crest; in fact, tumors with a high 
proliferative activity show higher MIBG uptake than lesions 
with lesser proliferation, such as ganglioneuromas or gan-
glioneuroblastoma, as reported in literature.  

  Fig. 12.2    ( a – c ) Contrast-enhanced CT axial ( a ), MPR coronal ( b ), 
and sagittal ( c ) images showed a large retroperitoneal mass, appearing 
polylobulated with well-defi ned borders, about 55 × 65 × 45 mm in 
size. The mass grew on the midline, between celiac artery and superior 
mesentery artery that were stretched and displaced, respectively, upper 
and lower in the abdomen. The lesion displaced inferior cava vein, 

pancreatic head and body, and portal vein, without signs of infi ltration. 
There were also multiple enlarged nodes in mesenteric fat. ( d ,  e ) 
MIBG scintigraphy (static views,  d ) did not show any area of patho-
logical uptake of radiotracer; in particular, the abdominal lesion 
detected by CT appeared as nonavid of MIBG. SPET-CT fused images 
( e ) confi rmed this fi nding         

a b c

d
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12.2.3     Case 12.3 Bone Scan in Paravertebral 
Mass: Ewing’s Sarcoma 

 An 8-year-old girl referred to our hospital for dorsal pain and 
swelling; an ultrasonography revealed a right paravertebral 
lesion; therefore, a CT was performed, showing a large para-
vertebral mass, located above the right kidney, involving 

posterior segments of the ribs (Fig.  12.3a, b ); histological 
examination indicated Ewing’s sarcoma/PNET. The girl 
underwent a whole-body bone scan as part of diagnostic 
workup. Scintigraphy shows diffuse radiotracer uptake by 
right XII rib, without other pathological fi ndings in the skel-
eton (Fig.  12.3c ), and the girl was scheduled for therapy, 
adequate for tumor stage.

a b

c

  Fig. 12.3    ( a ,  b ) Contrast-enhanced CT axial ( a ,  b ) showed a large right 
suprarenal mass (about 8 × 8 × 15 cm in size), extending above and 
below the diaphragm with encasement of the back ribs and of the 
regional muscle tissue. The lesion, appearing nonhomogeneous after 
contrast agent administration, dislocated the right kidney inferiorly; 

liver and inferior cava vein were anteriorly compressed. ( c ) 99mTc- MDP 
whole-body scan; right posterior oblique ( RPO ) and left posterior 
oblique ( LPO ) views of thorax: a pathological, intense, and diffuse 
radiotracer uptake is evident in right XII rib; no other pathological fi nd-
ings are evident in the skeleton       
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12.2.4        Case 12.4 Bone Scan in Thoracic Wall 
Sarcoma: Evidence of Bone Metastases 

 A 15-year-old girl referred to our institution for swelling in cor-
respondence to one of the last ribs of right hemithorax; during 
diagnostic workup, the girl underwent chest radiography, CT 

scan, and MRI, and a mass involving right X rib was detected 
(Fig.  12.4a–c ). Histological examination revealed Ewing’s sar-
coma/PNET; therefore, a whole-body bone scan was performed 
for staging purpose (Fig.  12.4d, e ). On the basis of scintigraphic 
results, a diagnosis of metastatic Ewing’s sarcoma was made, 
and the girl began chemotherapeutic treatment.

a b c

  Fig. 12.4    ( a ): Anterior–posterior (AP) plain fi lm of the chest and the 
abdomen: structural alteration of the IX and X right ribs ( black arrows ) 
with soft-tissue swelling ( white arrows ). ( b ): CT scan in the coronal, 
sagittal, and axial planes well highlights the costal osteolysis sur-
rounded by inhomogeneous mass of soft tissue that displaces to the  left  
of the liver and the  right  kidney. ( c ) MRI in the coronal and axial planes 
T1 fat/sat after contrast medium shows the mass of soft tissue with mul-
tiple hypointense areas in the context surrounded by peripheral ring 
enhancement related to necrotic areas. ( d ,  e ) 99mTc-MDP whole-body 

scan ( d ): a wide area of pathological, intense radiotracer uptake involv-
ing the anterolateral part of right X rib corresponding to the mass 
detected by CT; two small areas of pathological focal uptake are also 
evident in the posterior part of right XI rib and in the spinous process of 
one of the fi rst cervical vertebrae (better defi ned in lateral views of 
skull, ( e ), respectively. A right posterior view of thorax ( e ) with arms up 
is also performed in order to defi ne the focal uptake evident in inferior 
angle of right scapula, and it shows that it is due to an overlap of rib and 
scapula         

 

12 Oncology: Solid Mass in Pediatrics and Malignant Bone Involvement



134

d

Fig. 12.4 (continued)

  

M.F. Villani et al.



135

Fig. 12.4 (continued)

   

12 Oncology: Solid Mass in Pediatrics and Malignant Bone Involvement



136

12.2.5        Case 12.5 Bone Scan in Renal Sarcoma 

 Staging bone scan in a 14-month-old baby with clear cell 
renal sarcoma, with lymph node and lung metastasis. 

 Multiple static views of skeletal segments are acquired, 
instead of the usual whole-body modality, due to the poor 
cooperation of the patient (Fig.  12.5 ).

  Fig. 12.5    99mTc-MDP scintigraphy, multiple views of the skeleton: physiological distribution of radiotracer uptake and no evidence of pathologi-
cal uptake in the skeleton       
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12.2.6        Case 12.6 Bone Scan in Pelvic Mass: 
Staging of Malignant Germinoma 

 A 9-year-old girl referred to our institution for vaginal 
bleeding; ultrasonography detected a pelvic mass; aFP and 

bHCG were very high; CT scan confi rmed a large pelvic 
neoplasia involving right ovary and shows also a lung 
metastasis. Histological examination of the mass revealed a 
malignant germinoma, and a whole-body bone scan was 
performed to assess secondary bone involvement (Fig.  12.6 ).

a

b

  Fig. 12.6    99mTc-MDP whole-body scan ( a ) shows physiological distri-
bution of radiotracer uptake and no evidence of pathological uptake in 
the skeleton. Stasis of radioactive urine is evident in both kidneys and 
ureters (especially in  right  one), due to secondary hydroureteronephro-

sis. A SPECT of the pelvis is also performed, and SPECT-CT ( b ) man-
ual fused image confi rms the absence of pathological uptake in the 
pelvis and lumbar and sacral spine       
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12.2.7        Case 12.7 Bone Scan 
in Rhabdomyosarcoma 

 A 12-year-old boy referred to our hospital for swelling in 
right axilla; the boy underwent an ultrasonography and a CT 
scan, showing a neoplasia in pectoral muscles with involve-
ment of axillary lymph nodes (histological examination: 
alveolar rhabdomyosarcoma). A whole-body bone scan was 
also performed for staging purpose (Fig.  12.7a, b ); whole- 
body scan (a) showed a focal area of intense radiotracer 
uptake (better defi ned in lateral views of skull, (b) in superior 
part of left orbit; another small area of focal uptake is evident 
in the left posterior temporal bone. Furthermore, linear and 
diffuse radiotracer uptake is detectable in the right forearm, 
possibly due to the previous traumatic accident referred dur-
ing clinical interview.

   A CT scan (Fig.  12.7c, d ) was performed, showing a 
hyperdense tissue, which extended to the left orbital cavity, 
starting from inferior border of the orbit roof. 

 Lesion was surgically removed, and histological exami-
nation revealed a lacrimal gland with MALT-tissue activa-
tion; after surgery, the boy went on with chemotherapeutic 
and radiotherapeutic treatment; 99mTc-MDP whole-body 
scan (Fig.  12.7e ), after chemotherapy and radiotherapy, 
showed persistence of a faint focal area of radiotracer uptake 
in the superior part of left orbita (better defi ned in lateral 
views of skull (Fig.  12.7f ). One year after stop therapy, the 
boy underwent a restaging workup for relapse of disease, 
including a 99mTc-MDP whole-body scan (Fig.  12.7g ) that 
revealed multiple areas of pathological uptake of radiotracer 
in the whole skeleton.  

  Fig. 12.7    ( a ,  b ) Whole-body bone scan ( a ) shows a focal area of 
intense radiotracer uptake (better defi ned in lateral views of skull, ( b ) in 
superior part of left orbit; another small area of focal uptake is evident 
in left posterior temporal bone. Furthermore, linear and diffuse radio-
tracer uptake is detectable in right forearm, possibly due to the previous 
traumatic accident referred during clinical interview. ( c ,  d ) CT scan in 
axial, coronal, and sagittal planes with a soft tissue “window” ( c ); CT 
scan in axial, coronal, and sagittal planes with “bone window”( d ). 

Small lenticular mass just less dense than the bone starting from the left 
orbital roof which protrudes inside the orbit contacting the eyeball and 
the other intraorbital structures. ( e ,  f ) Whole-body bone scan ( e ), after 
chemotherapy and radiotherapy, shows persistence of a faint focal area 
of radiotracer uptake in superior part of left orbita (better defi ned in 
lateral views of skull,  f ). ( g ) Whole-body scan ( g ) reveals multiple areas 
of pathological uptake of radiotracer in the whole skeleton         

 

M.F. Villani et al.



139

   

a

c

d

b

12 Oncology: Solid Mass in Pediatrics and Malignant Bone Involvement



140

  

e

g

f

Fig. 12.7 (continued)

M.F. Villani et al.



141

12.2.8     Case 12.8 Bone Scan in Large Chest 
Mass with Limited Bone Involvement 

 A 15-year-old girl referred to our hospital for diagnostic 
assessment of a thoracic mass, previously investigated in 
another center. Chest radiography (Fig.  12.8a ) detected a dif-
fuse opacity of the whole left lung fi eld, and subsequent CT 

scan (Fig.  12.8b ) showed a left lung mass eroding a rib, with 
pleural effusion. Histological examination of the mass 
showed Ewing’s sarcoma, and a bone scintigraphy was 
scheduled for staging purpose. 99mTc-MDP whole-body scan 
(Fig.  12.8c, d ) shows a pathological radiotracer uptake in the 
anterolateral part of a rib of the left hemithorax (probably IV 
rib) and no other pathological fi ndings.

a b

  Fig. 12.8    ( a ) Frontal chest X-ray. Complete opacifi cation of the left 
hemithorax with moderate displacement of the trachea, mediastinal 
structures, and the central venous catheter to the right. ( b ) CT scan 
before and after contrast medium. A big mass with multiple hypodense 
areas with small peripheral enhancement after contrast medium for 
prevalence of necrotic areas. Dislocation of the mediastinal structures 
toward the  right side . ( c ,  d ) 99mTc-MDP whole-body scan ( c ) shows a 

pathological radiotracer uptake in anterolateral part of a rib of left 
hemithorax (probably IV rib), better defi ned in RAO and LAO views 
( d ); no other pathological fi ndings were evident in the skeleton. 
Moreover, radiotracer distribution in left VII and VIII ribs is not homo-
geneous. In this patient, despite the presence of a very large mass, bone 
scintigraphy detected a bone involvement, limited at ribs contiguous to 
the tumor       

 

12 Oncology: Solid Mass in Pediatrics and Malignant Bone Involvement



142

  

c d

Fig. 12.8 (continued)

M.F. Villani et al.



143

12.2.9        Case 12.9 Scintigraphic Diagnosis 
of Oncogenic Osteomalacia, Secondary 
to Phosphaturic Mesenchymal Tumor 

 An 8-year-old boy presented diffi culty in running and jumping; 
he also referred myalgia and migrating arthralgia. Biochemical 
investigations showed hypophosphatemia, increased serum 
alkaline phosphatase, and  hyperphosphaturia, with normal lev-
els of calcium, PTH, creatinine, beta- 2- microglobulin, and 
vitamin D3, thus excluding both primary and secondary hyper-
parathyroidism. Hand and ankle radiographies (Fig.  12.9a, b ) 
showed diffuse decreases in radiodensity, and growth plates 
were widened. Bone MRI was inconclusive. Bone marrow 
biopsy was negative for malignancy. Therefore, a whole-body 
bone scintigraphy with 99mTc-MDP was performed in order to 

exclude a systemic bone involvement secondary to a skeletal 
infl ammatory disease. The scan (Fig.  12.9c ) showed the coex-
istence of multiple “hot spots” (suggestive for “pseudofrac-
tures”), and of scintigraphic signs of a metabolic disorder, 
suggesting a diagnosis for osteomalacia. Suspecting a paraneo-
plastic syndrome, a chest CT was performed which revealed a 
soft- tissue tumor of the posterior chest wall, which was surgi-
cally excised; histopathological examination revealed a phos-
phaturic mesenchymal tumor of mixed connective tissue type 
with signs of malignancy. Resection of the mass resulted in 
resolution of symptoms and in a complete biochemical 
response within 2 weeks.

   In this case, bone scintigraphy was useful in making the 
diagnosis of osteomalacia and addressed subsequent man-
agement of the patient.  

  Fig. 12.9    ( a ,  b ) PA plain fi lm of the hands ( a ); AP plain fi lm of the 
ankles ( b ). Enlargement of radioulnar, tibial, and fi bular physes with 
frayed aspect of the distal metaphyseal margins: fi ndings compatible 
with rickets. ( c ) 99mTc-MDP whole-body scan: multiple areas of both 
focal and diffuse increased uptake in the ribs, in left scapula, both 
humeri, both sacroiliac joints, in right femur, and tibiae; increased 
uptake throughout the sternum and in the costochondral junctions and 
very faint radiotracer uptake in the kidneys with increased uptake in the 
axial skeleton. The coexistence of multiple “hot spots” (suggestive for 
“pseudofractures”) and of scintigraphic signs of a metabolic disorder 
suggests a diagnosis of osteomalacia         
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12.2.10     Case 12.10 (Fig.  12.10 ) Warning 

    Similar scintigraphic patterns, characterized by intense 
radiotracer uptake, can be present in different diseases as 
shown in the following pictures. Indeed, histological exami-
nation revealed a different disease in each case.   

  Fig. 12.10    ( a – c ) In this fi gure are displayed scintigraphic patterns that 
look very similar to each other, that is, intense radiotracer uptake in upper 
limb (distal humerus in image (a), proximal radius in image (b), and 
proximal ulna in image ( c ), respectively), though histological examina-
tion detects a different disease in each case: Ewing’s sarcoma in patient in 
image (a), osteoid osteoma in patient in image (b), and Langerhans’ cell 
histiocytosis in image (c), respectively. Radiological fi ndings of each 
patient are reported in Figure ( a ’,  a ”) (Ewing’s sarcoma), Figure ( b’ ,  b” ) 
(osteoid osteoma), and in Figure ( c’ ) (Langerhans’ cell histiocytosis), 
respectively. ( a’ ,  a” ) AP elbow plain fi lm: distal humerus, moth-eaten 
appearance ( a’ ); RM coronal T1 and T2 fat/sat: reduced signal in T1 and 
increased in T2 fat/sat except epitrochlea, a small distal portion of the 
humeral palette, and capitulum humeri for replacement of normal bone 
marrow by tumor tissue (Ewing’s sarcoma) ( a” ). ( b’, b” ). AP and LL 

plain fi lm: a small radiolucent area in the radial neck ( black arrow ) sur-
rounded by continuous and regular periosteal apposition ( b’ ,  white 
arrows ). RM coronal T1 and axial T1 fat/sat after contrast medium: small 
area of reduced signal in the radial neck ( black arrow ) corresponding to 
the nidus of an osteoid osteoma, surrounded by bone marrow edema and 
edema of the extra-bone soft tissue with enhancement after contrast 
medium ( b” ,  white arrows ). ( c ’): AP and LL elbow plain fi lm : osteolytic 
area with polycyclic margins with partial destruction of the olecranon 
articular surface. Dense and continuous periosteal apposition extended 
until the middle diaphysis ( black arrows ). It is necessary, in fact, to inte-
grate scintigraphic fi ndings with clinical presentation, laboratory test, and 
other imaging methods; moreover, it is mandatory in children to ever 
choose an imaging tool that investigates all skeletal segments, to identify 
multifocal disease, and consequently to support the diagnosis         

a’
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12.2.11     Case 12.11 Bone Involvement in 
Non-Hodgkin’s Lymphoma 

 A 17-year old boy with a diagnosis of B-cell lymphoblastic 
lymphoma of appendix referred to our hospital for staging 
and therapeutic management. 

 A whole-body bone scan (Fig.  12.11a ) was performed 
which showed a large lytic lesion in diaphysis of left femur 
and small lytic lesion in a vertebra in middle cervical spine.

   Femoral lesion was confi rmed by plain radiography 
(Fig.  12.11b ). 

 Standard investigations performed at the beginning 
of diagnostic workup (CT and FDG-PET/CT) did not 
detect femoral lesion, because they did not include 
lower limbs. 

 The boy underwent chemotherapeutic treatment, and the 
99mTc-MDP whole-body scan after therapy (Fig.  12.11c ) 
showed a mild, linear, radiotracer uptake in the proximal 
diaphysis of left femur; the photopenic areas in the femur 
and in the cervical vertebra were no longer evident, such that 
indicating an almost complete response to therapy in the 
skeleton.  

  Fig. 12.11    ( a ) Whole-body bone scan shows a large photopenic area, 
surrounded by a rim of intense radiotracer uptake, in medial border of 
the proximal diaphysis of left femur; radiotracer distribution is not 
homogeneous in left femur, especially in both proximal and distal 
epiphyses; a small focal photopenic area surrounded by a rim of radio-
tracer uptake is also evident in a vertebra in middle cervical spine. ( b ): 
AP and LL plain fi lms of the left femur. Extended thickening of the 

inner cortex of the femoral shaft ( black arrows ) interrupted by a large 
semilunar defect of the medial diaphyseal bone profi le ( white arrow ). 
( c ) Whole-body bone scan shows a mild, linear, radiotracer uptake in 
the proximal diaphysis of left femur; the photopenic areas in the femur 
and in cervical vertebra were no longer evident, indicating an almost 
complete response to therapy in the skeleton           

a
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12.2.12     Case 12.12 Bone Scan 
in Osteosarcoma with Secondary Lung 
Involvement: No Evidence of Bone 
Metastases 

 A 12-year old girl with a recent diagnosis of osteosarcoma of 
left femur (plain radiography, Fig.  12.12a ; MRI, Fig.  12.12b ) 
with lung involvement referred to our hospital for staging 
and therapeutic management. A whole-body bone scan 
(Fig.  12.12c ) was performed that showed a large area of 

intense and nonhomogeneous uptake of radiotracer, involving 
middle and distal diaphysis of left femur, reaching distal 
metaphysis; no other pathological fi ndings were evident in 
the skeleton. Therefore, the girl underwent chemotherapy and 
surgical resection of neoplasia with a prosthetic implant 
(Fig.  12.12d ); 99mTc-MDP whole-body scan performed after 
treatment (Fig.  12.12e ) showed small areas of  radiotracer 
uptake in middle-proximal left femur and in middle- distal left 
tibia, near the prosthesis, due to previous surgical treatment 
and no pathological fi ndings in the skeleton.
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  Fig. 12.12    ( a ) AP and LL plain fi lm of the left femur. Extensive altera-
tion of bone structure with multiple osteolytic areas in the diaphysis and 
distal metaphysis of the femur. Thinning of the internal cortical. Coarse 
and irregular periosteal apposition in the central part of the lesion ( white 
arrows ); peripherally, the periosteal apposition is interrupted with 
Codman triangle ( black arrows ). ( b ) MRI coronal T1 fat/sat after con-
trast medium: extensive alteration of the diaphyseal bone marrow sig-
nal. Cortical distally thinned. Extra-osseous mass with inhomogeneous 
enhancement and small hypointense areas due to necrosis. ( c ) Staging 

whole-body bone scan shows a large area of intense and nonhomoge-
neous uptake of radiotracer involving middle and distal diaphysis of left 
femur, reaching distal metaphysis; no other pathological fi ndings were 
evident in the skeleton. ( d ): radiographic examination after joint pros-
thetic replacement. ( e ) Whole-body bone scan of small areas of radio-
tracer uptake in middle-proximal left femur and in middle-distal left 
tibia, near the prosthesis, due to previous surgical treatment and no 
pathological fi ndings in the skeleton           

 

M.F. Villani et al.



151

   

Fig. 12.12 (continued)

12 Oncology: Solid Mass in Pediatrics and Malignant Bone Involvement



152

    

Fig. 12.12 (continued)

M.F. Villani et al.



153

12.2.13        Case 12.13 Bone Scan 
in Osteosarcoma: Evidence of Bone 
Metastases 

 An 8-year old girl with a diagnosis of osteosarcoma of 
right femur with “skip lesion” (MRI, Fig.  12.13a ) referred 
to our hospital for disease staging. 99mTc-MDP whole-body 
scan (Fig.  12.13b ) showed a large area of intense and non-
homogeneous uptake of radiotracer involving distal diaph-
ysis of right femur; furthermore, a focal area of intense 
radiotracer uptake in proximal femur (“skip lesion”) and a 
diffuse and intense uptake in XII thoracic vertebra are 

 evident, respectively, such that indicating a metastatic 
osteosarcoma.

   Therefore, the girl underwent chemotherapy and a com-
plete surgical resection of right femur with a prosthetic implant 
(Fig.  12.13c ). CT scan after chemotherapy detected a disease 
progression, with lung involvement; 99mTc-MDP whole-body 
scan (Fig.  12.13d ) revealed multiple areas of pathological 
uptake of radiotracer in several skeletal segments; focal areas 
of intense uptake of radiotracer were also evident in left hemi-
thorax, corresponding to lung metastasis detected by CT; 
moreover, three focal areas of uptake were present in the soft 
tissue of right thigh, which can be attributed to metastases.  
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  Fig. 12.13    ( a )Above: RM coronal T1 fat/sat after contrast medium; 
below: MRI axial T2 fat/sat and T1 fat/sat after contrast medium; 
extended bone marrow signal alteration in the distal femur. Cortical is 
thinned and interrupted. Extra-osseous mass with inhomogeneous 
enhancement and small hypointense areas due to necrosis. Skip metas-
tasis in the subtrochanteric area ( white arrow ). ( b ) 99mTc-MDP whole-
body scan shows a large area of intense and nonhomogeneous uptake of 
radiotracer involving distal diaphysis of right femur; furthermore, a 
focal area of intense radiotracer uptake in proximal femur (“skip 
lesion”) and a diffuse and intense uptake in XII thoracic vertebra are 
evident, respectively, indicating a metastatic osteosarcoma. ( c ) 
Radiographic examination after prosthetic replacement. ( d ) 99mTc-MDP 

whole-body scan reveals multiple areas of pathological uptake of radio-
tracer in several skeletal segments; focal areas of intense uptake of 
radiotracer are also evident in left hemithorax, corresponding to lung 
metastasis detected by CT; moreover, three focal areas of uptake are 
present in soft tissue of right thigh, which can be attributed to metasta-
ses. In this case, bone scintigraphy played a signifi cant role both in 
diagnostic and in restaging phase; at diagnosis, in fact, the whole-body 
modality allows to detect skip lesion and distant metastasis, changing 
disease stage; restaging showed disease progression. Moreover, restag-
ing scan shows a peculiarity of osteosarcoma metastases, that is, the 
ability to produce bone matrix and to fi x 99mTc-MDP             

 

M.F. Villani et al.



155

    

Fig. 12.13 (continued)

12 Oncology: Solid Mass in Pediatrics and Malignant Bone Involvement



156

   

Fig. 12.13 (continued)

M.F. Villani et al.



157

   

Fig. 12.13 (continued)

12 Oncology: Solid Mass in Pediatrics and Malignant Bone Involvement



158

12.2.14     Case 12.14 Bone Scan in Ewing’s 
Sarcoma of the Scapula 

 A 2-year-old baby referred to our institution for pain in right 
scapula and underwent plain radiography, CT, and MRI 
(Fig.  12.14a ) that evidenced a lesion in the right scapula, 
strong suspect for malignancy, with no further relevant fi nd-
ings. A biopsy of the lesion was performed and diagnosis of 
Ewing’s sarcoma was made. In order to complete the dis-
ease staging, the baby underwent a whole-body bone scin-
tigraphy (Fig.  12.14b ), showing a pathological increased 

activity in the whole right scapula. No evidence of other 
locations was reported.

   A neoadjuvant chemotherapy was started. Then, a right 
scapulectomy was performed and a good pathological 
response was assessed. Adjuvant chemotherapy was 
administered according to the good-responders arm of 
treatment (ISG AIEOP EW1-Protocol). To date, the girl is 
in the fi fth year of disease-free follow-up in good clinical 
conditions. 

 Total body scintigraphy was useful to defi nitely exclude 
metastatic disease, orienting the therapeutic approach.  
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  Fig. 12.14    ( a ) Above: Axial MRI T2 fat/sat; below: RM axial and 
coronal T1 fat/sat after contrast medium; swelling of the posterior mar-
gin of the scapula ( white arrows ) with a large extraosseous mass with 
contrast enhancement, but with wide central hypointense area due to 
necrosis ( red arrows ). ( b ) 99mTc-MDP scintigraphy: multiple static 
views of skeletal segments are acquired, instead of the usual whole- 

body modality, due to the poor cooperation of the baby; scintigraphy 
showed intense and diffuse radiotracer uptake in almost all right scap-
ula and no other pathological fi ndings in the skeleton. An accumulation 
of radiophosphate in skeletal growth plates was also observed that was 
judged physiological for age       
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12.2.15     Case 12.15 Bone Scan 
in Paraneoplastic Cushing’s 
Syndrome, Secondary to Ewing’s 
Sarcoma 

 A 10-year-old boy presented with history of progressive 
weight increase, hypertrichosis, and weakness. At physical 
examination, he presented the classical facial and body habi-
tus of Cushing’s syndrome. 

 Blood tests documented high levels of ACTH and plasma 
cortisol that suppressed with high-dose dexamethasone test; 
therefore, the boy underwent brain MRI for evaluation of 
pituitary gland that appeared normal. Ultrasonography and 
abdominal MRI revealed bilateral adrenalic hyperplasia 
with pseudonodular appearance of the cranial portion of the 
left adrenal gland. 

 A paraneoplastic Cushing’s syndrome was diagnosed, 
and the patient underwent thorax and abdomen CT in order 
to identify primary neoplasia. Plain radiography of the pelvis 
(Fig.  12.15a ) and CT scan (Fig.  12.15b, c ) identifi ed a dif-
fuse alteration of the bone structure with predominant osteo-

blastic aspects of the right ischiopubic and ileopubic 
branches.

   CT fi ndings were strongly suggestive for a bone neofor-
mation, suspected for osteosarcoma. 

 99mTc-MDP scintigraphy (Fig.  12.15d, e ) showed intense 
uptake of radiotracer in right ischiopubic and ileopubic 
branches (better defi ned in pelvis static views) correspond-
ing to the lesion detected by CT. Multiple areas of radio-
tracer uptake are also evident in skull (more evident in the 
lateral views of the skull,) spine, several ribs of both hemi-
thorax, sternum, left scapula, both femurs (in particular, the 
left one), and in right proximal tibia. 

 Scintigraphic fi ndings were confi rmed by radiological 
examination, as shown in Fig.  12.15f–h . 

 The fi nal diagnosis of metastatic Ewing’s sarcoma with 
paraneoplastic Cushing’s syndrome was made by core biopsy 
of the left ischiopubic branch lesion. 

 In this case, bone scan allowed to identify the metastatic 
nature of the disease, not evident at the CT scan evaluation, 
thus changing the therapeutical approach toward a metastatic 
disease protocol.  
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  Fig. 12.15    ( a ) AP pelvic plain fi lm: swelling with predominantly scle-
rotic appearance of left ischiopubic area. ( b ) Coronal and axial CT after 
contrast medium: bone alteration mainly hyperdense of left ischiopubic 
area with extraosseous endopelvic mass that displaces the bladder (V) 
toward the right ( red arrows ). ( c ) Three-dimensional CT shows bone 
alterations. Notice the integrity of iliac vessels with some newly formed 
vessels from external and internal iliac arteries that supply the tumor 
area. ( d ,  e ) 99mTc-MDP scintigraphy shows intense uptake of radiotracer 
in right ischiopubic and ileopubic branches (better defi ned in pelvic 
static views. ( e ) Corresponding lesion detected by CT. Multiple areas of 
radiotracer uptake are also evident in skull (more evident in lateral 

views of the skull, (e) spine, several ribs of both hemithorax, sternum, 
left scapula, both femurs (in particular in left one), and in right proximal 
tibia. ( f – h ) Cerebral MRI scans sagittal and coronal T1-weighted after 
contrast medium and axial FLAIR: ( f ) repetitive alteration with right 
parietal bone bulging, and extracranial and intracranial mass ( red 
arrow ); CT chest; ( g ) metastatic pulmonary nodules ( red arrow ); T2 
sagittal MRI of the spine; ( h ) somatic collapse with hypointense signal 
in T3 and osteolysis of the anterior half of the L1 body ( white arrow ). 
Partial somatic collapse of T5–T6 without signal alteration due to 
osteoporosis ( red arrow )         
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Fig. 12.15 (continued)

M.F. Villani et al.



163

12.2.16     Case 12.16 Langerhans’ Cell 
Histiocytosis: Utility of Bone Scan 
in the Choice of Lesion Eligible 
for Diagnostic Biopsy 

 A 15-year old boy presenting cervical pain, asthenia, and 
weight loss referred to our hospital for diagnostic workup of 
a vertebral collapse, diagnosed in another center; a CT and 
spine MRI previously performed detected a preparaverte-
bral lesion extending from C7 to T5, involving interverte-
bral foramina and spinal canal; a complete vertebral collapse 
of T1 and lytic lesions in C7–T5 soma and in T1 were also 
evident, respectively. A biopsy of the lesion was not conclu-
sive. In our hospital, the boy underwent plain radiography, 
further CT, and spine MRI (Fig.  12.16  a, b, b’, c and c’), 

confi rming vertebral lesion, and a brain MRI for evaluation 
of pituitary gland showed pituitary gland hyperplasia and 
pituitary gland stalk thickening, thus suggesting a 
Langerhans’ cell histiocytosis.

   Therefore, a 99mTc-MDP whole-body scan was performed 
in order to detect active lesions and in particular to identify a 
site eligible for biopsy. 

 Whole-body bone scintigraphy (Fig.  12.16d–f ) showed 
increased radiotracer uptake in left mastoid process, several 
vertebrae of cervical and dorsal spine, left sacroiliac joint, 
and both iliac wings. 

 Considering scintigraphic fi nding, a CT-guided biopsy of 
lesion located in left iliac wing (appearing as lytic in CT) 
was performed, and histological examination confi rmed 
Langherans’ cell histiocytosis.  
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  Fig. 12.16    ( a ,  b ,  b’ ,  c,  and  c’ ) AP Skull plain fi lm. ( a ) Osteolytic area 
of the right mastoid ( white arrow ). X-ray (b) and coronal CT of the 
pelvis ( b’ ): osteolysis in the left iliac wing ( red arrow ) sagittal CT ( c ). 
Three-dimensional CT of the spine ( c’ ). Multiple somatic alterations 
from C7 to T4 with partial collapse of T1 ( black arrow ). ( d – f ) Whole- 
body bone scintigraphy shows increased radiotracer uptake in left mas-
toid process, several vertebrae of cervical and dorsal spine, left 

sacroiliac joint, and both iliac wings. Nonhomogeneous radiotracer 
uptake is also evident in proximal-middle two-third of right humerus 
and in right scapulohumeral joint. SPECT of the skull and of cervical 
and dorsal spine are also acquired; SPECT-CT manual fused images ( e ) 
allows to better localize radiotracer uptake in left mastoid process, 
while SPECT-MRI manual fused images ( f ) give a better defi nition of 
vertebral involvement         
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Fig. 12.16 (continued)
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12.2.17     Case 12.17 (Fig.  12.17a, b ) 
Histiocytosis: Typical Scintigraphic 
Pattern 

    A 3 year old boy was admitted to our department with a his-
tory of vomiting, diarrhea, delayed growth and weight loss. 

A diagnosis of diabetes insipidus was performed.  X-ray 
showed a large osteolytic lesion. Scintigraphy demonstrated 
a typical pattern of histiocytosis.   

  Fig. 12.17    In ( a ) is displayed a typical scintigraphic pattern of histio-
cytosis: a large photopenic area, surrounded by a rim of intense radio-
tracer uptake, expression of osteoblastic reaction, in left frontal bone; in 

( b ) is showed bone scintigraphy of the same patient, after treatment: a 
photopenic area is still evident, without rim of uptake (absence of 
osteoblastic activity)       
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12.2.18     Case 12.18 (Fig.  12.18a, b ) 
Scintigraphic Features and Typical 
Sites of Histiocytosis 

    LCH most commonly affects the skin and bones, but it can 
involve any organ in the body including lymph nodes, lungs, 
liver, spleen, bone marrow or brain. Following pictures show 
typical sites of histiocytosis.   

  Fig. 12.18    ( a ,  b ) Scintigraphic features and typical sites of histiocytosis       
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12.2.19     Case 12.19 Bone Scan in 
Erdheim–Chester Syndrome 

 Erdheim–Chester disease (ECD) is a rare non-Langerhans’ 
histiocytosis, involving multiple tissues and organs (i.e., 
skin, lungs, brain, pituitary gland). Bone involvement is 
characteristic of ECD and typically affects diaphyses and 
metaphyses of long bones, in particular of lower limbs. 

 In this fi gure is displayed a bone scintigraphy of a 16-year- 
old girl followed in our hospital for ECD. 

 99mTc-MDP whole-body bone scintigraphy (Fig.  12.19a ) 
shows bilateral intense and diffuse increased radiotracer 

uptake in lower limbs, in particular, in metaphyses of distal 
femurs (extending to region above the metaphyses), proxi-
mal tibiae (extending to region below the metaphyses), and 
distal tibiae (extending to region above the metaphyses), 
respectively.

   Multiple areas of increased radiotracer uptake in skull, 
proximal right clavicula, sternum, both humeral diaphyses, 
and left elbow are also evident. 

 This scintigraphic pattern, especially in lower limbs, 
is characteristic of skeletal involvement in ECD; 
 corresponding radiological images are reported in 
Fig.  12.19b–e .      

  Fig. 12.19    ( a ) Bilateral intense and diffuse increased radiotracer 
uptake in lower limbs, in particular, in metaphyses of distal femurs 
(extending to region above the metaphyses), proximal tibiae (extending 
to region below the metaphyses) and distal tibiae (extending to region 
above the metaphyses), respectively. ( b – e ): AP skull plain fi lm ( b ) 
Multiple osteolytic areas in the vault and skull base and in half right jaw 

( black arrows ). AP radiograph of the upper chest ( c ) enlargement of 
right medial clavicle extremity with cortical thinning ( white arrows ). 
AP plain fi lm of the elbow ( d ) shows fl exion contracture and slight 
inhomogeneous osteosclerosis of articular bones. AP plain fi lm of the 
legs ( e ): osteosclerotic tibias with thickening of the inner cortex and 
reduced size of the medullary channel ( black arrows )         
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Fig. 12.19 (continued)
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13.1          Introduction 

 Neuroblastoma is the most common solid extracranial tumor 
of childhood. It originates from the cell of the neural crest 
intended to form sympathetic nervous system. It accounts for 
7 % of all childhood cancers and for approximately 15 % of 
cancer deaths in children. Most frequently neuroblastoma 
arises from the adrenal gland (65 %) but it could originate 
along the ganglia of sympathetic nervous system. Other 
common sites are the ganglia in the retroperitoneum fol-
lowed by the ganglia localized in the chest, neck, and pelvis. 
The median age at diagnosis is 17 months, but it can occur in 
children from the prenatal age to young adult age. Around 
50 % of patients present with disseminated disease at the 
time of diagnosis. Dissemination occurs through lymphatic 
and hematogenous routes, with the involvement of bone, 
bone marrow, and liver. 

 Neuroblastoma is staged according to the International 
Neuroblastoma Staging System (INSS). Stage 1 or 2 neuro-
blastoma is localized, stage 3 neuroblastoma consists of 
locoregional extended disease, and stage 4 neuroblastoma is 
marked by distant metastases. A unique pattern of dissemi-
nation, limited to the liver, skin, and less than 10 % of bone 
marrow in children younger than 18 months old, is defi ned as 
stage 4S, which has a potential for spontaneous regression. 

 During the last two decades, there have been major 
advances in understanding the genetics of NB. Although the 
unfavorable prognostic factor MYCN amplifi cation is used 
by all cooperative groups for risk-group stratifi cation and 
therapeutic decisions, other prognostically signifi cant 
genetic features have been incorporated into risk classifi ca-
tion schemas. For these reasons, the International 
Neuroblastoma Risk Group (INRG) published a new clinical 
staging system in 2008: the INRG classifi cation was designed 
to stratify patients at the time of diagnosis; before any treat-
ment, in the International Neuroblastoma Risk Group 
Staging System (INRGSS), extent of locoregional disease is 
determined by the absence or presence of image-defi ned risk 
factors (IDRFs) (L1 and L2, respectively). Stage M will be 
used for widely disseminated disease, and MS describes 
metastatic NB limited to skin, liver, and bone marrow, with-
out cortical bone involvement in children aged 0–18 months 
with L1 or L2 primary tumors. This new stratifi cation takes 
into account histology, age, stage at diagnosis, and chromo-
somal aberrations. 

 Children with metastatic disease are quite ill at presenta-
tion. As the tumor disseminates to the bone, patients often 
present with nonspecifi c symptoms such as fever, bone pain, 
limping, or all of these. Metastasis in the orbits can cause 
periorbital ecchymosis (raccoon eyes), sometimes accompa-
nied by proptosis, caused by metastases in the orbital bone. 

 Particular clinical presentation of disease are the tumor 
arising from paraspinal site that may cause spinal cord com-
pression resulting in neurological symptoms, such as motor 
weakness, pain, and sensory loss, which can be medical 
emergencies. In these cases, multidisciplinary competences 
are required. 

 Clinical presentation of patients affected by localized dis-
ease depends on the site of tumor; so, the abdominal local-
ization presented with abdominal pain, while thoracic 
localization often presented with cough or as an incidental 
fi nding. 

 The treatment of metastatic neuroblastoma generally con-
sists of induction chemotherapy, surgery, myeloablative 
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 chemotherapy with stem cell rescue, radiotherapy, and 
immunotherapy. The treatment of localized neuroblastoma 
ranges from observation to chemotherapy, surgery, radio-
therapy, and differentiating therapy. The clinical course in 
patients affected by metastatic neuroblastoma varies enor-
mously, ranging from spontaneous regression to rapid and 
fatal tumor progression, despite extensive treatment. 

 The outcome of the patient affected by neuroblastoma is 
extremely variable in the case series and strongly depends on 
the presence of metastatic disease. 

 Improvement in the knowledge about tumor genome, 
more refi ned pathological defi nition, and more sophisticated 
diagnostic techniques allow to better characterize neuroblas-
toma in all its features, in order to tailor the treatment to the 
patients and to improve their prognosis.  

13.2     Study Technique and Interpretation: 
123I-MIBG Scintigraphy 

 123I-MIBG is administered by slow intravenous injection 
(administered activity adjusted to the patient’s weight, 
according to EANM dosage card and to the Italian regula-
tions), and scintigraphic images are acquired 24 h after the 
injection. 

 Anterior and posterior static spot images of chest, abdo-
men, pelvis, upper and lower extremities, and anterior, pos-
terior, left lateral, and right lateral spot images of the skull 
are acquired; the study is single proton emission tomography 
(SPECT) of interested segments; SPECT images are also 
manually fused with CT and/or MRI when available. 

 123I MIBG scan represents the gold standard for disease 
staging and treatment response evaluation in NB patients. 
MIBG labeled with 123I has superior imaging characteris-
tics than 131I-MIBG due to its physical properties (159 keV 
photon energy, 13 h half-life, and paucity of 123I particulate 
emission) and to the high activity that can be administered. 
123I characteristics and its favorable dosimetry, even at high 
administered doses, make its use preferable in children. 

Moreover, the SPECT and SPECT/CT overcome the limita-
tion of planar 123I MIBG scan imaging and can distinguish 
false-positive uptake, thus improving the detection rate and 
accuracy. A better anatomical localization of the lesions is 
achieved by the three-dimensional reconstruction of CT 
images, while imaging defi nition is improved by the lesion 
contrast evident at the CT scan. 

 Overall, MIBG scintigraphy alone is a sensitive (88–
93 %) and specifi c (83–92 %) tool in detecting NB cells. 
False-positive MIBG fi ndings are due to misinterpretation of 
physiological uptake, as in normal adrenal gland, bowel, 
muscle, heart, and liver. Instead, MIBG uptake in bone or 
bone marrow is always abnormal and has to be considered as 
a sign of focal bone involvement and/or diffuse bone marrow 
infi ltration. 

 There are many drugs that can interfere with MIBG uptake, 
in particular, cardiovascular and sympathomimetic drugs 
(such as amiodarone, combined alpha and beta- blockers, 
adrenergic neurone blockers, alpha-blockers, calcium channel 
blockers), systemic and local nasal decongestants, and several 
neurological drugs. A full list of interfering drugs is reported 
in EANM Guidelines on MIBG Scintigraphy. 

 However, in pediatric clinical practice, most used medica-
tions are cardiovascular drugs, in particular, antihyperten-
sives, because hypertension is often present in NB patients. 

13.2.1     Case 13.1 MIBG Scan in Prenatal 
Diagnosis of Adrenal Mass: MIBG-Avid 
Lesion 

 A newborn with prenatal diagnosis of right adrenal mass, 
confi rmed by ultrasonography (US, 1) at birth and with ele-
vated urinary catecholamines, undergoes 123I-MIBG scin-
tigraphy (Fig.  13.1c, d ) to confi rm the suspicion of 
neuroblastoma (NB). MIBG scan shows a MIBG avid lesion, 
without evidence of metastases. According to European 
guidelines, the baby is enrolled in observational protocol for 
neonatal adrenal mass.
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  Fig. 13.1    ( a ,  b ) Ultrasonographic images detect a large, oval, 
“comma”-shaped suprarenal mass showing an echoic fi ne nonhomoge-
neous pattern; neither calcifi cations nor necrotic areas are seen within 
the lesion. Diameters are about 40 × 27.5 × 34.5 mm. Right kidney is 
displaced and distorted, but not infi ltrated by the tumor, and adrenal 
fl aps are opened wide; a “contact” is present between the mass and the 
inferior vena cava that appears “fl attened,” reduced in diameter in retro-

hepatic tract, but with partially visible lumen. Color-Doppler ultra-
sound (CDUS) evaluation shows some fl ow signal peripherally and 
within the lesion. ( c ,  d ) MIBG scintigraphy (static views ( c ) show an 
area of intense and nonhomogeneous radiotracer uptake in the abdo-
men, corresponding to the mass detected by ultrasonography; no other 
areas of pathological uptake of radiotracer are evident. SPECT images 
( d ) help to better identify the site of the uptake (right adrenal region)         

a

c

b
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Fig. 13.1 (continued) 
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13.2.2        Case 13.2 Prenatal Diagnosis of Adrenal 
Mass: Nonavid Lesion at MIBG Scan 

 A newborn with prenatal diagnosis of left adrenal mass 
undergoes at birth an ultrasonography (Fig.  13.2a–d ), which 
shows a reduction of diameters of the lesion; therefore, 

123I-MIBG scintigraphy is performed in order to exclude a 
NB (Fig.  13.2e, f ). The lesion appears as nonavid of MIBG, 
and the baby is enrolled in observational protocol for neona-
tal adrenal mass.

   Lesion was no longer detectable at ultrasonography per-
formed at 1 year of age.  

  Fig. 13.2    ( a – d ) Ultrasonographic images of the left hypochondrium 
shows a lesion with size reduced compared to the previous ultrasound 
examination performed in gestational age (now measuring about 14 × 
12 × 10 mm). This lesion presents another homogeneous pattern, 
mainly hypoechoic with tiny hyperechoic spots in the central part, prob-
ably due to small calcifi cations. At CDUS, no fl ow signals are detected 

within the adrenal mass. Spleen and left kidney are separated from the 
lesion by a fatty layer. ( e ,  f ) MIBG scintigraphy (static views,  c ) does 
not show any areas of pathological uptake of radiotracer; in particular, 
the lesion detected by ultrasonography appears as nonavid of 
MIBG. SPECT images ( f ) confi rm this fi nding         

a b

dc
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Fig. 13.2 (continued) 
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13.2.3     Case 13.3: MIBG Scintigraphy 
in Localized Thoracic Neuroblastoma 
Infi ltrating Spinal Canal 

 An 11-month-old baby presents sudden hypotonia and diffi -
culty in crawling; physical examination confi rms hypotonia 
of the lower limbs. Suspecting a spinal cord compression, a 
brain and spine magnetic resonance (MR) (Fig.  13.3a–d ) and 
a chest and abdomen computed tomography (CT) (Fig.  13.3e,f ) 
are performed, and a left mediastinal mass is detected local-
ized at the costovertebral junction between the T1 and T6 
 spinal levels, with foraminal and intraspinal extension. 

Histological examination shows a stroma-poor NB, and, sub-
sequently, a MIBG scintigraphy for staging purpose is sched-
uled and confi rms the presence of the mass without metastases 
(Fig.  13.3g, h ). Genomic profi le shows absence of numerical 
chromosomal aberration, and so the case is defi ned as L2 neu-
roblastoma <12 months of age at diagnosis with IDRFs – 
NCA genomic profi le with life- threatening symptoms. Patient 
is enrolled in LINES protocol – Group 2, and underwent che-
motherapy. After receiving two courses of chemotherapy with 
carboplatin and etoposide, a complete resolution of symptoms 
is observed. A re- evaluation of disease shows the persistence 
of IDRFs; so, patient undergoes follow-up.
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  Fig. 13.3    ( a – f ) Transverse nonenhanced T2-weighted MR image and 
postcontrast T1-weighted image ( a – d ), and transverse and MPR coro-
nal contrast-enhanced CT ( e ,  f ) imaging show left mediastinal mass 
localized at the costovertebral junction between T1 and T6 spinal lev-
els, with foraminal and intraspinal extension (dumbbell tumor). A “con-
tact” is present between the lesion and the aorta (aortic arch and 
descending aorta), the left subclavian vein, and the azygous vein, 
respectively. In postcontrast imaging (both CT and MRI), more than 

one-third of the spinal canal in the transverse plane is invaded, and the 
leptomeningeal spaces are not visible; the spinal cord MR signal inten-
sity appears altered, as for marrow infi ltration. ( g ,  h ) MIBG scintigra-
phy (static views,  g ) shows an area of intense and nonhomogeneous 
radiotracer uptake in the posterior chest; SPECT-CT fused images ( h ) 
confi rm that the area of uptake corresponds to the mass detected by CT; 
no other areas of pathological uptake of radiotracer are evident         
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13.2.4        Case 13.4: MIBG Scintigraphy 
in Localized Abdominal Neuroblastoma 

 A 5-month-old baby undergoes an ultrasonography for inci-
dental fi nding of abdominal swelling; US shows a solid 
lesion localized in the left retroperitoneal space on the mid-
dle line. CT detected a large retroperitoneal, prevertebral 
mass, with some calcifi cations (Fig.  13.4a–c ), and suspected 
for NB, confi rmed by histological examination (NB stroma 

poor). Subsequently, MIBG scan is scheduled for staging 
purpose and detects the presence of the mass without metas-
tases (Fig.  13.4d, e ).

   Genomic profi le shows the absence of numerical chromo-
somal aberration; so, the case is defi ned as L2 neuroblastoma 
<12 months of age at diagnosis with IDRFs – NCA genomic 
profi le without life-threatening symptoms. Patient is enrolled 
in LINES protocol – Group 1 and randomized to receive 
chemotherapy.  

  Fig. 13.4    ( a – c ) Contrast-enhanced CT. Transverse ( a ), MPR coronal 
( b ), and sagittal ( c ) images show a large tumor in left abdomen, cross-
ing the midline, containing large areas of amorphous calcifi cations, 
with nonhomogeneous enhancement after contrast media administra-
tion. Left kidney is displaced and distorted by the tumor but not infi l-
trated, as the normal cortex is still visible; aorta and inferior cava are 
pervious, although stretched, fl attened, and displaced anteriorly, such as 

celiac artery, hepatic artery, and superior mesenteric vessels. Tumor 
infi ltrates the iliolumbar fossa, without foraminal and intraspinal exten-
sions. ( d ,  e ) MIBG scintigraphy (static views,  d ) detects a large area of 
intense and nonhomogeneous radiotracer uptake in abdomen-pelvis, 
crossing the middle line; SPECT-CT fused images ( e ) confi rm that the 
area of uptake corresponds to the mass detected by CT; no other areas 
of pathological uptake of radiotracer are evident         
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Fig. 13.4 (continued) 
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13.2.5     Case 13.5: MIBG Scintigraphy in MS 
Neuroblastoma 

 A 2-month-old baby refers to our institution for vomiting 
and lack of appetite; an ultrasonography shows a left adrenal 
lesion that compresses left kidney and multiple hyperechoic 
areas in the liver, respectively. CT confi rms ultrasonographic 
fi ndings (Fig.  13.5a–f ).

   Histological examination reveals a NB; therefore, the baby 
undergoes a MIBG scan for staging purpose (Fig.  13.5g, h ); 
scintigraphy detects the mass and a nonhomogeneous radio-
tracer uptake in the liver, due to the presence of metastases; no 
other areas of pathological uptake of radiotracer are evident. 

 Genomic profi le shows the absence of segmental chromo-
somal aberration; so, the case is defi ned as MS neuroblastoma 
without SCA and without life-threatening symptoms. The 
patient is enrolled in LINES protocol – Study arm low- risk MS.  
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  Fig. 13.5    ( a – f ) Contrast-enhanced CT. Transverse ( a ), MPR coronal 
( b ), and sagittal ( c ) images show a mass in left adrenal lodge (with 
diameters about 41 × 35 × 38 mm); tumor appears round-shaped and 
well-circumscribed; it displaces and compresses left kidney, separated 
from the tumor by a fatty layer. The mass has a wide contact with aorta, 
celiac artery, and splenic vessels, stretched and fl attened; a part of the 
left vein is completely encased by the tumor. CT scan shows also mul-
tiple peripherally enhancing lesions throughout the liver, consistent 

with the metastases (transverse images,  d – f ). ( g ,  h ) MIBG scintigraphy 
(static views,  g ) detects a large area of intense and nonhomogeneous 
radiotracer uptake in abdomen, in left paravertebral region; SPECT-CT 
fused images ( h ) confi rm that the area of uptake corresponds to the 
adrenal lesion detected by CT; the liver shows nonhomogeneous radio-
tracer uptake, due to multiple secondary nodules evident at CT ( g ,  h ); 
no other areas of pathological uptake of radiotracer are evident         
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Fig. 13.5 (continued) 
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13.2.6     Case 13.6: Infant Stage IV 
Neuroblastoma: MIBG and Bone Scan 
Imaging Integration 

 A 2-month-old baby refers to our institution for appearance 
of multiple blue nodules on the skin; an ultrasonography 
shows a left adrenal mass that compresses left kidney and 
multiple hyperechoic areas in the liver. CT detects a prever-
tebral mass located in the left adrenal lodge with multiple 
calcifi cation and multiple hypodense areas in the liver, 
respectively; several nodules are also evident in subcutane-
ous fat tissue of chest, abdomen, and pelvis; no lesions are 
evident in the skeleton (Fig.  13.6a–f ). Histological examina-
tion of one of this nodules reveals a metastasis of NB; there-
fore, the baby undergoes a MIBG scan for staging purpose 
(Fig.  13.6g ); scintigraphy shows a MIBG-avid mass and a 
nonhomogeneous radiotracer uptake in the liver, due to the 
presence of metastases; multiple areas of focal radiotracer 
uptake are evident in the abdomen, in the pelvis, and in the 
lower limbs (corresponding to known skin lesions).

   Moreover, two focal areas of MIBG uptake are evident in 
the right orbital region and in the left proximal humerus, 
respectively; it has been considered that these two foci of 
uptake are probably due to bone metastasis. 

 For this reason, the child undergoes 99Tc-MDP bone scan 
(Fig.  13.6h ) that shows uptake of radiotracer in the right 
orbital region, corresponding to MIBG uptake. 

 Chemotherapeutic treatment is carried out, and MIBG 
scintigraphy after chemotherapy (Fig.  13.6i ) shows persis-
tence of MIBG uptake in the primitive lesion and known 
skin lesions; nonhomogeneous radiotracer uptake in the 
liver is still present. Uptake in bone is no longer evident, 
such that indicating response to chemotherapy of the bone 
lesions. 

 The girl then undergoes surgery on primary NB, and is 
followed up with laboratory examination and periodic CT 
and MIBG scan. 

 At last follow-up, MIBG scintigraphy (Fig.  13.6j  shows a 
single, very small area of faint MIBG uptake in one of the 
known skin lesions and nonhomogeneous uptake in the liver.  
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Fig. 13.6 (continued) 

  Fig. 13.6    ( a – f ) Contrast-enhanced CT. MPR coronal ( a ,  b ) and trans-
verse ( c ,  d ) images show a nonhomogeneous and aggressive retroperi-
toneal mass containing many amorphous calcifi cations and located in 
the area of the left adrenal gland; the mass does not infi ltrate the kidney 
and was about 40 × 35 × 48 mm in size. Many lymph node metastases, 
multiple subcutaneous nodules, and liver enhancing lesions are also 
seen. Head CT scan ( e ,  f ) does not show images consistent with metas-
tases. ( g ) Staging MIBG scintigraphy (static views) detects a large area 
of intense and nonhomogeneous radiotracer uptake in abdomen, in left 
paravertebral region, corresponding to the lesion showed by CT that 
does not cross the middle line; the liver shows nonhomogeneous radio-
tracer uptake, due to multiple secondary nodules evident at CT; multi-
ple areas of focal radiotracer uptake are evident in proximal region of 
left humerus, in abdomen, in the pelvis, and in lower limbs (corre-
sponding to known skin lesions). A focal area of radiotracer uptake is 

evident in the right orbital region, suspected for bone metastases. ( h ) 
99Tc-MDP bone scan (static views) shows focal uptake of radiotracer 
in the right orbital region, corresponding to MIBG uptake. Faint uptake 
is evident in known skin lesions; intense uptake of radiotracer is also 
evident in abdominal mass (frequent in NB, due to the presence of cal-
cifi cations). ( i ) MIBG scintigraphy after chemotherapy (static views) 
shows persistence of intense radiotracer uptake in abdomen, in the 
primitive lesion, and of nonhomogeneous radiotracer uptake in the 
liver, respectively; focal uptake in known skin lesions is still present, 
while radiotracer uptake in right orbital region and in left proximal 
humerus is no longer evident, such indicating response to chemother-
apy of the bone lesions. ( j ) MIBG scintigraphy during follow-up (static 
views) shows a single, very small area of faint extraskeletal radiotracer 
uptake in soft tissue of left iliac region (corresponding to known skin 
lesion) and nonhomogeneous uptake in the liver           
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13.2.7     Case 13.7 MIBG Scintigraphy 
in Localized Abdominal 
Ganglioneuroma/
Ganglioneuroblastoma 

 A 7-year-old girl refers to our institution for abdominal pain; 
an ultrasonography shows a left adrenal mass that dislocates 
left kidney; CT confi rms a solid mass with calcifi cations that 

impresses the upper pole of the left kidney, suspected for NB 
(Fig.  13.7a–c ). The girl undergoes 123I-MIBG scintigraphy 
to confi rm the suspicion (Fig.  13.7d, e ), and the lesion 
appears as nonavid of MIBG. Subsequently, a biopsy of the 
lesion is performed, and histological examination shows a 
peripheral neuroblastic tumor, borderline between ganglio-
neuroma “maturing” and intermixed ganglioneuroblastoma, 
such that explaining the absence of MIBG uptake.
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  Fig. 13.7    ( a – c ) Contrast-enhanced CT. Transverse ( a ), MPR coronal 
( b ), and sagittal ( c ) images show a large mass in the left suprarenal 
region (about 58 × 28 × 39 mm in diameter). The lesion, containing tiny 
dystrophic calcifi cations, is oval-shaped and shows nonhomogeneous 
enhancement after contrast agent administration. Left kidney is inferi-
orly displaced; left adrenal gland, pancreatic tail, and medial border of 

the spleen are also displaced, although separated from the tumor by a 
fatty layer. ( d ,  e ) MIBG scintigraphy (static views,  d ) does not show 
any area of uptake of radiotracer; in particular, the lesion detected by 
CT appears as nonavid of MIBG. SPECT-CT fused images ( e ) confi rm 
this fi nding         
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13.2.8        Case 13.8 MIBG Scintigraphy 
in Localized Thoracic Neuroblastoma 
Without Involvement of Spinal Canal 

 A 3-year-old girl presents persistent cough since 1 month; 
she received specifi c therapy, but because of the persistence 
of symptom, a chest radiography, a CT scan, and a MR 
(Fig.  13.8a–c ) are performed, and neoplasia is detected in the 

posterior mediastinum, suspected for NB. For this reason, 
the girl undergoes 123I-MIBG scintigraphy (Fig.  13.8d, e ), 
which shows intense radiotracer uptake in the mass, without 
evidence of metastases.

   To better characterize the neoplasia, a biopsy was per-
formed, and diagnosis of differentiating ganglioneuroblas-
toma nodular performed. Patient was treated according to 
LINES protocol, and then the tumor was completely resected.  

  Fig. 13.8    ( a – c ) TransverseT2-weighted fat-sat ( a ), coronal 
T2-weighted TIRM ( b ), and postcontrast transverse T1-weighted MR 
images show a large, left upper posterior mediastinal mass; it is local-
ized between T3 and T8 spinal levels, and it does not show foraminal 
and intraspinal extensions. A “contact” is present between the lesion 
and the descending aorta, without signs of infi ltration of the nearest 

anatomical structures. ( d ,  e ) MIBG scintigraphy (static views ( d ) 
detects a large area of intense radiotracer uptake in the chest, corre-
sponding to large mass in posterior mediastinum, in paravertebral 
region, corresponding to the lesion showed by MRI, as better evident on 
SPECT-MRI fused images ( e )         
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13.2.9     Case 13.9 Stage IV NB: Scintigraphic 
Evidence of Complete Response 
to Induction Chemotherapy 
in Metastatic Sites 

 A 5-year-old girl refers to our institution for pain in pelvis 
and lower limbs; at clinical evaluation, the girl presents a 
hard swelling in abdomen. Therefore, an abdominal US and 
a subsequent CT are performed, and a large mass in the 
abdomen is detected (Fig.  13.9a, b ), suspected for NB; histo-
logical examination confi rms the diagnosis (NB stroma 
poor), and a MIBG scintigraphy is scheduled as part of 

 diagnostic workup; the scan detects spread of disease in the 
bone and bone marrow, as well as the mass (Fig.  13.9c ). 
Genomic profi le shows NMYC not amplifi ed. Patient is 
treated according to NBHR01 European protocol and patient 
randomized to N7 arm.

   At the end of induction treatment, a new balance of dis-
ease by CT scan, bone and bone marrow biopsy, and MIBG 
scan is performed. The CT scan showed a partial response 
of primary tumor (Fig.  13.9d, e ); bone and bone marrow 
biopsy are negative for infi ltration of disease; MIBG 
 scintigraphy shows disappearance of metastatic disease 
(Fig.  13.9f ).  

  Fig. 13.9    ( a ,  b ) MPR coronal contrast-enhanced computed CT shows 
large retroperitoneal mass ( a ), with nonhomogeneous density after con-
trast agent administration and tiny peripheral calcifi cations. The lesion, 
oval-shaped, with irregular borders, displaces anteriorly the pancreatic 
gland and the superior mesenteric artery. There are also multiple meta-
static nodes with inner coarse calcifi cations located in retroperitoneal 
fatty space and extending along iliac vessels both on the right and on the 
left. CT scan does not show images consistent with bone metastases ( b ). 
( c ) Staging MIBG scintigraphy (static views,  c ) shows nonhomoge-
neous uptake in large tumor in abdomen; multiple areas of uptake are 
evident in skull, skull base, both orbits, sternum, many ribs in both 

hemithorax, in all spine, both humeri, right radius, pelvis, femurs, tib-
iae, and left foot, indicating bone-bone marrow involvement. ( d ,  e ) 
MPR coronal ( d ) and transverse ( e ) and contrast-enhanced computed 
tomography (CT) after chemotherapy show no signifi cant reduction in 
size of the primary mass (about 52 × 82 × 45 mm), neither of the previ-
ous reported lymphadenopathies. At MIBG scintigraphy after treatment 
( f ), metastatic lesions are no longer evident, while radiotracer uptake in 
right adrenal lodge (corresponding to residual mass) is still detectable, 
indicating a complete metabolic response to chemotherapy of bone and 
bone marrow metastasis         
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13.2.10     Case 13.10 Stage IV 
Neuroblastoma: Scintigraphic 
Evidence of Partial Response 
to Induction Chemotherapy 
in Metastatic Sites 

 A 2-year-old boy presenting limping since 1 month refers to 
our institution with a previous diagnosis of hip synovitis, 
treated with NSAI and steroid therapy; because of the persis-
tence of symptoms, blood and biochemistry tests are per-
formed. Blood test is normal, while biochemistry shows high 
level of LDH. An US is performed to check the hip synovitis, 
and it is extended to the abdomen, such that allowing to 
detect a lesion in the left adrenal gland; the next CT confi rms 
a large tumor arising from left adrenal lodge and reaching in 
its distal part lumbar and sacral vertebrae; a portion of this 
tissue, extending from L5 to S2–S3, presents foraminal and 

intraspinal extension (Fig.  13.10a–c ). Histological examina-
tion shows a NB stroma-poor, and MIBG scintigraphy is per-
formed in order to complete disease staging. Scan detects 
spread of disease in the bone and bone marrow, as well as the 
mass (Fig.  13.10d ). Genomic profi le shows NMYC 
amplifi cation.

   Patient is treated according to NBHR01 European proto-
col and randomized to N7 arm. 

 At the end of induction treatment, a new balance of dis-
ease by CT scan, bone and bone marrow biopsy, and MIBG 
scan is performed. The CT scan shows a partial response of 
primary tumor (Fig.  13.10e–g ); bone and bone marrow 
biopsy are negative for infi ltration of disease; MIBG scintig-
raphy shows the persistence of disease in the lower limbs 
(Fig.  13.10h–k ). For these reasons, patient receives TVD 
(topotecan-vincristine-doxorubicin) intensifi cation chemo-
therapy regimen according to the protocol NBHR01.  
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  Fig. 13.10    ( a – c ) MPR coronal ( a ) and transverse ( b ) contrast- 
enhanced CT image show a large left adrenal mass, appearing at nonho-
mogeneously hypodense because of multiple inner nonenhancing areas 
after contrast agent administration. The lesion, oval-shaped, with well- 
defi ned borders, is about 51 × 43 × 62 mm in size; the left kidney is 
displaced and distorted but not infi ltrated, as well as the spleen and the 
pancreatic tail. The tumor, extending in the iliolumbar fossa, invaded 
the spinal canal at the level between L5 and S3 via the neuroforamina 
( c ). There are also multiple enlarged, metastatic retroperitoneal nodes. 
( d ) Staging MIBG scintigraphy (static views) shows nonhomogeneous 
radiotracer uptake in the abdomen, probably corresponding to tumor 
evident on CT. Multiple areas of uptake are evident in skull, skull base, 
both orbits, sternum, left scapula, both humeri, both radii, pelvis, 

femurs, tibiae, and diffuse uptake in the spine, indicating bone and bone 
marrow involvement. ( e – g ) MPR ( e ) coronal and transverse ( f ) contrast- 
enhanced CT after treatment shows a partial response to therapy sup-
ported by a marked reduction in size of the primary mass (actually 22 × 
26 × 24 mm) showing large inner calcifi cations. There is also a signifi -
cant regression both in nodal involvement and in foraminal and intra-
spinal component ( g ). ( h ,  k ) MIBG scintigraphy after treatment (static 
views,  h ,  i ): radiotracer uptake is still evident only in distal femurs, 
proximal tibiae, and in right distal tibia; SPECT-CT fused images show 
absence of radiotracer uptake in primary tumor ( j ,  k ) and in tissue- 
infi ltrating spinal canal. This pattern indicates a partial response to che-
motherapy of bone and bone marrow lesions.           
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13.2.11     Case 13.11 Stage IV 
Neuroblastoma: Scintigraphic 
Evidence of Persistent Disease 

 A 15-month-old baby refers to our emergency for left orbital 
swelling and exophthalmos; suspecting a periorbital celluli-
tis, a brain CT scan is performed, which shows a pathologi-
cal tissue starting from left temporofrontosphenoidal region 
and infi ltrating the left wing of sphenoid bone and lateral 
wall of the orbit (Fig.  13.11a–d ). To complete the study, a 
whole-body CT (Fig.  13.11e, f ) is performed, and a neopla-
sia in the left adrenal gland is identifi ed. For the characteriza-
tion of the neoplasia, a biopsy of the adrenal mass is 
performed, and the suspected diagnosis of neuroblastoma is 
confi rmed. Consequently, a MIBG scintigraphy is scheduled 
for staging and shows radiotracer uptake in the mass and 
bone and bone marrow involvement (in particular, in skull 
base) (Fig.  13.11g ). Genomic profi le shows NMYC 
amplifi cation.

   Patient is treated according to NBHR European proto-
col – N7 arm 

 At the end of the induction treatment, a new balance of 
disease by CT scan, bone and bone marrow biopsy, and 
MIBG scan is performed. CT scan shows a partial response 
of primary tumor and stable disease in the left orbit. One of 
two bone marrow biopsies was positive for infi ltration of dis-
ease; MIBG scintigraphy shows persistence of disease com-
pared with the staging (Fig.  13.11h ). For this reason, patient 
receives TVD (topotecan-vincristine-doxorubicin) intensifi -
cation chemotherapy regimen according to the protocol 
NBHR01. 

 Then, the girl undergoes surgery on primary tumor and 
further chemotherapeutic treatment. 

 At last follow-up, MIBG scintigraphy shows persistence 
of disease in skull and orbits, with no other areas of meta-
static involvement (Fig.  13.11i, j .)  
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  Fig. 13.11    ( a – f ) Contrast-enhanced CT: MPR coronal image of the 
head shows a large lesion originating in the bone marrow, as evidenced 
by bone destruction on bone windows ( a ,  b ), and then extending to 
paraosseous soft tissues, causing intraorbital or extratransverse intra-
cranial soft tissue masses with an inhomogeneous enhancement after 
contrast media administration, better seen on soft tissue windows 
(transverse and MPR coronal images. ( c ,  d ) Abdomen CT scan shows a 
large, infi ltrating neuroblastoma arising from right adrenal gland, 
appearing nonhomogeneous after contrast agent administration (MPR 
coronal and transverse images ( e ,  f ), with large, amorphous calcifi ca-
tions in the contest. The lesion completely encases right renal vessels; 
the “contact” between the tumor and the aorta and the inferior cava vein 
is wide. The margins between the tumor and the kidney are ill defi ned 
as well as the one between the mass and the liver. Multiple enlarged and 
nonhomogeneous retroperitoneal node metastases are also evident. ( g ) 

Staging MIBG scintigraphy (static views) shows nonhomogeneous 
radiotracer uptake in the abdomen, corresponding to tumor evident on 
CT. Multiple areas of uptake are evident in skull, skull base, both orbits, 
sternum, left scapula, ribs, both humeri, both radii, pelvis, femurs, and 
tibiae, and diffuse uptake in the spine, indicating bone and bone marrow 
involvement. ( h ) MIBG scintigraphy after treatment (static views): 
radiotracer uptake still evident shows the tumor in right adrenal lodge 
(evident on CT scan) and in quite all the sites evident in staging scan, 
even if intensity of uptake is mildly reduced. This pattern indicates a 
persistence of disease despite the chemotherapy. ( i ,  j ) MIBG scintigra-
phy during follow-up (static views,  i ) shows persistent radiotracer 
uptake in the skull, skull base, and in both orbits, better defi ned in 
SPECT-CT fused images ( j ). N other areas of pathological uptake are 
evident           
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13.2.12     Case 13.12: Stage IV 
Neuroblastoma: Scintigraphic 
Evidence of Relapse 

 A 3-year-old child refers to our institution for fever and hard 
swelling in abdomen at clinical evaluation. Ultrasonography 
shows evidence of an abdominal mass; a CT detects a large 
abdominal mass with pleural metastases (Fig.  13.12a–d ). 
MIBG scintigraphy is performed which shows nonhomoge-
neous radiotracer uptake in the mass and metastases in 
pleura, and in bone and bone marrow (Fig.  13.12e–g ).

   Therefore, the girl undergoes chemotherapy, surgery, and 
radiotherapy; MIBG scintigraphy at the end of treatment 

shows absence of areas of pathological radiotracer uptake 
(Fig.  13.12h , i). 

 During follow-up, a relapse is suspected for increase of 
LDH value, and a CT scan is scheduled. CT detects a large 
mass extending above and below the diaphragm, in pre- and 
paravertebral regions on the midline and on the right parame-
dian line (Fig.  13.12j–m ), and then the girl undergoes a 
MIBG scintigraphy to restage the disease. The scan shows 
intense radiotracer uptake in the mass, without other areas of 
pathological uptake (Fig.  13.12n, o ) 

 Currently, the girl is following chemotherapeutic 
treatment.  
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Fig. 13.12 (continued) 

  Fig. 13.12    ( a – d ) Contrast-enhanced CT: left adrenal infi ltrating mass 
with wide retroperitoneal spread (MPR coronal and transverse images, 
 a ,  b ) and pleural metastases (transverse images,  c ,  d ). ( e – g ) MIBG scin-
tigraphy (static views,  e ) shows nonhomogeneous radiotracer uptake in 
the large mass evident on CT, located in left abdomen, and crossing the 
midline; it presents wide hypoactive areas, as for colliquative necrosis 
(often seen in NB). Focal areas of intense radiotracer uptake are evident 
in distal femurs. SPECT-CT fused images confi rm nonhomogeneous 
radiotracer uptake in the mass ( f ) and show uptake in the pleural lesions 
evident on CT ( g ). ( h ,  i ) MIBG scintigraphy after treatment (static 
views,  h ): no evidence of areas of pathological radiotracer uptake; 
SPECT images confi rm this fi nding ( i ). ( j – m ) Contrast-enhanced 

CT. MPR coronal ( j ), sagittal ( k ), and transverse ( l ,  m ) images show a 
large mass extending above and below the diaphragm, in pre- and para-
vertebral region on the midline and on right paramedian line. The lesion 
is not homogeneous, hypodense after contrast agent administration, 
without inner calcifi ed areas. It is oval-shaped with ill-defi ned borders 
and is about 58 × 55 × 53 mm in size. ( n ,  o ) Restaging MIBG scintigra-
phy shows intense radiotracer uptake in upper abdomen, above and 
below the diaphragm, in paravertebral region, corresponding to the 
mass evident on CT. No other areas of pathological uptake of radio-
tracer are present. In this case, SPECT-CT fused images ( o ) are manda-
tory for accurate evaluations of the lesion and its metabolic pattern               
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13.2.13     Case 13.13 123I-MIBG 
Scintigraphy in the Evaluation 
of Patients Eligible for 131- 
MIBG Therapy 

 A 13-year-old girl affected by relapsed NB. She had surgery 
at 5 years of age for an abdominal paravertebral NB Stage I 
with unfavorable histology, NMYC-negative and multiple 
further therapy for local recurrence. After 2 years of well-
ness, the girl experienced an ascend relapse of disease local-
ized in the pleura. 

 In Fig.  13.13  are displayed restaged 123I-MIBG scintig-
raphy (a-b) and CT scan (Fig.  13.13c–g ). The girl was treated 
with a course of chemotherapy, and the evaluation of disease 
at the end of treatment showed stable disease. For this rea-
son, a radiometabolic therapy with I131- MIBG was 
 scheduled (Fig.  13.13l, m ), and she received 15 mcg/
kg + Melphalan followed by PB stem cells rescue, before 
therapy.

   Although there was a good clinical response to therapy 
with wellness, at last follow-up, the girl experienced a relapse 
in lung.      
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  Fig. 13.13    ( a ,  b ) 123I-MIBG scintigraphy (static views,  a ) shows 
multiple focal areas of intense uptake in left hemithorax; SPECT-CT 
fused images ( b ) localize these areas in correspondence of nodular 
lesions detected by CT scan in upper left mediastinum and in quite all 
parietal pleural membranes of left hemithorax; radiotracer uptake is 
also evident in a tissue in cardiophrenic angle. MIBG uptake is also 
evident in a pathological tissue in left axilla. ( c – g ) Contrast-enhanced 
CT shows multiple solid and nonhomogeneous nodules located in the 

superior mediastinum (MPR coronal image,  g ), at the left pulmonary 
hilum and along the chest wall in subpleural region (transverse image, 
 c ); the presence of a soft tissue mass in the middle mediastinum, in the 
aortopulmonary window (transverse image,  f ), and in the left axilla 
fatty space (transverse image,  e ), respectively, is also observed. ( i – h ) 
131I-MIBG scintigraphy after administration of therapeutic activity 
(whole-body,  h , and SPECT-CT fused images,  i ) confi rms the fi nding of 
diagnostic 123I-MIBG scintigraphy         
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      Gastroenterology: Focus on Children 
with Gastrointestinal Problems                     

     Luigi     Dall’Oglio     and     Renato     Tambucci    

      Gastrointestinal imaging tests are a cornerstone of the gas-
troenterologist’s diagnostic armamentarium. Over the last 
decades, nuclear medicine has gained increasing importance 
for the assessment of the digestive system disorders. 

 Since the fi rst description of a radiolabeled meal adminis-
tration in 1966, scintigraphy has become the standard test to 
measure the gastric emptying; however, despite promising 
results, no other signifi cant progress in clinical practice has 
been made for studying gastrointestinal motility [ 10 ]. 

 By defi nition, gastroparesis is a gastric motility disorder 
characterized by delayed gastric emptying without evidence 
of mechanical obstruction [ 3 ]. In adults, diabetic, postsurgi-
cal, and idiopathic etiologies account for approximately one 
third each of cases. In children, the majority of cases are 
idiopathic [ 15 ]. 

 Classically, symptoms of gastroparesis include abdomi-
nal pain, nausea, vomiting, abdominal fullness, and early 
satiety. These are complaints commonly seen in pediatric 
clinical practice and may be found in other etiologies. 
Therefore, the diagnostic workup should include an upper 
gastrointestinal contrast study or an esophagogastroduode-
noscopy in order to rule out mechanical obstruction or other 
organic underlying disorders (e.g., esophagitis and peptic 
ulcer disease). Once anatomical or organic diseases are 
excluded, gastroparesis and functional dyspepsia (defi ned by 
the Rome III criteria) can be considered; indeed, there is a 
signifi cant clinical overlap between them. Moreover, it has 
been shown that a subset of children with clinical diagnosis 
of functional dyspepsia has a delayed gastric emptying [ 4 ]. 

 Gastric emptying scintigraphy is the most reliable method 
to make a diagnosis of gastroparesis. It provides a noninva-
sive, physiological, quantitative measurement of gastric emp-
tying. Especially in infants and in neurologically impaired 
children, a gastric emptying study may also be indicated for 

patients with refractory symptoms of gastroesophageal refl ux 
disease, since gastroparesis may contribute or aggravate gas-
troesophageal refl ux symptoms [ 11 ]. 

 Identifying patients with delayed gastric emptying is 
important in treatment decision-making. 

 According to the symptoms’ severity and based on scin-
tigraphy results, the management may include dietary modi-
fi cation, pharmacological therapy, and endoscopic or surgical 
approaches [ 2 ,  15 ]. 

 A fi eld of very useful scintigraphic application is the 
assessment of the oropharyngeal and esophageal motor func-
tion. A complex coordination of sequences, controlled by 
multiple levels of the nervous system, is required for a safe 
and effi cient swallowing. The phases of the swallowing pro-
cess allow the normal bolus propulsion from the mouth to the 
stomach, avoiding the passage of food through the larynx into 
the respiratory tree. Oropharyngeal dysphagia can be caused 
by disorders of the central nervous system (e.g., cerebral 
palsy) and by neuromuscular diseases. Pulmonary aspiration 
during feeding is an important cause of acute, recurrent, and 
chronic pulmonary disease in children [ 18 ]. Moreover, during 
gastroesophageal refl ux episodes, when the refl uxate does 
enter the pharynx, the airway is protected by refl exive glottal 
closure and a pharyngoglottal closure refl ex; impairment in 
this mechanism may result in aspiration. Infants who are born 
preterm, those that are small for gestational age, and those 
with cerebral palsy are at greatest risk of developing pharyn-
geal and/or esophageal motility disorders [ 16 ]. 

 After an accurate patient’s history and clinical assessment, 
instrumental testing is necessary for defi nitive diagnosis of 
swallowing dysfunction and aspiration. Videofl uoroscopic 
swallow study and fi ber-optic endoscopic evaluation of swal-
lowing are the most commonly used tools, but nuclear scin-
tigraphy may play an important role in aspiration assessment. 
As previously stated, aspiration can occur either during swal-
lowing (antegrade) or as retrograde aspiration of gastric or 
esophageal contents [ 14 ]. The radionuclide salivagram pri-
marily detects aspiration during swallowing (antegrade 
events), and the gastroesophageal refl ux  scintigraphy (“milk 
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scan”) is more likely to detect events related to gastroesopha-
geal refl ux (retrograde events). During both tests, aspiration 
diagnosis is made when radiopharmaceutical activity is 
detectable within the lung fi elds [ 1 ]. Gastroesophageal scin-
tigraphy scanning can detect refl ux episodes occurring during 
meals administration and/or during study registration (at least 
1 h) independently of the gastric pH; consequently, late post-
prandial acid exposure and occurrence of refl ux episodes are 
missed with scintigraphy. The number of refl ux episodes, 
level reached within the esophagus, and the clearance rate of 
refl ux episodes may then be determined by scintigraphy. 
However, a lack of standardized techniques and the absence 
of age-specifi c norms are important limits of the test in the 
assessment of the gastroesophageal refl ux disease [ 19 ]. 

 Although not as well standardized as gastric emptying 
scintigraphy, esophageal transit scintigraphy may provide a 
quantitative and qualitative analysis of single- and multiple- 
swallow studies. Esophageal manometry is the standard test 
in assessing esophageal motility; however, when it is not 
available or results are equivocal, esophageal scintigraphy 
can be clinically useful. The transit time and/or retention in 
the esophagus can be assessed by scintigraphy. Scintigraphy 
studies of esophageal transit have shown a high sensitivity 
for detecting a wide range of esophageal disorders (e.g., 
achalasia, diffuse esophageal spasm, scleroderma), but a 
lower sensitivity, especially for disorders with intact peristal-
sis but high-amplitude contractions or isolated elevated pres-
sures in the lower esophageal sphincter. Despite specifi c 
criteria for diagnosing the primary esophageal motility dis-
orders have been proposed (in adults), its clinical utility in 
clinical practice is not well defi ned, and its widespread use is 
still limited [ 11 ]. 

 As far as gastrointestinal motility is concerned, nuclear 
medicine efforts are channeled toward the standardization of 
small bowel and colon transit studies. Scintigraphy is a safe 
and noninvasive method for the quantitative evaluation of 
overall and regional intestinal transit. Scintigraphic test also 
allows the possibility to study gastric emptying and whole 
bowel transit as part of the same study. Indications for small 
bowel and colon transit scintigraphy include dyspepsia, irri-
table bowel syndrome, chronic constipation, chronic diar-
rhea, and chronic idiopathic intestinal pseudo-obstruction 
[ 12 ]. A partial, but encouraging, success in advancing gastro-
intestinal scintigraphy was achieved through the develop-
ment of methods for the study of the colonic transit [ 13 ]. 
Compared to traditional tests (e.g., radiopaque markers), dis-
advantages of the colonic scintigraphy are related to the lack 
of standardization, especially in children, and its limited 
availability due to high costs and need for specialized equip-
ment. However, radiolabeled meal allows a more physiologi-
cal radioisotope incorporation into the gut content compared 
with the indigestible solid pellet. In 2005, a task force com-
mittee on gastrointestinal transit studies has stated that “the 

scintigraphic method is the only one that reliably allows the 
determination of both total and regional transit times” [ 9 ]. 

 Scintigraphy studies are classically employed in the local-
ization of active and obscure overt gastrointestinal bleeding 
and are the methods of choice for identifying ectopic gastric 
mucosa in a Meckel’s diverticulum. 

 Although most bleeding ultimately resolves spontane-
ously, sometimes it might lead to hemodynamic instability 
resulting in potential life-threatening event that may require 
prompt surgical intervention. 

 Bleeding may originate from the upper or lower gastroin-
testinal tract, by convention defi ned as bleeding occurring 
respectively proximally and distally to the ligament of Treitz 
at the duodenal fl exure. Upper and lower gastrointestinal 
bleeding require different clinical approaches. Although clin-
ical signs may guide the localization – hematemesis and 
melena for upper bleeding, and hematochezia for lower 
bleeding – sometimes, the source of bleeding can be diffi cult 
to distinguish clinically. Endoscopic assessment is the fi rst- 
line choice for the diagnosis and treatment of acute GI bleed-
ing. Clinical guidelines for management of patients with 
acute lower gastrointestinal bleeding suggest that radio-
graphic interventions (tagged red blood cell scintigraphy, 
computed tomographic angiography, and angiography) 
should be considered in high-risk patients with ongoing 
bleeding who do not respond adequately to resuscitation and 
who are unlikely to tolerate bowel preparation and colonos-
copy [ 17 ]. Moreover, after performance of a normal upper 
and lower endoscopic examination, a source of small bowel 
bleeding should be considered. Video capsule endoscopy 
should be considered a fi rst-line procedure for small bowel 
investigation followed by deep enteroscopy when endoscopic 
evaluation and therapy are required. In acute overt massive 
bleeding, conventional angiography should be performed for 
hemodynamically unstable patients, while in hemodynami-
cally stable patients, multiphasic computer tomography can 
be performed to identify the site of bleeding and guide further 
management. However, in patients with acute overt gastroin-
testinal bleeding and slower rates of bleeding (0.1–0.2 mL/
min), red blood cell scintigraphy should be performed if deep 
enteroscopy or video capsule endoscopy are not performed to 
guide timing of angiography [ 6 ]. 

 Tagged red blood cell scintigraphy is a noninvasive test 
that detects active bleeding that is occurring at a slow rate 
(0.1–0.5 mL/min), and it is a very sensitive radiographic test 
for gastrointestinal bleeding [ 5 ]. Advantages of scintigraphy 
include the ability to detect lower rates of bleeding and the 
ability to perform delayed imaging that can improve detec-
tion of intermittent or delayed bleeding [ 17 ]. A major disad-
vantage of radionuclide imaging is that it can only localize 
bleeding to a general area of the abdomen. Poor localization 
occurs because blood can move in either a peristaltic or anti-
peristaltic direction. In addition, localization to an area of the 
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abdomen is not equivalent to identifying a specifi c site [ 8 ]. It 
has been indicated that the optimal time for red blood cell- 
labeled scintigraphy is less than 24 h after the patient has 
received a minimum of 500 mL of red blood cell transfusion. 
A negative red blood cell scintigraphy study has been shown 
to be predictive of a good outcome [ 17 ]. 

 Especially in children with ongoing overt bleeding and 
negative evaluation with video capsule endoscopy, or other 
testing modalities, consideration should be made for testing 
with a  99m Tc pertechnetate scan for detection of Meckel’s 
diverticulum. Approximately 10–60 % of these diverticula 
contain ectopic gastric mucosa, gastric acid, and pepsin pro-
duction may result in mucosal damage and bleeding. 
Scintigraphic imaging is based on the fact that  99m Tc pertech-
netate is actively secreted by the mucous cells found within 
the gastric mucosa. A Meckel scan is performed in order to 
localize the abnormal tissue in preparation for surgical 
removal. On imaging, a Meckel’s diverticulum is identifi ed 
as a focus of activity in the lower abdomen or upper pelvis 
that generally appears at the time of stomach visualization 
and increases as stomach activity increases. Diagnostic accu-
racy of 90 % has been reported [ 7 ].    
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15.1          Study Technique and Interpretation 

15.1.1     Gastric Emptying Scintigraphy 

 Gastric emptying is a radionuclide technique with a low 
effective radiation dose (maximum 0.3 mSv for 37 MBq) 
that is frequently used for measuring gastric emptying. In 
addition, other important clinical information achievable by 
this simple test are identifying repetitive refl ux episodes, 
quantifying refl ux level, duration and frequency, and evaluat-
ing possible lung aspiration. 

 The unique preparation required for this test is a fasting 
of 4 h. 

 Gastric emptying study is performed for 60 min duration 
(180 frames × 20 s) after meal abministration: liquid, semi-
liquid, or semisolid meal with an adequate caloric intake can 
be radiolabeled according to child habits (as milk with or 
without biscuits, yogurt, homogenized) to achieve a func-
tional evaluation in physiological conditions. For more 
details about meal administration, see in capital 1. The 
administered activity of radiotracer is adjusted to the patient’s 
weight (0.55 MBq/kg of technetium-99 m-diethylene- 
triamine- pentaacetate – 99mTc-DTPA), with a minimum 
suggested activity of 7.4 MBq and a maximum dose of 
37 MBq). 

 Posterior view registration (with gamma camera centered 
on the chest and upper abdomen region) allows to achieve a 

better quality imaging in pediatric patients. With this arrange-
ment of the gamma camera, the child can see and feel near to 
parents, and the team staff can more easily block (when nec-
essary) the patient or assist the patient in case of vomiting or 
aspiration. Dedicated software for movement correction is 
useful, using careful evaluation to exclude possible 
artifacts. 

 The qualitative (displayed 600 s per frame) and time/
activity curves analyses of dynamic study allow evaluating 
measurement of gastric emptying velocity (for this end point, 
gastric emptying scan is considered the gold-standard tech-
nique). Excessive gastric emptying delay is a major mecha-
nism in facilitating gastroesophageal refl ux, because it 
causes prolonged gastric wall distension, ending with lower 
esophageal sphincter dysfunction. 

 After motion correction, the gastric region of interest 
(ROI) is drawn to achieve time/activity curves, and all data 
are corrected for time decay. Gastric emptying is expressed 
by quantitative parameters (calculated by A/T curve analy-
sis) as lag time, gastric emptying half-time (GE T1/2), and 
percent of gastric retention at 1 h. Normal values are not 
established for pediatric population, but in our experience a 
normal gastric emptying pattern is characterized by gastric 
emptying >30 % at 1 h and/or GE T1/2 < 90 min with lag 
time <10 min. 

 Accurate qualitative and quantitative evaluation of 
 scintigraphic study also allow detecting and quantifying 
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 gastroesophageal refl ux; all of these information give impor-
tant contribution to the diagnostic assessment and therapeu-
tic management of gastroesophageal refl ux disease. 

 Lung fi elds evaluation is useful to detect ab ingestis inha-
lation of labeled meal (if orally assumed) or pulmonary aspi-
ration secondary to refl ux episodes. Gastroesophageal 
studies in relationship to respiratory problems are reported in 
clinical teaching cases of capitol 20.  

15.1.2     Scintigraphy of the Esophageal Transit 

 The transit of a radiolabeled solid or liquid bolus is recorded 
by fast dynamic scintigraphy (0.1–0.5 s/frame); results can 
be described as reframed dynamic series or by means of 
activity/time curves obtained in multiple regions. 
Assessment of swallowing by oropharyngoesophageal scin-
tigraphy is feasible in cooperative children and helpful in 
patients with history of dysphagia, for the evaluation of 
esophageal motility, in primary or acquired structural 
esophageal abnormalities. Scintigraphy of the esophageal 
transit can be performed after gastric emptying study, and it 
is considered as normal if total transit time is 4–6 s for liq-
uid bolus or 6–10 s for solid bolus. Normal clearance time 
of esophageal activity is less than 15 s with a percentage of 
clearance equal to 90 %.   

15.2     Teaching Cases 

15.2.1     Gastric Emtying Scintigraphy 
in Management of Children 
with Gastrointestinal Motility Disorders 
and Clinical Suspect 
of Gastroesophageal Refl ux Disease 

15.2.1.1     Case 15.1 Normal Scintigraphic 
Pattern of Gastric Emptying 
and Esophageal Transit 

 A 6-year-old girl, born at term, onset of recurrent respiratory 
infections with wheezing since the fi rst year of life. The 
patient experienced several episodes of pneumonia (mainly 
clinical diagnoses) treated with antibiotics. Diagnostic 
workup, including immunological and allergological evalua-
tion sweat test, Mantoux test, thoracic CT, and lung scintig-
raphy, was negative. Therapy with inhaled steroids and oral 
leukotriene receptor antagonists was partially benefi cial. At 
the age of 4 years, esophageal pH-monitoring was suggestive 
for moderate-severe gastroesophageal refl ux. Treatment with 
proton pump inhibitor (PPI) was started with marked clinical 
improvement. Disruption of the therapy after 10 months was 
followed by one episode of pneumonia. PPI was restarted, 
and the patient only presented sporadic episodes of cough 
and dysphagia. At the age of 6 years, defi nitive treatment 
discontinuation was well tolerated. Gastric emptying scintig-
raphy showed normal clearance of the radiolabeled meal 
without any gastroesophageal refl ux and normal esophageal 
transit. Subsequent follow-up was uneventful (Fig.  15.1 ).
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a

c

d

b

  Fig. 15.1    ( a ,  b ) Scintigraphic study is performed after oral liquid meal 
administration revealing a progressive gastric emptying without gastro-
esophageal refl ux. Time/activity curves corresponding to stomach and 
esophagus allow to calculate quantitative parameters (showing normal 
gastric emptying) and to confi rm absence of gastroesophageal refl ux, 
respectively. ( c ) The qualitative evaluation of dynamic study shows a 
normal oropharyngoesophageal transit after a single and complete 

swallowing. This fi nding is confi rmed by time/activity curves analysis 
showing normal pattern of each curve and the sequential coordinated 
peaks of the T/A curves derived from upper, middle, and lower esopha-
gus. Complete clearance of activity from the esophagus at the end of 
dynamic sequence is evident with a normal transit time (inferior than 
5–6 s from upper esophagus tract to stomach)       
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15.2.1.2        Case 15.2 Normal Gastric Emptying 
Associated with a Mild Single 
Gastroesophageal Refl ux Episode 

 A 3-year-old female patient with neurological impairment, 
congenital hydrocephalus, recurrent nocturnal cough, food 
refusal, and growth failure. 

 Due to a clinical suspect of gastroesophageal refl ux dis-
ease (GERD), the patient underwent  upper  gastrointestinal 
series that revealed gastroesophageal refl ux, delayed gastric 
emptying, and hiatal hernia. 

 Conversely, Tc99m gastric scintigraphy showed a single 
episode of gastroesophageal refl ux and normal gastric emp-
tying (46 % in 60 min, T/2 = 66 min). 

 Upper endoscopy and 24-h esophageal pH monitoring 
were negative for GERD. 

 Therefore, the patient stopped proton pump inhibitors. 
 In this case, the complete assessment for GERD has 

ensured a correct diagnosis and has modifi ed the medical 
treatment (Fig.  15.2 ).

a b

  Fig. 15.2    ( a ,  b ) Gastric emptying study is performed after oral milk administration, and fi rst dynamic study image allows to assess possible evi-
dence of ab-ingestis inhalation (especially in children with neurological impairment and oral nutrition). The qualitative analysis of dynamic study 
reveals a progressive gastric emptying with a single gastroesophageal refl ux episode that reaches upper esophageal tract. No evidence of abnormal 
activity is detectable corresponding to lung fi elds in the fi rst frame and during dynamic registration. Time/activity curves corresponding to stomach 
and esophagus show normal gastric emptying and confi rm a single mild gastroesophageal refl ux episode with rapid washout       
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15.2.1.3        Case 15.3 Mild Delayed Gastric 
Emptying Associated with Severe 
Gastroesophageal Refl ux Disease 

 A 4-year-old boy, born at term, cesarean section for poly-
hydramnios, postnatal diagnosis of esophageal atresia type 
C. The patient underwent surgical repair on the second day 
of life. The postoperative course was uneventful, and pro-
gressive oral alimentation was well tolerated. Treatment 
with H2 blocker was started and continued after discharge. 
After 2 months, anastomotic esophageal stenosis occurred, 
requiring endoscopic dilation. At the age of 4 months, H2 
blocker was substituted by proton pump inhibitor (PPI). At 
the age of 14 months, the patient was evaluated for recur-
rent vomiting and cough. Upper GI endoscopy was unre-
markable (patent esophageal anastomosis and normal 

gastric and esophageal mucosa), and esophageal pH moni-
toring was suggestive for moderate gastroesophageal 
refl ux. PPI treatment cycles were benefi cial. One year later, 
upper GI endoscopy revealed hiatal hernia, with positive 
histology for mild esophagitis, and still abnormal esopha-
geal pH monitoring. Subsequent clinical course was good 
on PPI continuous treatment. However, at the age of 4 
years, upper GI endoscopy showed macroscopic distal 
esophagitis and confi rmed hiatal hernia. Gastric emptying 
scintigraphy showed slightly delayed clearance of the 
labeled food, in association to frequent episodes of gastro-
esophageal refl ux. Therefore, the patient underwent laparo-
scopic antirefl ux surgery (Nissen fundoplication) associated 
to pyloromyotomy, with uneventful postoperative course 
and follow-up (Fig.  15.3 ).

a

b c

  Fig. 15.3    ( a – c ) Qualitative analysis of dynamic study reveals a pro-
gressive gastric emptying with severe and frequent gastroesophageal 
refl ux. Time/activity curves corresponding to stomach and esophagus 
show mild delayed gastric emptying (quantitative parameters: 29 % in 
60 min, T/2 = 134 min) confi rming evidence of numerous gastroesopha-
geal refl ux episodes. When gastric/esophagus activity ratio is higher 
than 3 %, gastroesophageal refl ux is considered of large quantity. 
Number and volume of refl ux help to defi ne the grade of gastroesopha-
geal refl ux disease: in this clinical case, gastroesophageal refl ux is con-
sidered as severe. Frame-by-frame assessment of dynamic study is 

necessary to evaluate refl ux clearance (numerous gastroesophageal 
refl ux episodes can be incorrectly detected by A/T curves and qualita-
tive imaging as prolonged and slow refl ux washout). ( b)  First study 
frame evaluation is important to highlight residual esophageal stasis 
after oral meal administration (in particular, in case of esophageal atre-
sia history or surgical gastroesophageal treatment) differentiating from 
early refl ux episode. It is always necessary for a careful assessment of 
possible evidence of activity corresponding to lung fi elds to exclude (or 
detect) ab-ingestis inhalation episodes       
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15.2.1.4        Case 15.4 Delayed Gastric Emptying 
Associated with Mild 
Gastroesophageal Refl ux Disease 
(Scintigraphic Pretreatment 
Assessment) 

 A 3-year-old female, preterm (GE 24° sett, weight: 725 g; 
spontaneous delivery), polyhydramnios. Periventricular leu-
komalacia, bronchial dysplasia, retinopathy (laser therapy). 
Mild malnutrition, food refusal, dysphagia, chronic vomit-
ing, and regurgitation. 

 Upper gastrointestinal (UGI) series: no UGI alterations, no 
gastroesophageal refl ux (GER), delayed gastric emptying. 

 US pylorus: no alterations. 
 Tc99m gastric scintigraphy ( prepyloric dilation ): 17 % in 

60 min, T/2 = 3.9 h, mild GER 
 Pyloric dilation: 12 mm hydrostatic pyloric dilation 

throughout endoscopy. 
 Clinical improvement and scintigraphic control after dila-

tion were indicative of complete therapeutic effi cacy, con-
fi rming diagnostic role of scintigraphy in pretreatment 
evaluation and monitoring therapeutic effect of pyloric dila-
tion (Fig.  15.4 ).

a b

  Fig. 15.4    ( a ) The qualitative analysis of dynamic study reveals a pro-
gressive but delayed gastric emptying with some associated gastro-
esophageal refl ux episodes (almost fi ve). Time/activity curves 
corresponding to stomach and esophagus show delayed gastric empty-

ing (quantitative gastric parameters: 17 % in 60 min, theoretical 
T/2 = 3.9 h), confi rming evidence of fi ve mild gastroesophageal refl ux 
episodes, respectively       
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15.2.1.5        Case 15.5 Delayed Gastric Emptying 
Associated with Severe 
Gastroesophageal Refl ux Disease 
(Presurgical Assessment in Child Who 
Underwent Nissen Fundoplication 
and Pyloromyotomy) 

 An 8-year-old male patient with history of chronic iron- 
defi ciency anemia (Hb 7.5 g/dl) and heartburn. 

 Upper endoscopy documented severe erosive esophagitis 
and hiatal hernia, and pH-multichannel intraluminal imped-
ance (pH-MII) confi rmed the diagnosis of severe gastro-
esophageal refl ux disease (GERD). Treatment with proton 
pump inhibitors (PPI) was administered for 6 months with 
good clinical response and improvement of anemia. 

 An endoscopic re-evaluation without PPI documented 
esophagitis in the lower third of the esophagus. 

 Because of the dependence on medical therapy, surgical 
treatment was carried out. 

 In the preoperative period, patient underwent scintigra-
phy to evaluate gastric emptying and defi ne the surgical 
procedure (Nissen fundoplication ± pyloromyotomy, 
(Fig.  15.5a, b ).

   Tc99m gastric scintigraphy detected delayed gastric emp-
tying (14 % in 60 min; T/= 2.4 h) associated to GER. 

 Laparoscopic Nissen fundoplication and pyloromyotomy 
were performed to treat GERD and improve gastric empty-
ing. Currently, the patient is in good clinical condition with 
normal value of hemoglobin (Hb 12.5 g/dl).  

a b

c d

  Fig. 15.5    ( a ,  b ) Qualitative analysis of dynamic study reveals a pro-
gressive but delayed gastric emptying with labeled meal stasis cor-
responding to stomach, up to the end of dynamic study. Numerous 
and severe gastroesophageal refl ux episodes are also detectable with-
out evidence of activity corresponding to lung fi elds. Time/activity 
curve corresponding to stomach shows delayed and irregular gastric 

emptying: after 32 min of latency time, gastric parameters are slower 
than normal (14 % in 60 min and theoretical T/2 = 2.4 h). Frame-by-
frame and T/A esophagus curve analyses reveal numerous gastro-
esophageal refl ux episodes: some of these show prolonged clearance, 
other ones rapid washout. ( c ,  d ) Laparoscopic Nissen fundoplication 
and pyloromyotomy       
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15.2.1.6     Case 15.6 Delayed Gastric Emptying 
Associated with Severe 
Gastroesophageal Refl ux Disease (In 
Child Who Underwent Nissen 
Fundoplication Without Scintigraphic 
Gastric Motility Assessment 
in the Preoperative Planning) 

 A 5-year-old male patient with history of severe gastroesoph-
ageal refl ux disease (GERD) underwent Nissen fundoplica-
tion with placing of percutaneous endoscopic gastrostomy 

(PEG). A previous scintigraphic gastric emptying assess-
ment was not performed. Persisting GERD symptoms, the 
child was referred to our center, and a gastric emptying 
scintigraphy was performed in the preoperative planning to 
choose adequate medical or surgical treatment. Delayed 
gastric emptying detected by gastric scintigraphy was con-
sidered the principal cause of failed previous Nissen fundo-
plication; a subsequent antirefl ux surgery associated with 
pyloromyotomy was necessary (Fig.  15.6 ).

a b

  Fig. 15.6    ( a ,  b ) Gastric emptying study is performed after liquid meal 
administration by PEG tube. The qualitative analysis of dynamic study 
reveals poor gastric emptying with considerable retention of labeled 
meal in the stomach up to the end of dynamic study. Three severe gas-
troesophageal refl ux episodes are also detectable without evidence of 

complete washout up to the end of dynamic registration. Time/activity 
curve corresponding to stomach shows severely delayed and irregular 
gastric emptying (5 % in 60 min with nonassessable T/2). Frame-by- 
frame and T/A esophagus curve analyses confi rm evidence of three 
severe gastroesophageal refl ux episodes with slow and partial washout       
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15.2.1.7        Case 15.7 Delayed Gastric Emptying 
and Intestinal Transit 
Without Gastroesophageal Refl ux 
Disease Associated 

 A 4-year-old female, diagnosis of chronic idiopathic intesti-
nal pseudo-obstruction (POIC) and megacystis. ACTG2 
gene “de novo” mutation, no inbreeding. In order to confi rm 
the clinical diagnosis of POIC, to assess bowel anatomy and 
motility, and to rule out secondary causes of POIC, the child 
underwent several diagnostic examinations. Abdominal US 
showed marked fecal impaction with signifi cant bladder dis-
tention, marked gastric distention, mesenteric nodes, and 
accessory spleen. Upper gastrointestinal (UGI) series showed 
marked bowel distention with no mechanical obstruction; 
contrast enema noticed moderately dilated colon with no 
haustrations. Spinal magnetic resonance imaging was nor-
mal. The anorectal manometry showed RAIR, with no evi-
dence of Hirschsprung’s or spinal neuropathy. The 
antro-duodenal manometry showed no migrating motor 
complex (MMC) during fasting, and after challenge with 
erythromycin and octreotide, her antrum also did not respond 
to erythromycin; the colonic manometry showed no colonic 
activity during fasting, no response to a meal, and no response 
to bisacodyl instillated via the catheter. The upper and lower 
gastrointestinal endoscopy showed mild esophagitis and a 
normal colon. Full thickness small bowel, colonic, and rectal 
biopsies showed marked depletion of interstitial cells of 

Cajal, but normal neural markers (beta-S100 and alpha- 
SMA) and normal ganglion cells. In this patient, feeding 
intolerance, vomiting, failure to thrive, and intestinal obstruc-
tion leading to intestinal failure needed a cecostomy tube, 
percutaneous endoscopic gastrostomy (PEG), and central 
venous catheter (CVC). In spite of these therapeutic tools, 
persistence of abdominal obstruction occurred. A gastric and 
colonic scintigraphy was done to better study total intestinal 
and colonic transit, before a more aggressive therapeutic 
option. Tc99m gastric scintigraphy showed delayed gastric 
emptying (22 % in 60 min, T/2 = 3 h) and no gastroesopha-
geal refl ux. 67Ga-citrate intestinal and colonic scintigraphy 
showed delayed intestinal transit, stasis at ileal terminal loop 
(terminal ileum, ileocecal region), without images referred 
to altered intestinal permeability. Then, our patient under-
went ileostomy-colostomy and stopped parenteral nutrition. 
She had gastrojejunal nutrition for 6 months; now, she is 
continuing gastric enteral nutrition (nocturnal enteral nutri-
tion for 11 h, 40 ml/h) via PEG, gluten-free diet  per os . She 
has daily colonic irrigations, she gets bladder catheterization 
every 3 h, she has a good growth, with a BMI of 13.8. Every 
mild recurrent episodes of intestinal distention are managed 
at home by parents with tube opening and intestinal decon-
taminations. The role of scintigraphy in our case was con-
fi rmed by therapeutic choices: scintigraphy fi ndings helped 
to guide the correct stoma placement and to decide a better 
nutritional planning, promoting enteral feeding (Fig.  15.7 ).
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a b

c

  Fig. 15.7    ( a ,  b ) Gastric emptying study is performed after labeled milk 
administration by PEG tube. Qualitative analysis of dynamic study 
reveals a progressive gastric emptying with no evidence of gastroesoph-
ageal refl ux. Time/activity curves corresponding to stomach and esoph-
agus show delayed gastric emptying parameters (22 % in 60 min, 
theoretical T/2 = 3 h), confi rming absence of signifi cative gastroesopha-
geal refl ux. ( c)  Intestinal and colonic scintigraphy is performed admin-
istering  67 Ga-citrate by PEJ tube. Static image performed at 6 h shows 

tracer stasis corresponding to ileal terminal loop (terminal ileum- 
ileocecal region) and distal descending/sigmoid colon. In the following 
images, progressive tracer transit throughout the colon is detectable up 
to static acquisition performed at 72 h. Delayed intestinal transit is evi-
dent up to the last image (at 120 h), with persistent stasis corresponding 
to proximal ascending colon and poor residual activity in the other 
intestinal segments. No evidence of altered intestinal permeability is 
detectable       
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15.2.1.8        Case 15.8 Rapid Gastric Emptying 
Associated with Gastroesophageal 
Refl ux Disease 

 A 9-year-old girl patient with history of diaphragmatic rhab-
domyosarcoma (off-therapy). She underwent multiple opera-
tions for diaphragmatic herniation of stomach and part of 

intestine. Symptoms as vomiting, diarrhea, and cramping that 
occurred after the last surgical treatment (especially right after 
eating), and gastric emptying scintigraphy was performed to 
assess gastric motility in relation to clinical suspicion of 
Dumping syndrome (Fig.  15.8 ).

a b

  Fig. 15.8    ( a ,  b ) Qualitative and time/activity curve analyses of 
dynamic study reveal an irregular gastric emptying. Calculating intesti-
nal versus total activity ratio in the fi rst frame of dynamic registration, 
a share of 47 % of administered meal is already present in the intestine. 
In the following minutes, gastric parameters are more rapid than normal 

(69 % in 60 min and T/2 = 5 min), with associated numerous and severe 
gastroesophageal refl ux episodes (especially in the fi rst 30 min of the 
study). A persistent esophageal stasis is evident up to the end of regis-
tration, depicting moderate dilatation of distal esophagus and a hiatal 
hernia, endoscopically detected       
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15.2.2         Gastric Emptying Scintigraphy 
in the Follow-Up of Children Affected 
by Esophageal Atresia 

15.2.2.1     Case 15.9 Normal Gastric Emptying 
Associated with a Mild 
Gastroesophageal Refl ux Episodes 
and Progressive Complete Washout 
of Esophageal Stasis 

 A 5-year-old male patient was born at 38-week gestation 
with long-gap, type A esophageal atresia. A Stamm gastros-
tomy was performed shortly after birth for nutritional pur-
pose. Delayed primary anastomosis was performed 3 months 
later, and proton pump inhibitor (PPI) therapy was started. 
He had recurrent esophageal anastomotic strictures 
(Fig.  15.9a ) requiring repeated endoscopic dilations and, at 
the age of 14 months, a custom esophageal dynamic stent 

was placed. Gastroesophageal refl ux disease was suspected 
based on the history of recurrent vomiting and feeding diffi -
culties with inadequate weight gain. A 24-h pH monitoring 
showed prolonged esophageal acid exposure time and 
increased number of refl ux episodes. Antirefl ux surgery was 
needed, and Tc99m gastroesophageal scintigraphy, showing 
mild gastroesophageal refl ux episodes and normal gastric 
emptying, was performed as a preoperative planning. 
Sometimes, a lack of correlation between pH monitoring and 
scintigraphy is evident, due to different kinds of refl uxes 
selectively detected by two tests (acid refl ux and food refl ux, 
respectively).

   Nissen fundoplication was performed at the age of 2. 
Signifi cant improvement in symptoms was observed, and the 
last upper endoscopy (4-year-old) was normal (no esopha-
geal stricture and esophagitis). To date, the child is off PPI 
and clinically asymptomatic.  
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b

a

c

  Fig. 15.9    ( a ) Esophageal anastomotic stricture. ( b, c)  Gastric emptying 
study is performed after oral milk intake (suitable in case of previous 
esophageal atresia – when clinically possible – to assess residual esopha-
geal stasis after meal administration). The qualitative analysis of dynamic 
study reveals a progressive gastric emptying with several mild gastro-
esophageal refl ux episodes (some of which reach the mouth). By fi rst 
frame qualitative evaluation, esophageal stasis is detected, with evidence 
of subsequent slow but progressive washout (within fi rst 30 min). No 

evidence of abnormal activity is detectable corresponding to lung fi elds in 
the fi rst frame and during dynamic registration. Time/activity curve cor-
responding to stomach shows slightly irregular gastric emptying with 
normal gastric clearance parameters (53 % in 60 min and T/2 = 56 min). 
Esophageal T/A curve analysis confi rms evidence of progressive esopha-
geal stasis resolution, while mild gastroesophageal refl ux episodes are 
better assessed by qualitative and frame-by-frame evaluation       
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15.2.2.2     Case 15.10 Mild Delayed Gastric 
Emptying not Associated 
with Gastroesophageal Refl ux 
Episodes and Evidence of Progressive 
but Partial Washout of Esophageal 
Stasis (Esophagus-Esophageal 
Anastomosis) 

 A 3-year-old boy born with esophageal atresia and tracheo-
esophageal fi stula (type C) underwent surgical repair within 
the fi rst week of life. Shortly after the procedure, the clinical 
course was complicated by the occurrence of pneumothorax 

and hydrothorax, and a barium swallow showed an anasto-
motic leak. Therefore, a gastrostomy was performed, while 
esophageal leak was treated conservatively. Afterward, 
repeated endoscopic dilations were needed in order to man-
age recurrent esophageal anastomotic strictures (Fig.  15.10a ), 
leading to severe dysphagia. During diagnostic assessment, 
Tc99m gastroesophageal scintigraphy showed a mild delayed 
gastric emptying (28 % at 1 h) without associated refl ux epi-
sodes. Based on these results, the child underwent pyloromy-
otomy (2 years of age). Signifi cant improvement of clinical 
symptoms was observed.

a

c

b

d

  Fig. 15.10    ( a ,  b ) Upper endoscopy: esophageal anastomotic stricture 
( a ) and hiatal hernia ( b ). ( c ,  d ) Gastric emptying study is performed 
after oral semiliquid meal intake. Qualitative analysis of dynamic 
study reveals esophageal stasis with evidence of partial washout in 
early registration phase; persisting residual activity corresponding to 
upper and middle esophagus is evident up to the end of dynamic reg-
istration with no associated abnormal activity in lung fi elds. The qual-

itative and time/activity curves (corresponding to stomach and 
esophagus) analyses reveal an irregular gastric emptying (partially 
due to labeled meal refi ll from esophagus into stomach): after 20 min 
of latency time, gastric emptying shows slightly delayed gastric clear-
ance parameters (28 % in 60 min). Frame-by-frame and esophageal 
T/A curve analyses show absence of signifi cant gastroesophageal 
refl ux episodes       
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15.2.2.3        Case 15.11 Markedly Delayed Gastric 
Emptying Associated with Vomiting 
Episode (In a Child with Gastric Pull-up 
Reconstruction for Esophageal 
Atresia) 

 A 6-year-old female child born with congenital cardiac dis-
ease, esophageal atresia type C, tracheomalacia, and con-
genital subglottic stenosis. The patient was fi rst operated in 
another hospital, where a gastric pull-up reconstruction and 
a tracheoplasty were performed. 

 At the age of 4, the child was referred to our center for 
recurrent pneumonia (three episodes in 6 months), cough 
during meal, food refusal, and poor weight gain. 

 An upper endoscopy and a laryngotracheal endoscopy 
excluded an esophageal anastomotic stricture and a  subglottic 
stenosis, respectively. However, a diffi cult passage of the 
endoscope through the pylorus was documented. On this 
basis, in order to evaluate the gastric emptying, a Tc99m gas-
tric scintigraphy was mandatory; scintigraphic examination 
detected severe delayed gastric emptying and an episode of 
vomiting during the investigation. 

 After three endoscopic pneumatic dilations of the pylorus, 
a progressive increase in appetite and weight gain was found. 

 During follow-up, a further scintigraphic evaluation will 
be repeated to quantify the improvement of gastric emptying 
(Fig.  15.11 ).

a b

  Fig. 15.11    ( a ,  b)  Gastric emptying study is performed after oral liquid 
meal intake. By the qualitative imaging evaluation, stomach is dislo-
cated in thorax in relation to surgical outcomes of gastric pull-up recon-
struction. Gastric emptying is markedly irregular: a share of about 45 % 
of administered meal is already present in the intestine in the fi rst frame 
of dynamic registration. During dynamic registration, qualitative 
images and time/activity curve analysis show severely poor gastric 

emptying with considerable retention of labeled meal in the stomach 
(stomach T/A curve appeared fl attened) up to the end of the study. At 
46th min of registration, a vomiting episode is evident with excretion of 
about 14 % and without further gastric clearance in the rest part of the 
study. No evidence of signifi cant gastroesophageal refl ux episodes (pre-
vious or post vomiting) or pulmonary aspiration are detected, even if 
intense gastric activity does not allow an optimal imaging evaluation       

 

15 Gastroenterology: Gastric Emptying – Gastroesophageal Refl ux



234

15.2.2.4        Case 15.12 Markedly Irregular 
and Delayed Gastric Emptying 
Associated with Severe 
Gastroesophageal Refl ux and Stasis 
of Labeled Material into the Dilated 
Colonic Graft (In a Child 
with Esophageal Atresia Who 
Underwent Esophageal Colonic 
Anastomosis) 

 A 4-year-old male child. Preterm birth at 34 weeks due to 
pregnancy complicated by polyhydramnios. Prenatal ultra-
sound diagnosis of esophageal atresia confi rmed postna-
tally (esophageal atresia without tracheoesophageal fi stula, 
Type A) and subsequent diagnosis of DiGeorge syndrome 
with mild neurological impairment and cardiological 
defects. At 10 days of life, the patient underwent Stamm 
gastrostomy. Because of perforation of the lower esopha-
gus during the preoperative evaluation of esophageal gap 

length using Hegar dilator, an esophagostomy was per-
formed; tracheostomy was added for glottic stenosis. In 
2014, after three ineffective Kimura’s procedures to 
lengthen the esophagus, the proposal for an esophageal 
substitution by colonic graft was submitted. One month 
after colonic interposition, the patient presented recurrent 
vomiting and weight loss. An upper gastrointestinal series 
documented persistence of contrast medium into the 
colonic graft without stenosis of the upper and lower anas-
tomoses. Tc99m gastric scintigraphy (radiolabeled meal 
via gastrostomy) showed markedly irregular and delayed 
gastric emptying with severe gastroesophageal refl ux and 
stasis of labeled material into the dilated colonic graft. 
Consequently, tailoring of the colonic graft and pyloro-
plasty were performed to improve transit of interposed 
colon and gastric emptying, that resulted benefi cially 
affected. In this case, the scintigraphic evaluation was 
effective to defi ne the surgical approach (Fig.  15.12 ).

a b

  Fig. 15.12    ( a ,  b ) Gastric emptying study is performed after labeled 
milk administration by PEG tube. During meal administration (per-
formed under persistence monitor control) is evident a refl ux and stasis 
of labeled material into the dilated colonic graft. During dynamic regis-
tration, qualitative and time/activity curve analyses show severely irreg-
ular and poor gastric emptying with considerable retention of labeled 
meal in the stomach (stomach T/A curve shows that T/2 is not evalu-

able). Labeled meal stasis persists into the dilated colonic graft with 
evidence of activity decrease and increase, secondary to washout and 
refl ux, respectively (as for junctional steno-insuffi cient pattern). No 
evidence of pulmonary aspiration is detected, even if labeled milk stasis 
corresponding to neo-esophagus reconstructed does not allow an opti-
mal imaging evaluation       
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15.2.2.5        Case 15.13 Markedly Irregular 
and Delayed Gastric Emptying 
Associated with Stasis of Labeled 
Material into the Dilated Colonic Graft 
(In a Child with Long-Gap Esophageal 
Atresia Associated with Diaphragmatic 
Hernia Who Underwent Esophageal 
Colonic Anastomosis) 

 A 10-year-old male patient, with prenatal ultrasound diagno-
sis of left congenital diaphragmatic hernia, long-gap esopha-
geal atresia with tracheoesophageal fi stula (type C), left 
hemifacial hypoplasia and scleral show left eye. Repair of 
diaphragmatic defect, closure of tracheoesophageal fi stula 
by clips, and placement of gastrostomy tube were performed 
at birth in another hospital. In the postoperative period, due 
to a mediastinitis following perforation of the lower esopha-
gus, a cervicotomy and a tracheostomy were necessary. At 
the age of 1 year, the baby underwent esophagocoloplasty 
with closure of gastrostomy and tracheostomy. Since 2012, 
the clinical history was characterized by recurrent ab ingestis 
pneumonia with frequent nocturnal episodes of acute respi-
ratory failure. In 2015, the patient was admitted in our hospi-

tal for severe malnutrition, dysphagia, and decline in 
pulmonary function. During the hospitalization, a complete 
anatomical and functional evaluation of the colonic graft was 
planned, as is better described below: 

 Upper gastrointestinal series (Fig.  15.13a ): dilated colonic 
graft with passage of the contrast medium into the stomach 
only in orthostatic position. Delayed gastric emptying.

   Tc99m esophagogastric scintigraphy (Fig.  15.13c, d ): 
delayed transit with retention of labeled material in the 
colonic graft; delayed gastric emptying (4 % in 1 h; T/2 = not 
evaluable), no evidence of gastroesophageal refl ux. 

 Upper endoscopy: dilated colon with residual food; no 
mucosal infl ammation. Normal diameter of the  esophagocolic 
and cologastric anastomoses. Wide pylorus. No evidence of 
gastroduodenal mucosal lesions. 

 According to the radiological, scintigraphic, and endo-
scopic fi ndings that documented delayed esophagocolonic 
transit and delayed gastric emptying in the absence of stom-
ach obstruction, a gastrojejunostomy with gastrostomy for 
enteral nutrition was performed. The child is now asymp-
tomatic with progressive improvement of nutritional 
conditions.   
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a

b c

  Fig. 15.13    ( a, b ) Dilatated colonic graft. ( c)  Gastric emptying study is 
performed after oral liquid meal intake. The qualitative analysis of 
dynamic study reveals meal stasis with evidence of progressive washout 
in 30 min of registration confi rmed by time/activity curves (correspond-
ing to stomach and esophagus) analysis revealing a labeled meal refi ll 
from esophagus into stomach. Colonic graft appears dilated and tortuous 

with evidence of a hypoactive defi cient ring corresponding to esopha-
geal colonic anastomosis (as for a relative stenosis). After 30 min, gastric 
emptying shows markedly delayed gastric clearance parameters, with 
considerable retention of labeled meal in the stomach (with not evalu-
able T/2). No evidence of signifi cant gastroesophageal refl ux episodes or 
pulmonary aspiration are detected up to the end of the study       
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15.2.3     Scintigraphic Contribution 
in the Management of Children 
Affected by Cystic Fibrosis 

15.2.3.1     Case 15.14 Delayed Gastric Emptying 
with Associated Mild 
Gastroesophageal Refl ux Disease 
and Transient Stasis Detected 
by Esophagus Transit (In Child 
Affected by Cystic Fibrosis) 

 A 10-year-old boy affected by cystic fi brosis with a CFTR 
gene mutation, pancreatic insuffi ciency, chronic pulmonary 
colonization, with recurrent acute pulmonary infections. 

 Onset of heart burn, regurgitation, epigastric pain, and 
feeling of early satiety at the age of 5. 

 Upper endoscopy documented mild esophagitis and gas-
tritis, histologically confi rmed. 

 pH-multichannel intraluminal impedance detected a mod-
erate gastroesophageal refl ux disease with acid and weak 
acid refl ux episodes. 

 99mTc gastric scintigraphy showed mild gastroesopha-
geal refl ux events, absence of inhalations, and delayed gas-
tric emptying (17 % in 1 h; T/2 = 4.3 h), with transient stasis 
into the distal esophagus. 

 According to these procedures that were positive for a 
moderate gastroesophageal refl ux disease, therapy with pro-
ton pump inhibitors (two cycles per year) and prokinetic 
drugs was administered with good clinical response 
(Fig.  15.14 ).
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a

c

d

b

  Fig. 15.14    ( a ,  b ) Gastric emptying study is performed after oral liquid 
meal administration. The qualitative analysis of dynamic study reveals 
poor gastric emptying with considerable retention of labeled meal in the 
stomach up to the end of dynamic study. Three mild gastroesophageal 
refl ux episodes are also detectable with evidence of rapid and complete 
washout. Time/activity curves corresponding to stomach show delayed 
and irregular gastric emptying (17 % in 60 min, T/2 = 4.3 h). Frame-by- 
frame and esophageal T/A curve analyses confi rm evidence of three 
mild gastroesophageal refl ux episodes with complete and rapid wash-

out. ( c ) Assessment of swallowing by oropharyngoesophageal scintig-
raphy is helpful in patient with history of cystic fi brosis. Qualitative 
evaluation of dynamic study shows a slightly delayed oropharyngo-
esophageal transit after swallowing due to mild and transient stasis cor-
responding to distal esophagus (total transit time is slightly higher than 
normal: 7 s from upper esophagus tract to stomach). This fi nding is 
confi rmed by time/activity curves analysis showing sequential coordi-
nated peaks of the T/A curves derived from upper, middle, and lower 
esophagus, even if distal esophagus curve shows mildly large width       
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16.1          Study Technique and Interpretation 

16.1.1     Meckel’s Diverticulum Scintigraphy 

 Gastrointestinal (GI) bleeding in infants and children is a 
fairly common problem, and it could be related to several 
clinical pathology according to patient age; however, it is 
usually limited in volume allowing time for diagnosis and 
treatment. One of the most frequent causes of lower gastro-
intestinal bleeding in pediatrics is Meckel’s diverticulum. 

 In patients with clinical suspicion of Meckel’s diverticu-
lum, technetium-99m (99m Tc) pertechnetate scanning is a 
simple investigative study that can identify ectopic gastric 
mucosa, responsible for intestinal bleeding in acute or sub-
acute phase. Previous administration of H2 blockers (30 min 
before tracer administration) improves the sensibility and the 
accuracy of this test. The administered activity of radiotracer 
is adjusted to the patient’s weight (3.7 MBq/kg of 99mTc 
pertechnetate), with a minimum suggested activity of 
7.4 MBq. Main preparation required for this test is a fasting 
of 4 h; a frequent bladder voiding is preferable when child is 
toilet trained. Scintigraphy must be performed few days after 
radiological examination to ensure the absence of barium in 
the abdomen; thus, residual contrast in bowel from previous 
barium studies may hinder scintigraphic detection of ectopic 
gastric mucosa with false-negative results. Scintigraphy is 
acquired using seriated images of the abdomen and pelvis (at 

5′, 15′, 30′, 45′, and 60′ after the intravenous administration 
of Tc99m-pertechnetate) in anterior view, with the child in 
supine position. In case of uncooperative children, it is also 
helpful turning the child in prone position, setting the head of 
gamma camera rotated below the patient. Lateral image 
should be performed as soon as a suspicious focal uptake is 
detected avoiding subsequent overlap with physiological 
tracer progression. Delayed imaging (more than 1 h after 
administration of radiotracer) could be helpful to confi rm 
doubtful abdominal uptake suggestive of Meckel’s 
diverticulum. 

 Characteristic scintigraphic pattern of Meckel’s diverticu-
lum is a focal tracer uptake (generally within 30 min in the 
lower right quadrant) visualized at the same time and with 
the same intensity of gastric tracer concentration. In addition 
to normal pattern, the focal uptake may modify its position in 
relation to bowel loop movements, or tracer activity in the 
lesion may fl uctuate in relation to wash out (secondary to 
intestinal secretions or hemorrhage). Some cases could be 
challenging, and suspicious fi nding could be false-positive 
result.  

16.1.2     Radiolabeled Red Blood Cell 
Scintigraphy 

 Nuclear imaging with technetium-labeled red blood cells 
can be used to detect bleeding at a rate as low as 0.1 mL per 
minute (in anatomical region with low background activity) 
or 0.4 mL per minute (in case of higher background 
activity). 

 In vivo or in vitro RBC labeling has a good binding stabil-
ity, allowing to perform delayed imaging up to 24 h. For this 
reason, nuclear medicine imaging can detect obscure or 
intermittent intestinal bleeding; however, the patient must be 
actively bleeding at the time of investigation to provide use-
ful information. 

 In children under 18 years old, the recommended admin-
istered activity is based on the EANM Pediatric Dosage Card 
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(with a minimum administered activity of 80 MBq for a 3-kg 
patient and a maximum administered activity of 784 MBq 
for a 68-kg patient). Registration of radiolabeled red blood 
cell scintigraphy is performed by a dynamic acquisition, fol-
lowed by time-sequential static images up to 24 h; in case of 
uncooperative infants, time-sequential static images can 
replace dynamic study. In case of sleeping or cooperative 
child, SPECT acquisition should be performed as soon as an 
abnormal fi nding is detected to localize bleeding position. 
Delayed SPECT imaging is useful to detect other bleeding 
sites discriminating from labeled red blood cell progression 
in the gut lumen. 

 99mTc-labeled RBC scintigraphy is useful to assist in 
the localization of the site of bleeding (revealing abnormal 
accumulation of labeled RBC) and to select the best time to 
perform angiography that is determinant to diagnosis confi r-
mation and bleeding treatment by embolization.   

16.2     Teaching Cases 

    Case 16.1 Meckel’s Diverticulum Scintigraphy 
in Child with Rectal Bleeding: Negative Pattern 

 A 4-year-old boy, with constipation and rectal bleeding, came 
to visit, and no anal polyps or blood traces at the digital rectal 
exploration were found. Blood tests were negative for ane-
mia. An abdominal scintigraphy for the research of ectopic 
gastric mucosa was required, and no abnormal tracer uptake 
was detected by scintigraphy. Therefore, a colonoscopy was 
required. Due to the resolution of the constipation, obtained 
with changes in the dietary habit, no new episodes of rectal 
bleeding were referred, and the patient is actually in health. 
The role of the abdominal scintigraphy in this case was to 
exclude Meckel’s diverticulum, which is one of the most 
common reasons for rectal bleeding in children (Fig. 16.1 ).

  Fig. 16.1    Scintigraphy is performed using seriated images (at 5′, 15′, 
30′, 45′, and 60′ after the intravenous administration of Tc99m pertech-
netate) in anterior view, with the child in supine position. In case of 
uncooperative children, it is also helpful turning the child in prone posi-
tion, setting the head of gamma camera rotated below the patient. In the 
fi rst image is evident a physiological tracer distribution in the stomach, 
cardiac blood pool, liver, spleen, and bladder; urinary tracer excretion 

could also be seen in the renal pelvis and ureters. There is no ectopic 
site of focal tracer accumulation suspicious for Meckel’s diverticulum. 
A normal rapid gastric uptake followed by a progressive increased and 
a physiological intestinal tracer progression appreciable during images 
acquisition is evident. In early phase, a slight and diffuse tracer uptake 
is detectable in lower abdomen, as for nonspecifi c intestinal 
infl ammation       
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       Case 16.2 A Scintigraphic Pattern Indicative 
of Meckel’s Diverticulum in Child with Rectal 
Bleeding 

 A 15-month-old male child was admitted to our emergency 
department after several episodes of rectal bleeding and a 
moderate anemia. An abdominal scintigraphy with 99m 
Tc-pertechnetate was performed showing an oval area of 
pathological pooling of the marker at the level of the middle- 
right abdomen, and a Meckel’s diverticulum was suspected. 
The patient underwent a laparoscopic-assisted resection of 
Meckel’s diverticulum, and the histology confi rmed the pres-
ence of ectopic gastric mucosa at the level of the bowel 
resection. The  99m Tc pertechnetate abdominal scintigraphy 
confi rmed also in this case its role in the diagnosis of 
Meckel’s diverticulum (Fig. 16.2 ).   

    Case 16.3 A Scintigraphic Pattern Indicative 
of Meckel’s Diverticulum After Intravenous 
Ranitidine Administration 

 An 8-year-old male child was referred to our unit after three 
episodes of melena. The esophagogastroduodenoscopy was 
negative, and the colonoscopy demonstrated a slight, nonspe-
cifi c infl ammation of the right colon. A previous standard  99m  
Tc abdominal scintigraphy performed in another institution 
was negative for radiomarker pooling. Due to the persistence 
of episodes of melena, despite the administration of mesala-
mine, we decided to repeat the Tc-99m abdominal scintigra-
phy. To improve the sensitivity, intravenous ranitidine was 
previously administrated, and an abnormal oval pooling of the 
radiotracer in the right abdomen was demonstrated suspicious 
for Meckel’s diverticulum. The patient underwent a minimally 
invasive laparotomic resection of the diverticulum, confi rmed 
by the histopathology of the specimen. In this case, the previ-
ous administration of H2 inhibitors improved the sensitivity of 
the Tc99m scintigraphy and helped to confi rm the clinical sus-
pect of a Meckel’s diverticulum (Fig. 16.3 ).    

    Case 16.4 Characteristic Scintigraphic Pattern 
of Meckel’s Diverticulum with Progressive 
Increasing Focal Uptake 

 A 14-year-old boy was admitted to our emergency depart-
ment for syncopal episode and 2 days long history of 
abdominal pain and black stool, suspected for melena. The 
patient was sick and pale; no history of prematurity and pre-
vious NSAIDs consumption. Blood tests showed worsening 
anemia that was treated with blood transfusion; abdominal 
ultrasound was normal. An upper gastrointestinal endos-

copy excluded esophagitis, gastritis and duodenitis, and 
active bleeding. A 99mTc-pertechnetate scintigraphy 
detected a focal accumulation of radionuclide near the iliac 
bifurcation. In order to confi rm the scintigraphic suspect of 
Meckel’s diverticulum, a minimally invasive laparotomic 
approach was performed with resection of the diverticulum. 
The postoperative period and follow-up were without com-
plications (Fig. 16.4 ).   

    Case 16.5 Scintigraphic Findings of Meckel’s 
Diverticulum with Variable Positions of Focal 
Tracer Uptake 

 A 6-year-old male child was admitted in our hospital for a 
Kawasaki syndrome, without cardiac complications. During 
hospitalization, the patient presented blood and mucus into 
the stool, progressive anemia, absence of abdominal pain. 
The routine laboratory tests and the levels of fecal calpro-
tectin and anti- Saccharomyces cerevisiae  antibody (ASCA) 
were normal. A colonoscopy excluded active bleedings. A 
99mTc pertechnetate scintigraphy documented a focal accu-
mulation of the radionuclide near the terminal ileum. On the 
basis of the scintigraphic fi ndings, a surgical exploration 
was performed showing a Meckel's diverticulum 30 cm 
above the ileocecal valve. Presence of ectopic gastric 
mucosa into the specimen was histologically confi rmed. No 
complications occurred in the postoperative period and dur-
ing the follow-up (Fig. 16.5 ).   

    Case 16.6 Diagnostic Imaging of Meckel’s 
Diverticulum: Scintigraphic and Radiological 
Findings 

 An 11-year-old boy admitted in our pediatric emergency 
department after an onset of abdominal pain associated to 
diarrhea with blood and mucus into the stool. His past clini-
cal history was characterized by recurrent abdominal pain 
and one episode of subacute proximal small bowel obstruc-
tion at the age of 5. During hospitalization, laboratory tests 
were normal, but the level of fecal calprotectin was 
increased. An upper gastrointestinal series showed a sus-
pect of Meckel’s diverticulum. To confi rm the diagnosis 
and identify ectopic gastric mucosa, a 99mTc pertechnetate 
scintigraphy was performed. The scintigraphic pattern was 
characterized by a round focal accumulation of pertechne-
tate below iliac bifurcation. During a laparoscopic-assisted 
exploration, a Meckel’s diverticulum with a thick infl am-
matory band linked to the appendix was found. Resection 
of the diverticulum and appendectomy were performed 
without complications (Fig. 16.6 ).   
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a

b

  Fig. 16.2    ( a ) Scintigraphy is performed using seriated images (at 5′, 
15′, 30′, 45′, and 60′ after the intravenous administration of Tc99m- 
pertechnetate). In the fi rst image, an abnormal area of focal uptake can 
be seen in the middle-right abdomen that fades at 15 min but reveals a 
following tracer increasing concentration up to the last image. An early 
and transient uptake in right abdomen could be a false-positive result 
caused by urinary retention activity in the right kidney (sometimes in 
lower position than usual), but following increasing concentration and 

anterior localization in lateral view are indicative of scintigraphic pat-
tern of Meckel’s diverticulum. Lateral image should be performed as 
soon as a suspicious focal uptake is detected to avoid subsequent over-
lap with physiological tracer progression. ( b ) Intraoperative image of 
Meckel’s diverticulum during laparoscopic-assisted resection. 
Histology confi rmed the presence of ectopic gastric mucosa at the level 
of the surgical specimen       
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  Fig. 16.3    Tc 99m  pertechnetate abdominal scintigraphy is performed 
after previous intravenous ranitidine administration. Ranitidine pre-
medication allows to inhibit acid secretion by parietal cells, thus limit-
ing release of Tc 99m  pertechnetate by the mucosal cells and improving 
the sensitivity of the Meckel scan. The study shows an intense focus of 
increased tracer uptake in the right upper abdominal quadrant, seen 
simultaneously to stomach visualization and persisting up to the last 

static acquisition. In the fi rst image, physiological tracer uptake in the 
right renal pelvis is evident in the region above focal area of intense 
pertechnetate concentration. A lateral image confi rms anterior localiza-
tion of focal abnormal uptake within intestine. This fi nding is strongly 
suspicious for Meckel’s diverticulum even if nonspecifi c infl ammation 
of the right colon (especially when ulcerations are evident as detected 
by colonoscopy) could be the cause of false positive       

    Case 16.7 False-Positive Scintigraphic Findings 
due to Severe Ulcerative Bowel Infl ammation 

 A 2-year-old male patient was admitted in our hospital after 
an episode of intestinal bleeding. Laboratory tests docu-
mented: Hb 13.2 g/dL, WBC 11330/mmc; negative stool cul-
tures. An abdominal ultrasonography showed bowel 
distension with liquid into the intestinal loops; no lesions in 
liver, pancreas, and spleen. Due to persistence of hematoche-
zia, a 99mTc pertechnetate scintigraphy was performed with 
a suspect of ectopic gastric mucosa. Whereupon, a surgical 
exploration excluded a Meckel’s diverticulum. In order to 
complete the intestinal assessment, a colonoscopy showing 
severe ulcerative pancolitis was performed. At fi rst, the child 
was treated with steroids and immunosuppressant drugs, but 
then a total colectomy was necessary because of the aggres-
sive course of the disease (Fig. 16.7 ).   

    Case 16.8 Normal Pattern of Tc99m Red Blood 
Cell Scintigraphy in Child with Sideropenic 
Anemia 

 A 3-year-old female patient was admitted in our hospital 
with diagnosis of sideropenic anemia (Hb 8 g/dl) during 

investigations performed for fatigue. Investigations per-
formed to exclude malabsorption were negative, while blood 
traces in stools were positive for more than one sample. No 
evidence of intestinal lesions with bleeding was detected by 
upper endoscopy, colonoscopy, and wireless capsule endos-
copy. 99mTc pertechnetate scintigraphy was performed 
without evidence of images attributable to Meckel’s diver-
ticulum. Tc99m red blood cell (RBC) study was performed 
to detect intestinal dripping or intermittent bleeding. 
Scintigraphic study showed a negative pattern. After martial 
therapy, she improved general conditions; no further blood 
tests were indicative of sideropenic anemia, and the patient is 
actually in health (Fig. 16.8 ).   

    Case 16.9  99m Tc-Labeled RBC Scintigraphy 
in the Diagnostic Workup of Intestinal 
Bleeding 

 A 11-year-old girl who underwent surgery for duodenal 
duplication in the fi rst year of life. The patient was admitted 
in our hospital for recurrent, obscure gastrointestinal bleed-
ing with acute epigastric pain and anemia. In order to defi ne 
the causes of bleeding, the following procedures were 
performed:
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  Fig. 16.4     99m  Tc-pertechnetate abdominal scintigraphy reveals a mini-
mal focus of mild abnormal tracer uptake corresponding to inferior 
lower quadrants (at 5 min) with progressive tracer increasing concentra-

tion, up to the last image. This scintigraphic pattern is characteristic of 
Meckel’s diverticulum, confi rmed by surgical and histological fi ndings       

  Fig. 16.5     99m Tc-pertechnetate abdominal scintigraphy reveals an 
abnormal focus of tracer uptake corresponding to lower quadrants. This 
fi nding changes position in relation to bowel loop movements showing 
partial wash out at 30 and 70 min, and increasing concentration on the 
following images. A prolonged imaging (delayed image at 3 h) with 
empty bladder is helpful to confi rm focal abdominal uptake strongly 

suggestive of Meckel’s diverticulum. Surgical resection of Meckel’s 
diverticulum is performed confi rming the presence of ectopic gastric 
mucosa in the resected intestinal segment. However, a similar scinti-
graphic pattern could be due to gastrointestinal bleeding nonrelated to 
Meckel’s diverticulum or presence of severe bowel infl ammation       
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a

b

  Fig. 16.6    ( a ) Upper GI series documented an image at the level of 
distal ileum that strongly suggested a Meckel’s diverticulum. ( b ) 
Tc 99m pertechnetate abdominal scintigraphy is performed few days after 
radiological examination to ensure the absence of barium in the abdo-
men. Residual contrast in bowel from previous barium studies may hin-
der scintigraphic detection of ectopic gastric mucosa with false- negative 
results. In early phase, a slight and diffuse tracer uptake is evident in the 
abdomen corresponding to the lower side, as for nonspecifi c intestinal 
infl ammation. Since image performed at 15 min, a focal area of tracer 
uptake is evident corresponding to lower quadrants, in median side, 

with following increasing concentration up to the last image. 
Approximately, 57 % of Meckel’s diverticula contain ectopic gastric 
mucosa which actively secretes hydrochloric acid responsible for 
mucosal ulcerations within the diverticulum and unprotected wall of 
adjacent ileum (causing gastrointestinal bleeding). This scintigraphic 
result reveals uptake of radiopertechnetate by functioning ectopic gas-
tric mucosa in the diverticulum, detected by radiological imaging; for 
such reason, it is important to perform scintigraphic evaluation in acute 
or subacute bleeding phase       
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  Fig. 16.7     99m Tc-pertechnetate abdominal scintigraphy reveals an 
abnormal focus of tracer uptake corresponding to lower right quadrant 
(nearby the bladder). This fi nding appears on static acquisition per-
formed at 30 min, showing progressive wash out up to 2 h and subse-
quent increasing concentration on the following images at 4 h (in 
anterior and lateral views). This is not a typical scintigraphic pattern of 
Meckel’s diverticulum, because focal uptake is not visualized simulta-
neously with the stomach, and progressive wash out is evident. 
However, there is a wide variety of scintigraphic patterns, and delayed 

focal uptake or evidence of tracer wash out (due to large focus of hyper-
functioning bleeding ectopic gastric mucosa) could be associated to 
Meckel’s diverticulum. Otherwise, a similar scintigraphic pattern could 
be due to gastrointestinal bleeding nonrelated to Meckel’s diverticulum 
or presence of severe infl ammation that may cause nonspecifi c activity 
accumulation owing to hypervascularity, increased blood pool, and 
elevated permeability. Delayed images are usually helpful in discrimi-
nating equivocal fi ndings, but some cases are challenging because the 
described abnormal scintigraphic fi nding is a false-positive result       

  Fig. 16.8    Time-sequential static images are usually performed (as an 
alternative to dynamic study) in infants; delayed image up to 24 h is 
suggested. Red blood cells are labeled with Tc 99m  using an in vivo 
method by a previous treatment with stannous ion via intravenous 
administration (cold pyrophosphate kit). This is a normal study with no 

evidence of any active gastrointestinal bleeding. Images reveal physio-
logical visualization of blood pool compartment (heart, aorta, and iliac 
arteries), abdominal parenchymal organs (liver, spleen, and kidneys), 
and urinary excretion activity. No abnormal uptake of radiolabeled 
RBC is evident in abdomen, outside vascular compartment       
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  Fig. 16.9    ( a ) Tc 99m  pertechnetate abdominal scintigraphy reveals no 
abnormality ( b–c )  99m Tc-labeled RBC scintigraphy is performed using 
an in vivo labeling method (by a previous treatment with stannous ion 
administration). In the fi gures are reported dynamic acquisition (dura-
tion of 5 min) and following time-sequential static images up to 24 h. A 
diffuse and inconstant area of mildly increased activity is evident in the 
lower abdominal region (above bladder), since 60 min of registration. 

This fi nding appears more intense at 2 and 6 h, as for intestinal bleed-
ing; delayed image performed at 24 h confi rms labeled RBC uptake 
associated with activity progression.  99m Tc-labeled RBC scintigraphy is 
positive for intestinal bleeding and is helpful in the management of a 
patient who is actively bleeding to detect the right time for furthermore 
invasive investigations           

•    Upper endoscopy, colonoscopy, and wireless capsule 
endoscopy: no signs of intestinal lesions with bleeding;  

•   99mTc-pertechnetate scintigraphy: no evidence of images 
attributable to Meckel’s diverticulum;  

•   99mTc-labeled RBC scintigraphy (during episode of 
bleeding): radiolabeled RBC accumulation in distal ileum;  

•    Percutaneous  selective arteriography of superior mesen-
teric artery: negative for vascular anomalies; abdominal 
angina similar to the one of the acute bleeding during 
procedure;  

•   Endoscopic retrograde cholangiopancreatography: detec-
tion of a pancreatic pseudocyst.    

 On the basis of the scintigraphic and endoscopic 
results, a surgical exploration was necessary to identify 
the source of bleeding. A bloody branch of the pancreatic-
duodenal artery, which was directly in contact with the 
pancreatic pseudocyst, was detected during the operation. 
The repair of the blood vessel resolved the gastrointesti-
nal bleeding. In conclusion, in cases of obscure intestinal 
bleeding, scanning radionuclide and angiography may 
help localize and/or identify the source of bleeding. 
Unfortunately, the patient must be actively bleeding at the 
time of investigation to provide useful information 
(Fig. 16.9 ).   
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Fig. 16.9 (continued)
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    Case 16.10  99m Tc-Labeled RBC Scintigraphy 
in a Case of Chronic Idiopathic Intestinal 
Pseudo- Obstruction (POIC) with Intestinal 
Muscle Involvement 

 A 3-year-old female patient, preterm delivery at 35 weeks 
of gestational age, diagnosis of chronic idiopathic intesti-
nal  pseudo- obstruction (POIC) with involvement of gas-
trointestinal and bladder muscle component. In this 
complex clinical phenotype, there is a substitution of nor-
mal smooth tissue with connective tissue. The child was 
affected by megacystis and adhesions of intestinal wall 
due to the impossibility of intestinal motor activity. The 
patient underwent gastrostomy and two ileostomies due to 
occlusive/subocclusive abdominal episodes. Clinical 
course was further characterized by recurrent sepsis, neu-
rological damage, progressive renal failure, and hepatic 

cirrhosis, with secondary portal hypertension and diffuse 
intestinal varices. At the age of 2 years, the patient was 
admitted for hematochezia with severe anemia, requiring 
transfusion. Trans-stomal ileoscopy, upper and lower gas-
trointestinal endoscopy did not show any active bleeding 
lesion. The patient underwent 99mTc-RBC scintigraphy 
revealing abnormal accumulation of labeled RBC in the 
lower right quadrant of the abdomen, compatible with 
active bleeding from terminal ileum, and subsequent pro-
gressive peritoneal labeled RBC diffusion. Percutaneous 
selective arteriography of inferior mesenteric artery was 
performed confi rming vascular lesion and had a curative 
effi cacy by embolization.  99m Tc-labeled RBC scintigraphy 
was useful to assist in the localization of the site of bleed-
ing, helping to select the best time to perform angiography 
that was determinant to diagnosis confi rmation and bleed-
ing treatment (Fig. 16.10 ).   

Fig. 16.9 (continued)
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  Fig. 16.10     99m Tc-labeled RBC scintigraphy is performed using an 
in vivo labeling method (by a previous treatment with stannous ion 
administration). In fi gure are displayed time-sequential static images up 
to 6 h. Since early images, a wide area devoid of tracer corresponding 
to abdomen region is evident (without visualization of aorta and iliac 
arteries), as for indirect sign of severe ascites. By evaluation of static 

images performed at 45, 50, and 60 min, a mild area of labeled RBC is 
evident in the lower right quadrant. This fi nding appears more intense at 
2 and 6 h, as for active bleeding from terminal ileum, associated with 
diffuse uptake in the abdominal region. Up to the last image, urinary 
activity is observed bilaterally, corresponding to dilated pelvis and 
ureters       

    Case 16.11  99m Tc-Labeled RBC Scintigraphy 
in the Detection of Large Bowel Infl ammation 
Associated with Flowing Ulcers 

 A 13-year-old boy with an iron-related chronic anemia resis-
tant to therapy and a slight elevation of the C-reactive protein 
came to visit. Fecal occult blood test was positive, but no 
symptoms were referred except for a single episode of syn-
cope. His familiar history was positive for celiac disease, but 
his tests were always negative. 

 An abdominal scintigraphy with TC-99m labeled blood 
cells showed an abnormal collection of labeled RBC at the 
right, transverse, and left colon, as a possible consequence of 
a large bowel infl ammation associated with intestinal drip-
ping episode. The patient underwent an esophagogastroduo-
denoscopy and a colonoscopy. Colonic mucosa was markedly 
infl amed, and fl owing ulcers were present, especially at the 
level of right colon, ileocecal valve, and distal ileus. The his-
topathology was strongly suggestive for a Crohn’s disease, 
and the administration of mesalamine, elementary diet, 
budesonide, and iron supply was started. 

 Due to the persistence of anemia and infl ammation, in July 
2013, an immunosuppressive therapy was undertaken. The ther-
apy was promptly reduced as a consequence of a lymphopenia. 

 The patient is actually in good condition, and a satisfac-
tory control of the infl ammatory bowel disease was demon-
strated during the last clinical and endoscopic follow up. 

 In this clinical case, the scintigraphy was helpful to sup-
pose the infl ammatory bowel disease diagnosis, which was 
subsequently confi rmed by endoscopy (Fig. 16.11 ).   

    Case 16.12  99m Tc-Labeled RBC Scintigraphy 
in a Case of Intestinal GVHD 

 A 23-year-old female patient affected by a chronic 
T-lymphoproliferative disease (CD4 + CD3+) diagnosed 
when she was 19, and she underwent an allogenic bone mar-
row transplantation with hematopoietic stem cells from a 
compatible unfamiliar HLA donor. The treatment was com-
plicated by an early intestinal GVHD, treated with a number 
of immunosuppressive therapy lines according to the endo-
scopic biopsies. She was admitted in our hospital due to a 
worsening of bowel symptoms; a daily blood transfusion 
regimen and pain control therapy were necessary. 

 Abdominal US showed fl uid-particulate collection sur-
rounding moderately thickened-wall bowel loops, especially 
in the left and sigmoid colon. 
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 An abdominal scintigraphy with TC-99m labeled blood cells 
was compatible with an impaired widespread intestinal perme-
ability with an intestinal bleeding at the level of the distal 
jejunum. 

 An endoscopic evaluation was repeated and multiple 
biopsies were taken (stomach, ileum, duodenum, colon, 
rectum). An intestinal GVHD, especially at the level of the 
ileus, once again was confi rmed (Fig. 16.12 ).   

    Case 16.13  99m Tc-Labeled RBC Scintigraphy 
in the Detection of Intermittent Bleeding 

 An 11-year-old male child with a diagnosis of hyperphe-
nylalaninemia by newborn screening and confi rmed by 
molecular analysis was visited. A normal diet for his age 
with a controlled protein intake and a previous history of 
renal calculi was referred. Due to necrotizing enterocolitis, 
a bowel resection was performed, resulting in a 27 cm 
remaining bowel. As a consequence of a positive fecal 
occult blood test, an intestinal decontamination was pre-
scribed. Subsequently, a symptomatic severe anemia was 
diagnosed, and a transfusion of red blood cells was neces-

sary. An emergency upper endoscopy and colonoscopy in a 
poor bowel prep conditions were performed, and no diges-
tive bleeding was demonstrated. Due to the persistence of 
anemia, a scintigraphy was performed showing an abnor-
mal uptake of labeled red blood cells in the lower left 
abdominal quadrant. Thanks to the postprocessing and the 
fusion with CT scan images, it was possible to suppose a 
left colon intermittent bleeding. 

 A colonoscopy after adequate bowel prep showed a large 
ulceration with a spontaneous bleeding at the level of the 
previous surgical anastomosis. An anti-infl ammatory, decon-
taminating, and iron-supply therapy was established. 

 Despite the stabilization of hemoglobin at the subsequent 
blood tests, the iron-defi cit and positive fecal obscure blood 
test was persistent. Abdominal ultrasounds were normal. 

 A colonoscopy was repeated, and a platelet gel was 
applied on the ulcerated anastomosis. 

 The patient is still under medical treatment for occasional 
episodes of iron defi cit. 

 In this case, the scintigraphy confi rmed a higher level 
of sensitivity compared to an emergency colonoscopy that 
is often performed under poor bowel preparation 
(Fig. 16.13 ).   

  Fig. 16.11     99m Tc-labeled RBC scintigraphy is performed using an 
in vivo labeling method (by a previous treatment with stannous ion 
administration) by time-sequential static images up to 24 h. An abnor-
mal area of labeled RBC uptake is evident in the right abdominal region 
persisting up to the static image performed at 2 h. In the delayed images 

performed at 7 and 24 h, abnormal activity corresponding to transverse 
and descending colon is also evident. These fi ndings are considered 
suggestive of extended bowel infl ammation with dripping or intermit-
tent bleeding       
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  Fig. 16.12    ( a – c )  99m Tc-labeled RBC scintigraphy is performed (using 
an in vivo labeling method) by time-sequential abdominal static images 
up to 24 h ( a ); the study was completed with SPECT acquisition of 
abdominal region ( b ), and a postprocessing fusion of SPECT/CT 
images ( c ) was performed. Already in the early images and for the 
whole duration of the study, a diffuse signal activity of the intestine was 
observed, as a possible consequence of an altered permeability. In the 
static image performed at 90 min is evident an abnormal area of labeled 
RBC uptake in the left lower abdominal quadrant. This fi nding is more 
intense and extended on static image at 6 h when a SPECT acquisition 

is performed with postprocessing fusion of SPECT/CT images. 
Considering loop intestinal movements between two examinations, 
fusion processing is a critical point, but it could be helpful to assist in 
the localization of intestinal bleeding site. The labeled RBC area of 
uptake is localized at the level of the distal jejunum; in the delayed 
images performed at 24 h, intestinal activity is evident, as for labeled 
RBC progression. In all images, an intense and diffuse spleen uptake is 
visualized (probably due to labeled hemoglobin fragments)           
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Fig. 16.12 (continued)
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  Fig. 16.13    ( a – d )  99m Tc-labeled RBC scintigraphy is performed (using 
an in vivo labeling method) by dynamic acquisition ( a ) and following 
time-sequential static images up to 24 h ( b ). A SPECT imaging ( c ) of 
the abdominal region at 4, 6, and 24 h after the “in vivo” labeling of red 
blood cells and a postprocessing fusion of SPECT/CT images ( d ). 
Since the fi rst projections in the dynamic phase, an abnormal pooling of 

labeled red blood cells in the lower left abdominal quadrant is evident. 
In the following static images, a linear area of RBC uptake is observed 
(at 100 min, 4 h, and 6 h); by fusion imaging analysis, this fi nding is 
localized at the level of sigmoid bowel corresponding to the intestinal 
wall (without activity inside gut lumen). No evidence of increased RBC 
is detected at 24 h             
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Fig. 16.13 (continued)
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Fig. 16.13 (continued)

    Case 16.14  99m Tc-Labeled RBC Scintigraphy 

 A 7-month-old male patient, preterm delivery at 32 weeks of 
gestational age, clinical features suggestive for plurimalfor-
mative syndrome/congenital infection (cardiac and cerebral 
anomalies, hepatosplenomegaly). At birth, the child pre-
sented severe anemia requiring transfusion and developed a 
necrotizing enterocolitis (NEC) stage III by the 15th day of 
life, requiring extended bowel resection, leading to short 
bowel syndrome. The residual intestinal segments (fi rst jeju-
nal loop, ileocecal valve, and colon) were anastomosed. 
Total parenteral nutrition was administered, and enteral 
nutrition by a gastrostomy tube was later introduced. Clinical 
course was further complicated by sepsis, cardiac arrest 
requiring resuscitation and anaphylaxis to cow’s milk pro-

tein. After discharge, at the age of 7 months, the baby pre-
sented melena with severe anemia (Hb 7.1 g/dL). Abdominal 
ultrasound was unremarkable. First upper and lower gastro-
intestinal endoscopy was negative for actively bleeding 
lesions, but showed a suspected postsurgical kinking of the 
ileocecal valve. The patient underwent 99mTc-RBC scintig-
raphy accompanied by fused SPECT/CT images, revealing 
abnormal accumulation of labeled RBC in the middle/lower 
right quadrant of the abdomen, compatible with active bleed-
ing from an intestinal loop. Laparoscopic-assisted enteros-
copy confi rmed ileocecal valve stenosis and ileitis of the 
prestenotic intestinal tract (mucosal damage due to chronic 
stasis). The stenosis was treated with hydrostatic balloon 
dilatation, and medical treatment was started with budesonide 
and antibiotics (Fig.  16.14 ).
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  Fig. 16.14    ( a – e )  99m Tc-labeled RBC scintigraphy is performed (using 
an in vivo labeling method) by dynamic acquisition ( a ) and following 
time-sequential static images up to 24 h ( b ). A SPECT imaging ( c ) of 
the abdominal region at 4, 6, and 24 h after the “in vivo” labeling of red 
blood cells and a postprocessing fusion of SPECT/CT images ( d ). A 
doubtful abnormal accumulation of labeled RBC in the middle/lower 

right quadrant of the abdomen is evident on static image at 2 and 7 h, 
confi rmed by SPECT images. By fusion imaging analysis, this fi nding 
is localized at the level of an intestinal loop and is considered indicative 
of active bleeding. As known, SPECT images improve diagnostic 
accuracy               
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Fig. 16.14 (continued)
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Fig. 16.14 (continued)
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Fig. 16.14 (continued)
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Fig. 16.14 (continued)
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      Gastroenterology: Bronchoaspiration: 
Neurological Child                     

     Milena     Pizzoferro    ,     Maria     Felicia     Villani    ,     Francesco     De   
  Peppo     , and     Maria     Carmen     Garganese   

      Recurrent pneumonia secondary to bronchial aspiration is 
typical of neurologically impaired children; both radionu-
clide salivagram and gastroesophageal refl ux scintigraphy 
are commonly used in the detection of pulmonary aspira-
tion. Radionuclide salivagram visualizes activity in trachea 
and bronchi secondary to salivary aspiration, while gastro-
esophageal scintigraphy detects labeled meal in respiratory 
airway. Furthermore, aspiration can occur by two routes 
(anterograde and retrograde), and each nuclear medicine 
imaging targeting different types of pulmonary aspiration 
should be required according to specifi c clinical suspicion. 
Sometimes, it could be helpful to perform both examina-
tions, beginning by gastric emptying and performing sal-
ivagram in case of no evidence of aspiration during gastric 
emptying test. It is crucial to perform gastroesophageal 
scintigraphy administering an appropriate amount of 
labeled meal to reduce the risk of false-negative tests due to 
poor fi lling of the stomach. 

 In the following clinical cases, different nuclear medicine 
patterns of examinations performed in neurologically 
impaired children with recurrent chest infections are 
reported. In patients with clinical suspicion of pulmonary 
aspiration, an oximeter should be placed, and all that neces-
sary for aspiration should be feasible in the diagnostic room. 
Nuclear medicine staff should annotate eventual episodes of 
cough or desaturation. 

17.1     Study Technique and Interpretation 

17.1.1     Detection of Aspiration During Gastric 
Emptying Scintigraphy 

 Study technique has been reported in Chap.   15    . The study 
phase and aspiration magnitude should be considered in 
interpretation of gastroesophageal studies when related to 
evaluation of respiratory problems. In order to characterize 
pulmonary aspiration type, it is important to evaluate if 
respiratory airway visualization is evident early after oral 
meal intake or secondly after a refl ux episode. Other useful 
information on the severity of pulmonary aspiration are 
achievable by nuclear medicine imaging evaluating the level 
of tracer (visualization of main bronchi (mono or bilateral) 
rather than entire bronchial tree (mono or bilateral)), amount 
of refl uxate inhalation, and aspirated clearance capability.  

17.1.2     Detection of Aspiration 
During Radionuclide Salivagram 

 Radionuclide salivagram is a simple investigative study that can 
be used to detect aspiration of radiolabeled saliva into the air-
ways. A small amount (ranging from 0.1 to 0.2 mL) of radio-
tracer (99mTc DTPA) is administered under the patient’s 
tongue, with the patient placed in supine position and the cam-
era in posterior view, centered on patient’s chest, including oral 
cavity and upper stomach. The radionuclide salivagram is 
recorded by fast dynamic scintigraphy (15 s/frame), and the reg-
istration should start some seconds before tracer administration, 
avoiding to miss the swallowing phase. No specifi c preparations 
are required for the test. In patients with neurological dysphagia, 
risk of salivary aspiration is related to swallowing incoordina-
tion, and scintigraphic study interpretation must include a care-
ful frame-by-frame evaluation. Regions-of-interest (ROI)s, 
corresponding to esophagus and lung fi elds, are drawn on a 
summed image of dynamic frames using a dedicated software; 
thus,  time/activity curves are obtained and analyzed. Registration 
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of 30 min is useful for several reasons: to have enough time in 
case of delayed swallowing, to detect delayed episodes of aspi-
ration (in case of multiple swallowing), to detect persistence or 
clearance of aspirated tracer. If persistent tracer activity is pres-
ent, delayed scanning after repositioning the children in upright 
position may detect aspiration, extending the period of scanning 
until after the esophagus is cleared of all material. Moreover, 
prolonged registration can detect delayed aspiration of labeled 
saliva refl uxate from the stomach. 

 Severity of aspiration interpretation: criteria of pulmo-
nary aspiration evaluation are the same as those reported for 
gastric emptying study.  

17.1.3     Detection of Lung Impairment 
Secondary to Aspiration by Lung 
Perfusion Scan 

 Study technique will be reported in Chap.   23    . In this group 
of patients, perfusion lung scan is useful for a quantitative 
and qualitative evaluation of pulmonary impairment due to 
chronic pulmonary aspiration.   

17.2     Teaching Cases 

17.2.1     Case 17.1 “Radionuclide Salivagram: 
Normal Pattern” 

 A 10-year-old boy in gastrostomy tube feeding affected by 
genetic syndrome, neuromotor defi cits, and severe gastroesoph-
ageal refl ux disease, with frequent hospitalizations for respira-
tory infections. A radionuclide salivagram was required for the 
salivary swallowing evaluation to schedule a laparoscopic 
Nissen fundoplication integrated with salivary duct ligation.  

17.2.2     Case 17.2 “Radionuclide Salivagram: 
Massive Pulmonary Aspiration 
with Partial Clearance” 

 A 2-year-old infant affected by severe postasphyxia cere-
bropathy and tetraparesis. Clinical course was further char-
acterized by pathological fractures (secondary to 
osteoporosis), surgical gastroesophageal refl ux correction 
with gastrostomy tube feeding placement, salivary duct liga-
tion, and tracheotomy. In this complex clinical case, despite 
these therapies, persistent episodes of pneumonitis occurred 
and a radionuclide salivagram was required to confi rm clini-
cal suspicion of salivary aspiration.  

17.2.3     Case 17.3 “Radionuclide Salivagram: 
Massive Pulmonary Aspiration 
with Progressive Increased 
Concentration” 

 A 4-year-old child affected by epileptogenic encephalopa-
thy, dysphagia, and inability to manage salivary secretions 
with the need of frequent pharyngeal aspirations. After 
radionuclide salivagram showing severe chronic aspiration, 
salivary duct ligation procedure and tracheotomy were 
performed.  

17.2.4     Case 17.4 “Radionuclide Salivagram: 
Salivary Micro-aspiration Pattern” 

 A 5-year-old child with neurological postasphyxia impair-
ment and previous history of chronic pulmonary aspiration, 
He underwent surgical gastroesophageal refl ux correction 
with gastrostomy tube feeding placement and a retraining 
swallowing function program. Before restarting oral feeding, 
radionuclide salivagram was required showing salivary 
micro-aspiration in right lung.  

17.2.5     Case 17.5 “Radionuclide Salivagram: 
Pulmonary Aspiration by Anterograde 
and Retrograde Routes” 

 A 10-year-old boy with a complex clinical status due to mul-
tiple pathologies (neurological, orthopedic, and respiratory 
pathology) secondary to epileptogenic encephalopathy. After 
a multispecialty consultation, a radionuclide salivagram was 
included in a complex preoperative diagnostic workup. 
Salivagram allowed to detect aspiration of saliva (antero-
grade route) associated with refl uxate inhalation (retrograde 
route) during exam registration. A combined surgical treat-
ment of gastroesophageal refl ux disease and salivary aspira-
tion was carried out with Nissen fundoplication and salivary 
ducts ligation.  

17.2.6     Case 17.6 “Radionuclide Salivagram: 
Absence of Swallowing as a Severe 
Dysfunction Pattern” 

 Eleven-month-old infant affected by cerebral palsy. A radio-
nuclide salivagram was required to assess salivary secretions 
management ability.  
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17.2.7     Case 17.7 “Gastric Emptying: 
Pulmonary Aspiration of Discrete 
Labeled Meal” 

 A 10-year-old child affected by postasphyxia cerebropathy 
underwent laparoscopic antirefl ux surgery (Nissen fundopli-
cation) associated with pyloromyotomy. Two years later, 
several respiratory infections occurred, and postoperative 
scintigraphic control was required to achieve a functional 
gastric evaluation allowing investigating pulmonary respira-
tory problems. Gastric emptying scintigraphy ruled out gas-
troesophageal refl ux or delayed clearance of the radiolabeled 
meal, but detected severe pulmonary aspiration of discrete 
labeled meal (early after meal administration).  

17.2.8     Case 17.8 “Delayed Gastric Emptying 
Associated with Gastroesophageal 
Refl ux Disease and Pulmonary 
Aspiration” 

 A 1-year-infant, affected by postasphyxia cerebropathy with 
poor weight gain and respiratory infections despite gastros-
tomy tube feeding. Gastric emptying scintigraphy revealed 
delayed gastric emptying associated with gastroesophageal 
refl ux disease and pulmonary aspiration. Laparoscopic anti-
refl ux surgery (Nissen fundoplication) associated to pyloro-

myotomy was performed with signifi cant clinical 
improvement. In this case, gastric emptying scintigraphy 
gave an important contribution to the diagnostic assessment 
and therapeutical management of a child with gastroesopha-
geal refl ux (GER) disease complicated by GER-related 
respiratory disease.  

17.2.9     Case 17.9 “Scintigraphic Assessment 
of Pulmonary Impairment in a Child 
Treated at Birth for Esophageal Atresia 
Associated with Tracheoesophageal 
Fistula” 

 A 5-year-old child, treated at birth for esophageal atresia 
associated with tracheoesophageal fi stula, with neonatal 
respiratory distress and neurological impairment. A gastric 
emptying scintigraphy revealed mildly delayed gastric emp-
tying associated with gastroesophageal refl ux disease and 
pulmonary aspiration of discrete labeled meal (early after 
oral meal administration). An endoscopic control ruled out 
tracheoesophageal fi stula relapse. Considering previous his-
tory of recurrent episodes of bronchopneumonia and radio-
logical worsening of right lung parenchyma, a functional 
assessment of lung perfusion was required to achieve a quan-
titative data of pulmonary impairment (Figs.  17.1 ,  17.2 ,  17.3 , 
 17.4 ,  17.5 ,  17.6 ,  17.7 ,  17.8 , and  17.9 ).

a b

  Fig. 17.1    ( a ,  b ) By qualitative imaging and time/activity curves evalu-
ation, a normal swallowing is observed with a regular passage of the 
radioactive bolus through the esophagus. No evidence of pulmonary 

aspiration episodes is detected during the registration. Some episodes 
of gastroesophageal refl ux are evident, also with a small amount of 
labeled tracer       
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a b

  Fig. 17.2    ( a ,  b ) Radionuclide salivagram shows massive and bilateral 
salivary aspiration in tracheal cannula and both lungs. A large amount 
of administered labeled bolus is visualized in the respiratory airways 
(proximal and distal), with evidence of mild tracer activity in the lower 
tract of esophagus and in the stomach. Partial clearance of aspirated 
tracer is evident at 4th and 23rd minute of registration in relation to 

tracheobronchial aspiration (necessary for breathing diffi culties associ-
ated with desaturation). Eventually caught episodes or tracheobronchial 
aspiration procedure must be annotated and considered for a correct 
evaluation of aspirated clearance mechanism. This fi nding is considered 
as massive pulmonary aspiration       

a b

  Fig. 17.3    ( a ,  b ) After swallowing, fast progression of salivary secre-
tion is evident in upper esophageal tract, and most of the salivary secre-
tion passes directly into the trachea and in the right bronchus. Tracer 
penetration is subsequently evident into the left bronchus and in the 

distal airways of both lungs. Qualitative and T/A curves analyses show 
a progressive increased concentration of aspirated tracer ( especially on 
the right ). Low amount of labeled saliva is evident in the lower esopha-
gus and in the stomach       
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a b

  Fig. 17.4    ( a ,  b ) After swallowing, progression of salivary secretion is 
evident in the esophagus showing a signifi cant deviation of its course 
(secondary to a severe scoliosis) and a persistent tracer stasis in the 

distal tract due to a tight gastric fundoplication. A weak signal activity 
is documented in the right lung fi eld, as for micro-aspiration scinti-
graphic sign       

a b

  Fig. 17.5    ( a ,  b ) After swallowing, progression of salivary secretion is 
evident in the esophagus associated with pulmonary aspiration in the 
left bronchial airway system that increases early after a gastroesopha-
geal refl ux episode (appreciable at 6th minute of registration). In the 

following part of registration, cyclic decreased and increased tracer 
activities are detectable in relation to other refl ux episodes. These fi nd-
ings are indicative of salivary aspiration associated with bronchial 
refl uxate aspiration       
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a

  Fig. 17.6    Even after prolonged mechanical and sensitive stimulation, there is no evidence of labeled saliva (and oropharyngeal secretions) pro-
gression through esophagus. This fi nding represents a severe swallowing dysfunction, giving a useful clinical information       
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  Fig. 17.7    Gastric emptying study is performed after oral milk admin-
istration; since the fi rst frame of registration, pulmonary aspiration of 
discrete labeled meal is bilaterally evident in the proximal and distal 

airways ( especially on the right ). A progressive but partial clearance of 
aspirated meal is noted without evidence of following signifi cant gas-
troesophageal refl ux associated with normal gastric emptying       

a b

  Fig. 17.8    ( a ,  b ) Gastric emptying study is performed after labeled 
milk administration by PEG tube. After meal administration (performed 
under persistence monitor control), several gastroesophageal refl ux epi-
sodes are evident, associated with delayed gastric emptying. Some 

refl ux episodes reach the oral cavity with subsequent visualization of 
the respiratory airways ( especially on the right ), as for multiple pulmo-
nary aspiration       
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a

b

c

  Fig. 17.9    ( a ) Gastric emptying study is performed after oral milk 
administration; the fi rst frame of registration shows pulmonary aspira-
tion of discrete labeled meal in the right lung. ( b ,  c ) Scintigraphy of 
lung perfusion shows left lung normal dimension, tracer uptake, and 

distribution; right lung is small with poor tracer uptake and diffuse non-
homogeneous distribution (without evidence of segmental defects of 
lung perfusion). By quantitative analysis, functional contribution of 
right lung is markedly low (11.5 %)       
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      Gastroenterology: Focus on Children 
with Liver Problems                     

     Giuliano     Torre    

18.1          Introduction 

 Hepatobiliary scintigraphy is a radionuclide diagnostic 
imaging study that evaluates hepatocellular function and the 
biliary system by tracing the production and fl ow of bile 
from the formative phase in the liver and its passage through 
the biliary system into the small intestine. 

 Sequential (or dynamic) images of the liver, biliary tree, 
and gut are obtained. Computed acquisition and analysis, 
including pharmacological interventions, are used according 
to varying indications and an individual patient’s needs. 

 Scintigraphy today works in combination with other 
methods of hepatobiliary imaging, mainly sonography and 
echocolor Doppler, magnetic resonance, and Colangio-RM, 
bringing the advantage of a dynamic display of the tracer 
extraction phases, concentration, and excretion in the bile 
duct. 

 In adult hepatobiliary disease, main indications of hepato-
biliary scintigraphy are acute and chronic cholecystitis, eval-
uation of patency and integrity of biliary tree, dysfunction of 
the sphincter of Oddi, functional biliary pain syndromes, or 
chronic pain localized at the right hypochondrium. In case of 
ongoing surgical liver resection, hepatobiliary scintigraphy 
is employed for the functional preoperative evaluation. After 
liver transplant, it is used for the study of the biliary tree and 
of the functional hepatic reserve. 

 In childhood, the above indications are less frequent, 
while more often hepatobiliary scintigraphy is used in the 
differential diagnosis of neonatal cholestasis, in particular, to 
distinguish between obstructive jaundice depending on ana-
tomical malformations (biliary atresia, choledochal cysts) 
and medical cholestatic jaundice resulting from a defective 
hepatocellular function (due to infectious, metabolic, hor-
monal causes). It also allows to evaluate the patency and the 

function of hepatic–jejunal anastomosis (Kasai surgery) 
after surgery for atresia and the possible presence of leak of 
the bile duct. Similar to adulthood, it has a role in anatomical 
and functional aspects of the transplanted liver. 

 Main hepatobiliary clinical problems and indications in 
pediatrics:

    1.    Neonatal cholestasis and suspicion of biliary atresia: 
 Neonatal cholestasis has an incidence of 1:2500 new-
borns and is more common in premature babies. It can 
be recognized by various causes: infectious/septic, 
genetic/metabolic, endocrine, hematological. Liver and 
biliary congenital malformations must always be con-
sidered and excluded: among them, the most typical is 
biliary atresia. It is a progressive fi bro-obliterative con-
dition of extrahepatic and intrahepatic bile ducts, result-
ing in the obstruction of bile fl ow to the intestine, 
intrahepatic retention of bile and bile salts, leading to 
structural liver damage. From the clinical point of view, 
biliary atresia usually affects a full-term infant (of few 
weeks of age) generally in good clinical conditions and 
regular growth, who is referred for jaundice, hyperchro-
mic urine, and hypo- acholic stools. In suspicion of bili-
ary atresia (incidence 1:8000–15,000 births, depending 
on the ethnic groups), the differential diagnosis versus 
other causes of neonatal cholestasis is absolutely 
urgent, for the possibility in case of biliary atresia of an 
early surgical correction, before the development of 
biliary cirrhosis and portal hypertension. The sooner 
the surgery (Kasai portoenterostomy) is performed, 
better is the outcome and chances of an effective and 
lasting biliary drainage. 

 Hepatobiliary scintigraphy is the investigation of 
choice to confi rm a suspected sonographic diagnosis of 
biliary atresia (Sonography can show gallbladder agene-
sis or dysmorphic features, hyperechoic and irregular 
profi les of liver, presence of triangular cord, failure visu-
alization of the biliary tract, altered distribution of intra-
hepatic blood fl ow.). 
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 The sensitivity of scintigraphy for biliary atresia is vir-
tually 100 % (the suspicion of atresia is ruled out if there 
is passage of the tracer in the gut); the specifi city is much 
lower (on average 70 %), that is, if it is proved passage of 
the tracer, it is possible that this is due to the causes dif-
ferent from biliary atresia. In addition, specifi city is 
higher for the full-term baby compared to preterm. It is 
possible to increase the scintigraphic performances with a 
pretreatment of the newborn with phenobarbital (5 mg/
kg/day) administered for 3–5 days before the test; alterna-
tive to barbiturate, similar results have been reported with 
ursodeoxycholic acid (20 mg/kg/day for 2–3 days). In 
case of no bowel elimination of the radiopharmaceutical 
tracer in the physiological time, it is appropriate to pro-
long the examination even up to 24 h after injection to 
highlight a condition of late biliary transit (it can depend 
on a reduced liver function, especially in the premature 
infant). In the case hepatobiliary scintigraphy was not 
diriment for a differential diagnosis, it is necessary to per-
form liver biopsy or intraoperative cholangiography dur-
ing exploratory laparotomy. Even after surgery for biliary 
atresia (Kasai procedure), if doubts exist coming from the 
persistence of jaundice or its slow clearance, hepatobili-
ary scintigraphy can verify the patency and function of 
the anastomosis, with the demonstration and quantifi ca-
tion of bile fl ow from its origin (intrahepatic bile) until 
bowel, and any remaining barriers.   

   2.    Malformations of the extrahepatic bile ducts: 
 The choledochal cyst is the most common malformation 
and can manifest with cholestatic jaundice (similar to 
biliary atresia), vomiting, and pain after meals, depending 
on bowel compression or bacterial infection (cholangitis 
secondary to intrahepatic bile retention). It can occur in 
the neonatal period as well as in subsequent ages. Clinical 
suspicion is usually sonographic, and hepatobiliary scin-
tigraphy is useful for confi rmation: it is possible to high-
light the collection of the radiopharmaceutical in a cystic 
mass corresponding to the malformation of extrahepatic 
bile duct, defi ne the morphological and dimensional char-
acteristics, its relationship with the bile duct system, and 
the way and timing of the intestinal transit. Treatment is 
surgical. 

 A possible complication of cystic malformations is the 
spontaneous perforation of the bile duct leading to bile 
peritoneum (localized or widespread). More rarely, perfo-
ration affects a normal bile duct, either spontaneously or 
as a result of abdominal trauma. 

 In the case of biliary leak, hepatobiliary scintigraphy 
traces the biliary transit of the radiopharmaceutical and 
indicates the site and extent of the possible extravasation 
in the abdominal cavity. This clinical information pro-
vides the surgeon the better choice between attitudes – 
conservative or interventional.   

   3.    Familial progressive cholestasis (PFIC 1-2-3): 
 It is a group of congenital cholestatic diseases depend-
ing on molecular defects of enzymes involved in excre-
tion of bile salts and phosphatidylcholine in the bile 
canaliculus (PFIC-1, BSEP defi ciency, MDR3 defi -
ciency). They are rare diseases (1:50,000–100,000 
births), currently well recognized in the differential 
diagnosis of neonatal and infantile cholestasis, owing to 
the availability of genetic diagnosis. The phenotype and 
the clinical picture are variable in severity of progres-
sive chronic cholestatic liver disease (up to biliary cir-
rhosis, leading to liver transplantation even in early 
childhood). A common clinical element of progressive 
familial cholestasis, together with jaundice and nutri-
tional effects of chronic cholestasis on growth, is itch-
ing, often extremely severe and diffi cult to treat: it 
depends on the blocked secretion of bile salts into the 
bile, their overfl ow into the blood stream, and stimula-
tion of specifi c nerve receptors for itching stimulus. 

 Recently, for situations of itching not or poorly respon-
sive to medical treatment, surgical biliocutaneous shunt 
(ostomy skin) as well as internal bypass surgery (anasto-
mosis between the biliary tract and colon with interposi-
tion of jejunal loop) have been proposed: the fi nal goal is 
to divert outside the bile salts, or prevent their intestinal 
reabsorption, and consequently to decrease the blood 
level and the itching trigger. 

 Hepatobiliary scintigraphy is used to evaluate the effi -
cacy of these surgical procedures through the study of 
excretion of the radiopharmaceutical tracer: it allows a 
quantitative assessment of fl ow and serial monitoring of 
biliary elimination over time, especially if there are sus-
pects of complications at the anastomotic level. The infor-
mation obtained allows, also in this case, to program the 
medical or the surgical option.   

   4.    Liver transplantation: 
 Liver transplantation is the therapeutic choice for irre-
versible liver failure, both acute fulminant and chronic 
progressive. It is now available for children with a greater 
than 90 % survival for elective transplant. Given the age 
of the children who are in need of a transplant (more than 
50 % are less than 2 years old), the surgical technique 
used in most cases is the split liver technique from adult 
donor (dead or alive). This surgery implies the use of a 
portion of the donor’s liver (usually the left lobe). 

 After pediatric liver transplant, a possible complica-
tion of surgery is anastomotic biliary stricture between 
the very thin bile duct of the graft and intestinal loop of 
the receiver. 

 Hepatobiliary scintigraphy is employed to confi rm the 
sonographic suspicion of biliary anastomotic stenosis, 
showing the level of the obstruction and dilation of the 
biliary tree. 
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 As another possible application in liver transplant, a 
recent pediatric experience shows an early diagnosis of 
hepatic infarction as a result of hepatic artery thrombosis. 

 Scintigraphy was able to demonstrate the infarction 
areas through localized reduced tracer extraction. In this 
case, previous sonography was not enough to diagnose; 
subsequent PET TC confi rmed the diagnosis.         
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19.1          Study Technique and Interpretation 

19.1.1      Hepatobiliary Scintigraphy 

 Hepatobiliary imaging evaluates the function of the liver 
showing whether there are any blockages in the gallbladder 
or biliary duct system. 

 Hepatobiliary scintigraphy is performed using a radio-
tracer (99mTc HIDA or derivatives) after a fasting of 4 h. 
The administered activity of radiotracer is very low 
(1.85 MBq/kg) with a minimum suggested activity of 
9 MBq and a maximum dose of 111 MBq. Immediately 
after tracer injection, hepatobiliary scan is recorded by 
dynamic study of 45 min or by time-sequential static 
images (in uncooperative child). In suspicion of biliary 
leak, severe hepatic dysfunction, obstruction of the com-
mon bile duct or biliary atresia, or in presence of severe 
hepatic dysfunction, it is appropriate to have a more pro-
longed observation (2–4 h, up to 24 h). 

 A specifi c element of the hepatobiliary scintigraphy in 
pediatrics is its prevalent application in children under the 
fi rst year of life. 

 Radiotracer is taken up and excreted by hepatocytes 
allowing to image intrahepatic and extrahepatic biliary drain-
age. The normal fi ndings of hepatobiliary scintigraphy are 

characterized by an immediate visualization of the liver 
parenchyma (with rapid clearance of blood and heart), fol-
lowed by visualization of the biliary system in sequence 
(intrahepatic and extrahepatic, gallbladder, and intestine). 
All these structures are to be displayed within 45 min. A cor-
rect fi lling of the gallbladder requires the patency of the cys-
tic duct: in adults, this excludes acute cholecystitis, in the 
newborn agenesis or dysmorphic gallbladder, which are usu-
ally present in biliary atresia. 

 Physiological urinary excretion is observed, especially 
when a biliary duct’s obstruction is evident. 

 All hepatobiliary scans presented in this chapter are per-
formed with  99m Tc-BRIDA, and we report in Table  19.1  nor-
mal values of the main hepatogram parameters for a correct 
scintigraphy interpretation. Normal values are mildly differ-
ent, using other tracers (Table  19.1 ).

        M.   Pizzoferro    •    M.  F.   Villani    
  Nuclear Medicine Unit ,  Imaging Departement – “Bambino Gesù” 
Children Hospital ,   Rome ,  Italy     

    L.   Monti    •    A.   Infante    
  Imaging Department ,  “Bambino Gesù” Children Hospital , 
  Rome ,  Italy     

  19

    Table 19.1    BRIDA, pharmacokinetic characteristics   

  99m Tc-BRIDA (mins) 

 Hepatic Tmax  12 

 Hepatic T ½  15–20 

 Principal bile duct visualization  5–20 

 Gallbladder visualization  10–40 

 Tracer appearing in the bowel  15–45 
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19.2         Teaching Cases 

    Case 19.1 Hepatobiliary Scintigraphy 
in Diagnostic Workup of Recurrent Pancreatitis 

 A 9-year-old girl with Crohn’s disease diagnosed at the age 
of 5 years. Subsequently, she had recurrent episodes of acute 
pancreatitis secondary to papillary stenosis and underwent 
surgical treatment. Three years after treatment, she had 
relapsed episodes of pancreatitis. Ultrasonography and mag-
netic resonance imaging showed severe chronic pancreatitis 
with pancreatic ducts dilatation, splenomegaly, and increased 
gallbladder wall thickening without biliary ducts dilatation. 
A hepatobiliary scintigraphy was performed to evaluate liver 
function and biliary system excretion before further surgical 
treatment. A normal hepatic function was detected with reg-
ular parenchymal transit and transient tracer stasis in the 
gallbladder (as for gallbladder atonia). 

 Radiological imaging plays a major role in the diagnostic 
workup of children with hepatobiliary or pancreatic diseases, 
while hepatobiliary scintigraphy is performed in selected 
cases to achieve functional and biliary drainage data 
(Fig.  19.1 ).  

    Case 19.2 Biliary Atresia in a Newborn 
with Prolonged Neonatal Cholestasis 

 A 4-week-old boy with tetralogy of Fallot, cholestatic jaun-
dice, and pale stool. Laboratory examination showed elevated 
total bilirubin with an increased conjugated portion, slightly 
elevated gGT. Hepatobiliary scintigraphy reported, “no drain-
age” of the radiolabeled tracer in the small bowel within 24 h 
as in extrahepatic biliary atresia (BA) patients. A percutane-
ous liver biopsy showed obstructive cholestasis. Diagnosis of 
BA was confi rmed at 2 months of age by intraoperative chol-
angiography during Kasai portoenterostomy. Diagnosis of 
BA and performance of a hepatoportoenterostomy (Kasai 
Procedure) by 8–10 weeks of age are optimal for transplant-
free survival beyond early childhood (Fig.  19.2 ).   

    Case 19.3 Late Diagnosis of Biliary Atresia 
with Secondary Liver Impairment 

 A 6-month-old boy referred to our hospital presenting with 
chronic cholestatic jaundice, high bilirubin level, spleno-
megaly, and acholic stool. Abdominal ultrasound and hepa-
tobiliary scintigraphy were promptly performed, establishing 
the diagnosis of biliary atresia. Biliary atresia (BA) is univer-
sally fatal if untreated and is the single most common cause 

of liver disease leading to liver transplantation in children. In 
BA, bile fl ow from the liver to the gallbladder is blocked, and 
bile trapped inside the liver progressively causes damage and 
scarring of the liver cells (cirrhosis) and liver failure. 
Hepatobiliary scintigraphy revealed liver impairment in this 
patient due to late diagnosis of BA, and liver transplantation 
was necessary after few months (Fig.  19.3 ).  

    Case 19.4 Progressive Liver 
Failure After Performance of 
Hepatoportoenterostomy (Kasai Procedure) 
with Scintigraphic Finding of Bile Ascites 

 A 5-month-old boy diagnosed with biliary atresia at 4 weeks 
of age. At 2 months of age, a Kasai portoenterostomy was 
performed. He did not afford the restoration of the bile fl ow 
after the procedure and developed cirrhosis and ascites. In 
addition to radiological imaging, a hepatobiliary scintigra-
phy was performed showing liver disease progression with 
low hepatic function and biliary ascites (confi rmed by ascitic 
fl uid analysis). He underwent a liver transplant after 4 
months. 

 Infants with biliary atresia who undergo a successful 
Kasai procedure regain good health and no longer have jaun-
dice or major liver problems. When Kasai procedure is not 
successful, infants usually need a liver transplant within 1–2 
years. Even after a successful surgery, most infants with bili-
ary atresia could slowly develop cirrhosis over the years 
requiring a liver transplant by adulthood (Fig.  19.4 ).  

    Case 19.5 Diagnostic Imaging for Differential 
Diagnosis Between Cystic Biliary Atresia 
and a Congenital Choledochal Malformation 

 A 5-week-old female presented with jaundice and acholic 
stools to our center. She underwent a complete hepatology 
assessment that ruled out metabolic or infectious causes of 
her cholestasis. Ultrasound scan of the abdomen showed 
evidence of a choledochal cyst and sonographic signs suspi-
cious of biliary atresia. Therefore, hepatobiliary scintigra-
phy was performed, and “no draining” of the radiolabed 
tracer in the small bowel within 24 h was seen, as in keeping 
with extrahepatic biliary atresia. Soon after the nuclear 
imaging, an intraoperative cholangiography confi rmed the 
diagnosis of biliary atresia, and a portoenterostomy was 
done. In a small number of cases, biliary atresia may be 
associated with choledochal cyst, and preoperative diagnos-
tic workup is crucial to select the right surgical approach 
(Fig.  19.5 ).  
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  Fig. 19.1    ( a ,  b ) Dynamic study and time/activity curves reveal ade-
quate hepatic uptake of the tracer and normal parenchymal transit time. 
Tracer is visualized in the gallbladder at approximately 7 min of the 
dynamic acquisition, with ever-increased concentration. No evidence of 
bowel activity up to 45 min of dynamic study. ( c ) Static image at 90 min 
demonstrates complete tracer transit in the bowel. ( d ) (Coronal) A 
3-month-old girl with hereditary pancreatitis ( SPINK1  mutation) pre-
sented with chronic pancreatitis. MRI scans show the main features in 
chronic pancreatitis in children. ( e ,  f ). Maximum intensity projection 
three-dimensional magnetic resonance cholangiopancreatography 
(MRCP) image showing diffuse dilatation of the pancreatic duct. Note 
the irregular stricture of the pancreatic duct. Single-shot radial acquisi-
tion with relaxation enhancement magnetic resonance cholangiopan-

creatography (MRCP) image showing three pancreatoliths in the 
downstream minor pancreatic duct. The irregularity of the upstream 
duct can also be seen ( curved arrow ). Images obtained with fast 
T2-weighted sequences, usually constituting a coronal slab along the 
pancreatic duct, are acquired every 30 s for 10 min. MR cholangiopan-
creatography is limited by small-caliber ducts, poor signal, and patient 
motion, which create artifacts. The smaller duct caliber in children 
makes it diffi cult to visualize nondilated ducts at MR cholangiopan-
creatography, especially when evaluating intrahepatic duct caliber. MRI 
accurately depicts the pathology, leading to a better understanding of 
the disease process with optimal patient management and follow-up, 
without the use of ionizing radiation       
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  Fig. 19.2    ( a, b ) Dynamic study shows rapid and intense hepatic uptake 
of tracer with normal heart/liver ratio (maximum normal value is 0.5). 
No evidence of tracer in the intestine during the initial 45 min of the 
dynamic study is detectable. Physiological urinary excretion is 
observed. ( c ) Delayed static images performed at 2, 4, and 24 h confi rm 
absence of tracer passage in the bowel. Lateral projection is useful 
when a faint abdominal activity is evident. Persistent neonatal cholesta-
sis: sonographic scans show features in BA diagnosis. ( d ) High- 

frequency ultrasound with linear probe is used to evaluate the hepatic 
parenchyma. Transverse scan shows the inhomogeneous hepatic paren-
chyma, with a marked increase in periportal echoes due to fi brosis. ( e ) 
The thickness of the anterior wall of the right portal vein just proximal 
to the bifurcation site is greater than 4 mm. ( f ) Longitudinal ultrasound 
scan shows a normal gallbladder length >2 cm. ( g ) Transverse ultra-
sound scan depicts an irregular lining and wall of the gallbladder           
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    Case 19.6 Diagnostic Workup in a Case 
of a Choledochal Cyst 

 A 1-month-old boy, with no picture of cholestasis, underwent 
an abdominal ultrasound scan during the workup for intestinal 
motility disorders. Ultrasound abdominal scan revealed the 
presence of biliary dilatation, and hepatobiliary scintigraphy 
was performed to rule out the less likelihood hypothesis of a 
biliary atresia associated with choledochal cyst. Nuclear medi-
cine imaging revealed a normal liver function and further clar-
ifi ed the biliary excretion, showing an early photon-defi cient 
area in the porta hepatis with biliary tracer fi lling on late 
images (as for choledochal cysts); physiological gut activity 
was detected excluding biliary atresia association. A diagnosis 
of choledochal cyst was made and surgery planned (Fig.  19.6 ).  

    Case 19.7 Hepatobiliary Scintigraphy 
in Diagnostic Workup of Choledochal Cyst 
Complicated by Perforation of Bile Duct 

 A 2-month-old boy came to Emergency with clinical presen-
tation of ascites and acholic stools. Previous history was 
uneventful with physiological neonatal jaundice and a prena-

tal ultrasonography referred as normal. Radiological imag-
ing showed evidence of a large choledochal cyst, and a 
drainage tube was placed to evacuate and characterize the 
nature of abdominal fl uid. By macroscopic analysis, the 
abdominal fl uid had biliary color; chemical analysis con-
fi rmed high bilirubin level (12.9 mg/dL), whereas blood bili-
rubin level was quite normal (1.4 mg/dL), and all cultures 
performed were negative. These fi ndings were indicative of 
perforation of bile duct that is an uncommon but possible 
event, consequent to different causes (trauma, ischemia, nec-
rotizing enterocolitis, congenital malformation of bile ducts, 
or spontaneous breakage). Hepatobiliary scintigraphy was 
performed to achieve a complete evaluation of biliary drain-
age in relation to malformation of biliary tree complicated by 
abdominal leak (Fig.  19.7 ).  

    Case 19.8 Hepatobiliary Scintigraphy 
for Differential Diagnosis Between Hepatic 
Cyst and Biliary Origin Lesion 

 A 3-month-old boy with prenatal diagnosis of hepatic cyst 
(maximum axial diameter of 13 mm) in the VIII segment. 
Ultrasound postnatal abdominal scan confi rmed the 

Fig. 19.2 (continued)
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  Fig. 19.3    ( a ) As an alternative to dynamic study in uncooperative 
child, time-sequential static images are performed. Images reveal poor 
extraction by the liver and high blood level (abnormal residual activity 
is evident in heart, enlarged spleen and aorta, and iliac arteries). 
Intraparenchymal liver distribution is nonhomogeneous with an area 
devoid of tracer corresponding to hepatic hilum region, as for indirect 
sign of ascites. No evidence of tracer in the intestine is detectable up to 
the last delayed image at 24 h. Physiological urinary excretion is 
observed. ( b ) Heart/liver ratio at 5 min (normal maximum value = 0.5) 
is calculated to obtain a semiquantitative parameter showing tracer 
extraction capability by the liver. Hepatic activity sample is determined 
by drawing a thin region of interest in peripheral marginal region, 
avoiding inclusion of biliary ducts; heart/liver ratio at 5 min is higher 

than normal (1.37), confi rming low hepatic function observed by quali-
tative imaging evaluation. ( c ) An enlarged liver and splenomegaly are 
statistically signifi cant features in infants with BA. ( d ) The liver has a 
nodular and cirrhotic surface. The triangular cord (TC) sign is observed 
as a focal area of increased echogenicity anterior to the bifurcation of 
the portal vein representing the fi brotic remnant of the extrahepatic bili-
ary tree in BA. Images reveal poor extraction by the liver and high 
blood level (abnormal residual activity is evident in heart, enlarged 
spleen and aorta, and iliac arteries). Intraparenchymal liver distribution 
is nonhomogeneous, with an area devoid of tracer corresponding to 
hepatic hilum region, as for indirect sign of ascites. No evidence of 
tracer in the intestine is detectable up to the last delayed image at 24 h. 
Physiological urinary excretion is observed       
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  Fig. 19.4    ( a ,  b ) Time-sequential static images are performed up to 8 h 
after tracer administration. Images reveal poor extraction by the liver 
and high blood level (abnormal residual activity is evident in heart and 
enlarged spleen). Heart/liver ratio at 5 min is higher than normal (1.4). 
Since early images, a wide area devoid of tracer corresponding to left 
abdomen region is evident as for indirect sign of severe ascites. By 
evaluation of images performed at 30, 45, and 60 min, poor biliary 
tracer uptake is detectable in the middle of photopenic area, decreasing 
in the following images. In the latest images (at 150 min, 4 h, and 6 h), 
progressive and diffuse uptake is observed in left abdomen, as for bile 

ascites. Physiological urinary excretion is evident. Diagnosis of BA and 
performance of a hepatoportoenterostomy (Kasai procedure) by 8–10 
weeks of age are optimal for transplant-free survival beyond early 
childhood. Prompt diagnosis ensures early treatment and results in 
improved prognosis. ( c ,  d ) Nevertheless, in some cases, progression to 
cirrhosis with portal hypertension, ascites, splenic varices, and spleno-
megaly. Features of portal hypertension. ( e ) Ultrasound: images of the 
liver with ascites is an early occurrence, following 
hepatoportoenterostomy       
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  Fig. 19.5    ( a ,  b ) Time-sequential static images are performed up to 
24 h after tracer administration showing intense and homogeneous 
hepatic uptake of tracer with normal heart/liver ratio at 5 min. By visual 
imaging evaluation, an area devoid of tracer corresponding to chole-
dochal cyst (detected by ultrasound scan) is appreciable without biliary 
activity up to the study end. No evidence of tracer in the intestine up to 
24 h is also detectable. Physiological urinary excretion is observed. 
Cystic biliary atresia (CBA). ( c – e ) US shows a cystic structure is in the 
right upper quadrant at the site of CBD apart from the gallbladder, 
irregularly elongated. The cystic dilation of the common bile duct does 
not involve the intrahepatic bile ducts. The cystic duct and gallbladder 

arise from the dilated common bile duct. ( d – f ) US shows the presence 
of a triangular cord sign in the porta hepatis and the enlargement of the 
hepatic artery diameter. The portal fl ow is reduced. Choledochal cyst in 
the newborn may be associated with atresia of the distal common bile 
duct; CBA is an uncommon variant of BA in which prognosis may be 
relatively favorable but liable to misdiagnosis as CDC. It is classifi ed 
into three types according to the Japanese classifi cation system based 
on the atretic segment of bile duct into type 1 (distal atresia), type 2 
(proximal atresia), and type 3 (complete atresia). The cyst can occur 
anywhere along the atretic segment and is proximal to atresia in types 1 
and 2 and distal to it in type 3       
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  Fig. 19.6    ( a ,  b ) Time-sequential static images are performed up to 4 h 
after tracer administration showing intense and homogeneous hepatic 
uptake of tracer with normal heart/liver ratio at 5 min. By visual imag-
ing evaluation, a photon-defi cient area in the porta hepatis is detected 
with progressive biliary tracer fi lling up to the late image (performed at 
8 h) and subsequent decreased activity at 24 h. Tracer transit in the 
bowel is observed at 30 min after tracer administration, whereas gall-
bladder was not clearly seen, probably due to the compression of the 
large choledochal cysts. Physiological urinary excretion is observed. 

According to the ultrasound scan, the nuclear medicine fi nding is com-
patible with choledochal cysts. ( c ,  d ) US scans: dilated intrahepatic 
ducts and normal gallbladder above the cyst demonstrate the continuity 
with the bile duct. Type I choledochal cyst: cyst is associated with 
sludge deposits. ( e ) US: treatment of choice is complete excision of the 
involved portion of the extrahepatic bile duct; a Roux-en-Y hepaticoje-
junostomy is performed to restore biliary–enteric continuity. 
Postoperative follow-up was uneventful, and US showed normal 
appearance of liver after hepaticojejunostomy       
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  Fig. 19.7    ( a ,  b ) Dynamic study showed 
intense and homogeneous hepatic uptake of 
tracer with normal heart/liver ratio at 5 min. 
Qualitative images and time/activity curves 
analysis revealed abnormal parenchymal 
transit time with no evidence of biliary 
activity corresponding to extrahepatic bile 
ducts or intestinal region up to 45 min of 
dynamic study. ( c ) Static images at 4 and 6 h 
demonstrate biliary tracer stasis 
corresponding to fusiform dilatation of 
extrahepatic bile ducts without evidence of 
transit in the bowel. Biliary activity is also 
observed in the lower right quadrant (likely in 
peritoneal cavity) that increases in the last 
static image with evidence of tracer biliary 
stasis corresponding to drainage tube. ( d ,  e ): 
US scanning is the initial screening 
examination of choice in patients with 
choledochal cysts. Type-IC cysts are smooth 
fusiform dilations of the entire extrahepatic 
bile duct, usually extending from the 
pancreatic–biliary junction to the intrahepatic 
biliary tree. Ultrasound examination detects 
periportal edema and gallbladder and 
coledochal wall thickening. The intrahepatic 
biliary ducts are slightly dilated. Depending 
on the skill of the radiologist, the specifi c type 
or class of choledochal cyst may be identifi ed. 
( f ,  g ) Axial and coronal CT scans shows 
compartmentalized accumulation of fl uid in 
the peritoneal cavity. CT is useful in detecting 
a large amount of ascitic fl uid. Ultrasound 
examination is an invaluable guide for 
localizing a safe and useful site for 
paracentesis       
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presence of hepatic lesion with signifi cant increased dimen-
sion (maximum axial diameter of 2.8 cm). The newborn pre-
sented good clinical condition even if jaundice with high 
indirect bilirubin component was present (6.7 vs. 0.28 mg/
dL total vs direct respectively). Two further abdominal 
ultrasounds were performed showing a dimensional increase 
of hepatic lesion (up to 4.3 × 3 × 3 cm) corresponding to the 
hepatic segments VIII, V, and IV. No evidence of pale stools 
was reported. Alpha-1 fetoprotein level was normal for age. 
Hepatobiliary scintigraphy was performed to rule out the 
biliary origin of the lesion by biliary drainage evaluation, 
but no evidence of biliary tracer uptake was observed cor-
responding to the hepatic lesion detected by ultrasound 
scan. 

 In the following years, the child remained asymptomatic, 
and a strict sonographic follow-up revealed stable morpho-
logical features of the lesion, excluding (up to the last clini-
cal control) surgical treatment indications (Fig.  19.8 ).  

    Case 19.9 Hepatobiliary Scintigraphy in Liver 
Disease Assessment of Children with Cystic 
Fibrosis and Signs of Cirrhotic Evolution 

 A 9-year-old boy with cystic fi brosis had a full hepato-
logical review for assessment of his liver disease. The 
child was in poor clinical conditions presenting severe 
cirrhosis associated with chronic liver failure with signs 
of portal hypertension, protein synthesis defects, and 
mixed hyperbilirubinemia. Hepatobiliary scintigraphy 
was part of the assessment, and the result was in keeping 
with the previous laboratory, clinical, and radiological 
evaluations of severe chronic liver disease with signs of 
cirrhotic evolution. The patient was scheduled for liver 
transplantation (Fig.  19.9 ).  

    Case 19.10 Hepatobiliary Scintigraphy 
in Biliary Drainage Assessment of Children 
with Hepatic Angiomatosis and Intractable 
Pruritus 

 A 13-year-old girl with cutaneous and hepatic angiomato-
sis at birth. By interferon treatment, she had regression of 
dermal component but persistence of hepatic impairment. 
The child was clinically followed up with periodical blood 
analysis and ultrasonography scans until the age of 11 
when itching appeared without any response to medical 
treatment. Hepatobiliary scintigraphy was performed show-

ing moderately reduced liver function and biliary stasis 
secondary to intrahepatic bile ducts compression and 
 distortion by vascular malformation. The girl underwent 
liver transplantation with an uneventful follow-up. Biopsy 
performed at 5 years after transplantation did not show any 
signifi cant abnormalities Fig.  19.10 .  

    Case 19.11 Hepatobiliary Scintigraphy 
in Biliary Drainage Assessment of Children 
with Congenital Bile Duct Paucity and Relapse 
of Intractable Pruritus After Internal Biliary 
Diversion Treatment 

 A 12-year-old girl with progressive intrahepatic cholestasis 
type II (PFIC II, secondary to congenital bile duct paucity 
detected by biopsy) underwent internal biliary diversion 
(direct biliary–enteric bypass) because of intractable pruritus 
after all medications failed to control the symptom. Soon 
after surgery, she clinically improved; however, after 12 
months, pruritus was intense as much as before. A hepatobi-
liary scintigraphy was performed to investigate biliary drain-
age and in particular gallbladder biliary excretion into the 
diversion (bowel loop) to rule out obstruction as surgical 
complications (Fig.  19.11 ).  

    Case 19.12 Hepatobiliary Scintigraphy in Biliary 
Drainage Assessment of Children Underwent 
Liver Transplantation with Suspect of Biliary 
Stasis 

 A 2-year-old boy with liver transplantation for cryptogenic 
cirrhosis. After liver transplantation, he had constant increase 
of cholestasis indices with suspect of biliary stasis. 
Hepatobiliary scintigraphy was performed to rule out obstruc-
tion as surgical complications by biliary drainage assessment 
(Fig.  19.12 ).  

    Case 19.13 

 A 10-year-old boy with LLA and hepatic GVHD. Laboratory 
examination showed elevated total bilirubin (54.4 mg/dL), 
with an increased conjugated portion, with elevated Ggt, and 
liver enzyme. Hepatobiliary scintigraphy was performed in 
relation to clinical and radiological suspicion of bilioportal 
fi stula (Fig.  19.13 ).
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  Fig. 19.8    ( a ) Time-sequential static images are performed up to 4 h 
after tracer administration showing intense hepatic uptake of tracer. 
Intraparenchymal liver distribution is not homogeneous with evidence 
of photon-defi cient area in VIII, V, and IV segments, without subse-
quent biliary tracer fi lling up to the last image (performed at 4 h due to 
complete hepatocytes tracer clearance). Tracer is visualized in the gall-
bladder at 15 min, and transit in the bowel is observed at 30 min after 

tracer administration. A mild biliary tracer activity is evident in the 
upper left abdominal quadrant, as for biliary refl ux from the duodenum 
into the stomach. ( b ) US examination shows rounded anechoic cyst in 
VIII segment of the liver with subtle wall. ( c ,  d ) Axial and coronal 
plane T2-weighted MRI high-intensity cyst lying along without com-
municating with biliary tree       
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  Fig. 19.9    ( a ,  b ) Dynamic study shows small liver with irregular mar-
gins and poor hepatocytes uptake of tracer (confi rmed by heart/liver 
ratio at 5 min higher than normal). Intraparenchymal liver distribution 
is not homogeneous with evidence of multiple areas devoid of tracer 
due to cirrhotic nodules. Time/activity curves analysis reveals slow 
hepatocytes extraction, abnormal parenchymal transit time (T/2 > 20), 
and poor biliary tracer excretion. Tracer is visualized in the gallbladder 
at 22 min without evidence of transit in the bowel up to 45 min of 
dynamic study registration. ( c ) Static images performed at 1, 2, and 6 h 
demonstrate delayed but quite complete biliary tracer excretion from 

the gallbladder to the bowel.  Cirrhosis in FC . ( d ,  e ) CT: coronal and 
axial scans show macronodular cirrhosis and the changes secondary to 
portal hypertension. The gastrointestinal manifestations of cystic fi bro-
sis are primarily caused by the resultant abnormally viscous luminal 
secretions. Liver disease is the third leading cause of death in patients 
with cystic fi brosis (CF). Obstruction of the small intrahepatic biliary 
ducts induces ductal proliferation and hyperplasia, and that together 
with periductal infl ammation results in fi brosis. Focal biliary cirrhosis, 
characterized by focal portal fi brosis and cholestasis, is pathognomonic 
of CF-related liver disease       
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  Fig. 19.10    ( a ,  b ) Dynamic study shows moderately reduced liver 
uptake of tracer with heart/liver ratio at 5 min higher than normal. 
Intraparenchymal liver tracer distribution is not homogeneous with evi-
dence of two wide areas devoid of tracer due to vascular malformation 
detected by radiological imaging. Time/activity curves analysis reveals 
moderately slow hepatocytes extraction (T max  = 23 min), abnormal 
parenchymal transit time (T/2 > 20), and poor biliary tracer excretion. 
Multiple areas of biliary stasis are detectable in the dome of the liver 
(between the two areas devoid of tracer), in the left hepatic lobe (cor-
responding to the left biliary duct that appears irregularly distorted), in 
the inferior and lateral parts of right hepatic lobe (corresponding to V–
VI liver segments). Tracer is belatedly visualized in the gallbladder at 
25 min with evidence of transit in the bowel during the dynamic study 

registration. A mild biliary tracer activity is evident in the upper left 
abdominal quadrant, as for biliary refl ux from the duodenum into the 
stomach. ( c ) Static image performed at 3 h demonstrates good biliary 
tracer excretion in the bowel. ( d ,  e ) US examination shows changes of 
the parenchymal structure with multiple intrahepatic nodules becoming 
identifi able, widespread throughout the whole liver (two large masses 
in the right liver associated with multiple small lesions). ( f ) Color 
Doppler: the hepatic nodules were heterogeneous and hypervascular-
ized, and the diagnostic of multiple hemangiomas was evoked. ( g ) 
Angio-CT ( left ) showing a progression of the lesions in size with most 
lesions having merged together in the central area of the liver, replacing 
most of the normal liver parenchyma with the latter remaining areas 
being spread in periphery       
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  Fig. 19.11    ( a ,  b ) Dynamic study shows intense and homogeneous 
hepatic uptake of tracer with normal heart/liver ratio at 5 min. 
Qualitative images and time/activity curves analysis reveal good hepa-
tocytes extraction (Tmax = 9 min), abnormal parenchymal transit time 
with slow biliary tracer excretion. Tracer is visualized in the gallbladder 
in physiological time with ever-increased concentration (up to 25th min 
of dynamic study) and partial intestinal transit. ( c ) Static images at 6 
and 8 h demonstrate evidence of biliary tracer transit in the bowel and 
persistence of moderate activity stasis corresponding to gallbladder. ( d ) 
SPECT acquisition improves biliary excretion evaluation, achieving a 
better visualization of gallbladder, intrahepatic and extrahepatic bile 
ducts, and bowel activity. SPECT images (performed at 1 and 6 h) com-

parison helps to perform a better biliary excretion time-analysis when 
persisting stasis is evident. ( e ,  f ) Ultrasonography is the “modality of 
choice” for differentiating between obstructive and nonobstructive 
causes of cholestasis. High-resolution ultrasound examination (using 
9–14 MHz high frequency linear transducer) shows coarsened texture 
of the liver without nodular contour and bile ducts dilatation. ( g ,  h ) The 
current fi rst-line therapy is bile diversion in patients with severe pruri-
tus. This therapy appears to work by creating a relatively hydrophilic 
bile acid composition, thus improving bile formation. Ultrasound scans 
after the palliative biliary diversion procedures are useful to assess for 
patency and depict the cholejejunostomy with air in the lumen and no 
stricture or obstruction       
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  Fig. 19.12    ( a ,  b ) Time-sequential static images are performed up to 
1 h after tracer administration showing intense hepatocytes uptake of 
tracer (confi rmed by normal heart/liver ratio at 5 min) and good biliary 
drainage with biliary tracer excretion in the bowel. Transient tracer sta-
sis is evident corresponding to cystic dilatation of bile duct detected by 
radiological imaging, without scintigraphic signs of postsurgical 
obstruction.  Split liver transplantation ultrasound scans.  ( c ) In chil-
dren, liver transplantation often makes use of a reduced-sized or seg-
mental transplant, which may consist of a lateral segment, left lobe, 

right lobe, or extended right lobe, so that the graft is size appropriate for 
the child. When a segmental graft is used, some mild heterogeneity may 
be visible on sonographic gray-scale imaging along the cut edge in the 
immediate postoperative period, and mild periportal edema may be evi-
dent. The vascular anastomoses typically consist of a hepatic artery 
end-to-end anastomosis, a portal vein end-to-end anastomosis, and a 
“piggy-back” side-to-side or end-to-side cavocaval anastomosis. The 
biliary anastomosis typically consists of a choledochojejunostomy, par-
ticularly in the setting of biliary atresia       
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  Fig. 19.13    ( a ,  b ) Dynamic study shows homogeneous hepatic uptake 
of tracer and high blood level up to the end of dynamic study (abnormal 
residual activity is evident in the heart and enlarged spleen). Heart/liver 
ratio at 5 min is severely higher than normal (1.8), excluding biliary 
atresia hypothesis. No evidence of tracer in the intestine during the ini-
tial 45 min of the dynamic study is detectable. Physiological urinary 
excretion is observed. ( c ) Delayed static images performed at 2 h con-
fi rm absence of tracer passage in the bowel. This scintigraphic pattern 
could be due to a possible bilioportal fi stula if clinically suspected. 
( d ,  e ) Arterioportal fi stula secondary to liver biopsy performed utilizing 
ultrasound guidance and percutaneous procedures in Graft-versus-host 
disease (GVH). The arterioportal fi stula was diagnosed using ultraso-
nography.( f ) Color Doppler US of the liver parenchyma was performed 

to directly identify the APF, defi ned as an echo-free focal hepatic lesion, 
which contained fast and turbulent fl ow at Doppler examinations. The 
fl ow directions in the main trunk and in the two main branches of the 
portal vein were evaluated to verify the reversal of portal blood fl ow. 
Color Doppler US of the liver parenchyma was also performed to 
directly identify the APF, defi ned as an echo-free focal hepatic lesion, 
which contained fast and turbulent fl ow at Doppler and color Doppler 
US examinations. The arterioportal fi stula was treated with endovascu-
lar percutaneous procedures. Color Doppler examination in GVH 
shows bowel wall thickening with increase of neovascularization in the 
early stages of gastrointestinal (GI) acute GVHD         
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20.1          Introduction 

 Skeletal disorders can be grouped by their etiology and 
pathophysiology into a variety of entities, including meta-
bolic diseases, tumors, matrix disorders, and infl ammatory 
conditions. The pathophysiological spectrum of chronic 
infl ammatory disorders of bone tissue ranges from autoim-
mune diseases to diseases which present with autoinfl amma-
tory characteristics [ 31 ]. In general, autoinfl ammatory 
diseases are characterized by chronic infl ammation without 
evidence of autoimmunity (e.g., autoantibodies or autoreac-
tive T cells) and may affect various tissues, including the 
skeletal system [ 28 ]. Autoinfl ammatory bone disorders 
result from a dysregulation of the innate immune system 
with subsequent infl ammatory cellular infi ltration of the 
bone, increased osteoclast activity, osteolysis, and bone 
remodeling [ 9 ,  15 ]. Chronic/recurrent noninfectious osteo-
myelitis is the common denominator of all autoinfl ammatory 
bone diseases. The recurrent disease course in the absence of 
microorganisms at the site of infl ammation and the lack of 
high-titer autoantibodies and/or autoreactive T lymphocytes 
have led to the inclusion of this disease in the group of auto-
infl ammatory conditions. 

  Sporadic  chronic nonbacterial osteomyelitis is the most 
common disease subtype. It is an infl ammatory, noninfec-
tious disorder of the musculoskeletal system that primarily 
affects children. Its hallmark is recurring episodes of sterile 
osteomyelitis [ 12 ,  14 ,  15 ,  22 ,  38 ,  44 ]. Multiple names are 
used in the literature to describe this disorder; these include 
chronic nonbacterial osteomyelitis (CNO), chronic recurrent 
multifocal osteomyelitis (CRMO) in cases with extended 
multifocal involvement (often symmetric) and synovitis, 
acne, pustulosis, hyperostosis, and osteitis syndrome 
(SAPHO) which usually manifests in adolescent and adult 

patients. In the pediatric literature, the terms CRMO and 
CNO are often used interchangeably. It is still unclear if 
SAPHO and CRMO/CNO are the same different diseases 
presenting in different age groups, or if they represent the 
spectrum of the same disease [ 7 ,  14 ,  22 ].  

20.2     Pathogenesis 

 The etiology of sporadic CNO is still unknown [ 12 ,  14 ,  15 , 
 22 ,  38 ,  44 ]. For chronic CNO, infectious versus noninfec-
tious etiology has been the subject of an intense debate; how-
ever, extensive microbiological analyses have not 
demonstrated a microbial pathogenesis of CNO [ 13 ]. There 
is an accumulating evidence for a genetic contribution to 
CNO disease susceptibility. The strongest evidence comes 
from the so-called  syndromic forms of CNO : Majeed syn-
drome [ 8 ,  27 ], cherubism [ 34 ], hypophosphatasia [ 43 ], pri-
mary hypertrophic osteoarthropathy (PHO) [ 5 ]. In addition, 
chronic osteomyelitis is a typical feature of two diseases 
caused by mutations affecting the infl ammasome and Il-1b 
activity [pyogenic arthritis, pyoderma gangrenosum, and 
acne (PAPA) syndrome [ 40 ], and the defi ciency of IL-1 
receptor antagonist (DIRA)] [ 1 ]. There is also evidence that 
nonsyndromic or sporadic CRMO has a genetic basis. Golla 
et al. [ 17 ] reported a susceptibility locus on human chromo-
some 18q21.3-18q22 in a small German CNO cohort. Several 
reports have described families with multiple affected mem-
bers or have reported a high incidence of psoriasis, infl am-
matory bowel disease, and other chronic infl ammatory 
conditions in fi rst-degree family members of individuals 
with CNO, which suggests that there is a signifi cant genetic 
component to disease susceptibility [ 9 ,  17 ,  22 ]. Additional 
evidence of a possible genetic contribution to disease comes 
from studying the role of interleukin (IL)-10 in disease 
pathogenesis. One small study reported the association of 
CNO with polymorphism of the IL-10 promoter, and func-
tional data suggest that IL-10 deregulation may play a role in 
the disease [ 18 ,  19 ]. Other candidate genes, including 
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 PSTPIP1, PSTPIP2, CARD15/NOD2 , and  IL1RN , have been 
analyzed in small CRMO/CNO cohorts [ 3 ,  22 ,  30 ], but no 
defi nitive disease-causing mutations have been identifi ed.  

20.3     Clinical Presentation 

 The clinical manifestations of CNO are highly variable. 
CNO typically presents with bone pain that is worse at night 
and occurs in the presence or absence of fever [ 7 ,  21 ,  22 ]. 
The onset is typically insidious, and most children appear 
well. Swelling and warmth can occur in the affected areas, 
but there may be no objective fi ndings on physical examina-
tion. One to twenty sites can be affected at one time. The 
disease may follow a chronic or recurrent disease course. In 
childhood and adolescence, CNO predominantly affects the 
metaphyses of long bones, the pelvis, clavicles, and vertebral 
bodies [ 7 ,  24 ,  38 ]. However, lesions can occur at almost any 
site of the skeleton, including the mandible and the small 
bones of the hands and feet, except for the neurocranium. 
Extraosseous organs including skin, eyes, gastrointestinal 
tract, and lungs can be affected. Current estimates suggest 
that approximately 25 % of individuals with CNO have man-
ifestations involving organ/systems other than bone. Most 
frequently palmoplantar pustulosis (PPP) [ 33 ], psoriasis vul-
garis [ 26 ], pyoderma gangrenosum, sweet syndrome, or 
infl ammatory bowel disease (Crohn disease more so than 
ulcerative colitis, but also celiac disease) [ 15 ,  21 ,  22 ,  30 ]. 
Other less-frequent associations include acne, generalized 
pustulosis, sclerosing cholangitis, arthritis, and sacroiliac 
joint involvement. Anecdotal reports of associations with 
Takayasu arteritis [ 25 ], antineutrophil cytoplasmic antibody- 
positive vasculitis [ 1 ,  3 ,  5 ,  7 ,  8 ,  12 – 14 ,  17 – 19 ,  21 ,  22 ,  27 ,  30 , 
 34 ,  38 ,  40 ,  43 ,  44 ], parenchymal lung disease [ 35 ], or derma-
tomyositis [ 10 ].  

20.4     Diagnosis 

 CNO is a diagnosis of exclusion [ 14 ,  17 ,  22 ]. Differential 
diagnoses include infections (septic osteomyelitis, typical 
and atypical mycobacterial infections, etc.), malignancies 
(primary bone tumors and leukemia/lymphoma), benign 
bone tumors (osteoid osteoma), trauma, metabolic disor-

ders (including hypophosphatasia), other autoinfl amma-
tory disorders (DIRA, PAPA, cherubism, etc.), 
osteonecrosis, and osteopetrosis. Laboratory investiga-
tions may reveal mild elevations in white blood cell count 
and in infl ammatory parameters (C-reactive protein, ESR), 
but often these abnormalities are absent in CNO patients 
[ 7 ,  22 ,  38 ]. Cultures of blood and bone are invariably neg-
ative, and sophisticated assays to identify evidence of a 
microbial etiology have been unsuccessful. Autoantibodies 
(antinuclear antibodies, rheumatoid factor), as well as car-
riage of the HLAB27 allele, have the same prevalence in 
CNO patients when compared to healthy individuals. At 
present, no specifi c biomarkers are available for the diag-
nosis or prediction of fl ares in CNO patients. A crucial 
role, in the diagnosis of this condition, is provided by 
imaging. Radiology fi ndings can be quite variable. 
Infl ammatory lesions in CNO may be detected by conven-
tional radiographs as radiolucent, osteolytic lesions with a 
sclerotic edge. Clavicular lesions and mandibular lesions 
often have a more prominent sclerotic appearance [ 24 ] 
(Fig.  20.1 ). Vertebral involvement can lead to collapse 
with subsequent vertebra plana or other deformity [ 21 ,  24 , 
 38 ] (Figs.  20.2  and  20.3 ). It should be pointed out that 
plain X-rays can be negative in the early stages of the dis-
ease [ 24 ]. Since CNO is a systemic disorder that can affect 
multiple skeletal sites, whole-body imaging techniques 
(Tc-99 bone scintigraphy or MRI) provide major contribu-
tion to the initial diagnostic approach, as well as during 
follow-up (Fig.  20.4 ). MRI is particularly sensitive in (a) 
detecting bone edema during the early stages of infl amma-
tion, before osteolysis and/or sclerosis can be detected (b) 
showing adjacent infl ammatory reactions, e.g., periostitis 
or synovitis, and (c) determining the extent of soft tissue 
involvement (Figs  20.5  and  20.6 ), [ 11 ,  32 ]. Although no 
formal studies are available, in order to confi rm diagnosis, 
a biopsy of the bone lesion is, at present, required. Bone 
biopsies show signs of infl ammation in the absence of 
infection. The composition of cellular infi ltrates at the 
sites of infl ammation depends on the “age” of biopsied 
lesions. Neutrophils are predominant in early lesions, 
whereas lymphocytes, macrophages, and plasma cells can 
be detected during the later course of the infl ammatory 
process. Osteolysis with concomitant sclerosis and fi brosis 
is regarded as a later stage of the infl ammatory lesion [ 13 ].
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  Fig. 20.1    Thickening of the clavicle (proximal  part) with marked 
apposition and central osteolytic lesion with irregular edges       

  Fig. 20.2    MRI shows initial infl ammatory edema of the D4 vertebral 
body, and prominent collapse of D7 vertebral body (late lesion), as well 
as initial reduction of height and anterior wedging of D8, D9 e D10       

  Fig. 20.3    MRI shows initial infl ammatory edema of the D4 vertebral 
body, and prominent collapse of D7 vertebral body (late lesion), as well 
as initial reduction of height and anterior wedging of D8, D9 e D10       
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  Fig. 20.4    Tc-99 bone scintigraphy shows increased uptake of the right shoulder, the right ileus, of the sternum and of the sternoclavicular joints       
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  Fig. 20.5    Whole-body MRI shows symmetrical bilateral involvement 
of tibial diaphysis       

  Fig. 20.6    Whole-body MRI shows symmetrical bilateral involvement 
of tibial diaphysis       
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20.5             Treatment 

 Generally accepted treatment protocols for CNO do not exist, 
and the treatment of CNO has been largely empiric. A number 
of retrospective assessments of response to treatment in case 
reports or small series is available in the literature. There are a 
few prospective studies of response to treatment in CRMO/
CNO, with no randomized trials having been performed, pri-
marily because of the rarity of the disease. NSAIDs are com-
monly used as fi rst-line treatment and provide pain reduction 
in most patients (reported response rates up to 80 %) [ 4 ]. Even 
when used chronically throughout the fi rst year of disease, 
NSAIDs have been proven to be safe and considerably effec-
tive in CNO patients. However, a signifi cant proportion of 
patients (varying from 20 to 60 % in the different series) 
requires additional treatment. Additional treatment should be 
considered in the presence of (a) lack of response to NSAIDs, 
(b) persistence of active bone lesions on imaging, and (c) 
lesions on structural sites (e.g., active lesion in vertebral bod-
ies, active lesions in proximity or invading the growth plate). 
Second-line treatment includes short courses of oral glucocor-
ticoids, chronic oral glucocorticoids, or classical DMARDs 
such as methotrexate and sulfasalazine [ 42 ]. More recently, 
TNF-blocking agents and bisphosphonates have been increas-
ingly utilized. TNF-α blocking agents are the most frequently 
used cytokine- targeting drugs. Although TNF-α blockade has 
been reported in case reports and in a small series of CNO 
patients to improve the disease course [ 4 ,  6 ,  42 ], a signifi cant 
fraction of treated patients do not benefi t from this treatment. 
Intravenous bisphosphonates (e.g., pamidronate) have been 
demonstrated to reduce pain and bone infl ammation in CNO 
patients [ 16 ,  20 ,  29 ] in a large proportion of patients. However, 
there might be safety concerns for long-term treatment with 
bisphosphonates and for their deposition in the bone matrix. 
Many patients who failed TNF inhibitors had a response to 
pamidronate, and vice versa. There is considerably less evi-
dence pointing to a role of IL-1 blockade in CNO [ 2 ]. The 
optimal treatment strategy remains to be determined. 

   Conclusion 

 CNO pathogenesis is still unclear. Accumulating evidence 
points to a potential role of infl ammasome and cytokine 
production deregulation [ 18 ,  19 ,  39 ]. The prominent role of 
interleukin-1 in the development of skin and bone manifes-
tations in DIRA suggests a potential role for interleukin-1 in 
the pathophysiology of autoinfl ammatory bone disorders.      
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      Benign Skeletal Disease: Bone Infection 
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21.1          Study Technique and Interpretation 

21.1.1     Three-Phase Bone Scintigraphy 

     Phase I  (angiographic phase): a dynamic scan is obtained 
after an intravenous bolus injection of 99mTc-methylene 
diphosphonate (MDP)  

   Phase II  (“blood pool” or early phase): a static scan is 
acquired over 5 min after injection.  

   Phase III  (“bone metabolism” or delayed phase): a static scan 
of the affected site is taken 2–3 h after injecting the radio-
tracer, followed by a whole-body acquisition in all patients.    

 A single photon emission tomography (SPECT) was also 
performed, when required. 

 The administered activity of the radiotracer was adjusted 
to the patient’s weight, according to the EANM dosage card 
and Italian regulations (Fig.  21.1 ).  

21.1.2     Dual Phase Bone Scintigraphy 

 Early whole-body scan (“blood pool” whole-body scan): 
whole-body acquisition is performed about 5 min after intra-
venous injection of 99mTc-MDP. 

 Delayed whole-body scan (“bone metabolism” whole- 
body scan): whole-body acquisition is performed about 2–3 
h later and completed with spot views and/or SPECT images 
of interested segments, when required. 

 SPECT images are also manually fused with CT and/or 
MRI when available.   

21.2     Teaching Cases 

    Case 21.1: Three-Phase Bone Scintigraphy 
in Arthritis 

 A 10-year-old boy referred to our institution for fever and 
pain in right shoulder. C-reactive protein was 16.02 mg/dl 
(normal value <0.5), but plain radiography of right shoulder 
did not show any lesion in bone and/or joint. 

 Suspecting an arthritis, a bone scan was performed, and 
scintigraphy detected a subacute arthritis (Fig.  21.2 ).  

    Case 21.2: Bone Scintigraphy in Sacroiliitis 

 Normal distribution in hips and pelvis  and scintigraphic 
 patterns of sacroilitis.  

    Case 21.3: Scintigraphic Pattern of Osteomyelitis 
of Left Tibia in an 11-Year-Old Boy 

 Fever and pain in the left ankle region developed in an 
11-year-old boy who did not have prior trauma. For several 
days, he presented limping. Plain radiography showed struc-
tural alterations of left tibia and swelling of the soft tissue 
around malleolus. 

 Laboratory investigations showed white blood cell count 
of 11.720/mm 3  and a C-reactive protein of 2.23 mg/dl (nor-
mal value <0.5). Blood culture was negative. 
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 A three-phase bone scintigraphy was performed in order 
to exclude osteomyelitis in interested region and in other 
skeletal segments; the examination showed left tibial osteo-
myelitis and tibiotarsal arthritis; therefore, the boy carried 
specifi c antibiotic therapy and discharged after 3 weeks in 
improved clinical conditions (Fig.  21.3 ).  

    Case 21.4: Arthritis of Left Knee Complicated 
by Ipsilateral Distal Femoral Osteomyelitis 
in Child with  Staphylococcus aureus  Sepsis 

 A 3-year-old child presented fever and pain in left knee.
Laboratory investigations showed white blood cell count of 
9.390/mm 3 , a C-reactive protein of 4.53 mg/dl (normal value 
<0.5), and an erythrocyte sedimentation rate of 60 mm/h 
(normal value <20 mm/h). 

 A bone scintigraphy was then asked in order to verify 
the presence of osteomyelitis in interested region and/or 
in other skeletal segments and showed arthritis of left 
knee complicated by ipsilateral distal femoral 
osteomyelitis. 

 MRI fi ndings were indicative in the fi rst hypothesis to 
Brodie abscess. Blood cultures were positive for 
 Staphylococcus aureus . 

 She started therapy with intravenous antibiotic, with grad-
ual improvement up to resolution of pain. 

 The clinical course was complicated by a Rotavirus enter-
itis. She was discharged in good general condition with fol-
low- up program (Fig.  21.4 ).  

    Case 21.5: Bone Scintigraphy in  Staphylococcus 
aureus  Sepsis Complicated by Myositis 
and Osteomyelitis of Left Femur 

 Fever and pain in the left femur region developed in a 
4-year- old boy who had no prior trauma. Plain radiogra-
phy was normal. Laboratory investigations showed a 
marked leukocytosis (white blood cell count of 14.390/
mm 3 ), a C-reactive protein of 10 mg/dl (normal value 
<0.5), an erythrocyte sedimentation rate of 67 mm/h (nor-
mal value <20 mm/h). Therefore, the child was hospital-
ized. MRI showed massive edema around the head of 
proximal femur with modest joint effusion. Blood culture 
was positive for  Staphylococcus aureus  (MSSA). 
Suspecting an osteomyelitis, a three-phase bone scintigra-
phy was performed and showed osteomyelitis in the sus-
pected site. 

 The patient was discharged after a month of antibiotic 
therapy in good clinical condition (Fig.  21.5 ).  

    Case 21.6: Three-Phase Bone Scan 
in Posttraumatic Spondyloscitis in a 2-Year-
Old Child 

 A 2-year-old child presented pain after trauma due to an 
accidental fall. For the persistence of pain in the lumbar 
region and diffi culty in walking, he has made a plain radiog-
raphy of the spine and pelvis showing a reduction of the L2–
L3 intervertebral space. Laboratory investigations did not 

  Fig. 21.1    ( a – c ) Three-phase bone scintigraphy: Phase I ( a ) showed 
symmetric fl ow in the shoulders; in phase II (early phase,  b ,  left image ), 
a mild radiotracer uptake was evident in right shoulder, expression of 
cellulites; phase III (delayed phase,  b ,  right image ) showed moderate 

radiotracer uptake in right scapulohumeral joint. Whole-body bone 
scan ( c ) showed no foci of pathological uptake in other skeletal 
segments         
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Fig. 21.1 (continued)
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show leukocytosis, and C-reactive protein and erythrocyte 
sedimentation rate were normal. Blood culture was 
negative. 

 Contrast-enhanced MRI observed mild enhancement in 
the front portion of the intersomatic disk L2–L3 with intense 
enhancement around the L2 and L3 vertebral bodies. The 
portion of the psoas muscles closely adjacent to the vertebral 
changes was hyperintense on T2 and shows postcontrast 
enhancement. 

 A three-phase bone scintigraphy was then performed in 
order to confi rm the clinical suspicion of spondyloscitis and 
showed intense radiotracer uptake in L2 soma, upper border 
of L3, and spinous process of L2 and L3; for this reason, a 
biopsy was suggested. 

 Histopathological examination of tissue obtained after 
surgical curettage was consistent with a diagnosis of osteo-
myelitis without bacterial growth. The patient has carried out 

a prolonged antibiotic therapy with resolution of symptoms 
(Fig.  21.6 ).  

    Case 21.7: Three-Phase Bone Scan 
in  Staphylococcus aureus  Spondylodiscitis 
of a Young Infant 

 A 45-day-old infant presented a circumferential nontender 
swelling of 3 cm in the paradorsal region. Laboratory inves-
tigations showed a marked leukocytosis (white blood cell 
count: 31.390/mm 3 ), a C-reactive protein of 27.83 mg/dl 
(normal value <0.5), and an erythrocyte sedimentation rate 
of 127 mm/h (normal value <20 mm/h). Blood culture was 
positive for  Staphylococcus aureus . Dorsal swelling 
increased in its dimension, with normal rose skin. Radiograph 
of spine showed a pulmonary infi ltrate and a disk narrowing 

a b c

  Fig. 21.2    ( a ) A normal pattern of radiotracer distribution displayed in 
pelvis and sacroiliac joint both in early phase ( upper image ) and in 
delayed phase ( lower image ). ( b ) Scintigraphic pattern of right sacroili-
itis: in early phase ( upper image ), increased blood pool is evident in the 
right sacroiliac region; in delayed phase ( lower image ), intense radio-
tracer uptake is present in right sacroiliac joint, in particular, in its lower 

part. ( c ) Scintigraphic pattern of right sacroiliitis, with concomitant 
arthritis of the hip: in early phase ( upper image ), increased blood pool 
is evident in right sacroiliac region; mild radiotracer uptake is present in 
ipsilateral coxofemoral joint; in delayed phase ( lower image ), intense 
and extended radiotracer uptake is evident in right sacroiliac joint, with 
mild uptake in ipsilateral coxofemoral joint, too       
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of the D8–D9 space, compatible with intervertebral disk 
space infection. 

 Bone scintigraphy, performed for detecting multiple foci 
of infection, revealed increased signal intensity at the body 
and at the end plate of D9. Contrast-enhanced MRI was per-
formed in order to provide a specifi c diagnosis and to defi ne 
the anatomic extent of vertebral and soft tissue involvement. 
It was highly suggestive of both disk and vertebral infection 
of two dorsal vertebrae, with involvement of adjacent para-
spinal soft tissue and spinal cord compression. Because of 
the improvement in clinical condition and radiological 
 fi ndings, therapy was stopped, and during follow-up (3 years 
later), stepwise bony consolidation of the vertebral defect 
and partial remodeling was observed (Fig.  21.7 ).  

    Case 21.8 Chronic Recurrent Multifocal 
Osteomyelitis: Good Response 
to Therapy 

 A 7-year-old girl referred to our institution for fever and 
migrating arthralgia; C-reactive protein value was 17 mg/dl 
and erythrocyte sedimentation rate was 84 mm/h (normal 
value <20 mm/h). Suspecting an infl ammatory disease, a 
bone scintigraphy was performed and showed areas of radio-
tracer uptake in multiple skeletal segments, so that clinical 
suspicion is supported; a bone biopsy was scheduled to con-
fi rm the diagnosis, and distal left femur was identifi ed as a 
site eligible for biopsy. Histological examination detected a 
chronic nonbacterial osteomyelitis. 

  Fig. 21.3    ( a – e ) Three-phase bone scintigraphy: Phase I ( a ) showed 
increased fl ow in left distal tibia; in phase II (early phase,  b ,  left image ), 
radiotracer uptake in the same site was evident, expression of cellulites; 
phase III (delayed phase,  b ,  right image ) showed intense radiotracer 

uptake in left tibiotarsal joint, extending to medial malleolus of left 
tibia; this fi nding was better defi ned in lateral ( d ) and anterior static 
views of the feet ( e ). Whole-body bone scan showed no foci of patho-
logical uptake in other skeletal segments ( c )         

a
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 The girl began appropriate therapy, and a further bone 
scan was performed in order to assess the response to treat-
ment. Scintigraphy showed disappearance of most of the 
areas of increased osteometabolism previously evident, such 
that indicating a good response to therapy (Fig.  21.8 ).  

    Case 21.9 Rare Presentation of Chronic 
Recurrent Multifocal Osteomyelitis: A Case 
of Unifocal Disease 

 A 5-year-old boy was treated in another center with antibi-
otics and steroids for a suspected dental abscess. For the 
persistence of pain and swelling in right emimandibula, 
nonresponsive to treatment, the child referred to our insti-
tution. A CT was performed and showed a large lytic 

lesion in right mandibular ramus; on the basis of radiologi-
cal and clinical fi ndings, a bacterial osteomyelitis of man-
dibula was suspected, and a bone scintigraphy was then 
scheduled. 

 Bone scan revealed an increased osteometabolic activity 
in right mandibular ramus, attributable to osteomyelitis; a 
biopsy of the lesion was suggested, and histological exami-
nation detected a chronic nonbacterial osteomyelitis (Fig. 
 21.9 ).  

    Case 21.10 Chronic Recurrent Multifocal 
Osteomyelitis: Partial Response to Therapy 

 A 12-year-old girl referred to our institution for swelling in 
right clavicle, with no history of pain or fever; plain radiogra-

c d

e

Fig. 21.3 (continued)
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  Fig. 21.4    ( a – c ) Early phase whole-body scan. ( a ) Increased radio-
tracer uptake in left knee was evident, indicating cellulitis; delayed 
phase whole-body scan ( b ) showed radiotracer uptake in the same site, 
extending to the region above the metaphysis in ipsilateral distal femur, 

indicating arthritis complicated by osteomyelitis. This fi nding was bet-
ter defi ned in static views of the knees ( c ). Delayed whole-body scan 
( b ) showed no foci of pathological uptake in other skeletal segments       
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  Fig. 21.5    ( a – c ) Three-phase bone scintigraphy: in phase II (early 
phase,  a , images on the  left ), severe and extended reduction of radio-
tracer uptake was evident in left hip joint, as in extended edema; phase 
III (delayed phase,  b , images on the  right ) showed severe reduction of 

radiotracer uptake in head and neck of left femur, because of severe 
compressive surrounding edema. Whole-body bone scan ( c ) showed 
mild increased radiotracer uptake in the region above the metaphysis in 
ipsilateral distal femur, indicating another focus of osteomyelitis         
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phy showed structural alterations of right proximal clavicle, 
and markers of infl ammation were elevated. MRI detected 
swelling of proximal clavicle near the sternoclavicular joint 
involving bone and soft tissue; similar alterations were also 
evident in the sternum and were possibly attributable to 
infl ammatory disease. For this reason, a bone scintigraphy 
was performed to confi rm the diagnostic suspicion and, 
moreover, to evaluate the whole skeleton; the scan showed 

increased osteometabolic activity in right proximal clavicle, 
ipsilateral sternoclavicular joint, sternum, and in several seg-
ments of feet, confi rming clinical suspicion. A CT-guided 
biopsy of clavicular lesion was done, and histological exami-
nation detected a chronic nonbacterial osteomyelitis. 

 Considering this fi nding and the multifocality of disease, 
diagnosis of CRMO was made, and the girl began treatment 
(Fig.  21.10 ).               

  Fig. 21.6    ( a – c ) Three-phase bone scintigraphy: Phase I ( a ) and phase 
II (early phase,  b ,  left image ) showed normal fl ow and normal blood 
pool in lumbar–sacral region, respectively; phase III (delayed phase,  b , 
 right image ) showed intense radiotracer uptake in L2 soma, upper bor-

der of L3, and spinous process of L2 and L3. A SPECT acquisition was 
also obtained, and SPECT images were manually fused with MRI; 
SPECT–MRI fused image allowed to better defi ne vertebral uptake ( c ). 
Considering this fi nding, a vertebral biopsy was suggested         

a
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Fig. 21.6 (continued)
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  Fig. 21.7    ( a – d ) Whole-body bone scan in early phase ( a ) showed 
increased blood pool in correspondence of middle dorsal region. 
Whole-body bone scan in delayed phase ( b ) shows increased radio-
tracer uptake in a dorsal vertebra (possibly D9) and no foci of patho-
logical uptake in other skeletal segments. A SPECT acquisition was 

also obtained, and SPECT images were manually fused with CT; 
SPECT ( c ) and SPECT–CT fused image ( d ) allowed to locate radio-
tracer uptake in body (mainly in its  right  part) and posterior vertebral 
arch (in particular pedicles) of D9, respectively         
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Fig. 21.7 (continued)

  Fig. 21.8    ( a ,  b ) Diagnostic bone scintigraphy. Whole-body bone scan in 
early phase ( a ,  left image ) shows markedly increased blood pool in both 
knees and in distal tibiae; mild radiotracer uptake of radiotracer is also 
evident in both elbows and in right wrist. Whole-body bone scan in 
delayed phase ( a ,  right image  and  b ,  higher contrast image , for better 

lesion detection) shows nonhomogeneous uptake in both femurs and 
both tibiae, with intense uptake in distal metaphyses of both femurs and 
in proximal and distal metaphyses of both tibiae. Intense uptake of radio-
tracer is also evident in both elbows and in distal right radius. Right emi-
mandible shows a radiotracer uptake relatively higher than the left one. 
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Fig. 21.8 (continued)

( c ,  d ) Bone scintigraphy after therapy. Whole-body bone scan in early 
phase ( c ,  left image ) normal blood pool distribution. Whole-body bone 
scan in delayed phase ( c ,  right image  and  d ,  higher contrast image , for 
better lesion detection), compared with the diagnostic study, shows a per-

sistence of radiotracer uptake in distal right radius and of a focal uptake 
in mandible on median line. Radiotracer distribution is mildly altered in 
distal femurs (region above metaphyses), proximal (region below 
metaphyses), and distal tibiae (region above metaphyses) and elbows             
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Fig. 21.8 (continued)
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  Fig. 21.9    ( a – c ) Diagnostic bone scintigraphy. Three-phase bone scin-
tigraphy: Phase I ( a ) shows increased fl ow in right mandibular region; 
in phase II (early phase,  b ,  left image ), markedly increased blood pool 
is evident in the same site; phase III (delayed phase,  b ,  right image ) 
detects radiotracer uptake in right mandibular ramus, with a focal area 
in its distal segment. No pathological areas of radiotracer uptake are 
evident in other skeletal segments (Whole-body scan,  c ). ( d ,  e ) Bone 

scintigraphy after therapy. At early whole-body bone scan ( d ,  left 
image ), mild radiotracer uptake is still evident in mandible. Delayed 
whole-body bone scan ( d ,  right image  and  e ,  higher contrast image , for 
better lesion detection) shows persistence of radiotracer uptake in man-
dible, markedly less intense than in the previous scintigraphy. No path-
ological areas of radiotracer uptake are evident in other skeletal 
segments             
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Fig. 21.9 (continued)
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Fig. 21.9 (continued)
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  Fig. 21.10    ( a – e ) Diagnostic bone scintigraphy. Whole-body bone 
scan in early phase ( a ,  left image ) shows mild radiotracer uptake in right 
sternoclavicular joint. Whole-body bone scan in delayed phase ( a ,  right 
image  and  b ) shows focal radiotracer uptake in proximal sternum, on 
the basis of fi rst metatarsal ray, in right sternoclavicular joint. Spot 
images of feet and ankles (in plantar, dorsal, and lateral view,  c – e , 
respectively) detect radiotracer uptake in right tibioperoneal joint, in 
both tarsi, in several metatarsophalangeal joints and in proximal pha-

lanx of fi fth fi nger of right foot. ( f ,  g ) Bone scintigraphy after therapy. 
At early whole-body bone scan ( f ,  left image ), faint radiotracer uptake 
in right sternoclavicular joint region is still evident. Whole-body bone 
scan in delayed phase ( f ,  right image  and  g ,  higher contrast image ), for 
better lesion detection) shows focal radiotracer uptake in proximal ster-
num, in both sternoclavicular joints, in right proximal clavicle. Areas of 
uptake previously evident in feet are no longer detectable             
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Fig. 21.10 (continued)
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Fig. 21.10 (continued)
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      Endocrinology                     

     Armando     Grossi     ,     Graziamaria     Ubertini    , 
and     Milena     Pizzoferro   

22.1          Thyroid Nodules and Carcinoma 

22.1.1     Introduction and Epidemiology 

 Thyroid nodules in children are much less common than in 
adults: a large study in 1975 estimated a 1.8 % prevalence in 
children by palpation and, more recently, 0.2–5.1 % by ultra-
sound. Because of their rarity, almost all the reports on thy-
roid nodules and cancer in pediatrics are retrospective. 
Conversely, nodule malignancy rate is estimated to be much 
higher in childhood than in adulthood: up to 25 % of pediat-
ric thyroid nodules are malignant. A recent work on nodules 
≥ 1 cm in the two populations statistically confi rmed this 
data, reporting a 22 % cancer prevalence in children and 
14 % in adults. Thyroid carcinoma is the commonest endo-
crine tumor in children: the U.S. National Institute of Health 
Surveillance, Epidemiology and End Results (SEER) Cancer 
Statistics Review Program reported across 1975–2006 an 
incidence of 1 per million for 5–9-year-old children, 5 per 
million in 10–14-year-olds, and 18 per million in 
15–19-year-olds. 

 Pediatric thyroid cancer is almost invariably differenti-
ated, DTC: among the histotypes those of follicular origin – 
follicular and papillary cancer (FTC, PTC) – prevails on the 
and medullary (MTC) ones, and the anaplastic and oxyphilic 
ones are exceptional. 

 Benign tumors account for approximately 10 % of all 
nodules and are mostly represented by toxic follicular ade-
nomas, of prominent clinical relevance for its therapeutic 
implications. 

 Although differentiated thyroid cancer is usually slowly 
growing, a prompt diagnosis and accurate multistep workup 

are recommended in children, because greater tumor size, 
distant spread, and greater atypia are all factors associated 
with a worse prognosis and increased mortality.  

22.1.2     Causes, Predisposing Factors, 
and Associated Disease 

 Preexisting thyroid diseases as congenital hypothyroidism or 
thyroiditis are usually considered as associated with nodules 
development; however, it is diffi cult to discern whether the 
disease itself represents a risk factor or if it only entails an 
increased detection of incidentalomas. Cases of malignant 
thyroid nodules have been described in patients with con-
genital hypothyroidism due to both dyshormonogenesis or 
dysgenesis and thyroglossal duct cysts as well. 

 Thyroid autoimmunity as a risk factor for thyroid cancer 
is a matter of some controversy. Very few studies evaluated 
this topic in the pediatric context, mostly viewing the issue 
from the opposite point of view by searching autoimmune 
disease among thyroid cancer patients. In a recent large 
series of children with autoimmune thyroiditis, thyroid can-
cer was diagnosed in 3 % of patients – 9.6 % of those with 
nodules with diameter >1 cm – providing a thyroid cancer 
prevalence of 20 %. Concerning the observations of associa-
tions between Hashimoto’s thyroiditis and PTC in adults, it 
should be recognized that thyroiditis frequently leads to a 
hypothyroidism of variable degree and elevated serum TSH 
levels, leading some authors to hypothesize that serum TSH 
elevation itself is the real risk factor for the development of 
thyroid cancer, while thyroiditis may represent a confounder. 
TSH signaling via TSH–cAMP intrathyroidal pathway has a 
well-known growth-promoting effect on follicular-cell- 
derived cell and may hypothetically lead to cancer growth. 
Recent investigations in children indicated most cases with 
malignant nodules having serum TSH in the upper normal 
range (i.e. >2.6 mU/L) or mildly elevated (4.4–10 mU/l). 

 Ionizing radiations are well-known risk factors for thy-
roid cancer, and children are much more sensitive to their 
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carcinogenic action than adults. Thyroid cancer risk increases 
parallel to radiation dosages of up to 20–29 Gy, and then, for 
doses >30 Gy, decreases, probably because of cell killing 
and gland fi brosis. A great deal of our knowledge in this fi eld 
has been achieved from observations on the high incidence 
of thyroid cancers following the widespread employment of 
radiotherapy for benign pathologies of the head, neck, and 
chest in the 1950s and 1960s, and the exposure to radioactive 
isotopes in the fallout from Chernobyl; almost exclusively, a 
papillary histotype developed in such cases. Currently, radia-
tion is mostly employed in the treatment of childhood malig-
nancies. Several observations evidenced that patients who 
underwent such treatments in childhood are prone to devel-
oping both cancerous and noncancerous thyroid diseases 
subsequently; the radiation-induced risk for thyroid cancer 
persisted elevated for 20 years after the primary cancer. 
Recently, data supporting a carcinogenetic role for radiations 
employed in the diagnostic phase of childhood cancer is 
accumulating. It has been observed that the increasing inci-
dence of PTC observed in the last decades is paralleled by an 
increasing exposure to medical radiation: at present however, 
it is not clear whether PTC incidence is really increasing (or 
rather refl ects improved detection of subclinical cases) nor 
which portion of PTC cases can be consequent to medical 
radiation exposure.  

22.1.3     Genetics and Inheritance of Thyroid 
Neoplasms 

22.1.3.1     Medullary Thyroid Carcinoma 
 Inheritance of thyroid neoplasms is well documented and 
studied from a genetic perspective for medullary thyroid car-
cinoma, which is derived from calcitonin-producing C cells 
and accounts for 5 % of all thyroid tumors. The familial form 
accounts for 20–25 % of cases, and belongs either to pure 
familial medullary thyroid carcinoma syndrome or to multi-
ple endocrine neoplasia (MEN) type 2 syndromes, when 
associated with the development of pheochromocytoma. In 
MEN type 2A, further features are represented by hyperpara-
thyroidism with parathyroid gland tumors. In MEN type 2B, 
the association includes mucosal neuromas, intestinal gan-
glioneuromatosis, and marfanoid habitus. Both Men syn-
dromes are transmitted in an autosomal dominant mode of 
inheritance and are caused by specifi c gain-of-function 
mutations in the RET proto-oncogene detected in more than 
95 % of cases. Aiming at detecting such cases, serum calcito-
nin is employed as a screening in thyroid nodules and as a 
disease marker in patients thyroidectomized for medullary 
thyroid cancer. As disease penetrance is almost complete and 
cancer development is nearly certain, in both MEN 2 syn-
dromes, prophylactic thyroidectomy is advised, with a tim-
ing based on genotype–phenotype correlations.  

22.1.3.2     Differentiated Thyroid Carcinoma 
 The mitogen-activated protein kinase (MAPK) signaling 
pathway is commonly overactivated in papillary thyroid can-
cer: rearrangements in genes implicated in this pathway have 
a pivotal role in pediatric thyroid cancer, while adult cases 
predominately harbor point mutations. Pediatric papillary 
carcinomas exhibit an increased rate of various RET/PTC 
(40–70 %, even more in cases following radiation exposure) 
or AKAP9–BRAF (11 %) rearrangements leading to the cre-
ation of fusion genes with increased signaling activity. 
Mutations in genes involved in the same signaling pathway 
and papillary cancer development occur in BRAF and RAS, 
the two oncogenes of the same pathway. Recently, the role of 
genes of the thyroid morphogenesis pathway (genes involved 
in thyroid gland formation, differentiation, function, and 
hormone synthesis implicated in congenital hypothyroidism) 
has been hypothesized as a player in modulating thyroid can-
cer risk. 

 Familiar nonmedullary thyroid cancer is mostly papillary, 
represents 3–6 % of all thyroid cancer cases, and has an auto-
somal dominant pattern of inheritance. No difference 
between sporadic and familial varieties of nonmedullary 
cancer is detectable in the type or number of mutations.   

22.1.4     Fine Needle Aspiration Biopsy (FNAB) 

 FNAB is the most accurate and reliable test for nodule diag-
nosis and is recognized as the cornerstone and gold standard 
for the evaluation of solitary thyroid nodules. In spite of the 
lower occurrence of the disease in children, data on pediatric 
cases are consistent with those of adults and estimate its 
diagnostic accuracy as ranging from 75 to 95 %. In the last 
decades, FNAB has been imposed as the gold standard also 
in pediatric thyroid nodules demonstrating the highest sensi-
tivity, specifi city, and accuracy among other diagnostic 
investigations. 

 In spite of high diagnostic accuracy, since a few years 
ago, up to 20 % of thyroid nodules, FNAB cannot provide 
diagnostic indications: the large part of results of uncertain 
interpretation was defi ned “follicular lesion of undetermi-
nate signifi cance” or commonly referred to as having a “sus-
picious cytology.” In 2007, the British Thyroid Association 
and the Italian Society of Pathology and Cytology (SIAPEC- 
IAP) introduced a new classifi cation into fi ve categories, 
respectively. In 2008, the Bethesda system for reporting thy-
roid FNAB specimens recommended that each report begin 
with one of six general diagnostic categories: I. Nondiagnostic 
or unsatisfactory; II. Benign; III. Atypia of undetermined 
signifi cance or follicular lesion of undetermined signifi -
cance; IV. Follicular neoplasm or suspicious for a follicular 
neoplasm specify if Hürthle cell (oncocytic) type; 
V. Suspicious for malignancy; VI. Malignant. Under this 
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classifi cation, the former “suspect” diagnostic category was 
further divided into “follicular lesion/suspected follicular 
neoplasm” (Thy 3) and “suspicious but not diagnostic for 
malignancy” (Thy 4). Cases belonging to the Thy 3 category, 
having an actual risk for malignancy\ reported to range from 
15 to 34 %, were further defi ned into subcategories (thy 3a, 
3b, and 3c) based on different risks of malignancy. The result 
of this novel classifi cation system of follicular cytological 
specimens based on cytoarchitectural patterns is a reduction 
of superfl uous or untimely thyroidectomies.  

22.1.5     Management and Treatment of Benign 
Thyroid Nodules 

 Surgical intervention is required for an optimal management 
of toxic adenoma to resolve the hyperthyroid state. In this 
histologically benign tumor, which usually displays at scin-
tigraphy with a “hot” pattern with silencing of the remnant 
thyroid tissue, FNAB does not offer much information and is 
considered superfl uous: however, papillary carcinoma can be 
found in 1–5 % of these nodules [ 4 ]. Several options are 
available in other cytologically benign nodules: in asymp-
tomatic cases, a conservative approach is largely employed, 
consisting in observation with yearly recheck or (sub-)sup-
pressive medical treatment with levothyroxine aiming at 
reducing TSH stimulus and nodule shrinkage. When nodules 
are growing or are responsible for symptoms of local com-
pression, several minimally invasive techniques allow to 
avoid the so-far employed (hemy-)thyroidectomies: percuta-
neous ethanol injection therapy (PEIT) is mostly employed 
in the treatment of prevalently cystic nodules; percutaneous 
thermal ablation by radiofrequency (RFA) or laser (LAT) or 
microwaves (MWA) or  high-intensity focused ultrasound 
(HIFU)  are employed in solid nodules. Further scientifi c 
data is needed to assess indications, limitations, and safety of 
these procedures in both adults and children. Surgery and 
radioiodine thyroid ablation remain the current standard in 
the treatment for benign/nodular disease.  

22.1.6     Treatment of Thyroid Carcinoma 

22.1.6.1     Surgery of DTC 
 Surgery is the primary therapy for pediatric patients with 
DTC. Recently developed pediatric guidelines indicated 
total thyroidectomy (TT) as the optimal surgical option. 

 Based on available data showing a better disease-free sur-
vival, total or near-total thyroidectomy in pediatric patients 
with DTC, rather than subtotal thyroidectomy, is the surgical 
approach generally preferred by most surgeons. The facilita-
tion of radioiodine treatment and imaging and the use of 
serum Tg as a tumor marker for recurrent/residual disease 

are considered other practical advantages of extensive sur-
gery. A primary procedure involving less than total thyroid-
ectomy has been demonstrated to signifi cantly increase the 
need for repeating surgery. 

 Since lymph node involvement at diagnosis is common, 
central neck dissection has been recommended, and modi-
fi ed neck dissection should be performed for clinically 
apparent and biopsy-proven lateral neck disease. Prophylactic 
lateral neck dissections are not recommended. 

 On the other hand, complications of total thyroidectomy 
and potential harms of the central compartment dissection 
such as hypoparathyroidism and injury to the recurrent 
laryngeal nerve should also be considered. Although these 
risks are minimized when surgery is performed by an experi-
enced endocrine or pediatric surgeon, a high prevalence of 
hypoparathyroidism and both temporary and permanent 
recurrent laryngeal nerve palsies have to be taken into 
account. Recently, age (<16 years), familial history of thy-
roid cancer, preoperative gross neck lymph node diffusion, 
tumor diameter, and extrathyroidal invasion were identifi ed 
as risk factors for disease-free survival (DFS) in children 
with PTC. Preoperative gross lymph node metastasis and 
distant metastasis at diagnosis were identifi ed as signifi cant 
factors for cause-specifi c survival (CSS), suggesting that 
routinary treatment of total thyroidectomy could not be per-
formed in all childhood patients.  

22.1.6.2     Surgery of MTC 
 MTC, as a sporadic cancer, is rare in childhood; and all cases 
in the pediatric population are considered inherited until 
proven otherwise. In general, treatment consists in total thy-
roidectomy for both sporadic and hereditary MTC associated 
with prophylactic central lymph node dissection (level VI), 
whereas lateral neck dissection (levels IIA, III, IV, V) is 
needed for patients with positive preoperative imaging. 
When distant metastatic disease is detected at diagnosis, less 
aggressive surgery might be appropriate in order to preserve 
speech and prevent morbidity. 

 The improved understanding of molecular basis of MEN2 
and MTC heredity allows to defi ne risk groups for develop-
ment of MTC and, consequently, recommended time of pro-
phylactic treatment. Prophylactic thyroidectomy is the 
standard of care in pediatrics, since patients with hereditary 
forms of MTC can develop metastases before the age of 5. 
RET mutation codon information indicates recommended 
age for prophylactic treatment.  

22.1.6.3     Radioiodine Therapy 
 Radioactive iodine (Radioiodine, 131I-NaI) therapy is a main-
stay of postsurgical treatment in DTC. 131I has been demon-
strated to kill thyroid tumor cells several decades ago; 
moreover, a postsurgery 131I uptake by residual thyroid tissue 
is usually demonstrated. The frequent multifocal disease 

22 Endocrinology



332

extension, nodal involvement, and distant metastases in pedi-
atric patients with DTC together with a greater sodium iodine 
symporter expression than in adult DTC, possibly accounting 
for more successful treatment with 131I, are generally consid-
ered as factors making radioiodine as a therapeutic challenge. 
To date, it is generally suggested that most children should be 
treated with radioiodine in order to ablate residual disease, 
reduce the risk of disease recurrence, and positively affect 
progression-free survival rate (PFS) as recently reviewed. 

 In order to obtain 131I uptake by remnant and residual 
tissue, TSH elevation > 30 mU/l is needed. Levothyroxine 
administration should be discontinued 2–3 weeks in children 
and 4 weeks in adults before radioiodine (“thyroid hormone 
withdrawal”, THW); alternatively, patients can be treated 
with 0.7 mcg/kg triiodothyronine for at least 1 month to be 
discontinued 2 weeks before 131I administration. TSH rise 
can also be achieved with recombinant human TSH (rhTSH) 
to be administered for two consecutive days. The use of 
rhTSH is approved in adults; however, it has to be empha-
sized that at present, rhTSH use is not approved for children 
by drug-regulatory agencies in the United States or Europe. 
Although it has the potential to reduce whole-body radiation 
exposure associated with it, 131I therapy and its clinical use 
have been reported in children with WDTC, data showing 
comparable effi cacy to THW are lacking in pediatrics. 

 Main purposes of the use of radioiodine treatment include 
therapy of residual microscopic disease, metastatic or unre-
sectable lesions, together with an accurate patient staging by 
means of 131I whole-body scanning, usually performed 
within 10 days of radioiodine therapy, for the detection of 
distant metastases. In addition, the postsurgery ablation of 
remaining thyroid tissue in the neck (“thyroid remnant abla-
tion”, RRA) allows the use of Tg as a tumor marker during 
the follow-up. There is no specifi c recommendation for the 
timing of 131I after total thyroidectomy; however, it is gen-
erally done within 3–6 weeks, till 3 months after surgery. 

 131I dosage strategies can be summarized in: administer-
ing fi xed activities (eventually based on the patient’s weight); 
dosaging based on the administered activity that is as high as 
safely administrable (AHASA), recently defi ned as the low-
est safe limit administered activities up to 5 mCi/kg 
(200 MBq/kg) for treatment of distant metastases and DTC 
recurrence in children; and applying specifi c activities for 
tumor ablation, dosimetry, which is suggested to be mainly 
considered for individuals with lung metastases. 

 The use of pretherapy scans is limited because of its low 
impact on the decision to ablate, and because of 131I-induced 
stunning phenomenon, it is defi ned as a reduction in uptake 
of the radioioidine therapy dose induced by a pretreatment 
diagnostic activity. On the other hand, since it can be diffi cult 
to distinguish residual disease from thyroid remnant at post- 
therapy WBS, and when the extent of the thyroid remnant 
cannot be accurately ascertained from the surgical report or 

neck ultrasonography, 123I (1.5–3 mCi) or low-activity 131I 
(1–3 mCi) pretherapy scans may provide additional informa-
tions in order to distinguish residual disease from thyroid 
remnant, and then to plan more adequate therapeutic strate-
gies. This procedure including the use of 123I is considered 
in recent ATA pediatric guidelines.  

22.1.6.4     Levothyroxine Therapy 
 Levothyroxine (LT4) therapy is a fundamental part of the 
treatment of thyroid carcinoma; it is well recognized that 
TSH suppression (TST) can reduce rates of recurrence for 
DTC, whereas there is no role for TST in MTC, and LT4 
replacement should be undertaken in these patients. 

 The ATA pediatric guidelines recommends in low-risk 
DTC patients to obtain TSH values between 0.5–1 mU/l, and 
a more aggressive suppression is suggested for intermediate 
(0.1–0.5 mU/l TSH values) and high-risk (TSH values below 
0.1 mU/l) patients.  

22.1.6.5     Other Therapies 
 External beam radiation does not have a clear role in the 
treatment of WDTC, its use being benefi cial as a palliative 
measure in advanced disease stages. Chemotherapy is not 
considered in the initial therapy of DTC; newer agents are 
being evaluated for patients with metastatic or recurrent 
disease. 

 Treatment of anaplastic cancer (ATC), the most aggres-
sive thyroid tumor and one of the most aggressive cancers in 
humans, has not been standardized, and unfortunately there 
is not yet an effi cient treatment; surgery, chemotherapy, 
radiotherapy, alone or in combination, are used with no 
impact on survival rate. Most used cytotoxic agents include 
doxorubicin, cisplatin, and bleomycin. 

 In advanced MTC, mono- or poly-chemotherapy has not 
shown signifi cant clinical benefi t. Radiation may be used in 
the presence of local invasion, or in the setting of bone (with 
bisphosphonates to control symptoms) or CNS metastasis, 
although there are no strong data indicating an effect on 
long-term survival. New compounds of the family of RET 
kinase inhibitor may have important clinical benefi ts. The 
FDA-approved vandetanib, a RET kinase inhibitor, has been 
shown to lengthen progression-free survival This compound 
has been demonstrated to also inhibit the epidermal and vas-
cular endothelial growth factor receptors. Prognosis of MTC, 
however, has been most closely related to the extent of dis-
ease at presentation and to the extent of fi rst surgery.    

22.2     Congenital Hypothyroidisms 

 The incidence of primary congenital hypothyroidism (CH) 
ranges from 1:3000 to 1:4000 newborn infants. Any infant 
with low T4 concentration and TSH > 40 mUI/l is considered 
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to have primary hypothyroidism. CH is one of the most com-
mon cause of mental retardation, because thyroid hormones 
are fundamental in the development of brain. 

 The initial recommendation of American Academy of 
Pediatrics for newborn screening for CH was published in 
1993. Early detection and treatment of congenital hypothy-
roidism by neonatal screening prevents neurodevelopment 
disability. 

 Congenital hypothyroidism can be “primary” for thyroid 
abnormalities or “secondary” for hypothalamic pituitary thy-
roid axis damage. 

 In most cases, this disorder is “permanent” and results 
from an abnormality in thyroid gland development (dysgen-
esis or agenesis) or a defect in thyroid hormonogenesis. Less 
commonly, the alteration of thyroid hormones is “transient” 
due to transplacental passage of maternal medication, mater-
nal blocking antibodies, or iodine defi ciency or excess. 

22.2.1     Screening Test 

 Three possible screening strategies for detection of CH are 
possible:

    1.    A primary TSH measurement supplemented by T4 deter-
mination only in infants with elevated TSH   

   2.    A primary T4 measurement supplemented by TSH deter-
mination only in infants with low T4   

   3.    A combined TSH plus T4 method.     

 Every infant should be tested before discharge from the 
nursery optimally by 48 h to 4 days of age.

    1.    In the fi rst case (screening programs in Europe, Japan, 
Canada, and Mexico), primary TSH measurements are 
supplemented by T4 determination for infants with ele-
vated TSH value. The fi rst screening specimen commonly 
is obtained before 48 h of age. With this approach, delayed 
TSH elevation in infants with thyroid-binding globulin 
(TBG) defi ciency, central hypothyroidism, and isolated 
reduced level of T4 (hypothyroxinemia) can be missed.   

   2.    The primary T4 approach can identify primary CH in 
infants with low and very low T4 levels and elevated TSH 
(1:3000–1:4000 newborn infants). Otherwise, this 
approach can also identify infants with TBG defi ciency 
(1:5000–1:10,000 newborn infants) and central hypothy-
roidism (low levels of T4 with normal or low levels of 
TSH) that is a very rare cause of hypothyroidism (1:50,000 
newborn infants). However, this approach will miss the 
conditions with initial normal T4 and delayed elevated 
TSH levels (patient with low and very low birth weight).   

   3.    The combined approach represents the ideal screening 
test.      

22.2.2     Defi nition 

 Any infant with a low T4 concentration and TSH > 40 is 
considered affected by primary hypothyroidism. These 
infants should be examined immediately to confi rm the diag-
nosis with a new serum test, and therapy with LT4 should be 
initiated. The patients with TSH between 20 and 40 should 
be submitted to another fi lter-paper screening test (10 % of 
patients with confi rmed CH have TSH value in this range). 

 Hyperthyrotropinemia is characterized by elevated TSH 
concentration with T4 or FT4 in the normal range. The eti-
ologies of these clinical conditions are different and can be 
either transient of permanent thyroid abnormality such as 
TSH receptor mutation or delayed maturation of hypotha-
lamic–pituitary axis. 

 TSH concentration is the most sensitive indicator that the 
hypothalamic pituitary axis is sensing a circulating T4 level 
less than optimal. Most physicians consider a persistent TSH 
value superior than 10 mUI/L after 2 weeks of live to be 
abnormal and treat these infants. In case of no initial therapy, 
FT4 and TSH should be repeated in 2–4 weeks, and treat-
ment with LT4 should be initiated in case of subsequent FT4 
and TSH abnormal levels. 

 Low T4 and Normal TSH Value 
 Infants with normal TSH but low T4 value may have thy-

roid insuffi ciency. This pattern is seen in 3–5 % of neonates 
and can be transient and caused by hypothalamic immaturity 
(particularly in preterm infants). Low T4 but normal TSH 
levels are also present during illness or as the result of infu-
sion of dopamine or high dose of glucocorticoids. The same 
pattern may be present in permanent clinical condition such 
as central hypothyroidism (since 1:25,000 to 1:50,000 new-
born infants) or in primary hypothyroidism with delayed 
TSH elevation (1:100,000 newborn infants). Many infants 
with low T4 concentration and normal TSH value on initial 
screening, with subsequent elevated TSH concentration, are 
of low birth and very low birth or critically ill preterm and 
term neonates. Serum TSH levels increase in these infants in 
the fi rst few weeks of life. 

 The infants with this delayed TSH elevation have abnor-
malities of pituitary thyroid feedback or transient hypothy-
roidism or mild form of permanent CH. It is important to 
consider that also in the absence of human error, 5–10 % of 
LBW and VLBW infants with CH may have normal hor-
mone concentration at screening. So, in these patients, the 
repetition of serum control of TSH and FT4 is fundamental 
in 2–6 weeks of age.  

22.2.3     Transient Hypothyroidism 

 A small number of infants with abnormal screening value 
will have transient hypothyroidism (1:50,000). Transient 
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hypothyroidism may result from intrauterine exposure to mater-
nal antithyroid drugs, maternal TRB antibodies, mutation of 
TSH receptor, endemic iodine defi ciency, or prenatal and post-
natal exposure to excess of iodine. The transplacental passage of 
maternal TRSAbs (1:180,000) should be suspected if there is a 
maternal clinical history of autoimmune thyroid disease.  

22.2.4     Clinical Management 

 The infants with low T4 and elevated TSH concentration 
have primary CH and should be treated as soon as possible. 
It is important to perform a confi rmatory serum measure-
ment of TSH and FT4 levels. 

 An elevated level of thyroglobulin suggests dyshormono-
genesis. When there is a history of maternal autoimmune 
thyroid disorder, measurement of TRBAbs in the infants may 
identify a transient form of neonatal hypothyroidism.  

22.2.5     Optional Diagnostic Studies 

 The use of imaging studies such as ultrasound and scintigra-
phy should be considered in neonates with high TSH con-
centration in order to clarify the diagnosis. 

 Imaging should never determine the dilation of the treat-
ment that should be initiated as soon as possible and no later 
than 2 weeks of life. The goal of therapy is to normalize FT4 
within 2 weeks and TSH within 1 month of therapy. Scintigraphy 
should be carried out within 7 days of starting LT4 treatment. 

 Scintigraphy may be carried out with either 10–20 MBq 
of technetium 99 m or 1–2 MBq of iodine 123. Technetium 
99 m is more widely available, less expensive, and quicker to 
use than 123 I. 123 I is specifi cally taken by thyroid gland 
and gives a clear scan. 

 Scintigraphy is very useful in identifying the different 
causes of primary CH (Table  22.1 ). It can identify:

•     Athyreosis (absence of uptake)  
•   Hypoplasia of gland in situ (with or without 

hemithyroid)  
•   A normal or large gland in situ (with or without high lev-

els of uptake)  
•   An ectopic gland at any point along the normal embryo-

logical descent from the base of the tongue to the thyroid 
cartilage    

 The scintigraphy may show no uptake despite the pres-
ence of a eutopic thyroid gland (ultrasound) in:

•    Exposure to excess of iodine (antiseptic preparation)  
•   Maternal TSH receptor blocking antibodies  
•   TSH suppression from LT4 treatment  
•   Inactivating mutation of TSH receptor and/or the sodium/

iodide symporter (NIS)    

 To avoid unnecessary radiation and for the less diffi -
culties of the method, some investigators prefer ultraso-
nography as the initial imaging procedure. But the use of 
ultrasonography without scintigraphy in the diagnosis of 
the different etiologies in primary CH could be incom-
plete. This image method cannot always detect lingual 
and sublingual thyroid ectopy and is highly 
observer-dependent. 

 Combining scintigraphy and thyroid ultrasound in CH 
patients helps to:

•    Improve diagnostic accuracy  
•   Identify a eutopic gland which may be normal, enlarged, 

or hypoplastic, guiding other investigation exams such as 
molecular studies  

•   Prevent the incorrect diagnosis of athyreosis in the pres-
ence of no uptake on scintigraphy when ultrasound shows 
normal gland in situ  

•   Detect thyroid ectopy reliably      
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   Table 22.1    Ultrasound, scintigraphic patterns and Thyroglobuline values in different forms of primary Congenital Hypothyroidism (CH)   

 Defect  Thyroid ultrasound  Thyroid scintigraphy 
 Serum thyroglobulin 
concentration 

  Thyroid dysgenesis  

 Apparent athyreosis  No thyroid tissue seen  No uptake  Detectable (>2 mcg/L) 

 True athyreosis  No thyroid tissue seen  No uptake  Undetectable 

 Ectopy  Either no thyroid tissue seen or 
ectopic tissue seen 

 Uptake into ectopic gland  Usually ↑ bau may be N or ↓ 

 Hypoplasia in situ  Small ectopic gland  Low level of uptake in a 
normally sited gland 

 N or ↓ 

 Hemiagenesis  Hemithyroid  Hemithyroid  N 

  Dyshormonogenesis  

 NIS/SCL5A5  Enlarged gland  Uptake absent or ↓↓  ↑ 

 Thyroid peroxidase, TPO (iodide 
organifi cation defects) 

 Enlarged gland  High level of uptake; positive 
perchlorate discharge test 

 ↑↑ 

 Dual oxidase 2 (DUOX2); dual 
oxidase 2 maturation factor 
(DUOXA2) 
 (iodide organifi cation defects) 

 Enlarged gland  High level of uptake; positive 
perchlorate discharge test 

 ↑ 

 Pendred syndrome; pendrin PDS  Normal/enlarged gland  High level of uptake; positive 
perchlorate discharge test 

 ↑ 

 Thyroglobulin  Enlarged gland  Avid uptake; normal 
perchlorate discharge test 

 ↓↓ or undetectable 

  Transient CH  

 Acute iodine excess  Normal gland in situ  No uptake  N or ↓ 

 Chronic iodine defi ciency  Large gland  Avid uptake  ↑ 

 Maternal blocking antibodies  Normal or small gland  Uptake absent or ↓  N or ↓ 

 TSH receptor  Normal or small gland  Uptake absent or ↓  N or ↓ 

  Modifi ed from European Society for Pediatric Endocrinology [ 6 ]  
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22.3     Hyperparathyroidism 

 Hyperparathyroidism exists in three different forms: pri-
mary, secondary, and tertiary. 

 Diagnosis of  primary hyperparathyroidism (PHPT)  is 
characterized by suggestive clinical presentation and labora-
tory investigations (hypercalcemia and elevated serum con-
centrations of intact PTH). PHPT is a rare disease in 
adolescents, and limited data exist on pediatric and adoles-
cent patients with primary hyperparathyroidism. 

 The causes of PHPT in the adolescent population include 
parathyroid adenomas, multiglandular disease (MGD), and 
parathyroid carcinoma. Neonatal hyperparathyroidism is a 
rare disorder, and it has been classifi ed as a distinct disease 
entity; it is caused by inactivating calcium-sensing receptor 
(CASR) mutations that result in life-threatening hypercalce-
mia and metabolic bone disease. 

 PHPT in the majority of adolescents is due to a single 
adenoma, just as in adults. Symptoms of PHPT in children 
are often more severe and more common than in adults. One 
potential explanation for this difference is due to the delay in 
diagnosis with consequent progression of disease. PHPT is 
usually identifi ed in younger patients only when they become 
symptomatic, because routine biochemical screening is com-
mon in adults but not in youth. Alternatively, it has been 
hypothesized that juvenile PHPT is a pathophysiological dif-
ferent and more aggressive disease than adult PHPT. In fact, 
it has been observed that juvenile PHPT presents greater 
hypercalcemia and hypercalciuria than adult PHPT at similar 
concentrations of serum intact PTH, refl ecting an apparent 
decrease in the sensitivity of the parathyroid adenoma to 
negative feedback by calcium and increased sensitivity of 
target tissues to the effects of PTH. 

 MGD in younger patients is generally due to hereditary 
family disorders including multiple endocrine neoplasia type1 
(MEN1), MEN2a, or familial isolated hyperparathyroidism. 

 In adults, PHPT is usually an asymptomatic disorder that 
presents as incidentally discovered hypercalcemia. 

  Secondary hyperparathyroidism  (SHPT) is consequent to 
a chronic hypocalcemic condition that can be caused by renal 
failure, gastrointestinal malabsorption, and dietary rickets 
which generate a decreased intestinal absorption of calcium. 
SHPT is a severe disease of patients who undergo hemodialy-
sis, causing substantial morbidity and mortality consequent to 
progressive osteodystrophy and vascular and soft tissue calci-
fi cation. The continuous stimulus (hypocalcemia, hyperphos-
phatemia, and low calcitriol concentrations) to produce and to 
secrete PTH results in parathyroid cell hypertrophy, deter-
mining initially diffuse and reversible and successively nodu-
lar and irreversible hyperplasia of parathyroid glands. 

  Tertiary hyperparathyroidism  is a condition where para-
thyroid hyperplasia, secondary to chronic hypocalcemia, 
becomes autonomous with the development of 
hypercalcemia. 

 Establishing the diagnosis of hyperparathyroidism, the 
clinical question is to locate hyperfunctioning parathyroid 
gland or glands. 

 As in adults, in pediatric population study, approaches of 
parathyroid function must consider the anatomy and the 
embryogenic origin of parathyroid glands. 

 Parathyroid glands are generally four in number (even if 
fi ve or more glands can be present), are subdivided into two 
upper and two lower, and their most probable location is 
behind the thyroid gland. In relation to the longer embryoge-
netic pathway and the diffi cult migration process, the loca-
tion of parathyroid glands can vary and presence of ectopic 
glands must be ruled out (very high in the neck or within the 
thyrothymic ligament, the thymus, or in the mediastinum). 

 Ultrasonography and 99mTc-sestamibi scintigraphy are the 
dominant imaging techniques for hyperfunctioning location of 
parathyroid. However, intrathyroid parathyroid gland (even if 
rare) is diffi cult to distinguish sonographically from a thyroid 
nodule, and ultrasound scan has poor sensitivity for detecting 
ectopic glands in retrotracheal region or in the mediastinum. 

 In case of parathyroid adenomas, contrast-enhanced CT 
and MRI can be helpful when fi ndings at sonography and 
99 m Tc-sestamibi scintigraphy are discordant or in the set-
ting of failed parathyroidectomy for the detection of sus-
pected ectopic (often mediastinal) glands.     
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23.1          Study Technique and Interpretation 

23.1.1     Diagnostic Whole-Body Scan:  123 I WBS 
After rh-TSH Stimulation 

 Differentiated thyroid carcinoma (DTC) is rare in childhood, 
but is the most frequent tumor of endocrine glands in children 
and adolescents (0.2–0.5/100,000/year), and is more aggres-
sive with regard to clinical course. Total thyroidectomy, fol-
lowed by ablative radioiodine therapy, is recommended; on 
the other hand, less aggressive treatment modalities should be 
taken into consideration, due to the high life expectancy of 
these patients and the potential impairment of quality of life. 

 For more accurate staging and therapy strategies, avoid-
ing L-T4 withdrawal effect and stunning phenomenon, the 
combined use of recombinant human TSH (rh-TSH) and 
radioiodine imaging has been proven to be safe and useful in 
adults. On the basis of more recent experiences, it has been 
pointed out that usefulness of rh-TSH use in pediatrics can 
be considered similar to that of adults. 

 In our department, standard schedule for rh-TSH admin-
istration resulted in intramuscular injections of 0.9 mg for 
two consecutive days followed by 185 MBq of 123I-Na (day 
3). Thyroglobulin (Tg) and TSH are evaluated at baseline 
and 5 days after rh-TSH administration. 123I-WBS was 
obtained on day 4. All parents provided an informed consent 
for their children, according to local ethical committee. No 
side effects have been recorded after rh-TSH administration, 
and 123I-WBS imaging and Tg levels after rh-TSH have 
been concordant with TxWBS imaging and Tg levels in 
hypothyroidism.  

23.1.2     Therapeutic Whole-Body Scan 

 All patients were submitted to radioiodine treatment (RAI) 
in hypothyroidism condition after an adequate low iodine 
content diet preparation. A TSH peak was observed in all 
patients, and posttherapy WBS (TxWBS) was obtained 3 
days after  131 I administration.  
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  Fig. 23.1    ( a – b ) A 12-year-old boy affected by papillary thyroid carci-
noma (pT3 pN0 pMx). After total thyroidectomy, diagnostic  123 I WBS 
shows radioiodine uptake in thyroid remnants ( a ). After RAI assess-

ment, any focus of radioiodine uptake is evident in thyroid bed, as for 
complete metabolic RAI response ( b )         

a

23.1.3     Teaching Cases 

    Case 23.1 Diagnostic  123 I WBS in DTC: Staging 
and Therapeutic Effi cacy Assessment in Remnant 
Ablation (Fig.  23.1 ) 
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b

Fig. 23.1 (continued)
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        Case 23.2 Diagnostic  123 I WBS in DTC Staging: 
Remnant and Lymph Node Involvement 
(Fig.  23.2 ) 

  Fig. 23.2    A 15-year-old boy with diagnosis of papillary thyroid carcinoma underwent total thyroidectomy (pT2 pN+ pMx). After total thyroid-
ectomy, diagnostic 123I WBS shows radioiodine uptake in thyroid bed with evidence of neck lymph node uptake       
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        Case 23.3 Diagnostic  123 I WBS in DTC Restaging: 
Relapse of Disease in Lymph Nodes and Lungs 
(Focal Pattern) (Fig.  23.3 ) 

  Fig. 23.3    A 16-year-old girl affected by papillary thyroid carcinoma 
underwent total thyroidectomy (pT3 pN+ pMx) at the age of 14 years, 
followed by RAI therapy with complete metabolic response. Follow-up 

was negative up to 2 years later when thyroglobulin level increased, and 
restaging by  123 I WBS was performed showing radioiodine uptake in 
neck lymph node (on right side) and in both lungs (focal pattern)       
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        Case 23.4 Diagnostic  123 I WBS IN DTC Staging: 
Lymph Nodes and Lungs (Diffuse Pattern) 
(Fig.  23.4 ) 

  Fig. 23.4    A 7-year-old boy with diagnosis of papillary thyroid carci-
noma underwent total thyroidectomy (pT4 pN+ pMx). After total thy-
roidectomy, diagnostic  123 I WBS shows radioiodine uptake in the neck 
(two areas of focal uptake in upper jugular and upper cervical region, as 

for remnant and thyroglossal duct, respectively) with evidence of mild 
and diffuse radioiodine uptake (miliary pulmonary involvement is a fre-
quent pattern in young patients affected by DTC)       
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        Case 23.5 Planar and SPECT/CT Evaluation 
in Therapeutic  131  I WBS: Lymph node and Lung 
Involvement (Diffuse vs. Focal Pattern) (Fig.  23.5 ) 

a

b

  Fig. 23.5    When radioiodine uptake is detected in the thoracic region at 
whole-body scan, spot image acquisition is performed for a better 
imaging evaluation. SPECT acquisition and SPECT/CT fused images 
are useful for a precise localization of pathological fi ndings and 
improvement of diagnostic accuracy. ( a ) Planar imaging ( right side ): a 
focal radioiodine uptake is evident in the superior mediastinum region 
associated with diffuse bilateral lung uptake. Fused images ( a   left ) con-
fi rm miliary lung pattern; mediastinal lymph node involvement is also 

detected, and a precise localization and characterization by anatomical 
and metabolic features are allowed. ( b ) WBS ( right side ) shows focal 
areas of radioiodine uptake in both lungs associated with moderate 
uptake corresponding to mediastinum region. Fused images ( b ,  left  
side) confi rm focal pulmonary involvement and show further pulmo-
nary lesions; lymph node involvement (in upper and inferior mediasti-
num) is also clearly evident       
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        Case 23.6 Diagnostic and Therapeutic  123 I/ 131 I 
WBS in DCT Restaging: Relapse of Disease 
with Bone Metastases 
 A 16-year-old girl affected by secondary thyroid carci-
noma (after a previous total body irradiation for T-cell 
leukemia at 20 months of life) underwent total thyroidec-
tomy (papillary thyroid carcinoma, pT4 pN+ pMx)) fol-
lowed by ablative radioiodine therapy at 10 years of life. 
Follow-up was negative up to 3 years later when thy-
rooglobulin level increased (with negative anti-Tg anti-
bodies), and restaging by  123 I WBS was performed 
showing two areas of radioiodine uptake corresponding to 

the proximal region of both femurs (Fig.  23.6a ). The girl 
was submitted to 131I-NaI therapy.  18 F- FDG PET scan 
pretherapy was negative for metastasis with high glucose 
metabolic activity (as for a disease still well- differentiated). 
 131 I WBS post therapy (Fig.  23.6b ) revealed a progression 
of disease.

   Secondary thyroid carcinoma is more aggressive with 
regard to clinical course, and the prognosis is poor when 
metastatic cancer occurs. Close monitoring is required in 
these patients, and  123I/131 I whole-body scan has a central role 
in the diagnostic and therapeutic workup of relapsed 
disease.       

  Fig. 23.6    ( a ) Diagnostic whole-body scan after rh-TSH stimulation 
(Tg of 78.4 ng/ml with TSH of 73 microIU/mL and negative anti-Tg 
antibodies) shows an area of mild radioiodine uptake corresponding to 
proximal region of right femur. Planar imaging in posterior view con-
fi rms this fi nding showing a further area of uptake in contralateral 
femur. ( b ) Posttherapy  131  I WBS (after two high-dose RAI therapy) 

reveals the persistence of disease in the femoral bones, showing further 
localization of metastatic disease in other skeletal sites (skull, vertebrae 
of the dorsal and lumbar spine). ( c ) SPECT acquisition followed by 
fusion SPECT/CT imaging is helpful to split intestinal activity from 
pathological radioiodine uptake, allowing a precise fi nding localization 
(skeletal and nonabdominal lymph node as evident in fi gure)           

a 
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b

Fig. 23.6 (continued)
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c

Fig. 23.6 (continued)
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24.1          Study Technique and Interpretation 

 Thyroid scintigraphy in evaluation of congenital hypothy-
roidism is acquired with gamma camera rotated in posterior 
view and the newborn in prone position with the neck 
extended. Administered activity of radiotracer is very low 
(adjusted to the patient’s weight, according to EANM dosage 
card and to the national regulations). Thyroid uptake mea-

surements are performed at 2, 10, and 15 min after an intra-
venous injection of  99m Tc-pertechnetate. Lateral image has to 
be performed when an ectopic sublingual thyroid uptake is 
detected. Thyroid uptake is determined using a dedicated 
software by calculating syringe counts (before and after 
radiopharmaceutical injection) and counts present in the thy-
roid (drawing regions of interest around the gland borders 
and just below the gland for background subtraction). 
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24.1.1     Teaching Cases 

    Case 24.1 Differential Diagnosis of Congenital 
Hypothyroidism: Scintigraphic Thyroid Uptake 
Pattern (Fig.  24.1 ) 

a b c

  Fig. 24.1    In these fi gures three thyroid scans showing normal bilobed 
gland in proper side with moderately low ( a ), normal ( b ), and high ( c ) 
tracer uptake are displayed, respectively. Qualitative and quantitative 

analyses reveal different levels of organ/background activity ratio. Using 
the dedicated method of calculation, thyroid uptake can be evaluated 
comparing to normal range value (i.e., Sue Clark’s normal value: 0.4–4 %)       
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        Case 24.2 Scintigraphic Detection of Unilateral 
Thyroid Agenesis (Fig.  24.2 ) 

a b

  Fig. 24.2    ( a ) Thyroid scintigraphy with 99mTc-pertechnetate reveals 
nonvisualization of right lobe (suggesting the absence of right thyroid 
lobe). Left lobe shows homogeneous tracer uptake; a slightly enlarged 
shape of the left lobe and isthmus is evident (known as characteristic 

“hockey stick sign” pattern). ( b ) Thyroid hemiagenesis is a rare form of 
thyroid dysgenesis; ultrasonography scan confi rms functional fi nding 
detected by scintigraphy       
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        Case 24.3 Diagnosis of Thyroid Dysgenesis 
by Scintigraphy with 99mTc- Pertechnetate: 
Ectopic Pattern (Fig.  24.3 ) 

a b c

  Fig. 24.3    In these fi gures are displayed three thyroid scans showing ectopic sublingual thyroid pattern with different tracer uptake intensity: low 
( a ), quite normal ( b ), and high uptake ( c ), respectively. Anterior and lateral views are necessary for a clear evaluation of uptake localization       
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        Case 24.4 Diagnosis of Thyroid Dysgenesis 
by Scintigraphy with 99mTc- Pertechnetate: 
Agenesis Pattern (Fig.  24.4 ) 

a b

  Fig. 24.4    ( a ) In thyroid dysgenesis, absence of thyroid is easily 
detected by thyroid scintigraphy. No tracer uptake is evident in the neck 
or in ectopic side. ( b ) Lateral image confi rms this fi nding, ruling out the 
presence of small ectopic sublingual uptake. It is important to perform 

a technically correct lateral view, avoiding that salivary gland activity 
(seen as slight tracer activity evident in Fig.  24.2b ) could be misinter-
preted as thyroid uptake in the upper neck region       
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25.1          Study Technique and Interpretation: 
Parathyroid Scintigraphy 

 Parathyroid scintigraphy is useful to localize hyperfunction-
ing parathyroid gland(s) in the presurgical diagnostic workup 
and to detect recurrent or persistent disease, both in case of 
primary and secondary hyperparathyroidism. 

 Specifi c tracer with selective parathyroid tissue uptake 
does not exist, and various parathyroid scintigraphy proto-
cols (using single or dual-tracer) have been developed. 

 99mTc sestamibi is the most commonly used radiotracer 
for imaging the parathyroid glands and represents the agent 
of choice for dual-phase parathyroid scintigraphy. The 
administered activity of radiotracer is adjusted to the patient’s 
weight, according to EANM dosage card and to the national 
regulations. This protocol is based on the different uptake 
and washout timing of this tracer in the hyperfunctioning 
parathyroid gland(s) rather than in thyroid and normal para-
thyroid tissues. No particular patient preparation is necessary 
for this examination, but calcimimetics should be interrupted 
for at least 2 weeks before the parathyroid imaging. 

 99mTc sestamibi is taken up by both the thyroid and para-
thyroid glands, and planar images obtained in early phase 
(full anterior views of the neck and thorax and magnifi ed 
view of the neck acquired with the patient in the supine posi-
tion at 10 min after intravenous administration) show both 
thyroid and parathyroid tissues. Focal areas of increased 
radiotracer uptake represent abnormal parathyroid tissue 
superimposed on the normal thyroid. Delayed planar image, 

performed approximately 2 h after radiotracer administra-
tion, detects the presence of foci of retained radiotracer, 
characteristic of hyperfunctioning parathyroid tissue. 

 However, concomitant thyroid disease can lead to imag-
ing pitfalls, and a thyroid scan by 99mTc-pertechnetate 
administration (shortly after delayed planar image with 
gamma camera setting identical to MIBI neck scintigraphy) 
is useful to rule out the presence of thyroid nodules and to 
aid in the interpretation of parathyroid images. 

 By subtraction (visual or computed) techniques, a second 
radiotracer is administered and taken up only by the thyroid 
gland; the MIBI scan is considered positive for hyperfunction-
ing parathyroid gland when there is a focal area of increased 
uptake in the early MIBI phase, showing a relative increase 
over time and not detectable in thyroid scintigraphy. 

 For patient preparation in case of 99mTc-pertechnetate 
administration, previous radiological studies with iodine- 
containing contrast media should be avoided during 4–6 
weeks, hormone replacement should be withheld for 2–3 
weeks before the investigation, and treatment with methima-
zole or propylthiouracil should be stopped for 1 week. 

 Planar scintigraphic images can be obtained over 15 min 
with a parallel-hole, low-energy, high-resolution collimator, or 
using a pinhole collimator. SPECT of the neck can help to dif-
ferentiate parathyroid activity (located in posterior position) 
from the overlying thyroid in early MIBI phase, showing an 
increase in the sensitivity of scintigraphic parathyroid 
imaging.  

25.2     Teaching Cases 

25.2.1     Case 25.1 “Negative Pattern 
of Parathyroid Scintigraphy in Clinical 
Suspicion of Primary 
Hyperparathyroidism” 

 A 9-year-old boy with familiar history of parathyroid ade-
noma, incidental fi nding of mild hypercalcemia, and elevated 
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serum concentrations of intact PTH. Renal and thyroid ultra-
sound scans were negative for pathological fi ndings, and 
laboratory investigations showed a normal renal function 
(Fig.  25.1 ).  

25.2.2     Case 25.2 “Negative Pattern 
of Parathyroid Scintigraphy in Clinical 
Suspicion of Secondary 
Hyperparathyroidism” 

 Accentuated hyperparathyroidism in a 12-year-old boy 
affected by type II Bartter syndrome (hypokalemia, meta-
bolic alkalosis, hypercalciuria, and nephrocalcinosis caused 
by homozygous mutation in  c.277 T > G KCNJ1  gene). After 
3 years of persistent detection of increased level of serum 
concentrations of intact PTH, a parathyroid scintigraphy was 
required in the clinical suspicion of secondary hyperparathy-
roidism (Fig.  25.2 ).  

25.2.3     Case 25.3 “Parathyroid Adenoma 
Detected by Parathyroid Scintigraphy” 

 A 14-year-old boy with renal colic episode and conse-
quent fi nding of hypercalcemia and increased serum PTH 
level (11.7 mg/dl and 240 pg/ml, respectively). 
Ultrasonography of the neck revealed a homogeneously 
hypoechoic, oval, and vascularized image corresponding 
to postero-inferior region of left thyroid lobe. Parathyroid 
scintigraphy was required for a preoperative integrated 
approach that combines both the anatomical information 
of sonography and the physiological information of scin-
tigraphy. Minimally invasive surgery was successfully 
performed, and solitary adenomas were histologically 
confi rmed (Fig.  25.3 ).  

25.2.4     Case 25.4 “Parathyroid Adenoma 
with a Markedly Increased 99mTc 
Sestamibi Uptake Detected 
by Parathyroid Scintigraphy” 

 A 13-year-old girl affected by cardiomyopathy was surgi-
cally corrected by Fontan procedure. At 12 years of life, dur-
ing follow-up biochemical examination, hypercalcemia and 
hyperphosphatemia were detected associated with increased 
PTH (454 pg/ml) and reduced vitamin D level (14.7 ng/ml). 
An ultrasonography of cervical region was performed show-
ing a hypoechoic and vascularized image corresponding to 
right thyroid lobe compatible with hyperplastic parathyroid. 
Parathyroid scintigraphy showed intense uptake and slow 
washout of radiotracer in the middle third of the right thyroid 

lobe. Therefore, it carried out targeted parathyroid surgery 
with histological diagnosis of parathyroid adenoma 
(Fig.   25.4 ).  

25.2.5     Case 25.5 “Parathyroid Hyperplasia 
Secondary to Hypophosphatemic 
Rickets” 

 Patient with diagnosis of rickets not due to vitamin D defi -
ciency at 1 year of age. Finding of progressive increase in 
PTH levels was detected at last clinical controls. An ultraso-
nography of cervical region was performed with the evidence 
of parathyroid in the right lower thyroid lobe (1.5 cm in 
diameter). Parathyroid scintigraphy was required to com-
plete diagnostic preoperative workup confi rming hyperfunc-
tioning parathyroid gland sonographically detected and 
revealing another suspicious fi nding below left lower thyroid 
lobe. Hyperplastic parathyroid glands were surgically 
removed, and postoperative follow-up was uneventful with 
PTH and calcium level normalization (Fig.  25.5 ).  

25.2.6     Case 25.6 “Severe Secondary 
Hyperparathyroidism in Patient 
with Transplanted Kidney” 

 A 17-year-old boy with transplanted kidney (for chronic 
renal failure in relation to nephrotic syndrome secondary to 
focal and segmental glomerulosclerosis). In the period after 
transplantation, recurrence of nephrotic syndrome occurred 
with markedly increased calcium and PTH levels. Ultrasound 
scan and parathyroid scintigraphy detected multiple hyper-
functioning parathyroid glands (Fig.  25.6 ).  

25.2.7     Case 25.7 “Tertiary 
Hyperparathyroidism in Dialysis 
Patients” 

 A 12-year-old boy with chronic renal failure in dialysis 
therapy. Parathyroid scintigraphy was performed after 
detection of severe increased PTH level, showing a hyper-
functioning lesion of primary hyperplasia of parathyroid 
gland in the middle third of the right thyroid lobe. The child 
was treated with medical therapy with partial decrease of 
PTH level. A parathyroid scintigraphy revealed a persis-
tence of hyperfunctioning parathyroid gland, with mildly 
reduced tracer concentration in the parathyroid lesion com-
pared with the previous study. This result is suggestive of 
tertiary hyperparathyroidism pattern, and surgical parathy-
roid removal was performed with clinical improvement 
(Fig.  25.7 ).
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a b c

d

  Fig. 25.1    ( a – d ) Parathyroid scintigraphy. ( a ) Planar image in early phase 
shows normal uptake of 99mTc sestamibi in the thyroid, submandibular 
glands, and heart. No abnormal uptake in the thoracic region is evident. 
The image acquired 2 h after intravenous administration ( b ) shows nor-
mal clearance of sestamibi from the thyroid without focus of radiotracer 

retention to suggest parathyroid disease. Thyroid scan ( c ), acquired after 
99mTc-pertechnetate administration, does not reveal focal uptake or 
other abnormal fi ndings. Progressive incremental subtraction scanning 
( d ) performed by dedicated software confi rmed absence of focal MIBI 
uptake suspicious for hyperfunctioning parathyroid gland(s)       

a b

c d
  Fig. 25.2    ( a – d ) Parathyroid 
scintigraphy. ( a ) In early phase, 
99mTc-MIBI uptake is 
homogeneous within the thyroid 
gland that shows normal size and 
shape. Brown fat uptake is 
evident as physiological fi nding 
in pediatric patient. No abnormal 
uptake in the thoracic region is 
evident ( b ). Delayed image ( c ) 
shows regular washout of the 
tracer from the thyroid. Thyroid 
scan ( d ), acquired after 99mTc- 
pertechnetate administration, 
does not reveal focal uptake or 
other abnormal fi ndings. 
Negative scintigraphic result 
rules out parathyroid hyperplasia       
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a b e

c d

  Fig. 25.3    ( a – e ) Parathyroid scintigraphy. ( a ) Early-phase 99mTc ses-
tamibi image shows physiological uptake in salivary glands and thyroid 
gland, with focus of more intense uptake overlying inferior pole of left 
thyroid lobe. No other foci of abnormal uptake are evident in the tho-
racic region ( b ). Two-hour delayed image ( c ) shows regular washout of 

the tracer from thyroid parenchyma, but radiotracer retention in the area 
of focal uptake detected in the early image and not detectable in thyroid 
scintigraphy ( d ). Computed subtraction scanning performed by dedi-
cated software ( e ) confi rmed the presence of focal MIBI uptake suspi-
cious for hyperfunctioning parathyroid gland       
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a

c d

b

  Fig. 25.4    ( a – d ) Parathyroid scintigraphy. ( a ) Early-phase 99mTc ses-
tamibi image shows a large area of markedly intense and focal uptake 
in the middle third of the right thyroid lobe. Tracer uptake in the thyroid 
gland is reduced in relation to higher uptake in focal lesion. No other 
foci of abnormal uptake are evident in the thoracic region. Two-hour 
delayed image ( b ) shows regular washout of the tracer from thyroid 

parenchyma, but an intense radiotracer retention in the area of focal 
uptake is detected in the early image. No abnormal area of focal uptake 
is detectable in thyroid scintigraphy ( c ). Computed subtraction scan-
ning performed by dedicated software ( d ) clearly confi rmed the pres-
ence of focal MIBI uptake suspicious for hyperfunctioning parathyroid 
gland       
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a b e

c d

  Fig. 25.5    ( a – e ) Parathyroid scintigraphy. ( a ) In early imaging, an area 
of increased MIBI uptake is evident in right lower thyroid lobe, corre-
sponding to sonographic fi nding, and no extinction of the uptake in 
delayed imaging ( c ). However, another small area of mild uptake is 
detectable below left lower thyroid lobe in early phase with slow wash-
out in delayed image ( c ). No abnormal uptake in the thoracic region is 

evident ( b ). By visual and computed subtraction comparison with thy-
roid images ( d ,  e ), the two areas with relative increased uptake over 
time are not detectable in thyroid scintigraphy and are confi rmed as 
abnormal fi ndings. By integration of dual-phase and subtraction proto-
cols, parathyroid scintigraphy confi rms ultrasonographic fi nding 
revealing furthermore another hyperplastic parathyroid gland       
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a c

b d

  Fig. 25.6    ( a – d ) Early-phase 
99mTc sestamibi image shows 
foci of more intense uptake 
overlying superior pole of right 
thyroid lobe and below bilateral 
inferior thyroid poles ( a ) and 
slow clearance over time ( b ). 
These focal areas are not 
detectable on thyroid scan ( c ) and 
confi rmed as abnormal fi ndings 
by progressive incremental 
subtraction scanning ( d )       
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a

b

  Fig. 25.7    ( a – b ) In the upper row 
( a ) is evident a focal area of 
increased uptake in the early 
MIBI phase showing a relative 
increase over time and not 
detectable in thyroid 
scintigraphy, as for 
hyperfunctioning parathyroid. In 
the lower row ( b ), parathyroid 
scintigraphy revealed persistence 
of hyperfunctioning parathyroid 
gland, with mildly reduced tracer 
concentration compared with 
previous study       
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      This chapter is a focus on benign skeletal disease. We present 
a series of children and adolescents affected by rare or 
unusual conditions, showing characteristic bone scintigra-
phy patterns. 

 Each case is well documented by several radiological 
fi ndings, which clarify the site or the morphological aspect 
of the scintigraphic framework. 

26.1     Case 26.1 

 A 6-year-old girl with McCune Albright syndrome (Fig.  26.1 )  

26.2     Case 26.2 

 A 2-year-old child with McCune Albright syndrome (Fig.  26.2 )  

26.3     Case 26.3 

 A 2-year-old child with Gorham-Stout syndrome (Fig.  26.3 )  

26.4     Case 26.4 

 A 9-year-old girl with drepanocytosis (Fig.  26.4 )  

26.5     Case 26.5 

 A 10-year-old girl with Ollier disease (Fig.  26.5 )  

26.6     Case 26.6 

 An 8-year-old boy with Ollier disease (Fig.  26.6 )  

26.7     Case 26.7 

 A 12-year-old boy with fi brous dysplasia of the skull 
(Fig.  26.7 )  

26.8     Case 26.8 

 An 11-month-old infant with fi brous dysplasia of the tibia 
(Fig.  26.8 )  

26.9     Case 26.9 

 A 14-year-old boy with multiple sites of fi brous dysplasia 
(Fig.  26.9 )  

26.10     Case 26.10 

 A 2-year-old child with incidental fi nding of spiroid fracture 
of the left tibia (Fig.  26.10 )  

26.11     Case 26.11 

 A 6-year-old child with Perthes disease, stage I (Fig.  26.11 )  
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26.12     Case 26.12 

 A 5-year-old child with Perthes disease, stage IIA (Fig.  26.12 )  

26.13     Case 26.13 

 A 4-year-old child with Perthes disease, stage III (Fig.  26.13 )  

26.14     Case 26.14 

 Two children compared affected by osteoid osteoma of the 
left humerus (Fig.  26.14 )  

26.15     Case 26.15 

 A 9-year-old boy with referred pain in the right hip: osteoid 
osteoma of the neck of right femur (Fig.  26.15 )  

26.16     Case 26.16 

 A 10-year-old girl with referred pain in the left hip: bone 
scintigraphy detected osteoid osteoma in the spine 
(Fig.  26.16 )  

26.17     Case 26.17 

 A 16-year-old girl with referred pain in the left hip: bone 
scintigraphy detected intramedullary osteoid osteoma in left 
acetabulum (Fig.  26.17 )  

26.18     Case 26.18 

 A 3-year-old child with limping and pain generically referred 
in the whole left lower limb: bone scintigraphy detected 
intramedullary osteoid osteoma in left tibia (Fig.  26.18 )
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  Fig. 26.1    ( a ) Bone scan shows multiple areas of intense uptake in the 
skull, bilateral humeral shafts, and proximal radii. ( b – c ) The right 
humerus plain fi lm shows an oblique diaphyseal pathological fracture: 

the medullary channel is enlarged and the cortical is thinned with 
reduced bone density ( b ); lateral skull radiograph ( c ): enlargement of 
the occipital diploe with inhomogeneous reduced bone density         

a

b c
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  Fig. 26.2    ( a ) Bone scan shows multiple areas of intense uptake in the 
skull, facial bones, left humerus, proximal radii, pelvis, femurs, tibiae. 
( b – e ): CT (b) shows a widening of both shoulder blades with diffuse 
moth eating of cancellous bone ( red arrows ). Axial cranial CT ( c ) wid-
ening of the bones of the skull base, of the mandible, and maxilla with 
a “ground glass” density. Cranial CT ( d ) in coronal and sagittal ( e ) 
plane: thickening of the frontal bones, of the lower part of the occiput, 
of the bones of the skull base, of the mandible, and maxilla with ground 

glass density. Normal appearance of the bones of the vault. ( f – h ) X-rays 
of the upper limbs (f): osteoporosis, fl aring of the bone marrow channel 
and thinning of corticals. X-ray of the lower limbs ( g ): osteoporosis, 
fl aring of the bone marrow channel and thinning of corticals. Plain fi lm 
of the pelvis ( h ) shows left coxa vara with multiple radiolucent areas 
( white arrows ). In the internal part of the right femoral neck, radiolu-
cent areas are seen with associated vertical rhyme of pathological frac-
ture of the femoral neck without displacement ( black arrow )           

a
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Fig. 26.2 (continued)
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Fig. 26.3 (continued)

  Fig. 26.3    ( a - b ) Three-phase bone scan shows normal blood-pool images 
( a ) and diffuse reduced radiotracer uptake into the right skull and of the 
right skull base ( b ). ( c – e ) Axial and coronal CT ( c ) show right extensive 
osteolysis of the temporal bone, of the zygomatic arch, of the ramus, and 

condyloid process of the mandible; three-dimensional CT ( d ) in frontal 
view confi rms the above fi ndings with marked facial asymmetry; ( e ) The 
three-dimensional CT in the  right  side view shows the above alterations 
in comparison with the normal appearance of the  left  side           
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  Fig. 26.4    ( a – c ) Bone scan (WBS and SPECT fused images) shows 
multiple areas of linear intense uptake in the dorsal (T6–T9–T10–T11) 
and in the lumbar spine (L1–L2–L3). ( d – e ) Frontal and lateral plain 
fi lm ( d ) of the thoracic and lumbar spine shows rarefaction of cancel-
lous bone design with “spider web” appearance and multiple vertebral 
collapses ( black arrows ). Sagittal T2-weighted MRI of the spine ( e ) 

confi rms multiple somatic collapses ( black arrows ), some with 
increased signal due to edema of the bone marrow ( white arrows ). The 
intervertebral disks have a regular signal, and they are slightly expanded 
near somatic major collapses seats ( white oval ). The posterior somatic 
walls are intact, and spinal cord is normal         

a 
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Fig. 26.4 (continued)
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  Fig. 26.5    ( a – c ) Three-phase bone scan shows normal blood-pool 
images ( a ) and mild uptake into the right humerus, proximal right 
femur, distal radius, and distal ulnae bilaterally, into metacarpal bones 
bilaterally, several foci of uptake in the phalanges of both hands ( b – c ) 
corresponding to the radiological fi ndings. ( d – e ) Plain radiography: the 

humeral shaft is slightly fl ared with thinned cortical and small radiolu-
cent areas ( d ,  white oval ). Flaring, increased radiolucency with cortical 
bulging, and thinning at the level of the metacarpals and proximal pha-
langes of the second and third fi ngers and middle phalanges of the third 
and fourth fi ngers ( e ,  white arrows )           

a
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  Fig. 26.6    ( a ) Bone scan shows short left lower limb, which appears 
deformed and with multiple areolas of increased uptake inside, in a con-
text of widespread maldistribution, extensively in the femur and tibia. 
Mild and widespread increase in the left iliac bone, with maldistribution 
and poor defi nition of the iliac crest, is also noted. ( b – e ) AP telemetry 
with grid of the lower limbs ( b ): shortening of the left lower limb. 
Radiographs of the femur and tibia ( c ): marked femoral diaphyseal and 

metaphyseal fl aring with large areas of osteolysis and multiple small 
calcifi cations. Coronal MRI T2 * ( d ): metaphyseal fl aring with hyper-
signal in the context of which are present multiple hypointense nodules 
due to calcifi cations in chondroid tissue. MRI axial T2 fat/sat of pelvis 
( e ): fl aring and hypersignal of left ileum due to chondroid tissue with 
microcalcifi cations in the context         
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Fig. 26.6 (continued)
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  Fig. 26.7    ( a – e ) Three-phase bone scan shows: Phase I (a): moderate 
increase of fl ow in the posterior parietal region and in the temporal 
region. Phase II (early phase) (b): intense radiotracer uptake in the same 
regions. Phase III (delayed phase) ( c – e ): large intense uptake in the 
parietal bone and in the ipsilateral temporal bone extending to the upper 

and lateral orbital wall. ( f ) Axial and coronal CT scan of the skull with 
“bone window”: enlargement and reduced density of diploe of left pari-
etal and frontal bones which reaches the left orbital roof with “ground 
glass” aspect           

a
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  Fig. 26.8    ( a – c ) Three-phase bone scan shows: fi rst phase (blood fl ow): 
normal distribution of the fl ow ( a ); second phase (blood-pool): moder-
ate increase of the blood volume in the left tibia, middle third ( b ); third 
phase (skeletal accumulation): focal uptake of the radiotracer in the 
middle third of the left tibia ( c ), corresponding to the swelling clinically 
evaluable and described in the MRI study. ( d – e ) Frontal and lateral 
X-ray of the right leg at the diagnosis ( d ): tibial osteolysis with cortical 
bulging and thinning and slight procurvatum. Frontal and lateral X-ray 

of the right leg at 5 years of age ( e ): the osteolysis is polycyclic and 
much more extensive, with the cortical more swollen and thinned; 
worsened procurvatum. ( f – g ) Sagittal MRI of the tibia T1, T2 fat/sat, 
and T2-weighted at the diagnosis ( f ): oval area of low signal on T1 and 
increased in T2, with the cortical swollen and thin. Axial MRI T2 fat/
sat shows widening and hypersignal of the medullary canal with thin-
ning of cortical bone ( g )           

a b c
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  Fig. 26.9    ( a – b ) Bone scan shows: increased uptake in the proximal 
left femur, into ischiatic bone (posterior column of the left acetabulum), 
in the ipsilateral iliac wing. Mild uptake is also evident in left ischiopu-
bic branch and in the posterior region of the left heel. ( c ) MRI of the 
pelvis coronal T1, T2, and T2 * fat/sat weighted ( c ): oval area of 
reduced signal in T1 and increased signal in T2 in the left femoral neck 
with sharp margins without perilesional edema ( red arrows ); oval area 
of reduced signal in T1 in the left ischium ( white arrows ). ( d – e ) Coronal 

CT (d) of the left femoral neck shows an oval osteolytic area with net 
nonthickened margins ( black arrows ). Axial CT of the left hip ( e ): oval 
osteolytic area with well-defi ned margins of the left ischium and the 
ischiopubic branch ( red arrows ). The top of the osteolytic lesion of the 
left femoral neck ( yellow arrow ) is also visible. ( f ) Lateral and axial 
X-rays of the calcaneus ( f ): area of reduced bone density with cortical 
bulging and thinning in the lower internal side of the heel bone ( black 
arrows )           
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  Fig. 26.10    ( a ) Bone scan shows: linear increased uptake in the left 
tibia with a typical “spiroid” aspect confi rmed by radiological imaging. 
( b)  Frontal and lateral X-rays of the left leg: prolonged spiroid thin 

fracture line in the distal shaft of the tibia without dislocation ( white 
arrows ). This is the classic “toddler fracture,” typical of the uncertain 
gait of children 2–3 years old who fall with twist mechanism         
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  Fig. 26.11    ( a – d ) Bone scan shows absence of metabolic activity in the 
lateral columns of the right femoral head. Early phase, Perthes disease, 
stage I (J. Conway). ( e – f ) Hip X-ray ( e ) in frontal and “frog-legs“ pro-
jection: the right femoral head shows slight thickness reduction and 
sclerosis compatible with an early form of Legg-Calvé-Perthes disease. 

MRI in coronal and sagittal T1, T2*, and T2 fat/sat ( f ): slightly reduced 
signal of femoral head in T1 and moderately increased in T2 fat/ sat. 
Slight joint effusion on the right: MRI confi rms an early form of Legg- 
Calvé- Perthes disease         
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  Fig. 26.12    ( a – c ) Bone scan shows presence of metabolic activity in 
the lateral columns of the left femoral head ( black arrow  in  c ). A path-
way, stage II (J. Conway), with a good prognosis. X-ray of the pelvis in 
frontal and “frog-legs” projection ( d ): the left femoral head has a 
reduced thickness with sclerosis and subchondral radiolucent fi ssure 

( crescent sign, black arrow ). MRI in coronal T1, T2, and T2* fat/sat ( e ): 
reduced thickness of left femoral head with a reduced signal in T1 and 
heterogeneously increased signal in T2 fat/sat. Cephalic cartilagine is 
slightly thickened; joint effusion on the left. Pseudocyst of the femoral 
neck ( red arrow )         
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  Fig. 26.13    ( a – d ) Bone scan shows presence of metabolic activity in 
the lateral columns of the left femoral head ( red arrows  in fi gure  d ), 
strongly evident. A pathway, III Stage (J. Conway), with a good 
 prognosis. ( e – f ) Hip X-ray in the frontal and lateral view ( e ): reduced 
thickness of left femoral head which is fl ared and fragmented. MRI in 

coronal T1, T2, T2* d T1 fat/sat after contrast medium ( f ): reduced 
signal in T1 and heterogeneously increased in T2 fat/sat of the left fem-
oral head. Cephalic cartilage is thickened; minimal joint effusion on the 
left. After contrast reduced signal in the central part of the left avascular 
femoral head ( black arrow )         
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  Fig. 26.14    ( a - b - c – a’-b’ - c’ ) Bone scan clearly shows presence of focal 
increased uptake in the diaphyseal of left humerus ( c ) in the image on the 
left. A very small area of focal increased uptake is evident in the head of 
the left humerus ( c’ ) closely to metaphysis, in the image on the  right . 

( d – e ) TC cortical lesion with calcifi ed nidus ( yellow arrow ) and sclerotic 
reaction of the periosteum ( d ); RF thermal ablation ( e ). ( d’ – e’ ) Axial CT 
nodule subperiosteal calcifi ed nidus ( white arrow ) with nuanced scle-
rotic reaction peripheral ( d’ ) sagittal CT reconstruction ( e’ )           
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  Fig. 26.15    ( a – d ) Bone scan reveals presence of a small area of focal 
increased uptake in the right femoral neck ( c ), well-defi ned by pinhole 
acquisition ( d ). A diffuse mild uptake is also evident in the intertro-
chanteric region of right femur. ( e – h ) Osteoid osteoma right femur. 

MRI T2 STIR ( e – f ): hypointense lesion ( white arrow ) with hyperin-
tense edema of the contiguous spongy bone. Axial CT ( g ): periosteal 
lesion with thin sclerotic rim ( yellow arrow ). RF thermal ablation ( h )         
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  Fig. 26.16    ( a – d ) Bone scan ( a – d ) shows normal radiotracer uptake in 
pelvis and coxofemoral regions; presence of focal increased uptake in a 
vertebra of lumbar spine is evident; eSPECT-MRI fused images local-
ize the focus of uptake in left hemisoma of L2. ( f – i ) Axial and coronal 

CT images ( f – g ) nodular lesion with calcifi ed nidus and minimum con-
tiguous sclerotic reaction ( white arrows ). MRI T2 ( h – i ): hypointense 
lesion with mild edema reaction of the adjacent spongy bone           
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  Fig. 26.17    ( a – d ) Bone scan ( a – d ) shows presence of a focal area of 
increased radiotracer uptake in left acetabulum. ( e – f ) MRI ( e ) and axial 
CT ( f ) images: intramedullary lesion of the left ischial bone with edema 

of spongy bone and of adjacent soft tissues. ( g ): RF thermal ablation 
procedure         
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  Fig. 26.18    ( a – d ) Bone scan ( a – d ) shows presence of a focal area of 
increased radiotracer uptake in left tibia. As in this case, rarely babies 
are able to defi ne the exact site of bone pain. ( e – f ) Axial CT ( e ) images 

intramedullary lesion of the left tibia with thin sclerotic rim; RF thermal 
ablation procedure ( f )         
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26.19                         Other Localization of Osteoid 
Osteoma (Fig.  26.19 ) 

      

a b c

  Fig. 26.19    ( a – c ) Bone scan shows presence of a focal area of increased radiotracer uptake in distal phalanx of fi fth fi nger of right hand ( a ), right 
fi bula ( b ), and right ulna ( c ), respectively       
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27.1          Introduction 

 Perfusion lung scan is usually performed in order to verify the 
presence of anomalies of the blood fl ow in the lungs, as in the 
case of pulmonary thromboembolism, although the gold stan-
dard for this pathology is now computed tomography. In 
patients with pulmonary embolism exist, in fact, at the level 
of the areas affected by the event embolism, blood perfusion 
defi cits which are not associated by changes in ventilation. 

 The perfusion lung scan can also be performed in case of 
breathing disease such as COPD or in pneumonia, as analy-
sis of lung function pre- and post-lobectomy, with or without 
the ventilation study. 

 Furthermore, in children, lung perfusion scan is often 
used during follow-up of congenital disease after or before 
surgery for assessing lung function. 

 Ventilation lung scan studies include measurements of 
ventilation, mucus, and cough clearance. Clearance mea-
surements have been used to assess therapeutic response in 
conditions such as cystic fi brosis.  

27.2     Study Technique and Interpretation: 
Lung Perfusion Scan 

 Lung perfusion scan is a simple study performed by acquisi-
tion planar images. No fasting is required. In children, four 
images in anterior, posterior, left posterior oblique, and right 

posterior oblique are enough. In case of study during post-
surgery follow-up administration both in the upper limb and 
in inferior limb must be considered. The administered activ-
ity of radiotracer (99mTc-MAA) is adjusted to the patient’s 
weight, according to EANM dosage card and to the national 
regulations. 

 In children, we must remember that the dose administered 
is the result of the reduction of activity, like in other proce-
dures, and of the correct dilution of MAA according to the 
child’s weight.  

27.3     Study Technique and Interpretation: 
Lung Ventilation Scan 

 Ventilation lung scan is performed by acquisition planar 
images. No fasting is required. In children, four images in 
anterior, posterior, left posterior oblique, and right posterior 
oblique are enough in case of using 99mTc-DTPA. 

 Ventilation lung scan using 99mTc-colloids for measur-
ing mucociliary clearance is acquired subsequently to a 
radioaerosol, in dynamic modality (60 min study, 60 s per 
frame). 

 Immediately following the radioaerosol inhalation, the 
patients must rinse their mouth by gargling, when the child is 
able. Then, the patient is placed in the supine position, and a 
gamma camera detector is posteriorly positioned for 
 acquiring lung radioactivity.  
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  Fig. 27.1    ( a – c ) Chest X-ray ( a ) and coronal ( b ) and axial ( c ) CT scan 
of the chest show normal fi ndings, the absence of parenchymal or pleu-
ral abnormalities, regular airway. ( d – e ) Lung perfusion scan: normal 

tracer uptake and normal distribution are evident in both lungs showing 
symmetrical function. Lung perfusion scan ruled out pulmonary 
embolism         

a b

c

27.4     Teaching Cases 

27.4.1     Case 27.1: Lung Perfusion Scan – 
Normal Pattern 

 A 10-year-old boy affected by ALS treated by immunosup-
pressant therapy. Radiological investigations were performed 

for dyspnea and fatigue, showing negative results. D-dimer 
level was mildly increased, and lung perfusion scintigraphy 
was requested in suspicion of pulmonary embolism 
(Fig.  27.1 ).
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Fig. 27.1 (continued)
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27.4.2        Case 27.2: Lung Perfusion 
and Ventilation Scan – Normal Pattern 
in Newborn 

 A 9-month-old infant presenting persistent wheezing 
since the fi rst month of life, treated by asthma therapy and 
leukotriene. Negative sweat test on two occasions. At 9 
months of life, a worsening dyspnea and bronchospasm 
episode occurred, and chest X-ray showed atelectatic 

areas with air trapping and bilateral consolidations, espe-
cially in the right hemithorax. 

 A further examination of the chest by CT angiography 
showed tracheal bronchus (upper right of lobar bronchus that 
departs from the right edge of the lower third of the trachea), 
while lung perfusion and ventilation scan revealed a normal 
perfusion and pulmonary ventilation. Respiratory physio-
therapy has been associated to medical therapy, and the child 
no longer had episodes of bronchospasm (Fig.  27.2 ).

  Fig. 27.2    ( a – c ) CT coronal view image of the chest ( a ) shows upper 
right lobar bronchus that departs from the right edge of the lower third 
of the trachea (tracheal bronchus,  black arrow ). Images in the axial 
view ( b ) show streaks of laminar atelectasis in the front segments of the 
right upper lobe and apical right lower lobe and in the basal segments of 
the posterior side of the lower lobes bilaterally ( c ) ( white arrows ). ( d – e ) 

In the fi rst row ( d ) is evident normal tracer uptake and distribution in 
both lungs showing symmetrical function. In newborn, lung perfusion 
scan can be performed by only four views (anterior, posterior, left, and 
right posterior obliques). In the second row ( e ), normal distribution of 
ventilation is evident in both lungs. To perform a good ventilation scan 
in newborn, an adequate mask is necessary eliciting infant crying         

a b
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27.4.3        Case 27.3: Lung Ventilation Scan 
for Measuring Mucociliary Clearance – 
Normal Pattern 

 An 8-year-old girl with frequent respiratory infection. Chest 
X-ray was performed showing diffuse thickening of the 

bronchial walls bilaterally with lung hyperinfl ation in the 
absence of areas of parenchymal consolidation. In suspicion 
of primary ciliary dyskinesia, the child underwent nasal 
brushing which showed a nondiagnostic result. Lung 
 ventilation scan for measuring mucociliary clearance was 
required, revealing a normal pattern (Fig.  27.3 ).

  Fig. 27.3    ( a ). Chest X-ray image in the front projection shows diffuse 
thickening of the bronchial walls bilaterally with lung hyperinfl ation in 
the absence of areas of parenchymal consolidation. ( b ) By visual 
assessment, normal distribution of ventilation is evident in both lungs. 

Regular particle deposition and normal mucociliary clearance from the 
respiratory airways are evident in both lungs. ( c ) A/T curve analysis 
shows a bilaterally rapid decrement of activity, resulting in normal 
quantitative clearance parameters in 60 min         
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27.4.4        Case 27.4 

 A 9-day-old newborn with good general condition at birth 
and cardiorespiratory parameters within normal limits. At 

clinical skill, reduced air penetration at the upper and middle 
fi elds of the right lung. He was submitted to chest X-rays at 
fi rst and then to chest-CT and lung perfusion scan for better 
defi nition of the clinical condition and therapy (Fig.  27.4 ).

a

b

  Fig. 27.4    ( a – b ) Normal left lung perfusion. Hypoperfusion in the entire upper and middle lobe of the right lung due to the hypoventilation and 
regular perfusion of the lower lobe. ( c – f ). Chest X-ray front view ( c ) displays extensive hyperlucency area in right lung, with thinning bronchovas-
cular markings ( black arrow ) and bundling in lung plot in the baseline paracardiac ( asterisk ). Chest CT image in coronal reconstructions MIP ( d ) 
shows right upper lobar bronchus originating from the distal third of the trachea (tracheal bronchus,  white arrow ) with hypodense parenchymal 
lung’s right upper lobe due to air trapping, as also shown in the TC axial ( e ) and coronal ( f ) images ( black arrows )       
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27.4.5        Case 27.5: Lung Embolism in Child 
Affected by LES 

 A 13-year-old girl affected by SLE treated by steroid ther-
apy. She had more hospitalizations for pain in the anterior 
chest region during which echocardiographic controls 
resulted normal. After several months, she showed left lower 

limb thrombophlebitis associated with dyspnea. During hos-
pitalization, in suspicion of lung thromboembolism, a chest 
CT and a lung perfusion scan were performed. He was hos-
pitalized once again in spite of crisis characterized by “air 
hunger,” which was interpreted as panic attack (chest CT and 
lung scan performed during hospitalization were normal) 
(Fig.  27.5 ).

  Fig. 27.5    ( a – b ) Lung perfusion scan in the course of embolism showed 
multiple segmental perfusion defi cits in the right lung which showed 
associated reduced uptake (quantitative perfusion parameters: 60.33 % 
left lung and 39.67 % right lung). Axial CT image ( c ) shows mild het-
erogeneity of parenchymal density with relative hyperdensity of the 
apical segment of the right lower lobe and striations dense front subp-
pleuriche left fi bro-disventilative ( black arrow ). Axial CT image ( d ) of 

distant examination performed 2 years later shows substantial stability 
of the fi nds with increasingly evident parenchymal inhomogeneous 
density and areas of low attenuation lobular air trapping. ( e – f)  Lung 
perfusion scan showed increased perfusion in the right lung with better 
distribution of the radiopharmaceutical uptake (quantitative perfusion 
parameters: 55.70 % left lung and 44.30 % right lung)           
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27.4.6        Case 27.6: A Case of Acute Respiratory 
Distress at Birth 

 A 4-month-old baby who presented at birth cyanosis and car-
diorespiratory depression. She needed resuscitation in the 
delivery room. The diagnosis was hyaline membrane dis-
ease, tracheomalacia, and suspected ciliary dyskinesia. At 2 
months of life, she was intubated for 45 days. O 2  therapy has 
been required. 

 The child reached our hospital for a sudden worsening 
of respiratory symptoms, and she was admitted into the 
intensive care unit. The patient was placed on mechanical 
ventilation. During mechanical ventilation, sudden wors-
ening of the general conditions with dyspnea and cyanosis 
crisis occurred. She was submitted to chest CT and lung 
perfusion scan for clarifying the pulmonary framework 
(Fig.  27.6 ).

a

b

c d

  Fig. 27.6    ( a – b ) Lung perfusion scan shows multiple areas of reduced 
or absent perfusion signal in both lungs, extending from the apical 
zones to the pulmonary bases; only few defects had segmental shape. 
The quantitative evaluation of pulmonary perfusion is symmetrical as 
follows: Left lung = 44.9 %; Right lung Dx = 55.1 %. This scintigraphic 
framework suggested widespread disease of lung parenchyma as often 

observed in patients with bronchodysplasia. ( c – d ) Axial CT images of 
the thorax ( c ) show widespread disease of lung parenchyma with hypo-
diafania due to hyperinfl ation of the middle lobe (white asterisk), partial 
atelectasis of left upper lobe ( black asterisk ), and of right upper lobe 
with mediastinal shift to the left, and evidence of striae, consolidations, 
and parenchymal distortion ( d )       
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27.4.7        Case 27.7: A Child with Recurrent 
Bronchitis 

 A 4-year-old child comes to our hospital for further investiga-
tions in spite of many episodes of recurrent bronchitis and evi-
dence of bronchiectasis and suspicion of panlobular unilateral 

emphysema to a previous radiological examination. The sweat 
test resulted negative, and screening for hepatitis and HIV 
were negative. Mantoux test resulted negative. In clinical his-
tory, her parents reported many episodes of foreign bodies 
inhalation and a case in which it was necessary removing for-
eign body with bronchoscope (Fig.  27.7 ).

  Fig. 27.7    ( a – b ) Lung perfusion scan shows no abnormalities in the 
right lung. In the left lung, parenchymal uptake is widely reduced, and 
no segmental defects are documented. The rate of uptake, calculated 
based on the geometric mean, is asymmetric and equal to 24.5 % for the 
left lung and to 75.5 % for the right lung. ( c – e ) Axial CT image in supine 

( c ) shows cylindrical bronchiectasis basal pyramid of the lower left lobe 
( white arrow ) with diffuse hypodense parenchyma adjacent to the left as 
for air trapping, as demonstrated in acquisitions in the left decubitus ( d ) 
and right ( e ), where the portion sloping seat air trapping ( left side ,  white 
asterisk ) does not change the density and remains markedly hypodense         

a
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27.4.8        Case 27.8: A Child with Lobar 
Emphysema 

 A 2-year-old child arrived to our hospital with allergic rhinitis 
treated with antipyretics. The day before admission, because 

of coughing, aerosol was administered. In the next days, he 
became pale and lost appetite. At clinical skill, he had chest 
gasps with medium bubbles in the bases of both lungs and 
hyperemic pharynx. He underwent chest X-ray and lung per-
fusion scan in the suspicion of lobar emphysema (Fig.  27.8 ).

  Fig. 27.8    ( a ) Chest X-rays in the front projection documents extended 
hyperlucency in the upper left lobe, with herniation trans-mediastinum 
in the contralateral left lung, due to hyperinfl ation (lobar emphysema, 
 black arrows ). ( b–c)  Lung perfusion scan shows defi cit of the perfusion 

in the upper lobe of the left lung, confi rming lobar emphysema. Normal 
perfusion of the right lung. Rate of uptake: 34 % for the left lung and 
66 % for the right lung       

a

b
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27.4.9        Case 27.9: A Child with Diaphragmatic 
Hernia 

 A 1-month-old infant reached our hospital with a previous 
diagnosis of lung hypoplasia and a rib malformation associ-
ated. He was in good clinical condition (Fig.  27.9 ).

  Fig. 27.9    ( a – b ) Chest X-ray in AP and LL projections shows volu-
metrical asymmetry of the lungs with lifting the right hemidiaphragm 
and ipsilateral lung hypoplasia. ( c – d ) Perfusion lung scan: left lung is 
normal; right lung is small, but shows normal uptake and intraparen-

chymal distribution of the radiocompound as in the scintigraphic frame-
work of hypoplasia. The rate of uptake is asymmetric and equal to 35 % 
for the left lung and 65 % for the right lung, confi rming the visual data         

a b
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27.4.10        Case 27.10: A Case of Congenital Left 
Diaphragmatic Hernia Associated 
with PNX 

 A 2-month-old infant operated at birth for congenital left 
diaphragmatic hernia. In the immediate postoperative phase, 
evidence of left PNX that was drained by a pleurotomic 

probe. The infant was then submitted to additional surgery 
for local recurrence, gastropleuric fi stula, and bronchial 
fi stula. 

 The general conditions of the infant have gradually 
improved, but occasional episodes of vomiting occurred. 
New diagnostic examinations were performed to assess the 
chest conditions (Fig.  27.10 ).

  Fig. 27.10    ( a ,  b ) Lung perfusion scan shows severe hypoperfusion of 
left lung which appears signifi cantly reduced in size. Right lung is nor-
mal. The rate of uptake is asymmetrical (Left lung : 8 %, right lung: 
92 %). Coronal and axial view CT images show extended consolidation 

of the lung parenchyma in upper and lower left lobes with excavation 
areas in the context ( black arrows ) as for cavitary necrosis ( c ) and of 
hypodensity areas for colliquative necrosis phenomena 
( d ,  e ,  black asterisks ).         
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27.4.11        Cases 27.11 and 27.12: Pulmonary 
Deformations Secondary to Skeletal 
Abnormalities (Figs.  27.11 and 27.12 ) 

    

  Figs. 27.11 and 27.12    ( a ) Front projection chest X-ray shows severe 
left-convex scoliosis of the thoracic spine associated with left lung 
hypoplasia. ( b ) Chest X-ray shows severe chest deformity with narrow-
ing of the pulmonary space. ( c – f ) Lung perfusion scans show normal 

perfusion of both lungs but irregular pulmonary shape due to the skel-
etal abnormalities. In these cases, lung perfusion scan rules out func-
tional lung impairment despite the severity of radiological framework         

a b 
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Figs. 27.11 and 27.12 (continued)
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27.4.12     Case 27.13: A Child with Acute 
Dyspnea due to Angiomatosis 

 A 4-month-old infant. Several episodes of acute dyspnea, 
some of them with apnea and cyanosis. At clinical skill, 
reduced air penetration into left hemithorax and prolonged 
expiration (Fig.  27.13 ).

  Fig. 27.13    ( a - b ) Lung perfusion scan shows small right lung with 
hypoperfusion in the upper lobe. Normal perfusion signal in left lung. 
Rate of uptake of perfusion: left lung = 46 %; right lung =54 %. ( c – e ) 
Chest X-ray image ( c ) shows extended right hilar and ipsilateral upper 

lobar hypodiafania ( arrow ). Axial CT images ( d, e ) show areas of 
parenchymal consolidation and increased density (“ground glass”) in 
the right lung with evidence of right hilar dense tissue that partially 
obliterates the lumen of the bronchus ( e ,  asterisk )         
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27.4.13        Case 27.14: A Girl with Cystic Fibrosis 

 A 16-year-old girl affected by cystic fi brosis with full expres-
sion of disease. Positive newborn screening test. Sweat test 

positive at birth: Cl 114 mmol/L. Chronic lung colonization 
by  Pseudomonas aeruginosa  and  Staphylococcus aureus . 
Lung perfusion and ventilation scan were required in the 
diagnostic workup for lung transplantation (Fig.  27.14 ).

a

b

  Fig. 27.14    ( a – d ). Lung perfusion and ventilation scan show multiple 
abnormalities of perfusion in both lungs. These altered perfusion areas 
correspond to which that are hypoventilated. In this case, the hypoper-
fusion is due to reduced ventilation. ( e – g ) Axial ( e ,  f ) and coronal ( g ) 
view CT images show bronchiectasis in the right upper lobe ( e ,  red 

arrows ), associated with CAP endobronchial infl ammation and mucus 
of the distal airway ( white arrows ), and bronchiectasis at the basal pyra-
mid of the left lower lobe ( f ,  red arrow ), associated with bronchial wall 
thickening in patients with cystic fi brosis           
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27.4.14        Case 27.15: Vascular and Pulmonary 
Malformation 

 A 14-year-old girl affected by ingravescent chronic respira-
tory failure treated by O 2  therapy (Fig.  27.15 ).

  Fig. 27.15    ( a – b ) Lung perfusion scan shows multiple abnormalities 
of perfusion in both lungs, corresponding to multiple areas of subver-
sion of the structure evident in the CT study. Left lung is slightly smaller 
than the contralateral. ( c – e ) Chest X-ray ( c ) and coronal ( d ) and axial 

( e ) CT images show increased lung volumes, with extended area of 
hypodense parenchyma and paucity of the interstitial and vascular pat-
tern secondary to hyperexpansion; such alterations are due to panlobu-
laris emphysema         
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27.4.15        Case 27.16: Pulmonary Infection 
in Nephrotic Syndrome 

 A 13-year-old girl affected by nephrotic syndrome. During 
follow-up, asthenia, lumbosacral pain, and persistent cough 
occurred. Laboratory tests revealed fungal infections 
(Fig.  27.16 ).

  Fig. 27.16    ( a – d ) Lung perfusion scan ( a ,  b ) shows segmental perfu-
sion defect in the posterior basal segment of the left lung and normal 
perfusion in the remaining parenchyma; in SPECT–CT fused images 
( c ,  d ), the absence of perfusion corresponds to the area of parenchymal 
consolidation showed by CT, excluding lung embolism. ( e – h ) Chest 

x-ray ( e ) shows the left basal consolidation with hyperdiafania antide-
clive as possible cavitation ( red arrow ). Coronal CE-CT images ( f ,  g ) 
show fi lling defect in left lobar branch of the pulmonary artery as for 
embolism ( white arrow ). Axial CT image ( h ) shows excavated paren-
chymal consolidation in left lower lobe (bronchopneumonia)             
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27.4.16        Case 27.17: A Child with COPD 
and Secondary Mucociliary Dyskinesia 

 A 7-year-old girl followed for chronic pulmonary disease 
and secondary dyskinesia. Early symptoms occurred to 8 
months of life (frequent bronchitis and pneumonia). 

 She underwent nasal brushing which revealed slow pulse 
rate. Further examination was necessary for the framework 
of the pathology (Fig.  27.17 ).

  Fig. 27.17    ( a – b ) Lung ventilation scan shows patency of airways with 
the deposition of particles in the trachea and bronchial bifurcation, slow 
clearance of radioaerosol deposited in the bronchial walls with bilater-
ally bronchial stasis. The analysis of AT curves on bronchial regions, 
for the quantitative assessment of mucociliary clearance in 60 min, 
shows slow clearance (9 % for the left lung and 15 % for the right lung) 
and overall pulmonary ventilation regular. Lung ventilation scan with 

colloids for clearance studies must be performed far from episodes of 
acute infammation to avoid false positive. ( c – d ) Axial ( c ) and coronal 
( d ) CT images show the presence of bronchiectasis in the lower lobes, 
with marked thickening of the bronchial walls ( red arrows ) and ana-
tomical variation with right upper lobe bronchus originating from the 
trachea (tracheal bronchus,  yellow arrow )           

a b 
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27.4.17        Case 27.18: A Case of Pulmonary 
Oligemia 

 An 11-year-old girl. At 2 years of life, she had the fi rst epi-
sode of right basal pneumonia; since then, episodes of 

recurrent bronchitis with asthma (hisses and whistles some-
times bilateral, sometimes right). During the follow-up, 
several episodes of bronchospasm and right pneumonia 
(Fig.  27.18 ).

  Fig. 27.18    ( a ) Lung perfusion scan shows diffuse hypoperfusion of 
the right lung and normal perfusion in the left lung. Rate of uptake: 
34.13 % right lung; 65.87 % left lung. ( b – c ) Lung ventilation scan with 
colloids shows slow mucociliary clearance in the right lung with evi-
dent of stasis in several bronchi. Normal clearance in the left lung. 
Quantitative rate clearance: 19 % in the right lung; 51 % in the left lung. 

( d – f ) Chest X-rays ( d ) and axial ( e ) and coronal ( f ) CT scans show 
increased lung volumes by air trapping ( c ), bronchiectasis in the middle 
lobe ( d ,  red arrow ), and hypodensities by air trapping in right lung with 
reduction of the vascular representation due to hypoperfusion ( oval ).             
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27.4.18        Case 27.19: A Case of Mucociliary 
Dyskinesia (Kartagener Syndrome) 

 A newborn affected by complex congenital heart disease 
(heart univentricular right type, CAV atrioventricular 

type C, mitral atresia, pulmonary atresia), submitted to 
cardiac surgery. When she was 3 years old, recurrent 
bronchitis, acute respiratory failure, and pneumonia 
occurred. She also presented recurring bronchospasm 
(Fig.  27.19 )

  Fig. 27.19    ( a ,  b ) Lung ventilation scan with colloids shows absence of 
mucociliary clearance. The analysis of AT curves on bronchial regions, 
for the quantitative assessment of mucociliary clearance in 60 min, 

shows no signal reduction until the end of the study (0 % of clearance 
for the left lung and 0 % for the right lung)         
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          Further Readings 

   1.   Ciofetta G, Piepsz A, Roca I, Fisher S, Hahn K, Sixt R, Biassoni L, 
De Palma D, Zucchetta P. Guidelines for lung scintigraphy in chil-
dren. Eur J Nucl Med Mol Imaging 2007;34:1518–26.    
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