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   Foreword   

 Pediatric radiology, despite being recognized as an imaging subspecializa-
tion, in many countries does not have a strong presence in either undergradu-
ate or postgraduate radiology education programs. 

 The aim of this book is to offer a reference text for radiologists and student 
radiologists working within general imaging departments and highlights 
unique aspects of pediatric radiology practice. In many cases, general radi-
ologists have inadequate contact with pediatric radiology during their course 
of training. Pediatricians and surgeons, who wish to understand the indica-
tions, limitations, and clinical applications of imaging will also gain value 
from this book. Usually, pediatricians lack not only the ability to interpret the 
images, but also awareness about the importance of a fi nding for the next step 
toward a diagnosis and thus for treatment. 

 The editors, Dr. V. Miele and Dr. M. Trinci, have been very effi cacious in 
engaging several national specialists in the fi eld, to contribute to different 
chapters and I would like to congratulate them for the quick and brilliant 
harmonization of the editorial preparation of this second book on emergen-
cies. The fi rst one was  Imaging Trauma and Polytrauma in Pediatric Patients  
(Springer, 2015). 

 The goal of this second book is to deliver again a comprehensive text on 
the clinical application of radiology in a pediatric population. As in the fi rst 
book, this goal is obtained by providing information on ways to enhance the 
performance and interpretation of images, and to avoid technical and inter-
pretative errors: far greater emphasis is placed on radiation-dose reduction 
techniques. 

 The initial chapter provides exhaustive instruction for studying neonatal 
acute abdomen, while reducing radiation exposure and presents hands-on 
protocols for imaging. In the succeeding chapters, abnormal fi ndings are 
described and illustrated for pediatric acute abdomen, neonatal and pediatric 
GU emergencies, and critical issues in pediatric emergencies. 

 Importantly, when writing this text, the authors tried to provide a descrip-
tion of all pediatric imaging techniques or provide answers to all imaging 
dilemmas, even if many of these will be dependent upon local expertise, 
radiographic equipment, and availability of alternative imaging modalities. 

 The diagnostic strategies used for children differ from those used for 
adults in many points. Children and adolescents are not simply small adults; 
they suffer from different diseases and require different treatments. The same 
is true where imaging is concerned. The diagnostic approaches – using 
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identical diagnostic instruments – are different; the care prior to, during, and 
following the examination differs from that of adults. One of the most impor-
tant aspects is radiation protection, as children are particularly sensitive to 
ionizing radiation and, with their longer life expectancy, can also expect to 
accumulate a higher dose from natural and artifi cial – above all medical – 
causes. The latter increase the individual risk of malignant diseases. The best 
radiation protection is the justifi cation of an examination employing ionizing 
radiation (X-rays, CT scan). This is realized by establishing strict indications 
and, on the other hand, if possible, by replacing ultrasonography or magnetic 
resonance imaging for X-rays or CT. In addition to the aspect of radiation 
protection, however, there is also a physical reason for the great value of 
ultrasonography in pediatric radiology. High frequencies allow for high diag-
nostic quality but results in less penetration depth. Given the lesser body vol-
ume of children, higher frequencies can be used in them. This is one of the 
reasons why ultrasonography is of greater value in pediatric radiology than in 
adult radiology. Therefore, diagnostic fl ow charts produced from adult imag-
ing cannot be directly applied to pediatric radiology. 

 As in the fi rst highly successful book, the main emphasis is put on the 
actual role of cross-sectional imaging methods in conjunction with standard 
radiography. This volume covers our current knowledge and new visions into 
the crucial role that radiological imaging plays in the appropriate manage-
ment of infants and children with acute abdominal diseases. 

 In summary, this book strives to update the current knowledge on non-
traumatic abdominal emergencies in children. Equipment continues to 
improve; new technologies continue to develop; and the clinical applications 
of radiology continue to evolve. It is necessary that radiologists meet the 
challenge of applying these new technologies and applications to the care of 
pediatric patients. 

 I am confi dent that this book will again inspire great interest among both 
general and specialized pediatric radiologists, as well as among neonatolo-
gists, pediatricians, and pediatric surgeons. 

 Paolo Tomà 
 Diagnostic Imaging Department, 

 Children’s Hospital Bambino Gesù, 
 S. Onofrio Square ,  Rome ,  Italy  

Foreword



ix

   Part I Neonatal Acute Abdomen    

     1     Intestinal Stenosis and Atresia  . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3   
    Vittorio   Miele,                                                         Claudia Lucia Piccolo, Valeria Saracco, 
Maria Napoletano, Margherita Trinci, and Luca Brunese

     2      Intestinal Malrotation and Volvulus . . . . . . . . . . . . . . . . . . . . . . .   31   
    Viola   Valentini    ,     Claudia   Lucia   Piccolo    ,     Maria   Napoletano    , 
    Rosanna   Mamone    ,     Massimo   Zeccolini    , and     Vittorio   Miele    

     3      Meconium Ileus  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   45   
    Margerita   Trinci    ,     Antonio   Alessandro   Pallottino    , 
    Claudia   Lucia   Piccolo    ,     Francesca   De   Narda    ,     Cinzia   Orazi    , 
and     Vittorio   Miele    

     4      Necrotizing Enterocolitis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   53   
    Margherita   Trinci ,        Claudia   Lucia   Piccolo ,        Antonio   Alessandro  
 Pallottino ,        Francesco   Esposito  ,       Massimo   Zeccolini , 
and         Vittorio   Miele    

     5      Hirschsprung’s Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   73   
    Domenico   Barbuti    

     6      Complications of Neonatal Abdominal Devices 
in Emergency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   85   
    Riccardo   Ferrari    ,     Antonio   Alessandro   Pallottino    , 
    Claudia   Lucia   Piccolo    ,     Maria   Napoletano    ,     Margherita   Trinci    , 
and     Vittorio   Miele    

     7      Biliary Atresia and Choledochal Cyst . . . . . . . . . . . . . . . . . . . . . .   95   
    Lidia   Monti    ,     Amato   Infante    , and     Marco   Salsano    

    Part II Pediatric Acute Abdomen    

     8      Hypertrophic Pyloric Stenosis (HPS) . . . . . . . . . . . . . . . . . . . . .   117   
    Margherita   Trinci    ,     Claudia   Lucia   Piccolo    , 
    Antonio   Alessandro   Pallottino    ,     Michele   Galluzzo    ,     
Eugenio   Rossi    ,     Massimo   Zeccolini    , and     Vittorio   Miele    

                  Contents 



x

     9      Intestinal Intussusception . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   133   
    Michele   Galluzzo    ,     Francesco   Gaudino    ,     Riccardo   Palliola    , 
    Eugenio   Rossi    ,     Massimo   Zeccolini    , and     Margherita   Trinci    

     10      Acute Appendicitis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   149   
    Grazia   Loretta   Buquicchio    ,     Gavina   Cuneo    , 
    Stefano   Giannecchini    ,     Caterina   Pizzi    ,     Carmelo   Rende    , 
and     Margherita   Trinci    

     11      Meckel’s Diverticulum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   171   
    Maria   Elena   Latini    ,     Sara   Riccioni    ,     Maria   Napoletano    , 
    Nicola   Recchia    , and     Michele   Scialpi    

    Part III Neonatal and Pediatric GU Emergencies    

     12      Neonatal Adrenal Hemorrhage . . . . . . . . . . . . . . . . . . . . . . . . . .   181   
    Margherita   Trinci,         Caterina   Maria   Trinci,     
    Michele   Galluzzo    ,     Eugenio   Rossi,         Massimo   Zeccolini    ,
and     Vittorio   Miele    

     13      Hydrometrocolpos: Hematocolpos/Colpo-hematometra . . . . . .   193   
    Stefania   Ianniello    ,     Maria   Gabriella   Merola    ,     Marinella   Nanni    , 
    Cinzia   Orazi    ,     Paolo   Schingo    , and     Margherita   Trinci    

     14      Ovarian Torsion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   205   
    Marinella   Nanni    ,     Maria   Gabriella   Merola    ,     Stefania   Ianniello    , 
    Cinzia   Orazi    ,     Paolo   Maria   Schingo    , and     Margherita   Trinci    

     15     Complications of Urachal Remnants  . . . . . . . . . . . . . . . . . . . . .   229   
    Maria Elena   Latini, Sara Riccioni, Nicola Recchia, 
Maria Napoletano, and Michele Scialpi                                                        

     16     Nephro-urolithiasis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   239   
      Francesca Pancrazi, Giulia Angelini, Laura Turturici, 
Laura Tasciotti, Claudio Defi lippi, and Michele Tonerini                                                         

     17      Acute Pyelonephritis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   255   
    Alessandra   Scionti    ,     Piercarlo   Rossi    ,     Pietro   Gulino    , 
    Alessandro   Semeraro    ,     Claudio   Defi lippi    , and     Michele   Tonerini    

     18      Hydronephrosis and Pyonephrosis  . . . . . . . . . . . . . . . . . . . . . . .   269   
    Silvia   Lorenzi    ,     Francesca   Fanti    ,     Giacomo   Aringhieri    , 
    Marco   Di Maurizio    ,     Claudio   Defi lippi    , and     Michele   Tonerini    

     19      Posterior Urethral Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   287   
    Cinzia   Orazi    ,     Antonio   Maria   Zaccara    ,     Massimiliano   Silveri    , 
and     Paolo   Maria   Schingo    

     20      Acute Scrotum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   315   
    Riccardo   Palliola    ,     Antonio   Alessandro   Pallottino    , 
    Michele   Galluzzo    ,     Stefania   Ianniello    ,     Viola   Valentini    , 
and     Margherita   Trinci    

Contents



xi

    Part IV Critical Issues in Pediatric Emergencies    

     21     Abdominal Neoplasm: Clinical Onset in Emergency 
Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   333   
      Barbara Sessa, Roberto Castellucci, Antonio Solazzo, 
Eugenio Rossi, Massimo Zeccolini, and Sandro Sironi                                                        

     22      MDCT and MRI Protocols in Pediatric Non-traumatic 
Abdominal Emergencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   365   
    Michele   Scialpi    ,     Maria Elena   Latini    ,     Sara   Riccioni    , 
    Valeria   Rondoni    ,     Riccardo   Torre    ,     Lucia   Mariotti    , 
    Alfredo   D’Andrea    ,     Raffaele   Schiavone    , and     Lucia   Manganaro    

     23      The Radioprotection of the Child in Emergency 
Radiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   377   
    Andrea   Magistrellli     

    24     Informed Consent and Medicolegal Issues Related 
to the Imaging of Pediatric Non-traumatic Emergencies . . . . .   397   
    Antonio Pinto, Giuseppe Lo Re, Fabio Pinto, 
and Luigia Romano                                                            

Contents



   Part I 

   Neonatal Acute Abdomen        



3© Springer International Publishing Switzerland 2016
V. Miele, M. Trinci (eds.), Imaging Non-traumatic Abdominal Emergencies in Pediatric Patients, 
DOI 10.1007/978-3-319-41866-7_1

      Intestinal Stenosis and Atresia                     

     Vittorio     Miele     ,     Claudia     Lucia     Piccolo    , 
    Valeria     Saracco    ,     Maria     Napoletano    , 
    Margherita     Trinci    , and     Luca     Brunese   

1.1          Esophageal Atresia 
and Tracheoesophageal 
Fistula 

 Esophageal atresia (EA), isolated or associated 
with tracheoesophageal fi stula (TEF), was fi rst 
described by Thomas Gibson in 1697, but it was 
only in 1941 that Cameron Haight performed the 
fi rst successful surgical repair of this anomaly 
(Mortell and Azizkhan  2009 ; Pinheiro et al.  2012 ). 

 The overall incidence is approximately 1:3–
5000 live-born infants (de Jong et al.  2010 ). In the 
majority of cases, it is sporadic, but the incidence 
is higher in twins, 2.56 higher than in singletons 
(Seo et al.  2010 ; Holland and Fitzgerald  2010 ). 

 These pathological entities represent a com-
plex of congenital anomalies characterized by an 
incomplete formation of the primitive esophagus 
or by an abnormal communication between the 
trachea and esophagus. 

 The pathologic mechanism behind this mal-
formation is still unknown, although it is thought 
to be a developmental disorder involving the divi-
sion of the primitive foregut into trachea and 
esophagus occurring since the fourth week of 
gestation (Cumming  1975 ). There are three main 
theories explaining this phenomenon: the fi rst 
theory states that the evagination of the tracheal 
diverticulum begins with the primitive digestive 
tube, which, growing in the caudal direction very 
quickly, results into a separation of trachea from 
esophagus, which is still part of the digestive 
tube. According to this mechanism, the tracheo-
esophageal malformation results from a tracheal 
growth failure. 

 The second theory postulates the formation of 
a septum in the coronal plane of the primitive 
digestive tube, which separates the trachea ven-
trally and the esophagus dorsally; a failure in this 
process might result into a tracheoesophageal 
malformation. The third theory combines the pre-
vious two, suggesting that the growth of the tra-
cheal diverticulum occurs together with the 
separation of the digestive tube, resulting in the 
fi nal separation of the trachea from the esopha-
gus. The loss of a portion of the previously 
formed tube due to a regression toward the main 
part of the embryo may result in the EA (Ioannides 
and Copp  2009 ). 

 Some reports described this entity occurring as 
a multifactorial complex, involving both genetic 
and environmental factors; 6–10 % of patients 

        V.   Miele      (*) •    V.   Saracco    •    M.   Trinci    
  Department of Emergency Radiology , 
 S. Camillo Hospital ,   Rome ,  Italy   
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have a defi ned genetic syndrome (Genevieve et al. 
 2007 ). There are also molecular and morphogenic 
factors related to EA, such as apoptosis, the Sox2, 
Shh, Gli-2, Gli-3, and FOX genes, and the tran-
scription factors Nkx2.1 and Tbx4. A failure in the 
expression of one of these genes or in their apop-
totic programs could be responsible for EA 
(El-Gohary et al.  2010 ; Shaw- Smith  2010 ). 
Furthermore, environmental factors increasing the 
risk to develop EA have been described; for exam-
ple, maternal alcohol and smoking, maternal expo-
sure to methimazole and diethylstilbestrol (DES), 
exogenous sex hormones, infectious disease, and 
maternal diabetes are severe factor risks. A role for 
vitamin A defi ciency has been suggested in the 
development of EA/TEF, since it caused severe 
congenital anomalies in the offspring of pregnant 
rats, including agenesis of the lung and TEF (Di 
Gianantonio et al.  2001 ; Nora et al.  1976 ; Wong-
Gibbons et al.  2008 ; Felix et al.  2007 ). 

 As evident, no specifi c environmental risk fac-
tors has been identifi ed. 

 In 25 % of cases, this anomaly is associated 
with other gastrointestinal malformations, such 
as pyloric stenosis, annular pancreas, imperforate 
anus, and the VACTERL complex (vertebral, 
anal, cardiac, tracheal, esophageal, renal, and 
limb anomalies), which is the best known group 
of anomalies associated with EEA/TEF. 

 Other recognized associations are trisomy 18 and 
21, CHARGE syndrome, and Potter syndrome.  

1.2     Classifi cation 

 The classifi cation of EA anomalies is based on 
the location of atresia and the presence of any 
associated tracheoesophageal fi stula. 

 The fi rst classifi cation was described by Vogt 
in 1929 and then modifi ed by Gross in 1953. 
According to the last one, fi ve types of congenital 
EA are possible (Fig.  1.1 ):

•     Type A: pure esophageal atresia without 
fi stula.  

•   Type B: esophageal atresia with a fi stula 
between the trachea and the proximal esopha-
geal pouch.  

•   Type C: esophageal atresia with fi stula 
between the trachea or the main bronchus and 
the distal esophageal segment.  

•   Type D: esophageal atresia with both proxi-
mal and distal fi stulas.  

•   Type E: tracheoesophageal fi stula “H or N” 
shaped without atresia. It is called N-type fi s-
tula because it courses obliquely from the 
esophagus upward to the trachea. Most of 
them are at thoracic inlet (T2–T3).    

 Type C is by far the most common, occurring 
in 82–86 % of cases. Then we have type A atresia 
(8–9 % of cases), followed by type E (6 % of 
cases). The less common are type B and C occur-
ring in about 1 % of cases (Spitz  2007 ).  

a b c d e

  Fig. 1.1    These drawings show the fi ve types of EA/TEF. 
In ( a ) pure esophageal atresia; in ( b ) and ( c ), respectively, 
it is associated with a proximal or distal fi stula with the 

trachea or main bronchus. In ( d ) there are both the fi stulas 
and in ( e ) you can fi nd a tracheoesophageal fi stula without 
esophageal atresia       
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1.3     Diagnosis 

1.3.1     Prenatal Diagnosis 

 US, performed between the 16th and 20th week 
of gestation, can demonstrate the presence of 
polyhydramnios, reduced intraluminal liquid, 
and the absence of gastric bubble, signs suggest-
ing EA, although they are not specifi c criteria, 
reporting a PPV of 44 % and 56 %, respectively. 

 The so-called upper pouch sign, the dilatation 
of the upper blind fundus of the atresic esopha-
gus, may be observed during fetal deglutition at 
the 32nd gestational week (Holland and 
Fitzgerald  2010 ; Houben and Curry  2008 ); nev-
ertheless this sign could not be observed also in 
experienced hands. 

 In the presence of a high US suspicion of EA/
TEF, MR can be performed, having a sensitivity 
of 100 % to diagnose these anomalies: the diag-
nostic criterion is represented by the lack of visu-
alization of the intrathoracic region of the 
esophagus (Pinheiro et al.  2012 ; Houben and 
Curry  2008 ).  

1.3.2     Neonatal Diagnosis 

1.3.2.1     Clinical Findings 
 The impossibility to pass a catheter beyond 11 or 
12 cm is the primary sign of EA in the delivery 
room (Lahdes-Vasama et al.  2009 ). 

 In the nursery room, the inability to swallow 
saliva or milk, aspiration during early feeding, or 
cyanosis can make us to suspect the presence of 
EA. In type E atresia, the clinical diagnosis may 
be performed later in years because of delayed 
symptoms such as cough while swallowing, dis-
tended abdomen, and recurrent pneumonia.  

1.3.2.2     Diagnostic Imaging 

   Plain X-ray 
 The confi rmation requires an anteroposterior and 
lateral chest radiography revealing the proximal 
blind pouch distended with air (Fig.  1.2 ). The 
abdomen must always be included in the radio-
graph to fi nd out air in the gastrointestinal tract, 

in cases of distal fi stula. In fact, in types A and B, 
there is no any sign of gas in stomach and intesti-
nal tract (Fig.  1.3 ), whereas in types C and D, we 
can observe gas distending the bowel loops 
(Fig.  1.4 ) (Berrocal et al.  1999a ).

     A paramount detail to convey to the surgeon is 
the position of the aortic arch, because it helps to 
choose the best surgical approach; when chest 
x-ray does not recognize the side of the arch, it is 
indicated to perform an echocardiography to plan 
the surgical method and to prognosticate the out-
come; in fact a right-sided aortic arch (2.5 % of 
cases) implies a very challenging repair requiring 
a left thoracotomy. 

 Radiographically, it can be possible to recog-
nize the type of EA by advancing a radiopaque 
feeding tube through the nose to the level of atre-
sia (Fig.  1.5 ); the tube will stop and curl coming 
in front of a blind end. The proximal pouch may 
be distended by a gentle injection of air or a little 
amount (1–2 ml) of water-soluble contrast 
medium via the tube (Fig.  1.5 ).

  Fig. 1.2    Esophageal atresia: abdomen x-ray shows air- 
fi lled dilated proximal esophageal pouch. The presence of 
air in the bowel suggests a distal tracheoesophageal fi stula       
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   Isolated long-gap EA (>2 vertebral bodies or a 
gap >3 cm) is associated with 13 pairs of ribs. 

 When a fi stula occurs, atelectasis and pneu-
monia of the upper right lobe are detected in 50 % 
of cases (see Figs.  1.3  and  1.4 ). 

 When type E is suspected, the best way to dem-
onstrate the fi stula is to perform a tube esophago-
gram under fl uoroscopic guidance. It is always 
preferable to use an iodinate nonionic water-soluble 
contrast material, diluted with water at 50 %. It is 
administered both directly and through a nasogas-
tric tube located at the gastroesophageal junction. 
The patient is in right lateral position, with the lower 
limb slightly raised with respect to the upper limb, 
in order to promote the opacifi cation of the tracheo-
esophageal fi stula, running upward and rightward 
(Fig.  1.6 ). The contrast media must be aspirated 
back immediately at the end of the examination.

   Iodinated water-soluble contrast media is 
usually preferred to the diluted barium because 
the latter one could cause a severe respiratory 
distress if aspirated, being a quickly solidifying 
substance. 

 During the preoperative period, it has been 
proposed to perform tracheobronchoscopy to 
vcarina, to recognize other anomalies, and to 
occlude the TEF with a balloon, in order to 
improve the mechanical ventilation and to 
avoid gastric distension and gastroesophageal 
refl ux.     

1.4     Treatment 

 In the absence of severe malformations, the pri-
mary correction of EA and TEF is the best treat-
ment option. In some cases the primary 
anastomosis cannot be performed because of a 
“long gap” separating the two ends of the esoph-

  Fig. 1.3    Esophageal atresia with upper fi stula. The naso-
gastric tube stops in the upper esophagus. Associated fi nd-
ings are right pneumothorax and left pneumonia. No gas 
in the abdomen       

  Fig. 1.4    Esophageal atresia with lower fi stula along with 
pneumonia of the upper left lobe. Esophagogram shows a 
distended proximal pouch       
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agus; to overcome these diffi cult cases, many 
options have been suggested, such as the 
Livaditis myotomy, the Foker technique, and the 
extensive mobilization of the distal segment 
through the diaphragmatic hiatus. Nevertheless, 
some complications may occur if the anastomo-
sis is tailored under tension, such as gastro-
esophageal refl ux, esophageal stricture, and a 
high leak rate (Seitz et al.  2006 ; Sharma et al. 
 2000 ; Alabbad et al.  2009 ). 

 In type A the surgical approach consists of tai-
loring of a gastrostomy for feeding and a suc-
tioning of the blind pouch to protect the airways. 
The following options for reconstructions 
involve or a delayed primary repair using the 
native esophagus or its replacement using colon 
or stomach. 

 In type E the operation requires a neck dis-
section to expose the anomaly, then the division 
and the repair of the fi stula. This technique is 
characterized by a quite high risk of recurrent 
laryngeal nerve injury; in the recent years, an 

Nd:YAG laser has been used for this purpose, 
although new data are necessary because experi-
ence is limited and it is not widely 
recommended. 

 During the postoperative period, if the esoph-
ageal anastomosis has been performed under 
tension, the patient is electively paralyzed and 
ventilated for 5–7 days. If a transanastomotic 
feeding tube has been inserted, the feeding usu-
ally starts 48 h after the surgery and proceeds 
very slowly (Alabbad et al.  2009 ). Only when 
the child starts to swallow, the oral feeding 
may start. The primary complications after sur-
gery are represented by the leak and stenosis of 
anastomosis (Fig.  1.7 ), esophageal dysmotility, 
 gastroesophageal refl ux, fi stula recurrence, sco-
liosis, and respiratory disorders.

   Some patients may have an uneventful post-
operative period, whereas others may come 
across some respiratory or esophageal disorders 
that can affect their ability to develop adaptive 
behaviors.  

a b c

  Fig. 1.5    Esophageal atresia with lower fi stula. ( a ) Frontal 
radiograph shows the nasogastric tube arresting within the 
upper esophageal pouch. It is clearly depicted in air 

 distention of the stomach and jejunum. ( b ,  c ) 
Esophagogram shows a complete upper esophageal 
obstruction       
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1.5     Esophageal Stenosis 
and Webs 

 They are considered as a variant of esophageal 
atresia and are often associated with TEF. 

 Congenital stenosis often appears as a 2–3 mm 
constriction in the middle or distal esophagus. 
Their differential diagnosis must include gastro-
esophageal refl ux, surgery-related strictures, and 
corrosive ingestion. 

 Congenital webs are identifi ed on barium 
enema studies as smooth and thin defect in the 
esophagus and can be located at the same level of 
the fi stula.  

1.6     Stomach 

 A complete gastric agenesis never occurs. 
Microgastria, a congenitally small stomach, is a very 
rare condition occurring both isolated and in associa-
tion with other anomalies, especially the heterotaxia 
syndrome with asplenia. At imaging the typical fi nd-
ing is represented by an enlarged esophagus with a 
small midline stomach (Applegate et al.  1999 ). 

 A complete obstruction involving the gastric 
outlet is very rare, except when caused by extrin-
sic conditions, such as congenital peritoneal 
bands exercising pressure on gastric walls or by 
pancreatic tissue within gastric wall (Berrocal 
et al.  1999a ). 

  Fig. 1.6    Tracheoesophageal fi stula without atresia. 
Esophagogram shows a communication between the tho-
racic esophagus and trachea ( white arrow ). Contrast 
media fi ll the whole tracheobronchial tree       

  Fig. 1.7    Esophageal atresia: esophagogram shows a 
postsurgery stenosis       
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 Gastric atresia is also a rare condition, account-
ing for <1 % of all congenital intestinal obstruc-
tions, and it is typically localized to the antrum or 
pyloric region. It is thought to be a consequence 
of localized vascular occlusion in fetal life rather 
than to failed bowel canalization, mainly because 
of the absence of epithelial perforation in the 
stomach as in the esophagus and duodenum. 

 Pyloric atresia is divided into three types: (1) 
complete atresia with no connection between the 
stomach and duodenum, (2) complete atresia with 
a fi brous band connecting the stomach and duode-
num, and (3) gastric membrane or a diaphragm. 

 Clinical presentation is characterized by non- 
bilious vomiting within the fi rst few hours after 
delivery and abdominal distention (Moore  1989 ). 

 It can be familial or associated with epider-
molysis bullosa. 

 Its diagnosis requires an abdomen x-ray show-
ing the so-called single bubble sign, caused by 
the distention of the stomach close to the obstruc-
tion with the absence of gas in bowel lumen. 
Contrast media is not needed. 

 The partial gastric outlet obstruction is com-
monly caused by incomplete prepyloric dia-
phragm, antral stenosis, aberrant pancreatic tissue 
in gastric antrum, and antral duplication cysts. 

 At abdomen x-rays, it is possible to detect gastric 
distention with small amount of gas within the small 
bowel, depending on the site of the obstruction. 

 Barium enema and US can help to identify the 
defect; in fact barium enhances the presence of 
 membranes  as thin (2–3 mm) and linear fi lling 
defects interrupting the barium column, resulting 
in “pseudo double bulb” appearance, because the 
infl owing barium outlines at fi rst the space 
between the antrum and the pylorus and then the 
duodenal bulb (Clements et al.  1979 ). 

 When the stomach is fi lled with clear fl uid, US 
can detect the membrane as an echogenic band 
extending centrally from the lesser to greater cur-
vatures in the prepyloric region (Chew et al. 
 1992 ; Van Winckel et al.  1994 ). 

  The aberrant pancreatic tissue  can be found 
more commonly in the gastric antrum and may 

cause intermittent obstruction because it pro-
lapses into the pylorus. Contrast media is able to 
highlight a smooth, dome-shaped fi lling defect of 
1–3 cm with a central umbilication on the larger 
curvature (Lai and Tompkins  1986 ). 

  Gastric duplication  accounts for about 7 % of 
gastrointestinal tract duplications. Most of them are 
located on the greater curvature and are noncom-
municating. The clinical symptoms depend on their 
size, their location, and the presence of any com-
munication with any tract of digestive tube. 

 They are usually found out during childhood 
with vomiting and abdominal pain, although 
most of them are asymptomatic. 

 Abdomen x-ray and contrast enema can dis-
play a paragastric mass displacing the stomach, 
but US, CT, or MRI can better detect a well- 
defi ned cystic mass close to the greater curvature, 
appearing at sonogram having an echogenic inner 
rim with a hypoechoic outer muscle layers.  

1.7     Duodenum 

1.7.1     Complete Duodenal 
Obstruction 

 Complete duodenal obstruction is generally caused 
by duodenal atresia, resulting from a defect of recan-
alization during the 9th–11th week of gestation; it 
does not seem to be related to intrauterine vascular 
insults, as occurs in lower small bowel atresia. 

 It is characterized by a reported incidence of 
about 1:5000–10,000 live births, with most recent 
data indicating 0.9 per 10,000 (Best et al.  2012 ). 

 Unlike other intestinal atresia, it is often associ-
ated with other congenital anomalies, such as con-
genital heart disease, additional intestinal atresia, 
VACTERL syndrome, malrotation, annular pan-
creas, biliary tract and mandibulofacial anomalies, 
and trisomy 21, which is present in almost 30 % of 
cases (Hertzberg and Bowie  1990 ). 

 Four main types of duodenal atresia have been 
described (Fig.  1.8 ): type I is characterized by a 
complete mucosal membrane or a diaphragm 
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within the muscularis with an intact serosa, thus 
maintaining the continuity of the bowel. In type 2 
there is a fi brous cord linking the two duodenum 
segments that are discontinuous. Type 3 does not 
consider any connection between the proximal 
and distal segments of the duodenum. In type IV 
we have multiple atretic segments such as a 
“string of sausages” (Grosfeld et al.  1979 ).

   Other causes of duodenal obstruction are 
annular pancreas, midgut volvulus, duodenal 
web, Ladd bands, and pre-duodenal portal vein. 

  Annular pancreas  is an abnormal portion of 
pancreatic tissue arising from the head and encir-
cling the second part of duodenum forming a 
ring; when a complete ring is formed, a total and 
severe duodenal obstruction occurs, while if the 
ring is incomplete, obstructive symptoms may 
occur later in life (Norton et al.  1992 ). 

  Midgut volvulus  is the most dramatic result of 
intestinal malrotation, and, when present, its 
radiographic fi ndings are indistinguishable from 
duodenal atresia in such cases. As a consequence, 

a b

c d

  Fig. 1.8    These drawings show the main types of duode-
nal atresia. In ( a – b ) there is a complete mucosal mem-
brane or a diaphragm within the muscularis with an intact 
serosa, thus maintaining the continuity of the bowel. In ( c ) 

there is a fi brous cord linking the two duodenal segments. 
In ( d ) does not consider any connection between the prox-
imal and distal segments of the duodenum       
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any duodenal obstruction presenting at birth must 
be considered as a midgut volvulus until proved 
otherwise (Berrocal et al.  1999a ).   

1.8     Diagnosis 

1.8.1     Clinical Manifestations 

 The initial manifestation is often specifi c, usually 
polyhydramnios due to the infant’s inability to swal-
low and to absorb the amniotic fl uid. After birth, the 
typical manifestation is vomiting, which is delayed 
until after the fi rst feeding, and bilious, because the 
obstruction is located beyond the ampulla of Vater. 

 The vomiting is going to increase dramatically 
thereafter. Abdominal distention and feeding diffi -
culties are often associated (Brantberg et al.  2002 ).  

1.8.2     Diagnostic Imaging 

 Perinatal US can detect the presence of polyhydram-
nios, which is an early clue to the possibility of duo-
denal atresia since about 15 % of neonates showing 
this fi nding will have a gastrointestinal anomaly and 
about 80 % of cases with duodenal atresia have 
 polyhydramnios. An important US fi nding, detected 
both ante- and postnatally, is the “double bubble” 
sign indicating the distention of proximal duodenum 
and stomach associated with lack of gas in the lower 
bowel (Correia-Pinto and Ribeiro  2014 ). 

 In cases of complete duodenal atresia, no gas 
will be detected distal to the proximal duodenum. 
This is the classic fi nding discovered on abdomen 
x-ray also (Fig.  1.9 ), and when it is present, no 
other radiographic studies are required.

   Contrast media diluted with water at 50 % and 
administered via a nasogastric tube shows gastric 
and duodenal distention without any sign of con-
trast media in the distal duodenum (Fig.  1.10 ). 
Nevertheless, the upper gastrointestinal study is 
not indicated when the abdomen x-ray does not 
show any certain sign of duodenal obstruction, 
because the administration of contrast media may 
lead to aspiration.

   It is important to notice that this sign is also 
present in other conditions, such as intestinal 
malrotation; for this reason, some authors sug-
gested performing contrast enema to make sure 

of the right diagnosis, since in intestinal atresia 
a microcolon of disuse would be found, while 
a malpositioned colon and cecum would sug-
gest a malrotation (Laya et al.  2015 ; Strouse 
 2008 ).   

1.9     Treatment 

 A naso- or orogastric tube is placed in order to 
decompress the stomach and to reduce the risk of 
aspiration; intravenous fl uids are given to support 
vital functions. 

 Once obtained the hemodynamical stability, 
the little patient can undergo the surgical repair, 
via laparotomy or laparoscopy, performing a 
duodenoduodenostomy or a duodenojejunos-
tomy. While operating, it is always fundamental 
to rule out other gastrointestinal anomalies, such 
as malrotation, bowel atresia, or annular pancreas 
(Son et al.  2015 ; van der Zee  2011 ). 

  Fig. 1.9    Frontal x-ray depicts a markedly distended 
stomach and duodenum (double bubble sign), without evi-
dence of gas in the rest of bowel tract, typical of duodenal 
atresia       
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 Long-term outcome is very favorable with 
survival rates of about 90 %. Among the causes 
of morbidity and mortality, associated anomalies 
and ultrashort bowel syndrome have to be men-
tioned, requiring long-term parenteral nutrition.  

1.10     Partial Duodenal 
Obstruction 

1.10.1     Duodenal Stenosis 
and Duodenal Web 

 Partial duodenal obstruction can be caused by 
duodenal stenosis and web, Ladd bands, annular 
pancreas, midgut volvulus, pre-duodenal portal 
vein, and duplication cyst. 

 As seen in patients with duodenal atresia, also 
in  duodenal stenosis , the radiologic sign of “dou-
ble bubble” is present, but in this case, a small 
amount of gas in the lower gastrointestinal tract 
is visible (Fig.  1.11 ).

   Performing UGI studies is useful and is per-
formed with an iodinated water-soluble contrast 
media diluted with water at 50 %, administered 
via a nasogastric tube. It allows to visualize a 
slow progression of contrast media through the 
stenotic segment of the duodenum to the distal 
bowel; in addition, it is helpful to differentiate it 
from a midgut volvulus in which the small intes-
tine twists like a corkscrew around the superior 
mesenteric artery. This fi nding can be visualized 
by performing color Doppler US also, recogniz-
ing the so-called whirlpool sign of a midgut vol-

a b

  Fig. 1.10    ( a ) Plain fi lm shows gas distention of the stomach and proximal duodenum; no gas is seenthe rest of the 
abdomen. ( b ) Barium study confi rms the duodenal atresia with the double bubble sign       
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vulus, characterized by the clockwise wrapping 
of the superior mesenteric vein and the mesen-
tery around the superior mesenteric artery 
(Materne  2001 ). 

  Duodenal webs  are small congenital obstruc-
tive membranes of the mucosa and submucosa 
layers, with a central pinhole opening represent-
ing the functional web. 

 They occur because of an incomplete bowel 
lumen recanalization during the eighth to tenth 
week of gestation. They are typically located in 
the second portion of the duodenum (85–90 % of 
cases), less frequently in the third and fourth 
portion. 

 Their incidence is approximately 1:10,000–
40,000 live births. In the majority of cases, they 
are congenital, although some reports suggest 
they can be a complication of a long-term therapy 
with nonsteroidal anti-infl ammatories. They are 
often associated with other congenital condi-
tions, such as malrotation, trisomy 21, annular 
pancreas, and congenital heart disease. 

 Prenatal US can show polyhydramnios and 
growth failure, associated with a dilated stomach. 

 After birth, clinical presentations usually con-
sist of vomiting, food refusal, and failure to 
thrive; in some reports gastrointestinal bleeding 
has been described (Nagpal et al.  1993 ; Al 
Shahwani et al.  2013 ). 

 Abdominal x-rays may demonstrate a double 
bubble sign or be normal, while upper GI series 
may reveal the “wind-sock sign,” which is the 
result of the long-term pressure of peristalsis 
against the stenotic portion of the duodenum, 
leading to distal stretching of the web, creating 
an intraluminal pseudodiverticulum. The fi nding 
is characterized by a thin radiolucent membrane 
representing barium fi lling the lumen and around 
the diaphragm. 

 Because of the partial obstruction, these con-
genital anomalies may be diagnosed later in life 
with respect to those with duodenal atresia, or 
they are diagnosed incidentally because the patient 
undergoes examinations for other reasons.  

a b

  Fig. 1.11    ( a ) Radiograph performed before shows gas 
distention of the stomach and of the proximal aspect of  
the duodenum; note the presence of little amount of air in 

the intestinal loops ( b ) Barium study depicts a severe duo-
denal stenosis with the double bubble sign       
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1.10.2     Treatment 

 Surgical options are duodenoduodenostomy or 
duodenotomy with web lysis, via laparotomy or 
laparoscopy. When proximal duodenal lumen is 
equal or exceeds 5 cm, it can be possible to choose 
for imbrications or tapering duodenoplasty (Sarin 
et al.  2012 ). Possible complications after surgery 
are bleeding and pancreatitis, whereas the endo-
scopic approach may lead to incomplete repair of 
the web. In the presence of malrotation, Ladd pro-
cedures are to be performed. 

 The general outcome is good and, as for other 
gastrointestinal malformations, depends mainly 
on associated congenital anomalies (Escobar 
et al.  2004 ).   

1.11     Jejunum and Ileum 

 Jejunoileal atresias are commonly caused by an 
intrauterine ischemic insult, related to a vascular 
cause or secondary to a volvulus,  intussusception, 
malrotation, or intestinal strangulation via a her-
nia. Also maternal smoking and cocaine abuse 
have been indicated as possible causes of intesti-
nal atresia. 

 Their incidence is about 1:50,000–10,000 live 
births, affecting both sexes equally. 

 They can affect the small bowel everywhere, 
although the distal portion of the ileum is the 
most involved (Baglaj et al.  2008 ). 

 The association with other congenital malfor-
mations is less common, and, when present, cys-
tic fi brosis and malrotation are the most 
commonly associated conditions. 

 A form of hereditary intestinal atresia is the 
multiple intestinal atresia (HMIA), a severe vari-
ant fi rstly described in 1970 by Mishalany and 
Der Kaloustian and Guttman et al. This is an 
autosomal recessive disorder affecting multiple 
bowel segments from the pylorus to the rectum, 
with long intestinal segments frequently 
occluded. It occurs commonly in French 
Canadians and can be associated with combined 
immunodefi ciency. Studies reported a linkage 
with the mutation of tetratricopeptide repeat 
domain-7A (TTC7A) gene, fundamental for the 

development of the thymus and intestinal epithe-
lium. This condition is characterized by a poor 
outcome since after surgical repair, the patients 
keep on having low gastrointestinal functions 
although preserving the intestinal length to avoid 
the short gut syndrome (Ali et al.  2011 ). 

 Intestinal stenoses mainly result from three 
causes: external compression, intramural narrow-
ing from the rest of heterotypic tissue, and incom-
pletely perforated intraluminal web. Extrinsic 
compressions are most commonly confi ned to the 
duodenum, resulting from peritoneal bands or 
annular pancreas (Free and Gerald  1968 ). 

1.11.1     Classifi cation 

 The classifi cation of jejunoileal atresia was fi rstly 
provided by Louw and then refi ned by Martin 
and Zerella and by Grosfi eld et al. The classifi ca-
tion considers four types of intestinal atresia 
based on anatomic features. Type I is character-
ized by a mucosa and submucosa web with 
 continuity of the proximal and distal muscular 
layers with an intact mesentery. Type II consists 
of a fi brous cord connecting the atretic bowel 
ends. Type III has two subtypes: in the IIIa form, 
there is an atretic segment with a mesenteric 
defect “V shaped” also and IIIb is the so-called 
apple-peel deformity, in which you have a proxi-
mal jejunal atresia with an extensive mesenteric 
defect with the bowel wrapped around a single 
artery. Type IV describes multiple atresias 
appearing like a “string of sausage” (Grosfeld 
et al.  1968 ) (Fig.  1.12 ).

1.11.1.1       Clinical Presentation 
 The typical presentation is a newborn in the fi rst 
1–2 days of life with bilious vomiting and 
abdominal distention which depends on the loca-
tion of atresia, with more distal lesions having 
more distentions. Infants may experience 
 hyperbilirubinemia and feeding diffi culties also. 
A history of maternal polyhydramnios is often 
associated. In more distal lesions, meconium 
may not pass; in more proximal lesions meco-
nium may pass because of generation of success 
entericus (Frischer and Azizkhan  2012 ).  
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1.11.1.2     Diagnosis 
 Prenatal ultrasound may show dilated, echogenic 
bowel and maternal polyhydramnios in about 
one-third of cases. In ultrasound uncertain cases, 
MRI can be performed. 

 Postnatally, the fi rst step to perform is an 
abdomen x-ray which reveals several dilated 
bowel loops, more than the double bubble of duo-
denal atresia but less than in the lower obstruc-
tions (Fig.  1.13 ). Typical is the so-called triple 
bubble sign, indicating the dilatation of stomach, 
duodenum, and proximal jejunum; the dispropor-
tionate dilatation of the bowel proximal to the 
atresia results in a bulbous contour suggestive of 
congenital small bowel obstruction (Fig.  1.14 ).

    In cases of partial obstruction, a small amount 
of air can be observed distally; in some cases, a 
little amount of air can be injected through a 
nasogastric tube to discriminate between a partial 
and a total obstruction. In isolated duodenum of 
jejunal atresia, the colon is normal in size because 
of intestinal secretions by the distal bowel loops 
making a normal caliber colon; instead, in ileal 
atresia the colon is diffusely reduced in caliber 
(functional microcolon), well demonstrable by 
performing a contrast enema (Morris et al.  2016 ; 
Berrocal et al.  1999b ). 

 The fl uoroscopic gastrointestinal study is per-
formed as already described earlier; the enema 
can show a distal unused colon (microcolon) 

a

c d

e

b

  Fig. 1.12    These drawings show the four types of jejunoileal atresia, note the lost of mesenteric integrity and the pres-
ence of multiple stenoses       
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which is not in its right position in the abdomen, 
leading to some grades of malrotation (Fig.  1.15 ). 
It is often easy to observe the retrograde fl ow of 
enema in the distal ileum until the site of ill or 
jejunal atresia.

   In most instances an upper gastrointestinal 
study is not required before surgical repair; but 
when performed it may help to exclude other 
obstructive disorders (i.e., meconium ileus or 
Hirschsprung’s disease), especially when dilated 
small bowel or the colon cannot be differentiated 
on plain radiography. If meconium ileus is pres-
ent, Gastrografi n can be used as enema which can 
help to evacuate the meconium, being a hyper-
tonic solution, as well as make a diagnosis (Di 
Giacomo et al.  2015 ). 

 Moreover, contrast media can be performed in 
cases of partial obstruction, demonstrating the 
presence and the grade of stenosis (Figs.  1.16  and 
 1.17 ) or a mucosal web with a small opening. It 
can also help to identify the location of the cecum 
to rule out anomalies of rotation and fi xation.

    Also sonography can be used to differentiate 
meconium ileus and ill atresia, because the for-
mer is characterized by dilated loops fi lled with 
echogenic material, while in ill atresia, the bowel 
content is echo-poor. 

 The presence of intraperitoneal calcifi cations 
suggests a meconium peritonitis as a conse-
quence of intrauterine intestinal perforation and 

  Fig. 1.13    Jejunal atresia. Air distention of the stomach 
and fi rst jejunal loops, with signs of obstruction       

a b

  Fig. 1.14    ( a – b ) Frontal plain fi lms show jejunal atresia along with intestinal occlusion. “Triple bubble” sign ( b )       
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can be seen in 12 % of cases (Frischer and 
Azizkhan  2012 ); intestinal perforation can occur 
also after birth (Fig.  1.18 ).

   The “apple-peel” syndrome is characterized 
by proximal jejunal atresia with the absence of 
mid-small intestine and the dorsal mesentery as a 

a b c

  Fig. 1.15    Multiple intestinal atresias. ( a ,  b ) Frontal and lateral radiographs show intestinal obstruction with air-fl uid 
levels. ( c ) Barium enema study demonstrates an unused microcolon occupying the left abdomen       

a b

  Fig. 1.16    ( a ) Radiograph shows dilatation of the stomach and duodenal loop. Gas is seen in jejunal loops. ( b ) Barium 
study demonstrated a jejunal stenosis at the level of Treitz ligament       
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consequence of intrauterine occlusion of the dis-
tal superior mesenteric artery. Therefore, the dis-
tal bowel derives its bloody supply from the 

proximal superior mesenteric artery and the dis-
tal small bowel spirals around its single vascular 
supply resembling an apple peel.  

a b

  Fig. 1.17    ( a ) Abdominal plain radiogram shows a 
dilated stomach and irregular distribution of the air in the 
abdomen; ( b ) after a barium enema study one can observe 

a dilated stomach and proximal duodenum, with air in the 
distal bowel loops, suggesting a duodenal stenosis       

a b c

  Fig. 1.18    ( a ) The fl uoroscopic gastrointestinal study shows a duodenal stenosis because of dilatation of the stomach 
and proximal duodenum. ( b ,  c ) The same patient in AP and LL projections: intestinal perforation is evident also       
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1.11.1.3     Treatment 
 At fi rst, infant needs to be stabilized and needs of a 
nasogastric tube to decompress the stomach and to 
minimize the aspiration. Broad-spectrum antibiot-
ics must be administered. Surgical repair can be 
performed both laparoscopically and via laparot-
omy. The choices of operation depend on the patho-
logical fi ndings, associated alterations (malrotation, 
volvulus, gastroschisis, meconium peritonitis), and 
the length of the remaining bowel. In patients with a 
normal length remaining bowel, a resection of the 
atretic loop can be performed; in case with a short 
bowel left, a proximal tapering enteroplasty or 
intestinal  plication has been proposed to preserve 
bowel length (Juang and Snyder  2012 ). 

 For these patients, it is also of utmost impor-
tance to document a complete distal patency; 
therefore, an intraluminal catheter and a saline 
solution fl ush can often identify additional distal 
atresias. In fact, while a primary resection or a 
tapering enteroplasty is needed for the initial 
atresia, in cases of multiple atresias, the distal 
ones are not distended; a direct end-to-end anas-
tomosis without resection for type II or IIIA dis-
tal atresia separated by a cord or a gap or an 
enterotomy and web excision with traverse clo-
sure of the enterotomy for distal type I web are 
acceptable. 

 Postoperative complications are anastomotic 
leak, infection, and short gut syndrome. These 
patients may suffer from feeding intolerance 
also, especially in the presence of meconium 
peritonitis, short bowel syndrome, and luminal 
discrepancy (Wang et al.  2014 ). 

 The prognosis is good with >90 % of survival; 
the prognosis for those suffering of short gut syn-
drome depends on the length of the remaining 
bowel, the dependence on parenteral nutrition, 
and the presence of the ileocecal valve (Calisti 
et al.  2012 ).    

1.12     Colon 

 Colonic atresia is relatively less common com-
pared to ileal atresia and is one of the rarest 
causes of neonatal intestinal obstructions, having 
an incidence of 5–15 % of all intestinal atresias. 

 It is usually caused by a fetal extrinsic mesen-
teric vascular obstruction associated with internal 
hernia, volvulus, and intussusception or 
strangulation. 

 An intraluminal vascular obstruction has also 
been advocated as a possible cause of CA. Some 
authors proposed the theory of emboli that, origi-
nating from the placenta and reaching the fetal 
mesenteric circulation, may cause intrinsic vas-
cular obstruction bypassing the lung circulation 
(Etensel et al.  2005 ; Erskine  1970 ). 

 Puri and Fujimoto stated that multiple intesti-
nal atresias may derive from a malformative pro-
cess of the gastrointestinal tract (Puri and 
Fujimoto  1988 ). 

 Varicella has been claimed to play a role in the 
pathogenesis of CA; in fact it seems that it might 
cause an injury to the enteric plexus leading to 
poor blood vessel development and ischemic 
condition, resulting in intestinal atresia (Sauve 
and Leung  2003 ). 

 In about two thirds of cases, it has been 
reported as an isolated anomaly, although it can 
be associated with other congenital anomalies, in 
particular fi xation and malrotation. In fact it 
seems that, causing problems related with loca-
tion and formation of proximal and distal seg-
ments, they both cause CA or are caused by 
colonic atresia (Landes et al.  1994 ; Sarin  2000 ; 
Benawra et al.  1981 ). 

 It commonly affects the colon proximal to the 
splenic fl exure. Atresias affecting the ascending 
colon are often indistinguishable from obstruc-
tions of the distal ileum. 

 Affected neonates complain with abnormal 
abdominal distention, vomiting, and failure to 
pass meconium. The differential diagnosis 
includes ileal atresia, meconium ileus or peritoni-
tis, functional immaturity of the colon, and 
Hirschsprung’s disease (Berrocal et al.  1999b ). 

1.12.1     Classifi cation 

 The classifi cation of CA was fi rstly provided by 
Louw and then refi ned by Marin and Zerella and 
Grosfeld (Grosfeld et al.  1979 ; Louw  1967 ; 
Martin and Zerella  1976 ). It consists of four 
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types of CA: type I represents a mucosal defect 
with an intact mesentery. Type II is characterized 
by a fi brous cord connecting the atretic bowel 
ends. Type IIIa consists of an atretic segment 
with a “V-shaped” mesenteric defect; type IIIb is 
the so- called apple-peel deformity in which we 
have a proximal colonic atresia, and the distal 
bowel is supplied by a single retrograde blood 
vessel. In type IV there are multiple atretic 
segments.  

1.12.2     Diagnosis 

 Prenatal US shows a characteristic fi nding of a 
colon with apparent haustra and showing an 
intestinal coursing at the periphery of the abdo-
men (Anderson et al.  1993 ). 

 Plain radiography shows features of low intes-
tinal obstruction with air-fl uid levels due to 
retained meconium, multiple dilated bowel loops, 
and the absence of air in the rectum. The colon 
proximal to the point of atresia is disproportion-
ately dilated, and a mottled pattern of gas and 
feces can be identifi ed. 

 Colonic enema study has been already 
described: enema typically shows a distal 
unused colon (microcolon) (Fig.  1.15c ) with 
obstruction to the retrograde fl ow of contrast 
medium at the site of atresia with the more proxi-
mal dilated colon ending in a blind pouch. 
Nevertheless, it cannot defi ne the length of bowel 
involved nor whether a proximal lesion exists 
(Winters et al.  1992 ). 

 Performing enema, different radiological 
signs have been described; that is, in type I defect, 
it can be observed the “wind-sock sign” because 
the contrast media pushes against the membrane. 
In type III there is the “hook” sign described on 
the microcolon sign (Azzie et al.  2002 ; Blair and 
Jamieson  2001 ). 

 US fi ndings of atretic colon include dilation of 
the distal small bowel and proximal colon whose 
content appears markedly echogenic due to the 
retained meconium. The differential diagnosis 
between small bowel and colonic obstruction can be 
performed only if the distal portions of the colon are 
visualized and appear collapsed (Pasto et al.  1984 ).  

1.12.3     Treatment 

 Previous studies recommended resection with 
primary anastomosis for lesions located close to 
the splenic fl exure and colostomy with delayed 
anastomosis for atresia distal to this point (Coran 
and Eraklis  1969 ; Schiller et al.  1979 ). 

 In the recent years, it has been proposed to 
perform resection and primary anastomosis, 
regardless of the location of the atresia, when the 
newborn’s condition permits: in fact the distal 
and proximal ends close to the atresia are differ-
ent for innervation, vascularity, and size (Pohlson 
et al.  1988 ). 

 Cox et al. proposed that this approach could 
be safely performed with a diameter variance of 
3:1 (proximal:distal) and without other distal 
mechanical obstructions (Cox et al.  2005 ). 

 In the absence of small bowel atresias, the 
normal length of small intestine can guarantee a 
normal bowel function. 

 When the ileocecal valve is intact, colonic 
atresia may appear as a closed loop obstruction 
with a high risk of perforation (Watts et al. 
 2003 ). 

 Regarding survival and postoperative compli-
cations, CA is the most favorable type of intesti-
nal atresias. In these cases the overall mortality is 
10 % or less; nevertheless, delayed diagnosis 
(>4 days) may result in a very high rate of 
 mortality, about 100 % (Karnak et al.  2001 ; Tao 
et al.  1987 ).   

1.13     Anorectal Malformations 

 Anorectal malformations (ARMs) comprise a 
wide group of congenital anomalies involving the 
distal anus, the rectum, and the genitourinary 
tract. The estimated incidence is about 1:5000 
live births, affecting males and females with a 
similar frequency. Most of them are represented 
by imperforate anus with the distal enteric com-
ponent ending blindly (atresia) or through a fi s-
tula into the genital or urinary tract or into the 
perineum. They are usually associated with other 
congenital anomalies in up to 70 % of cases, such 
as cardiac, vertebral (i.e., genesis and atresia of 
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the sacrum, vertebral dysplasia, and tethered cord 
syndrome), renal, and limb anomalies. 

 In particular, urogenital anomalies are the 
most common encountered in up to 60 % of 
patients complaining with hydronephrosis and 
vesicoureteral refl ux (Berrocal et al.  1999b ; 
Levitt and Peña  2007 ). 

1.13.1     Embryology 

 In the early embryonic like the development of 
the anorectum, the urogenital sinus and the cau-
dal neural tube are strictly related. In fact, 
between the fourth and sixth week of gestation, 
the primitive hindgut and the allantois (primitive 
urogenital sinus) enter into the cloaca, and the 
urorectal septum develops some infoldings of 
the lateral cloacal walls. At the same time, the 
developing neural tube and the mesodermal 
compartment, growing longitudinally, are 
responsible for the initial curvature of the 
embryo; therefore, the distance between the clo-
acal membrane and the tip of the urorectal sep-
tum is reduced. At the end of week 7, the 
urorectal septum and the cloacal membrane are 
located at the same level. The cloaca is then 
divided into a ventral part (the urogenital sinus) 
and a dorsal part (the rectum and proximal anal 
canal). Between them, the tip of the urorectal 
septum becomes the perineal area. At this time, 
the cloacal membrane ruptures and opens two 
orifi ces in the perineum: one ventral or urogeni-
tal and one dorsal or anal. Simultaneously, a sec-
ondary occlusion of the anorectal canal takes 
place, which then will rupture and recanalize by 
apoptosis at the end of week 8 (Nievelstein et al. 
 1993 ,  1998 ,  2002 ). 

 Anomalies in the development of the ano-
rectal septum are the most involved in the 
ARMs. 

 They are divided into two main groups 
depending on the period in which the anomalies 
occur; the anomalies characterized by an early 
abnormal development of the dorsal part of the 
cloaca and the cloacal membrane typically mani-
fest as an ectopic anal orifi ce or fi stula. Those 
anomalies due to a later abnormal recanalization 

of the secondary occluded anal orifi ce manifest 
as abnormal anus in a normal position.  

1.13.2     Classifi cation 

 The best known classifi cation of ARMs is that 
provided by Wingspread in 1984, which divides 
these anomalies into three groups, low, interme-
diate, or high, depending on the location of the 
rectal pouch with respect to the puborectal sling 
(Stephens et al.  1988 ). 

 A low-type ARM is defi ned as a rectal pouch 
located below the level of the puborectal 
muscle. 

 An intermediate- or high-type ARM is charac-
terized by a rectal pouch located at or above the 
level of the puborectal sling. 

 In 2005 the Krickenbeck Conference estab-
lished a new classifi cation depending on the pres-
ence or absence of fi stulas and their location, as 
well as the position of the rectal pouch. This clas-
sifi cation provides fi ve types of fi stulas: recto-
perineal, rectovestibular, rectourethral bulbar, 
rectourethral prostatic, and rectovesical. The 
 rectovaginal fi stula is a variant of cloacal anom-
aly (Holschneider et al.  2005 ). 

 While the Wingspread classifi cation indicates 
the location of the rectal pouch, the Krickenbeck’s 
one gives anatomic evaluation about the rectal 
pouch but also indications about any fi stulas. 
This is an important fi nding for the surgeon who 
can anticipate the extent of mobilization of the 
atretic rectal segment and defi ne the most appro-
priate surgical approach. 

 Finally there is the one provided by Gans, 
which is the simplest and most used. This classi-
fi cation comprised three types of ARMs:  rectal 
atresia , in which the anus is open but the rectum 
above the anus is atretic and no fi stula is present. 
Then we have the  ectopic anus , occurring when 
the terminal bowel fails to descend causing lack 
of communication with the anus. As a conse-
quence, the rectum opens via a fi stula at an abnor-
mal location, such as the vestibule, vagina, 
urethra, bladder, and cloaca. In i mperforate anus  
the distal bowel ends blindly without any fi stula 
(Gans  1970 ) (Figs.  1.19  and  1.20 ).
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1.13.3         Diagnosis 

 A prenatal diagnosis is very diffi cult to reach, 
occurring in about 16 % of cases. Associated 
fi ndings are oligohydramnios, abdominal or pel-
vic cystic masses, fetal ascites, hydronephrosis, 
and intestinal distention. In the presence of a dis-
tended bladder with oligohydramnios, a possible 
ARM should be considered. 

 When multiple pelvic cystic structures are 
observed in a female fetus, one may take in mind 
it could correspond to a distended bladder or a 
unique or septate fl uid-fi lled vagina; therefore a 
cloacal anomaly should be suspected. The differ-
ential diagnosis includes hydrometrocolpos 
related to imperforate hymen (Bischoff et al. 
 2010 ; Calvo-Garcia et al.  2011 ). 

 Fetal MR imaging in the third trimester of 
gestation can help confi rm ARMs. In a normal 
fetus, urine has signal intensity similar to that of 

fl uid, whereas normal meconium appears hyper-
intense on T1-weighted images and hypointense 
on T2-weighted images. In some fetuses with 
ARMs, mainly long common-channel cloacal 
anomalies in females and some rectourinary fi s-
tulas in males, increased signal intensity in the 
rectum, and decreased signal intensity in the 
bladder can be observed on T2-weighted images 
as a result of the mixing of urine and meconium. 

 Nevertheless, in the majority of cases, ARMs are 
diagnosed at birth. All diagnostic techniques can be 
used (Miele et al.  2006 ; Miele and Di Giampietro 
 2014 ). In infants with a rectoperineal or a rectoves-
tibular fi stula (external fi stulas), the diagnosis of a 
low type of ARM is evident, and a perineal surgical 
procedure can be performed early. If no external fi s-
tula is evident, the passage of meconium through the 
vagina or with the urine may become evident after 
24–48 h of life, delaying the diagnosis of an interme-
diate or high type of ARM (Alamo et al.  2010 ). 

a b c d

  Fig. 1.19    These drawings show the different types of male ARMs with or without  rectal atresia  and with or whithout 
the presence of a rectal fi stula with the urinary tract. The anus can be ectopic or imperforate       

a b c

  Fig. 1.20    These drawings show the different types of female ARMs with anorectal agenesia or rectal atresia with or 
without fi stula. In the most complex malformation there is a common outlet: the cloaca       
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 There are different opinions about the most 
useful imaging studies to perform in neonates with 
ARMs. Imaging studies in the fi rst 2 days of life 
include radiography of the thorax, spine, and pel-
vis with cardiac, perineal, abdominal, pelvic, and 
spine US to detect possible associated anomalies. 

 In the past the invertography was performed to 
determine the level of atresia (Fig.  1.21 ); nowa-
days its use is to be discouraged as it causes 
unuseful stress. In fact, during invertogram, the 
baby keeps on crying causing obliteration of the 
lower rectum because of the contraction of 
puborectalis sling, and the rectum, being pushed 
into a cephalic direction, causes an error in ARM 
classifi cation (Niedzielski  2005 ).

   In the presence of fi stula, in invertogram this 
one becomes the highest point of the rectum, and 
some gas may escape causing less distention of 
the rectum. 

 In a prone cross-table lateral view with babies 
heat in genupectoral position, the fi stula becomes 
the lowest point and the rectum is better distended 
with a better delineation of rectal gas (Fig.  1.22 ).

   The “M line” runs horizontally through the 
junction of the lower third and upper two thirds of 
the ischium; it describes the level of the puborectal 
sling, and it is used to classify lesions as high, 
intermediate, or low on lateral radiographs. 

 Plain radiography of the thorax, spine, and pel-
vis in the anteroposterior and lateral views allow 
identifi cation of associated cardiac, costal, and 
vertebral anomalies (Narasimha Rao et al.  1983 ). 

 Perineal US is an excellent technique for eval-
uating the distance between the rectum distal 
pouch and the perineum and even the location of 
any rectourogenital fi stulas (Figs.  1.23  and  1.24 ) 
(Niedzielski  2005 ; Oppenheimer et al.  1983 ). It 
is usually performed with a 10–12-MHz high- 
resolution linear array transducer by using the 
transperineal approach, with the child in a supine 
position and the pelvis and legs elevated. The dis-
tance between the rectal pouch and the anus is 
measured in the midline sagittal plane through 
the perineum. A distance of greater than 15 mm 
indicates a high type of ARM, whereas a distance 
of less than 15 mm suggests a low type of malfor-
mation (Haber et al.  2007 ; Haber  2009 ). 

Nevertheless, differentiation between a low and a 
high lesion in a relatively low position may be 
diffi cult, and any crying by the patient can 
increase the intra-abdominal pressure, displacing 

  Fig. 1.21    Anorectal atresia. Invertogram. A small metal 
object is fi xed to the anal dimple       

  Fig. 1.22    Anorectal atresia. Lateral radiograph shows a 
distended rectal pouch. A small metal object is fi xed to the 
anal dimple       

 

 

1 Intestinal Stenosis and Atresia



24

the distal rectal pouch to the perineum and short-
ening this distance. Fistulas may be identifi ed as 
linear tracts connecting the rectal pouch to the 
bladder, urethra, or posterior wall of the vagina.

    Abdominal US evaluation of the urinary tract 
is limited in the fi rst 24 h after birth, because the 
physiologic dehydration and the reduced uri-
nary output cause the lack of upper tract dilata-
tion. However, detection of any genitourinary 
anomalies requires a voiding cystourethrogra-
phy (Boemers et al.  1999 ). 

 Spinal US provides accurate information about 
the morphology and integrity of the sacrum and 

distal vertebral column, allowing identifi cation of 
the level of the medullary cone and demonstration 
of any presacral mass. In these cases complemen-
tary spinal MR imaging is mandatory. 

 Cystography and/or colostography are rou-
tinely performed to delineate associated fi stulas 
between rectum and urinary tract as well as vesi-
coureteral refl ux (Figs.  1.23  and  1.24 ). 

 CT and MR are the techniques of choice to 
delineate pelvic anatomy, in particular the puborec-
talis sling and the external sphincter. In neonates 
with ARMs, a combined protocol of pelvic and spi-
nal MR would be acceptable (Figs.  1.25  and  1.26 ).

a b

  Fig. 1.23    Anorectal atresia with bladder fi stula. ( a ) US 
shows a fl uid-fi lled urinary bladder and a not-distended 
rectal pouch behind. ( b ) During the urinary bladder void-

ing phase, you can observe the fi lling of rectal pouch, 
indicating a communication between the rectum and 
bladder       

a b

  Fig. 1.24    Anorectal atresia with bladder fi stula. ( a ) US 
shows a fl uid-fi lled urinary bladder and a rectal pouch dis-
tended by corpuscolated material backward ( b ) During 

the urinary bladder voiding phase, you can observe the 
additional fi lling of rectal pouch, indicating a communi-
cation between the rectum and bladder       
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    Boys presenting with ARM usually show 
other genital anomalies like hypospadias, micro-
penis, and ambiguous genitalia. MR imaging 
typically displays normal sphincteric develop-
ment with the anterior part of the rectum anteri-
orly dislocated and a rectoperineal fi stula. 

 Male patients commonly suffer from the high 
or intermediate form of ARM, with a rectourethral 
fi stula and almost normal perineal and gluteal 
anatomy with a well-developed levator ani and 
sphincteric muscle at MR imaging (Ratan et al. 
 2004 ; Peña and Hong  2000 ). 

 In girls, any perineal or vestibular fi stula can 
be well diagnosed at clinical examination. This is 
a low type of ARM, in which rectum and vagina 
are well separated in most of cases. 

 The most common anomaly depicted at MR 
imaging is the rectovestibular fi stula, in which 
both levator ani and external sphincter are well 
developed. 

 Cloacal anomaly is well diagnosed at clinical 
inspection, where a unique opening is seen for 
rectum, vagina, and urethra, but it is more diffi -
cult to delineate at MR because of the association 
of other genital anomalies, such as hydrocolpos, 
and a septum in uterus and vagina. However, MR 
can show an underdeveloped levator ani muscle 
which appears even atrophic along with a nonvis-
ible external anal sphincter (Nievelstein et al. 
 1993 ; Peña and Hong  2000 ). 

 The most frequent clinical syndromes associ-
ated with ARMs are the VACTERL syndrome, the 
caudal regression syndrome, and the Currarino 
syndrome. 

 The prevalence of VACTERL is about 
1.10,000–40,000 live births, and in most of cases, 
it is sporadic. 

 Its diagnosis can be suspected in the presence 
of US fi ndings of a single umbilical artery and 
polyhydramnios along with vertebral, renal, limb, 
and cardiac malformations. These patients have a 
high prevalence of spinal dysraphism, tethered 
cord syndrome, and genitourinary conditions. In 
these cases MR imaging is mandatory. 

 Caudal regression syndrome is a neural tube 
defect presenting with developmental anomalies of 
the distal spine along with complete or partial agen-
esis of the os sacrum and pelvic deformity and 

  Fig. 1.25    Anorectal malformation. Image from colostog-
raphy depicts a rectourethral fi stula and anal atresia       

  Fig. 1.26    Colostography shows an anorectal atresia with 
perineal fi stula       
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anomalies affecting the neural tube, gastrointestinal 
and genitourinary tract, limbs, and heart. Clinically 
patients suffer from a complete neurological defi cit 
as well as no control of the bladder and bowel. 

 Prenatal US fi ndings show interruption of the 
distal spine because of the absence of thoracic 
and lumbar vertebrae or the sacrum with fusion 
of pelvic bones and typical frog-like position of 
lower limbs (Solomon  2011 ; Solomon et al. 
 2011 ; Kuo et al.  2007 ). Also in this case, MR 
imaging is required after birth to fi nd out the level 
of spinal agenesis. 

 Currarino syndrome was fi rst described in 
1981 to describe the association of ARM, sacro-
coccygeal defect, and a presacral mass (teratoma, 
dermoid cyst, meningocele, neuroenteric cyst) 
responsible for a tethered cord syndrome. 

 This is an autosomal dominant disorder with 
incomplete penetrance. Patients usually present 
with intractable constipation (Currarino et al. 
 1981 ; Alamo et al.  2013 ). 

 Lateral x-ray depicts the sacral anomaly with 
preservation of the fi rst sacral vertebra and dys-
plasia of the last sacral vertebrae, with a sickle or 
scimitar appearance. MR imaging well depicts 
the presacral mass, the tethered cord, and the 
high atrophy of the sphincteric muscle.  

1.13.4     Treatment 

 The mainstay of therapy is to obtain a good qual-
ity of life with acceptable levels of bowel control 
and normal sexual and reproductive abilities. 

 The low-type ARM can be managed early 
with opening of the rectal pouch and ligature of 
the fi stula, when present. 

 The intermediate and high-type ARMs are 
treated with colostomy at fi rst and then with a 
defi nitive repair at a later age, by performing a 
posterior sagittal anorectoplasty alone or along 
with laparoscopic rectoplasty in a second interven-
tion (deVries and Peña  1982 ; Georgeson et al. 
 2000 ). Prior the defi nitive repair, a high-pressure 
distal colostogram is required to confi rm the level 
of rectal atresia and to identify any fi stulous tract. 
Through a Foley catheter, a water-soluble contrast 
medium is injected under mild pressure to infl ate 

its balloon and occlude the stoma. The injection 
should be continued until the patient starts voiding 
to increase the possibility to visualize the fi stula 
(Gross et al.  1991 ; Gupta and Guglani  2005 ). 

 High fi stulas, mainly the rectourethral pros-
tatic or the rectovesical in boys, are very diffi cult 
to visualize on a sagittal approach, so that a lapa-
rotomy or laparoscopy may be performed.      
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2.1           Defi nition 

 Intestinal malrotation is a congenital abnormal 
position of the bowel within the peritoneal cavity 
secondary to an arrest of normal rotation of any 
part of the intestinal tract. Malrotation is accom-
panied by abnormal bowel fi xation by mesenteric 
bands or the absence of fi xation of portions of the 
bowel (malfi xation), leading to increased risks of 
bowel obstruction and midgut volvulus. Because 
the mesentery contains the vessels supplying and 
draining the small bowel, in the case of twisting 
on its axis, intestinal necrosis may occur in a very 
short time, making malrotation with volvulus an 
acute surgical emergency.  

2.2     Embryologic Origins 

 The embryo’s gut develops from the yolk sac, 
which early divides into three sections: the fore-
gut, supplied by the celiac artery; the midgut, 
extending from the duodenum at the insertion of 
bile duct to the distal transverse colon, supplied 
by the superior mesenteric artery (SMA); and the 
hindgut, supplied by the inferior mesenteric 
artery (Fig.  2.1 ).

   The midgut is divided into a cephalad, pre- 
arterial portion, and a caudad, post-arterial por-
tion by the SMA and the vitelline duct (Snider 
and Chaffi n  1954 ). The cephalad midgut gives 
rise to the distal duodenum, jejunum, and proxi-
mal ileum. The caudad midgut contributes to the 
distal ileum, cecum, appendix, and ascending and 
fi rst two-thirds of transverse colon. 

 Between the 4th and the 12th week of gesta-
tion, the gut lengths rapidly, and, after a series of 
complex rotations, it undergoes fi xation in the 
normal position in the abdomen (Fig.  2.2 ).

   First the duodenum rotates 90° counterclock-
wise to a position at the right of the SMA, while 
the colon rotates 90° to a location to the left of 
SMA. At 6 weeks the midgut herniates in a 
U-shaped loop into the umbilical cord, where the 
duodenum rotates counterclockwise another 90°. 
At 10 weeks the gut returns to the abdominal cav-
ity where the duodenum completes its fi nal 90° 
rotation, until the duodenojejunal junction is 
located to the left of the spine, while the colon 
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rotates 180° until the cecum is located in the right 
lower quadrant. 

 Throughout the remainder of gestation and 
postnatally for the fi rst few months of life, further 
elongation of the cecum and fi xation of the gut 
occur. The ascending and descending colons are 
anchorated to the right and left abdominal gut-
ters. The small bowel’s broad mesenteric attach-
ment, extending from the ligament of Treitz – that 
anchorates the duodenojejunal junction (DDJ) in 
the upper left abdomen – to the ileocecal valve in 
the lower right abdomen, stabilizes its position 
and prevents volvulus (Fig.  2.3 ).

2.3        Classifi cation 
and Physiopathology 

 The term “malrotation” applies not to a single 
distinct entity, but rather to a continuum of intes-
tinal anomalies refl ecting a failure occurring at 
any time in the embryologic development of the 
midgut. This can result in an appearance ranging 
from complete midgut malrotation to normal 
anatomy except for a high-riding cecum in the 

right upper right quadrant. In the majority of 
cases, malrotation involves both the small and 
large bowel. 

 Different patterns of malrotation can be cate-
gorized on the bases of the timing of the develop-
mental failure (Long and Markowitz  1996 ). 

  Non-rotation : this is the most common posi-
tional anomaly, refl ecting an early failure of rota-
tion. The initial 90° rotation has occurred with 
the duodenum lying right of the SMA and the 
distal colon left to the SMA. The fi rst and second 
parts of the duodenum are normally positioned, 
but the third and fourth parts descend vertically 
along the right side of the SMA. The small bowel 
is located at the right and the colon lies to the left 
of the midline (Figs.  2.3b  and  2.4 ).

    Incomplete rotation : failure during the fi nal 
180° counterclockwise rotation of the small 
bowel and/or of the colon. The resultant abnor-
mality varies from complete non-rotation to nor-
mal. Abnormally rotated bowel does not develop 
a normal mesenteric attachment, leading to the 
risk of volvulus that varies with the degree of 
mesenteric attachment (Fig.  2.4b ). 

  Reversed rotation : the caudal midgut (ceco-
colic loop) returns to the abdominal cavity fi rst, 
and the duodenum rotates clockwise rather than 
counterclockwise. As a result, the duodenum 
courses anterior to SMA rather than posterior, 
and the colon (ascending and transversus) courses 
posterior rather than anterior. 

 The abnormally positioned right colon can 
have aberrant attachments to the right upper 
quadrant retroperitoneum, known as Ladd’s 
bands (Fig.  2.5 ). These peritoneal bands, cross-
ing anterior to the bowel rather than posterior to 
it, may cause intestinal obstruction, most 
 frequently by impinging the third portion of the 
duodenum.

   In malrotation, the proximity between the 
DDJ and the cecum, the two fi xation points of the 
small bowel, results in a short mesenteric root, 
predisposing the malfi xated midgut to rotate 
around the axis of the superior mesenteric artery. 
This twisting causes an obstruction of the bowel 
lumen, of lymphatic and venous drainage, and, 
eventually, of arterial supply, leading to extensive 
intestinal necrosis, which can be fatal. 

  Fig. 2.1    The embryo’s three gut sections, foregut, mid-
gut, and hindgut, and their vascular supplying       
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Malrotation, in itself, is not a surgical emergency; 
however, it does indicate a potential propensity to 
volvulus, a true life-threatening emergency.  

2.4     Epidemiology and Clinical 
Presentation 

 Malrotation occurs in approximately 1 in 500 live 
births. 

 Malrotation of the bowel is always present in 
patients with congenital defects of the abdominal 
wall, such as omphalocele, gastroschisis, or dia-
phragmatic hernia (Fig.  2.6 ). It is often associ-
ated with a number of syndromes and anatomic 
anomalies, mostly gastrointestinal, such as jeju-

nal and duodenal stenosis, annular pancreas, 
Hirschsprung disease, and intussusception. It is 
very common in patients with heterotaxy 
syndrome.

   Malrotation is usually diagnosed in newborns 
and young infants; up to 75 % of symptomatic 
cases occur soon after birth and up to 90 % 
within the fi rst year of life (Torres and Ziegler 
 1993 ). The classical clinical manifestation is bil-
ious vomiting, with or without abdominal disten-
sion, associated with either duodenal obstructive 
bands or midgut volvulus (Strouse  2008 ). In 
62 % of newborns presenting with bilious vomit-
ing, the cause is not an anatomic obstruction, but 
imaging can be useful to exclude malrotation 
(Strouse  2004 ). 

a

c d

b

  Fig. 2.2    The stages of normal intestinal rotation during 
embryologic development. ( a ) Lateral view of the midgut 
loop before rotation. ( b ) Lateral view after the fi rst 180° 
counterclockwise rotation around the mesenteric vessel 

axis. ( c ) Frontal view after complete midgut 270° rotation. 
( d ) Frontal view of the fi nal intestinal location, after elon-
gation of the cecum and fi xation of the gut       
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 In intestinal volvulus diagnosis must be made 
promptly and children must undergo surgery 
without delay. Mortality in affected newborns is 
3–5 % (Applegate et al.  2006 ). 

 Patients with malrotation who do not develop 
volvulus at birth may remain asymptomatic for 
the rest of their lives. Most of patients who pres-
ent with intestinal obstruction later in life do so 

a b

  Fig. 2.3    ( a ) The small bowel has a broad mesenteric 
attachment, extending from the DDJ in the upper left 
abdomen to the ileocecal valve in the lower right abdo-

men. ( b ) In malrotation, the root of the small bowel mes-
entery is narrow, predisposing to intestinal volvulus       

a b

  Fig. 2.4    ( a ) Non-rotation. ( b ) Incomplete rotation       
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because of crossing peritoneal bands. Malrotation 
beyond infancy may have unusual clinical mani-
festations that vary from acute abdominal pain 
and vomiting to mild intermittent pain and mal-
absorption. The incidental diagnosis of malrota-
tion is not uncommon, especially in adults (Zissin 
et al.  1999 ).  

2.5     Imaging 

2.5.1     Abdominal Radiograph 

 Abdominal plain radiographs are usually the ini-
tial diagnostic procedure obtained. They are usu-
ally nonspecifi c, but they help to exclude other 
etiologies and to guide further investigations. In 
the setting of a neonate with bilious vomiting, the 
bowel gas pattern will help to differentiate distal 
from proximal obstruction. The most common 
intestinal gas pattern in malrotation is normal. If 
the loops are distended, radiographs may occa-

sionally show the small bowel on the left and the 
colon on the right, suggesting a positional anom-
aly (Fig.  2.7 ). In the case of severe duodenal 
obstruction due to volvulus or Ladd’s bands, the 
classical appearance of “double bubble sign” may 
be seen, gas-fi lled, dilated stomach and duodenal 
bulb, with little gas in the distal bowel. If the 
obstruction is complete, this pattern is indistin-
guishable from duodenal atresia and other causes 
of congenital duodenal obstruction (Fig.  2.8 ).

    Radiographic fi ndings in midgut volvulus can 
be ambiguous: the abdomen might be gasless, 
there might be dilatation of numerous small 
bowel loops simulating a distal small bowel 
obstruction, and the volvulized bowel can deter-
mine some mass effect in the mid-abdomen. The 
presence of intestinal pneumatosis or free intra-
peritoneal air is extremely rare, but represents a 
poor prognostic sign. 

 If the radiographs are normal or nonspecifi c, a 
contrast-enhanced examination should be 
performed.  

a b

  Fig. 2.5    Ladd’s bands       
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2.5.2     Fluoroscopic-Guided Contrast 
Studies 

 Contrast studies are the gold standard for the 
evaluation of intestinal malrotation, with or with-
out volvulus or Ladd’s band obstruction. The pro-
cedures can be performed with barium, but, in 
pediatric imaging, it is preferable to use diluted 
water-soluble nonionic iodinated contrast agents, 
when the risk of a potential perforation is sus-
pected. Using a nasogastric tube aids in deliver-
ing and controlling the administration of contrast 
from above. 

2.5.2.1     Upper GI Tract Examination 
 The contrast small intestinal series remains the 
mainstay for radiologic diagnosis of malrotation 
and volvulus. Upper GI is fast and accurate 
in locating duodenojejunal junction, which is the 

key landmark in the upper GI tract examination 
and easily demonstrates a duodenal obstruction 
(Sizemore et al.  2008 ). The DDJ is normally 
positioned to the left of the left pedicle at the 
level of duodenal bulb on frontal views and pos-
terior on the lateral views. The duodenal sweep is 
usually smooth and “C” shaped, and the jejunum 
is usually in the upper left quadrant (but a differ-
ent position of the jejunum by itself is not an indi-
cation of malrotation). In the case of malrotation, 
the upper GI series shows a malposition of the 
DDJ, low-positioned and to the right of the spine 
or midline from an anteroposterior view and 
anteriorly positioned on a lateral view (Fig.  2.9 ). 
Both frontal and lateral views are crucial to defi ne 
the position of the DDJ. Orienting the patient left 
side down allows contrast material to pool in the 
gastric cavity, and subsequent rotation into right 
prone oblique position allows contrast material to 
move into the duodenum. The lateral view pro-

  Fig. 2.6    Plain radiograph shows herniation of the bowel 
in the left chest cavity, with displacement of the heart, in 
diaphragmatic hernia       

  Fig. 2.7    Abnormal position of air-distended bowel loops 
on plain radiograph, suggesting malrotation at 12 days of 
age. The small bowel is located in the right side of the 
abdomen and the large bowel in the left side on frontal 
view       
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vides confi rmatory information on the duodenal 
course.

   It is important to localize precisely the DDJ 
during fl uoroscopic observation of the fi rst pass 
of contrast along the duodenal sweep, because it 
can be easily obscured by contrast in the antrum 
or jejunum. In children with acute duodenal 
obstruction, the upper GI series may depict a 
Z-shaped duodenum in the presence of obstruct-
ing peritoneal bands or a duodenojejunal cork-
screw twist in the presence of volvulus. The 
corkscrew sign (spiral sign), visualized both in 
frontal and lateral views, illustrates a spiral con-
fi guration of the fourth portion of the duodenum 
and the proximal jejunum (Ortiz-Neira  2007 ) 
(Fig.  2.10 ). Dilatation of the proximal duodenum 
is often associated. Midgut volvulus involves the 
entire length of the small bowel, with the excep-
tion of the fi rst and second duodenal portions.

   Due to the relative laxity of peritoneal liga-
ments in infants, the DDJ position is variable 
(Koch et al.  2016 ), and it can easily be inferiorly 
displaced by a dilated stomach or intestinal seg-
ment or by an enteric feeding tube, carrying the 
risk of malrotation overdiagnosis (Katz et al. 
 1987 ). Radiological false-positive rate for UGI 
series showing malrotation may be as high as 
15 % (Applegate et al.  2006 ), so in equivocal 
cases, when the diagnosis of malrotation does not 
match with the clinical history and physical 
examination, a contrast enema and eventually a 
repeat of the UGI series might be prudent.  

2.5.2.2     Contrast Enema 
 Abnormal position of the cecum can be found in 
80–87 % of surgically proven cases of malrotation 
(Applegate et al.  2006 ). Malrotation of the colon 
alone is much rarer than that limited to the small 
bowel or that of the small and large bowel together. 
Enema, performed using iodinated hydrosoluble 
contrast material diluted at 10 % in 1,000 ml of 
warm water, can be useful to localize the cecum 
(Figs.  2.11  and  2.12 ) and thereby defi ne distal end 

  Fig. 2.8    “Double bubble” sign, with air-fl uid levels in 
distended stomach and duodenum ( arrows ), is a nonspe-
cifi c sign of proximal bowel obstruction. Constricting 
Ladd’s band is indistinguishable from atresia and other 
causes of congenital duodenal obstruction on plain 
radiographs       

  Fig. 2.9    Upper GI series shows malrotated stomach and 
small bowel in a 17-day-old newborn. Note the abnormal 
position of the duodenojejunal junction ( arrow ) to the 
right of the spine on frontal view       
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of the mesenteric attachment of the midgut. The 
shorter the distance between the DDJ and the 
cecal apex, the shorter the length of the small 
bowel mesentery and the greater the risk of volvu-
lus. Approximately 20 % of individuals with mal-
rotation have a normally positioned cecum (Katz 
et al.  1987 ); thus normal cecal position does not 
rule out the diagnosis of malrotation (Slovis and 
Strouse  2009 ). Contrast enema is rarely used 
alone; nevertheless, documentation of frankly 
abnormal cecal position in the setting of an equiv-
ocal upper GI might be of benefi t (Fig.  2.13 ).

     In infants and older children who present with 
vomiting, enema may reveal a distal bowel 
obstruction due to an acute bowel volvulus 
(Fig.  2.14 ).

2.5.2.3        Ultrasound 
 The use of abdominal sonography has been pro-
posed for the screening of malrotation, based on 

the position of mesenteric vessels. Normally the 
superior mesenteric vein (SMV) is located to the 
right and anterior to the mesenteric superior 
artery (SMA) in axial plane, and the two vessels 
course approximately parallel to one another as 
the artery descends from its origin and courses 
inferiorly. An association between an intestinal 
malrotation and a reversal of the relationship 
between the SMA and SMV (with the vein 
located anterior and to the left of the artery) 
(Fig.  2.15 ) has been observed for decades but 
remains controversial (Anupindi et al.  2014 ). 
Initially it was assumed that if SMV is not to the 
right of SMA, at the level of SMV’s junction with 
the portal vein, the fi nding will be suggestive for 
malrotation.

   However, recent studies demonstrated that the 
relative positions of mesenteric vessels are 
reverted only in 60 % of children with malrota-
tion and anatomic variations with reversal of the 
vessel position exist in children with no intestinal 
abnormality (Dufour et al.  1992 ; Ashley et al. 
 2001 ). At present most authors believe that US 
cannot exclude malrotation (Ashley et al.  2001 ; 
Orzech et al.  2006 ; Yousefzadeh  2009 ). 

 A fl uoroscopic upper gastrointestinal series 
must always be performed in suspect cases, as it 
remains the reference standard in the evaluation 
of malrotation. 

 Recently, evaluation of the position of the third 
portion of the duodenum (D3) by using a graded 
compression ultrasonography has been proposed 
as a screening tool for malrotation. The statement 
was that a normal retromesenteric course of D3 
between the SMA and the abdominal aorta 
excludes malrotation (Yousefzadeh et al.  2010 ; 
Menten et al.  2012 ). However,  subsequent studies 
on patients with surgically proven malrotation 
who underwent abdominal CT examinations 
showed the presence of D3 in a normal retromes-
enteric location in patients with malrotation, dem-
onstrating that the retromesenteric position of D3 
may not be a reliable landmark of normal rotation 
(Taylor  2011 ; Menten et al.  2013 ). 

 Ultrasound (US) is an inexpensive, noninva-
sive imaging modality. Performed with high- 
frequency (6–10 MHz) linear transducers, using 
warmed gel for the comfort of the baby, US is 

  Fig. 2.10    Corkscrew sign. Upper GI series performed 
with iodinated water-soluble contrast agent shows a 
dilated stomach and a spiral appearance of the distal duo-
denum and the proximal jejunum ( arrows ) on the lateral 
view in malrotation pattern       
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suitable for the small body size of neonates and 
young children (Di Giacomo et al.  2015 ). It needs 
no special preparation and can be performed at 
the bedside, even at the presence of the parents. 
Although ultrasound diagnosis of malrotation is 

challenging, US may be the fi rst examination in 
which volvulus is discovered. Findings of acute 
volvulus on conventional US are the following 
(Hyden et al.  1984 ; Chao et al.  2000 ): distended 
proximal duodenum; tapering of the duodenum 

a b

  Fig. 2.11    Contrast enema shows abnormal position of 
the cecum ( a ) and, with refl ux of the contrast through the 
ileocecal valve, small bowel located in the right abdomen 

( b ) on anteroposterior views in a 15-day-old newborn 
with incomplete rotation       

a b

  Fig. 2.12    Contrast enema shows incomplete colonic 
rotation. Sigmoid loop is dilated and right positioned. The 
ascending colon is located in the middle upper quadrant 

and the cecum is displaced in the right hypochondrium. 
The small bowel is not opacifi ed. Anteroposterior ( a ) and 
posteroanterior ( b ) views       
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over the spine, suggesting an extrinsic compres-
sion; thick-walled bowel loops; and the presence 
of peritoneal fl uid. 

 In midgut volvulus, not only the intestinal 
tract but also the mesenteric vessels are volvu-
lated. The SMV wraps clockwise around the 
SMA (Fig.  2.16 ). A swirling or twisting or a 
whirlpool relationship between the vessels on 
color Doppler (“whirlpool sign”) is characteristic 
of a volvulus. It consists of a side-by-side 
arrangement of vessels with opposing fl ow direc-
tions (Shimanuki et al.  1996 ). Solitary hyperdy-
namic pulsating SMA (Sze et al.  2002 ), truncated 
appearance of the SMA, and a dilated SMV are 
other important ancillary vascular signs.

2.5.2.4        CT and MRI 
 Like other cross-sectional modalities, computed 
tomography (CT) and magnetic resonance imag-
ing (MRI) can be used to evaluate the position of 
D3, the location of the DJJ, and the anatomical 

a b

  Fig. 2.13    ( a ,  b ) Intestinal malrotation with the cecum and ascending colon in the left abdomen       

  Fig. 2.14    Intestinal obstruction from sigmoid volvulus in 
a 10-year-old boy. Contrast enema on anteroposterior 
view clearly shows sigmoid torsion and dilated large 
bowel loops       
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relationship between the SMA and SMV (Miele 
and Di Giampietro  2014 ). 

 CT imaging of abnormal D3 position has high 
sensitivity and specifi city of diagnosing malrota-
tion (97.3 % and 99 %, respectively) (Taylor 
 2011 ). Due to the variation in normal SMA/SMV 
anatomy as previously discussed, the accuracy of 
identifying “abnormal” SMA/SMV relation in 

making the diagnosis of malrotation is about 
77 % (Taylor  2011 ). If volvulus is present, CT 
scans can identify a central mass composed of 
mesentery with vessels and bowel twisting 
around the SMA axis in a whirl pattern (“whirl-
pool sign”). 

 CT is a quick and complete examination, 
which can be performed with extremely mini-
mal invasiveness, but is infrequently per-
formed when the clinical suspect of malrotation 
is high, as it does subject the child to a signifi-
cant dose of radiation when compared to an 
UGI. When performed with IV contrast media, 
CT can detect edema of the mesentery and 
perfusion abnormalities of the bowel (Aidlen 
et al.  2005 ). 

 Magnetic resonance imaging (MRI), as well 
as CT, can identify fi ndings of malrotation, 
including dilation of the proximal duodenum, 
non-retroperitoneal positioning of the duodenum, 
bowel malpositioning, and inversion of the SMA/
SMV relationship (Strouse  2008 ). The MRI is the 
most expensive imaging modality available to aid 
in diagnosing malrotation; it avoids radiation but 
relies on suspended respiration or needs the 
patient to be sedated. 

a b

  Fig. 2.15    ( a ) Sonogram showing inverted position of 
mesenteric vessels in malrotation. The superior mesen-
teric vein ( thick arrow ) is positioned to the left of the 
superior mesenteric artery ( thin arrow ) on an axial plane. 

( b ) Scheme showing the inversion of the anatomic rela-
tionship between the SMA and the SMV.  AO  aorta,  I  infe-
rior vena cava       

  Fig. 2.16    Whirlpool sign. The SMV and the mesentery 
wrap around the SMA on an axial-oblique plane sono-
gram in malrotation with volvulus       
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 Take Home Points in Midgut Malrotation 

     Upper gastrointestinal series :
 –    Abnormal position of duodenojeju-

nal junction  
 –   Corkscrew appearance of the duode-

num and proximal jejunum if volvu-
lus is present     

   Contrast enema :
 –    Cecum abnormally positioned     

   Ultrasound :
 –    Inversion of the SMA/SMV 

relationship  
 –   Intraperitoneal course of D3  
 –   Whirlpool pattern in mesenteric ves-

sels if volvulus is present     
   CT / MR 

 –    Non-retroperitoneal positioning of 
the duodenum  

 –   Inversion of the SMA/SMV 
relationship  

 –   Bowel malpositioning  
 –   Whirlpool pattern in mesenteric ves-

sels if volvulus is present  
 –   Ischemic impairment of the bowel 

wall if volvulus is present       
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      Meconium Ileus                     

     Margerita     Trinci    ,     Antonio     Alessandro     Pallottino    , 
    Claudia     Lucia     Piccolo    ,     Francesca     De     Narda     , 
    Cinzia     Orazi    , and     Vittorio     Miele   

3.1          Introduction 

 Meconium is produced after the 13 weeks of ges-
tation; it is the materials that during the fetal life 
accumulate in the bowel; it is formed of lanugo, 
bile, mucus, desquamated intestinal cells, desic-
cated amniotic fl uid, and bowel secretion. 
Meconium goes distally from the small bowel 
and accumulates in the distal colon and rectum 
after the 20 weeks of gestation. In normal fetus 
there is signifi cant evacuation of meconium in 
utero unless there is a fetal distress. 

 Meconium ileus represents 9–33 % of all cases 
of neonatal intestinal obstruction (300 new cases 
each year in Italy), with an incidence of 1:2,500 
newborns; it is the third most common cause of 
intestinal obstruction of the small intestine after 
intestinal atresia and malrotation. 

 Meconium ileus represents the fi rst clinical 
manifestation of cystic fi brosis (CF) and occurs 

in 8–15 % of patients with CF at birth. Ninety 
percent of patients with meconium ileus are 
affected by CF. 

 The meconium plug syndrome is a common 
cause of neonatal intestinal obstruction of the dis-
tal colon or rectal portion. The term meconium 
plug syndrome was introduced in 1956 by 
Clatworthy; it refers to a neonatal condition with a 
transient immaturity of neonatal peristalsis of the 
colon, which causes a colonic obstruction with the 
presence of inspissated meconium. The incidence 
of this syndrome is estimated to range from 1 case 
in 500 to 1 case in 1,000 newborns; its etiology is 
unclear, but an increase of this pathology is found 
in infants of diabetic mothers who are treated dur-
ing pregnancy with magnesium sulfate for pre-
eclampsia. Usually this condition is resolved with 
the enema that helps to evacuate the meconium; in 
fact, after the plug is passed, intestinal movements 
are normal, and the symptomatology resolves. If it 
does not happen, the most important differential 
diagnosis is with Hirschsprung disease.  

3.2     Epidemiology 
and Pathogenesis 

 Cystic fi brosis is more widespread in the North 
Europe Caucasian population, North American 
population, and Australian and New Zealand 
population. The incidence varies according to the 
different studies and is approximated to 1/3,500 
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live births. Cystic fi brosis is less common in the 
African American population (1/17,000 live 
births) and in the Asian population (1/90,000). 
The data about the incidence on neonatal screen-
ing of this pathology in Italy is between 1/2,730 
and 1/3,170 births. 

 Cystic fi brosis is a genetic disease, with autoso-
mal recessive transmission; it is characterized by a 
systemic involvement, affecting mainly the respira-
tory and intestinal tract, and it is the most common 
autosomal recessive disorder in white people. 

 The mutated gene responsible for cystic fi bro-
sis, discovered in 1989, is located on the long 
arm of chromosome 7 and is named “cystic 
fi brosis transmembrane conductance regulator” 
(CFTR); this gene encodes a defective chloride 
channel in epithelial cells. In these patients the 
chloride channel is locked because the CFTR 
protein is not functional; the sodium channel 
also depends on the abnormal CFTR protein as a 
result much sodium enters inside of the cell; 
from this it follows that little water comes out 
from the cell, and thus the periciliary liquid is 
very little and the ciliary beat is therefore 
ineffective. 

 Similar events even occur in the pancreatic, 
biliary, and deferens ducts leading to dehydra-
tion, protein secretions, and the consequent 
obstruction of the lumen. 

 The occlusion of pancreatic ducts that already 
occurs during the second trimester of pregnancy 
leads to the formation of voluminous, translu-
cent, and malodorous feces. 

 The absence of normal pancreatic enzymes is 
responsible to the physical characteristics of the 
abnormal meconium. 

 Nowadays gene replacement therapy is not yet 
used because of the diffi culties of targeting the 
proper cells. The better knowledge of this pathol-
ogy and the new therapies have improved life 
expectancy of these patients.  

3.3     Clinical Presentation 

 Concerning to the gastrointestinal tract, the clin-
ical presentation in the case of neonatal bowel 
obstruction will be the failure to pass meconium 

during the fi rst 24 h of typical abdominal ten-
derness; vomit bile-stained material and pancre-
atic failure are present. The doctor at the clinical 
evaluation can palpate a mass, in the right fl ank 
due to the inspissated meconium located in the 
lower portion of the ileus, and in the right colon, 
the mass is often visible through the abdominal 
wall. Rectal examination is often diffi cult due to 
the small caliber of the rectum. The pathologic 
meconium is related to the presence of an abnor-
mal intestinal mucus, slimy and adherent meco-
nium is very viscous for the increasing of protein 
content and reducing of carbohydrate content, 
and this results in dehydration of the consis-
tency of meconium with grayish gummy balls 
that occlude the loop. The compacted meco-
nium, adherent to the intestinal walls, deter-
mines an intraluminal obstruction that occurs in 
the intermediate section of the distal ileum and 
colon, which leads to a progressive abdominal 
distension. A condition of meconium ileus can-
not be excluded if the stool has been passed 
after birth. 

 Regarding the neonatal occlusions, the differ-
ential diagnoses that we have to consider are 
intestinal atresia, malrotation, volvulus, perito-
neal band, duplication of the intestinal tract, and 
Hirschsprung disease. These conditions are asso-
ciated with normal meconium, and there is no 
pancreatic insuffi ciency. Volvulus of the midgut 
is often associated with meconium ileus (50 % of 
cases). 

 Meconium peritonitis (in about 40–50 % of 
cases) occurs in the case of perforation of the 
intestinal tube, with meconium passing into the 
peritoneal cavity. Meconium peritonitis can 
happen both during the prenatal time and after 
birth. 

 If the peritonitis occurs during the prenatal 
life or within the fi rst 3 days of life, it will be a 
chemistry peritonitis because the meconium is 
sterile; after that period it will be bacterial peri-
tonitis because the meconium will no longer be 
sterile. Gangrene of the intestinal wall second-
ary to parietal stretching that results from the 
accumulation of large amounts of meconium in 
the loop may be one of the causes of 
peritonitis.  
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3.4     Diagnostic Imaging 

 The imaging plays an important role in the diag-
nosis of meconium ileus being able to put the 
suspect since the prenatal exams. In fact, the 
ultrasound exam performed during the second 
trimester, after the 18–20 weeks of pregnancy, is 
already able to visualize the normal meconium in 
the intestinal loops; nevertheless, it is diffi cult 
with ultrasound to differentiate the small bowel 
from the large one. 

 In the case of meconium ileus, the ultrasound 
exam reveals some no specifi c signs or more sug-
gestive of the pathology as dilated bowel loop 
immediately preceding the point of obstruction; 
abdominal circumference disproportionately 
increased. The hyperechogenicity of the loops, 
denser than adjacent bone, and the distension of 
the bowel loops are suggestive of meconium ileus 
but not specifi c; also the content of the loops may 
be hyperechoic; a persistent hyperechogenic 
bowel in the third trimester of pregnancy can be 
considered a soft pathological marker of meco-
nium ileus. 

 In the newborn the ultrasound sign will be 
almost the same but will be more evident in the 
distension of the intestinal loops that shows inter-
nal diameter >7 mm in combination with strong 
peristaltic movements. 

 In complicated cases it is possible to fi nd fl uid 
between the loops. In the case of chemistry peri-
tonitis, we found the presence of abdominal cal-
cifi cation, seen as hyperechoic endoabdominal 
areas; the calcifi cations occur rapidly in utero in 
as little as 12–24 h after the peritonitis. The gall-
bladder is often absent. Nowadays if it is 
requested, a more detailed study during the fetal 
life and magnetic resonance may be considered. 

 In the case of suspected intestinal obstruction, 
abdomen plain fi lm radiographs are the fi rst 
imaging study performed after birth. If the exam 
is carried out in the fi rst 6 h of life, it may be not 
diagnostic because of few amount of gas that 
could be passed through the gastrointestinal tract. 

 In fact, to be able to make a diagnosis of bowel 
obstruction at the abdomen, plain fi lm is necessary 
to know the timing at which the air reaches the dif-
ferent intestinal tracts. In a healthy newborn, the 

air reaches the stomach in few minutes of birth, 
within 3 h the small bowel is completely fi lled of 
gas, and air takes about 8–9 h to reach the sigmoid 
tract. The radiological diagnostic suspect of 
obstruction at the beginning is founded on an 
irregular or interrupted distribution of the air. 

 It’s important to remember that even clinical 
causes, such as a brain damage, diffi cult child-
birth, septicemia, severe respiratory distress, or 
severe hypoglycemia, can cause an altered air-
fl ow in the abdomen. 

 Even if the abdomen plain fi lm in the case of 
meconium ileus also overlaps with other causes 
of distal occlusion, radiography is important to 
confi rm the diagnosis and will show nonspecifi c 
and suggestive signs of the obstruction. The dif-
ference between meconium ileus and meconium 
plug syndrome is in the site of the obstruction, 
typically in the distal portion of the colon or in 
the rectum in meconium plug syndrome, and in 
the severity of the obstruction:

•    Signs in the case of meconium ileus in abdo-
men plain fi lm and in enema.  

•   Distended gas-fi lled proximal loops of vary-
ing caliber, above the meconial obstruction, 
that cause the abdominal tenderness and 
absence or slight presence of gas in the distal 
bowel to the level of the obstruction (Figs.  3.1  
and  3.2 ).

•       Relative lack of air-fluid levels due to the 
abnormally thick meconium (Fig.  3.1 ); 
however it is possible to find air-fluid levels 
in complicated forms (Fig.  3.3 ). In the pres-
ence of clinical symptoms and the absence 
or slight presence of fluid levels in dilated 
loops of obstructed small bowel, the diag-
nosis of meconium ileus is strongly 
suspected.

•      “Neuhauser” sign that is a mottled appearance 
of the affected loops, more frequent in the 
right lower quadrant and “soap bubble” sign: 
it is due to the mixture of swallowed air with 
meconium seen in the distal ileum or colon 
(Fig.  3.1 ). This sign is nonspecifi c of meco-
nium ileus and may be seen in various condi-
tions, including Hirschsprung disease, ileal 
atresia, and necrotizing enterocolitis.  

3 Meconium Ileus



48

  Fig. 3.1    Plain fi lm in newborn with meconium ileus. 
Note the abnormal distribution of the intraluminal air with 
proximal distended loops and the absence of gas in distal 
loops. There are no air-fl uid levels. Note the “soap bub-
bles” and ground-glass aspects on the right fl ank       

  Fig. 3.2    Plain fi lm in newborn with meconium ileus peri-
tonitis shows the presence of distended loops and the 
absence of gas in distal loops. Note the linear calcifi cation 
( white arrow )       

a b

  Fig. 3.3    ( a ,  b ) Plain fi lm in newborn with meconium ileus peritonitis shows the presence of distended loops. Note the 
calcifi c pseudocyst ( white arrow ). There are air-fl uid levels due to the peritonitis       
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•   “Ground-glass” aspect in the loops.  
•   Calcifi cation: linear, curvilinear, and amor-

phous within the loops or free in the abdomen; 
in this case they are the expression of a chem-
istry peritonitis (Fig.  3.2 ). In the case of 
patency of the peritoneovaginal duct, it is pos-
sible to fi nd the calcifi cations even in the scro-
tum. The calcifi cations can form cystic or 
pseudocyst masses (Fig.  3.3 ).  

•   It is possible to fi nd a condition of 
pneumoperitoneum.  

•   At the enema it is common to fi nd multiple 
dried meconium pellets within the loops 
(Figs.  3.4 ,  3.5 , and  3.6 ).

•        The enema often shows functional microcolon 
due to the failure to pass the small bowel con-
tent into the colon during the gestational time 
(Figs.  3.6  and  3.7 ).

a b c d

  Fig. 3.4    ( a – d ) Enema in infant with meconium plug syndrome. Note the typical fi lling defect in the sigma and colonic 
tract       

a b

  Fig. 3.5    ( a ,  b ) Plain fi lm ( a ) and enema ( b ) in infant with meconium ileus; note the proximal distended loops at the 
plain fi lm with no air in the lower abdomen. The enema shows typical fi lling defect in the colonic tract       

 

 

3 Meconium Ileus



50

      Once suspected of the meconium ileus, it is nec-
essary to perform an RX enema using water- soluble 
contrast medium. This is important specially in 
case it is suspected that a perforation can occur. It is 
needed to place the catheter without balloon infl a-
tion to avoid that the intraluminal pressure increases 
too much. The administration of contrast medium 
must be carried out under fl uoroscopic guidance by 
hand with syringe to control the increase of intralu-
minal pressure. The enema can relieve obstruction 
(at least in 50–60 % of cases). 

 The enema with about 100 of water-soluble 
iodinated contrast medium, diluted 1:3–1:5, has 
also a therapeutic effect because of the high 
osmolality of contrast medium (about 
2,000 mOsm/l), which can draw excess fl uid into 
the lumen, and moisturizes favoring the expul-
sion of meconium. This procedure is repeatable 
after 12–24 h; we do not forget the risk of 
 dehydration; for this reason, it is fundamental to 
monitor vital parameters and a proper hydration 
of the patients with intravenous fl uid.  

a b

  Fig. 3.6    ( a ,  b ) Plain fi lm ( a ) and enema ( b ) in infant with 
meconium ileus. Note the proximal distended loops at the 
plain fi lm with no air in the lower abdomen. In this fi lm, it is 

possible to observe some typical preterm intestinal aspects: 
the high position of the cecum and a short left colon. The 
enema shows a disuse microcolon with a typical fi lling defect       

a b

  Fig. 3.7    ( a ,  b ) Plain fi lm ( a ) and enema ( b ) in infant with meconium ileus; note at the plain fi lm the proximal distended 
loops with no air in the lower abdomen. The enema shows a condition on disuse microcolon within typical fi lling defect       
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3.5     Therapy 

 The therapy regarding the management of meco-
nium ileus includes the administration of laxa-
tives, the administration of pancreatic enzymes 
during meals, a mucolytic drug as acetylcysteine, 
and the enemas with water-soluble iodinated 
diluted contrast medium enemas. In more recent 
studies, it was shown that even the oral adminis-
tration of water-soluble iodinated contrast 
medium used once and diluted four times in the 
volume of water or fruit juice with half doses 
given on days 2 and 3 was followed by relief of 
obstruction. 

 If the enema does not work to resolve the 
obstruction, an operative evacuation of the 
obstructing meconium by irrigation will be nec-
essary; in the case of complications such as atre-
sia, perforation, and meconium peritonitis, the 
therapy is always surgical including resection, 
intestinal anastomosis, and ileostomy.     
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      Necrotizing Enterocolitis                     

     Margherita     Trinci     ,     Claudia     Lucia     Piccolo    , 
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and     Vittorio     Miele   

4.1          Defi nition 

 Necrotizing enterocolitis (NEC) is an acute 
 disorder of gastrointestinal district which could 
affect every part of bowel but more frequently 
affects the small intestine, especially the distal 
part of the ileum and the ascending colon, with a 
partial or diffuse intestinal necrosis. The duode-
num is not usually involved because it has its 
own vascularization. NEC is characterized by a 
wide variability of clinical manifestations, 
because of its quick and sudden onset in the 
space for a few hours or because it may be pre-
ceded by the appearance, in the days before, of 
the subtle signs of food intolerance (Bohnhorst 
 2013 ). The  precise etiology is already unknown; 
however, actually, NEC is considered a multifac-
torial  disease, including genetic components, 

 environmental factors, intestinal microbial fl ora, 
immune system, asphyxia, and hypoxia. These 
factors lead to an infl ammatory status and a vas-
cular injury which play an important role in the 
damage and destruction of bowel mucosa from 
pathogenic microorganism and endotoxins.  

4.2     Epidemiology 

 NEC primarily affl icts premature infants and is 
the most common life-threatening gastrointesti-
nal disease in neonatal intensive care. It is less 
common in term and late preterm infants. 

 NEC mainly affects preterm infant (about 90 %), 
but it can even be observed in the newborn at term 
and “late preterm,” and it is characterized by spon-
taneous intestinal perforations in a third of cases. 

 The classic form of necrotizing enterocolitis 
affects mostly infants at birth that have a weight 
of less than 1,500 g and gestational age less than 
32 weeks. In this category the disease in Western 
countries affects around 6–7 %, but with wide 
variations between different hospitals and a mor-
tality rate of 20–30 %. 

 In the years 2007–2013, the prevalence of the 
disease reported by the Vermont Oxford Network 
(VON) that collects the admissions of infants 
with birth weight ≤1,500 g from 900 neonatal 
units was 6.8 %. In VON Italy (INN) for the same 
period was 4.3 %. These percentages increase if 
we take into account the infants with gestational 
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age <26 weeks where the incidence exceeds 10 % 
(Buonomo  1999 ). 

 As regards the mortality, the overall mortality for 
NEC ranges from 20 to 40 % but approaches 100 % 
in infants with the most severe form of the disease; 
males have a higher risk of death than females. 

 Early diagnosis leads to a prompt therapy, 
with bowel rest, antibiotics, and hydration, and 
reduces morbidity and mortality.  

4.3     Etiology/Pathophysiology 

4.3.1     Environmental Factors 

•     Breastfeeding is important for several reasons. 
It plays an important role for the infant in recog-
nition and awareness to external antigens. 
Breastfeeding permits to get oral tolerance to 
bacterial microfl ora and food antigens. Infant 
formula lacks lactoferrin, which is found in 
breast milk; it has antibacterial and antiviral 
effects, as well as anti-infl ammatory properties:
   In premature infants there is an immature gas-

trointestinal system (GIT), which isn’t able 
to have a regular peristalsis. An aggressive 
way to feed the premature infant may cause 
stasis of milk substrate in the lumen of the 
GIT due to dysmotility.  

  Residual milk substrate’s stasis can advantage 
an intestinal dilatation with fl uid and devel-
opment of gas and possibly to impairment 
of the intestinal epithelial barrier (IEB). The 
increase of toxic particles in the blood in 
stable premature infants after feeding and 
attestation from other studies sustain that 
the IEB of the premature infant is “leakier” 
compared to that of a more mature one.  

  The presence of abnormal microbial coloniza-
tion (dysbiosis) with an intestinal dilatation 
can change normal signal transduction across 
the intestinal epithelial barrier and modify the 
normal input of growth and repair of entero-
cytes to one that instead produces excessive 
infl ammatory response and develops apopto-
sis and necrosis (Chavhan and Parra  2008 ).     

•   The normal response of enterocytes of gastro-
intestinal mucosal and submucosal could be 
dysregulated against microbial ligand, and it 
develops an infl ammatory destructive response 
instead of a protective one.  

•   An important role in NEC may depend on the 
relationship between the gastrointestinal system 
and its bacterial microfl ora; interfering with this 
relationship and changing this balance, antibiot-
ics might contribute to their etiology. Antibiotics 
can clearly alter at least temporarily the bacte-
rial microfl ora changing natural balance and are 
therefore worth considering as a potential risk 
factor for developing NEC.  

•   Cross talk mechanism may lead a relative 
ischemic state due to an alternated balance 
between vasoconstriction and vasodilatation 
caused by different mediators involved in 
infl ammation development.      

4.4     Clinical Findings 

 NEC most commonly manifests within the fi rst 
15 days of life. 

 The clinical manifestation of NEC can 
change within time from specifi c evidences that 
improve insidiously over several days to a rapid 
onset of gastrointestinal signs, multiorgan sys-
tem failure (MOF), and systemic shock over a 
few hours. Clinical presentation depends on the 
stage of the illness, from the gastrointestinal 
involvement or systemic involvement, and it’s 
important if the infant has born on term or is 
premature. 

 As regards the stage of the pathology, in the 
early stage, clinical presentation is characterized by 
feeding intolerance, prefeeding gastric residuals, 
abdominal pain, vomiting, hematochezia, tender 
abdomen, and erythematous abdomen; in advanced 
condition, the patient generally presents abdominal 
tenderness (Fig.  4.1 ) associated to frog-leg posi-
tion, hyporesponsivity, intestinal hemorrhage, per-
foration, sepsis, multiorgan  failure, and shock.

   As regards the gastrointestinal side, signs as 
abdominal pain, feeding intolerance, the presence 
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of prefeeding gastric residuals, emesis, vomiting, 
and abdominal distension are typical of jejunum 
and small bowel ileus initial involvement; instead 
signs as hematochezia, passage of blood and 
mucus per rectum, without any other initial signs, 
are suggestive of initial colic involvement 
(Chavhan and Parra  2008 ). 

 These signs represent also, with a wide vari-
ability, the presentation of the NEC disease in the 
infant born on term; typically, very premature 
infants do not manifest tenderness and guarding 
except for the advanced state of NEC. 

 Pneumoperitoneum is more frequent in 
extremely premature infants than late term or 
term infants. 

 The lab tests could show a condition of meta-
bolic acidosis, occult blood in stool, and an 
increase of the fatty acid-binding protein (marker 
of epithelial cell damage), of the PAF (platelet- 
activating factor), of the TNF (tumor necrosis 
factor), and of the interleukin. Paracentesis is 
positive when the sample contains 0.5 ml of 
brown liquid or bacteria.

  Fig. 4.1    A newborn male in intensive care due to an 
advanced condition of NEC. Note the abdominal 
tenderness       

 Clinical signs 

 Early  Advanced 
 Time depending  Feeding intolerance, prefeeding 

gastric residuals, abdominal pain, 
vomiting, hematochezia, tender 
abdomen, erythematous abdomen 

 Abdominal tenderness associated to 
frog-leg position, hyporesponsivity, 
intestinal hemorrhage, perforation, sepsis, 
multiorgan failure, shock 

 Specifi c  Systemic 
 Anatomic location  Feeding intolerance, tender abdomen, 

abdominal pain, vomiting, diarrhea, 
hematochezia, perforation, intestinal 
hemorrhage 

 Lethargy, hypotension, poor perfusion and 
pallor, increased episodes of apnea and 
bradycardia, worsening of respiratory 
function, temperature instability, 
tachycardia, hyperglycemia or 
hypoglycemia 

4.5        Imaging Modalities 

 The imaging modalities that are used in neonates 
during the active phase of NEC include plain 
abdominal radiography and abdominal sonogra-
phy. Contrast enema is contraindicated in NEC 
even if with nonionic contrast, but can be useful 
in case of complications. 

4.5.1     Abdominal Radiography 

 Plain film of the abdomen is the current 
 modality of choice in the study of a patient 
with suspect of NEC (Coursey et al.  2008 ) 
which can also be performed every 6 h for the 
rapid  evolution that may occur in the patients 
with NEC. 
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 To understand what signs to look for in a 
radiogram made in a patient with clinically sus-
pected NEC, remember quickly the pathophysi-
ological steps of the disease; this is thought to be 
associated with a combination of factors includ-
ing hypoxia, the onset of enteral feeding, and the 
bacterial colonization of the intestines. Ischemia 
or hypoperfusion can cause paralysis of the intes-
tines, dilatation of bowel loops with abdominal 
distention, the loss of normal mucosal integrity, 
and pathologically coagulative and hemorrhagic 
necrosis (Rampton  2004 ; Rigler  1941 ). The gas 
produced by overgrowth of intestinal fl ora leads 
to further distention of the intestines and allows 
the entrance of bacteria into the bowel wall by 
way of mucosal tears, thereby leading to intramu-
ral bacterial proliferation and the formation of 
gas in the intestinal wall, the so-called pneumato-
sis intestinalis. 

 The proper way to get a good radiographic 
examination is to acquire images in two projec-
tions, obtained with vertical and horizontal beam, 
with the patient lying supine; the examination 
carried out in this way must be performed both at 
the time of the suspected onset of the disease that 
is at 48h away in the follow-up (Coursey et al. 
 2009 ). 

 The evaluation of several benefi ts of radio-
graphic signs can help distinguish if the disease is 
in a more or less advanced stage. 

 In 1978, Bell and colleagues proposed a sys-
tem for the uniform clinical staging of infants 
with NEC. They classifi ed infants as having stage 
I (suspect), stage II (defi nite), or stage III 
(advanced) disease, on the basis of visible radio-
graphic fi ndings (Epelman et al.  2007 ). 

 Guidelines for management of NEC are based 
on diagnosis according to these criteria.   

4.6     Bell’s Criteria 

 Stage  Clinical signs  Radiologic fi ndings 

 Suspected  Abdominal distension and poor 
feeding vomiting 

 Ileus 

 Defi nite  Abdominal distension, poor feeding 
vomiting, and gastrointestinal 
bleeding 

 Intestinal pneumatosis and portal venous 
gas 

 Advanced  Abdominal distension, poor feeding 
vomiting, gastrointestinal bleeding, 
and septic shock 

 Intestinal pneumatosis and portal venous 
gas and pneumoperitoneum 

4.7        Modifi ed Bell’s Criteria 

 Stage  Systemic signs  Intestinal signs  Radiologic signs  Treatment 

 Suspected A  Temperature 
instability, apnea, 
bradycardia 

 Elevated pregavage 
residuals, mild abdominal 
distension, occult blood in 
stool 

 Normal or mild ileus  NPO, antibiotics 
× 3 days 

 Suspected B  Same as suspected A  Same as suspected A, plus 
gross blood in stool 

 Same as suspected A  Same as 
suspected A 

 Defi nite mildly  Same as suspected A  Same as suspected A, B plus 
absent bowel sound and 
abdominal tenderness 

 Ileus, pneumatosis 
intestinalis 

 NPO, antibiotics 
× 7–10 days 

 Defi nite 
moderately 

 Same as suspected A, 
B plus metabolic 
acidosis and 
thrombocytopenia 

 Same as suspected A, B plus 
absent bowel sound and 
abdominal tenderness, 
abdominal cellulitis, right 
lower abdominal mass 

 Ileus, pneumatosis 
intestinalis, portal vein 
gas with or without 
ascites 

 NPO, antibiotics 
× 14 days 
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 Stage  Systemic signs  Intestinal signs  Radiologic signs  Treatment 

 Advanced A  Same as defi nite 
moderately stage, plus 
hypotension, 
bradycardia, 
respiratory and 
metabolic acidosis, 
disseminated 
intravascular 
coagulation, 
neutropenia 

 Same as suspected and 
defi nite plus signs of 
generalized peritonitis, 
marked tenderness and 
distension of abdomen 

 Same as defi nite 
moderately, plus 
defi nite ascites 

 NPO, antibiotics 
×14 days, fl uid 
resuscitation, 
inotropic support, 
ventilator therapy, 
paracentesis 

 Advanced B  Same as advanced A  Same as advanced A  Same as defi nite 
moderately plus 
pneumoperitoneum 

 Same as defi nite 
mildly A plus 
surgery 

  Table modifi ed from Prevention and Treatment of Necrotizing Enterocolitis Byong Sop Lee, M.D. Hanyang Med Rev. 2009 

  Fig. 4.2    Abdominal plain fi lm in newborn: normal 
“mosaic” aspect of neonatal bowel       

    There are some signs to look for in radiographic 
NEC suspect, which mainly deal with the gas 
available in the abdomen. We must remember 
that in a healthy baby, gas is distributed through-
out the small and the large bowel which are dif-
fi cult to differentiate between them. 

 The normal arrangement of the gas inside the 
loops is small that the large intestine tends to 
stretch the loops and compress them to one 
another making it impossible to recognize and 
developing a characteristic morphology that is 
called morphology “mosaic” (Fig.  4.2 ).

   The fi rst signs that the radiologist should be 
suspicious of is the lost of the mosaic pattern 
with the focal or diffuse dilatation of some loops 
that take form rounded or elongated or are dis-
posed horizontally in the abdomen (Fig.  4.3 ).

   Dilatation of bowel is an early not specifi c sign 
and may even precede the clinical features of NEC 
by several hours. Moreover, the degree of dilata-
tion generally corresponds well with the clinical 
severity of the disease, and the distribution of the 
dilated loops in serial examinations is related to 
clinical progression; this of course also applies to 
the remission of the disease, in the sense that if the 
disease is properly treated, with the passage of 
time a return to normality of the loop that before 
had swelled is observed. If, however, the focal 
dilatation persists even in the follow- up radio-
graphs, it is a telling sign that bends that is going 
full-thickness necrosis before peritonitis. In fact 
the evidence of a fi xed distended bowel loop that 
does not alter in size, shape, and position on the 

subsequent two or three X-ray fi lms “fi xed loop 
sign” is suggestive for NEC (Fig.  4.4 ).

   More easily in cross-table lateral abdominal 
radiograph, it is possible to see free fl uid levels in 
the distended bowel loops (Fig.  4.5 ) (Stage I: 
“Suspected” of Bell classifi cation). The second 
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sign that you have to look at is the presence of 
intramural gas (Stage II: “Defi nite” of Bell clas-
sifi cation) that is also an early pathognomonic 
sign of NEC. This sign is generally localized in 
the right lower quadrant of the radiogram, inter-
estingly the distal small bowel, and large bowel, 
but rarely could be seen interesting the stomach 
or rectum (Fig.  4.6 ).

  Fig. 4.3    Abdominal plain fi lm in newborn with NEC: 
pathological aspect of neonatal bowel, loss of “mosaic” 
aspect and focal distension of the loop       

a b

  Fig. 4.4    Abdominal plain fi lm in newborn with NEC: ( a ) loss of mosaic aspect of the loops that are dilated and have a 
horizontal position that maintain over the time “fi xed loops sign.” ( b ) There is also a condition of pneumoperitoneum       

  Fig. 4.5    Cross-table abdominal plain fi lm in newborn 
with NEC shows the condition of intestinal bowel occlu-
sion with air fl uid levels in the distended bowel loops       

 

 

 

M. Trinci et al.



59

    The radiographic aspect of intramural gas 
depends on the position of the loop in the radio-
graph. In fact if the X-ray beam hits the profi le of 
the loop, we have the linear pattern of intramural 
gas. In this case there are two different aspects 
depending on the fi lling of the loop. When the 
loop is fi lled with gas, the wall of the involved 
loop has a band of radiolucency called black 
band in the outer side that is the intramural gas 
and has an inner soft tissue opacity called white 
band due to the submucosa and mucosa con-
trasted on one side to the gas in the serosal layer 
and on the other side by the gas in the lumen. 
When the loop is fi lled with fl uid, we don’t have 
the white band. The intramural gas may have 
two patterns; the fi rst one “cystic/bubbly” pat-
tern is suggestive for the presence of air in 

mucosal- submucosal layers (Fig.  4.7 ). The 
 second pattern is the “curvilinear/linear” one, 
defi ned by the presence of a thin radiolucent lin-
ear morphology located in the outer part and the 
surface of the bowel, between the tunics serosa 
and subserosa (Fig.  4.8 ).

    In other way if the X-ray beam hits the face of 
the loop (Figs.  4.8  and  4.9 ), the intramural gas 
mimics a foamy aspect of the loop, and it is 
important not to mistake the intraluminal stool 
with the intramural gas.

   Hand in hand with the intestinal pneumatosis, 
we must pay attention to the possible presence of 
air in the portal vein, clearly visible on the radio-
graph as radiolucent area feet into the hepatic 
hilum, or at major venous branching blood ves-
sels of the liver. On a supine plain abdominal 

a b

  Fig. 4.6    ( a ,  b ) Abdominal plain fi lm of the same patients after few hours with advanced stage of NEC and diffuse 
pneumatosis       
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radiograph, portal venous gas appears as branch-
ing, linear, radiolucent vessels that may extend 
from the region of the main portal vein toward 
the periphery of the hepatic parenchyma 
(Fig.  4.10 ). The peripheral extent of the gas pat-
tern is accepted as evidence of its intravascular 
location as opposed to bile ducts, which are 
located more centrally; the extent depends on the 
amount of PVG present. Generally portal venous 
gas is one of the classic radiologic features of 
necrotizing enterocolitis and is an uncommon 
isolated fi nding because it is most commonly 
seen in conjunction with pneumatosis intestina-
lis. In NEC the presence of portal venous gas is 
considered an advanced stage of the illness, 
because it’s an extension of the process that cre-
ated intramural gas (Faingold et al.  2005 ). 

Anyway we must remember that pneumatosis 
could be transitory; for this reason in case of 
pneumatosis, a strict follow-up is requested.

   With the separation of the loops between 
them, there is suspect for free fl uid in abdominal 
cavity and of parietal loop thickening as what 
happens in peritonitis. 

 As regards pneumoperitoneum secondary to 
perforation on a plain radiography, what we 
should be alarmed is the presence of free air in 
the abdomen (Stage III: “Advanced” of Bell clas-
sifi cation) that can be seen immediately with an 
air crescent radiolucent below the diaphragm 
position, right upper quadrant, or easily in lateral 
X-ray fi lm (Fig.  4.11 ). Even in the NEC, the 
pneumoperitoneum is characterized by a lot of 
radiological signs.

a b

  Fig. 4.7    Abdominal plain fi lm in newborn with NEC: ( a ) 
cystic bubbly pattern of the intramural gas trapped 
between mucosa and submucosa. There is even a condi-

tion of pneumoperitoneum. ( b ) Particular of cystic/bubbly 
pattern ( black arrows )       
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    Rigler ’ s sign or double-wall sign  (Frey et al. 
 1987 ) was fi rst described in 1941 by L G Rigler 
as a new radiological sign that enables to visual-
ize free air in the peritoneal cavity on supine 
radiograph. In a healthy patient, it is possible to 
see the mucosal surface of the intestinal bowel 
wall as the intraluminal gas. The surface of the 
serosal layer of the bowel wall is circumscribed 
by the abdominal tissue and not depicted by air. 
In case of free peritoneal gas, the bowel wall will 
be outlined both from the extraluminal and intra-
luminal air; thus, both sides of the wall, the inner 
and the outer, will be visible (double-wall sign) 
(Gire  2014 ; Goske and Goldblum  1999 ) 
(Figs.  4.12  and  4.13 ).

     The football sign  was fi rst described by R E 
Miller in the 1960s, and it describes an oval 
radiolucency that resembles a rugby ball (Di 
Giacomo et al.  2015 ; Haber and Stern  2000 ) with 
the long axis of the football which runs supero- 
inferiorly, with the oval edges formed by the dia-
phragm and the pelvic fl oor. The oval shadow 
seen in the football sign is due to a large pneumo-
peritoneum, which distends the peritoneal cavity 
(Figs.  4.13 ,  4.14 , and  4.15 ). The free intraperito-

neal air also outlines the falciform ligament 
 ( falciform ligament sign ) which may be seen in 
the right upper quadrant of the abdomen as a faint 
linear opacity positioned longitudinally. The 
 vertical opacity of the falciform ligament repre-
sents the laces, and the remaining abdomen rep-
resents the reaming portion of the rugby ball 
(Hull et al.  2010 ).

    The presence of the football sign is indicative 
of an advanced condition of NEC, because of a 
large quantity of intraperitoneal air relative to the 
patient size, while Rigler’s sign can be seen with 
a small quantity of free intraperitoneal air and is 
a more sensitive sign for early pneumoperito-
neum and so is a more sensitive sign of perfora-
tion in NEC. 

  The doge ’ s cap sign  (Kim and Kim  2005 ) 
is represented by the presence of free air in 
the Morrison’s pouch, which is a potential 
space between the right kidney and the liver. 
The air that is interposed in this space has a 
distinctive triangular radiolucent, with the 
base side down and the apex upward, just like 
the hat of an ancient Venetian doge (See 
Fig.  4.13 ). 

a b

  Fig. 4.8    Abdominal plain fi lm ( a ) in newborn with NEC 
and ( b ) magnifi cation of the left quadrant: the thin radio-
lucent linear morphology located in the outer part and the 
surface of the bowel is the  curvilinear/linear  disposition 

of the gas that is located between the two tunic serosa and 
subserosa ( black arrows ). This picture also shows the 
foamy aspect of the intramural gas when the X-ray beam 
hits the face of the loop       
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 The relief of  air anterior to ventral surface of the 
liver  represents another sign of pneumoperitoneum; 
consists of the vision of a radiolucent air fl ap which 
is localized at the level of the anterior inferior mar-
gin of the liver in a different nuance of gray. 

  Continuous diaphragm sign  is visible in 
case of massive pneumoperitoneum and con-
sists in the presence of abundant air that makes 
visible the entire diaphragm as a thin radi-
opaque strip, because it is highly contrasted 
compared to the air that surrounds it in the 
abdomen (below) and in the lungs (above) 
(Figs.  4.13 ,  4.14 ,  4.15 , and  4.16 ).

   Similar situations can be appreciated in the 
 sign of the double bubble  (Fig.  4.13 ), visible in 
the left upper quadrant for the presence of free 
subdiaphragmatic air that enhances the radi-
opaque contour of the diaphragm and of the 
underlying stomach wall, which is also opposed 

by the normal presence of air in the stomach. 
Further situation with similar characteristics is 
the  sign of the dome  so called for the presence of 
radiolucent air in correspondence of the tendon at 
the center of the diaphragm, which is raised 
appearing just like a dome. 

  Fig. 4.9    Abdominal plain fi lm in newborn with NEC: 
stage II of Bell classifi cation: in the left abdominal quad-
rant, there is a distended loop with intramural gas with 
foamy aspect       

  Fig. 4.10    Abdominal plain fi lm in newborn with NEC: 
portal venous gas seen as a radiolucency linear band in the 
right hypochondrium on the opacity       

  Fig. 4.11    Abdominal plain fi lm in newborn with NEC: 
latero-lateral view shows a severe pneumoperitoneum       
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4.7.1     Ultrasound 

 While remaining the plain abdominal radio-
graphs, the main mode, and the most used in the 
evaluation and monitoring of the NEC, sonogra-
phy represents a valid choice of examination in 
the study of a patient with suspect of NEC. This 
is possible because this method is able to visual-
ize intestinal walls, gastrointestinal lumen, and 
neighboring structures of gastrointestinal tract 
and intestines, and all these parameters are nec-
essary to have a complementary approach when 
the diagnosis is uncertain, and abdominal radi-
ography is not exhaustive. However, any fi nd-
ings we are looking for are the same as of the 
abdominal radiography, because sonography, in 
a direct or indirect way, is able to visualize the 
changes due to the presence of air quote in the 
bowel and in the abdomen; over that it makes 
possible an optimal evaluation of other parame-
ters as the thickness of the bowel wall, the 
edema of the bowel wall, the intestinal peristal-
sis, the presence of free fl uid with or without 

echogenic debris (perforation), the presence of 
portal venous gas, and the alteration of vascular 
pattern. 

 During follow-up of these patients, assessing 
when is the best time to perform an ultrasound is 
not yet standardized; however, greater results can 
occur in patients who while presenting a worsen-
ing of the clinical data show no obvious signs of 
intestinal pneumatosis and/or pneumoperito-
neum on X-ray. 

 In these patients the skill of the ultrasound to 
evaluate fi ndings related with patient outcomes 
as to assess the vitality of the intestinal wall using 
color Doppler, to determine the damage to the 
wall by identifying the early signs of pneumato-
sis, and to recognize the presence of free fl uid in 
the abdomen can provide valuable help to guide 
clinical management. 

4.7.1.1     The Normal Bowel Wall 
in the Newborn 

 As reported from several studies about NEC, 
 normal bowel wall echogenicity is defi ned as a 

a b

  Fig. 4.12    Abdominal supine and latero-lateral plain fi lms 
in newborn with NEC ( a – b ): massive pneumoperitoneum. 
In this picture on supine fi lm ( a ) it is possible to visualize 

the “Rigler‘s sign” bowel wall outlined by extraluminal 
air due to a pneumoperitoneum and intraluminal air; both 
sides of the bowel are visible       
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homogeneously hypoechoic wall within no sur-
rounding echogenic intraluminal air. 

 Normal bowel wall in the newborn has a thick-
ness comprised between 0.7 and 1.1 mm (Sharma 
and Lawrence  2013 ). A wall thickness greater 
than 2.6 mm is generally considered pathologi-
cal; the use of the power Doppler is important, 
because for parietal thickness values <1 mm in 
patients clinically positive for abdominal suffer-
ing, a low power Doppler signal could be sugges-
tive of ischemia (Siegel et al.  1997 ; Silva et al. 
 2007 ). 

 Bowel perfusion in normal neonates, as dem-
onstrated at color Doppler US by using a velocity 
setting of 8.6 cm/s, ranged from one to nine color 
dots per square centimeter (Santulli et al.  1975 ).  

4.7.1.2     Ultrasound Signs Suggestive 
for NEC 

 As we have already seen for abdominal radiogra-
phy signs, and according to Bell’s criteria, there 
are some typical sonographic patterns according 
to the illness stage; sonography is very useful in 
the early stage because it could be very sensible in 
the detection of the early changes that occur in the 
loop; moreover, it can see even the later changes 
as the detection of the air in the bowel wall that 
represents the step which is premised to the perfo-
ration. The fi rst sign that the operator has to look 
for is the bowel wall thickness and the relative 
perfusion at the color Doppler. These early signs 
are already visible at the ultrasound exam when at  
traditional radiology only a generic intestinal dis-

a b

  Fig. 4.13    Abdominal supine and latero-lateral plain fi lms 
in newborn with NEC ( a – b ) and massive pneumoperito-
neum. On supine fi lm ( a ) is possible to visualize in the 

frontal view the football sign and the continuous dia-
phragm sign,the doge’s cap sign, and the football sign       
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tention is detectable. Suffering bowel generally 
presents itself as thickened, with a diameter of the 
wall that’s more than 2.6 due to a congested and 
edematous condition. The intestinal wall became 
slightly hyperechoic; this is due to the lack of the 
normal parietal stratifi cation (Fig.  4.17 ).

   Other signs that we can see during the early 
stage with color Doppler are an increase in vas-
cularity of the intestinal wall and of the mesen-
teric perivisceral tissues. A variety of patterns of 
increased bowel wall perfusion were seen in the 
patients with Bell stage I and II NEC. We believe 
that these patterns of hyperemia refl ect increased 

perfusion to the bowel wall due to vasodilatation 
of mural vessels, including capillary congestion 
of the serosal surface. These patterns include a 
“circular or rim” fl ow pattern completely around 
the bowel wall, a “Y” pattern of distal mesenteric 
and subserosal vessel fl ow (Fig.  4.18 ), and mul-
tiple, parallel color Doppler lines or a “zebra” 
pattern due to fl ow in hyperemic mucosal folds 
(due to hyperemia of the valvulae conniventes) 
(Haber and Stern  2000 ).

   During the progression of the disease, it is 
important to look for the presence of intramural 
gas (Kosloske et al.  1980 ; Lin and Stoll  2006 ). 
This fi nding represents the sign of the air passage 
from the intestinal lumen, as a result of the dam-
age of the mucosal barrier. It appears as hyper-
echoic focus in a layered, thickened bowel wall 
and has a typical granular pattern (Fig.  4.19 ) with 
posterior reverberation artifacts, which, some-
times, don’t make possible the correct establish-
ment of the thickening of the wall (Fig.  4.20 ). 
The hyperechoic foci could be single or scattered 
in the wall to complete circumferential involve-
ment of a single or more bowel loops.

    It should be emphasized that, at the beginning, 
the small amount of air detected by ultrasound is 
not appreciable on radiographic examination. 

 Radiologic sonographic signs typical for the 
presence of intramural gas are the “circle sign” 
(Fig.  4.21 ) (Miele  2014 ) that’s indicative of bub-
bles of gas within the circumference of the 
bowel, which produce an appearance of a con-
tinuous echogenic ring on ultrasound, and the 
“aurora or ring-down sign” (Miller et al.  1993 ), 
when the ultrasound beam reaches the gas bub-
bles, is capable of exciting the liquid trapped 
between the bubbles, which causes the liquid 
resonates; these vibrations create a continuous 
sound wave which is transmitted back to the 
receiver, so this phenomenon is shown as a 
line or series of bands extending parallel after 
the image corresponding to gas.

   In the later stage, when radiographic exami-
nation shows signs of pneumoperitoneum, at the 

  Fig. 4.14    Abdominal plain fi lm in newborn with NEC: 
massive pneumoperitoneum in this picture is possible to 
visualize in the frontal view the “football” sign       
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ultrasound exam, we can fi nd the signs of wall 
ischemia: in this condition the wall of the loop 
will be thinning (thickness <1 mm). The thick-
ness reduction should be distinguished from an 
apparent thinning due to “stretching” of the loop 
caused by the fl uid stagnation in the lumen in 
patients with or without NEC (Fig.  4.22 ). The 
pathologic loop will also hypoperfused at color 
Doppler exam. Color Doppler fl ow was deter-
mined to be absent when no color Doppler sig-
nals were identifi ed in the bowel wall (Haber and 
Stern  2000 ). The absence of bowel wall perfu-
sion at color Doppler US is more sensitive and 
specifi c than the presence of free air at abdomi-
nal radiography in the detection of necrotic 
bowel in NEC. Generally, the absence of color 
Doppler signals correlated well with transmural 
bowel necrosis and so with advanced stage of ill-
ness (stage III Bell’s criteria), but it’s not a rule 
because color Doppler US also enabled us to 

 differentiate neonates with a single necrotic loop 
from those with multiple necrotic loops or diffuse 
bowel necrosis, and this is the difference between 
an intermediate-advanced stage and an advanced 
stage.

   The use of color Doppler helps in the assess-
ment of the degree of hyperemia and necrosis and 
therefore leads the team of doctors to the most 
appropriate treatment choice. 

 In the intermediate-advanced stage during the 
abdominal exam, it’s also necessary to take atten-
tion to the presence of portal venous gas which 
appears as punctate and linear, branching areas 
of echogenicity in the portal branches within 
the liver. The typical appearance is represented 
by intraluminal echogenic foci moving with the 
blood fl ow in the main portal vein and its princi-
pal vessels (Figs.  4.23  and  4.24 ).

    Performing the ultrasound exam, some free 
fl uid localized between the loops or in the pelvis, 

a b

  Fig. 4.15    Abdominal plain fi lm in newborn with NEC: massive pneumoperitoneum ( a – b ). In the frontal view ( a ) see 
the football sign and the continuous diaphragm sign       

 

M. Trinci et al.



67

  Fig. 4.16    Abdominal plain fi lm in newborn with NEC: 
massive pneumoperitoneum in this picture is possible to 
visualize the continuous diaphragm sign       

  Fig. 4.17    Ultrasound in newborn, with early state of NEC, shows the thickened wall bowel; note the slight hyperecho-
genicity of the intestinal wall ( white arrow )       

  Fig. 4.18    Color Doppler exam in newborn, with early 
state of NEC, shows the thickened and hypervascular wall 
bowel ( arrow ); note the hypervascularization of the mes-
enteric perivisceral tissues ( arrowhead )       

  Fig. 4.19    Ultrasound exam in newborn with NEC shows 
parietal pneumatosis in distended loops with small bubble 
of air in parietal loop seen as hyperechoic imaging along 
the wall ( white arrows )       

with or without echogenic debris (the presence 
of which is suggestive of perforation), could be 
seen. We must remember that with ultrasonogra-
phy, it is possible to visualize very small amount 

 

 

 

 

4 Necrotizing Enterocolitis



68

a b

  Fig. 4.20    ( a ) Ultrasound exam in newborn with NEC with parietal pneumatosis ( white arrow ); note the posterior rever-
beration artifacts. ( b ) Plain fi lm shows the pneumatosis ( arrowhead ) and pneumoperitoneum ( arrow )       

  Fig. 4.21    Ultrasound exam in newborn with NEC with 
parietal pneumatosis in distended loops shows the “circle” 
sign ( white arrow )       

of free fl uid. We must point out that in healthy 
newborn, there is a small amount of physiologi-
cal fl uid fi lm between the loops. It is fundamental 
to evaluate the amount and echostructural aspect 
of the liquid; in fact, in the NEC, the presence of 
abundant amount of liquid that shows inhomo-
geneous hypoechoic with echoes and contextual 
septa is suggestive of perforation (Palleri et al. 
 2016 ) (Fig.  4.25 ).

   The presence of reverberation artifacts dur-
ing abdominal investigation, visible around the 
bowel loops and suggestive of big quote or free 
air in the abdomen, is evocative for pneumoperi-
toneum which is the only sign that has been uni-
versally agreed on as an indication for surgery or 
other interventions; however, this is not present 
in all babies with bowel necrosis and perforation 
(Muchantef et al.  2013 ).   

4.7.2     Complications 

 The complications that can occur in NEC are 
perforations in 12–30 % of cases, stenosis, and 
enteroenteric fi stulas. Complications result in a 
worsening of the prognosis net, and mortality can 
reach 20–30 % of cases. 

 With the exception of the diagnosis of pneu-
moperitoneum, abdominal plain fi lm is not suf-
fi cient to do the diagnosis, but a contrastographic 
study, usually an enema but sometimes also com-
pleted by an upper gastrointestinal tract, must be 
carried out. The stenosis is more frequent after 
4–12 weeks in 10–30 % of cases; if the stenosis 
is not severe, surgical treatment is not always 
requested. Descending colon is involved in 80 % 
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of cases (Figs.  4.26  and  4.27 ), and in 30 % of 
cases, the stenosis is multiple.

    The enteric fi stulization is an uncommon 
late complication; it happens from a month to 
4–5 months and is due to a healing process after a 
severe bowel ischemia. The symptoms depending 
on the tract of bowel involved but often include 
general illness, vomiting, and diarrhea. The plain 
fi lm fi ndings are not specifi c for diagnosing 

enteric fi stula, and the investigation of choice is 
a nonionic water-soluble contrast enema or dis-
tal loopogram; barium suspensions are contra-
indicated. Even if a proximal pathology is less 
frequent, an upper gastrointestinal tract contrast 
studies may be required. 

 Other complications could be related to sur-
gery as anastomotic leakage, abdominal abscess, 
and short bowel syndrome. Abdominal abscess is 

a b

  Fig. 4.22    Ultrasound in newborn with NEC. ( a ) Wall 
ischemia with wall thinning ( white arrow ), perivisceral 
fl uid ( white arrowhead ), and endoluminal fl uid ( asterisk ). 

( b ) A wall thinning due to distention of the loop by intra-
luminal content       

a b

  Fig. 4.23    Ultrasound in newborn with NEC. ( a) Portal 
venous gas which appears as punctate and linear, branch-
ing areas of echogenicity in the main portal vein ( white 

arrow ) and (b) in the parenchymal branches within the 
liver ( small white arrows )       
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a b

c d

  Fig. 4.24    ( a–d ) Ultrasound exam in newborn with NEC shows portal pneumatosis as hyperechoic linear imaging in 
portal spaces       

a b

  Fig. 4.25    Ultrasound in newborn with NEC. In picture a and b note the inhomogeneous fl uid plenty of echoes and 
contextual septa; this is suggestive for perforation.  L  liver,  K  left kidney,  asterisk  = fl uid       
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a rare complication maybe because of the incom-
plete bacterial colonization of the gut at the time 
of the NEC. 

 Fistula, severe stenosis, perforation, and anas-
tomotic leakage are treated with surgery.      
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      Hirschsprung’s Disease                     

     Domenico     Barbuti    

5.1          Defi nition 

 Hirschsprung’s disease (HD), fi rst described by 
Ruysch in 1691 and Hirschsprung in 1886, is a 
functional obstruction of the lower intestine due 
to lack of intrinsic enteric innervations, caused 
by failed migration of colonic ganglion cells dur-
ing gestation. The absence of ganglion cells 
results in the failure of relaxation and non- 
transmission of peristalsis with dilatation of the 
intestinal tract upstream from the altered section. 
HD is also called colonic aganglionosis or con-
genital megacolon also if the last term should be 
abandoned because it refers to the effect, the 
enlarged intestine is the healthy section, while 
the pathological tract is the restricted one (Inserra 
et al.  1984 ). HD causes 15–20 % of neonatal 
bowel obstruction, varies in length but always 
extends proximally from the anal canal, and most 
commonly involves the rectosigmoid region of 
the colon (80 %) but can affect the entire colon 
and, rarely, the small intestine. Ultrashort seg-
ment disease, limited to the region of the internal 
sphincter, is very rare (Berrocal et al.  1999 ; 
Buonomo  1997 ; Kleinhaaus et al.  1979 ).  

5.2     Epidemiology 

 In 90 % HD is diagnosed in newborn, 10 % later, 
rarely in adolescent or adults. Males are four 
times more affected, while there is no gender dif-
ference in the total form. The cause of HD is 
multifactorial, and the disease can be familial or 
isolated. 1/5,500–7,000 live births in the USA 
are affected and about 1/5,000 in Italy. In sib-
lings, when one twin is affected, there is a chance 
that the other is affected especially if male, and 
the possibility is even higher in total agangliono-
sis (Coran and Teitelbaum  2000 ). Congenital 
type is the most common. Acquired forms derive 
by vascular causes (ischemia) or nonvascular 
such as infection by  Trypanosoma  (Chagas dis-
ease) or tuberculosis chronic infection or vita-
min B1 defi ciency. Eight genomes have been 
associated with HD, but most cases are consid-
ered not familial (Amiel and Lyonnet  2001 ; 
Parisi and Kapur  2000 ). HD is usually a solitary 
anomaly in a full term, otherwise healthy infant. 
Prematurity is reported in 10 %. Associated 
anomalies occur in nearly 20–25 % of cases. 
Down syndrome (trisomy 21) is the most com-
mon chromosomal abnormality associated with 
the disease, accounting for 10–15 % of patients. 
HD is sporadic in most cases, but it is familial in 
8–10 %, associated with several genetic muta-
tions of variable penetrance mostly in total form: 
the gene RET proto-oncogene on chromosome 
10q11.2.2,7 has been linked to multiple endo-
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crine neoplasia (MEN) type IIA (Eng  1996 ). 
Others reported are ZFHX1B (SIP1) gene muta-
tion, long segment HD-RET, glial cell line-
derived neurotrophic growth factor (GNDF), 
endothelin receptor gene (EDNRB), endothelin 
3 (EDN3), and SRY- related transcription factor 
SOX10 (Donnelly  2005 ). HD can be associated 
with urologic (11 %: bladder’s diverticulum, 
renal agenesis, cryptorchidism), cardiovascular 
(6 %: ventricular septal defect), gastrointestinal 
(6 %: Meckel’s diverticulum, imperforate anus), 
and neurological (hydrocephalus) abnormalities 
with 8 % having congenital deafness, 
Waardenburg syndrome, neuroblastomas, and 
Ondine’s syndrome (Feldmen et al.  2002 ; 
Stewart and von Allmen  2003 ).  

5.3     Pathology 

 The pathologic basis of HD is the absence of 
ganglion cells in the submucous Meissner’s and 
myenteric Auerbach’s plexus and is associated 
with an increase of the nerve fi bers in the 
affected segment. The neurenteric ganglion 
cells migrate from the neural crest to the upper 
end of the alimentary tract and then follow the 
vagal fi bers caudally, so a delay or arrest in this 
migration results in the neural crest cells failing 
to reach the distal bowel. Without ganglion 
cells, the colon spasms cause a functional 
obstruction. The aganglionic segment is thus 
smaller than normal in caliber, and the bowel 
proximal to the affected segment becomes 
dilated. 

 The disease affects the rectum and a variable 
amount of the more proximal colon and may 
include the entire large bowel and even the small 
bowel and duodenum, but occurs without skip 
lesions. It is a unique case in the pathology 
wherein the distal pathological part of the intes-
tine appears normal and the normal proximal 
part seems abnormal (Ehrenpreis  1970 ). The 
gross pathologic feature of HD is a dilated prox-
imal intestine with a transition zone to normal 
calibrated distal intestine that is typically funnel 
like or cone shaped or, less frequently, abrupt 
(Fig.  5.1 ). The colon proximal to the agangli-

onic segment, in an effort to overcome the par-
tial obstruction, becomes distended, and its wall 
markedly thickened because of muscle hyper-
trophy; the degree of hypertrophy and dilatation 
depends upon the duration and degree of 
obstruction and thus indirectly to the age of the 
patient.

   Grading (Fig.  5.2 ):

•     Short segment, rectosigmoid transition zone 
(TZ): 70–80 %  

•   Long segment, TZ above descending colon: 
15–20 %  

•   Ultrashort segment, anorectal TZ, very rare  
•   Total colonic, distal ileus TZ: 1–4 %  
•   Total intestinal, very rare    

  Fig. 5.1    Type of transition zones: ( a ) abrupt, ( b ) conical, 
and ( c ) funnel. Drawing on the  left , contrast enema on the 
 right        
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 While HD is a common cause of bowel 
obstruction in neonates, congenital colonic atre-
sia is an uncommon cause of neonatal bowel 
obstruction. However, coexistence of HD and 
colonic atresia is a rare phenomenon, and only a 
few cases have been reported. The association of 
the two diseases provides a diffi cult diagnostic 
and therapeutic challenge. Given the rarity, the 
coexistence may simply be a random event; 
however, a possible common etiology may be an 
impairment to the blood supply of the large 
intestine. Because clinical and radiological pre-
sentation is similar in the two forms, a rectal 
biopsy specimen will clarify the diagnosis avoid-
ing multiple surgeries causing complications 
(Kim et al.  1995 ).  

5.4     Clinical Presentation 

 Eighty percent of patients present in the fi rst few 
months of life with diffi cult bowel movements, 
poor feeding, and progressive abdominal disten-
tion. About 90 % of infants with HD fail to pass 
meconium in the fi rst 24 h of life; however, other 
causes of this delay also should be considered 
(see later Sect.  5.7 ). In other cases HD is mani-
fested by reversible subocclusions where meco-
nium is excreted, even if late, either spontaneously 
or with stimulus (digital rectal examination, sup-
positories, enemas), and so the diagnosis is often 
made only in childhood. In other cases alternat-
ing subocclusions and crisis of enterocolitis, viral 
or bacterial, serious complication is favored by 
intestinal stasis which can also be fatal if not 
properly diagnosed; in such cases the baby has 
severe general condition, abdominal distension 
(100 %), diarrhea (100 %), dehydration (96 %), 
bilious vomiting (81 %), and shock (34 %). HD 
must therefore be suspected in newborns or 
young infants with fever, abdominal distension, 
or diarrhea especially with repeated episodes. In 
fact enterocolitis occurs in about one-third of 
patients with HD and is burdened by high mortal-
ity rate. In about 3 % the disease is manifested by 
intestinal perforation, especially in total form. 
During rectal examination or during introduction 
of a rectal catheter, patient may demonstrate a 

tight anal sphincter and explosive discharge of 
stool and gas which are very suggestive fi ndings 
of HD. Some patients may not have symptoms 
until later in life; these common symptoms are 
chronic progressive constipation, recurrent fecal 
impaction, failure to thrive, and malnutrition 
(Tomita et al.  2003 ; Khan et al.  2003 ).  

5.5     Instrumental Diagnosis 

     1.    Imaging
•    Plain fi lm: Direct radiographic examina-

tion must be obtained in two “gravita-
tional” images that you can get better view 
than in the upright position, with consider-
ation for protectionist reasons, in the left 
lateral decubitus and lateral projection in 
the prone position “cross table” with hori-
zontal beam incident (Fig.  5.3 ). There can 
be an occlusive or subocclusive picture 
with air-fl uid levels both in the small intes-
tine and in the colon; the rectum is small 
and there are signs of fecal impaction in the 
colon but always above the rectum. In total 
forms there is air distension of the small 
intestine but the colon is not dilated. In 
infants it is not always easy to distinguish 
between the colon and the small intestine at 
direct plain-fi lm examination for reduced 
haustra of the colon, but generally the colon 
is disposed more laterally. In the rare case 
of perforation, an air collection can be seen 
between the liver and the abdominal walls.

•      Barium or water-soluble enema: As in all 
intestinal obstructions, it is avoided bowel 
cleansing. An isosmotic water-soluble con-
trast is generally preferred in newborn and 
small infant. The rectal probe is slowly 
introduced with lubricant without infl ating 
the balloon that could mask a transition 
zone (TZ). The liquid is manually intro-
duced at low pressure interrupting the intro-
duction when it has shown a TZ with 
upstream bowel dilatation where you can 
observe the fi lling defects from fecal impac-
tion. A late plain fi lm to 8–12 ore can help. 
The most important sign is rectosigmoid 
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ratio <1. The diagnosis is not always easy 
because sometimes in the fi rst 2 weeks of 
life, a distended intestinal tract has not yet 
formed or spontaneously or for “nursing” 
treatment or in “ultrashort” HD. Other use-
ful signs to the enema may be “fascicula-
tion” or irregular contractions that confer a 
“sawtooth” aspect of the denervated intesti-
nal tract (Fig.  5.4 ); unfortunately this sign 
is not always present and it is not pathogno-

monic, also seen in colitis. The distance 
between the rectum and the sacrum may 
increase for parietal hypertrophy, but gener-
ally only in older children. The elimination 
of the contrast at delayed plain fi lms is 
reduced with the persistence of TZ and 
upstream bowel dilatation. In total form of 
HD, the plain fi lm shows multiple loops of 
dilated bowel. At contrast enema the fi nd-
ings range from a picture of microcolon 

a b

c d

  Fig. 5.2    Aganglionic tract ( arrows  sign TZ): ( a ) short, ( b ,  c ) middle, and ( d ) long       
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  Fig. 5.3    Plain fi lm in HD: ( a ) widespread intestinal dila-
tation in HD. ( b-b’ ) Another case of HD. ( b ) A-P plain 
fi lm: intestinal dilatation but with little bloating in the rec-
tosigmoid region; ( b’ ) the lateral view in prone position 

“cross table” in the same patient of (b) shows air fi lling of 
the rectum and the sigmoid colon with reduced R/S ratio 
( white lines )       

a b

b’
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without rectosigmoid ratio with dilated 
small intestine (Fig.  5.5 ) to a quite regular 
caliber colon but of simplifi ed form in 
which the redundancy of the infant colon is 
reduced with less elongated fl exures, with 
“question mark”-like aspect (Fig.  5.6 ).

•        Ultrasound (US) shows normal or increased 
size of the colon, which contains normal 
hypoechogenic meconium punctuated with 
gas bubbles (Veyrac et al.  2012 ). Along the 
colon, a transition zone may be detected in 
some cases by US. US is also useful in 
detecting associated anomaly.      

   2.    Electromanometry: In HD there is absence of 
the rectoanal inhibitory refl ex (RAIR) during 
rectal distension. While it is an excellent 
screening in infants and children, RAIR is less 
useful in neonate: when the RAIR is present, 
HD can be excluded reliably around 90 %, 
whereas if RAIR is absent, it is not conclusive 
for the diagnosis of HD.   

   3.    Rectal suction biopsy: HD is diagnosed by the 
absence of ganglion cells and the presence of 
hypertrophic nerve trunks (de Lorijn et al. 
 2005 ). The biopsy site should be at 1.5 cm 
above the dentate line because normally there 
are no ganglion cells in the distal rectum 
(Ricciardi et al.  1999 ). If no hypertrophic 
nerve trunks are found, a full-thickness biopsy 
may be indicated.      

5.6     Treatment 

 Management of HD varies according to presenta-
tion form. In early acute intestinal obstruction, 
the child needs resuscitation, nasogastric tube, 
rectal tube, fl uid therapy, antibiotics, and rectal 
irrigations. After multiple seromuscular biopsies 
of the colon wall to determine the exact extend of 
the aganglionosis, a colostomy is made and 
placed above the transition zone, and when the 

a b

  Fig. 5.4    Two cases of HD. The  large white arrow  indi-
cates the transition zone between the descending and sig-
moid colon ( a ) and below the splenic fl exure ( b ). Both 

cases in aganglionic intestinal tract are visible anarchic 
contractions with “sawteeth” appearance ( small white 
arrows )       
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patient becomes stable, then the defi nitive treat-
ment will be planned. If the disease is manifested 
by chronic constipation, after certain diagnosis, 
the patient is subjected to saline laxatives and 
enemas (nursing) until it reaches the age of 
6–12 months, or the weight of 9–10 kg, when he 
can undergo defi nitive surgery. The treatment is 
only surgical: removal of intestinal aganglionic 
segment and subsequent recanalization by colo- 
anal anastomosis. There are several pull-through 
techniques, with complication rates ranging from 

4–16 %. The fi rst operation was Swenson’s 
( 2002 ) one removing the rectum, pulling the 
healthy innervated colon through, and connecting 
it to the anus with end-to-end anastomosis 
between the prolapsed rectum and regularly 
innervated colon externalized from the anus 
(Fig.  5.7a ). The Duhamel technique, described in 
1956 (Vrsansky et al.  1998 ), means allowing the 
native rectum in situ, lower “pull-through” the 
ganglionic colon behind it, in the retrorectal 
space, and package the end-to-side anastomosis 

  Fig. 5.5    Total HD (histologically proven). Diffuse microcolon, the small intestine is dilated       

  Fig. 5.6    Total HD surgical proven. No microcolon but simplifi ed (“?” symbol) colon at contrast enema; the small 
intestine is dilated at barium upper gastrointestinal study       
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(using linear stapler) (Fig.  5.7b ). Duhamel opera-
tion was now almost abandoned for frequent dila-
tation of pocket with stagnated stools (Fig.  5.8 ). 
Soave’s operation in 1960, endorectal pull- 
through (Soave  1964 ), consists in mucosectomy 
of the rectum with preservation of the rectal mus-
cle cylinder, lowering of regularly innervated 
colon through the cylinder itself, and packaging 
of anastomosis termino-terminal just above the 
dentate line (Fig.  5.7c ). In recent years the Soave 
operation is performed in one transanal time: De 
la Torre operation, also mostly used in our insti-
tute in the last years (De la Torre-Mondragon and 
Ortega-Salgado  1998 ) as for the procedure for 
abdominal route, consists in removing all the cyl-
inder of the mucosa of the aganglionic intestinal 
tract and lowering the intestinal regularly inner-
vated within the cylinder of the residue muscle 
(Figs.  5.7d-d ”’ and  5.9 ). The minimally invasive 

approach of this technique has many advantages: 
the average duration of the intervention of about 
2 h, ready recanalization intestinal allowing rapid 
power recovery, reduction of average hospitaliza-
tion time (an average of 4 days), and the absence 
of skin scarring with a defi nite aesthetic advan-
tage. Most patients can achieve good continence, 
and life expectancy is normal although they are 
often required repeated dilations in the fi rst year 
after the operation (Höllwarth et al.  2002 ).

5.7           Differential Diagnosis 

     1.    Meconium plug/small left colon syndrome. 
Predisposing factors: maternal diabetes, 
cesarean section, and prematurity. Symptoms: 
vomiting, abdominal distention, and delay of 
the meconium emission. Plain fi lm: low intes-

  Fig. 5.7    Drawing of surgical treatment of HD: ( a ) Swenson operation, ( b ) Duhamel operation, ( c ) Soave operation, 
( d-d”’ ) De La Torre transanal pull-through (see text)       
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tinal obstruction and bullous appearance for 
thickened meconium. Contrast enema: left 
colon reduced caliber with multiple fi lling 
defects from meconium plugs, rectum/sig-
moid ratio >1. Resolution after contrast enema 
or anyway in a few days.   

   2.    Meconium ileus. Present in 15 % of cystic 
fi brosis. Symptoms: vomiting, abdominal dis-
tension, and lack of meconium emission. 
Plain fi lm: dilatation of distal ileum, air-fl uid 
levels scarce or absent, and mottled appear-
ance of the right side due to the thickened 
meconium. Enema with water-soluble con-
trast medium: microcolon and dilated ileum 

with fi lling defects by thickened meconium 
plugs. It solves the framework in 50–60 %. 
Risk of perforation is from 2.7 % to 5 %.   

   3.    Ileal atresia: 1/750 born. Prenatal ultrasound 
diagnosis. Caused by intrauterine intestinal 
ischemia. Rare associations. Plain fi lms: three 
or more air bubbles no air downstream. 
Contrast enema: microcolon ex non usu, fi ll-
ing defects from meconium bubbles.   

   4.    Colonic atresia (CA), rare, 1/40,000 births, 
caused by an intrauterine vascular defect. The 
proximal colon is most affected. Symptoms: 
abdominal distension and vomiting even after 
a few days. Plain fi lm: low obstruction. US 

a b

  Fig. 5.8    ( a ) Preoperative enema in HD shows TZ ( white arrow ); ( b ) after Duhamel operation the barium enema shows 
anterior slightly dilated pocket with fecal stagnation ( black arrow )       

a b

  Fig. 5.9    HD ( a ) preoperative enema shows R/S <1; ( b ) barium enema after De La Torre operation       
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examination: CA is suspected in dilated right 
colon. Contrast enema: microcolon, the liquid 
stops clubbed or “wind sock” aspect usually 
in the transverse colon.   

   5.    Allergic colitis. It begins in the fi rst week of 
life associated with the composition of milk. 
Contrast enema: no microcolon, R/S ratio can 
be <1. At rectal biopsy ganglion cells are nor-
mally represented and there is eosinophilia.   

   6.    Colic stenosis. It is a late complication of nec-
rotizing enterocolitis that affects very prema-
ture babies (prematurity is reported in only 
10 % of HD). The restricted tract is often 
short, sometimes multiple, and the tract 
upstream and downstream from the stenosis 
has a higher caliber.   

   7.    Functional constipation (90 %, 10 % is 
organic). The onset is in the postneonatal age 
after a long period of normality, normal meco-
nium elimination. The defecation is painful 
with episodes of abdominal pain, increased 
meteorism, blood in the stool, episodes of 
diarrhea, family history of constipation, diffi -
culty evacuating outside the home, fullness of 
feces at digital rectal examination, encopresis 
(soiling), and generally the absence of abdom-
inal distension or occlusive disease      

5.8     Follow-Up 

 After diagnosis and surgery, physicians should 
counsel the patient’s family about the importance 
of a high-fi ber diet because constipation and 
bowel stasis are thought to increase the risk of 
enterocolitis, and a long-term follow-up is neces-
sary for monitoring the complications: up to 10 % 
may have constipation, and less than 1 % may 
have fecal incontinence (Coran and Teitelbaum 
 2000 ). Enterocolitis and colonic rupture are the 
most serious complications and are the most 
common causes of deaths associated with the 
HD. Enterocolitis occurs in 17–50 % of infants 
with HD and most commonly is caused by intes-
tinal obstruction and residual aganglionic bowel, 
and it has been reported to occur up to 10 years 
later (Holschneider and Puri  2000 ).     
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6.1          Introduction 

 Pediatric abdominal devices are mandatory for 
life support of newborn and pediatric patient. 

 Umbilical catheters, nasojejunal catheters, and 
percutaneous enteral alimentation by means of gas-
trostomy or gastrojejunostomy are the most useful 
and frequent abdominal devices used in pediatric 
patients during emergency care. The use of intra-
peritoneal Foley catheter is limited to reduce peri-
toneal pressions in severe burned patients. 

 The modern role of radiologists is crucial in 
the evaluation of complications caused by these 
devices; in particular, it is very important to 
understand and recognize the incorrect position-
ing of umbilical catheters or nasogastric/nasoje-
junal catheters; it is otherwise important to 
evaluate the presence of thrombosis at the top of 
the tip in venous catheters and the radiology 
signs of infection. 

 Less important is the impact of the radiolo-
gist in the evaluation of gastrostomy and gas-
trojejunostomy device complications that have 
an evident and immediate clinical impact on 
patients. 

 Multimodality Radiology is the right approach 
choosing US, CT, MR, or plain X-ray with the 
right protocol to obtain the right answers to the 
clinician’s questions. Radiologists should be 
aware of patient’s exposure to diagnostic radia-
tions in particular in pediatric patient.  

6.2     Gastroenteric Feeding 
Accesses 

 The enteric feeding access could be allowed by 
positioning nasoduodenal or nasojejunal tubes as 
well as gastrostomy or jejunostomy. 

 The recent literature established that the use of 
nasojejunal feeding catheter is a better choice 
comparing it to nasogastric feeding catheter 
because it reduces gastric and pancreatic secre-
tion refl ux and the possibility to develop pancre-
atitis or inspiration pneumonia (Itkin et al.  2011 ). 

 The use of nasojejunal tube is to be considered 
when limited enteric feeding time is needed. If a 
longer enteric feeding time is required, gastros-
tomy or jejunostomy is the mandatory choice. 

 Jejunostomy and gastrostomy are placed sur-
gically or endoscopically guided, less frequent 
radiologically guided. 

        R.   Ferrari      (*) •    A.  A.   Pallottino    •    M.   Trinci    •    V.   Miele    
  Department of Emergency Radiology ,  S. Camillo 
Hospital ,   Rome ,  Italy   
 e-mail: ferraririccardo@gmail.com   

    C.  L.   Piccolo    
  Department of Medicine and Health Sciences , 
 University of Molise ,   Campobasso ,  Italy     

    M.   Napoletano    
  Division of Radiology, Department of Surgical and 
Biomedical Sciences ,  S. Maria della Misericordia 
Hospital ,   Perugia ,  Italy    

  6

mailto:ferraririccardo@gmail.com


86

6.2.1     Normal and Radiological 
Anatomy 

 The duodenum is derived from the embryonic 
foregut and proximal midgut. It develops its 
loop-like morphology to the rapid elongation and 
the asymmetric growth of the stomach. 

 The duodenum developed a mature path and 
position in the third gestational month and 
becomes relatively fi xed in position by a series of 
mesenteric fusions during the next 30 days. 

 The mobile intraperitoneal stomach and 
pyloric channel are oriented along a longitudinal 
axis: the stomach in the infant is most frequently 
horizontal but may occasionally rotate into a 
more vertical (adult) orientation when patients 
are in supine position. 

 The proximal duodenum and the superior fl ex-
ure is intraperitoneal and freely movable. At the 
apex of the superior fl exure, the anterior and pos-
terior peritoneal layers join together on the supe-
rior border to form the hepatoduodenal 
ligament. 

 Just distal to the superior fl exure, the descend-
ing duodenum is crossed by the mesenteric fi xa-
tion colon and becomes completely retroperitoneal 
which continues into the inferior fl exure. 

 The retroperitoneal descending duodenum 
and inferior fl exure have a medial fi brous attach-
ment to the head of the pancreas which tends to 
secure it more rigidly. 

 The third or transverse portion begins at the 
inferior fl exure, to the right of the inferior vena 
cava, and courses across the midline to the lateral 
border of the aorta, where the fourth portion 
ascends to the duodenojejunal junction. 

 The distal duodenal loop is gradually sur-
rounded by the peritoneum, so that it is once 
again completely intraperitoneal at the duodeno-
jejunal junction. The position of the duodenojeju-
nal junction is normally maintained by the 
ligament of Treitz, a fl at fi bromuscular band aris-
ing from the diaphragm. 

 Nasoenteric tube could be placed manually or 
guided by endoscopy or radiology. Several recent 
prospective randomized clinical trials that com-
pared endoscopy-guided and image-guided 
placement of postpyloric tubes demonstrated no 

differences in tube positioning success rate that is 
usually very high, greater than 90 %. The catheter 
should be at least 8 French and 140, 200 cm 
length with the tip placed 20 cm after the Treitz 
ligament (Foote et al.  2004 ; Ott et al.  1991 ; Fang 
et al.  2005 ). 

 In this paper Merten et al. ( 1980 ) suggested to 
take only a radiogram after aspiration of alkaline 
pH secretion and advancing the tube for 5–7 cm. 
Pobiel et al. ( 1994 ), in a more recent paper, 
described a different positioning method, using 
fl uoroscopy guide: inserting the catheter with 
patient in supine position, rotating him in oblique 
position if the progression through the pylorus 
would be diffi cult, monitoring with fl uoroscopy 
when necessary, especially in the fi rst part, and 
avoiding the dislocation of the catheter inside the 
airways.  

6.2.2     Mean Complications and Role 
of the Radiologist 

 Nasojejunal tube positioning mean complica-
tions are misplacing it inside the airways, nasal 
bleeding, recoiling of the tube in the stomach, 
and duodenal perforation. Itkin et al. report that 
40–80 % of nasogastric tubes become dislodged 
in a long period (Johnston et al.  2008 ), that is the 
reason why it is mandatory to use nasojejunal 
feeding tube for a short time. 

 The radiologist should evaluate the misplacing 
of the catheter inside the airway or its looping 
inside the stomach. The presence of the high radio-
transparent air and the radiopaque catheter tip helps 
the evaluation of the anatomic position. Placing the 
tube during fl uoroscopy could help avoid position-
ing of the catheter in the airway (Fig.  6.1 ).

6.3         Arterial and Venous 
Umbilical Catheters 

 Umbilical vessel catheterization is a very com-
mon technique for treating neonatal and perinatal 
severe complications in intensive care perinatal 
units. Umbilical catheters are used during resus-
citations, exchange transfusions, and critical care 
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monitoring or for prolonged nutritional and med-
ication support performing blood sampling, 
blood pressure monitoring, and infusion of intra-
venous fl uids or medications. 

 Catheterization could be performed using 
arterial umbilical vessels or venous umbilical 
vessels (Hermansen and Hermansen  2005a ); 
arterial catheterization is less used with a more 
frequent possibility of adverse reaction espe-
cially if for prolonged time. 

 Primary contraindications are omphalitis, 
omphalocele, necrotizing enterocolitis, and 
peritonitis. 

 The catheter positioning is a relatively easy 
technique but should lead to severe complications; 
radiology helps positioning and monitoring umbil-
ical catheters during treatment avoiding the mispo-
sitioning and the common adverse reactions. 

6.3.1     Normal and Radiological 
Anatomy of Umbilical Artery 

 The umbilical artery originates from the anterior 
division of the internal iliac artery, and it is the 
communication between the placenta and mater-

nal circulation during pregnancy. At birth it usu-
ally obliterates with its remnant developing the 
medial umbilical ligament, which courses super-
omedially to the umbilicus, within a fold of peri-
toneum called “the medial umbilical fold” in the 
posterior wall of anterior abdominal wall. It is a 
paired structure and lies lateral to the medial 
umbilical ligament (the urachal remnant) and 
medial to the lateral umbilical fold, which con-
tains the inferior epigastric vessels. In the adult, 
the superior bladder artery originates as a branch 
from umbilical arteries and remains during the 
life-giving vascular supply to the superior blad-
der, the portion of the ureter next to this, and the 
ductus deferens (Dalley and Agur  2011 ). 

6.3.1.1     Radiologic Positioning 
 The tip of the umbilical arterial catheter should 
be placed in the aorta in high (T6 to T10) or low 
(L3 to L5) position away from major aorta’s 
branches, to avoid vessel ischemia or avoid 
instilling high-concentration solutions directly 
into an organ-feeding vessel. There is a recent 
meta-analysis that prefers the high position for its 
capability to reduce the rate of complications. 
Intermediate position should be avoided 
(Hermansen and Hermansen  2005b ; Hunter and 
Taljanovic  2005 ) (Figs.  6.2  and  6.3 ).

6.3.2          Normal and Radiological 
Anatomy of the Umbilical Vein 

 The umbilical vein is 2–3 cm long with a diam-
eter of 5–6 mm. It arises from the umbilical 
scar to the left main portal vein; it continues in 
the umbilical duct (Aranzio’s vein) that is 2–3-
cm long with a diameter of 4–5 mm. Aranzio’s 
vein is a continuation of the umbilical vein, 
which originates from left branch of the portal 
vein, in front of the outlet of the umbilical vein. 
Aranzio’s vein is localized between the right 
and left hepatic lobe in the sagittal median 
plane of the body. It ends with the hepatic veins, 
in the inferior cava vein. The umbilical vein and 
ductus venosus do not enter the liver paren-
chyma but pass along the visceral surface 
(Fig.  6.4 ).

  Fig. 6.1    Nasogastric catheter, normal positioning       
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   After the birth the exclusion of Aranzio’s vein 
is caused by the ligation of the umbilical vein, 
and it obliterates between the 30 and 90° day of 
life with the transformation in the venous liga-
ment. The intra-abdominal portion of the umbili-
cal vein will transform in the hepatic round 
ligament for an obliteration process which com-
pletes itself within the third month of life (Rosen 
and Reich  1970 ; Horn  1991 ). 

6.3.2.1     Radiologic Positioning 
 Radiologic positioning of the umbilical vein 
catheter results quite simple when the umbilical 
vein and Aranzio’s duct are perfectly aligned on 
opposite side of the left portal vein. However 

Aranzio’s inlet is often located slightly to the 
right of the umbilical vein outlet. This may result 
in coiling of the catheter or misdirection into the 
left portal vein (Figs.  6.5  and  6.6 ).

    The correct position of umbilical venous 
catheter tip must project radiologically at the 
level of the right diaphragm and/or between 
the T8 and T9 vertebral body, corresponding 
to the superior part of the IVC, below the right 
atrium (Fig.  6.7 ).

  Fig. 6.2    Schematic anatomical representation of the 
course of arterial umbilical catheter       

  Fig. 6.3    Schematic representation of high and low posi-
tions of umbilical arterial catheter       
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   If the umbilical venous catheter is not in a 
proper position, it could be a cause of severe 
complication; despite this, a recent analysis esti-
mated that only 73 % of all umbilical venous 
catheters are positioned at an appropriate level 
(Grizelj et al.  2014 ). Some papers suggest to use 
ultrasound control in case of doubt to be sure 
about the exact location of the umbilical venous 
catheter’s tip.   

6.3.3     Mean Complications and Role 
of the Radiologist 

6.3.3.1     Malpositioning 

   Arterial Umbilical Catheter 
 There is still debate on the right arterial umbilical 
catheter position between high (T6 to T10) and 
low (L3 to L5) position. 

 A recent Cochrane Database Review of six 
controlled trials found that “high” catheters 
were associated with a decreased incidence of 
“clinical vascular complications” without a 
statistically signifi cant difference in the inci-
dence of  intraventricular hemorrhage, hyper-
tension, hematuria, or death between the two 
groups. 

 The duration time of use for functional cathe-
ter was greater with the “high” catheters. 

 The Cochrane Review concluded that “there 
appears to be no evidence to support the use of 
low-placed umbilical artery catheters. High cath-
eters should be used exclusively.” 

 What we know quite well is that UACs that are 
located between the “high” and “low” positions 
are never appropriate. 

  Mean complication caused by catheters in 
these positions are :

 –    Refractory hypoglycemia (infusion into the 
celiac axis)  

 –   Paraplegia (infusion into the artery of 
Adamkiewicz)  

 –   Thromboses that affect the kidneys (infusion 
into the renal arteries) or the gut (infusion into 
the mesenteric arteries)    

 A catheter that is found in this intermediate 
position should be pulled to a “low” position or 
removed. For the same reason, catheters should not 
be placed below the level of L5 because of the risk 
of gluteal skin necrosis and sciatic nerve damage. 
Catheters that are placed below the level of L5 
should be removed promptly (Miele et al.  2002a ).  

   Venous Umbilical Catheter 
 Malpositioning of the venous umbilical catheter 
causes severe complications. 

 UVC could be pushed too far, entering inside 
the heart in the right atrium (Fig.  6.8 ). Going fur-
ther the more frequent way is not straight inside 
the superior vena cava but more often the catheter 
passes through the foramen ovale into the left 
atrium; from there, the catheter may enter the left 
ventricle or in a pulmonary vein. The catheter 
inside the heart could cause cardiac arrhythmia; 
if pushed too far inside the pulmonary paren-
chyma, it could cause pleural effusion. More rare 
is the atrial perforation and the pericardial 
effusion.

   Quite often Aranzio’s duct is not well aligned 
with the umbilical vein outlet so it is quite simple 
that the catheter enters in the left portal vein and 
continues into the right portal vein (Figs.  6.9 ,  6.10 , 
 6.11 , and  6.12 ). In this case the catheter tip could 
cause direct injury to the liver parenchyma, portal 
vein thrombosis, or lacerations. Indirect damages 
should be caused by hypertonic or irritant solution 
administration inside the liver parenchyma caus-
ing portal thrombosis or sterile abscesses which 
can progress to infection or hepatic necrosis 
(Grizelj et al.  2014 ; Miele et al.  2002a ,  b ).

6.3.3.2            Infection, Liver Abscess, 
and Hematoma 

 The presence of a foreign body inside the central 
venous system like central venous catheter could 
cause infections, as pathogenic microorganisms 
can gain direct access to the bloodstream, directly 
by contaminated catheter or infusion of contami-
nated solution. 

 Several studies demonstrated that 22–59 % of 
umbilical venous catheters are colonized, and 3–8 % 
are having intravenous catheter-related bloodstream 

6 Complications of Neonatal Abdominal Devices in Emergency



90

a b

  Fig. 6.4    ( a ,  b ) Schematic anatomy of venous umbilical vein and  right  position of the umbilical venous catheter       

  Fig. 6.5    Umbilical venous catheter: wrong position with 
the tip in the  left  main portal vein       

  Fig. 6.6    Umbilical venous catheter: wrong position, coil-
ing inside the inferior vena cava       
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infections. Gram-positive organisms were the 
prominent organisms found, with coagulase-nega-
tive  Staphylococcus  being the most common. 

 We just discussed previously as a misplaced 
catheter could cause traumatic hematoma with 

the further possibility of infection. It is impor-
tant to perform abdominal ultrasound when there 
is the suspect of intrahepatic hematoma or 
abscess; if the diagnosis is not clear, CT or MR 
with endogenous contrast should be performed 
to obtain a correct diagnosis and localization of 
the lesion (Miele et al.  2002a ,  b ). Liver hemato-
mas should be treated with removal of the UVC 
and with a wait and watch approach, monitoring 
the natural resolution, which usually results in 
calcifi cation and resolution of the hematoma 
within 2–18 months. An infectious process 
including a liver abscess should be observed 
after removal of the catheter and performed anti-
biotic therapy (Fuchs and Sweeney  2014 ) 
(Figs.  6.13  and  6.14 ).

  Fig. 6.7    Umbilical venous catheter:  right  position inside 
the inferior cava vein, radiologically projecting at the 
diaphragm       

  Fig. 6.8    Umbilical venous catheter: wrong position with 
the tip inside the heart       

  Fig. 6.9    Umbilical venous catheter: wrong position 
inside the right portal vein       
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6.3.3.3         Embolic Complications 
 Embolic complications are strictly linked to vas-
cular endothelial lesions, reduction of hematic 
fl ow, and hypercoagulability. 

 If the complication is limited to the portal sys-
tem, there are direct consequences for the liver, in 
terms of vascularization and parenchymal 
suffering. 

 If the problem occurs in the venous duct, there 
should be complication for the pulmonary circle 
and for all the organs, due to embolism. There is 
a higher mortality if thrombosis occurs in the 
right atrium or in the superior cava vein. Prognosis 
is generally good with a rapid diagnosis if the 
catheter is removed quickly.       

  Fig. 6.10    Umbilical venous catheter: wrong position 
inside the right portal vein       

  Fig. 6.11    Umbilical venous catheter: wrong position 
inside the right portal vein       

  Fig. 6.12    Umbilical venous catheter: wrong position 
inside the right portal vein       

 

 

 

R. Ferrari et al.



93

a b

  Fig. 6.13    ( a ,  b ) CT imaging of the liver of a neonatal with voluminous abscess (axial and coronal MPR 
reconstruction)       

a b

c d

  Fig. 6.14    ( a–d ) US imaging of the liver of a neonatal with voluminous abscess: different follow-up exams demonstrat-
ing the reduction of the mass and its progressive calcifi cation       
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      Biliary Atresia 
and Choledochal Cyst                     

     Lidia     Monti     ,     Amato     Infante    , and     Marco     Salsano   

7.1          Introduction 

 Biliary atresia (BA) and choledochal cyst (CC) 
are two well-known causes of obstructive jaun-
dice in neonates and young infants and have simi-
lar clinical presentation. 

 BA is a progressive obstructive cholangiopa-
thy diagnosed in the newborn period and charac-
terized by partial or complete lack of the 
extrahepatic bile ducts. 

 CC is a dilatation of the biliary tract due to 
congenital anomaly of the bile duct; it is usually 
present prior to the age of 2 years and can be 
antenatally diagnosed. 

 Patients with BA or CC usually have jaundice 
and acholic stools in the neonatal or young infan-
tile period. 

 However, BA and CC are two entities with 
dramatically different approaches and prognosis. 
While BA requires portoenterostomy, CC is usu-
ally treated by cyst excision with hepaticojeju-
nostomy or choledochojejunostomy. Children 
with BA usually have poor long-term prognoses 
even after Kasai portoenterostomy. 

 Although most patients who undergo surgery 
before 60 days of age show good bile excretion, 
ultimately many of them develop cirrhosis and 
liver failure. 

 Conversely, patients with CC have good out-
comes with early surgical management. Because 
of the difference in management and prognosis 
between BA and CC, radiologic, particularly 
ultrasonographic (US), differentiation of the two 
entities is important. 

 In almost 10 % of BA cases, there is a cyst at 
the porta hepatis. For this reason BA with cystic 
component is likely to be mistaken for CC. 

 This short review attempts to summarize the 
imaging modalities of the two entities, in order to 
differentiate them. This is of paramount relevance 
in the differential diagnosis between cystic BA 
and CC.  

7.2     Biliary Atresia 

 BA is an infl ammatory cholangiopathy that 
results in progressive fi brosis and obliteration of 
extrahepatic and intrahepatic bile ducts and is the 
most frequent and severe cause of neonatal cho-
lestasis affecting approximately 1 on 10,000–
20,000 births. 

 The infl ammatory process of the biliary tree 
leads to progressive obliterative scarring of the 
bile ducts. In BA the extrahepatic biliary system 
is disrupted. Progressive damage of extrahepatic 
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and intrahepatic bile ducts secondary to infl am-
mation occurs, leading to fi brosis, biliary cirrho-
sis, and liver failure. Although the exact etiology 
remains unknown, the primary therapy is surgi-
cal. Only early surgical treatment can stall biliary 
cirrhosis, which is why rapid identifi cation of BA 
is crucial. 

 Previously, the disease was described as 
occurring in two distinct clinical forms: the fetal- 
embryonic form (or syndromic) and the perinatal 
(or acquired) disease. The fetal-embryonic form 
is characterized by early cholestasis; it appears in 
the fi rst 2 weeks of life and accounts for 10–35 % 
of all cases. In this form, the bile ducts are dis-
continuous at birth, and 10–20 % of affected neo-
nates have associated congenital malformations, 
such as polysplenia (100 %), situs inversus 
(50 %), or cardiac anomalies (50 %), and/or vas-
cular malformations, e.g., preduodenal portal 
vein (60 %). The perinatal form of BA accounts 
for the remaining 65–90 % cases. This form is 
typically found in neonates and infants aged 
2–8 weeks. Progressive infl ammation and oblit-
eration of the extrahepatic bile ducts occur after 
birth. This form is not associated with congenital 
anomalies, and infants may have a short jaundice- 
free interval. 

 Cases of BA can be stratifi ed (Kasai classifi ca-
tion system) according to their location of the 
involvement and degree of pathology.  Three main 
types  of biliary atresia are defi ned. Type I is charac-
terized by the obliteration of the common bile duct, 
while the proximal bile ducts are patent. In type II, 
atresia of the hepatic duct is seen, with cystic bile 
ducts found at the porta hepatis. In type IIa, the cys-
tic and common bile ducts are patent, whereas in 
type IIb, the cystic, common bile duct, and hepatic 
ducts are obliterated. Type III atresia refers to dis-
continuity of the right and left hepatic ducts to the 
level of the porta hepatis. This form of BA is com-
mon, accounting for more than 90 % of cases. 

 Diagnosis of BA and performance of a hepa-
toportoenterostomy (HPE; Kasai procedure) by 
8–10 weeks of age are optimal for transplant-free 
survival beyond early childhood. It is thought 
that approximately 80–90 % of currently affected 
infants will survive to adolescence following 
Kasai procedure. 

 Only 16 % of children with BA survive up to 
2 years with their native liver if the total serum 
bilirubin measured 3 months after Kasai proce-
dure is over 6 mg/dL, compared to 84 % for those 
with a total bilirubin less than 2 mg/dL. 

  Hepatobiliary scintigraphy  has been used in 
the diagnosis of BA for many years, but actually 
only in controversial cases because of the intro-
duction of other diagnostic imaging modalities.  

7.3     Diagnostic Imaging 

 In 2004, the Cholestasis Guideline Committee of 
the North American Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition 
(NASPGHAN) examined the value of diagnostic 
tests in neonatal cholestasis. About hepatobiliary 
scintigraphy, these guidelines stated, “Although 
the high sensitivity for biliary atresia makes this 
a fairly good single test for detecting disease, it is 
time consuming and expensive and does have 
signifi cant false positive and false-negative 
results. The Cholestasis Guideline Committee 
concludes that hepatobiliary scintigraphy gener-
ally adds little to the routine evaluation of the 
cholestatic infant but may be of value if other 
means for excluding biliary obstruction are not 
available.” 

 In BA patients, although some imaging fi nd-
ings are highly suggestive of the disease, none is 
pathognomonic, and reliance on more than one 
test is common. Well-coordinated multidisci-
plinary approach is required in the assessment of 
suspected cases of BA. 

 A detailed abdominal  ultrasonography  ( US ) is 
generally the initial investigation in neonates 
with cholestatic disease. 

 It is used to evaluate the neonatal parenchyma 
and the hepatobiliary system and may exclude 
other anatomic anomalies. 

 US performed by operators with specifi c 
experience in the pediatric setting represents the 
fi rst step. In BA the hepatic parenchyma is often 
inhomogeneous, with a marked increase in 
 periportal echoes due to fi brosis (Fig.  7.1 ). 
Although dilatation of the intrahepatic bile duct 
occurs infrequently, it suggests BA when present. 
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US shows the absence or the reduction in size of 
the gallbladder and the presence of a triangular 
cord (TC) sign (Fig.  7.2 ). The TC sign is defi ned 
as the thickness of 4 mm or more of the anterior 
wall of the right portal vein, seen near the portal 
bifurcation. It corresponds to the fi brosis of the 
extrahepatic biliary system. The identifi cation of 
a TC sign results in a sensitivity of 80 %, a speci-
fi city of 98 %, a positive predictive value of 94 %, 
a negative predictive value of 94 %, and an accu-
racy of 94 % for diagnosing BA.

    Numerous  other US features  have been used 
in the diagnosis of BA. In particular, abnormali-

ties in the shape and wall of the gallbladder, 
enlargement of the hepatic artery diameter (a 
prominent hepatic artery is often seen in cirrhotic 
changes), measurement of portal vein diameter 
(Fig.  7.3 ), and enlargement of the liver and spleen 
are also helpful in diagnosis. The portal vein in 
children with BA is often hypoplastic and dis-
eased, having intramural thrombi or intimal 
infl ammation. Portal vein velocity also is often 
diminished in this group of children with BA due 
to steal effect from collateral shunts. In addition, 
assessing the hepatic arterial subcapsular fl ow by 
color Doppler US has recently been reported to 

a b

c

  Fig. 7.1    High-frequency sonographic scans show normal 
glissonian profi le and liver echogenicity in ( a ,  b ) and a 
micronodular glissonian profi le and a hepatic inhomoge-

neous parenchyma due to fi brosis in BA. Note a small 
amount of perihepatic ascites in ( c )       
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enable the discrimination of BA from other 
causes of cholestasis (Fig.  7.4 ). However, the 
correct weighting among these features remains 
unknown. Recently, high-frequency US has been 
shown to provide improved sensitivity, specifi c-
ity, and accuracy for the diagnosis of BA.

    Findings in BA typically include an atretic 
gallbladder and a thin, indistinct gallbladder 
wall (lack of smooth/complete echogenic 
mucosal lining with an indistinct wall) with an 
irregular or lobulated contour. Although a nor-
mal (1.5 cm) or long (>4 cm) gallbladder may 

be seen in up to 10 % of patients with BA, a 
length of less than 1.9 cm is most common. The 
constellation of fi ndings constituting the gall-
bladder ghost triad are a gallbladder length less 
than 1.9 cm, a thin or indistinct gallbladder 
wall, and an irregular and lobulated contour 
(Fig.  7.5 ).

   The triad is up to 97 % sensitive and up to 
100 % specifi c for BA. We should note that the 
absence of gallbladder contraction is only sugges-
tive of BA, as many as 20 % of BA neonates have 
normal gallbladder contraction. Furthermore, the 

a b

c d e

  Fig. 7.2    Sonographic scans show main features of BA 
diagnosis. ( a ) High-frequency ultrasound with linear 
probe is used to evaluate the hepatic parenchyma. 
Transverse scan shows the hepatic parenchyma inhomo-
geneous, with a marked increase in periportal echoes due 
to fi brosis. ( b ) TC sign. Triangular- or tube-shaped echo-
genic focus at the porta hepatis that follows the portal 
veins more than 4 mm in thickness ( arrow ) that anatomi-

cally corresponds to the extrahepatic bile ducts replaced 
by a dense fi brous tissue. ( c ) Longitudinal ultrasound scan 
shows a normal gallbladder length >2 cm. ( d ) Transverse 
ultrasound scan depicts an irregular lining and wall of the 
gallbladder. ( e ) Hepatobiliary scintigraphy. Delayed static 
images performed at 2, 4, and 24 h confi rm the absence of 
tracer passage in the bowel. Lateral projection is useful 
when a faint abdominal activity is evident       
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absence of gallbladder contraction is seen in chil-
dren with cholestasis due to other causes. 

 An absent common bile duct is thought to be 
93 % sensitive and 92 % specifi c for the diagnosis 
of BA. 

 Congenital anomalies may be present in 
BA. In particular, situs inversus and polysplenia 
are among the associated congenital anomalies 
that may be seen on sonograms. 

 Central biliary cysts and choledochal cysts may 
be associated with BA and are well depicted by US. 

  Shear - wave elastography  (SWE) is the newest 
ultrasound-based technique and offers a noninva-
sive, nonionizing, low-cost, and well-tolerated 
approach to quantifying liver stiffness and pre-
sumably fi brosis. Although data are limited in 
children, SWE can be likely used to establish the 
presence of fi brosis as well as to assess the pro-
gression of liver fi brosis in BA over time 
(Fig.  7.6 ).

    Magnetic resonance cholangiopancreatog-
raphy  ( MRCP ) is a noninvasive technique for 

a b

c

  Fig. 7.3    Sonographic scans show the “gallbladder ghost 
triad.” ( a ) Atretic gallbladder less than 1.9 cm in length; 
( b ,  c ) thinned or lack of a smooth, complete echogenic 

mucosal lining with indistinct walls; knobbly, irregular, or 
lobular contour ( arrow  in  b )       
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neonatal imaging. Findings in infants with BA 
include incomplete visualization of the extrahe-
patic biliary system and periportal high signal 
intensity on T2-weighted magnetic resonance 
imaging (MRI) scans. These fi ndings suggest 
cystic dilatation(s) of fetal bile ducts with sur-
rounding fi brosis. Complete visualization of the 
extrahepatic biliary system excludes BA, 
whereas nonvisualization of the common or 
hepatic bile ducts suggests the disease. MRCP 

has not proved to be useful to exclude BA as the 
normal biliary tree is not consistently seen 
under the age of 3 months. 

  Endoscopic retrograde cholangiopancreatog-
raphy  ( ERCP ) is a diagnostic imaging modality 
in the young child. Although it is a rarely used 
invasive technique, results from a study by 
Petersen et al. led the investigators to recommend 
the ERCP to be performed before explorative 
laparotomy in all patients suspected of having 
BA. In the study, ERCP was performed in chole-
static patients younger than 6 months who were 
suspected of an extrahepatic cause of cholestasis, 
particularly BA. In this series, the sensitivity of 
ERCP for diagnosing BA was 92 % and the spec-
ifi city was 73 %. The authors concluded that in 
preselected patients, ERCP, while not an alterna-
tive to noninvasive imaging, can be used to avoid 
surgery in approximately 25 % of cases. ERCP 
allows direct visualization of the extrahepatic 
biliary tree with the injection of radiologic con-
trast agent into the extrahepatic biliary system 
through the papilla of Vater. It requires a general 
anesthetic, substantial expertise, and the avail-
ability of suffi ciently small endoscopes. This 
technique can show the obstruction in the com-
mon bile duct and enables visualization of the 
extrahepatic biliary system distal to the common 
hepatic duct and of the extrahepatic biliary sys-
tem with bile lakes at the porta hepatis. 

  Fig. 7.4    High-frequency sonographic scan shows an 
enlargement of the hepatic artery diameter (>1.5 mm at 
the level of proximal right hepatic artery). This sign, com-
bined with other US fi ndings, can be highly suggestive of 
BA. The hepatic artery and portal vein are easily detect-
able structures in the porta hepatis as shown in this fi gure. 
In BA the ratio HA/PV is higher because of artery 
hypertrophy       

  Fig. 7.5    Sonographic scan shows the increment of sub-
capsular fl ow in BA. It is a consequence of dilatation and 
hypertrophy of hepatic vessels in the subcapsular area, 
secondary to portal hypertension       

  

L. Monti et al.



101

 Although an extraordinary evolution has been 
achieved by the noninvasive diagnostic tests, the 
gold standard in the diagnosis of BA remains the 
 percutaneous liver biopsy . Liver biopsy is there-
fore used to confi rm the diagnosis of 
BA. Pathologic examination remains an integral 
part of the diagnostic algorithm and, therefore, 
plays a pivotal role in the diagnostic evaluation of 
this disease. Liver biopsy leads to the diagnosis 
in 79–98 % of cases. However, liver histology at 
the time of HPE is of limited value in prognosis 
making in BA. We should note that biliary 
obstructive features obtained by US must be con-
fi rmed histologically and distinguished from 
various nonobstructive etiologies of neonatal 
cholestasis. 

  Percutaneous transhepatic cholangiography  
can be technically challenging, and the results are 
defi nitive only if a normal intrahepatic and extra-
hepatic biliary system is seen. 

 US-guided  percutaneous cholecystocholan-
giography  is a relatively new technique in which 
radiographic contrast material is injected into the 
gallbladder under US guidance, and the extrahe-
patic biliary system is viewed with fl uoroscopy. 
Although invasive, the technique is easy to per-
form, and should be chosen when the preopera-
tive imaging is lacking or inconclusive. 

  Intraoperative cholangiography  is typically 
performed by injecting contrast material through 
the gallbladder. The procedure is performed in a 
preliminary phase at the surgical exploration dur-
ing the Kasai procedure. 

 BA is diagnosed if there is no communication 
between the biliary tree and the gastrointestinal 
tract.  

7.4     Prognosis 

 BA is universally fatal if untreated and is the sin-
gle most common cause of liver disease leading 
to liver transplantation in children representing at 
least 50 % of all pediatric liver transplantation. 

  Post - HPE complications  include ongoing cho-
lestasis, cholangitis, portal hypertension with or 
without variceal hemorrhage, poor weight gain, 
fat-soluble vitamin defi ciencies,  hepatopulmonary 
syndrome, portopulmonary hypertension, and 
rarely hepatocellular carcinoma. 

 The cases that failed Kasai procedure should 
be referred for  liver transplantation  ( LT ) and 
should be transplanted according to their level of 
liver failure. In specialized institutions, reported 
overall survival in BA patients who underwent 
Kasai procedure followed by LT is 100 %. 

a b

  Fig. 7.6     (a ) Schematic draft of ARFI technique. ( b ) In 
ARFI examination a preselected region of interest of 
10 × 6 mm visualized in B-mode imaging is mechanically 
excited using short-duration, high-intensity, acoustic 
pulses to generate localized tissue displacement. The shear 
waves originated from the displacement area are tracked 
using US correlation-based methods. The shear- wave 

velocity, expressed in meters per second, is an intrinsic and 
reproducible property of tissue and is proportional to the 
square root of tissue elasticity, so stiffer tissue will have 
higher ARFI values. ARFI can be used to establish the 
presence of fi brosis as well as assess the progression of 
liver fi brosis in BA over time       
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 In summary, US is generally the initial inves-
tigation in neonates with cholestatic disease, adds 
important information, and indicates further 
steps. Histology remains the gold standard. 
However, in the clinical practice, intraoperative 
cholangiogram should be performed in cases 
with absence of defi nitive characterization and 
guide the surgical management. 

 Ultrasonography is a powerful tool for diag-
nosis of BA in cholestatic neonates. 

 Next step for identifi cation of BA should con-
sider the development of a diagnostic system 
based on the defi nition of minor and major crite-
ria including clinical, laboratoristic, and ultraso-
nographic fi ndings, in order to bypass liver 
biopsy and direct the patient straight to the Kasai 
procedure.  

7.5     Choledochal Cyst 

 Choledochal cyst (CC) is a rare development 
anomaly consisting in a  cystic dilatation of the 
biliary tract . The incidence of CC in the Western 
population is 1 in 100,000–150,000 live births, 
although it is more frequent in Asian populations 
with a reported incidence of 1 in 1,000, with two- 
thirds of CC diagnosed in Japan. However, the 
reason for this geographic distribution is 
unknown. Although CC may be discovered at any 
age, the 60 % is diagnosed in children younger 
than 10 years old. There is a strong female predi-
lection with a M:F ratio of 1:4. 

 The etiology of CC remains uncertain but 
Babbitt’s  theory  is widely accepted. This theory 
attributes CC formation to the presence of an abnor-
mally long pancreaticobiliary junction outside the 
ampulla of Vater (at least longer than 1.5 cm) drain-
ing pancreatic and bile duct. The refl ux of pancre-
atic juice into the bile duct activates pancreatic 
enzymes, causing infl ammation, cholangitis, and 
bile duct wall destruction, with subsequent distal 
stenosis due to scarring and ductal dilatation. 

 The  Todani classifi cation system  is widely 
accepted and currently used (Fig.  7.7 ). Type I 

CCs, the most common type, are characterized 
by cystic-focal or fusiform-diffuse dilatation of 
the extrahepatic biliary tree (Figs.  7.8  and  7.9 ). 
Type II CCs are discrete diverticula of the 
extrahepatic ducts with a narrow stalk connec-
tion to the common bile duct. In type III CCs, 
also called choledochoceles, there is a distinc-
tive distal common bile duct dilatation confi ned 
to the wall of the duodenum, often bulging into 
the duodenal lumen. Type IVA CCs are charac-
terized by multiple cystic dilatations of the 
intra- and extrahepatic ducts with stricture at 
the junction. Type IVB CCs involve multiple 
dilatations of the extrahepatic ducts only. In 
type V CCs, there are multiple saccular or cys-
tic dilatations of the intrahepatic bile ducts. 
This condition is also known as Caroli disease 
(Fig.  7.10 ). This is an autosomal recessive 
inherited disorder characterized by congenital 
ductal plate malformation. Some patients 
develop hepatic fi brosis, and when associated 
with renal abnormalities, such as medullary 
sponge kidney or autosomal dominant polycys-
tic kidney disease, some refer to this entity as 
Caroli syndrome.

7.6           Clinical Findings 

 The clinical fi ndings of congenital hepatic fi bro-
sis are portal hypertension, predominant spleno-
megaly, and varices with spontaneous 
gastrointestinal hemorrhage. MRI is the most 
sensitive method for evaluating the biliary tree 
and the renal anomalies associated to congenital 
hepatic fi brosis. MRCP does not show any 
shrinking of the intrahepatic biliary ducts, which 
remain enlarged throughout the liver paren-
chyma, often forming cyst-like areas (ductal 
ectasia). 

 In addition, central biliary cysts and CC 
may be associated with BA and are well 
depicted on sonograms (Fig.  7.11 ). However, 
cystic BA and CC are two entities with radi-
cally different approach and prognosis. While 
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  Fig. 7.7    Types of CC according to the Todani classifi ca-
tion. Type I CC makes up the majority, approximately 
70–90 %, of CC. They are characterized by cystic (c) or 
fusiform (f) dilatation of the extrahepatic bile ducts – sub-
types: IA is a cystic dilatation with associated anomalous 
pancreaticobiliary junction (APBJ), IB is a segmental 
dilatation without APBJ, and IC is diffuse, fusiform dila-
tation with associated anomalous pancreaticobiliary junc-
tion (APBJ).  Type II  CC are rare, comprising only 2–3 % 
of all CC. They manifest as an extrahepatic biliary diver-
ticulum without APBJ.  Type III  CC (or choledochoceles) 
is also uncommon, making up 1–5 % of all CC, and is 

characterized by dilatation of the intraduodenal part of the 
common bile duct and is not associated with APBJ.  Type 
IV  CC is the second most common type, making up 
10–20 % of all CC, the majority of which are type 
IVA. They are characterized by intra- and extrahepatic 
fusiform or cystic dilatation of the bile ducts. Type IVA 
choledochal cysts have intra- and extrahepatic biliary duc-
tal dilatation and are usually associated with APBJ. Type 
IVB CC is rare and appears as multiple extrahepatic cysts. 
 Type V  CC, otherwise known as Caroli disease, are char-
acterized by multifocal segmental intrahepatic biliary 
ductal dilatation       

a b

  Fig. 7.8    Choledochal cyst: US scans. Type IC cysts are 
smooth fusiform dilations of the entire extrahepatic bile 
duct ( a ) usually extending from the pancreaticobiliary 

junction to the intrahepatic biliary tree. ( b ) Color Doppler 
US identifi es vascular structures       
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portoenterostomy is required for cystic BA, 
cyst excision with hepaticojejunostomy or cho-
ledochojejunostomy is usually performed for 
CC. Because of the different management, 
radiologic, particularly ultrasonographic (US), 
differentiation of the two entities is important 
(Fig  7.12 ). We should note there is no differ-
ence in age between cystic BA and CC, but in 
both conditions, there is a female preponder-
ance. All patients with cystic BA have jaundice 
and acholic stools at presentation.

7.7         Diagnostic Imaging 

 US criteria for differentiating the two diseases 
are the presence of a focal cystic dilatation and 
the measurement of gallbladder length. US 
shows abnormally small gallbladders in BA 
patients, whereas the gallbladder is normal or 
slightly distended in the CC. Cystic dilatation is 
usually small and focal in patients with cystic 
BA as it occurs at the residual portion of the 
common bile duct. Intrahepatic bile ducts are 

a b

c d

  Fig. 7.9    ( a – d ) CC type I: US scans. Dilated intrahepatic 
ducts and normal gallbladder above the cyst demonstrates 
the continuity with the bile duct. Cyst is associated with 
sludge deposits. Treatment of choice is complete excision 
of the involved portion of the extrahepatic bile duct; a 
Roux-en-Y hepaticojejunostomy is performed to restore 
biliary-enteric continuity. ( d ) Hepatobiliary scintigraphy: 
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 imaging evaluation, a photon-defi cient 
area in the porta hepatis is detected with progressive bili-
ary 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 administra-
tion, whereas gallbladder 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       
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  Fig. 7.10    Caroli disease. US scans ( a – c ) demonstrate 
intrahepatic saccular dilatation with no underlying 
obstruction or extrahepatic biliary tree involvement and 
cholelithiasis. MRI ( d – f ): axial and coronal T2-weighted 
images demonstrate intrahepatic biliary ductal dilation 
isolated to the left lobe of the liver, with rounded hypoin-

tense fi lling defects in the bile ducts consistent with 
stones. The liver parenchyma in the left lobe is asymmet-
rically T2 hyperintense. MR cholangiopancreatography 
( g - i ) shows  multiple saccular or cystic dilatations of the 
intrahepatic bilie ducts. See also cholelithiasis         

a b

c d

e f

g h

 

7 Biliary Atresia and Choledochal Cyst



106

a b

c d

  Fig. 7.11    Cystic biliary atresia (CBA). ( a ,  b ) US shows a 
cystic structure in the  right  upper quadrant at the site of 
CBD apart from the gallbladder, irregularly elongated. 
The cystic dilation of the common bile duct doesn’t 
involve the intrahepatic bile ducts. The cystic duct and 
gallbladder arise from the dilated common bile duct. ( c ,  d ) 
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. CC in the neonate 

may be associated with atresia of the distal common bile 
duct; CBA is an uncommon variant of BA in which prog-
nosis may be relatively favorable but liable to misdiagno-
sis as CDC. It is classifi ed into three types according to the 
Japanese classifi cation system based on the atretic seg-
ment of bile duct into type 1 (distal atresia), type 2 (proxi-
mal 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       

i

Fig. 7.10 (continued)
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instead typically dilated markedly and diffusely 
in patients with CC. Dilatation of the intrahe-
patic ducts is usually absent in patients with cys-
tic BA because of the panductular or panductal 
sclerosis of the biliary tree. An early diagnosis is 
very important to ensure the effectiveness of the 
operation (Kasai procedure in BA patients and 
hepaticojejunostomy or choledochojejunostomy 
in CC patients). 

 The clinical presentation of CC includes sign 
related to abdominal mass often with abdominal 
pain. These features have been summarized in a 
specifi c triad (jaundice, abdominal mass, and 
abdominal pain). Although this triad is present in 
~40 % (range 19–60 %) of cases, palpable mass is 
the least common manifestation. 

 Multiple imaging modalities can be used to 
diagnose CC including US, computed tomogra-
phy (CT), magnetic resonance cholangiopan-
creatography (MRCP), endoscopic retrograde 
cholangiopancreatography (ERCP), and percu-
taneous transhepatic cholangiography (PTC) for 
exact measurements of size and ductal involve-
ment allowing direct visualization of the pan-

creaticobiliary junction. In addition to its 
diagnostic yield, ERCP can be therapeutic by 
allowing biliary drainage and endoscopic 
sphincterotomy. 

 Abdominal US is the cornerstone of diagnos-
tic tools for initial evaluation of children with 
suspected hepatobiliary disease. 

 It is a patient-friendly and radiation-free imag-
ing modality. 

 The relative small size of the child and the fat- 
free intra-abdominal content results in improved 
penetration of the sound waves compared to 
adults, increasing the image quality. Furthermore, 
the ubiquitous availability of high- frequency 
transducers allows a better tissue differentiation 
and real-time evaluation. Optimal use of sono-
graphic equipment is mandatory; the frequency 
of the emitted sound waves should be as high as 
possible to optimize imaging. 

 US can detect dilatation of the intrahepatic 
bile ducts in all patients with CC and can reach a 
correct diagnosis in up to 70 % of the patients, 
leading to an appropriate CC classifi cation 
(Fig.  7.13 ).

a b

  Fig. 7.12    Cystic biliary atresia (CBA). ( 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 CC (detected by US) 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. Ultrasound 
scan of the abdomen showed evidence of a CC and sono-
graphic signs suspicious of BA. Therefore, hepatobiliary 
scintigraphy was performed, and “no draining” of the 
radiolabeled tracer in the small bowel within 24 h was seen 
as in keeping with extrahepatic BA       
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   CT is only used to assess other causes of bili-
ary ductal dilatation (trauma and staging of 
malignancies). Furthermore, if CT is required 
(Fig.  7.14 ), it should be optimized in order to 
keep the radiation dose as low as reasonably 
achievable (ALARA).

    The initial imaging modality of choice is US 
followed by MRCP. MRCP is  a reliable and safe 
technique and  provides accurate evaluation of  
the anatomy of the biliary tract (70–100 % sensi-
tivity and 90–100 % specifi city). MRCP has the 

advantage of simultaneously delineating both the 
biliary and pancreatic duct. 

 It can be helpful to demonstrate signs of asso-
ciated chronic pancreatitis and, accordingly to 
the cholangiography morphology, to classify the 
images with high diagnostic accuracy for CC 
(Fig.  7.15 ).

   MRCP can be used as an alternative modality 
for ERCP. 

 Because pediatric ducts are slim, their delin-
eation is diffi cult and sometimes diagnosis is 

a b

c d

e f

  Fig. 7.13    US ( a ,  c ,  e ) and MRCP features ( b ,  d ,  f ). 
Anomalous pancreaticobiliary junction in a 1-year-old 
with elevated pancreatic enzymes and US fi ndings of bili-
ary dilatation (a, c). (b) axial T2-weighted half- Fourier 
acquisition single-shot turbo spin echo (HASTE), MRI 
reveals fusiform dilatation of the common bile duct, with 
a fi lling defect representing a stone distal to the pancreati-

cobiliary junction. ( d ) In coronal T2-weighted 3-D maxi-
mum-intensity projection, MRI shows a long common 
channel of 15 mm; the stone is lodged distal to the anoma-
lous pancreaticobiliary junction, causing secondary pan-
creatitis with a dilated upstream pancreatic duct. (e) US 
shows a cystic biliary dilatation with sludge (f) MRCP 
appearance       
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  Fig. 7.14    Biliary rhabdomyosarcoma. US scans ( a ,  b ) 
show a rounded heterogeneous cystic lesion at the liver 
hilum arising from the common bile duct. CT scans of the 
abdomen ( c – f ) show a noncalcifi ed heterogeneously 

enhancing mass (cystic-like) centered at the liver hilum. 
This intraductal mass causes marked intrahepatic ductal 
dilatation and dilatation of the common bile duct. There is 
no evidence of metastasis         

a b

c d

e f
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challenging. To improve the diagnostic power of 
MRCP, we use secretin injection during the exam 
that stimulates the pancreatic exocrine activity, 
enhancing the visualization of both biliary and 
pancreatic ducts. 

 MR of the liver and pancreas in children have 
to be planned individually and tailored to the 
clinical question as well as the age, size, and 
cooperation of the child. Head or body phased- 
array coils are usually employed depending on 
the size of the child. 

 The standard protocol consists of T1- and 
T2-weighted (turbo) spin echo (TSE) sequences 
in the axial plane with breath-hold or respiratory 
gating. Other planes can be helpful, but it is sel-
dom necessary to image in all three orthogonal 
planes. MRCP is typically acquired with both 
2-D and 3-D techniques. Two-dimensional 
MRCP technique is performed using a heavily 

T2-weighted fat-suppressed single-shot turbo 
spin echo (TSE) with 40-mm slice thickness. 
Multiple thin slices can be obtained with half- 
Fourier acquisition single-shot turbo spin echo 
(HASTE) sequences, the most frequently used 
pulse sequences to obtain MRCP images demon-
strating the pancreaticobiliary anatomy because 
of their rapid acquisition time, which enables MR 
image acquisition during breath-hold, virtually 
eliminating motion artifacts. MRCP images can 
be obtained during breath-hold and can be 
repeated frequently in order to obtain dynamic 
images. Breath-hold techniques, including single 
thick-slab and multiple thin-slab sequences, are 
faster and more suitable for the older children. 

 Two-dimensional MRCP images have the 
advantage of rapid acquisition. Three- 
dimensional MRCP images are acquired in the 
coronal plane using a 3-D TSE technique, 

  Fig. 7.15    US scans ( a – c ) and MRI ( d – h ) reveal a fusi-
form swelling of the common bile duct extending into the 
common hepatic duct with hydrops of the gallbladder 
involvement of the common bile duct and extension into 

the common hepatic duct, with dilatation of the cystic 
duct. The intrahepatic biliary ducts were slightly dilated, 
and a diagnosis of type IC CC was concluded         

a b

c d
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allow high-resolution imaging of the biliary tree 
and have the ability to perform multiplanar 
reconstructions. 

 Maximum intensity projection reformats are 
acquired in the coronal oblique plane. 

 Different oral contrast agents in the form of 
manganese-rich juices have been employed to 
optimize the evaluation of pancreaticobiliary dis-
eases (they make bowel lumen dark on 
T2-weighted sequences). We use pineapple juice 
per oral that nullifi es the high signal contrast in 
the duodenum and provides better visualization 
of the pancreaticobiliary junction. Hepatobiliary 
MR contrast agents allow a better visualization of 
the bile ducts than heavily T2-weighted sequences 
because their elimination through the biliary sys-
tem improves evaluation of the communication 
between a cystic lesion and the biliary tract. 

  In summary ,  diagnosis  relies on the exclusion 
of other conditions (e.g., gallstones, infl amma-

tion, pancreatitis) as a cause of biliary duct dila-
tation. US is generally the initial investigation to 
assess the hepatobiliary system. MRCP adds 
important information about anatomy, helps to 
exclude variants and other anatomic anomalies 
(duodenal duplication, pancreatic cysts) and indi-
cate further steps.     
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8.1          Introduction 

 The hypertrophic pyloric stenosis (HPS) is an 
incomplete high bowel obstruction. It is a com-
mon condition due to a hypertrophy and hyper-
plasia of the antropyloric muscular ring that 
causes gastric outlet obstruction; the typical 
aspect is the narrowing and elongation of the 
pyloric canal (Fig.  8.1 ). Even a variable degree of 
thickening of the pyloric canal mucosa contrib-
utes to obstruction of the lumen. A defect of mus-
cular layer innervation is also thought responsible 
of the failure of relaxation of the pyloric muscle.

   The pylorus is the terminal portion of the stom-
ach situated to the right side of the incisura angu-
laris. The pylorus is divided from the sulcus 
intermedius in two zones, the pyloric vestibule 
and the pyloric antrum or canal; this is the portion 
that ends in the pyloric sphincter, responsible for 
opening of the stomach in the duodenum. The 

pyloric muscle is composed by two circular mus-
cular loops connected by longitudinal muscle 
fi ber tracts; in patients with HPS, the antrum and 
the muscular pyloric ring are no longer distin-
guishable but are fused in a rigid canal. The 
pyloric muscle’s function is to prevent large undi-
gested food particles to enter the small intestine as 
well as the food reentering the stomach when the 
small bowel contracts (Hernanz-Schulman  2003 ). 

 HPS is the most common surgical cause of 
vomiting in infants, because hypertrophy of the 
pyloric muscle progressively leads to almost 
complete obstruction of the gastric outlet. It 
occurs between the 3° and the 10° weeks of life, 
in a healthy infant, with peak between the 4° and 
the 7° weeks; rarely it happens after the 12° 
weeks of life (Peters et al.  2014 ). The incidence 
of HPS is approximately 2–5 per 1,000 births per 
year, more frequently in white populations; 
although wide variations have been found related 
to geographic location, season and ethnic origin. 
In fact, while as we have said, in the Western 
world, the incidence of HPS is 2–5:1,000 live 
births, it is four times lower in the Southeast 
Asian and Chinese populations. A decline in its 
incidence has been reported in the northern 
European countries related to the change in 
babies’ sleeping position, along with a decrease 
in incidence of the sudden infant death syndrome. 
Nevertheless, a population-based study in the 
USA showed that these two syndromes share 
some risk factors, but other factors are involved 
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in their genesis with different effects on the two 
conditions (MacMahon  2006 ; Lisonkova and 
Joseph  2014 ).  

8.2     Pathogenesis 

 The etiology remains unknown: the HPS is con-
sidered an acquired pathology due to a long spasm 
with pylorus ischemic suffering during the neona-
tal period, which led to hypertrophy of antrum 
muscle fi bers. Between the hypotheses, there are 
abnormalities of hormonal control, an abnormal 
innervation of the pylorus, and abnormalities of 
smooth muscle cells. It also postulated a genetic 
predisposition (McKeown et al.  1951 ). HPS is 
more frequent in male than in female with male to 
female ratio 5:1 (Hernanz- Schulman  2003 ). 

 Up to now a possible explanation for this 
prevalence may only be hypothesized by the 
theory of the x-linked transmission or with the 
theory of sex hormone infl uence. It has been 
hypothesized that the testosterone can be 
involved, although those disorders characterized 
by an alteration in the levels of sexual hormones 
do not show an increase in HPS incidence, 
 arguing against such an infl uence (Krogh 
et al.  2011 ). 

 HPS typically affects the fi rstborn children. 
Typically the presence in the family history of a 
fi rst-degree relative affected by HPS increases 
the risk more than fi vefold (Frković et al.  2001 ). 

 Several studies defi ned this condition as com-
plex disorder involving both genetic and environ-
mental factors, such as maternal smoking and 
alcohol addiction. 

 Exposure to medications, such as macrolide 
antibiotics, especially erythromycin, has been 
studied as an important determinant of HPS. In 
fact, erythromycin is a motilin agonist which 
induces contraction of the gastrointestinal tract; 
so high levels of this drug may lead to a con-
tinuous contraction of the pyloric muscle 
(Panteli  2009 ). 

 A young mother’s age (<20 years) has also 
been indicated as risk factor, but this association 
could not be demonstrated in other study popula-
tions (Pedersen et al.  2008 ). Breastfeeding has 
been indicated as one of the main protective 
factors.  

8.3     Clinical Presentation 
and Diagnosis 

 Usually, at birth, infants with HPS are clinically 
normal. The symptoms develop during the fi rst 
weeks of postnatal life, including nonbilious 
vomiting, because the obstruction is previous to 
the Vater ampulla. Vomiting is often violent, 
described as “projectile” after feeding. Initially 
the vomiting of gastric contents is intermittent, 
but the frequency increases during the time with 
the feedings. 

 A bilious vomiting should be presumed to be 
from a malrotation or Hirschsprung’s disease 
(Aspelund and Langer  2007 ). 

 If the condition lasts for a long time, the vom-
iting might be blood tinged because of a concur-
rent gastritis. 

 At the beginning there is a voracious appetite; 
despite distention of the stomach, the infant is 
nervous with crisis of inconsolable crying. As the 
days pass, the infant does not grow and there is a 
weight loss; these patients often show a charac-
teristic facies, wrinkled appearance. As time goes 

  Fig. 8.1    The drawing shows the hypertrophic pyloric ste-
nosis (HPS), with the typical aspect of narrowing and 
elongation of the pyloric canal due to a variable degree of 
thickening of the pyloric muscle. (Thanks to Edoardo 
Sarperi for the drawing)       
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vomiting leads to dehydration condition and to 
emaciation. In emaciated infants, the distended 
stomach may be identifi able in the hypochon-
drium, with active peristaltic activity visible 
through the abdominal wall. Affected children 
usually show the classic electrolyte abnormalities 
of hypochloremia, hypokalemia, and metabolic 
alkalosis. Laboratory tests are required to evalu-
ate serum sodium, chloride, potassium, and 
bicarbonate values. If the situation remains 
untreated, it may result in death. Surgical treat-
ment is necessary for the cure. 

 The clinical diagnosis is based on abdominal 
palpation of the thickened pylorus, called “olive,” 
which has a 99 % positive predictive value (White 
et al.  1998 ; Taylor et al.  2013 ; Senquiz  1991 ). 

 As usual for many medical tests, the outcome 
of the abdominal palpation is not always success-
ful because it is depending on a lot of factors such 
as the experience of the examiner, if the infant is 
calm or not, and the presence of gastric disten-
tion. In some cases there is an absence of man-
dibular frenulum. 

 The differential diagnosis includes overfeed-
ing, milk protein allergy, intestinal rotation 
anomalies, gastroesophageal refl ux, and other 
forms of obstructions. 

 Gastroesophageal refl ux is usually the fi rst 
hypothesis to think about in the presence of a vom-
iting infant, and it is treated with thickened feeds 
and histamine blockers or proton pump inhibitors. 
When the little patient does not respond to this 
therapy, one may think about milk protein allergy, 
managed by changing the infant’s formula. The 
persistence of symptoms leads the clinician to 
consider other conditions (Ricketts  1984 ). 

 When the clinical examination and the symptoms 
are not enough to fi nd the pathology of the infant, 
imaging techniques are necessary in confi rming the 
diagnosis (Hernanz-Schulman  2003 ; Lisonkova and 
Joseph  2014 ; McKeown et al.  1951 ).  

8.4     Imaging 

 Imaging plays a key role in the diagnosis of HPS 
especially when the clinical exam is not suffi -
cient. The imaging techniques used in Emergency 

Radiology in children are conventional radiology 
and ultrasound (Miele et al.  2006 ; Miele and Di 
Giampietro  2014 ). 

8.4.1     Radiology 

 The radiographic exam of upper gastrointestinal 
(UGI) tract has been for a long time the goal stan-
dard in the diagnosis of HPS. At present, in 
agreement with the radioprotection criteria, the 
ultrasound exam is preferred. However it is nec-
essary to know how to do a study of the GI supe-
rior tract and the signs of HPS. 

 UGI is performed with the infant in the right 
anterior oblique position to facilitate gastric empty-
ing (Ricketts  1984 ; Hiorns  2011 ). We must give the 
child to drink 30–40 cc of barium meal diluted 
1:2 in the baby bottle; the nasogastric tube is not 
necessary if the baby normally feeds; sometimes it 
can be useful for emptying an overdistended stom-
ach preventing vomiting. Only in special cases, for 
example, in preterm and if there is a risk of aspira-
tion, a high density water-soluble nonionic contrast 
media is safer and preferable. During the exam the 
patient will change his decubitus from supine posi-
tion to lateral position usually in left oblique poste-
rior position to facilitate the opacifi cation of the 
antrum and pylorus canal (Hiorns  2011 ). 

 In a healthy newborn, the contrast medium 
fi lls the stomach and passes easily from the stom-
ach to the duodenum and in the following intesti-
nal loops (Fig.  8.2 ).

   During the fl uoroscopic observation, in an 
infant with HPS, we will see a vigorous active 
peristalsis, the “caterpillar sign,” of the gastric 
wall that abruptly stops at the pyloric antrum; the 
barium outlines the external thickened muscle as 
an extrinsic impression in the antrum, termed the 
“shoulder sign” (see later). In HPS there is a typi-
cal elongation of the pyloric canal, if the peristal-
tic wave force pylorus is possible to see a thin 
line of contrast in the pyloric canal “string sign” 
(see later); if the contrast remains in the redun-
dant mucosa it can also see the “double-track” 
sign (see later). 

 Conventional abdominal fi lm may show non-
specifi c fi ndings:
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•    Large, distended stomach (>7 cm diameter) 
(Fig.  8.3 ) (Frković et al.  2001 )

•      Abnormal distance between the stomach and 
the duodenal cap, both distended by air 
(Fig.  8.4 )

•      Minimal distal gas pattern in small and large 
bowel (see Fig.  8.3 )    

 UGI tract shows some indirect and direct 
signs:

•    Contrast in distended stomach because of bar-
ium is unable get through the pylorus 
(Fig.  8.5 ).

•      Delayed gastric emptying (see Figs.  8.5  and 
 8.6 ).

•      Gastric retroperistalsis and eventually gastro-
esophageal refl ux (see Fig.  8.5 ).  

•   Typical elongation and narrowing of the 
pyloric canal “mouse tail” (Fig.  8.6 ).  

•   The “string sign” is characterized by contrast 
material outlining the canal coursing through 
the mucosal interstices.  

•   The “double-track sign” represents several 
tracts of contrast material separated by the 
mucosa (Fig.  8.7 ). This sign was used to dem-
onstrate the intervening redundant mucosa 
outlined as a fi lling defect by the contrast 
material, helping in differentiation from pylo-
rospasm (Haran et al.  1966 ).

•      The “shoulder sign” is seen during barium 
examination and refers to the bulging of the 
hypertrophied pyloric muscle into the lumen 
of the antrum. This bulging causes a fl attening 
of the prepyloric area of the lesser curvature 
(Fig.  8.8 ). This sign is closely related to the 
cervix sign of pyloric stenosis at the ultra-
sound imaging.

•      “Beak sign” is due to the contrast medium that 
tries to enter in the proximal portion of the 
pyloric canal with a “beak” shape (Fig.  8.8 ).  

  Fig. 8.2    In a healthy infant, UGI radiographic study, lat-
eral view, shows the normal aspect of the antropyloric 
region and of the duodenal cap       

  Fig. 8.3    Abdominal plain fi lm in newborn with HPS 
shows a large distended stomach by air with few amount 
of distal gas pattern       
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•   The thickened pyloric muscle can indent the 
base of the duodenal bulb (mushroom sign) 
(Fig.  8.7 ) (Frković et al.  2001 ).     

8.4.2     Ultrasound 

 Ultrasound (US) is the modality of choice for the 
diagnosis of HPS because it is generally avail-
able, and it is low-cost noninvasive technique and 
does not use radiation, allowing direct observa-
tion of the pyloric canal morphology and its 
dynamism (Di Giacomo et al.  2015 ; Fonio et al. 
 2013 ) (Fig.  8.9 ).

   As usual in newborn, the examination should 
be performed with high-frequency linear trans-
ducers between 6 and 10 MHz. For the comfort 
of the baby, it is important to have an adequate 
ambient temperature of the room, gel warmed, 
and presence of the parents. 

 Ultrasonography exam of the antrum-pyloric 
region was performed both with the infant in 
supine position for axial scanning and with the 
patient in the lateral decubitus position, right 

side down, which is an anti-refl ux position. In 
the lateral decubitus, a longitudinal scanning is 
performed (Fonio et al.  2013 ). Feeding previous 
the exam is not requested even because of the 
possibility that the gastric distention displaces 

a b

  Fig. 8.4    Abdominal plain fi lm in newborn with HPS. ( a ) Frontal and ( b ) lateral views show a large distended stomach, 
with an abnormal distance between the stomach and the duodenal cap, both distended by air       

  Fig. 8.5    UGI tract fi lm in newborn with 
HPS. Radiographic oblique view shows a large distended 
stomach, fi lled from barium, and delayed gastric empty-
ing. Gastroesophageal refl ux is associated       
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the gastroduodenal junction and for the eventual-
ity that the ingestion of air during the feeding 
hides the pylorus and displaces it dorsally. 
Changing position during the exam from supine 
position moving the baby with the left side up 
moves the fl uid toward the antrum, helps to rec-
ognize it, and leads the pylorus to rise to an ante-
rior position. The severe stomach distention can 
be an indirect fi nding indicative of gastric outlet 
obstruction. Anyway we have to consider that in 
many cases of infants with HPS, the stomach 
remains partially repleted from the previous 
feeding because of the gastric outlet obstruction. 
Some fl uid in the stomach helps to outline the 
antrum-pyloric region and to observe real-time 
passage of gastric content through the pyloric 
canal into the duodenum. For this reason some-
times the infant was given with a bit of milk or 
sugar water orally. 

 There are some landmarks that makes it easier 
fi nding the pylorus; in fact it is situated medially 
and posteriorly to the gallbladder, medially to the 
liver, anteriorly to the right kidney, caudal to the 
portal vein, and lateral to the pancreas head 
(Fig.  8.10 ).

   The ultrasound exam begins with the patient in 
supine position by placing the transducer in meso-
gastric space, transversely below the xiphoid pro-
cess. In this position we can see the esophagus as 
it enters the abdomen. Caudally moving of the 
probe, we can identify the gastric fundus and then 
the gastric body, antrum, and duodenal cap. 

 In the normal pylorus, the muscular layer is 
usually a hypoechoic thin layer less than 2 mm in 
thickness, sometimes too thin to measure, and the 
longitudinal diameter is really short (Fig.  8.11 ). 
Under the muscular layer, there is an inner echo-
genic layer, which represents the mucosa and 
submucosa; there is an innermost anechoic center 
that is fl uid in the pyloric canal (Panteli  2009 ).

   Anyway there is a range of dimension of nor-
mal pylorus: the transverse diameter is 7–11 mm 
and the length of pyloric canal is 10–13 cm. In 
some cases the thickening of the pyloric canal may 
be transient due to peristalsis or pylorospasm. In 
these situations it is important to prolong the eval-
uation and observation of the pylorus to visualize 
the pyloric opening. In case of pylorospasm, the 
muscle may appear a little more thick, but usually 
no more than 3 mm, and the length of the pyloric 

a b

  Fig. 8.6    UGI tract radiographic study in newborn with 
HPS. ( a ) Oblique and ( b ) lateral views show a large dis-
tended stomach fi lled from barium and delayed gastric 

emptying. Typical elongation and narrowing of the pyloric 
canal “mouse tail”       
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  Fig. 8.7    UGI tract radiographic study in newborn with 
HPS. Oblique view shows a large distended stomach fi lled 
by barium. Note the elongated pylorus with “double- 
track” sign       

  Fig. 8.8    In an infant with HPS, UGI radiographic study, 
lateral view, shows the typical aspect of narrowing and 
elongation of the pyloric canal, the shoulder sign, the beak 
sign, and the deformation of the duodenal cap (mushroom 
sign) (Compare with Fig.  8.1 , normal pylorus)       

a b c

  Fig. 8.9    Newborn with HPS. ( a ) Plain fi lm, ( b ) UGI tract and ( c ) ultrasound images show, respectively, nonspecifi c and 
specifi c signs of HPS       
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canal is <15 mm. In other cases the measures of 
pylorus are a little bit greater but not clearly patho-
logical, “transitional pylorus”; in these situations it 
is recommended to have a subsequent control after 
a few days to view the evolution of the situation. 

 Studies in preterm infants showed that the 
pylorus increases its dimensions: muscle thick-
ness, canal length, and canal width according to 
the gestational age and even documented a stron-
ger correlation with body weight. For those rea-
sons it is important to pay attention at the age of 
the infant at the time of the exam; in fact in pre-
mature infants and in the infants up to 3 weeks 
old, HPS develops at the same age as in term 
infants, but their smaller size should be taken into 
consideration (Argyropoulou et al.  1998 ). 

 After the pylorus has been found and mea-
sured, a fundamental step is to observe if there is 
the passage of the gastric content through the 
pylorus, due to the distention of the antropyloric 
region. This dynamic evaluation is easily possi-
ble with sonography and is really important 
because if we see a wide-open pylorus with 
 normal passage of food, we can exclude HPS 
(Costa Dias et al.  2012 ) (Fig.  8.12 ).

   In case of HPS, the sonographic examination 
shows the thickened prepyloric antrum between 
the duodenal bulb and a various degrees dis-
tended stomach. 

 As for the conventional radiology and also in 
ultrasound, there are both indirect and direct 
signs of HPS. 

 Ultrasound direct signs of HPS are based on 
the size of the pylorus (Fig.  8.13 ):

•     The pyloric canal length greater than 15 mm 
usually >17 mm (range 15–20 mm).  

•   The muscle wall thickness greater than 
3.5 mm usually >0.4–1 cm (Hernanz- 
Schulman  2009 ; Malcom et al.  2009 ; Olson 
et al.  1998 ).  

•   The transverse diameter >12 mm; this diame-
ter includes the lumen and both walls of the 
pylorus (Frković et al.  2001 ).  

•   Pyloric volume: <1.5 cc.    

 Preference was given to the width measure-
ment in case of mixed fi nding between length and 
width. 

  Fig. 8.10    Ultrasound shows the anatomical landmarks to 
fi nd the pylorus. Here you see the relationship between 
the pathological pylorus, which is located medially to the 
gallbladder and the liver       

a b c

  Fig. 8.11    ( a – c ) Dynamic ultrasound longitudinal scans in newborn show the normal aspect of pylorus muscle, between 
the stomach and the duodenal cap       
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 Related signs of HPS are the following:

•    Cervix sign: it is the prolapse of the pyloric 
canal mucosa into the fl uid-fi lled antrum 
(Fig.  8.14 ).

•      Portio sign: it is the protrusion of the pylorus 
in the duodenum (Fig.  8.15 ).

•      Target sign: it is due to hypertrophied 
hypoechoic muscle surrounding the echogenic 
mucosa; it is seen in the transverse axis 
(Figs.  8.16  and  8.17 ) (Frković et al.  2001 ).

•       Donut sign: it consists of a prominent anechoic 
rim of thickened muscle and an echogenic 
center of the mucosa and submucosa.  

•   The antral nipple sign refers to redundant 
pyloric mucosa protruding into the gastric 
antrum and can be seen fi lling the lumen on 
transverse sections.  

•   “Shoulder sign” as just treated in the UGI 
direct sign refers to the bulging of the hyper-
trophied pyloric muscle into the lumen of the 
antrum; the bulging causes a fl attening of the 

a b c

  Fig. 8.12    Dynamic ultrasound exam in a child with sus-
pected HPS. The sequence of the images shows ( a ) the 
profi le of the stomach, the gastroduodenal junction and 

the duodenal cap, ( b ) the gastric peristalsis, and ( c ) the 
opening of pylorus with the move of gastric contents       

ba

d e

c

  Fig. 8.13    Ultrasound measurements of HPS in newborn. 
( a – c ) Longitudinal scan and ( d ) transversal scan show the 
elongation and lumen narrowing of the pyloric canal, the 
thickening of the pyloric muscle, and the increase of the 

pyloric transverse diameter B. ( e ) Anatomical diagrams 
help to understand where the measures are to be taken. 
(Thanks to Edoardo Sarperi for the drawing)       
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b

d

a

c

  Fig. 8.14    ( a – d ) Child, 5 weeks. Ultrasound shows “cervix” sign ( white arrow ): prolapse of the pyloric canal mucosa 
into the fl uid-fi lled antrum       

ba

  Fig. 8.15    ( a ,  b ) Ultrasound longitudinal scan shows “portio sign” due to the protrusion of the pylorus ( white arrow ) in 
the duodenal bulb       
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prepyloric area of the lesser curvature 
(Fig.  8.18 ).
      Ultrasound indirect signs of HPS are the 

following:

•    Gastric distention with movements of mixing 
of gastric contents due to an increase of gas-
tric peristalsis which attempts to force the lock 
caused by pylorus (Fig.  8.19 )

•      The failure of pyloric sphincter relaxation due 
to an ineffi cient peristalsis and the lack of 
visualization of gastric content passing into 
the duodenum (Hernanz-Schulman  2009 ; 
Malcom et al.  2009 ; Olson et al.  1998 )  

•   Gastroesophageal refl ux due to the overdisten-
tion of the stomach    

 As we have seen, the ultrasound study and 
the X-ray plain imaging and UGI have some 
specifi c or nonspecifi c signs of HPS in common 
like gastrectasy, hyperperistalsis, beak sign, 
shoulder sign, and so on. 

 The sensitivity and specifi city of US to diag-
nose this condition is 98 % and 100 %, respec-
tively. Nevertheless, in infants younger than 
3 weeks, US cannot be useful because of the thin 
pyloric muscle thickness, so that they should be 
reevaluated after 2 days when the condition may 
be more clinically or radiologically evident.   

8.5     Differential Diagnosis 

 The differential diagnoses regard especially gas-
troesophageal refl ux and the spasm of the pyloric 
muscle. 

 In case of gastroesophageal refl ux the clinic 
manifestation is different: in fact we don’t have a 
“projectile” vomiting after feeding, the vomiting 
is not  violent, and does not take place immedi-
ately after the feeding.  Furthermore the clinical 
symptoms don’t get better by putting to bed the 
baby immediately after the meal and using medi-
cal treatment. 

 However ultrasound allows to make the diag-
nosis of gastroesophageal refl ux, viewing directly 
the food fl owing back from the stomach to the 
esophagus; moreover, gastrectasy is frequent, 
and during the exam the pyloric muscle opens, 
allowing the passage of gastric contents in the 
duodenum (Figs.  8.20  and  8.21 ).

  Fig. 8.16    Ultrasound transversal scan shows “target” 
sign due to hypertrophied hypoechoic muscle surrounding 
echogenic mucosa       

b ca

  Fig. 8.17    ( a ) Two-dimensional and ( b ,  c ) three-dimensional ultrasound scans demonstrate the hypertrophic pyloric 
stenosis       
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    Even for the spasm of the pyloric muscle, 
there are specifi c signs both with the radiology 
and with ultrasound; they have been just treated 
before in the text. 

 When the muscle layer is 2–3 mm thick and 
during the real-time ultrasound examination it 
does not relax, clinical follow-up with repeat US 
is recommended (Krogh et al.  2011 ).  

8.6     Treatment 

 Before performing any surgical intervention, the 
infant needs to be stabilized by correcting the 
electrolyte imbalance and dehydration. 

 The resuscitation period should last 24 h, but 
in the presence of a severe metabolic imbalance, 
an aggressive approach should be avoided 
because of rapid fl uid and electrolyte shifts lead-
ing to seizures and other complications. 

 Intravenous administration of 5 % dextrose in 
0.45 normal saline containing 20 mEq/l of potas-
sium chloride is an optimal regimen to correct the 
metabolic imbalance. It is also necessary to con-
trol the urine output and serum electrolytes 
because potassium can be administered only in 
the presence of diuresis. After correcting serum 
chloride and serum bicarbonate imbalances, sur-
gery can be performed. 

 HPS is managed surgically since 1892; at the 
beginning, the surgical approach consisted of 
gastroenterotomy; in 1899, Nicoll has been the 
fi rst to attempt a surgery directed at the pylorus 
(Hernanz-Schulman  2003 ). 

 Nowadays the surgical treatment consists of 
pyloromyotomy, which is a longitudinal splitting 

  Fig. 8.18    Ultrasound longitudinal scan: “shoulder” sign 
due to the bulging of the hypertrophied pyloric muscle 
into the lumen of the antrum. The bulging causes a fl atten-
ing of the prepyloric area of the lesser curvature       

ba

  Fig. 8.19    ( a ,  b ) Ultrasound shows indirect signs of 
HPS: the stomach is distended and gastric peristalsis is 
increased, causing the “foamy” aspect of the gastric 

content due to the peristaltic movements which cause 
mixing of the luminal content       
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of the seromuscular layer of the pylorus without 
suturing, through a right upper quadrant trans-
verse incision. 

 Other approaches have been introduced, like 
that of Tan and Bianchi, who performed the 
 pyloromyotomy through a supraumbilical skin-
fold incision, with an excellent cosmetic 
outcome. 

 In 1991, the laparoscopic approach was 
introduced by Alain, who described several 
advantages, like a short recovery, improved 
cosmesis, lower complication rates, and less 
postoperative pain (Ostlie and St Peter  2010 ; 
Alain et al.  1996 ). 

 There are also some reports from Asian 
countries about its nonsurgical management 
with atropine, whose rationale is that this condi-
tion may be due in part of impaired function of 
acetylcholine and muscarinic receptors. 
Atropine is an anticholinergic agent with anti-
muscarinic activity, so it can decrease intestinal 
peristalsis by relaxing smooth muscles. 
Nevertheless, this seems to be an alternative 
when surgery or anesthesia cannot be performed 
(Mercer and Philips  2013 ).  

8.7     Posttreatment Imaging 
of HPS 

 A posttreatment imaging after surgical pyloro-
myotomy is requested just in case the vomiting is 
persisting. We have to remember that even after a 
successful surgery, the pyloric muscle may 
remain thickened for many weeks; in fact during 
the fi rst week after surgery, the muscle can be so 
thick as before surgery or thicker than before sur-
gery (because of edema). Generally after surgery, 
6 weeks are enough to return to normal, but it can 
take up to 5 months for healing. 

 Related to the anterior surgical approach to 
the muscle, the anterior part of the muscle tends 
to normalize fi rst, and the posterior part is the last 
to normalize. 

  In case of persistent vomiting, if further con-
trols are necessary after surgery, ultrasound exam-
ination is usually performed because it can provide 
quite detailed information. Nevertheless, in order 
to evaluate an incomplete pyloromyotomy or gas-
troesophageal refl ux or to exclude a duodenal leak, 
an upper GI examination is required (Hernanz-
Schulman  2003 ; Costa Dias et al.  2012 ). 

b ca

  Fig. 8.20    Infant with spasm of the pyloric muscle and 
gastroesophageal refl ux. ( a ) Plain fi lm shows air gastric 
distention and the air passage in the bowel loops. ( b ,  c ) 

UGI radiographic examination shows gastrectasy, barium 
in the distal loops, and gastroesophageal refl ux       
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c

d

a

  Fig. 8.21    Infant with gastroesophageal refl ux. ( a ) UGI 
radiographic examination shows clearly the refl ux of con-
trast medium in distal esophagus. ( b – d ) Several phases of 
ultrasound examination of gastroesophageal junction: we 

see the opening of the cardia and the large refl ux of gastric 
contents into the esophagus. Note the gastrectasy and ( a ) 
the passage of contrast medium in the intestinal loops       
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      Intestinal Intussusception                     

     Michele     Galluzzo     ,     Francesco     Gaudino    , 
    Riccardo     Palliola    ,     Eugenio     Rossi    , 
    Massimo     Zeccolini    , and     Margherita     Trinci   

9.1          Introduction 

 Nontraumatic acute abdominal pain is one of the 
most common causes of access in the pediatric 
emergency department. Clinical evaluation of the 
child with abdominal pain is challenging because 
of the wide range of potential diagnosis. 
Intussusception is one of the leading causes of 
acute abdomen in infants and children younger 
than 1 year (85 % of cases), with a male predomi-
nance (M/F 3:1). 

 The vast majority of intussusceptions (95 %) 
occur  after the fi rst 3 months of life. From an 
anatomical point of view, invagination is an intes-
tinal hernia, which is determined by the penetra-
tion with a telescopic, anterograde mechanism of 
a section of the bowel.  

 The characteristic symptomatic triad is repre-
sented by intermittent acute colicky abdominal 
pain, “red currant jelly” or bloody stool, and pal-
pable mass or vomiting.  

 The role of imaging is crucial not only in con-
fi rming the clinical hypothesis, in establishing the 

grade of severity of the disease, and in the differ-
ential diagnosis but also in the therapeutic phase 
through reduction of intussusception.  

 Ultrasound examination is considered the 
technique of choice for the diagnosis, because of 
its high sensitivity (97.9 %) and specifi city (97.8 
%) especially if the symptoms are typical or 
strongly suspected.  

9.2     Pathogenesis 

 Nontraumatic acute abdominal pain is one of the 
most common causes of access in the pediatric 
emergency department. 

 The clinical evaluation of the child with acute 
abdominal pain is challenging because of the 
wide range of potential diagnoses, which include 
congenital and acquired pathologies (Di Giacomo 
et al.  2014 ; Babcock  2002 ). 

 Intussusception is one of the leading causes of 
acute abdomen in infants and children younger 
than 1 year (85 % of cases), with a male predomi-
nance (M/F 3:1) (Shiyi et al.  2015 ; Lochhead 
et al.  2013 ; Costantino et al.  2015 ; Samad et al. 
 2013 ; Serayssol et al.  2014 ; Tarcà et al.  2015 ). 

 Based on the age, we have two different 
groups; in the fi rst group, we have patients from 
3 to 9 months old in which the cause is generally 
idiopathic, while in the second group, the chil-
dren is older than 2 years and a pathologic lead 
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point could be suspected (Di Giacomo et al. 
 2014 ; Shiyi et al.  2015 ; Tareen et al.  2015 ; 
Huppertz et al.  2006 ; Wong et al.  2015 ). 

 The vast majority of intussusceptions (95 %) 
occur then after the fi rst 3 months of life (Di 
Giacomo et al.  2014 ; Esposito et al.  2006 ; Dinkel 
et al.  1983 ). In this age, in which a lead point can-
not be identifi ed, invagination in most cases is 
generally associated with the presence of enlarged 
lymph nodes as a result of an infection (Costantino 
et al.  2015 ; Wong et al.  2015 ; Bartocci et al.  2014 ; 
Hryhorczuk and Lee  2012 ; Csernia et al.  2007 ; 
Sorantin and Lindbichler  2004 ; Fischer et al. 
 2004 ; Okimoto et al.  2011 ; Cogley et al.  2012 ). 
This condition is rare in the fi rst 3 months of life 
because passive immunity is still paramount. 

 Seasonal distribution is observed; in fact, the 
prevalence is more signifi cant in spring and 
autumn (Huppertz et al.  2006 ). 

 The peak of incidence is around 6–8 months 
of life with the start of weaning, from here the 
hypothesis of the relationship between invagina-
tion and food allergies. 

 Other pathogenetic hypotheses for the idiopathic 
form include the hypertrophy of the lymphatic tissue 
of the gut, often secondary to viral infections; this is 
still the most accepted pathogenic hypothesis. 

 Also the greater disproportion between the 
size of the ileum and the ileocecal valve in young 
children than in older is discussed. 

 Another cause could be the absence of the 
normal bowel rotation and fi xation (Waugh’s 
syndrome, association between intussusception 
and malrotation). 

 Another hypothesis is the increase of the 
intestinal peristalsis and the ileocecal valve relax-
ation due to the increase of the production of 
nitric oxide caused by infl ammatory reactions 
that usually precede the intussusception. 

 Also any cause of hyperperistalsis can lead to 
an intussusception as malabsorption syndrome 
(celiac disease and so on). 

 From anatomical point of view, invagination is 
an intestinal hernia, which is determined by the 
penetration with a telescopic, anterograde mech-
anism of a section of the bowel (colonic or ileal 
loop) into itself (Bartocci et al.  2014 ; Del-Pozo 
et al.  1999 ; Dankoff et al.  2015 ) (Fig.  9.1 ).

   The “receiving loop” (intussuscipiens) con-
tains the “donor loop” (intussuscepted). In the 

intussuscipiens, the central entering and the 
edematous returning limbs are contained. The 
intussusception is usually composed of three cyl-
inders, in some complex shapes from fi ve or 
seven (Cogley et al.  2012 ; Del-Pozo et al.  1999 ). 

 The most frequent localization is the ileocecal 
form, where the lead point of the invaginated seg-
ment is represented by the valve of Varolio 
(Tareen et al.  2015 ; Dankoff et al.  2015 ; Di Fiore 
 1999 ). The intussusception can be ileo-colonic 
where the head is the ileocecal valve and the 
ileum is the collar, and rarely it can also be colo- 
colonic or ileoileal (Fig.  9.2 ).

   The stretching and compression of the mesen-
teric vascular pedicle will cause over time a 
venous congestion followed by edema of the 
intestinal wall with a possible wall necrosis and/
or perforation (Wong et al.  2015 ; Di Fiore  1999 ; 
Pinto et al.  2016 ; Sessa et al.  2016 ). 

 Strangulation of mesenteric vascular pedi-
cle causes mechanical ileus. The mechanical 
ileus, if untreated, may progress into a para-
lytic ileus. 

 In the idiopathic form, the herniation of 
intestine in the intestine and the combination of 

  Fig. 9.1    The drawing illustrates that the invagination is 
determined by the penetration with a telescopic, antero-
grade mechanism of a section of the bowel into itself. 
(Thanks to Paola Valori for the drawing)       
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the greater peristalsis and insuffi cient fi xing of 
the right colon, which prevents progression of 
intestinal contents, often cause the herniation 
progression in the stretch downstream. 

 In the population of older children as in adults, 
the intussusception is usually secondary; the 
mechanism is generally caused by the presence 
of a focal alteration, which works as a lead point, 
for example, appendicitis, the presence of Meckel 
diverticulum, polyp, hemangioma, or association 
with conditions causing hypertrophy of Peyer 
patches (i.e., Henoch-Schönlein purpura, lym-
phoma, rotavirus infection) (Di Giacomo et al. 
 2014 ; Shiyi et al.  2015 ; Costantino et al.  2015 ; 
Tarcà et al.  2015 ; Wong et al.  2015 ; Bartocci 
et al.  2014 ; Del-Pozo et al.  1999 ; Dankoff et al. 
 2015 ; Kim et al.  1982 ; Mandeville et al.  2012 ; 
Applegate  2009 ; Navarro et al.  2000 ; Rogers and 
Robb  2010 ; Miele et al.  2001 ; Valentini et al. 
 2016 ).  

9.3     Clinical Findings 

 The characteristic symptomatic triad represented 
by intermittent acute colicky abdominal pain, 
“red currant jelly” or bloody stool, and palpable 
mass or vomiting is present in a proportion of 
cases, which varies between 36 % and 68 % 
(Cogley et al.  2012 ; Del-Pozo et al.  1999 ); in 
fact, many of the young patients do not present 
the full symptomatic triad, especially in tradi-
tional forms (Bartocci et al.  2014 ). 

 Some authors describe, especially at an early 
stage of diagnosis, abdominal pain, vomiting, 
and indrawing of the legs, whereas “currant jelly 
stool” is a late sign, expressing wall necrosis 
(Shiyi et al.  2015 ). 

 The abdominal pain is often very intense and 
violent and may occur suddenly particularly at 
night. Vomiting is frequent, while the bowel 
motion may be initially normal. 

a b

c d

  Fig. 9.2    Types of intussusception: ( a ) ileoileal, ( b ) ileocolic, ( c ) ileocecal, and ( d ) colo-colic. (Thanks to Paola Valori 
for the drawing)       
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 The child is initially highly irritable, and as 
the condition evolves, it is possible to see a reduc-
tion in symptoms and the onset of drowsiness, 
alternating with new appeared painful episodes 
with paleness and sweating. Stools are usually 
mixed with mucus and blood (Shiyi et al.  2015 ). 

 In the idiopathic form, the early clinical diagno-
sis is often diffi cult because the child appears gen-
erally fl orid (Tarcà et al.  2015 ). It is also diffi cult to 
determine the exact onset of the disease because 
the history is referred by parents or other persons.  

9.4     Imaging 

 The role of imaging is crucial not only in con-
fi rming the clinical hypothesis, in establishing 
the grade of severity of the disease, and in the 
differential diagnosis but also in the therapeutic 
phase through reduction of intussusception. 

 Early diagnosis is crucial, and along with early 
therapy, morbidity and mortality can be reduced 
(Miele et al.  2006 ; Miele and Di Giampietro  2014 ). 

 At present ultrasound is the exam of choice 
because it is easy to perform, it has a high sensibility 
and specifi city in detecting the intussusception, and 
there is no radio exposition for the young patient and 
the operator. In the past time, X-ray study was per-
formed; anyway it is important to know the limits 
and advantages of both techniques. 

 Especially in the past, several authors discussed 
the residual role of plain abdominal fi lm (Tareen 
et al.  2015 ; Cogley et al.  2012 ; Del-Pozo et al.  1999 ). 

 Some authors argue that “Intussusception can-
not be reliably ruled out with clinical examina-
tion and plain radiograph” (Del-Pozo et al.  1999 ). 

 At present days, in our experience, plain radio-
graph is not the exam of choice in the case of 
abdominal pain but can be helpful especially when 
examined by the same radiologist who performs the 
ultrasound examination and when clinical fi ndings 
are confusing and the ultrasound exam is unclear.  

9.5     Plain Film Semeiotics 

 The plain radiograph shows no specifi c signs; it 
evaluates the position of the blind end of the 
cecum, the distribution of intestinal gas and 

stools, and the bowel dilation above the stenosis 
with stagnation of liquids showing as air-fl uid 
levels. Viewing the normal position of the blind 
end of the cecum is associated rarely with a con-
dition of intussusception. In cases where the clin-
ical suspicion is low, the presence of 
intussusception can be excluded, and search must 
be oriented toward fi nding other pathologic pro-
cesses (Del-Pozo et al.  1999 ). 

 At the plain fi lm, we can have some direct 
signs due to the intussuscepted segment, repre-
sented as an image of soft tissue mass in the right 
upper quadrant; it is also possible to see the “tar-
get sign,” which consists of a soft tissue mass that 
contains concentric circular of lucency, which is 
due to the mesenteric fat of the intussusceptions, 
or the “meniscus sign,” a very specifi c sign, 
which consists of a crescent gas within the 
colonic lumen that outlines the intussusceptum 
(Wong et al.  2015 ; Cogley et al.  2012 ; Del-Pozo 
et al.  1999 ). On plain fi lm, it is also possible to 
exclude intestinal complications such as obstruc-
tion or perforation, with a sensitivity of about 
45 % (Cogley et al.  2012 ; Del-Pozo et al.  1999 ) 
(Fig.  9.3 ).

9.6        Barium Enema Semeiotics 

 To perform the examination of the contrast sac, 
containing barium sulfate at high dilution, it is 
positioned at a meter in height than the patient’s 
level; a rectal tube is positioned and barium falls 
by gravity. The retrograde progression of barium 
column is followed by fl uoroscopy (Hryhorczuk 
and Lee  2012 ; Burns et al.  2014 ; Raval et al. 
 2015 ; Sadigh et al.  2015 ; Shiels et al.  1991 ). 

 Semiotics of barium enema is a fi lling defect, 
which is simply concave, and looks as “nipper” 
or “gallows” if the barium enters into the sheath 
and sometimes as a “coiled spring” when the 
fi nal stretch of invaginated is fi lled (Fig.  9.4a–d ).

   In the past, barium was widely used as a con-
trast medium. This causes a series of possible 
serious complications; the most severe is the 
intestinal perforation (1/1,000), which can cause 
chemistry barium peritonitis and occurs when 
there is a condition of malacia of the intestinal 
wall (Fig.  9.5 ). Chemistry peritonitis can be a 
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life-threatening disease, because it determines a 
further worsening of the general condition. Also 
in the case of timely surgical intervention, it can 
cause severe adhesion syndromes.

   Actually, enema is performed using a solution 
of iodinated hydrosoluble contrast medium, 
diluted at 10 % in 1,000 ml water. This technique 
will be described extensively later.  

9.7     Ultrasound Semeiotic 

 Ultrasound examination is considered the tech-
nique of choice for the diagnosis, because of its 
high sensitivity (97.9 %) and specifi city (97.8 %) 
especially if the symptoms are typical or strongly 
suspected (Tareen et al.  2015 ; Wong et al.  2015 ; 
Bartocci et al.  2014 ; Cogley et al.  2012 ; Del- 
Pozo et al.  1999 ; Kim et al.  1982 ; Britton and 
Wilkinson  1999 ; Flaum et al.  2015 ). 

 The components of intussusception produce char-
acteristic appearances like a large structure 

(>5 × 2.5 cm) that displaces bowel loops and can be 
“readily identifi ed,” even by “inexperienced opera-
tors” (Del-Pozo et al.  1999 ; Ramsey and Halm  2014 ). 

 The majority of intussusceptions (ileocolic 
type) occur in the right side in subhepatic region 
(Del-Pozo et al.  1999 ). 

 To perform the exam, the child is in supine 
position; the use of linear probe (5–7.5 Mhz) is 
preferred in the younger baby, while in the older 
the convex probe (3.5 Mhz) can add some infor-
mation and give an important panoramicity. 

 The examination is performed with axial, lon-
gitudinal, and oblique scans that usually start 
from right lower abdominal quadrant. It is impor-
tant to complete the exam with a complete explo-
ration of the abdominal cavity to exclude any 
other cause of pathology. 

 The sonographic semiotics is based on direct 
sign and indirect sign; the evaluation of the intes-
tinal loops in real time is even important. 

 Ultrasound direct signs are represented to the 
visualization of the intussuscepted loop: in the 

a b

  Fig. 9.3    ( a ) Plain fi lm of an infant shows the absence of the blind end of the cecum and the “meniscus sign”. ( b ) The 
drawing illustrates the invagination site. (Thanks to Paola Valori for the drawing)       
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a b

c d

  Fig. 9.4    ( a – d ) Semiotics of enema: a fi lling defect of the right colon, which may be simply concave, as “nipper” or 
“gallows” and sometimes as a “coiled spring”       
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axial scans, we can see an inhomogeneous rounded 
pseudotumor, because of the presence of the differ-
ent layers of the intestinal loops, the receiving loop, 
and the intussuscepted one, with the mesenteric fat 
and often lymph nodes in the center (Fig.  9.6 ).

   The complex ultrasound aspect is due to these 
different components; in fact we can see a hyper-
echoic outer ring separated with a hypoechoic 
component from another thin hyperechoic layer. 
The two hyperechoic rings is supposed to be the 
opposed serous surface of the intussuscepted. The 
mass also has a hyperechoic center that is the mes-
enteric fat and inner lymph nodes. This complex 
and stratifi ed aspect is called “target sign” or “cres-
cent in doughnut” or “pseudokidney aspect” in the 
oblique scan (Di Giacomo et al.  2014 ; Babcock 
 2002 ; Bartocci et al.  2014 ; Cogley et al.  2012 ; Del-
Pozo et al.  1999 ; Kim et al.  1982 ; Ramsey and 
Halm  2014 ; Sanchez et al.  2015 ; Lioubashevsky 
et al.  2013 ; Lam et al.  2014 ) (Fig.  9.7a, b ).

   In the longitudinal scans, we can observe the 
intussuscepted loops that enter in the intussuscipi-
ens loop and the mesentery that is dragged along 
with the bowel loop; this image is called “sand-

wich sign” or “bowel-in-bowel” sign. In particu-
lar, in longitudinal scan we have an outer parallel 
hypoechoic band due to the edematous everted 
portion of the intussuscepted and the thin intus-
suscipiens, a central parallel hypoechoic band that 
is the central limb of the intussuscepted. The 
hypoechoic bands are separated with hyperechoic 
layers that represent the mesentery fat (Fig.  9.8 ).

   In some cases it is possible to see the loops that 
push in the receiving loop when the baby cries for 
the increasing of the intra-abdominal pressure. 

 A complete exam also includes executing 
color Doppler: this technique may offer some 
additional information about the condition of the 
loop; in fact if the wall of the loop is well per-
fused, we have a typical double-ring sign (Di 
Giacomo et al.  2014 ) (Fig.  9.9a–c ).

   On the contrary, the absence of hyperemia is a 
specifi c index of ischemic wall damage, which 
increases the risk of perforation (Cogley et al.  2012 ). 

 The presence of the signal does not exclude at all, 
however, the presence of suffering ischemic areas. 

 The careful research of the presence of free 
fl uid in the abdomen or interposed fl uid between 
bowel loops of the intussuscepted tract, the so- 
called trapped fl uid sign, is also essential (Del- 
Pozo et al.  1999 ). This sign is very signifi cant 
because it is associated with a lower reduction 
rate and the increased likelihood of the presence 
of necrotic tracts (Bartocci et al.  2014 ; Del-Pozo 
et al.  1999 ) (Fig.  9.10 ).

  Fig. 9.5    Barium enema: this fi lm shows an infant with 
intestinal perforation       

  Fig. 9.6    Ultrasound axial scan in an infant with intestinal 
intussusception shows an inhomogeneous rounded mass 
due to the herniation of the intussuscepted loop in the 
receiving one, with the mesenteric fat and lymph nodes in 
the center       
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a b

  Fig. 9.7    ( a ,  b ) Ultrasound axial scan in an infant with intestinal intussusception and the scheme shows the “target” 
sign. (Thanks to Paola Valori for the drawing)       

a b

c

  Fig. 9.8    ( a – c ) Ultrasound longitudinal scan in an infant with intestinal intussusception shows the typical aspect “sand-
wich sign.” Note in “ c ” many infl ammatory lymph nodes in the mesenteric root       
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a b

c

  Fig. 9.9    ( a – c ) Ultrasound B-mode and color Doppler scans in an infant with intestinal intussusception show the typical 
aspect “double-ring” sign in the wall of the perfused loop       

a b

  Fig. 9.10    ( a ,  b ) Ultrasound axial and longitudinal scans in teenager with intestinal intussusception due to appendicitis; 
note the presence of free fl uid between the loops       
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   The presence of free fl uid, the absence of 
color Doppler signal in the wall loop, and the 
indirect sign of intestinal bowel occlusion as 
fl uid-distended loops and hypoperistalsis have a 
bad prognostic value and are suggestive for a not 
recent pathology event. 

 In this case, the surgical approach is recom-
mended as soon as possible to prevent the necrosis 
of the loop, the perforation, and the peritonitis. 

 CEUS is frequently used in traumatic acute 
abdominal emergencies, and it is still not defi ned 
the exact role in the nontraumatic acute abdomi-
nal pain in pediatric patients (Catalano et al. 
 2004 ; Farina et al.  2015 ; Pinto et al.  2014 ,  2015 ; 
Miele et al.  2015 ,  2016a ,  b ,  c ; Sessa et al.  2015 ; 
Menichini et al.  2015 ).  

9.8     Radiological Treatment 

 In the case of the suspect of recent invagination, 
it is possible to try to resolve the situation with 
X-ray or ultrasound contrast enema. 

 In the past, the attempt of reduction was car-
ried out under fl uoroscopic guidance, using an 
enema, as already reported, with barium sulfate, 
or a solution of hydrosoluble contrast medium 
diluted with water. The success rate is reported in 
72 % and 87 % of cases (Rogers and Robb  2010 ; 
Flaum et al.  2015 ). 

 Most recent papers describe the attempt of 
reduction using pneumatic pressure air, always 
under fl uoroscopic guidance (Britton and 
Wilkinson  1999 ; Flaum et al.  2015 ; Munden 
et al.  2007 ; Bai et al.  2006 ). 

 The main disadvantages of this method are the 
radiation exposure for both the medical team and 
the young patient (Shiels et al.  1991 ; Sanchez 
et al.  2015 ). 

 At present day, the ultrasound technique is a 
valid alternative and in some centers is preferred 
to the X-ray method. This method has been 
described for the fi rst time by Kim et al. ( 1982 ). 

 The procedure takes place after having 
obtained the informed consent from the parents. 
In the ultrasound room where a venous access to 
the infant is placed, the radiologist performs the 

exam with the presence of a pediatric surgeon, 
and the operating room has been alerted. 

 The child is placed on the bed in the ultra-
sound room in supine position. 

 A Foley catheter is positioned into the rectum, 
without infl ating the balloon. We prepare a sac 
for the enema with a 1,000 ml solution of iodin-
ated contrast medium diluted at 10 % with warm 
water. 

 The presence of contrast medium in the solu-
tion is necessary, because at the end of the ultra-
sound reduction attempt, an abdomen plain fi lm 
is carried out, to demonstrate with certainty the 
success or the failure of the procedure. 

 The sac containing the enema solution is 
placed at a meter in height than the patient’s 
level; the solution falls by gravity. 

 During the ultrasound exam, we have to 
follow the retrograde progression of the water 
into the colon to the point of colonic intus-
susception. Intestinal loops progressively 
stretch; when the fluid reaches the point of 
intussusception, we can gently use the probe 
to force the fluid to penetrate between the 
cylinders of intussusception. When the pro-
cedure is successful, the morphology of the 
pseudotumor due to the bowel invagination 
changes gradually. In fact the fluid penetrates 
between the intestinal rings, which oversteps 
the point of the stop and goes beyond 
(Fig.  9.11a–l ).

   In the case of success of the procedure, the 
sonographic signs of intussusception are no lon-
ger recognizable in the different scans; the pain 
of the baby stops immediately. 

 Success rates vary depending on different 
cases from 76 % to 95 % and are similar to those 
that involve the use of conventional contrast bar-
ium or air under fl uoroscopic guidance (Sadigh 
et al.  2015 ; Shiels et al.  1991 ; Britton and 
Wilkinson  1999 ). 

 The fi nal radiographic plain fi lm allows docu-
menting the complete opacifi cation of the colon 
and the possible passage of contrast in the distal 
intestinal tract. 

 In the case of failure of this procedure, the 
water stops close to the intussuscepted segment, 
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and surgical reduction of the intussusception is 
needed (Fig.  9.12 ).

   It is recommended to perform the ultrasound- 
guided reduction attempts no more than three 
times. 

 Every time at the end of the procedure, we 
have to remove the Foley catheter and from the 
rectum will fl ow out water mixed with stool; if 
the color of the water is reddish, it means that 
there is a suffering of the involved loop. In this 
case, the exam has to be stopped, and the patients 

must undergo surgical treatment as soon as 
possible. 

 The procedure is not recommended if the his-
tory of intussusception is not recent, i.e., >48 h, 
because it is possible that the intestinal wall has 
had an ischemic sufferance; in the case of a sec-
ond episode of intussusception, because it is pos-
sible that the cause could be an organic disease, 
as a polyp or Meckel diverticulum; and/or in 
older children because usually the intussuscep-
tion is secondary.     

  Fig. 9.11    ( a – j ) Ultrasound axial and longitudinal scans in an infant with intestinal intussusception during the enema 
under ultrasound guidance. X-ray performed at the end of the procedure confi rms the success of the procedure           

a b
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Fig. 9.11 (continued)
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  Fig. 9.12    ( a – d ) Ultrasound axial and longitudinal scans 
in an infant with intestinal intussusception during the 
enema under ultrasound guidance. The ultrasound enema 
is unsuccessful: in fact during the ultrasound exam, the 

water reaches the intussuscepted tract but doesn’t go 
beyond the invaginated tract. Note a small amount of free 
fl uid between the loops       
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      Acute Appendicitis                     

     Grazia     Loretta     Buquicchio     ,     Gavina     Cuneo    , 
    Stefano     Giannecchini    ,     Caterina     Pizzi    , 
    Carmelo     Rende    , and     Margherita     Trinci   

10.1          Introduction 

 Appendicitis is the most common cause of acute 
abdominal pain that requires surgical interven-
tion in the pediatric population. 

 It is one of the major causes of hospitalization 
in children. 

 Appendicitis typically develops in older chil-
dren and young adults; it is rare under the age of 
2 years. The peak incidence of appendicitis 
occurs between 10 and 19 years of age. 

 Appendicitis occurs with equal frequency in 
males and in females. 

 Patients with appendicitis may present with a 
wide variety of symptoms that can lead to confu-
sion and delay in diagnosis and treatment. 

 The delayed diagnosis of appendicitis has 
severe consequences, including perforation, 
abscess, peritonitis, sepsis, bowel obstruction, 
wound infection, infertility, adhesions, and death 
(Klein  2007 ). 

 Early diagnosis is essential to reduce morbid-
ity. Morbidity and mortality in acute appendicitis 
are related to appendiceal perforation. 

 The prevalence of appendiceal perforations 
varies from 23 % to 73 % (Tseng et al.  2016 ). 

 The advent of antibiotics and effective surgi-
cal management have substantially reduced 
appendicitis-related mortality; however, deaths 
from appendicitis still occur, particularly in the 
elderly. 

 The normal appendix is a blind-ended tubu-
lar structure (Fig.  10.1 ) with a diameter of less 
than 7 mm and a wall thickness of less than 
2 mm and arises from the posteromedial wall of 
the cecum, approximately 3 cm below the ileo-
cecal valve. Except for its proximal part, the 
remainder portion of the appendix is free and 
can occupy different positions in the abdominal 
cavity (Gaitini  2011 ).

   The appendix may lie in a retrocecal, subce-
cal, retroileal, preileal, or pelvic site, and this 
variability in location may infl uence the clinical 
presentation (Fig.  10.2 ).

   There are a variety of other conditions in 
childhood that occur with abdominal pain that 
must be differentiated from acute appendicitis. 

 The majority of children with acute abdomi-
nal pain have self-limited nonsurgical disease, 
such as viral syndrome, gastroenteritis, and 
constipation. 

 Clinical signs and symptoms associated with 
acute appendicitis include crampy, periumbilical, 
or right lower quadrant pain, nausea, vomiting, 
point tenderness in the right lower quadrant, 
rebound tenderness, and leukocytosis; the pain 
often radiates to the right leg, causing lameness 
(Taylor  2004 ). 
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 Approximately one-third of children with 
acute appendicitis have atypical clinical fi ndings. 

 Recurrent and chronic forms of appendicitis 
occur with an, respectively, incidence of 10 % 
and 1 % (Koike et al.  2014 ).  

10.2     Pathogenesis 

 Appendicitis is usually the result of the obstruc-
tion of its lumen. 

 The lumen obstructed becomes distended; the 
pressure through the walls increases with conse-
quent reduction of the mural perfusion. If appen-
dectomy is not performed, gangrene and 
perforation occur. 

 The fi rst pathogenetic event in most patients 
with acute appendicitis is the obstruction of the 
lumen that can be caused by fecaliths, lym-
phoid hyperplasia, foreign bodies, parasites, 
and tumor. Once the obstruction is verifi ed, the 
continuous secretion of mucus causes an 
increase in intraluminal pressure and a disten-
sion of the lumen. At this stage abdominal pain 
is mild, is poorly localized, and disappears in 
4–6 h; anorexia, nausea, and vomiting are often 
associated. 

 The increased intraluminal pressure exceeds 
the capillary perfusion pressure causing venous 
engorgement, arterial compromise, and conse-
quent tissue ischemia. 

 Such as mucosal barrier is compromised, the 
bacteria proliferate and invade the wall of the 
appendix and determine transmural infl ammation 
(Brennan  2006 ). Continued tissue ischemia 
results in appendiceal infarction and perforation. 
Infl ammation then may extend to the parietal 
peritoneum and adjacent structures, which 
include the terminal ileum, cecum, and pelvic 
organs. 

 At this stage the typical migration in the right 
lower quadrant of pain occurs that is continuous 
and more severe than the early visceral pain. 

  Fig. 10.2    The fi gure represents the various positions in 
which the appendix may lie (retrocecal, subcecal, ret-
roileal, preileal, or pelvic site)       

a b

  Fig. 10.1    ( a ,  b ) US scan: normal appendix is a blind-ended tubular structure which arises from the posteromedial wall 
of the cecum       
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 Patients with acute appendicitis usually are 
afebrile or have low-grade fever. 

 Perforation should be suspected when the 
patient’s temperature exceeds 38.3 °C. 

 If perforation does occur, periappendiceal 
phlegmon or abscess will result. 

 Peritonitis usually develops if there is free per-
foration into the abdominal cavity. 

 Clinical fi ndings suggesting possible perfora-
tion include progression from localized right 
lower quadrant to generalized abdominal pain, 
temperature greater than 38 °C, and signs of peri-
tonitis or a right lower quadrant mass at physical 
examination.  

10.3     Clinical Diagnosis 

 The clinical diagnosis of acute appendicitis is 
often not simple because one-third of children 
with appendicitis have atypical clinical signs and 
symptoms. 

 The clinical diagnosis of acute appendicitis is 
based primarily on typical symptoms that include 
poorly localized periumbilical pain, followed by 
nausea and vomiting, with subsequent migration 
of pain to the right lower quadrant. 

 This classic presentation occurs in only 
50–60 % of patients, and the diagnosis may be 
missed or delayed when atypical patterns of dis-
ease are encountered. 

 The rate of misdiagnoses at initial presenta-
tion is high, as 57 % in children younger than 
12 years and as 100 % in children younger than 
2 years. 

 Younger children often present with nonspe-
cifi c signs and symptoms and are unable to 
clearly describe their symptoms or localize pain. 
As a result, delayed or incorrect diagnoses and 
complications such as appendiceal perforation 
are common. 

 Results of laboratory tests, such as white 
blood cell count and C-reactive protein level, 
can be helpful but are not specifi c (Gendel 
et al.  2011 ). 

 The classic presentation is the onset of peri-
umbilical pain that migrates to the right lower 
quadrant at McBurney’s point over a period of 

12–24 h, with associated anorexia, leukocytosis, 
and, often, low-grade fever. 

 Since younger children are not able to 
describe their symptoms and up to one-third 
have atypical clinical fi ndings, the correct diag-
nosis may delay, and in 30–74 % serious com-
plications occur such as perforation, peritonitis, 
sepsis, or even death.  

10.4     Radiological Findings 

 When the presentation is typical, most investiga-
tors and clinicians agree that imaging is unneces-
sary; however, the presentation is atypical in 
approximately 35–45 % of patients, and for these 
patients imaging plays a key role in the diagnosis 
of suspected appendicitis (Sivit  2004 ; Hagendorf 
et al.  2004 ).  

10.5     US Normal Appendix 

 The evaluation of the appendix by US should be 
performed using a high-resolution linear-array 
transducer (5–12 MHz). 

 Graded-compression ultrasonography has 
been proved to be an effective aid in the diagnosis 
of acute appendicitis (Strouse  2010 ). 

 Gradual pressure is applied with the probe to 
displace bowel loops (Binkovitz et al.  2015 ). 

 Graduated compression with the probe helps 
differentiate between normal compressible intes-
tinal loops and infl amed appendix that is not 
compressible (Fig.  10.3 ).

   Key anatomic landmarks that must be visual-
ized include the cecum, iliac vessels, and psoas 
muscle (Fig.  10.4 ).

   The cecum is recognized as an aperistaltic 
large-caliber bowel that contains gas and fl uid 
and is contiguous with the ascending colon. 

 The terminal ileum ends into the cecum at the 
ileocecal valve and is a readily compressible 
structure that demonstrates active peristalsis. The 
appendix arises from the posteromedial surface 
of the cecal base a few centimeters inferior to the 
ileocecal valve, although its distal tip may have a 
variable location. 
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 Measurement of the maximal mural thickness 
(MMT) is one of the most important morpho-
logic criteria used to identify a normal or abnor-
mal appendix (Fig.  10.5a ) (Je et al.  2009 ; 
Simonovsky  2002 ).

   The mural thickness of the appendix was 
defi ned as the distance from the hyperechoic 
luminal interface to the outer hyperechoic line. 

 The thickening of the appendiceal walls is due 
to mucosal edema, as a result of reactive changes. 

 The mean MMTs in the young children, older 
children, and adolescent are 1.9 mm ± 0.4, 
2.0 mm ± 0.5, and 2.1 mm ± 0.5, respectively. 

 Although MMT evaluation can be considered 
a valuable index of the status of the appendix in 
patients with suspected appendicitis, it should be 
stressed that the accuracy is higher when there are 
several US criteria simultaneously, such as the 
presence or absence of periappendiceal infl amed 
fat, tenderness at the site of the appendix, and 
hyperemia at power or color Doppler US. 

 In children aged 6 years or younger, the 
appendiceal mural thickness should be regarded 
as normal only when it is less than 3 mm. 

 Although MMT measurement is more accu-
rate, it is also using the maximal outer diameter 
(MOD) (Prendergast et al.  2014 ), which mea-
sures the outer wall to outer wall diameter at the 
widest point of the appendix during transducer 
compression (Fig.  10.5b ). To measure diameters, 
the electronic calipers were placed between the 
outer borders of the hypoechoic tunica muscula-
ris. The outer diameters were measured in the 
transverse plane of the appendix. 

 The MOD limits suggested to be positive for 
appendicitis vary between 6 mm or greater and 
greater than 7 mm (Goldin et al.  2009 ). 

 The normal appendix measures 6 mm or less 
in maximal outer diameter, is compressible, and 
lacks adjacent infl ammatory changes. In addi-
tion, it has no demonstrable fl ow at color fl ow 
Doppler imaging. 

a b c

  Fig. 10.3    ( a – c ) US: infl amed appendix appears like a blind-ended tubular structure that is not compressible at the 
graduated compression with the probe       

a b

  Fig. 10.4    ( a ,  b ) US, key anatomic appendix landmarks: 
the cecum ( arrow ) is recognized as an aperistaltic large- 
caliber bowel that contains gas and fl uid; the terminal 

ileum ( curved arrow ) ends into the cecum at the ileocecal 
valve and is a readily compressible structure that demon-
strates active peristalsis; appendix ( arrow head )       
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 A normal appendix should have an outer wall 
diameter of 6 mm or less, and its lumen should at 
least partially collapse under compression. 
Occasionally, a normal appendix may be slightly 
larger than 6 mm in diameter but will remain 
compressible.  

10.6     Imaging of Acute 
Appendicitis 

 Although abdominal radiography remains a 
widely used examination in children with acute 
abdominal pain, it has been shown to be a rela-
tively insensitive and nonspecifi c means for eval-
uating appendicitis, and its use adds unnecessary 
cost and radiation exposure; furthermore the 
fi ndings that can be seen in the RX are totally 
nonspecifi c and consist of the display of an 
appendicolith and signs of paralytic ileus (greater 
evidence of the margin of the psoas and analgesic 
convexity of the spine) (Doria  2011 ). 

 Although magnetic resonance (MR) imaging 
shows promise in the presurgical assessment of 
patients who are suspected of having appendici-
tis, the application of this modality to the pediat-
ric patient is yet undeveloped; furthermore the 
length of the MR imaging examination may 
 substantially curtail its utility in younger patients 
who would need sedation (Kearl et al.  2016 ). 

 The principal imaging technique for evaluat-
ing children with suspected appendicitis is 

graded-compression US. The clinical utility of 
US lies primarily in those children with present 
equivocal clinical fi ndings (Leeson and Leeson 
 2013 ; Fonio et al.  2013 ; Di Giacomo et al.  2015 ). 

 Tip appendicitis is a rare condition that occurs 
when the infl ammation is focally confi ned to the 
distal portion of the appendix (Mazeh et al. 
 2009 ); the pathophysiology in tip appendicitis is 
much less clear than acute appendicitis. The 
prevalence of this condition has been reported as 
high as 5 % (Lim et al.  1996 ).  

10.7     US 

 Although computed tomography (CT) can help 
clinicians rapidly and accurately diagnose or 
exclude acute appendicitis, CT represents poten-
tial risks of radiation exposure, need for sedation, 
risk of contrast medium, and high cost. 

 Because of the concern over excessive radiation 
exposure, several institutions have emphasized 
ultrasonography (US) as the primary initial modal-
ity for use in the assessment of possible pediatric 
appendicitis (Krishnamoorthi et al.  2011 ). 

 Although today computed tomography (CT) 
has become the predominant imaging method 
used to diagnose appendicitis in children in the 
United States, outside of the United States, ultra-
sonography remains the predominant imaging 
method to diagnose appendicitis in children 
(Hryhorczuk et al.  2012 ). 

ba

  Fig. 10.5    Longitudinal and transverse US scan: the max-
imal mural thickness (MMT) is the distance from the 
hyperechoic luminal interface to the outer hyperechoic 
line ( a ). Cross-sectional image of a distended normal 

appendix: the maximal outer diameter (MOD) measures 
the outer wall to outer wall diameter at the widest point of 
the appendix ( b )       
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 US is in fact an extension of the clinical exam-
ination. The sonographer can ask the child where 
it hurts and directly scan the painful region. 

 The sensitivity of US in children has ranged 
from 44 % to 94 %, and the specifi city has 
ranged from 47 % to 95 %. But in experienced 
hands, US has reported sensitivities of 75–90 %, 
specifi cities of 86–100 %, accuracies of 
87–96 %, positive predictive values of 91–94 %, 
and negative predictive values of 89–97 % for 
the diagnosis of acute appendicitis (Pastore 
et al.  2014 ). 

 Scanning is performed in both longitudinal 
and transverse planes, and the examination 
begins with the identifi cation of the ascending 
colon, which appears as a nonperistaltic structure 
containing gas and fl uid (Fig.  10.4 ). 

 The transducer is then moved inferiorly to 
identify the terminal ileum, which is easily com-
pressible and displays active peristalsis. 

 The cecal tip where the appendix arises is 
approximately 1–2 cm below the terminal ileum, 
and it is located anteriorly to the iliac vessels and 
psoas muscle. 

 Gentle, gradual pressure is used to compress 
the anterior abdominal wall, resulting in dis-
placement and compression of normal bowel 
loops (Butler et al.  2011 ). 

 Normal appendix appears as a blind-ended 
lamellated structure without peristalsis. 

 On longitudinal images, the infl amed, nonper-
forated appendix appears as a fl uid-fi lled, 
 noncompressible, blind-ended tubular structure, 
and the maximal appendiceal diameter is greater 
than 6 mm (Fig.  10.6 ).

   If fl uid is present within the appendiceal 
lumen, a target appearance, characterized by a 
fl uid-fi lled center and surrounded by an echo-
genic mucosa and submucosa and hypoechoic 
muscularis, may be seen when imaging in the 
axial plane. 

 Other fi ndings of appendicitis include an 
appendicolith, which appears as echogenic foci 
with acoustic shadowing (Fig.  10.7 ); pericecal or 
periappendiceal fl uid (Fig.  10.8 ); increased peri-
appendiceal echogenicity representing fat infi l-
tration (Figs.  10.8  and  10.9 ); and enlarged 
mesenteric lymph nodes (Fig.  10.9 ).

     But the only US sign that is specifi c for appen-
dicitis is an enlarged, aperistaltic, and noncom-
pressible appendix measuring greater than 6 mm 
in maximal diameter. 

 The use of color Doppler US provides a useful 
adjunct in the evaluation of suspected acute 
appendicitis; the color Doppler US of nonperfo-
rated appendicitis typically demonstrates periph-
eral wall hyperemia, refl ecting infl ammatory 
hyperperfusion (Fig.  10.10 ).

   In early infl ammation, color fl ow may be 
absent or limited to the appendiceal tip. 

 Color fl ow may also be absent in gangrenous 
appendicitis. 

 Depending on its location, the appendix can 
be classifi ed as retrocecal, abdominal, midpelvic, 
or deep pelvic. 

 Abdominal appendices were those located in 
the abdominal cavity above a horizontal line 
defi ned by the iliac crests. 

 Midpelvic appendices were those located 
above the iliac vessels (external iliac artery and 

ba c

  Fig. 10.6    Longitudinal ( a ,  b ) and transverse ( c ) US scan shows infl amed appendix as a fl uid-fi lled, noncompressible, 
blind- ended tubular structure, with maximal appendiceal diameter greater than 6 mm       
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vein in the pelvis). Appendices were classifi ed as 
deep pelvic when they extended beyond the iliac 
vessels toward the pelvis minor or when the 
cecum was located in a lower position in relation 
to these vessels. 

 The course of appendicitis can be variable. 

 The presence of appendicoliths appears as 
bright, echogenic foci with distal acoustic shad-
owing. Their identifi cation within the appendix 
or in the adjacent perienteric soft tissue after per-
foration is highly associated with a positive diag-
nosis (Lovrenski et al.  2016 ). 

ba c

  Fig. 10.7    ( a – c ) US images show a dilated appendix that contains an appendicolith, which appears as echogenic foci 
with acoustic shadowing       

ba

c d

  Fig. 10.8    Ultrasonographic fi ndings in appendicitis, such as pericecal or periappendiceal fl uid ( a ) and increased periap-
pendiceal echogenicity that represents fat infi ltration ( b )       
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 Phlegmonous change manifests as hypoechoic 
zones with poor margination within the infl amed fat 
that blend imperceptibly at its margins with the fatty 
tissue. Liquefaction and abscess formation will 
manifest as an actual fl uid component (Fig.  10.11 ).

   Some authors proposed the use of contrast- 
enhanced ultrasound (CEUS) to differentiate 
abdominal phlegmon and abscess. CEUS should 
be used to confi rm these conditions primarily 
identifi ed at US (Ripollès et al.  2013 ). 

 Although this method is still little used in non-
traumatic pediatric emergencies (Catalano et al. 
 2004 ; Farina et al.  2015 ), its use however is well 
established in traumatic pediatric emergencies 

(Pinto et al.  2014 ,  2015 ; Miele et al.  2015 ,  2016a , 
 b ,  c ; Sessa et al.  2015 ; Menichini et al.  2015 ). 

 Gas bubbles within a collection suggest perfo-
ration (Blumfi eld et al.  2013 ). 

 In conclusion the most accurate US fi nding for 
acute appendicitis is an outer wall diameter 
greater than 6 mm under compression, with 
reported positive and negative predictive values 
of 98 % (Cohen et al.  2015 ). 

 Less sensitive and specifi c US fi ndings for 
appendicitis include hyperemia within the appen-
diceal wall on color Doppler images, echogenic 
infl amed periappendiceal fat (Trout et al.  2012 ), 
and the presence of an appendicolith. 

a b

c d

  Fig. 10.9    Ultrasonographic fi ndings of appendicitis, such as increased periappendiceal echogenicity that represents fat 
infi ltration ( a ) and enlarged mesenteric lymph nodes ( a – d )       
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ba

  Fig. 10.10    ( a ,  b ) The color Doppler US demonstrates peripheral wall hyperemia, refl ecting infl ammatory hyperperfusion       

a b

c d e

  Fig. 10.11    ( a – e ) US scan demonstrates hypoechoic zones with poor margination within the infl amed fat correspond-
ing to phlegmonous appendicitis. Liquefaction and abscess formation will manifest as an actual fl uid component       
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 The principal advantages of US are its lower 
cost and wide availability, its lack of ionizing 
radiation, and its ability to assess vascularity 
through color Doppler analysis, provision of 
dynamic information through graded compres-
sion, and delineation of gynecologic disease 
which is a common mimic of acute appendicitis. 

 However US is operator dependent, and often 
technical failures are due to the presence of 
severe pain or patient obesity.  

10.8     US of Perforation 

 Despite the relatively high incidence of appendi-
citis, the clinical diagnosis is very commonly 
delayed or missed, leading to high rates of appen-
diceal perforation, particularly in young children 
less than 5 years of age. Because diagnostic delays 
arise from the interpretation of the history and 
physical examination results, diagnostic imaging 
has become an essential tool in the evaluation of 
children suspected of having appendicitis. 

 The classic fi ndings of bowel perforation, 
abscess, and extraluminal air are well known but 
are not always present in patients with perforated 
appendicitis (Pinto et al.  2016 ). 

 The presence of an appendicolith in a child 
with appendicitis has been associated with earlier 
and higher rate of perforation. 

 If perforation has occurred, the appendix may 
not be recognizable as a discrete structure. 

 The US features of perforation include loss of 
the echogenic submucosal layer and presence of 
a loculated periappendiceal or pelvic fl uid collec-
tion or abscess. 

 These fi ndings occur in 50–70 % of cases of 
perforated appendicitis. 

 Color Doppler fi ndings of appendiceal perfo-
ration include hyperemia in the periappendiceal 
soft tissues or within a well-defi ned abscess. 

 Specifi c fi ndings indicative of perforated 
appendicitis are abscess, phlegmon, extraluminal 
air, extraluminal appendicolith, and a defect in 
the enhancing appendiceal wall (Fig.  10.12 ).

   An abscess was characterized by a well- 
delineated, discrete collection with rim enhance-
ment (Fig.  10.13 ).

   A phlegmon was characterized by diffuse and 
substantial infl ammation of the periappendiceal 
fat with ill-defi ned fl uid collections (Fig.  10.14 ).

   Preoperative knowledge of whether the appen-
dix is perforated has clinical relevance (Kaiser 
et al.  2004 ). 

  Fig. 10.12    ( a – f ) US of perforation: US fi ndings include 
loss of the echogenic submucosal layer, hyperemia in the 
periappendiceal soft tissues, and the presence of a locu-

lated periappendiceal or pelvic fl uid collection or abscess. 
The appendix may not be recognizable as a tubular 
structure         

a b c

d e f
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 Once perforation has occurred, the complica-
tions increase. 

 US criteria for perforation include loculated 
pericecal fl uid, prominent pericecal fat greater than 
10 mm, and circumferential loss of the  echogenic 
submucosal layer. For perforation, the reported US 
sensitivities vary from a low of 29 % (Mazeh et al. 
 2009 ) to a high of 84 % (Lim et al.  1996 ). 

 But extraluminal air, extraluminal appendico-
liths, and interloop abscesses are more easily 
detected with the use of CT that demonstrates 
more sensitivity than US for perforated appendi-
citis (Cogley et al.  2012 ).  

10.9     Pitfalls and Differential 
Diagnosis 

 Although common, acute appendicitis can be a 
diffi cult diagnosis to make on clinical grounds 
alone, because a number of other common 

pathologic abdominal processes share a similar 
clinical presentation (Levine et al.  2004 ). 

 Relatively low sensitivity or specifi city has 
been reported for individual symptoms and signs 
in patients clinically suspected of having appen-
dicitis, including nausea (sensitivity of 67.5 %, 
specifi city of 38.9 %), anorexia (sensitivity of 
61.0 %, specifi city of 59.3 %), fever (sensitivity 
of 17.9 %, specifi city of 72.2 %), chills (sensitiv-
ity of 6.9 %, specifi city of 96.3 %), right lower 
quadrant pain (sensitivity of 95.9 %, specifi city 
of 3.7 %), and rebound tenderness (sensitivity of 
69.5 %, specifi city of 38.9 %). 

 The most common sources of error in the 
overdiagnosis of appendicitis with US include 
misinterpretation of the terminal ileum as the 
appendix and misinterpretation of a normal 
appendix as an infl amed appendix. The terminal 
ileum, in contrast to the appendix, does not attach 
to the base of the cecum, is not blind ended, and 
shows frequent peristaltic activity. 

 Also, the terminal ileum usually is oval in 
cross section as compared with the appendix, 
which is round. 

 Another cause of a false-positive examination 
is periappendiceal infl ammation due to Crohn 
disease; interpretation of US fi ndings may be dif-
fi cult since the appendix may be involved in the 
infl ammatory process of Crohn disease, or, con-
versely, appendicitis may be the fi rst manifesta-
tion of this disease (Sung et al.  2006 ). 

 More causes of a false-positive examination 
that may mimic acute appendicitis are infl amed 
Meckel’s diverticulum (Marin et al.  2016 ; Miele 
et al.  2001 ) and pelvic infl ammatory disease 
(Miele et al.  2002 ). 

 Other problems in diagnosis may be related to 
a position of the appendix that makes it more dif-
fi cult to appreciate, in particular when it is in the 
true pelvis and when it is retrocecal. 

 The most common alternate diagnoses 
included mesenteric adenitis, ovarian abnormal-
ity, constipation, colitis, intussusception, and 
pyelonephritis. 

  Mesenteric adenitis  has been reported as the 
second most common cause of right lower 
 quadrant pain after appendicitis (Xu et al.  2016 ). 
The clinical presentation may mimic that of 

g
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appendicitis; however, it is a benign self-limiting 
condition that does not require surgery. US fi nd-
ings consist of multiple enlarged RLQ mesenteric 
lymph nodes in the absence of other diseases. 

 Another nonsurgical mimic of appendicitis is 
terminal  ileitis - ileocecitis of infectious  ( Yersinia , 
 Salmonella , or  Campylobacter  species) or 
infl ammatory (e.g., Crohn disease) origin. Acute 
or subacute RLQ pain is the predominant symp-
tom, and diarrhea may be absent or only mild in 
cases with an infectious origin. 

 Up to one-third of patients with Crohn disease 
initially present with acute onset of symptoms 
mimicking appendicitis. A thickened terminal 
ileum may be the only fi nding at US (Fig.  10.15 ), 
and it is imperative not to confuse terminal ileitis 
with a dilated appendix.

   Only when US fi ndings were equivocal and 
the diagnosis cannot be certain should be con-
sidered to use the CT subsequent to US to avoid 
invasive interventions when they are not 
needed.  

a b c

d e

  Fig. 10.13    ( a ) X-ray and ( b – e ) US scan of abscess; the RX image shows intestinal obstruction with air-fl uid levels; the 
US demonstrates a well-delineated fl uid collection with rim enhancement and peripheral wall hyperemia       

a b c

  Fig. 10.14    ( a – c ) US of phlegmon: diffuse infl ammation of the periappendiceal fat with ill-defi ned fl uid collections       
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10.10     CT 

 Computed tomography (CT) has become the 
predominant imaging method used to diag-
nose appendicitis in children in the United 
States. 

 The diagnosis of appendicitis with CT is made 
by identifying an abnormal appendix and periap-
pendiceal signs of appendicitis, whereas exclu-
sion of appendicitis is predicated on visualization 
of a normal appendix and the absence of indirect 
signs of appendicitis. 

 Pediatric abdominopelvic CT with nonvisual-
ization of the appendix has a high negative pre-
dictive value (98.7 %) for appendicitis, which 
does not differ signifi cantly from that in cases 
with a partially or even fully visualized normal 
appendix. 

 Helical CT has been shown to be a highly sen-
sitive and specifi c modality for the diagnosis of 
acute appendicitis in children and adults. 

 The reported sensitivities of CT are 90–100 %, 
specifi cities of 91–99 %, accuracies of 94–98 %, 
positive predictive values of 92–98 %, and nega-
tive predictive values of 95–100 % for the diag-
nosis of acute appendicitis (Kim et al.  2015 ). 

 The advantages of CT over US are reduced 
operator dependence, superior contrast sensitiv-
ity, and the capability for viewing the entire range 
of air, soft tissue, fat, and bone attenuation values 
inherent to the abdomen. CT is also more useful 
than US for evaluating complications of acute 
appendicitis, such as phlegmon and abscess. It 
can precisely delineate the location and extent of 
associated fl uid collections including interloop 
abscesses, which facilitates drainage procedures 
(Doria et al.  2006 ). 

 The normal appendix can be identifi ed at CT 
in over three-fourths of children. The appendix 
arises from the posteromedial wall of the cecum, 
approximately 1–2 cm below the ileocecal junc-
tion (Ozturkmen Akay et al.  2007 ). 

a b c

d e

  Fig. 10.15    ( a – e ) US images demonstrates thickened terminal ileum that may be the only fi nding at US for Crohn 
disease presentation       
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 The maximal normal appendiceal diameter is 
variable; although it usually is 7 mm or less, it 
may occasionally be larger. 

 CT features of acute appendicitis include a 
distended appendix greater than 7 mm in maxi-
mal diameter, appendiceal wall thickening and 
enhancement, the presence of appendicolith, cir-
cumferential or focal apical cecal thickening, 
pericecal fat stranding, adjacent bowel wall 
thickening, free peritoneal fl uid, mesenteric 
lymphadenopathy, intraperitoneal phlegmon, or 
abscess (Figs.  10.16  and  10.17 ).

    The only CT fi ndings specifi c for appendicitis 
are an enlarged appendix and cecal apical 
changes, which represent contiguous spread of 
the infl ammatory process to the cecum. 

 Identifi cation of an appendicolith in an indi-
vidual with acute right lower quadrant pain is 
also considered highly suggestive of acute 
appendicitis. 

 The principal advantages of CT include less 
operator dependency than US and enhanced 
delineation of disease extent in perforated appen-
dicitis. Furthermore CT is particularly valuable 
in obese patients, since they are typically diffi cult 
to evaluate with US (Wan et al.  2009 ). 

 The most popular and conservative approach 
is to perform helical CT scanning of the entire 
abdomen and pelvis with intravenous contrast 

material, since contrast-enhanced CT is essential 
in the diagnosis and staging of numerous infl am-
matory diseases that may cause acute abdominal 
pain and may simulate appendicitis. 

 When seen, the normal appendix appears as a 
tubular or ringlike pericecal structure that is 
either totally collapsed or partially fi lled with 
fl uid, contrast material, or air. In our experience, 
the normal appendiceal wall measures less than 
1–2 mm in thickness. 

 The periappendiceal fat should appear homo-
geneous, although a thin mesoappendix may be 
present. 

 The CT fi ndings are most subtle in patients with 
mild, nonperforating appendicitis who undergo 
scanning shortly after the onset of symptoms. In 
these patients, the appendix may appear as a mini-
mally distended, fl uid-fi lled, tubular structure 
5–6 mm in diameter surrounded by the homoge-
neous fat attenuation of the normal mesentery. This 
appearance is seen in only the most incipient forms 
of acute appendicitis (Horrow et al.  2003 ). 

 The main CT criteria for the diagnosis of acute 
appendicitis include identifi cation of a thickened 
appendix with a wall diameter greater than 6.0–
7.0 mm, periappendiceal infl ammatory changes, 
and a calcifi ed appendicolith (Fig.  10.18 ). 
Circumferential and symmetric wall thickening is 
nearly always present and is best demonstrated on 

a b c

  Fig. 10.16    CT axial ( a ) and coronal and sagittal recon-
struction ( b – c ) images demonstrate features of acute 
appendicitis: distended appendix greater than 7 mm in 

maximal diameter, appendiceal wall thickening and 
enhancement, pericecal fat stranding, and free peritoneal 
fl uid       
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images obtained with intravenous contrast mate-
rial enhancement. The thickened wall usually is 
homogeneously enhanced, although mural strati-
fi cation in the form of a target sign may be noted.

   Periappendiceal infl ammation is present in 
98 % of patients with acute appendicitis. 

 Perforated appendicitis is usually accompa-
nied by pericecal phlegmon or abscess formation. 
Associated fi ndings include extraluminal air, 
marked ileocecal thickening, localized lymph-
adenopathy, peritonitis, and small-bowel obstruc-
tion (Fig.  10.19 ).

   CT can be used to accurately stage the extent 
of periappendiceal infl ammation and to reliably 
differentiate periappendiceal abscess from phleg-
mon. This distinction is of critical importance to 
the surgeon.  

10.11     US Versus CT 

 There are several fundamental differences 
between CT and US that affect the diagnostic 
accuracy achieved by using each. 

 The sensitivity of US ranges between 44 % 
and 98 %, and its specifi city ranges between 47 % 
and 95 %, whereas the sensitivity and specifi city 
of CT range between 87 % and 100 % and 89 % 
and 99 %, respectively (Shah et al.  2014 ). 

 US is rapid, noninvasive, and inexpensive and 
requires no patient preparation or contrast mate-
rial administration. Because US involves no ion-
izing radiation and excels in the depiction of 
acute gynecologic conditions, it is recommended 
as the initial imaging study in children. 

 Operator dependency is the major disadvan-
tage of US in evaluating for appendicitis. 

 Another important limitation of US is the sen-
sitivity and specifi city for perforated appendicitis. 

 CT is preferred in patients suspected to have 
appendiceal perforation because diagnostic accu-
racy remains high and because CT is particularly 
useful for characterizing periappendiceal infl am-
matory masses. 

 CT was shown to be more accurate in staging 
periappendiceal infl ammation, more useful in 
diagnosing acute abdominal conditions unre-
lated to appendicitis, and more sensitive in 

aa b c
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  Fig. 10.17    ( a – c ) CT, axial scans and ( d – e ) coronal and sagittal reconstructions show a fl uid-fi lled appendicitis, with 
thickened wall and periappendiceal infl ammatory changes. CT demonstrates the real extent of periappendiceal infl am-
mation and the presence of periappendiceal abscess       
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demonstrating a normal appendix and in exclud-
ing acute appendicitis from the differential 
diagnosis. 

 Analysis of the data for CT and US revealed 
similar specifi cities (89 % vs 91 %, respec-

tively) and positive predictive values (96 % vs 
95 %, respectively); however, CT demonstrated 
higher sensitivity (96 % vs 76 %), accuracy 
(94 % vs 83 %), and negative predictive value 
(95 % vs 76 %). 

a b

c d

  Fig. 10.18    ( a – b ) CT, axial scans and ( c – d ) coronal and sag-
ittan reconstructions: acute appendicitis. The fi gures show a 
thickened appendix with a wall diameter greater than 6.0–
7.0 mm, periappendiceal infl ammatory changes, and a calci-
fi ed appendicolith in an individual with acute right lower 

quadrant pain. This condition is considered highly suggestive 
of acute appendicitis. Perforated appendicitis is usually 
accompanied by pericecal phlegmon or abscess formation, 
extraluminal air, marked ileocecal thickening, localized 
lymphadenopathy, peritonitis, and small-bowel obstruction       
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 US is able to differentiate many pathologic 
processes in the female pelvis that may cause 
pain. Because the symptoms in such patients and 
the symptoms of girls with appendicitis often 
overlap and radiation exposure may be avoided 
with US, US is clearly the imaging modality of 
choice in the adolescent female with right lower 
quadrant or pelvic pain. 

 US has limitations in large or obese patients in 
the presence of abundant bowel gas and in anom-
alous appendiceal location. These are not limita-
tions with CT (Yiğiter et al.  2011 ). 

 Another limitation of US is the inability to see 
the appendix in most patients when it is normal 
and the inability to see the entirety of the normal 
appendix. 

 Conversely CT may require sedation or gen-
eral anesthesia, and the use of intravenous con-
trast material is not without complications, such 
as contrast material extravasation, anaphylactoid 
reactions, and contrast material-induced 
nephropathy. 

 The overriding disadvantage of CT, however, 
is the dependence of CT on ionizing radiation. 
The approximate dose to a child for single-phase 
CT of the abdomen and pelvis performed with 
appropriate, age-adjusted CT parameters is 
5 mSv. Although this dose is small, it is not neg-
ligible. Younger patients, including young adults, 
are more radiosensitive (Bachur et al.  2015 ). 

 US can help us to use CT more effectively and 
in the practice the US examination must precede 
the use of CT. 

 Whenever the diagnosis can be defi nitively 
made at US, CT is avoided, as the patient can 
undergo surgery directly. Whenever an alterna-
tive diagnosis is made at US, CT is avoided. 

 In conclusion, a staged US and CT imaging 
protocol in which US is performed fi rst for sus-
pected acute appendicitis in children is highly 
accurate and offers the opportunity to substan-
tially reduce radiation. A defi nitive US result, 
either positive or negative, is suffi ciently accurate 
to guide therapy without performing subsequent 
CT. 

 Patients with right lower quadrant pain and an 
equivocal clinical diagnosis should be triaged to 
imaging examination, with US as the primary 
imaging modality in patients who are suspected 
of having gynecologic abnormalities. US may be 
used fi rst in patients who are suspected of having 
appendicitis, but a US examination with negative 
fi ndings should not lead to a dismissal of the 
diagnosis. 

 CT scans should be used judiciously, by using 
scanning parameters that are appropriate for 
patient size, and should be optimized for diagno-
sis with a single pass; additional passes are addi-
tional examinations, which are typically 
unnecessary (Srinivasan et al.  2015 ; Miele et al. 
 2006 ; Miele and Di Giampietro  2014 ).  

10.12     RM 

 Children are particularly at risk for the adverse 
effects of ionizing radiation, and even low-dose 
radiation is associated with a small but signifi cant 
increase in lifetime risk of fatal cancer. 

 Magnetic resonance (MR) imaging can be 
used to evaluate for abdominal disease without 
the use of ionizing radiation. In most emergency 
departments, however, the use of MR imaging as 
a primary modality for the evaluation of a child 

a b c

  Fig. 10.19    ( a – c ) CT axial, same patient: evidence of small-bowel obstruction and peritonitis       
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with abdominal pain is still impractical due to its 
high cost, its limited availability, and the frequent 
need for sedation to obtain diagnostic-quality 
images in young children (Ditkofsky et al.  2014 ). 

 Ultrasonography (US) remains the standard 
imaging technique to investigate acute 
appendicitis. 

 MR imaging may be used as a complementary 
examination when US is inconclusive or when it 
is important to avoid exposure to CT radiation or 
contrast material in children with signs and 
symptoms of appendicitis (Aspelund et al.  2014 ; 
Herliczek et al.  2013 ). 

 Magnetic resonance (MR) imaging has been 
proposed as an alternative to CT for imaging sus-
pected acute appendicitis. Like US, MR imaging 
does not expose patients to ionizing radiation. 
Unlike US, it is readily available at many adult 
facilities due to the need for 24-h-a-day stroke 
imaging and is less operator dependent. 

 MR imaging without contrast material dem-
onstrates high diagnostic performance for sus-
pected pediatric appendicitis with sensitivity of 
93.3 %, specifi city of 98 %, positive predictive 
value of 96.5 %, and negative predictive value of 
96.2 % (Orth et al.  2014 ). 

 MR imaging must be conducted with an 
equipment from 1.5-T imager and a surface 
phased-array coil. 

 Four sequences were performed: axial 
T1-weighted fast SE, axial T2-weighted fast SE, 
axial T2-weighted fat-saturated fast SE, and cor-
onal T2-weighted fast SE. 

 The sequences were acquired at a 4-mm sec-
tion thickness without intersection gaps. 

 All images were obtained with the patient free 
breathing. 

 The coronal T2-weighted sequence was per-
formed to identify the position of the cecum. 
Axial sections were defi ned according to the 
position of the cecum in each subject. The cranial 
section was at least 10 cm above the cecum and 
extended to the most caudal point of the pubic 
symphysis. 

 The axial T2-weighted fast SE sequence was 
the most useful in the detection of the normal 
appendix, with the appendix being detected in 
48 % of cases, as compared with lower detection 
rates for axial T1-weighted (15 %), axial 
T2-weighted fat-saturated (10 %), and coronal 
T2-weighted (10 %) fast SE sequences. 

 The internal appendiceal contents were hyper-
intense on the T2-weighted images (Fig.  10.20 ). 
On the T1-weighted images, the internal contents 
were hypointense.

   The appendiceal walls were isointense on T1- 
and T2-weighted images (Chang et al.  2016 ). 

 Each examination lasted 7 min for the four 
sequences. The total examination time was 
20 min and included intervals between sequences, 
stops during acquisition, subject’s entry into the 
room, positioning, and exit. All examinations 
were performed without intravenous contrast 
material (Rosines et al.  2014 ). 

 The criterion to defi ne the normal appendix 
was the visualization of a blind-ended tubular 

a

c

b

  Fig. 10.20    MRI, ( a ) axial T2- weighted fat sarutated fast SE and (  b ) axial T2 weighted fast SE demonstrate the inter-
nal appendiceal contents hyperintense on the T2-weighted images       
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structure that extended from the cecum and had a 
transverse diameter less than or equal to 6 mm 
(Swenson et al.  2016 ). 

 This criterion is the same one used for the 
detection of the normal appendix at CT and US. 

 The detection of the appendix was positive 
when it was visualized with at least one MR 
sequence (Figs.  10.21  and  10.22 ).

    One of the greatest limitations of US is the 
detection of retrocecal appendices. 

a b c

d e f

  Fig. 10.21    ( a – f ) MRI with gadolinium: the appendiceal 
walls were hyperintense on T1-weighted images. The nor-
mal appendix was the visualization of a blinded tubular 
structure that extended from the cecum and had a trans-

verse diameter less than or equal to 6 mm. MRI images 
show distended appendix greater than 7 mm in maximal 
diameter, appendiceal wall thickening and enhancement, 
and free peritoneal fl uid       

a b c

d e f

  Fig. 10.22    ( a – f ) MRI with gadolinium: the appendiceal 
walls were isointense on T2-weighted images. The normal 
appendix was the visualization of a blinded tubular struc-
ture that extended from the cecum and had a transverse 

diameter less than or equal to 6 mm: MRI images show 
distended appendix greater than 7 mm in maximal diam-
eter, appendiceal wall thickening and enhancement, and 
free peritoneal fl uid       
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 With the use of MR imaging, however, appen-
dices in this position were easily detected, particu-
larly because of the fat between the posterior wall 
of the cecum and the posterior abdominal wall. 

 MR imaging examinations in children and 
adolescents were easily performed. 

 However MR imaging is expensive, and seda-
tion is necessary to examine some pediatric 
patients. Therefore, MR imaging should be used 
only in cases in which US studies are not diag-
nostic: when it is available, MRI is preferable to 
CT as a second-level investigation, avoiding the 
use of radiation and contrast media. Nonenhanced 
MR imaging is highly accurate for the diagnosis 
of pediatric appendicitis, with test performance 
characteristics similar to those of US. 

 Nonenhanced MR imaging demonstrates high 
diagnostic performance similar to that of US for 
suspected pediatric appendicitis. 

 In conclusion, graded-compression ultraso-
nography (US) of the right lower quadrant is a 
valuable imaging modality for appendicitis, with 
sensitivities ranging from 75 % to 90 %, although 
such complications are often better delineated 
with CT or MRI (Epifanio et al.  2016 ). 

 Then, the second-level investigations can 
therefore be used in the follow-up of complica-
tions (e.g., abscesses) or when the clinical and 
laboratory tests are discordant.     
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      Meckel’s Diverticulum                     

     Maria     Elena     Latini     ,     Sara     Riccioni    , 
    Maria     Napoletano    ,     Nicola     Recchia    , 
and     Michele     Scialpi   

11.1          Epidemiology 

 Meckel’s diverticulum is the most common con-
genital anomaly of the gastrointestinal tract, occur-
ring in 2–3 % of the population, with equal 
frequency in both sexes. Described for the fi rst time 
by Wilhelm Fabricius Hildanus in 1598, it is named 
after Johann Friedrich Meckel, the German anato-
mist who explained its embryological origin in 
1809. Its clinical importance depends on the high 
frequency of related complications, as infl amma-
tion, hemorrhage, and bowel obstruction. The risk 
of complications ranges from 4 % to 40 % in sev-
eral studies, three times more common in male 
patients. Complications may occur at all ages, but 
they are more frequent in children than adults, with 
major incidence in the fi rst decade (more than 50 % 
in the fi rst 2 years), decreasing during lifetime.  

11.2     Etiopathology 

 Meckel’s diverticulum is the main abnormality 
among a group of anomalies which derives from 
an incomplete obliteration of the omphalomesen-
teric (vitelline) duct. 

 Before the fi fth week of embryogenesis, the 
omphalomesenteric duct represents the commu-
nication between the yolk sac and the develop-
ing midgut, through which the vitelline vessels 
provide fetal nutrition. Subsequently, the 
omphalomesenteric duct merges with the allan-
tois to produce the umbilical cord. Between the 
fi fth and the seventh week of gestation, the 
omphalomesenteric duct becomes completely 
obliterated along its entire course and turns into 
a thin fi brous band, which is eventually absorbed 
afterward. 

 If the duct fails to fully atrophy, different types 
of anomalies appear, according to the time and 
the way of failed obliteration (Fig.  11.1 ): (1) 
 umbilicoileal fi stula , when the duct remains com-
pletely patent (Fig.  11.2 ); (2)  omphalomesenteric 
duct sinus , if the distal (umbilical) end of the duct 
fails to regress and forms a sinus tract, which 
extends for a variable length (Fig.  11.3 ); (3) 
 omphalomesenteric duct cyst , when only the cen-
tral portion of the duct is patent, while the umbili-
cal and intestinal ends close; (4)  fi brous 
connection of the ileum to the umbilicus , if the 
duct becomes atrophic but not obliterated and 
absorbed; and (5)  Meckel ’ s diverticulum , the 
most common of all (98 %), when only the 
 proximal (intestinal) end of the duct fails to oblit-
erate and remains patent.

     Meckel’s diverticulum is a true diverticulum, 
containing all layers of the ileal wall. In 90 % of 
cases, it is localized in the ileum in a tract 
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40–100 cm proximal to the ileocecal valve, aris-
ing from its antimesenteric border, although case 
reports have also described a mesenteric location. 
Its length ranges from 1 to 10 cm, with a diameter 
up to 3 cm. Rare cases of diverticula larger than 

the ileal loops have been reported (giant Meckel’s 
diverticula). 

 The tip of the diverticulum is free in 75 % of 
cases, while it is connected to the anterior abdom-
inal wall or to the mesentery through fi brous 

a b c

d e

  Fig. 11.1    Different types of anomalies from the incom-
plete obliteration of the omphalomesenteric duct: ( a ) 
umbilicoileal fi stula, ( b ) omphalomesenteric duct sinus, 

( c ) omphalomesenteric duct cyst, ( d ) fi brous connection 
of the ileum to the umbilicus, and ( e ) Meckel’s 
diverticulum       

  Fig. 11.2    Umbilicoileal fi stula in a 1-month-old child 
presenting with fecal drainage from the umbilicus       

  Fig. 11.3    Omphalomesenteric duct sinus in a 2-month- 
old child came to clinical attention because of mucus dis-
charge from the umbilicus       
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bands in the remaining cases. The vitelline liga-
ment is a cordlike structure which joins the diver-
ticulum to the umbilical region. 

 The diverticulum is usually supplied by the 
omphalomesenteric artery, a remnant of the vitel-
line artery, which arises from an ileal branch of 
the superior mesenteric artery, running within a 
different fold of the small bowel mesentery, thus 
creating a support for the diverticulum or along 
the surface of the diverticulum itself. 

 Meckel’s diverticulum is typically lined by 
ileal mucosa, but heterotopic mucosa is often 
found: gastric mucosa is the most common (62 % 
of cases), followed by pancreatic tissue (6 %), 
both gastric mucosa and pancreatic tissue (5 %), 
jejunal mucosa (2 %), Brunner’s glands (2 %), 
and combined gastric and duodenal mucosa 
(2 %). In rare cases colonic, rectal, endometrial, 
or hepatobiliary tissues have been found.  

11.3     Clinical Presentation 

 Most Meckel’s diverticula are asymptomatic and 
incidentally found during autopsy, surgery, or 
barium studies. Symptoms are typically related 
to the onset of complications, which are reported 
to occur in 4–40 % of patients. In a retrospective 
study, it has been demonstrated that the lifetime 
risk of developing complications of a Meckel’s 
diverticulum decreases with age: 4 % up to the 
age of 20 years, 2 % up to the age of 40 years, and 
zero in the elderly population. 

  Hemorrhage  is the most common complica-
tion in the pediatric population (20–30 %). It is 
due to peptic ulceration from ectopic gastric 
mucosa within the diverticulum. Bleeding may 
be acute and massive, resulting in a shock- 
producing hemorrhage, or chronic and occult, 
causing weakness and anemia. Children com-
plain of passing bright red blood in the stools, 
usually without abdominal pain or tenderness. 

  Intestinal obstruction  is the second most com-
mon complication (20–25 %), the most recurrent 
in adult patients. Various mechanisms are involved 
in its genesis: intussusception and volvulus are 
the most frequent. If Meckel’s diverticulum gets 
invaginated into the ileum like an inverted fi nger 

glove, it may form the lead point of an ileoileal or 
ileocolic intussusception. Volvulus occurs 
because of the torsion of a loop of bowel around 
fi brous bands connecting the diverticulum to the 
abdominal wall or mesodiverticular bands. Other 
causes of intestinal obstruction in Meckel’s diver-
ticulum include luminal blockage from foreign 
bodies (enteroliths, fecaliths); Littré hernia, which 
represents the entrapment of the diverticulum in a 
hernia (50 % of cases in the inguinal region); and 
tumors originating in the diverticulum. 

  Diverticulitis  occurs in 10–20 % of symptom-
atic patients. It may mimic symptoms of acute 
appendicitis: intermittent crampy abdominal pain 
and tenderness in the periumbilical area, some-
times associated with fever and vomiting. A per-
sistent pain around the umbilicus delaying in 
moving to the right iliac fossa as well as a normal 
appendix found at laparotomy for presumptive 
appendicitis should always raise the suspicion of 
Meckel’s diverticulitis. Like appendicitis, 
Meckel’s diverticulitis may lead to perforation 
and peritonitis (Chohan et al.  2010 ). 

  Neoplasms  arising in Meckel’s diverticulum 
have been reported in 3–5 % of cases. Leiomyoma 
is the most common type, followed by leiomyo-
sarcoma, carcinoid tumor, and fi broma. Rare 
cases of adenocarcinomas originating from ecto-
pic gastric mucosa have been described. 

 Intestinal obstruction is the most common 
complication in newborns. A rectal bleeding or 
an abdominal appendicitis-like pain is usually the 
fi rst symptomatic manifestations in older chil-
dren, while adults may incur bowel obstruction 
or carcinoid syndrome.  

11.4     Imaging Diagnosis 

 Preoperative diagnosis of Meckel’s diverticulum 
may be diffi cult. A study by Yamaguchi et al. 
demonstrated that only 6 % of diverticula have a 
presurgical diagnosis. 

 The radiological diagnosis of Meckel’s diverticu-
lum is greatly signifi cant in those patients presenting 
with clinical sign and symptoms of its complications 
(Levy and Hobbs  2004 ; Rossi et al.  1996 ; Parigi 
 2005 ; Di Giacomo et al.  2015 ; Elsayes et al.  2007 ). 
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  Plain Abdominal Radiographs . They may 
reveal nonspecifi c signs of intestinal obstruction, 
as air-fl uid levels eventually associated with 
enteroliths within the diverticulum (Fig.  11.4 ).

    Barium Studies  (small bowel follow-through, 
enteroclysis, enema). They may make virtually 
certain diagnosis by showing the presence of a 
saccular, blind-ending pouch on the antimesen-
teric border of the ileum, with a triradiate fold 
pattern (when loops are collapsed) or a mucosal 
triangular plateau (when loops are distended) at 
the junction of the diverticulum with the ileum, 
which represents the site of omphalomesenteric 
duct attachment to the small bowel (Fig.  11.5 ). 

Enteroliths and fecaliths may appear as defects of 
opacifi cation.

   Solitary diverticulum of the ileum, communi-
cating enteric duplications, and cavitating malig-
nant masses of the small bowel should be 
considered in the differential diagnosis. An 
inverted Meckel’s diverticulum defi nes a tubular 
defect of opacifi cation, resembling an intestinal 
polyp. False-negative studies may be related to 
small-mouthed diverticula, stenosis of the ostium, 
blood clots within the pouch, and rapid emptying 
due to peristaltic activity. 

  Ultrasonography . It is usually a fi rst-line 
method in the diagnosis of Meckel’s diverticulum 
nowadays, but of little use in uncomplicated 
cases. Ultrasonography may show a blind-ending 
peristaltic tubular structure connected to the 
small bowel. When obstructed, the diverticulum 
appears overdistended and fl uid fi lled. 

 In case of diverticulitis (Fig.  11.6 ), ultraso-
nography may fi nd a round or tubular, cyst-like, 
noncompressible, aperistaltic formation, with a 
thick irregular hyperechoic internal wall and a 
hypoechoic external wall (“gut signature”). 
Internal echoes may be related to the intraluminal 
presence of enteroliths, fecaliths, or infl amma-
tory debris. Color Doppler sonographic fi ndings 
of infl ammation include bowel wall hyperemia, 
compared with a normal adjacent intestinal loop, 
and the presence of a large-caliber artery supply-
ing blood to the diverticulum, while an avascular 
wall most often characterizes an intestinal isch-
emia (Baldisserotto  2004 ). A variable amount of 
free fl uid may be found in the peritoneal cavity. 

  Fig. 11.4    The erect abdominal radiography demonstrates 
multiple air-fl uid levels in the hypogastrium and right iliac 
fossa       

a b

  Fig. 11.5    ( a ) Triradiate fold pattern with collapsed loops; ( b ) mucosal triangular plateau with distended loops       
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When a hyperechoic layer surrounds the diver-
ticulum, perforation should be suspected.

   An intussuscepted Meckel’s diverticulum may 
appear as a “double target sign”: a target-like 
mass with a central area of hyperechogenicity 
from the core of mesenteric fat, due to a twofold 
intussusception, i.e., the diverticulum into the 
ileum and the ileum into the colon (Fig.  11.7 ).

    Computed Tomography . It is of limited diag-
nostic value in uncomplicated cases, because the 
diverticulum may resemble a normal bowel loop 
(Fig.  11.8 ). Furthermore, because the CT scan 
exposes children to the risk of contrast and radia-
tion, it should not be used as the fi rst diagnostic 
test.

   If a strong suspicion of volvulus exists, 
together with the fi nding of a blind-ending diver-
ticular sac communicating with the small bowel 
at the level of obstruction, the detection of the 
vitelline ligament or mesodiverticular bands, 
however diffi cult it is, signifi cantly increases the 
degree of diagnostic confi dence. Other fi ndings 
to consider are abrupt change in caliber between 
the proximal dilated bowel loops and the col-
lapsed distal ones and stretched whirling vessels 
converging toward the volvulated loops. The 
diverticulum may contain fl uid, air, enteroliths/
fecaliths, or fecal matter. 

 Intussuscepted Meckel’s diverticulum may 
appear as an abnormal multilayered target-like 
image, with a diameter larger than the normal 
bowel, although the direct visualization of the 
diverticulum as the lead point is often diffi cult. 

 Ischemic sufferance of the intestine is indi-
cated by thickened and increased attenuation of 
the bowel wall, “halo sign”, pneumatosis intesti-
nalis, portal venous gas, localized fl uid, or hem-
orrhage in the mesentery. 

 Thickened and hyperenhanced wall, with 
inner and outer high-attenuation layers and an 
intervening low-attenuation one, adjacent mesen-
teric fat stranding, and fl uid collections are indic-
ative of infl ammation. 

 Diverticular bleeding is suggested by leakage 
of contrast within the diverticulum. 

  Magnetic Resonance . It is a radiation-free 
nonroutine method for the diagnosis of Meckel’s 
diverticulum (Fig.  11.9 ).

   Bleeding from Meckel’s diverticulum may be 
detected at magnetic resonance as a cyst-like 
structure with a teardrop shape and high-intensity 
signal on non-enhanced T1-weighted images in 
the right iliac fossa (Epifanio et al.  2015 ; Zhou 
et al.  2013 ). 

 In case of inverted Meckel’s diverticulum as a 
lead point for intussusception, a hypointense 
loop-in-loop lesion in the ileum appears on T1- 
and T2-weighted images, without contrast 
enhancement (Dujardin et al.  2002 ). 

  Nuclear Medicine . Scintigraphy with  99m Tc- 
pertechnetate (also referred to as “Meckel scan”) 
is historically the modality of choice for evaluat-
ing pediatric patients with gastrointestinal bleed-
ing and suspected Meckel’s diverticulum. 
 99m Tc-pertechnetate is preferentially accumulated 
and secreted by the mucus cells of gastric mucosa 

a b

  Fig. 11.6    The transverse ( a ) and longitudinal ( b ) ultraso-
nographic views show a Meckel’s diverticulitis with  gut 
signature  appearance: a thick irregular hyperechoic inter-

nal wall (mucosa and submucosa) and a hypoechoic exter-
nal wall (muscularis propria)       
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a b

c d

  Fig. 11.7    Ultrasonographic features of inverted Meckel’s 
diverticulum with ileocolic intussusception. ( a ) The trans-
verse view shows the  double target sign : alternating con-
centric layers of high and low echogenicity with an 
additional central area of hyperechogenicity, composed of 
mesenteric fat (*) and small mesenteric lymph nodes 

( arrow ). ( b ) The longitudinal view of the same area shows 
invaginated mesenteric fat (*) within the colon (intussus-
cipiens). ( c ) The adjacent mesentery appears thickened 
and edematous, with reactive lymph nodes. ( d ) A moder-
ate amount of pelvic free fl uid is found       

ba

  Fig. 11.8    A contrast-fi lled Meckel’s diverticulum ( white arrows ) incidentally found on a CT scan in a 50-year-old 
woman, who was given positive oral contrast. Axial ( a ) and sagittal ( b ) view       
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and ectopic gastric epithelium in the diverticu-
lum. Within 30 min after intravenous injection of 
the radioisotope, a Meckel’s diverticulum con-
taining at least 1.8 cm 2  of ectopic gastric tissue 
appears as a focal area of increased uptake in the 
right lower quadrant. 

 In the pediatric population, scintigraphy has a 
sensitivity of 85 % and a specifi city of 95 %, 
which become 63 % and 2 % in adults, respec-
tively, because the prevalence of heterotopic gas-
tric mucosa decreases in patients older than 
30 years. The sensitivity may be increased using 
an H2 antagonist, pentagastrin, or glucagon. 
False-positive results may be related to gastric 
duplication, islets of ectopic gastric mucosa in 
the small bowel outside of the diverticulum, and 
all conditions of intestinal hyperemia. 

 Active or recurrent bleeding may be detected 
by using  99m Tc-sulfur colloid or  99m Tc-labeled red 
blood cells, but neither technique is specifi c. 

  Angiography . Superior mesenteric angiogra-
phy may be useful to localize the site of acute 
bleeding to a Meckel’s diverticulum, undetected 
at scintigraphy, but it requires a 0.5–1 ml/min 
blood loss to be effective. Discovery of the 
omphalomesenteric artery supplying the diver-
ticulum and extravasation of contrast during the 
active phase of bleeding make diagnosis. 
Angiographic procedure may be therapeutic also, 
stopping bleeding through the selective emboli-
zation of the anomalous blood vessel. 

 In emergency Meckel’s diverticulum may 
mostly appear as infl ammatory complication or 
intussusception. In both cases it represents a 
diagnostic and therapeutic challenge, because of 
the lack of pathognomonic imaging signs. 
Ultrasonography remains, however, the fi rst-level 
diagnostic method in pediatric patients who com-
plain of an abdominal pain typically localized in 
the periumbilical region.     

a

c

b

  Fig. 11.9    In a 4-year-old child, the magnetic resonance 
demonstrates a tubular structure ( white arrows ) connected 
to the small bowel, which appears hypointense on 

T1-weighted ( a ) and hyperintense on T2-weighted images 
( b ), with parietal contrast enhancement ( c )       
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12.1          Anatomy 

 The adrenal (suprarenal) glands are paired organs 
and belong to the endocrine system; they are 
enclosed in the perirenal fascia in the retroperito-
neal space and lie superior and anteromedial to 
the upper pole of the kidneys, at the side of the 
spine (Fig.  12.1 ). The right adrenal gland posteri-
orly lies on the right crus of the diaphragm, which 
separates it from the 12th thoracic vertebra and 
the initial part of the corresponding cost; medi-
ally and anteriorly it is related to the inferior vena 
cava and on the anterolateral side to the right lobe 
of the liver (bare area).

   The left adrenal gland posteriorly lies on the 
left crus of the diaphragm which separates it from 
the 12th thoracic vertebra and the fi rst lumbar 
vertebra. Its anterior surface is covered by the 
peritoneum, and anteriorly it is related to the pos-
terior surface of the stomach to the pancreas and 
the spleen. The medial border of the left adrenal 
gland is related to the aorta (Westra et al.  1994 ; 
Miele et al.  1994 ). 

 Both glands are roughly pyramidal in shape 
and have a body and two limbs, medial and lat-
eral. In particular, the right adrenal gland appears 
as a V shape or comma shape, and the left adrenal 
gland appears as a triangular or Y shape (Rahman 
et al.  1997 ) (Fig.  12.2 ). The size and weight are 
variable according to age, sex, and physiological 
conditions. Proportionately, the adrenal size is 
larger in newborn and infants than in adult, being 
almost one-third of the size of the kidney in the 
fourth month of pregnancy and during the fol-
lowing months of fetal life, and then until the fi rst 
year of life, this gland tends to shrink in size, 
mainly at the expense of the medulla. The adrenal 
glands in the newborn have a very large size and 
are about one-third the size of the kidney. After 
birth the dimensions decrease in time; the right 
adrenal body should measure ≤8 mm and limbs 
5–9; the left adrenal gland body should measure 
≤10 mm and limbs 5–9 mm.

   Some anatomical variants have to be kept into 
consideration: horseshoe adrenal gland, pancake 
adrenal gland, and adrenal gland hyperplasia, 
hypoplasia, or agenesis, and accessory adrenal 
nest soften near adrenal glands but may be found 
anywhere in the abdomen, pelvis, or scrotum. 

 The adrenal gland is surrounded by a fi brous 
capsule and has a thick outer cortex and a thin 
inner medulla. These glands are responsible for 
the release of hormones that regulate the immune 
system function, the metabolism, and the salt- 
water balance in the bloodstream; they also 
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 contribute in the body’s response to stress. The 
medullar zone is responsible for the production 
of catecholamines (adrenaline, noradrenaline) as 
well as dopamine.  

12.2     Ultrasound (US) 

 Unlike what happens in adult patients where the 
adrenal gland is diffi cult to see by ultrasound, 
this technique is the best approach in pediatric 
patients (Westra et al.  1994 ). Ultrasound study, in 
fact, is able to easily assess the organs of the 
abdominal cavity in a short time, it can be easily 
repeatable, and it is not painful and does not 
expose the patient to radiation (Kawashima et al. 
 1999 ). The study in newborn is performed with a 

high-frequency linear probe adapted to the size of 
the baby (from 10 to 7.5 MHz); in pediatric 
patients convex probe (3.5 MHz) could be used to 
complete the exam. The gland is evaluated with 
anterior transverse scanning. While neonatal 
adrenal glands are always visible, in older chil-
dren the adrenal glands are not always visible to 
the physical constitution. 

 Left adrenal gland is more diffi cult to visual-
ize than the right because it is often posterior to 
the stomach and is obscured by gas; this can be 
overcome by intercostal scanning with the left 
side of the patient up. 

 At ultrasound exam the corticomedullary dif-
ferentiation is easy to see: in fact the cortex has 
lower echogenicity than medulla, and this differ-
entiation varies over the time. In healthy newborn 

  Fig. 12.1    Adrenal gland anatomy. (Thanks to Edoardo Saperi for the drawing)       

a b

  Fig. 12.2    Sonographic aspects of normal adrenal glands in newborn. ( a ) Right adrenal gland, V shape. ( b ) Left adrenal 
gland, Y shape       
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the cortex is also prominent; it is due to the pres-
ence of a transient fetal cortical zone that is pos-
sible to visualize at the perimeter of the gland as 
a thin echogenic line performing the exam with 
high-resolution probe (Fig.  12.3 ) (Westra et al. 
 1994 ).

12.3        Computed Tomography 
(CT)/Magnetic Resonance 
Imaging (MRI) 

 In cases in which a second level evaluation is 
required, especially in pediatric patients, MRI is 
preferred to CT that uses ionizing radiation 
(Miele and Di Giampietro  2014 ); the lack of ret-
roperitoneal fat in new born may make diffi cult 
the assessment of the adrenal gland. Sedation 
often can be necessary in younger patient for 
both procedures. 

 Both the exams detect the gland, the shape, 
the presence, and the kind of a mass and are more 
accurate than ultrasonography in the evaluation 
of the extension of the tumor (Westra et al.  1994 ). 

 On CT exam the adrenal glands enhance after 
contrast administration to approximately 50–60 
HU. Hyperenhancement of the adrenal gland is 
concerning for hypovolemic shock.  

12.4     Related Pathology 
and Clinical Presentation 

12.4.1     Adrenal Hemorrhage 

 Neonatal adrenal gland hemorrhage is not 
uncommon (1.7 per 1,000 births); it has been 
described for the fi rst time by Spencer in 1892 in 
alive infants [2 Rahman, 12 Gyurkovitz]. The eti-
ology remains unclear; hypoxia antenatal, labor- 
induced or a diffi cult delivery, prematurity, 
macrosomic neonates, and coagulation disorders 
are often reported in obstetrical history (Westra 
et al.  1994 ; Miele et al.  1994 ; Rahman et al. 
 1997 ). The same causes are also frequently asso-
ciated with neonatal renal vein thrombosis; for 
this reason we can fi nd the adrenal hemorrhage 
and renal vein thrombosis in the same patient 
(Westra et al.  1994 ; Miele et al.  1994 ; Lau et al. 
 2007 ). Adrenal hemorrhage has been observed 
during the prenatal life in utero generally occur-
ring around birth (Schrauder et al.  2008 ; 
Gyurkovitz et al.  2015 ). 

 Its signifi cant vascularization provides from 
the inferior phrenic artery, abdominal aorta, and 
renal artery, and the large size of adrenal gland, 
about 20 times the relative size in the adult, leads 
to hemorrhage (Miele et al.  1994 ). 

 The hemorrhage can be bilateral in 5–10 % of 
cases (Gyurkovitz et al.  2015 ) but is more fre-
quent in the involvement of the right adrenal 
gland; this is due to its anatomical position 
between the liver and the spine that cause its sus-
ceptibility to the compression. Even the direct 
drainage of the right adrenal vein into the inferior 
vena cava makes the right adrenal gland more 
susceptible to rapidly increasing venous pressure 
compared to the left adrenal gland where the 
adrenal veins are directly connected to the renal 
vein (Kuhn et al.  1971 ). 

 Clinical assessment could show an abdominal 
mass in the upper left or right abdominal side. 
Symptoms depend on the severity of the hemor-
rhage and include jaundice, anemia, and if the 
capsule breaks up to the shock associated with 
severe blood loss especially when the blood pass 
from the retroperitoneal space to the peritoneal 

  Fig. 12.3    In a 10-day-old female, ultrasound shows the 
normal aspect of the adrenal gland with the typical corti-
comedullary differentiation due to the cortex that is lower 
echogenicity than medulla       
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space (Singh et al.  2016 ; Alabsi and Layland 
 2015 ; Fadil et al.  2014 ; Mutlu et al.  2011 ; Demirel 
et al.  2011 ; Abdu et al.  2009 ). 

 In some cases the hematoma drains along the 
retroperitoneal space and emerges in the groin, 
manifesting itself as scrotal hematoma 
(Fig.  12.4 ) (Adorisio et al.  2007 ; Avolio et al. 
 2002 ; Miele et al.  1997 ,  2000 ). Instead if the 
hemorrhage is contained in retroperitoneal 
space, the inferior vena cava and/or the kidney 
may be obstructed from the mass. Clinically 
whereas a minor bleeding into the adrenal cor-
tex may remain asymptomatic, a severe blood 
loss can be life-threatening, with hypovolemic 
shock (Gyurkovitz et al.  2015 ).

   In the rare case of both glands are involved, 
there will be an acute adrenal failure. Residual 
functioning adrenal tissue in the subcapsular 
region is left in most cases, when more than 90 % 
of each gland is destroyed and the adrenal insuf-
fi ciency is clinically manifested.  

12.4.2     US Findings 

 Normal adrenal gland is easily visualized in the 
newborn by ultrasound and consists of a 
hypoechoic cortex and a thin echogenic medulla. 
The gland is located above the upper pole of the 
kidney and has a triangular shape. 

 Adrenal hemorrhage shows a typical sono-
graphic aspect: the gland will be enlarged 
depending on the amount of bleeding, and its 
echogenicity will change depending on the 
timing at which it is observed (Fig.  12.5 ) 
(Velaphi and Perlman  2001 ). We must empha-
size, however, that the appearance of the hema-
toma is very variable depending on the 
hemorrhagic component; therefore, we can 
have aspects cystic-like or solid-like (Miele 
et al.  1994 ). In some cases the differentiation 
between a suprarenal hemorrhagic mass and a 
solid mass can be diffi cult (Calisti et al.  2012 ). 
In every case, it is necessary to  differentiate an 
adrenal mass from a renal mass; in case of any 

  Fig. 12.4    Clinical presentation of scrotal hematoma due 
to adrenal hemorrhage       

a b

  Fig. 12.5    Adrenal hemorrhage. The hemorrhagic mass shows a complex aspect, fl uid-corpusculated homogeneous at 
onset examination ( a ), very inhomogeneous in the control exam after 14 days ( b )       
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suprarenal mass, the kidney is  displaced inferi-
orly, laterally, and anteriorly. Any right adrenal 
mass displaced anteriorly and medially the 
inferior vena cava.

   At ultrasound exam, the mass will keep the 
original triangular shape of normal gland,  
remains included in the adrenal capsule, and  
depending on the size of the hematoma, it may be 
observed a concave pressure defect on the supe-
rior renal pole. 

 As we previously discussed, because of its 
hemorrhagic component, the pattern of echo-
genicity of the mass changes over time:

•    Early stage: fresh clot following active bleed-
ing appears as echogenic homogeneous or 
inhomogeneous solid mass with dense echoes 

(Figs.  12.6a  and  12.7a ) (Miele et al.  1994 ; 
Rahman et al.  1997 ).

•       Later stage: the liquefaction occurs, and the 
ultrasound exam shows progressive loss of 
echogenicity; the mass decrease in size and 
becomes hypoechoic and can become com-
pletely anechoic “cyst-like” (Figs.  12.6b  and 
 12.7b ). Over time as the size decreases, the 
inner hypoechoic component is reabsorbed 
and the edges of the mass become more echo-
genic; sometimes there could remain few dys-
trophic calcifi cations (Westra et al.  1994 ; 
Miele et al.  1994 ; Rahman et al.  1997 ).  

•   Power or color Doppler examination shows 
the absence of fl ow within the mass, and it is 
possible to see few vessels within the capsule 
“rim-like Doppler pattern.”    

a b

  Fig. 12.6    ( a ) US, early stage: in this large adrenal gland 
hematoma, fresh clot appears as echogenic homogeneous 
solid mass with dense echoes. ( b ) US, later stage: the liq-

uefaction occurs, and the ultrasound exam shows decreas-
ing in size and progressive loss of echogenicity 
“cyst-like”       

a b

  Fig. 12.7    In this case also, a smaller hematoma presents similar aspects. ( a ) In early stage, echogenic homogeneous 
“solid” mass with dense echoes. ( b ) In later stage, progressive loss of echogenicity, with “cyst-like” aspect       
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 The progressive decrease in size of the lesion 
and the changing of the sonographic appearance 
allow the diagnosis of adrenal hemorrhage. In new-
born, the use of high-frequency linear probe allows 
to determinate accurately the size, shape, and echo-
graphic structure of the hemorrhagic mass 
(Fig.  12.8 ). A follow-up examination may reveal a 
suprarenal calcifi cation as early as 1–2 weeks.

   In case of breakage of the adrenal capsule, 
blood fl ows mostly in the retroperitoneal space 
and dissects retroperitoneal fat tissue to reach the 
inguinal canal and to emerge at the scrotal sac, 
causing the hemorrhage of the superfi cial struc-
tures, resulting in a ipsilateral scrotal hematoma, 
which can mimic testicular torsion (see Fig.  12.3 ) 
(Schrauder et al.  2008 ; Adorisio et al.  2007 ; 
Avolio et al.  2002 ; Miele et al.  1997 ). In very rare 

cases, the occurrence of a scrotal hematoma con-
tralateral to the adrenal lesion has also been 
reported (Miele et al.  2000 ). 

 Infrequently the blood can even achieve to 
peritoneal space, and if the peritoneal-vaginal 
duct is open, it can arrive into scrotal sac causing 
hematocele (Fig.  12.9 ) (Miele et al.  1997 ,  2000 ).

   In case of association with renal vein throm-
bosis, the typical aspects of the disease can be 
found: enlargement of the kidney, enlarged renal 
vein with the presence of intraluminal echogenic 
material, and loss of the fl ow signal in the renal 
vein at color Doppler study (Fig.  12.10 ).

   Usually within 3 months of life, the mass has 
completely regressed, and by the 10–12 weeks of 
life, it can be found glandular calcifi cations as the 
result of previous hemorrhage. 

a b

  Fig. 12.8    ( a ) Ultrasound scan with linear probe and with ( b ) convex probe on an infant with an adrenal hemorrhage 
shows the best defi nition of the linear probe compared to the wider panoramic of the convex probe       

a b

  Fig. 12.9    ( a ) Adrenal hemorrhage. The hemorrhagic mass displaces inferiorly the kidney. ( b ) Ipsilateral scrotal hema-
toma, with hematocele       
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 The use of contrast-enhanced ultrasound 
(CEUS), in pediatric patients and especially in 
the newborn, is not routinely performed, but this 
technique could be useful in the differential diag-
nosis with vascularized adrenal mass. Actually 
CEUS is used in nontraumatic emergencies, most 
often in adult patients (Catalano et al.  2004 ; 
Farina et al.  2015 ); its use, even in pediatric 
patients, is much established in the study of focal 
lesions and traumatic emergencies (Pinto et al. 
 2014 ,  2015 ; Sessa et al.  2015 ; Menichini et al. 
 2015 ; Miele et al.  2015 ,  2016a ,  b ,  c ).  

12.4.3     CT Findings 

 Even in the CT examination, we have the same 
morphological aspects as reported in the ultra-
sound fi ndings. In the CT exam, it is easy to see 
the fat tissue surrounding adrenal gland and to 
determine clearly if the mass is renal or adrenal 
in origin. During the CT scan, it is also easier to 
evaluate possible complications such as retroper-
itoneal hemorrhage and thrombosis of renal vein. 

 According to the stage of the hemolysis, the 
attenuation value of an adrenal hematoma 
depends on its age. 

 In the early stage, in non-contrast-enhanced 
CT acute and subacute, hematoma contains areas 
of high attenuation, ranging from 50 to 90 
HU. After the administration of contrast medium, 

the hematoma doesn’t enhance because no ves-
sels are in the mass and will be only a thin capsu-
lar enhance (Kawashima et al.  1999 ) (Fig.  12.11 ). 
The use of CT can be very useful in case of adre-
nal hemorrhage with complex mass aspect, in 
which differential diagnosis with neuroblastoma 
can be diffi cult (Fig.  12.12 ).

    Adrenal hematoma decreases in size and 
attenuation over time. In the later stage, if it is not 
completely resolved, organized chronic hema-
toma can appear as a calcifi ed cystic mass.  

12.4.4     MRI Findings 

 The same concepts previously discussed for CT 
are valid for MRI exam. Even in the MRI exam, 
the hematoma has different stages depending on 
the time: 

 Early stage <7 days: the hematoma typically 
appears isointense or slightly hypointense on 
T1-weighted images and highly hypointense on 
T2-weighted images. 

 Subacute stage, from 7 days to 7 weeks: the 
hematoma appears hyperintense on T1- and 
T2-weighted images (Kawashima et al.  1999 ). 

 Later chronic stage >7 weeks: a hypointense 
rim is present on T1- and T2-weighted images, 
which is due to the presence of a fi brous capsule 
and to hemosiderin deposition (Jordan et al. 
 2012 ). 

a b

  Fig. 12.10    Color Doppler ultrasound. ( a ) Normal right renal vein. ( b ) Left renal vein thrombosis: the absence of color 
signal and the presence of echoes in the vessel       

 

12 Neonatal Adrenal Hemorrhage



188

a b

d e

c

  Fig. 12.11    ( a ) Ultrasound performed with linear high- 
frequency probe shows an inhomogeneous and enlarged 
right adrenal gland within internal echoes and fl uid. ( b ) 
Two weeks later US still shows a fl uid-corpusculated 
mass with thickened walls.  (c ) Axial contrast-enhanced 

CT scan shows a homogenous nonenhanced adrenal mass. 
( d ) Coronal and ( e ) sagittal reconstruction clearly show 
the anatomical relationships between the adrenal hemor-
rhagic mass and the right kidney       

a

d e f g

b c

  Fig. 12.12    Male, 3 days of life. ( a–c ) US shows a 
rounded left fl ank lobulated mass. ( d–g ) Contrast- 
enhanced CT exam, in axial view ( d ), and the 2d ( e ) and 

3d ( f–g ) reconstructions allow to exclude the diagnostic 
hypothesis of neuroblastoma and to confi rm the diagnosis 
of adrenal hemorrhage       
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 In the MRI exam, using balanced fast-fi eld 
echo ( FFE ) sequences, the evaluation of the renal 
vein and of the inferior cava vein is more easy 
than in CT or ultrasound exam; this is important 
for the visualization of an eventual thrombosis 
that can be the cause of the hemorrhage.  

12.4.5     X-Ray Findings 

 A suprarenal mass is rarely viewable on plain 
fi lm. Radiographic evidence on the fi rst day of 
life, of a thin curvilinear shape calcifi cation, dis-
playing typically suprarenal, is suggestive for an 
adrenal gland calcifi cation and confi rms the the-
ory that a substantial number of cases of adrenal 
hemorrhage occur during fetal life, well before 
delivery. 

 A small pleural effusion or lung atelectasis 
can be visualized ipsilateral to the adrenal 
hemorrhage. 

 Even in adult patient, the presence of a calcifi -
cation in the adrenal site has to also think about a 
hemorrhagic event. 

 Many years ago, the way to study adrenal 
hematoma was the excretory urography in which 
the hematoma appears as a relatively lucent 
suprarenal mass and the angiography that rarely 
shows the contour of the hematoma; nowadays 
actually these techniques have been abandoned.   

12.5     Differential Diagnoses 
and Complications 

 The differential diagnosis that we have to con-
sider in case of suprarenal masses should include 
above all neuroblastoma because it is the 
 predominant neonatal malignancy, teratoma, sub-
diaphragmatic extralobar pulmonary sequestra-
tion, vascular thrombosis, congenital adrenal 
cystic lesions, and other causes of abdominal 
emergencies in newborns (Gyurkovitz et al. 
 2015 ; Di Giacomo et al.  2015 ). 

 Neuroblastoma is the most common solid 
extracranial tumor in infants with an incidence 
of approximately 6 out of 1,000 liveborns 
(Schrauder et al.  2008 ) and is the most important 

diagnosis to exclude because the adrenal gland is 
the primary site (Calisti et al.  2012 ; Eo et al. 
 2011 ). It is related with the increase of catechol-
amines and there is no association with jaundice. 
Frequently these infants have hepatic or subcuta-
neous metastases at the time of the diagnosis. 
Clinical evaluation shows in the fl ank a hard 
nodular mass. At the sonographic exam, it can be 
solid, cystic, or mixed pattern (Miele et al.  1994 ) 
(Fig.  12.13 ).

   A signifi cant data is that the neuroblastoma 
distorts adrenal shape, does not reduce its size, 
and does not change progressively its echo-
genicity over time. 

 The power/color Doppler evaluation often 
shows a network of microscopic vessels with 
characteristic high-velocity Doppler shifts inside 
the tumor and stippled calcifi cations (Eo et al. 
 2011 ). 

 However sometimes, the differential diagno-
sis can be diffi cult especially because the neuro-
blastoma can be complicated by hemorrhage or 
can have a cystic aspect (Yao et al.  2013 ; Deeg 
et al.  1998 ; Yamamoto et al.  1998 ; Meersman 
et al.  2008 ). 

 If there are doubts about the nature of the 
mass, it may be useful to complete the evaluation 
with an MRI or CT exam (Fig.  12.14 ).

   Even if in recent years it has been suggested 
that many of the neonatal cases of neuroblas-
toma can regress spontaneously, in case of sus-
pect masses that progress or remain unchanged 
during the fi rst few months, the surgical explora-
tion is requested (Deeg et al.  1998 ; Yamamoto 
et al.  1998 ). 

 A precise description of radiological fi ndings 
is carried out in Chap.   21    . 

 Congenital adrenal hyperplasia is as an 
 autosomal recessive disease ( 1 / 5.000 – 1 / 15.000  
liveborn), characterized by disorders in the bio-
synthesis of steroid hormones due to a mutation 
of one of the fi ve enzymes, produced by adrenal 
cortex, involved in the synthesis process. Most 
frequently, in around 90 % of cases, the disease is 
due to the defi ciency of the 21- hydroxylase. 
Consequently the result will be a reduction of 
glucocorticoid and mineral corticoid hormones 
and an increase of androgens. 
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a b

c d e

  Fig. 12.13    Female, 7 days old, mass in left fl ank. 
Neuroblastoma. ( a–e ) US shows a huge mass arising from 
the limb of left adrenal gland, with solid pattern. Color 

Doppler study ( c ) shows a little vascular signal within the 
mass. ( e ) Note the normal aspect of the right adrenal gland       

a b

  Fig. 12.14    The same patient of Fig.  12.13 . Left adrenal 
gland neuroblastoma. ( a ) Unenhanced and ( b ) contrast- 
enhanced CT scans show a left inhomogeneous adrenal 
mass displacing the kidney. The mass is slightly hyperdense 

in unenhanced CT and has an irregular poor enhancement 
after contrast medium administration. ( c ) Coronal and ( d ) 
sagittal reconstructions clearly depict the relationship 
between the adrenal mass and the left kidney       

 

 

M. Trinci et al.



191

 The diagnosis is clinical; at the ultrasound 
exam, the hyperplasia involved both the adrenal 
glands. 

 The complications are rare: adrenal dysfunc-
tion with Addison syndrome especially if both 
glands are involved, the infection of the hema-
toma with an abscess mass. 

 If after 4 weeks from the presentation of the 
adrenal mass, there is no reduction in size or 
changes in echogenicity, a malignant mass must 
be suspected and valuable supplemental informa-
tion must be obtained by computed tomography 
and magnetic resonance.     
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      Hydrometrocolpos: 
Hematocolpos/Colpo- hematometra                     

     Stefania     Ianniello     ,     Maria     Gabriella     Merola    , 
    Marinella     Nanni    ,     Cinzia     Orazi    ,     Paolo     Schingo    , 
and     Margherita     Trinci   

13.1          Genesis 

 Congenital genital malformations occurring in 
the female population have an incidence of 5 per 
1,000 live births, or 0.5 % (Brucker et al.  2011 ), 
and underlie congenital developmental defects of 
Müllerian derivates. 

 The anomalous embryological development 
of Wolffi an and Müllerian ducts may prejudice 
their canalization (= gynatresias) or their fusing, 
sometimes combined with each other, or more 
rarely, may cause uterovaginal agenesis (<5 %) 
(Hořejší  2012 ). 

 These anomalies are typically associated with 
infertility, abortion, stillbirth, preterm delivery, 
and other organ abnormalities. 

 Moreover, these malformations involving the 
internal genitalia (uterus and vagina) and/or the 
external genitalia are often in combination with 
each other, sometimes as component of a syn-
drome; Mayer-Rokitansky-Kuster, Kaufman- 
McKusick, Fraser, Winter, and congenital 
adrenal hyperplasia syndromes are the known 
examples of such associations (Blask et al. 
 1991 ). 

 According to Maneschi (Maneschi  1994 ), the 
female genital tract malformation obstruction can 
be classifi ed in three categories:

•    Uterine obstructions: Due to horns often equipped 
with rudimentary cavity with functional endome-
trium that, therefore periodically bleeds, but 
which do not communicate with the vagina or the 
normal hemi-uterus, causing hematometra; for 
example, unicornuate uterus by nonunion of 
Mullerian ducts with a rudimentary horn or 
didelphys uterus with two separate uterine cavi-
ties connected to the respective fallopian tube and 
ovary. Other types of uterine obstructions, 
although rather rare, are those that involve the 
cervix, such as atresia and aplasia of the uterine 
cervix, causing hematometra in approximately 
20 % of the cases. More often, in fact, the cervix 
is associated with uterine abnormalities, such as 
bicornuate or septate uterus with cervical 
duplication.  

•   Vaginal obstructions: due to complete agene-
sis of the vagina from the non-fusion or chan-
neling of Mullerian ducts, or to a partial 
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aplasia when the vagina is less than 1 cm, or to 
vaginal transverse imperforate septa.  

•   Mixed obstructions: due to the combination of 
vaginal and uterine obstructive anomalies 
(Martínez-Escoriza et al.  2013 ; Ludwin et al. 
 2013 ).    

 These malformations may result in the obstruc-
tion of the normal menstrual blood fl ow, causing a 
condition known as “cryptomenorrhea.” 

 In fact, a functional endometrium makes 
menstrual fl ow regularly, but at the same time, 
the blood collects in the vaginal cavity and then 
into the uterine cavity with the formation fi rst 
of a hematocolpos and then a colpo-hematome-
tra, with a tendency to fl ow back through the 
tube and into the peritoneal cavity, sometimes 
with the clinical presentation of the acute 
abdomen. 

 Another important cause of hematocolpos 
and colpo-hematometra, until hematosalpinx, 
are external genitalia malformations and, spe-
cifi cally, the imperforate or atretic hymen, with 
an incidence of 0.0014–0.1 % in full-term new-
borns (Messina et al.  2004 ; Winderl and 
Silverman  1995 ), occurring sporadically, rarely 
associated with other female genital tract 
malformations. 

 Hydrometrocolpos can present during two dif-
ferent stages in life, understandable with the knowl-
edge of the functional features of endometrium:

    1.    Newborn-infanthood-childhood: although an 
unusual fi nding in newborn infants, the 
endogenous maternal estrogenic stimulation 
leads to the accumulation of cervical and 
endometrial gland secretions within the blind 
vagina and presenting as hydrocolpos; rarely 
it occurs in fetus where obstetric ultrasound 
suspects the diagnosis (Messina et al.  2004 ; 
Winderl and Silverman  1995 ) to be confi rmed 
postnatally.   

   2.    At puberty: it is the typical onset around the 
age of 9–13 years (Glavan et al.  2015 ) because 
it is usually asymptomatic until menstruation 
starts. After menarche, in fact, the cyclic 
 menstrual blood collects in the distal closed 
vagina producing hematocolpos and 
colpo-hematometra.      

13.2     Clinical Findings 

 In young girls, the typical clinical fi nding of these 
conditions is the primary normogonadotropic 
amenorrhea (Posner and Spandorfer  2005 ) in the 
presence of well-developed secondary sexual 
characteristics, with painful hypogastric crises and 
pelvic colic pain, typically repeated cyclically and 
progressively more intense as it happens in the 
acute abdomen (Le Hors-Albouze et al.  2011 ; 
Fischer and Kwan  2014 ; Di Giacomo et al.  2015 ). 
The age of the patient and the cyclical nature of 
painful crises, similar to menstrual cycles, point us 
toward the right diagnosis (Daboiko et al.  2011 ). 

 In newborn infants, instead, the clinical fi nd-
ings are often doubtful, sometimes hypogastric 
and pelvic colic pain, or abdominal distension, due 
to a palpable abdominal/pelvic mass and possibly 
lower-limb swelling (Nagaraj et al.  2016 ). 

 Moreover, hematocolpos or colpo- 
hematometra can cause a mechanical obstruction 
on the urethra and bladder, resulting in acute uri-
nary retention and/or recurrent urinary tract 
infections, albeit rather infrequently (Nagaraj 
et al.  2016 ; Gyimadu et al.  2009 ; Salhan et al. 
 2013 ; Bursać et al.  2012 ). 

 The failure outfl ow and the resulting accumu-
lation of menstrual blood in the vaginal cavity, 
and then in the uterine cavity, causes a progres-
sive increase in volumetric endopelvic organs 
like the uterus; in fact, the abdominal palpation 
may appreciate a suprapubic, well-demarcated, 
roundish mass, with tense-elastic consistency. 

 In case of imperforate hymen, diagnosis is eas-
ier by clinical gynecological examination that 
shows bulging integrated membrane typically with 
blue appearance due to the blood collected behind 
it in the vaginal cavity. This typical feature is not 
detectable in a newborn child, where cervical and 
endometrial gland secretions collect within the 
blind vagina showing a whitish appearance.  

13.3     Instrumental and Imaging 
Evaluation 

 Correct diagnosis of hydrometrocolpos, or hema-
tocolpos, and hematometra is often very diffi cult 
based on clinical examination and imaging evalu-
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ation. Imaging techniques in the emergency set-
ting include ultrasonography and, although rarely 
used, CT or MRI (Miele et al.  2006 ; Miele and Di 
Giampietro  2014 ). 

13.3.1     US 

 Ultrasound evaluation is the fi rst step in patients 
with primary amenorrhea and cyclical chronic 
pelvic pain because of the easy accessibility, the 
lack of ionizing radiation, and the good visualiza-
tion of the pelvic organs. 

 Because the typical onset of these symptoms 
is around the age of 9–13 years, usually, the US 
examination is performed using a transabdominal 
approach with a conventional convex probe 

(3.5–5 MHz) or a pediatric sector probe 
(5–8 MHz) and requiring proper fi lled bladder. 

 Ultrasonography, in fact, is able to visualize 
the anatomy and/or the pathology of the internal 
genitalia and to discriminate between the many 
causes of pelvic pain (FischerKwan  2014 ; 
Valentin  2009 ; Doganay et al.  2010 ; Drakonaki 
et al.  2010 ). 

 In the presence of hematocolpos and hematome-
tra, it is possible, by ultrasound examination, to 
appreciate a signifi cant expansion of the uterus and 
vagina cavities because of a massive collection of 
menstrual blood, appearing as a large, inhomoge-
neous hyperechoic and fl uid- corpusculated cystic 
mass in the lower abdomen and pelvis (Figs.  13.1 , 
 13.2 ,  13.3 .  13.4 ,  13.5 ,  13.6 , and  13.7 ). 
Ultrasonography, furthermore, is able to distinguish 

a b

  Fig. 13.1    ( a ,  b ) Imperforate hymen. The US imaging shows a signifi cant expansion of the vagina cavity because of a 
massive collection of blood material, appearing as a large, fl uid anechoic mass       

a b

  Fig. 13.2    ( a ,  b ) Imperforate hymen. In this case, the vaginal cavity is fi lled by a fl uid-corpusculated cystic mass       
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a cb

  Fig. 13.3    ( a – c ) The US imaging shows the expansion of 
the uterine cavity by inhomogeneous hyperechoic and 
fl uid-corpusculated material in a newborn child with 

imperforate hymen. Note the relationship of the mass with 
abdominal vessels and the superior mesenteric artery 
displacement       

a b

  Fig. 13.4    ( a ,  b ) The US imaging shows the expansion of 
the uterine cavity by inhomogeneous hyperechoic and 
fl uid-corpusculated material due to complete vaginal 

agenesis because of the complete absence of echoes in the 
distal genital tract       

a b C

  Fig. 13.5    ( a – c ) The US imaging shows the expansion of 
the uterus and of the proximal tract of vaginal cavity in a 
patient with partial vaginal aplasia as when the vagina is 

less than 1 cm or there are vaginal transverse imperforate 
septa because of the presence of echoes in the distal geni-
tal tract       

the different pathologies of the internal genitalia, 
such as uterine or cervical obstruction, or a vaginal 
obstruction, or even a mixed obstruction, due to the 
combination of vaginal and uterine obstructive 

anomalies; for example, US imaging could detect a 
didelphys uterus with unilateral obstruction and 
 subsequent expansion of the corresponding hemi-
vagina, hemi-uterus, and fallopian tube (Fig.  13.8 ).
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a b

dC

  Fig. 13.6    ( a – d ) The US imaging shows the massive expansion of both the uterine and vaginal cavity in a patient with 
partial vaginal aplasia due to a transverse imperforate septum in the distal tract       

a b

  Fig. 13.7    ( a ,  b ) The US imaging shows the expansion of the vaginal cavity with fl uid-fl uid level of corpusculated 
contents in a patient with partial vaginal aplasia due to a vaginal transverse imperforate septum       

          Sometimes the uterus could overly expand in 
the abdomen, compressing or displacing other 
intra-abdominal organs, such as the bladder, or 

the urinary tract with dilation of renal pelvicaly-
ceal systems (Fig.  13.9 ), or the bowel loops, or 
even big abdominal vessels.
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a b

  Fig. 13.8    ( a ,  b ) The US imaging shows a rare condition of didelphys uterus with left obstruction and subsequent 
expansion of the corresponding hemi-vagina, hemi-uterus, and left fallopian tube       

a b

c d

  Fig. 13.9    The US imaging shows a signifi cant ectasia of renal pelvicalyceal systems due to the compression by the 
pelvic cystic mass, respectively, in a newborn ( a ,  b ) and in an infant child ( c, d )       
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   Rarely, the uterus could not be identifi ed by 
ultrasound, because the pelvis is fully  occupied 
by the complex mass due to hematometra. 

 Sometimes blood can fl ow back and even 
expand the tube resulting in hematosalpinx or 
also fl ow back into the peritoneal cavity. 

 Moreover, US imaging is able to show the 
resolution of the hydrometrocolpos or hemato-
colpos/hematometra after incision of the hymenal 
membrane and the drainage of blood intravaginal 
collection, with a normal appearance of the uterus 
and vagina (Fig.  13.10 ) and no signs of hydroure-
ter and/or hydronephrosis.

   The use of the contrast-enhanced ultrasound 
(CEUS) is not yet described in this clinical 
 setting; however, it could be useful to detect the 
blood supply of the pelvic mass and, maximiz-
ing the performance of ultrasonography, to 
make  differential diagnosis with other abdomi-
nal or pelvic masses. Currently, the use of the 
contrast-enhanced ultrasound (CEUS) in child-
hood is  limited to the identifi cation and charac-
terization of traumatic solid organ lesions (Pinto 
et al.  2014 ,  2015 ; Sessa et al.  2015 ; Menichini 
et al.  2015 ; Miele et al.  2015 ,  2016a ,  b ,  c ), but 
its use, even in nontraumatic emergencies, is 
increasing considerably (Catalano et al.  2004 ; 
Farina et al.  2015 ).  

13.3.2     CT 

 CT is not usually employed in young patients 
with cyclical chronic pelvic pain, especially in 
girls with suspicion of hydrometrocolpos or 
hematocolpos/hematometra, because of the radi-
ation exposure and poor cost effi ciency compared 
to US. Nevertheless, sometimes contrast- 
enhanced CT is useful to make the right  diagnosis 
in patients with equivocal sonographic fi ndings. 

 The most common CT fi nding in hydrometro-
colpos and hematocolpos/hematometra is a 
hyperdense, nonenhancing, fl uid-fi lled pelvic 
mass with typical compression of the bladder and 
other intra-abdominal organs, possibly associ-
ated with complications, such as hydroureter and/
or hydronephrosis.  

13.3.3     MRI 

 MRI is the best choice for a more detailed diag-
nosis, often performed to better delineate the 
anatomy and assist in surgical planning (Krafft 
et al.  2012 ) because of its excellent soft tissue 
contrast and a safer distinction among all pos-
sible causes of hematocolpos, such as vaginal 
septum or partial agenesis; nevertheless, we 

a b

  Fig. 13.10    ( a ,  b ) The US imaging shows the complete 
resolution of the hematocolpos after the incision of the 
hymenal membrane and the drainage of blood intravagi-

nal collection, with a residual transient and mild thicken-
ing of the vaginal walls       
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must consider the diffi culty to perform this 
exam in a young patient and the high costs 
(Fischer and Kwan  2014 ; Doganay et al.  2010 ). 
The hysterosalpingography and/or hysteros-
copy are indicated in case of uterine obstruc-
tion; sometimes diagnostic laparoscopy is also 
used. 

 Magnetic resonance imaging (MRI) of the 
abdomen and pelvis needs a 1.5 Tesla MRI 
machine and requires a standard MRI protocol 
including T1-weighted fat-suppressed sequences 
and T2 sequences, to identify the hemorrhagic 

fl uid-corpusculated contents within the vagina 
and endometrial cavity, appearing as a pelvic 
mass which had several fl uid layers indicative of 
blood products (Fig.  13.11 ).

   The accurate diagnosis of the female genital 
tract malformation obstruction and careful pre-
operative set-up (Fig.  13.12 ), including evalua-
tion of associated anomalies, bowel preparation, 
available vaginal stents, and a multidisci-
plinary approach for the potential need for 
grafts, may be a key to success (Ugur et al. 
 2012 ).

a b

c d

  Fig. 13.11    ( a – d ) The MRI shows a large pelvic mass due 
to the signifi cant expansion of the vagina cavity because 
of a massive collection of blood material mass appearing 

as hypointense in T1-weighted fat-suppressed sequences 
( a ,  c ) and hyperintense in T2 sequences ( b ,  d ) in a young 
girl with imperforate hymen       
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13.4         Differential Diagnosis 

 As already known, hydrometrocolpos can occur 
during two main stages in life: newborn- 
infanthood- childhood or during puberty; several 
diseases can mimic this condition, so it is suitable 
to exploit all instrumental diagnostic possibilities 
to make the right diagnosis and proper therapy. 

 The most common differential diagnosis of a 
perinatally identifi ed abdominal mass should 
consider primarily ovarian cysts, especially those 

complicated, such as prenatal adnexal torsion, 
where the pelvic mass has a round shape and the 
involved adnexa shows a volumetric increase and 
a heterogeneous appearance due to internal 
echoes. 

 Other pathologies in differential diagnosis are 
neonatal cystic abdominal masses, such as mes-
enteric cyst, lymphangioma, bowel duplication 
cyst, intra-abdominal sacrococcygeal teratoma 
(type IV), neuroblastoma (Calisti et al.  2012 ), 
mesoblastic nephroma, genital/urinary anomalies 

a

c

d

b

  Fig. 13.12    ( a – d ) The MRI T1-weighted sequences and 
T2-weighted imaging show hematocolpos/hematometra as 
enlarged uterine and vaginal cavities in the same patient 

previously described in Fig.  13.7 , with partial vaginal 
aplasia, due to a transverse imperforate septum in the dis-
tal tract       
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(Calisti et al.  2008 ), and anterior sacral 
meningocele. 

 After menarche, instead, differential diagnosis 
of an abdominal mass should exclude compli-
cated ovarian cysts, such as adnexal torsion or 
hemorrhagic cysts, where, however, the imaging 
fi ndings, US, CT, and MRI, are typically charac-
terized by an ovarian enlargement with heteroge-
neous appearance and hemoperitoneum (Miele 
et al.  2002 ), or free pelvic fl uid, especially if cen-
tered around the ovary, ever detected in the case 
of hydrometrocolpos. 

 Sometime, however, the defi nitive diagnosis is 
possible only after surgery.     
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      Ovarian Torsion                     

     Marinella     Nanni     ,     Maria     Gabriella     Merola    , 
    Stefania     Ianniello    ,     Cinzia     Orazi    , 
    Paolo     Maria     Schingo    , and     Margherita     Trinci   

14.1          Introduction 

 Pediatric ovarian torsion is an uncommon cause 
of acute abdominal pain. It represents approxi-
mately 15 % of all cases of ovarian torsion and 
accounts for 2–3 % of all consultations for 
abdominal pain in pediatric emergency depart-
ments (Ngo et al.  2015 ; Schmitt et al.  2013 ). 

 The course of the disease results to a partial or 
total rotation of the ovary, the fallopian tube, or 
both around its vascular axis. This twisting ini-
tially leads to the obstruction of venous outfl ow 
and lymphatic drainage with edema and adnexal 
enlargement. If the torsion becomes complete 
and untreated, necrosis, infection, peritonitis, or 
loss of adnexa may occur (Ngo et al.  2015 ). 

 Ovarian torsion should be considered in any 
pediatric age (from 1 day to 18 years), but most 
cases occur between 9 and 14 years of age, with a 
mean age of presentation of 12 years (Schmitt 
et al.  2013 ). The disease is most frequently unilat-
eral, although cases of bilateral synchronous or 
asynchronous ovarian torsion in childhood have 
been reported in English literature since 1934 

(Celik et al.  2005 ). The right side is more com-
monly involved, probably because of the decreased 
space on the left side of the lower abdomen, occu-
pied by the sigmoid colon which is relatively fi xed 
compared to hypermobility of the cecum and 
ileum. Furthermore the mesosalpinx and the utero-
ovarian ligament are slightly longer on the right 
side, resulting to excess mobility of the adnexa 
(Varras et al.  2004 ; Spinelli et al.  2015 ). 

 The diagnosis in children is often diffi cult 
because they cannot explain related symptoms 
accurately and the clinical presentation can mimic 
other acute abdominal conditions (genital, uri-
nary, and gastrointestinal diseases), which make 
its differential diagnosis challenging. However, 
prompt diagnosis and treatment are critical to pre-
vent irreversible ovarian damage, and the radiolo-
gist plays a crucial role in this regard. Ultrasound 
is the diagnostic modality of choice to assess tor-
sion. But sometimes a misleading presentation or 
equivocal sonographic fi ndings involve the use of 
CT scan or MRI. For these reasons, it is impera-
tive to know the fi ndings of ovarian torsion across 
multiple imaging modalities to timely diagnosis 
and to improve clinical outcome.  

14.2     Clinical Findings 

 The clinical presentation is variable and depends 
on whether the torsion is complete, incomplete, 
or intermittent with spontaneous detorsion 
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(Varras et al.  2004 ). The most common symptom 
is the sudden onset of lower abdominal pain, usu-
ally isolated to one side (Sasaki and Miller  2014 ). 
The characteristic of the pain is non-radiating, 
mild, or intense. Its duration can be variable 
(hours, days, or even weeks) and sometimes the 
clinical history consists of transient episodes of 
pain alternated with asymptomatic intervals 
thought to represent intermittent torsion. It can be 
associated with nausea, vomiting, and anorexia. 
Low-grade fever with moderate leukocytosis can 
occur (Oltmann et al.  2009 ; Kokoska et al.  2000 ; 
Meyer et al.  1995 ). Occasionally high serum lev-
els of tumor markers (CA125, alpha-fetoprotein) 
are described in the torsion of normal ovary that 
returns to normal after surgery (McCarthy et al. 
 2010 ; Takeda et al.  2009 ). On physical examina-
tion, abdominal tenderness is the most relevant 
sign with or without peritoneal signs. Rarely a 
palpable pelvic mass is present, because of the 
high position of the ovaries at pediatric age (Rey- 
Bellet Gasser et al.  2016 ; Buss and Lee  1987 ). 
Anamnesis of prior ovarian cyst or mass and 
prior ovarian torsion or current pregnancy should 
increase the suspicion of torsion (Poonai et al. 
 2013 ). Defi nitive diagnosis requires laparoscopy.  

14.3     Anatomical Review, 
Physiopathology of Torsion 
and Management 

 The normal tube and the ovary are extremely 
mobile. They are capable of rotation of 90° with-
out giving rise to symptoms (Celik et al.  2005 ). 
Adnexal structures are contained within the mul-
tiple folds of the peritoneum and the broad liga-
ment, which is composed of the mesometrium, 
mesovarium, and mesosalpinx. The ovary is sup-
ported by the suspensory ligament, which con-
tains the ovarian artery and attaches to the ovary 
laterally, while the ovarian ligament attaches the 
ovary to the uterus medially. 

 There is a dual blood supply to the ovary 
from both the ovarian artery and ovarian branch 
of uterine artery. The ovarian artery arises from 
the abdominal aorta, runs along the suspensory 

ligament, and reaches the mesovarium; here, 
ovarian artery anastomoses with the ovarian 
branch of the uterine artery resulting in an arte-
rial arch from which arises the branches distrib-
uted to the ovarian parenchyma. 

 If the ovary twists on the mesovarium or fal-
lopian tube on the mesosalpinx, a true isolated 
ovarian or fallopian torsion occurs; but they are 
rare because of the wide attachment of the mes-
ovarium or the mesosalpinx to the rest of the 
broad ligament, which acts as a fulcrum 
(Fig.  14.1 ) The twisting of all the adnexal struc-
tures, such as the ovary, fallopian tube, suspen-
sory ligaments, and broad ligament, is more 
common and represents up to 67 % of cases 
(Chang et al.  2008 ). The term ovarian torsion is 
applied generally to include all.

   The adnexa may twist around the suspensory 
ligament and utero-ovarian ligament, resulting in 
the compression of ovarian vessels. The degree of 
ovarian torsion on its vascular axis is variable from 
180° up to the rotation of 2,160° (six complete 
twists), with more severe vascular damage; in fact 
ovaries with torsion less than 360° rarely develop 
necrosis (Villalba et al.  2005 ; Ito et al.  2015 ). 

 The venous outfl ow and the lymphatic drain-
age are affected fi rst because of the thicker mus-
cular walls of the arterial vessels. The venous and 
lymphatic engorgement, with stasis and throm-
bosis, leads to ovarian edema and enlargement, 
resulting to clinical symptoms. If the torsion per-
sists, arterial blood fl ow is affected; the ovary 
becomes ischemic and it takes on a macroscopic 
aspect called black-bluish. If left untreated, hem-
orrhagic infarction and necrosis occur within 
36 h of vascular occlusion (Ngo et al.  2015 ; 
Lourenco et al.  2014 ). Infection, pelvic thrombo-
phlebitis, hemorrhage, and peritonitis may com-
plicate the clinical presentation (Huchon and 
Fauconnier  2010 ). 

 The surgical management of ovarian torsion 
is a controversial topic; in the past, salpingo- 
oophorectomy was a common clinical practice, 
without detorsion, but to date, a conservative 
treatment with detorsion, with or without cys-
tectomy, and ovarian saving are the most rec-
ommended. The decision to perform a radical 

M. Nanni et al.



207

option was motivated by the risk of missing an 
underlying malignancy by the thromboembo-
lism after detorsion and by a belief that the 
hemorrhagic ovary (black-bluish) represented 
nonviable tissue (Celik et al.  2005 ; Geimanaite 
and Trainavicius  2013 ). But there are no 
reports of malignancy in pediatric patients 
treated with detorsion alone, and the risk of 
pulmonary embolism has never been reported 
in pediatric age. Furthermore it has been dem-
onstrated that a black-bluish ovary, which does 
not change macroscopic appearance after 
detorsion, is not a reliable indicator of necro-
sis, and recovery is still possible (Celik et al. 
 2005 ). In fact in the majority of cases, the 
detorted ovaries have been shown a normal 
anatomy and follicular development on US 
follow-up (Spinelli et al.  2015 ; Geimanaite and 
Trainavicius  2013 ).  

14.4     Risk Factors 

 The ovarian torsion can occur at any age but is 
most common in adolescents and in women of 
reproductive age. 

 Approximately 16 % of pediatric ovarian tor-
sions are manifested in the fi rst year of age 
(Oltmann et al.  2009 ), but the frequency could be 

underestimated because of unspecifi c symptoms 
and limitations in assessing pain in infants. The 
torsion may occur antenatally, but an antenatal 
detection of ovarian abnormalities suggestive of 
torsion in a routine sonographic scan may not be 
always symptomatic after birth. Embryologically 
the human ovary originates in the abdomen and 
later descends into the pelvis; hence, an initial 
increase in gonadal mobility may have developed 
propensity to undergo torsion. Moreover, ovarian 
cysts are common in fetal and neonatal ovaries, 
resulting from excessive stimulation from pla-
cental chorionic gonadotropin and maternal hor-
mones, and serve as a fulcrum for torsion 
(Nussbaum et al.  1988 ; Chinchure et al.  2011 ). 

 In symptomatic patients, clinical fi ndings are 
similar to torsion in adult age, with pain, vomiting, 
fever, abdominal distension, leukocytosis, and 
peritonitis, while specifi c sonographic  features 
suggestive of neonatal torsion are described in lit-
erature (Fig.  14.2 ) (Chinchure et al.  2011 ).

   In a female child and an adolescent girl, the twist 
may involve ovaries anatomically normal or within 
preexisting physiological or pathological masses 
that serve as the lead point for torsion. Torsion of 
normal ovaries is more common in children and 
adolescent than in adults; in fact up to 25 % of 
 pediatric ovarian torsions occur on ovaries without 
malformations (Geimanaite and Trainavicius  2013 ). 

  Fig. 14.1    Schematic 
diagram featuring the 
normal anatomy of 
adnexal ligaments ( left  
side) and the 
mechanisms involved in 
the true isolated ovarian 
torsion ( small arrow ) 
and in the adnexal 
torsion ( large arrow ). 
(Thanks to Edoardo 
Saperi for the drawing)       
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Various theories have been suggested in this regard: 
an abnormal congenital length and laxity of adnexal 
ligaments that increase the mobility of the adnexa 
structures and the adnexal venous congestion, as in 
premenarchal activity, due to hyperstimulation that 
increases ovary size (Poonai et al.  2013 ; Davis and 
Feins  1990 ). Furthermore a possible mechanism 
involved is the sudden change of the body position 
or abrupt increase in the intra-abdominal pressure 
from vomiting and coughing (Schmitt et al.  2013 ; 
Spinelli et al.  2015 ). 

 On the other hand, most cases of pediatric ovar-
ian torsion are associated with ovarian patholo-
gies, mainly benign cystic or benign neoplasms. In 
fact torsion is a known complication of physiolog-
ical follicular or luteal cyst (17 % of twisted ova-
ries), because they are the most recurring lesions 
in girls older than 12 years old. Furthermore, pedi-
atric torsion is the most frequent complication of 
ovarian tumors (from 3 % to 16 %), of which 
benign dermoid cysts are the most common. Less 
frequently, other benign lesions are involved, like 
serous cystadenoma (13 % of twisted ovaries), 
paratubal cysts, or hydrosalpinx (Duigenan et al. 
 2012 ). The risk of torsion of benign masses is 

likely related to the increased size (5 cm or greater) 
and weight of the involved ovary, which lead to 
excessive rotation resulting in torsion. Malignant 
ovarian neoplasms associated with torsion are 
extremely rare (only 2 %). This can be explained 
by the low incidence of malignancy in pediatric 
age (ovarian dysgerminoma is the most common) 
and by their ability to invade adjacent structures, 
caused by adhesions and limited mobility of 
adnexal structures (Oltmann et al.  2009 ). 

 Although most ovarian torsions occur in ova-
ries with an underlying mass, it is important to 
remember that most ovarian masses are not twisted 
and other radiological features are required to sug-
gest diagnosis (Duigenan et al.  2012 ).  

14.5     Imaging Evaluation 

 Diagnostic imaging plays a main role in diagno-
sis and management of ovarian torsion. All imag-
ing techniques and all diagnostic techniques used 
in emergency can give their contribution (Miele 
et al.  2006 ; Miele and Di Giampietro  2014 ). The 
most useful techniques are US, CT, and MRI. 

a b c

d

  Fig. 14.2    ( a ,  b ) Abdominal radiograph of a 1-month-old 
girl with vomiting, fever, abdominal distension; the X-ray 
raises the suspicion of a right abdominal mass displacing 

the bowel loops; ( c ,  d ) the transabdominal US shows a 
cystic mass with a fl uid-debris level and thin echogenic 
wall       
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14.5.1     Ultrasound Findings 
in Neonatal Torsion 

 The ovarian torsion is the most common compli-
cation of the neonatal ovarian cyst. The presence 
of subcentimeter follicular cysts is a frequent and 
normal feature in neonatal ovaries (Fig.  14.3 ). 
They are detected sonographically from the third 
trimester of pregnancy and in the early infancy, as 
a result from excessive stimulation from maternal 
hormones, and regress spontaneously. The cysts 
that are not retreated may develop complications 
in utero or in the fi rst year of age, and the most 
common are torsion and hemorrhage, less fre-
quently autoamputation (Nussbaum et al.  1988 ); 
bowel obstruction, pulmonary hypoplasia from 
thoracic compression, or obstructive uropathy is 
present if the cyst is huge, fi lling the entire abdo-
men (Chinchure et al.  2011 ).

   The ultrasound fi ndings depend on whether the 
cyst is complicated or not. An uncomplicated cyst 
appears as an anechoic structure and its wall is 
imperceptible, while the twisted cyst has a com-
plex sonographic appearance, suggestive of tor-
sion and hemorrhage. If during a routine antenatal 
sonographic scan the cyst changes from anechoic 
to cyst with internal echoes, a torsion may occur 

(Fig.  14.4 ); even an antenatal uncomplicated cyst 
may develop internal echoes due to mechanical 
stress of delivery, causing hemorrhage.

   Commonly, torsion occurs in ovaries with a 
cyst larger than 2.5 cm and the mean volume of 
twisted cyst measuring 65.5 cm 3  (Chinchure et al. 
 2011 ). The twisted cyst contains a fl uid-debris 
level and a retracting clot, indicating hemorrhage 
within the cyst, and often septa and an echogenic 
wall (Fig.  14.5 ), resulting from dystrophic calci-
fi cation associated with infarction, are seen 
(Nussbaum et al.  1988 ). Occasionally a “fi sh- 
net” appearance (reticular pattern representing 
residual fi brin stands) or a solid mass feature 
(complicated cyst fi lled with homogeneous inter-
nal echoes) has been described (Fig.  14.6 ) 
(Chinchure et al.  2011 ).

    Another less frequent complication of twisted 
neonatal cyst is the autoamputation: when an 
extreme mobility of the twisted cyst occurs, the 
cyst pedicle or distal fallopian tube became 
necrotic, allowing the cyst to break loose and 
fl oat free in the peritoneal cavity. If not diagnosed 
in the neonatal period, a calcifi ed pelvic mass can 
be seen many years later referable to a remotely 
twisted and calcifi ed free peritoneal ovary (Ngo 
et al.  2015 ; Nussbaum et al.  1988 ). 

a b

  Fig. 14.3    Normal feature of right ( a ) and left ( b ) neonatal ovaries with subcentimeter follicular cysts       
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 The use of Doppler is not helpful in assessing 
whether the cyst is twisted or not because most of 
them do not show fl ow (Chinchure et al.  2011 ).  

14.5.2     Ultrasound Findings 
in Pediatric Torsion 

 Ultrasound is the diagnostic modality of choice 
in girls with pelvic acute pain and clinically sus-
pected ovarian torsion (Ngo et al.  2015 ), because 
of easy accessibility, the lack of ionizing radia-
tion, and a good visualization of the pelvic 
organs. In the premenarchal children, non- 
sexually active, it is limited to a transabdominal 

approach using low-frequency convex probe and 
requiring proper fi lled bladder to function as an 
acoustic window. In sexually active female, a 
transvaginal approach (using high-frequency 
endovaginal probe with partially void bladder) is 
preferable, because it is more useful to make the 
right diagnosis and to exclude others acute 
abdominal conditions, like ectopic pregnancy. 

 The most commonly reported sonographic 
fi nding associated with pediatric ovarian torsion 
is unilateral ovarian enlargement, defi ned as a 
dimension greater than 5 cm or a volume greater 
than 20 cm 3 , compared with the contralateral side 
(Oltmann et al.  2009 ; Lourenco et al.  2014 ; 
Huchon and Fauconnier  2010 ; Houry and Abbott 

a b

  Fig. 14.4    Intrauterine ovarian torsion: a transabdominal US at 36 weeks of pregnancy shows a large cyst ( a ) with a 
fl uid-debris level and internal echoes ( b ), suggestive of torsion       

a b

  Fig. 14.5    ( a ) Transverse US in a 1-month-old girl with 
fever and vomiting shows a cyst with markedly thickened 
and hyperechoic wall, resulting from dystrophic calcifi ca-
tion associated with infarction. ( b ) Transverse US in a 

2-week-old girl with abdominal distention: a large cyst 
with fl uid-debris level ( arrow ), retracting clot ( large 
arrow ), and thick septation ( arrowhead ) is seen       
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 2001 ; Chiou et al.  2007 ; Hiller et al.  2007 ; Rha 
et al.  2002 ; Swenson et al.  2014 ). The adnexal 
enlargement may be often the enlarged ovary 
itself or a cystic, complex, or solid mass is pres-
ent (Lam et al.  2015 ). In ovarian torsion, a median 
volume ratio of the abnormal adnexa has been 
reported to be 12, compared to the normal 
adnexa; moreover if the volume ratio is 20 or 
more, patients are 18 times more likely to have an 
associated underlying ovarian mass (Servaes 
et al.  2007 ). However it is important to remember 
that in up to 5 % of twisted ovaries the size was 
reported normal (Rha et al.  2002 ). 

 The enlarged ovary is likely secondary to 
massive ovarian edema, and it is characterized 
by a central afollicular stroma and a peripheral 

placement of multiple cortical follicles 
(8–12 mm), dilated with transudative fl uid from 
the congested ovary (Fig.  14.7 ); these common 
ultrasound fi ndings can be visualized in up to 
74 % of ovarian torsion cases (Albayram and 
Hamper  2001 ; Lee et al.  1998 ). Another US 
mark of torsion, seen in 34 % of cases, is the 
medialization of the twisted ovary: as torsion 
occurs, the congested adnexal structures, twisted 
around the broad ligament, which are attached to 
the uterus and sometimes both ovaries are pres-
ent on the same side of the pelvis (Servaes et al. 
 2007 ; Otjen et al.  2015 ).

   When the adnexal torsion is associated with 
ovarian pathologies, sonography is able to deter-
mine its sonographic features and it is helpful in 

aa b

c

  Fig. 14.6    ( a ) Twisted cyst in a 1-month-old girl with 
multiple thick septations and internal echoes. ( b ) 
Transverse US in a 1-year-old girl with fever and vomiting 

shows a cyst with “fi sh-net” appearance ( c ) Another case: 
Color Doppler US shows isoechoic or mildly echogenic 
solid mass without internal vascularity       
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distinguishing a cystic from a complex mass 
(Fig.  14.8 ) (Duigenan et al.  2012 ).

   In cases of suspected ovarian torsion, the util-
ity of Doppler in evaluating the vascular impair-
ment is controversial. In fact in a symptomatic 
patient, although the absence of blood fl ow 
within an abnormal ovary is a useful fi nding in 
suggesting the diagnosis, the presence of Doppler 
blood fl ow does not exclude the diagnosis of 
adnexal torsion (Chang et al.  2008 ). The most 
common alteration of fl ow pattern is the decrease 
or absence of venous fl ow (93 %), resulting from 
the collapse of venous walls. While the arterial 
fl ow is normal in as many as two-thirds of the 
patients with surgically proven torsion, as men-
tioned before, this is because of a late arterial 
occlusion and a dual arterial vascularization of 
the ovary (Schmitt et al.  2013 ). Sometimes, the 
absence of the end diastolic fl ow of arterial wave-

form may be observed (Fig.  14.9 ) (Chang et al. 
 2008 ).

   However the utility of Color Doppler might be 
useful in assessing the viability of the ovary 
before surgery: the presence of central venous 
fl ow in a twisted ovary has been associated with 
the possibility of viable tissue after the detorsion 
(Fleischer et al.  1995 ). 

 Furthermore Color Doppler is helpful in eval-
uating the confi guration of the adnexal vessels. 
At ultrasound, the twisted pedicle appears as a 
hyperechoic round or beaked mass with central 
multiple concentric hypoechoic rings, result of 
the twisting of the entire vascular pedicle, tubal 
structures, and supporting ligaments (Ngo et al. 
 2015 ; Lourenco et al.  2014 ). The use of Color 
Doppler allows to identify within the echogenic 
mass the “whirlpool” sign (Fig.  14.10 ), which is 
the swirling target appearance of the vessels in 

c

a b

  Fig. 14.7    Ovarian torsion in an 8-year-old girl. ( a ,  b ) 
Transverse US shows a unilateral ovarian enlargement, 
with a central afollicular stroma and a peripheral place-

ment of multiple cortical follicles. ( c ) The enlarged ovary 
is surrounded by hyperechoic fat and by a thin fl uid fl ap 
( white arrow )       
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the twisted vascular pedicle; when present, it is a 
highly sensitive and specifi c fi nding for ovarian 
torsion (sensitivity 88 %, specifi city 87 %) (Lee 
et al.  1998 ).

   Another common but nonspecifi c sonographic 
fi nding in adnexal torsion is the free pelvic fl uid 
in the pouch of Douglas. Although this was found 
in many patients with adnexal torsion, it is also 
commonly found in asymptomatic women as a 
result of normal ovulation (Lourenco et al.  2014 ). 

 The use of contrast-enhanced ultrasound 
(CEUS) is not described in this pathology, 
although it might have a role in assessing the vas-
cularization of the ovarian lesion or in differential 
diagnosis with other abdominal or pelvic masses. 
Currently in childhood, the CEUS is mainly used 
in traumatic emergencies (Pinto et al.  2014 ,  2015  
Sessa et al.  2015 ; Menichini et al.  2015 ; Miele 
et al.  2015 ,  2016a ,  b ,  c ); however, the indication 

for using even in nontraumatic emergencies is 
increasing (Catalano et al.  2004 ; Farina et al. 
 2015 ).  

14.5.3     CT Findings 

 When ovarian torsion is suspected as the primary 
diagnosis, CT is not recommended, mainly 
because of its high doses of radiation and poor 
cost effi ciency compared to US. However in 
patients with abdominal acute pain, when gastro-
intestinal or urinary pathologies remain in the 
clinical differential diagnosis, CT is performed in 
emergency. In fact CT allows to evaluate the 
adnexa in the setting of acute pelvic pain 
(Swenson et al.  2014 ), and it is helpful in ruling 
in or ruling out suspected ovarian torsion with a 
negative predictive value around 100 %. 

a b

c

  Fig. 14.8    Young girls with sudden onset of lower abdom-
inal pain and surgically proved torsion. The US images 
show a large paraovarian cyst ( a ), a hemorrhagic luteal 

cyst with fl uid-debris level, retracting clot ( arrow ) and 
thickened wall ( b ), and a benign teratoma ( c ), which serve 
as lead point for torsion       
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 The most common CT fi nding in adnexal tor-
sion is an asymmetric ovarian enlargement or an 
enlarged adnexal mass (Lourenco et al.  2014 ; 
Chinchure et al.  2011 ), greater than 5 cm 
(Oltmann et al.  2009 ). The enlarged ovary with 
central afollicular stroma and peripheral dis-
placement of the follicles can be identifi ed on 
contrast-enhanced CT (Fig.  14.11 ), and it is a 
specifi c feature; if the torsion occurs in patho-
logical ovaries, a lead-point mass can be identi-
fi ed on imaging (Fig.  14.12 ). CT also, comparing 
to US or MRI, has an increased sensitivity in rec-
ognizing calcifi cations, and this is useful in the 

diagnosis of teratoma (Fig.  14.13 ) or in the set-
ting of chronic undetected ovarian torsion 
because dystrophic calcifi cation may be associ-
ated with necrosis.

     The “whirlpool sign,” a characteristic sono-
graphic fi nding, can be identifi ed with cross- 
sectional imaging too. It is detected in less than 
one-third of the patients, but when present, it is 
pathognomonic for ovarian torsion (Chinchure 
et al.  2011 ). Multiplanar CT reformations dem-
onstrate a twisted vascular pedicle in the broad 
ligament (Fig.  14.14 ) with the deviation of the 
uterus toward the side of torsion (Chinchure et al. 

a

b

  Fig. 14.9    ( a ) The absence of color or spectral fl ow within an abnormal ovary is suggestive of torsion. ( b ) The use of 
Color Doppler in an enlarged ovary shows the absence of the end diastolic fl ow of arterial waveform       
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a b

c

  Fig. 14.10    ( a ) The 
transverse US image shows 
the twisted pedicle that 
appears as a hyperechoic 
round mass ( arrow ). 
( b ) The use of Color 
Doppler identifi es the 
swirling target appearance 
of the vessels within the 
echogenic mass 
(“whirlpool” sign). 
( c ) Color Doppler US 
demonstrates the twisted 
pedicle in a 13-year-old 
girl with mature cystic 
teratoma (T)       

a b

c d e

  Fig. 14.11    ( a ,  b ) The transverse US and the Color 
Doppler image show avascular adnexal mass in the pelvis. 
( c – e ) Axial, coronal, and sagittal contrast-enhanced CT 
images show an enlarged right ovary, medialized with 

central afollicular stroma and peripheral displacement of 
the follicles. There is no ovarian enhancement compared 
with the uterine myometrium       
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a b

c

  Fig. 14.12    ( a ) Transverse US in a 13-year-old girl with 
pain and palpable mass shows a large complex mass into 
the pelvis. ( b ,  c ) Axial contrast-enhanced CT images 

show a midline pelvic mass with multiple hypodense 
areas. Surgical evaluation confi rmed a twisted right ovary 
with benign teratoma       

a b

c

  Fig. 14.13    ( a ) The transabdominal US in a 15-year-old 
girl with acute abdominal pain shows a large midline pel-
vic complex mass with some hyperechoic spots inside. ( b ) 
Unenhanced CT confi rms the presence of heterogenic, 

predominantly solid mass with calcifi cations and poste-
rior fat. ( c ) The contrast-enhanced CT axial image does 
not show signifi cant enhancement, suggesting torsion       
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 2011 ; Hiller et al.  2007 ). Also the involved ovary 
changes position and it appears more midline. If 
the torsion persists, a hemorrhagic infarction of 
the involved adnexal structures occurs; subacute 
hemorrhage is best seen on unenhanced CT as an 
intraovarian hematoma, hematosalpinx, or hemo-
peritoneum (Fig.  14.15 ) (Chinchure et al.  2011 ).

    Typical CT fi ndings include smooth wall 
thickening of an adnexal cystic mass and thicken-
ing or enlargement of the fallopian tube (Hiller 
et al.  2007 ); the latter appears as an amorphous or 
tubular mass-like structure with a diameter of 
10 mm or more, localized between the twisted 
adnexa and the uterus (Rha et al.  2002 ). 

 Contrast-enhanced CT is useful in identifying 
an abnormal ovarian enhancement, often 

described as heterogeneously minimal or absent 
in comparing with the uterine myometrium 
(Lourenco et al.  2014 ; Chinchure et al.  2011 ; 
Kimura et al.  1994 ; Roche et al.  2012 ). The com-
plete absence of enhancement refl ects the evolu-
tion of ovarian torsion from ischemia to infarction 
(Chiou et al.  2007 ). On the other hand, the pres-
ence of enhancement cannot exclude adnexal tor-
sion because of its dual blood supply (Sasaki and 
Miller  2014 ; Lourenco et al.  2014 ), or because of 
intermittent torsion, or the recent onset. 

 Other CT fi ndings are the fat stranding adja-
cent to the ovary and the free pelvic fl uid, but 
they are not specifi c for ovarian torsion because 
they are frequent in other gynecologic diseases, 
including pyosalpinx, tubo-ovarian abscesses, 

a b

c d

  Fig. 14.14    CT in a 16-year-old girl with an acute onset of 
abdominal pain. ( a ,  b ) Contrast-enhanced CT demon-
strates a twisted, enlarged, medialized right ovary (O) 
with a twisted vascular pedicle in the broad ligament 
( arrowhead ). ( c ) Axial unenhanced CT image shows 

hyperdense areas of subacute hemorrhage in the mass 
with peripheral displacement of some follicles ( arrow ). 
( d ) Axial contrast-enhanced CT image shows a dimin-
ished enhancement of the ovary. The surgical evaluation 
confi rmed right ovarian torsion       
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and hemorrhagic and endometriotic ovarian cysts 
(Lourenco et al.  2014 ; Chinchure et al.  2011 ; 
Chiou et al.  2007 ; Hiller et al.  2007 ; Swenson 
et al.  2014 ; Kimura et al.  1994 ; Roche et al.  2012 ; 
Miele et al.  2000 ,  2002 ). 

 Lastly a CT scan offers better spatial resolu-
tion for presurgical planning.  

14.5.4     MRI Findings 

 Magnetic resonance imaging (MRI) is not com-
monly used in a clinical practice when an adnexal 
torsion is suspected because of its limited avail-
ability in emergency departments and the chal-
lenges associated with obtaining a diagnostic 
image in small patients. However it can be help-
ful in cases of subacute or intermittent ovarian 
torsion with equivocal sonographic fi ndings, as 
well as in pregnant patients where the  sonography 
may be quite diffi cult because ovaries are dis-
placed out of the pelvis. 

 MRI features are similar to those seen with the 
US and CT, but MRI, offering a better soft tissue 
contrast, allows an optimal representation of the 
pelvis anatomy and an appropriate preoperative 
setting. 

 A standard MRI protocol should include T2 
sequences and T1-weighted fat-suppressed 
sequences, as well as T1-weighted fat-suppressed 
post-contrast images, to identify, respectively, 
hemorrhage and a compromised vascular supply, 
suggesting infarction or necrosis. Diffusion- 
weighted imaging can show a restricted diffusion 
expression of adnexal torsion (Wilkinson and 
Sanderson  2012 ; Kilickesmez et al.  2009 ). 

 As with US and CT, the most common MRI 
fi nding of torsion is an enlarged ovary, compared 
to the contralateral adnexa, with or without an 
associated ovarian mass. T2-weighted images 
and post-contrast T1-weighted MRI sequences 
show an enlarged ovary with central stromal 
edema and peripherally displaced follicles 
(Chinchure et al.  2011 ). A twisted vascular pedi-

a

b

c d

  Fig. 14.15    Multiplanar contrast-enhanced CT images in 
a surgically confi rmed twisted serous cystadenoma. ( a ,  b ) 
The axial images show a large cyst with high-density fl uid 

(60 HU) such as a subacute hemorrhage; the coronal ( c ) 
and sagittal ( d ) images demonstrate an interruption of the 
cystic wall with resulting hemoperitoneum ( asterisk )       
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cle can also be seen on multiplanar acquisitions 
(Fig.  14.16 ). As the CT scan, an abnormal or 
absent enhancement within an enlarged ovary 
and a subacute ovarian hematoma are best seen 
(Fig.  14.17 ). Subacute hemorrhage is identifi ed 
on T1-weighted images with fat saturation as a 
T1-hyperintense rim in an enlarged ovary.

    In cases of adnexal masses greater than 5 cm, 
MRI is helpful to identify the origin and to deter-
mine its specifi c MRI signal characteristics 

(Figs.  14.18  and  14.19 ), allowing defi nitive diag-
nosis. The employment of gadolinium-enhanced 
MRI studies, diffusion-weighted imaging (DWI), 
and apparent diffusion coeffi cient (ADC) values 
leads to distinguish between benign and malig-
nant lesions (Jain  2002 ).

    Lastly on T2-weighted images, free pelvic 
fl uid and fl uid placed around the ovary are easily 
detected and may support the diagnosis of ovarian 
torsion (Chinchure et al.  2011 ; Chiou et al.  2007 ).   

a b

c

  Fig. 14.16    MRI fi ndings of ovarian torsion in a 12-year- 
old girl: all the images of T2-weighted show an enlarged 
left ovary with central hyperintense signal for stromal 

edema and peripherally displaced follicles ( arrowhead ). 
The axial ( a ) and the coronal ( b ) images show a medial-
ized left ovary with twisted vascular pedicle ( arrow )       
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14.6     Diagnostic Pitfalls 

 All the adnexal masses in pediatric patients with 
acute pelvic pain can mimic the ovarian torsion. 

 First of all, the hemorrhagic cyst (Fig.  14.20 ) 
that occurs in postpubertal girls because the hem-
orrhage physiologically manifests only after the 
Graafi an follicle ruptures expels the oocyte and 
rapidly becomes a corpus luteum. Sometimes in 
these cases, the arterial fl ow is diminished or 
absent because of the mass effect, with compres-
sion of the adjacent ovarian tissue. The luteal 
phase of the menstrual cycle and the size of the 

cyst could aid in the fi nal diagnosis; in fact the 
hemorrhagic cyst has an average diameter of 
3–3.5 cm, while in the torsion, the ovary mea-
sures more than 5 cm and have a volume ratio of 
15 or more, compared to the normal ovary (Jain 
 2002 ). Moreover if US suggests a hemorrhagic 
cyst, a follow-up in 6–8 weeks is performed to 
control resolution (Chang et al.  2008 ).

   In sexually active girls, a hemorrhagic adnexal 
mass can represent an ectopic pregnancy, which is 
easily excluded with a negative serum β-HCG test. 

 A massive ovarian edema (Fig.  14.21 ) from 
recurrent torsion and detorsion without progres-

a b

c d

  Fig. 14.17    Twisted right ovary in a 14-year-old girl with 
1 week of abdominal pain. Axial T1-weighted ( a ) and 
axial T1-weighted fat-saturated MRI ( b ) show an enlarged 
medialized diffusely hyperintense ovary resulting to a 

subacute ovarian hematoma; in the axial T1-weighted 
post-contrast ( c ) and the axial T1-weighted fat-saturated 
post-contrast ( d ), an absent enhancement is best seen       
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sion to infarction simulates an ovarian torsion; on 
the CT or the MRI with contrast agent, the edema 
is characterized by the presence of enhancement 
of the ovarian stroma (Kramer et al.  1997 ).

   Another potential pitfall occurs when the 
identifi cation of the ovary is diffi cult because of 

the loss of its normal architecture due to edema 
and necrosis of the twisted ovary; in these cases, 
it is diffi cult to distinguish ovarian torsion from 
any other adnexal mass. 

 Furthermore an infl ammatory pelvic mass 
from adjacent pelvic structures can mimic the 

a b

c

  Fig. 14.18    MRI in a 7-year-old girl with surgically con-
fi rmed twisted ovarian teratoma. ( a ,  b ) Coronal T1- and 
T2-weighted images show a heterogenous solid mass with 
cystic areas inside and associated twisted pedicle. ( c ) 

Coronal gadolinium-enhanced T1-weighted image con-
fi rms torsion with twisted pedicle and shows an abnormal 
patchy enhancement of the mass because the torsion was 
not complete at surgical evaluation       
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ovarian torsion, such as the appendiceal abscesses 
(Fig.  14.22 ). In these cases, the ultrasound shows 
a heterogeneous mass on the right side of the 
lower abdomen very similar to an adnexal mass, 
and the defi nitive diagnosis is surgical.

   Isolated tubal torsion without ovarian torsion 
is extremely rare but should also be considered 
(incidence of 1 case per 1.5 million of females). 

The clinical presentation is usually indistinguish-
able from ovarian torsion, but both entities 
require a timely diagnosis and a prompt surgical 
intervention. The tube torsion can occur in a nor-
mal tube or almost always is associated with 
tubal pathology such as hydrosalpinx or tubal 
mass. In the pediatric age, adnexal cysts (either 
paratubal or paraovarian) are the most common 

a b c

d e

  Fig. 14.19    A 14-year-old girl with a twisted right ovary 
and hemorrhagic luteal cyst. ( a ,  d ) T2-weighted coronal 
and sagittal images show an enlarged ovary with multiple 
follicles peripherically placed and a large heterogenous 
cyst ( black arrow ). The associated twisted pedicle is also 

best seen ( arrowhead ). ( b ,  c ) The T1 and T1 fat-sat 
weighted images show a hemorrhagic cyst ( arrow ); after 
gadolinium ( e ) the twisted pedicle ( arrowhead ) is best 
seen; there is ovarian enhancement because of an incom-
plete torsion       
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a b

c d e

  Fig. 14.20    A 13-year-old girl with abdominal pain and 
hemorrhagic cyst. ( a ) The transverse US shows an 
enlarged left ovary with a cyst with fl uid-debris level 

( arrow ); ( b ) no fl ow at Color Doppler US is seen. ( c – e ) At 
MRI, performed 3 days later, the left ovary is still enlarged 
with multiple follicles but the cyst disappears       

cause. Imaging features include a midline cystic 
mass, a fusiform dilated tube with thickened 
echogenic walls and internal debris, or subacute 
hemorrhage, in the presence of the normal ipsi-
lateral ovary (Fig.  14.23 ). A pathognomonic sign 
is the “beak sign,” which refers to the tapered end 
of the dilated fallopian tube (Narayanan et al. 
 2014 ; Gross et al.  2005 ; Richard et al.  1998 ).

   In neonatal ovarian torsion, the common dif-
ferential diagnosis of ovarian cysts comprises 
neonatal cystic abdominal masses such as mesen-
teric cyst, lymphangioma, or enteric duplication 
cyst (Di Giacomo et al.  2014 ). Sometimes these 
pathologies are indistinguishable from compli-
cated ovarian cyst, and the defi nitive diagnosis is 
possible only after surgery (Duigenan et al.  2012 ). 
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a b

c d e

  Fig. 14.21    Massive ovarian edema in a 12-year-old girl 
with recurrent abdominal pain. ( a ) Transverse US shows a 
complex pelvic mass with multiple cystic areas. ( b ) At 
Color Doppler, the vascularization is preserved. ( c ) 
Coronal T2-weighted image shows an enlarged right 

ovary with multiple follicles and the twisted vascular ped-
icle that is best seen in the axial and sagittal T1-weighted 
images post-contrast. ( d ,  e ) The enhancement of the ovar-
ian stroma is preserved       

a b

  Fig. 14.22    Appendiceal abscess in an 8-year-old girl 
with abdominal pain, fever, and leukocytosis. ( a ) The 
transverse US images show a complex mass with a fl uid- 

debris level ( arrow ); ( b ) small peripheric cystic areas ( large 
arrow ) and a thickened hyperechoic wall ( arrowhead ) are 
also noted       
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a b

c d

e f

  Fig. 14.23    Isolated tubal torsion in a 12-year-old girl, 
4 days after menarche. ( a – c ) US images show a dilated 
tubular structure with internal debris ( arrow ) and the beak 
sign ( arrowhead ). ( d ,  e ) Axial T2-weighted images show 

a right enlarged thickened fallopian tube with a tapering 
end ( arrowhead ); the right ovary is normal ( large arrow ). 
( f ) Axial T1-weighted shows hyperintense signal within 
the dilated tube suggestive of hematosalpinx ( asterisk )       
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   Conclusion 

 The pediatric ovarian torsion is an emergency 
condition. Because the clinical presentation is 
not specifi c, radiologists play a crucial role in 
suggesting diagnosis on cross-sectional 
imaging. 

 An asymmetric enlarged ovary with or 
without adnexal mass, a twisted pedicle, the 
subacute ovarian hemorrhage, and an abnor-
mal contrast enhancement are not pathogno-
monic fi ndings of adnexal torsion, but they 
are suggestive features that combined with 
the appropriate risk factor or clinical presen-
tation should increase the consideration of 
torsion. Although the gold standard for the 
diagnosis of ovarian torsion is the surgery, the 
radiologic examination with US, CT, or MRI 
in small patients with acute pelvic pain is use-
ful to recognize torsion and improve patient 
outcomes.      
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      Complications of Urachal Remnants                     

     Maria     Elena     Latini     ,     Sara     Riccioni    ,     Nicola     Recchia    , 
    Maria     Napoletano    , and     Michele     Scialpi   

15.1          Defi nition 

 The term urachal remnants (URs) refers to a 
series of anomalies due to the partial or total fail-
ure of the urachus obliteration.  

15.2     Epidemiology 

 URs are usually diagnosed in children, while they 
are rare in adults. The incidence ranges from 
1:150,000 among the infants to 1:5,000 in the adult 
population (Jeong-Sik et al.  1999 ). They are some-
times associated with other anomalies such as 
hypospadias, meatal stenosis, bladder-ureteral 
refl ux, renal ectopia, umbilical and inguinal hernias, 
cryptorchidism, anal atresia, and omphalocele. 

 URs are almost twice as likely to be diagnos-
ticated in men as in women.  

15.3     Physiopathology 

 Urachus is an embryological remnant of the allan-
tois, which originates from the yolk sac, and of 
the cloaca, which is the cephalic extension of the 

urogenital sinus. Between the fourth and the fi fth 
month of gestation, the fetal bladder tends gradu-
ally to descend toward the pelvis, and its apical 
portion creates the urachus, an epithelialized 
fi bromuscular strand. Its length varies from 3 to 
10 cm and its diameter from 8 to 10 mm. Its lumen 
is lined by transitional epithelium in 70 % of cases 
and by columnar epithelium in the remaining 
30 %. The epithelium is surrounded by submucosal 
connective tissue and smooth muscle tissue, the 
latter in continuity with the detrusor muscle. This 
tubular structure, extending from the anterosupe-
rior surface of the bladder toward the umbilicus, 
connects the bladder dome with the umbilical 
cord and is located behind the transversalis fascia 
and anterior to the peritoneum, in the space of 
Retzius. During the descent of the bladder 
into fetal life, the urachus obliterates itself, 
becoming a residual fi bromuscular cord: the 
median umbilical ligament (Jeong-Sik et al.  1999 ; 
Bertozzi et al.  2009 ). 

 Its persistence over intrauterine life can be 
manifested with different pathologies, known as 
urachal remnants. Various URs are due to the dif-
ferent levels of the incomplete regression of the 
urachus. 

 Patent urachus, or bladder-umbilical fi stula 
(50 % of cases), comes with a full communica-
tion between the bladder and the navel (Fig.  15.1 ). 
The urachal cyst (30 %), most frequently in the 
lower third of the urachus, is a cystic mass that 
may be encountered frequently in infectious 
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 processes for contiguity with the bladder or can 
become infected hematogenously; it rarely can 
break into the peritoneum causing peritonitis 
(Fig.  15.1 ). Urachal sinus (15 %) shows a dead- 
end cavity which opens in the navel, sometimes 
secreting bloody or mucinous material (Fig.  15.1 ). 
Finally we have the urachal diverticulum (5 %) 
which develops from the apex of the bladder and 
is often asymptomatic (Fig.  15.1 ). Umbilical- 
urachal sinus, bladder-urachal diverticulum, and 
urachal cysts tend to obliterate after birth. 
However they may reopen after acquired compli-
cations, among which, the most frequent are 
infections. These can spread through blood, 
lymph, or from the bladder.

   Occasionally, some complications, as infec-
tions and benign or malignant neoplastic trans-
formation, may develop from the original 
diseases.  

15.4     Symptoms/Clinical Features 

 The majority of patients with URs, except those 
with patent urachus, are asymptomatic. Sometimes 
they become symptomatic in association with cer-
tain complications, as the infections. 

 Patients with infection of URs present with 
dysuria and lower abdominal pain, urinary tract 
infections, stranguria, and fever, rarely nausea, 
vomiting, and constipation. Some signs are hypo-
gastric mass; painful palpation of the lower abdo-
men with muscle guarding; umbilical mucinous, 

urinary, or bloody discharge; erythema and a ten-
der umbilical mass; hematuria; and pyuria. Blood 
analysis shows increase in white blood cell count 
(leukocytosis) and an increase of PCR. Urinalysis 
reveals some (5–20 or more) white or red cells 
per high power fi elds (Bertozzi et al.  2009 ,  2014 ; 
Copp et al.  2009 ; Naiditch et al.  2013 ). 

 These symptoms and signs may be misdiag-
nosed as appendicitis, urinary tract infection, 
Meckel’s diverticulitis, acute prostatitis, pelvic 
infl ammatory disease, and bladder carcinoma. 

 Each anomaly has some particular symptom or 
sign (Jeong-Sik et al.  1999 ; Bertozzi et al.  2015 ). 

 Patients with patent urachus often present urine 
leakage from the umbilicus during the neonatal 
period. Sometimes they are asymptomatic, but an 
acquired obstructive lesion of the distal urinary 
tract may result in umbilical-urinary fi stulas. 

 Patients with urachal sinus usually present a 
small opening of this anomaly into the umbilicus, 
and this may result in a periodic discharge of 
bloody or mucinous material. In addition, this 
anomaly is often associated with infections. 

 Urachal diverticulum is often asymptomatic 
and is usually discovered accidentally. In fact, 
this anomaly is discovered in patients with uri-
nary tract infections, due to stone formation in 
the diverticulum, in subjects with urinary outfl ow 
obstruction, and does not be underestimated 
because of the risk of evolution (1 %) toward ura-
chal cancer. 

 Urachal cysts are usually discovered acciden-
tally, or when they increase in size. Also in this 

  Fig. 15.1    Patent urachus, urachal sinus, urachal diverticulum, urachal cyst       
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case, infections are most commonly associated 
complications. Superinfected urachal cysts occur 
with fever, ipogastric pain, abdominal palpable 
mass, and abdominal tenderness. Sometimes they 
can break leading to peritonitis. 

 From the above it is clear how URs are subject 
to infectious complications. The route of infec-
tion may be hematological, lymphatic, or the uri-
nary tract through the bladder. A broad spectrum 
of bacteria can be the cause, both gram positive 
and gram negative. Drainage of infected fl uids 
may be either to the bladder (urachal diverticu-
lum), toward the umbilicus (urachal sinus), or in 
both directions (patent urachus and urachal 
cysts). In each of these conditions, US, CT, or 
MRI are useful for the diagnosis. These can be 
associated with percutaneous drainage purposes, 
both diagnostic and therapeutic. In most cases of 
infected URs, the surgical removal of the cyst 
wall is essential due to the potential risk of rein-
fection and neoplasm development in unresected 
or incompletely resected URs. Surgical interven-
tion should be avoided for the patient under 
1 year of age because URs might spontaneously 
disappear (Bertozzi et al.  2009 ,  2014 ). 

 Benign urachal neoplasms, including adenoma, 
fi bromas, fi broadenomas, fi bromyomas, and hamar-
tomas, are extremely rare. Malignant urachal neo-
plasms are less than 1 % of the bladder cancer cases. 
Urachal carcinoma predominantly manifests as 
adenocarcinoma (90 %), and the prognosis is consid-
erably worse than that of primary bladder adenocar-
cinoma. Urachal tumors are typically silent because 
of their extraperitoneal location, and the majority of 
patients exhibit local invasion or metastatic disease 
at presentation. These tumors are most commonly 
seen in patients aged over 50 years, mostly males, 
although patients as young as 15 years old have been 
documented (Jeong-Sik et al.  1999 ). 

 However, despite the risk that the urachal rem-
nant develops malignancy is relatively low, it is 
important that patients with a urachal remnant 
are aware of the risk they are in. In particular the 
decision is usually postponed to the parents after 
properly consulting with the pediatrician, radiol-
ogist, and the pediatric surgeon. 

 It is very important to remove the infected 
URs due to the infection recurrence risk and the 

risk of malignant evolution of the urachal epithe-
lium (Bertozzi et al.  2009 ,  2014 ).  

15.5     Imaging 

 In most cases of emergencies related to compli-
cations of the URs ultrasound study, it is suffi -
cient to obtain optimal imaging of the case. Only 
in certain cases of particular complexity, it can be 
useful deepening by CT or MRI study. 

15.5.1     US Protocol and Features 

 US study involves the use of both convex and lin-
ear probes, which is associated with the possibil-
ity of Color Doppler imaging to assess any 
hyperemic conditions. To better understand the 
emergency imaging, we observe how URs pres-
ent in the absence of complications. 

 URs usually appear as thread-like forma-
tions, hypoechoic below the alba line, which 
start below the umbilicus and come up to the 
bladder, sometimes not pervious and sometimes 
with increased caliber and tubular morphology 
(patent urachus, Fig.  15.2 ) Ueno et al. ( 2003 ). 
Other times, the URs appear as hypoechoic 

  Fig. 15.2    Ultrasound shows a patent urachus with at least 
two cystic dilations along its course       
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tubular formations, starting from the umbilicus, 
developing behind the anterior abdominal wall, 
along the mid-paramedian line, to fi nish dead 
end (urachal sinus, Fig.  15.3 ). More rarely URs 
look like diverticular eversion that, from the 
bladder dome, projected toward the umbilicus 
along the median line ending in a dead end (ura-
chal diverticulum). Frequently the URs are also 
presented as oval formations, mainly in corre-
spondence of the front bladder wall, at the level 
of the mid-paramedian line, hypoechoic, which 
does not break the bladder’s parietal line (ura-
chal cyst, Fig.  15.4 ) (Bertozzi et al.  2009 ).

     In case of infl ammatory complications, the 
above-described signs are enriched with signs 
that may suggest infl ammation in place, and in 
these cases US is usually suffi cient to diagnose 
infected URs (Figs.  15.5  and  15.6 ).

    One of the fi rst signs is the increase in size of 
the URs, which is associated with a heteroge-
neously hypoechoic appearance of the content. 
The walls appear thickened, irregular, and 
nuanced. Internal septa may appear, often hyper-
emic, with pluri-concamerate aspect of the col-
lection. Some associated signs are an increase in 
size of the adjacent lymph nodes, which may 
develop purulent complications and appear with 
polycyclic margins, a heterogeneously hyper-

echoic structure, and a reduced peripheral vascu-
larity (Donnelly and Frush  2001 ; Widni et al. 
 2010 ; Di Giacomo et al.  2015 ). 

 It may present fl uid layers into Retzius space, 
into Douglas space, and between intestinal loops 
with associated heterogeneously hyperechoic 
appearance of perilesional adipose tissue 
(Donnelly and Frush  2001 ; Widni et al.  2010 ). 

 In the case of infected urachal sinus, it can 
appear as a hypoechoic and hyperemic umbilical 
scar, which is associated with a heterogeneously 
hypoechoic formation, with cerebriform mor-
phology, which extends along the linea alba, out-
lining the framework of an omphalitis with 
sub-umbilical abscess (Di Giacomo et al.  2015 ). 

15.5.2      Multidetector-row computed 
tomography (MDCT) Protocol 
and Features 

 MDCT for its wide dissemination, is a common 
method of second instance for the study of the 
URs. It offers a wide anatomical multiplanar view 
of the infl ammatory condition. In particular, in 
scans without contrast, it shows the presence of a 
thick-walled cystic mass superior to the dome of 
the bladder diffusely contiguous with the anterior 

  Fig. 15.3    US shows a urachal sinus as hypoechoic tubu-
lar formations, starting from the umbilicus, developing 
behind the anterior abdominal wall, along the mid- 
paramedian line, to fi nish dead end       

  Fig. 15.4    Ultrasound shows a urachal cyst as oval forma-
tions at the level of the mid-paramedian line, hypoechoic, 
that do not break the bladder parietal line       
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abdominal wall. This collection has a heteroge-
neously hypodense lumen with a hyperdense wall. 
The wall can show a positive CE after MDC injec-
tion. This method may show infi ltration of perile-
sional adipose tissue and reactive lymphadenopathy 
of abdominal-pelvic lymph nodes. It can show also 
free peritoneal fl uid in the abdomen (Jeong-Sik 
et al.  1999 ; Donnelly and Frush  2001 ; Nimmonrat 
et al.  2008 ).  

15.5.3     MRI Protocols and Features 

 MRI is performed with multiplanar T2 and axial 
T1 sequences (Fig.  15.7 ).

   This method, where available, is an excellent 
alternative to CT, especially in pediatric patients that 
need to be preserved from the radiation exposure. 

 The examination, in case of the URs infl amma-
tion associated with collection, shows expansive 
formation, with ovular morphology, behind the 
anterior abdominal wall, in the median- 
paramedian. Sometimes there is a continuity with 
the umbilical scar (sinus with infl ammation, 
Fig.  15.8 ), sometimes not (cysts with infl amma-
tion, Fig.  15.9 ), or a contact with the bladder dome.

    The lesion appears pluri-concamerate, with 
walls hyperintense on T2 and hypointense on T1, 
sometimes with polylobulated appearance. The 
content is dishomogeneous, hyperintense in T2 
and hypointense with hyperintense septa on T1. 

 There may be associated fl uid fl aps in the pel-
vic recesses and between intestinal loops and 
thickening of perilesional adipose tissue and of 
periumbilical subcutaneous tissue. 

 In case of perivesical collection, MRI shows 
wall thickening and a multilayered look as wide-
spread infl ammation. In more advanced cases, it 
may present continuity solutions between the 
collection and the bladder dome. 

  Fig. 15.5    Ultrasound shows a urachal sinus abscess: hypodense collection that is projected along the central line, in 
continuity with the umbilical scar       

  Fig. 15.6    US shows an infected cyst as a heterogeneously 
hypoechoic collection whose wall appear thickened, irregu-
lar, and nuanced; the collection imprints the bladder dome       
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 In conclusion, US is the fi rst choice and 
decisive method in the diagnosis of emergen-
cies associated with URs. If a more detailed 
diagnosis is needed, CT and MRI represent a 
great depth instrument, bearing in mind that 
the latter preserves the young patient from 

exposure to the radiation. For such reason and 
given their excellent imaging, US and MRI 
offer alternative radiation- free options that, 
where available, have almost completely 
replaced CT in the URs setting in pediatric 
patients.      

  Fig. 15.7    MRI shows a urachal cyst in the paramedian, in contact with the bladder dome; there are no signs of disrup-
tion of the bladder wall       
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  Fig. 15.8    The fi rst two ultrasound images show, in the 
context of the subcutaneous tissue in the lower periumbili-
cal, a corpuscular anechoic mass, surrounded by fatty tis-
sue dimly hyperechogenic (urachal complicated cysts). 
The diagnostic study continues through MRI T1-weighted 

sequences in phase and out of phase and T2-weighted 
axial and coronal: hypointense on T1 collection, heteroge-
neously hyperintense on T2, with wall thickened hyperin-
tensely on T1 and slightly hyperintense on T2       
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      Nephro-urolithiasis                     

     Francesca     Pancrazi    ,     Giulia     Angelini    , 
    Laura     Turturici    ,     Laura     Tasciotti    ,     Claudio     Defi lippi    , 
and     Michele     Tonerini    

16.1          Introduction 

 Nephro-urolithiasis is increasingly diagnosed in 
children, and it is an important cause of morbid-
ity worldwide. Most common risk factors are 
infection and metabolic diseases. 

 Its clinical presentation varies, and in young 
children, we do not observe the classic acute 
onset of fl ank pain commonly seen in adults, but 
vague abdominal pain, hematuria, and urinary 
tract infection are more common. 

 As a result, children are frequently evaluated 
for other conditions before the diagnosis of neph-
rolithiasis is made. However a prompt diagnosis 
in an acute phase is crucial to exclude subsequent 
complications including renal failure. 

 At imaging examinations calculi are usually 
visible on plain radiographs, but sometimes they 
cannot be identifi ed, either because they are 
radiolucent or obscured by overlying bowel gas 
or feces. Ultrasound (US) is the fi rst imaging 

modality in children with suspected renal tract 
calculosis. Complications such as obstruction 
and subsequently dilatation of the proximal upper 
tract might be visible at US. In children present-
ing with symptoms suggestive of urolithiasis and 
a negative US, plain fi lm radiographs or an unen-
hanced computed tomography (CT) should be 
performed for confi rmation or exclusion. This 
latter examination might be especially useful for 
the diagnosis of very small calculi and calculi 
with poor radiographic density, but should be 
considered as the last choice due to higher radia-
tion exposure.  

16.2     Epidemiology 

 In pediatric age, nephro-urolithiasis is a world-
wide problem and is the result of a multifactorial 
process. It affects children of all ages with a wide 
range of incidence and prevalence. According to 
age, gender, location, and stone composition, it is 
related to climatic, genetic, dietary, and socioeco-
nomic factors too. 

 In the developed European countries, the 
overall incidence of stones in children is reported 
to be less than two per one million total popula-
tion, and in the United States, stone disease 
accounted for 1 in 7600–1000 hospital  admissions 
in children (Lima and Manzoni  2015 ). Advances 
in imaging techniques, improved socioeconomic 
conditions, obesity, and increased consumption 
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of protein-rich diets and dairy products are some 
of the factors contributing to the increased inci-
dence of this disease in the Western countries. 

 On the other side, a geographical “stone belt” 
is described extending from the Balkans across 
Turkey, Pakistan, and Northern India which is 
characterized by a high incidence of endemic 
bladder stones in children due to a chronically 
inadequate dietary intake of protein and relative 
dehydration associated with the climate and diar-
rheal illness (Lima and Manzoni  2015 ). These 
data confi rm the studies reporting a prevalence of 
upper tract stones in the developed world and 
lower tract stones in the developing world. 

 In the recent decades, studies have shown an 
age stratifi cation with more kidney stones in 
younger boys and greater proportions of uroli-
thiasis in adolescent girls (Hernandez et al.  2015 ).  

16.3     Pathogenesis, Etiology, 
and Risk Factors 

 Stone formation is a multifactorial process that 
involves both the patient’s underlying metabolic 
background and the environmental conditions. 
Multistep pathogenesis includes supersaturation 
of lithogenics (calcium, oxalate, and phosphate), 
nucleation, crystal growth, crystal aggregation, 
and crystal retention (Sas  2011 ). The supersatu-
ration (crystallization) of certain ions in the urine 
is the core basis for the formation of calculi. 
Urine solubility depends on total urine volume, 
urine pH, and concentration of stone-forming 
ions, of inhibitors of crystallization, and of pro-
moters of crystallization. Over the past decade 
and as a result of improvement in the diagnosis 
and treatment of urinary tract infections, the eti-
ology of pediatric nephrolithiasis has shifted 
from predominantly infectious to metabolic 
causes. Nowadays metabolic disorders account 
for 50 % of all pediatric nephrolithiasis, while 
infections only for 10 % (especially in develop-
ing countries and younger children). Other causes 
are urinary tract abnormalities (20 %), idiopathic 
(15 %), and 5 % for cystic fi brosis, surgically aug-
mented bladders, and other pathologies (Kaplan 
and Meyers  2004 ; Calisti et al.  2008 ).

•     Metabolic disorders . When a metabolite is 
excreted in high concentrations and its satura-
tion point in the urine is exceeded, crystal 
deposition occurs, progressing to stone forma-
tion. Different disorders of metabolites excre-
tion might occur such as hypercalciuria, 
hyperoxaluria and oxalosis, cystinuria, and 
hyperuricosuria.
 –     Hypercalciuria  is the most common meta-

bolic cause of pediatric urinary calculi (up 
to 25 % of patients) and is usually due to 
many different causes. In most cases it is 
idiopathic, with two subtypes described: 
the fi rst with an enhanced gastrointestinal 
absorption of calcium and the second with 
a reduced renal tubular reabsorption of cal-
cium from the glomerular fi ltrate. Urinary 
calcium excretion is much higher in infants 
than in older children. Most children who 
have hypercalciuria and urolithiasis have 
normal serum calcium concentrations.  

 –    Hyperoxaluria and oxalosis . Hyperoxaluria 
is observed in 2–20 % of children and ado-
lescents with urolithiasis. The primary 
hyperoxalurias, types I and II, are rare 
autosomal recessive disorders caused by 
defects in specifi c hepatic enzymes that 
result in overproduction of oxalate. 
Secondary hyperoxaluria occurs with an 
excessive intake of oxalate precursors, 
increased absorption of oxalate (infl amma-
tory bowel disease, extensive bowel resec-
tion), or defi ciency of cofactors in oxalate 
metabolism. Diets low in calcium predis-
pose to hyperoxaluria due to reduced bind-
ing of oxalate to calcium in the intestinal 
lumen, leaving oxalate free to be absorbed. 
Abnormalities of the intestinal tract that 
result in malabsorption of fat typically 
result in enhanced absorption of oxalate, 
referred to as “enteric hyperoxaluria.”  

 –    Cystinuria  accounts for 2–8 % of stones in 
children and adolescents. An inherited 
defect in the renal tubular reabsorptive 
transport of cystine and the dibasic amino 
acids accounts for the high concentrations 
of cystine in the urine of patients with this 
disorder. The only clinical manifestations 
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of cystinuria are recurrent nephrolithiasis 
and its complications.  

 –    Hyperuricosuria  is found in 2–10 % of 
children with urolithiasis. It may be idio-
pathic or due to a defect in renal tubular 
transport of uric acid, high purine intake, 
uricosuric drugs, renal tubular disorders, 
cyanotic congenital heart disease, hemoly-
sis, and myeloproliferative disorders, mas-
sive cell breakdown (after cytotoxic 
treatment).     

•    Urinary tract infection . Improvements in 
healthy conditions, medical treatments, and 
urologic surgical options for children have 
reduced the incidence of stones due to uri-
nary tract infections. Specifi c infective agents 
like  Proteus  sp.,  Providencia  sp., some 
strains of  Klebsiella  sp.,  Pseudomonas  sp., 
and enterococci are strongly associated with 
stones due to the consequent elevation of the 
urinary pH and precipitation of ammonium 
salts. The association with urine urease – a 
bacterial product not present in sterile urine – 
creates a unique urinary milieu that is highly 
favorable to struvite (magnesium ammonium 
phosphate) stone formation. Struvite stones 
containing carbonate apatite tend to branch 
and enlarge, often fi lling the renal calyces 
and producing a “staghorn” appearance. 
Nowadays it has been reported that most 
struvite calculi develop from metabolic 
abnormalities; in particular 30–60 % of 
patients with infection stones can be demon-
strated to have metabolic factors predispos-
ing to stone formation.  

•    Anatomical abnormalities of the urinary 
tract  can be identifi ed in approximately 
20–30 % of children with urinary calculi, a 
far higher data than in adults. More common 
predisposing urological abnormalities are 
primary pelviureteric junction obstruction, 
megaureter, horseshoe kidney or polycystic 
kidney, hydronephrosis, duplex ureter, poste-
rior urethral valves, and bladder exstrophy 
and vesicoureteric refl ux. Stasis of urine 
within an obstructed or dilated urinary tract 
creates an environment in which stone-form-
ing substances are more likely to precipitate.  

•    Prematurity . Ex-premature children (born at 
less than 37 completed weeks’ gestation) are 
at much greater risk of nephrocalcinosis and 
nephrolithiasis. The risks are increased with 
increasing prematurity of birth, decreasing 
birth weight, comorbidity, and the use of furo-
semide, thiazides, and other drugs.  

•    Diet  plays an important role in pathogenesis 
of pediatric urolithiasis; in particular one 
major risk factor is inadequate fl uid intake that 
results in low urine volume which increases 
the relative supersaturation of uric acid that 
thereby promotes nucleation, growth, and 
aggregation of calcium oxalate and uric acid 
in urine. The risk of stone formation may be 
further exacerbated by an excessive sugary 
drink consumption that increases urinary 
excretion of calcium and oxalate. Sodium 
intake increases calciuria due to competition 
between sodium and calcium for passive reab-
sorption along the nephron, so daily sodium 
intake less than 2–3 mEq/kg for young chil-
dren is recommended for patients with hyper-
calciuria or calcium-based stones. Low-protein 
diet is not recommended in children because 
they are still growing, rather than adults in 
whom it is used to decrease stone risk (Tasian 
and Copelovitch  2014 ).     

16.4     Stone Composition 

 Stones are composed of a combination of crystals 
(both inorganic and organic) and proteins. 
Crystals in the urine usually form on the surface 
of a nidus that allows nucleation, growth, and 
aggregation of a stone particle. As the crystals 
aggregate, they fuse into plaques in the intersti-
tium and fi nally extrude through the uroepithe-
lium of the renal papillae (Copelovitch  2012 ). 

 Calcium-based stones (calcium oxalate mono-
hydrate, calcium oxalate dihydrate, and calcium 
phosphate stones) account for 70–80 % of upper 
urinary tract stones. Struvite stones (infectious 
calculi) account for 5–15 % of stones and are 
composed of magnesium ammonium phosphate. 
Uric acid stones account for 5–10 % of stones and 
occur in acidic urine (pH <5.8). Other stones, 
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including cystine, xanthine, and protein matrix 
stones, as well as drug (triamterene, indinavir)-
induced calculi, account for less than 5 % of 
stones. 

 Stone composition differed according to sex 
and age of patients. In children younger than 
5 years, carbapatite is the main component, pre-
dominantly in boys. Struvite is present in 40 % of 
stones in boys and in 25 % in girls, but it is the 
main component in only 5 % of all calculi. 
Calcium oxalate is signifi cantly less frequent in 
boys. Purines are found in about 10 % of cases in 
both sexes, essentially as ammonium urate. The 
proportion of calcium phosphate stones was espe-
cially high in infants of both sexes. In patients 
older than 5 years, calcium oxalate is the main 
component in about 50 % of cases in both sexes. 
Struvite, carbapatite, and purine stones are less 
frequent. In all, calculi of metabolic origin are 
more frequent in children older than 5 years. In 
recent years, the proportion of calcium phosphate 
stones related to metabolic disorders, especially 
hypercalciuria, has increased, and infectious 
stones are less frequent than observed at the 
beginning of the 1990s (Lima and Manzoni  2015 ). 

 Infective struvite stones initially comprise a 
combination of magnesium, ammonium phos-
phate, and glycoprotein matrix in varying propor-
tions. Calcium phosphate and other inorganic 
constituents then become incorporated into the 
expanding stone mass. Their consistency is vari-
able, with areas of hard calcifi ed material embed-
ded within softer, less densely calcifi ed matrix. 
The descriptive term “staghorn” refers to an 
infective calculus that has adopted the confi gura-
tion of the renal pelvis and calyces. Conversely, 
metabolic stones of cystine and xanthine are pre-
dominantly crystalline and correspondingly 
harder (Thomas et al.  2008 ).  

16.5     Clinic 

 The clinical presentation of nephrolithiasis in the 
pediatric population is fairly heterogeneous. In 
infants, urinary tract infections and passing of 
stones in diapers are the usual manifestations. 
The classic renal colic of the adult is uncommon 
in younger children, who may present with 

 isolated microscopic hematuria, pyuria, and irri-
tability, less frequent with nausea, vomiting, 
abdominal pain, or urinary tract infection. 
Patients also may be asymptomatic, with nephro-
lithiasis incidentally discovered in an imaging 
study conducted for other indications. Older chil-
dren and adolescents can better localize pain to 
the fl ank or groin area and have an increased 
chance for spontaneous stone passage. Recurrent 
stone disease frequently occurs in children and 
adolescents with nephrolithiasis, but the recur-
rence risk is lower than in adults. 

 About 15–20 % of our pediatric stone patients 
present with renal dysfunction. There are two 
patient groups: calculus oligo-anuric with two 
good kidneys (children <5 years) and chronic cal-
culus renal failure (children >5 years). The 
majority of these patients are from poor socio-
economic backgrounds, coming from rural areas, 
and live far away from our health facility.  

16.6     Diagnosis 

 In pediatric patients with suspected nephrolithia-
sis, the evaluation includes a complete medical 
history and physical examination, complemented 
by appropriate laboratory and imaging studies. A 
prompt evaluation is needed to rule out urinary 
tract obstruction and urinary tract infection. 

 Laboratory tests such as urine analysis pro-
vide information regarding urine pH, hematuria, 
or pyuria. Tubular dysfunction may be present if 
the results of urine analysis show glucosuria and 
proteinuria. 

 Urine culture is essential, and kidney stone 
material has to be retrieved and analyzed when-
ever possible. Kidney stone composition can nar-
row the differential diagnosis and help tailor 
evaluation and management especially in cases 
of metabolic diseases. 

 Microscopic analysis can demonstrate the 
presence of cystine crystals in cystinuria, xan-
thine and dihydroxyadenine crystals (present in 
case of adenine phosphoribosyltransferase defi -
ciency), and uric acid stone (rare in children and 
due to inborn errors of purine metabolism). 

 Metabolic evaluation should incorporate 
measurement of electrolyte levels, including 
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calcium, magnesium, and phosphorous. 
Creatinine levels should be measured to assess 
overall renal function. Since children with kid-
ney stones have a high risk of recurrence asso-
ciated with metabolic abnormalities, 24-h urine 
collection is the mainstay of the workup for 
pediatric nephrolithiasis, as it is in adults. 
Because of signifi cant intraindividual variabil-
ity related to diet and environment, two 24-h 
urine collections are recommended. Urinary 
excretion of calcium, oxalate, uric acid, citrate, 
magnesium, phosphorus, sodium, and potas-
sium should be assessed. Valuable information 
that can be obtained from the urine collection 
also includes pH, volume, sulfate, urea nitrogen 
levels, and supersaturation. When patients are 
unable to give 24-h urine samples, spot urine 
samples can be collected, especially in young 
patients who are not toilet trained. 

 Imaging evaluation is necessary in the acute 
onset of a suspected renal urolithiasis in children, 
and radiologists have to take care in minimizing 
children’s radiation exposure. 

 External radiation delivered to children should 
be a constant concern and limited to the as low as 
reasonably achievable (ALARA) principle, con-
sidering that patients with urolithiasis may repeat 
imaging procedures even after the acute onset 
during treatment and follow-up (Lima and 
Manzoni  2015 ). 

 When a stone is suspected, the combination of 
an abdominal plain X-ray (kidney, ureter, and 
bladder [KUB]) and urinary tract US allows the 
diagnosis in most cases (Fig.  16.1 ). Most calculi 
are radiopaque and visible on the plain X-ray; 
however, not all opacities projecting on the 
expected location of the urinary tract are stones 
(Fig.  16.2 ), not all stones are radiopaque, and a 
stone can be missed in case of bowel distension, 

a b
  Fig. 16.1    ( a ) 
Abdominal radiography 
of the kidney, ureters, 
and bladder (KUB) 
shows a radiopaque stone 
projecting on the right 
kidney ( arrow ). ( b ) A 
KUB demonstrates a 
large radiopaque stone 
projecting laterally to the 
left transverse process of 
L3, on the upper third of 
the ureter ( asterisk ). In 
the same patient, the 
KUB shows also tiny and 
poor radiopaque 
opacities in the lower 
calyces ( white arrow ) of 
the left kidney and in the 
lower third of the right 
ureter ( white arrow )       

  Fig. 16.2    KUB demonstrates a round calcifi cation in the 
right pelvis with a relatively radiolucent center related to 
a phlebolith that may mimic a stone ( arrow )       
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often associated with renal colic (Palmer and 
Palmer  2014 ).

    The purposes of imaging modalities in the 
acute suspected cases of nephrolithiasis are the 
following: to exclude or substantiate the diag-
nosis; to determine the presence, size, location, 
and composition of a stone; to assess eventual 
complications and consequences of obstruc-
tion to the urinary tract; to estimate the like-
lihood of stone passage and the presence of 
anatomic abnormalities that may coexist with 
stone formation; and in recurrent cases, to per-
form the correct therapy, helping to guide the 
timing of intervention if necessary (Palmer and 
Palmer  2014 ; Kambadakone and Eisner  2010 ; 
Strohmaier  2015 ; Dhar  2009 ). 

 The possibility to image a stone depends upon 
its composition and its location. 

 The majority of stones in children are calcium 
based (specifi cally calcium oxalate and/or cal-
cium phosphate) and thus opaque when using 
X-ray, so easily detectable on both abdominal 
radiography and unenhanced CT (Palmer and 
Palmer  2014 ). 

 Uric acid and xanthine stones are radiolucent 
and therefore not visible on abdominal radiogra-
phy; they may be seen as low-density structures 
on unenhanced CT. Struvite and cystine stones 
are of intermediate density and may be diffi cult 
to be detected on abdominal radiography. Drug 
stones (indinavir, ceftriaxone, sulfadiazine) and 
matrix/protein stones have variable densities and 
may be indistinguishable from surrounding tissue 
and not visible even on unenhanced CT. 

 The location of the stone will also affect how it 
is seen on various imaging modalities. US often 
fails to identify ureteral stones, particularly if the 
ureter is not dilated or if there is overlying bowel 
gas which prevents penetration of the ultrasound 
beam. Identifying stones on CT, on the other hand, 
is unaffected by stone location or bowel gas. 

 Plain X-ray exposes children to a minimal 
radiation dose and is quick, easy, and readily 
accessible. However, there are major limitations 
to this kind of examination: only radiopaque 
stones can be seen on radiographs; small radi-
opaque stones (<3 mm) may be obscured by 
overlying soft-tissue densities (i.e., colonic stool 

or superimposed bony structures). Considering 
this abdominal radiographs only have a sensitiv-
ity of 62 % and specifi city of 67 % in stone diag-
nosis (Fig.  16.3 ). At X-ray examination, pelvic 
phleboliths and appendicoliths might be con-
fused for distal ureteral stones. Another problem 
is that classical radiography offers no informa-
tion about obstruction. For this reason, abdomi-
nal radiographs is not the fi rst radiological 
examination to be performed in the acute evalua-
tion of a kidney stone in children (Kaplan and 
Meyers  2004 ; Türk et al.  2015 ).

   US has the advantages of being easily avail-
able, noninvasive and avoiding radiation, lower in 
cost than CT, not requiring sedation, and per-
formed portably allowing bedside evaluation of 
sick patients. On the other hand, it is limited by its 
high dependence on the skills of the operator and 
by the lack of kids’ compliance (Strohmaier  2015 ). 

 US has to be considered the initial modality of 
choice in evaluating a pediatric patient with sus-
pected urolithiasis and abdominal or fl ank pain 
(Türk et al.  2015 ). 

 Its limitations may be the patient’s body habi-
tus, interposed bowel gas, or known abnormali-
ties of the renal tract, when the anatomy is too 
complex to examine with US (such as crossed 
fused ectopic kidneys, congenital duplications, 
and other anomalies). 

  Fig. 16.3    A pelvic plain fi lm displays multiple large 
radiopaque bladder stones ( arrows ) in an 18-year-old 
male patient with vesical catheter and bilateral hip 
dysplasia       
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 As regards to US technique, children should 
be as well hydrated as is feasible. A curvilinear 
and subsequently linear high-resolution probe 
must be used. They should be scanned both in 
supine and in prone position. After a routinary 
scanning of the kidneys and bladder, particular 
attention should be paid in visualizing as much 
of the ureter as possible (Hiorns  2008 ). 

 US might directly demonstrate renal stones 
that typically appear as a very bright or echo-
genic, rounded structure with a “posterior acous-
tic shadowing,” and it is due to the calculi’s high 
density, resulting in the blocking of penetration 

of the US beam (Figs.  16.4 ,  16.5 ,  16.6 ,  16.7 , 
 16.8 ,  16.9 , and  16.10 ).

         US also provides information about the renal 
parenchyma and the eventual enlargement of the 
collecting system (Lima and Manzoni  2015 ). In 
case of ureteral stones, US might be helpful, 
rather than Rx, in evaluating obstruction, hydro-
ureter, or hydronephrosis, easily depicted as fl uid 
distension of the renal pelvis and calices 
(Fig.  16.11 ).

   US sensitivity and specifi city in case of renal 
stones are approximately 61–93 % and 95–100 %, 
respectively; its accuracy in pediatric ureteral 

a b

  Fig. 16.4    ( a ,  b ) Axial ( a ) and sagittal ( b ) US scans reveal renal stones characterized by increased echogenicity and 
posterior acoustic shadowing ( arrows )       

a b

  Fig. 16.5    ( a ,  b ) The US examination shows multiple left 
renal stones characterized by increased echogenicity and 
posterior acoustic shadowing (calipers and  arrows  in  a ) and 

a mild dilatation of the right renal pelvis and of the proximal 
ureter without identifi cation of a stone in a 14-year-old 
female patient with a history of cystinuria (calipers in  b )       
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lithiasis is also quite variable (Strohmaier  2015 ; 
Kokorowski et al.  2010 ). The ureteral stones 
could not be easily visible if there is overlying 
bowel gas or surrounding soft tissue which 
obscures the ureter. If the dilated ureter at the 
level of obstruction can be seen, then the stone 
may be visible. Hydronephrosis may suggest a 
ureteral stone, but even in the presence of hydro-
ureter, it is often diffi cult to see the ureteral 
stone. Ureteral calculi are more easily visible at 
proximal and distal extremities (Lima and 
Manzoni  2015 ). 

 A special feature of US is the artifact created 
by color Doppler imaging of a rough refl ective 

surface, known as “twinkling.” The “twinkling 
sign” is a color Doppler artifact appearing as rap-
idly alternating color pixels, a multicolor signal, 
behind a strongly refl ecting medium, simulating 
turbulence, being located where one would 
expect to fi nd an acoustic shadow. This can be 
used as a supportive evidence when diagnosing 
stones by US. 

 Color Doppler US shows differences in the 
urine jet at the vesicoureteric junction and resis-
tive index of the arciform arteries of both kid-
neys, which are indicative of the grade of 
obstruction, improving US examination 
(Jandaghi et al.  2013 ) (Fig.  16.12 ).

   Despite all of these considerations, US fails to 
identify stones in >40 % of pediatric patients and 
provides no information on renal function. 

 Confi rmatory low-dose unenhanced CT is 
advocated after high clinical suspicion with a 
negative US, an equivocal US, or after a positive 
US to evaluate further calculi, stone location, and 
burden for appropriate planning of an interven-
tion while accepting the radiation dose penalty to 
achieve a defi nitive diagnosis (Hiorns  2008 ). 

 CT is typically used in the adult emergency 
setting due to its speed and high sensitivity/speci-
fi city. The matter in children is that CT utilizes 
signifi cantly more ionizing radiation than the 
other imaging modalities; the effective dose of an 

a b

  Fig. 16.6    ( a ,  b ) US sagittal ( a ) and axial ( b ) scans show a small stone in the lower calyceal system ( arrowhead  in  a ) 
and an 8.5 mm hyperechoic pelvic stone ( arrows  in  a  and  b ) with hydronephrosis ( asterisk  in  b )       

  Fig. 16.7    US scan shows a large hyperechoic renal stone 
with calyceal dilatation (calipers and  arrow )       
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abdominal/pelvic CT is 4.3–8.5 mSv as com-
pared to an abdominal radiograph which is 0.2–
0.7 mSv (Türk et al.  2015 ). 

 During the last decade, examination protocols 
with lower radiation doses have been developed 
(so-called ultra-low-dose unenhanced CT). Using 
those protocols, such as tube current modulation, 
low-voltage protocols, and other adjustments to 
alter image acquisition and reconstruction, radia-
tion dose can be reduced to approximately 
1–2.2 mSv (Strohmaier  2015 ; Eisner et al.  2009 ; 
Hoppe and Kemper  2010 ), but still being signifi -
cantly higher than conventional radiology. 

 Diagnostic accuracy has been shown to be 
maintained with low-dose protocols, however. 
The principle of as low as reasonably achievable 

(ALARA) should always be observed (Türk et al. 
 2015 ). Considering the fact that there is no 
threshold under which radiation is safe, CT has 
not to be performed as the automatic fi rst choice 
of imaging in the pediatric population and should 
be thoughtfully used in these patients who may 
require multiple imaging procedures in the future. 

 The only way to most effectively decrease the 
amount of radiation to which a patient is exposed 
is to choose nonionizing studies when possible 
(i.e., US). If CT has to be employed, use it spar-
ingly and limit the scan to only the area of 
interest. 

 CT acquisition in case of suspected renal and 
ureteral stones does not fi rstly require IV contrast 
because contrast enhancement of the renal 

a b

c d

  Fig. 16.8    ( a – d ) US scans demonstrate multiple renal stones (calipers and  arrows  in  a  and  b ) and an obstructing stone 
in the right ureterovesical junction ( dotted arrow  in  c ) with mild ureteral dilatation ( asterisk  in  d )       
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 parenchyma and excretion of contrast into the 
collecting system may obscure small stones. 
Utilization of thin layers (<5 mm) helps in detect-
ing small concretions (Strohmaier  2015 ). 

 In adults CT has a sensitivity of 94–100 % and 
specifi city of 92–100 %. In children, only 5 % of 

stones escape detection by unenhanced CT, and 
sedation or anesthesia is rarely needed with mod-
ern high-speed CT apparatus (Türk et al.  2015 ). 

 Unenhanced CT – with all of the concern 
about exposure – is overall considered the gold 
standard imaging technique for urolithiasis and is 

a b

  Fig. 16.9    ( a ) US scan shows a stone in the right ureterovesical junction with mild urethral dilatation; ( b ) US scan 
shows a large hyperechoic stone in the right ureterovesical junction with severe urethral dilatation (caliper)       

a b

  Fig. 16.10    ( a ,  b ) US images show a bladder stone ( arrows ) in supine position ( a ) and left-side decubitus ( b )       
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superior to other imaging modalities in diagnos-
ing and confi rming stone disease; it provides 
accurate information regarding location and size 
of the stone and relevant surrounding anatomy 
(Fig.  16.13 ). It can detect even very small and 
ureteral stones (Kaplan and Meyers  2004 ).

   Unenhanced CT helps to rule out other pathol-
ogy or differential diagnoses, but some studies 
demonstrate that it overestimates stone size by 
30–50 % (Van Appledorn et al.  2003 ). 

 Virtually all stones are visible at unenhanced 
CT, including those that are radiolucent on con-
ventional radiographs, such as uric acid, xan-
thine, and cystine stones. These calculi have an 
attenuation value (>200 HU) greater than that of 
the surrounding soft tissue, and multidetector CT 
helps accurately localize a stone within the renal 

pelvicalyceal system or ureter. The only stones 
that are diffi cult to visualize at CT are pure matrix 
stones and stones made of pure indinavir (a pro-
tease inhibitor used in the treatment of human 
immunodefi ciency virus infection). These stones 
have soft-tissue attenuation (15–30 HU) and are 
likely to be missed at unenhanced CT. However, 
the distinctive clinical manifestation of renal 
colic in a patient receiving indinavir therapy for 
human immunodefi ciency virus infection, along 
with the presence of obstructive features at CT, 
usually helps clinch the diagnosis. 

 The measurement of stone density might pro-
vide preliminary information regarding stone 
composition, and is useful for therapeutic plan-
ning. Each type of stone has its own density (e.g., 
cystine 100–300 UH, calcium salts 400–600 UH) 

ba

  Fig. 16.11    ( a ) US sagittal scan shows a large proximal ureteral stone with hydronephrosis ( asterisk ), ( b ) US axial scan 
shows a small stone in a lower calyces ( arrows )       

b ca

  Fig. 16.12    ( a – c ) US scans show a hyperechoic stone in 
the left ureterovesical junction with acoustic shadowing 
(in  a ) and mild hydrouretheronephrosis ( arrow  in  b ). The 

color Doppler image ( c ) demonstrates a normal ureter jet 
only on the right side ( asterisk )       
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measured using bone window settings (1120/300) 
(Kambadakone and Eisner  2010 ; Strohmaier 
 2015 ; Eisner et al.  2009 ). 

 Secondary signs of ureteral stones can also be 
seen on CT, such as hydroureter, hydronephrosis, 
unilateral renal enlargement, proximal ureteral 
dilatation, decreased renal attenuation due to 
edema, perinephric stranding, and perinephric or 
periureteral edema. 

 If multidetector CT demonstrates unilateral 
ureteral dilatation and perinephric stranding, and 
a thorough search fails to reveal a stone, two pos-
sibilities are likely: either the patient has recently 
passed the stone, or the stone is present but not of 
suffi cient size or attenuation to be visible 
(Kambadakone and Eisner  2010 ). 

 When obstruction of the urinary tract is sug-
gested by symptoms but is not confi rmed on US 
or noncontrast studies, or when renal colic is sug-
gested by symptoms but a responsible stone is 
not identifi ed, repeat imaging following adminis-
tration of a contrast agent should be considered. 
Confi rmation of partial or complete obstruction 

by a urinary tract stone, as well as detailed ana-
tomic information regarding the structure of the 
urinary tract, is provided by CT urography 
(Kaplan and Meyers  2004 ). In these cases, con-
trast material administered intravenously and 
then excreted by the kidneys into the collecting 
system may be required in order to create a “fi ll-
ing defect” whereby the radiopaque contrast is 
displaced by the low-density stone in the renal 
pelvis, ureter, or bladder. 

  Follow - up examinations . Principally, it is pos-
sible to perform follow-up examinations of ure-
teral colic with all the imaging techniques we are 
going to describe. Radiological dose and avail-
ability are signifi cantly problematic regarding 
CT. It could be shown that about 80 % of stone 
patients initially diagnosed by unenhanced CT 
scan will receive further CT scans for follow-up 
(Strohmaier  2015 ). 

  Intravenous pyelography / urography  has been 
largely replaced with more precise and effi cient 
techniques such as CT urography and is not com-
monly performed anymore where other modalities 

ba

  Fig. 16.13    ( a ,  b ) 3D MIP CT reconstructions show a large stone obstructing the left ureteropelvic junction with proxi-
mal hydronephrosis and an absence of urinary tree contrast opacifi cation distally to the stone ( arrows )       
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are available. However, it still plays a role in 
some specialist centers for delineating calyceal 
anatomy in children with known stones who are 
being worked up for percutaneous nephrolithot-
omy (PCNL) or lithotripsy and should now only 
be performed on a case-by-case basis and in con-
junction with the urologist who is planning the 
treatment. In this context images should be taken 
only after compression applied to the child’s 
abdomen for maximal pyelocalyceal distension 
and a full exposure only acquired at optimal 
opacifi cation. 

16.6.1     Magnetic Resonance Imaging 

 Magnetic resonance imaging (MRI) has the ben-
efi t of lacking ionizing radiation. Its use in 
patients with urolithiasis, however, is limited 
because it is expensive, unable to directly visual-
ize stones (presenting as signal voids), not read-
ily available, especially in the emergency 
departments, and requires sedation for most 
young children. It should be considered in chil-
dren who are able to have the examination with-
out the need for general anesthesia (Hiorns  2008 ). 
MRI might provide detailed anatomical informa-
tion about the urinary collecting system, renal 
parenchymal morphology, and the location of an 
obstruction or stenosis in the ureter (Türk et al. 
 2015 ; Hiorns  2008 ). 

  Nuclear scintigraphy . DMSA scintigraphy 
(dimercaptosuccinic acid renal scintigraphy) is 
able to distinguish obstructive hydronephrosis 
from nonobstructive urinary tract dilation in a 
pediatric patient with a possibly obstructing stone 
or to confi rm a concomitant anatomical anomaly 
such as ureteropelvic junction obstruction. 
Additionally functional imaging is performed in 
chronic stone disease to guide management and 
treatment (i.e., remove a stone versus remove the 
kidney, PCNL, lithotripsy, or open surgery). 
Functional information concerning the affected 
kidney and contralateral kidney are important for 
the fi nal treatment decision (Lima and Manzoni 
 2015 ). The kidney must not be removed if it has 
been established that the kidney has an accept-
able level of function (usually greater than 10 %).  

16.6.2     Differential Diagnosis 

 The main pathologies that have to be differenti-
ated from nephrolithiasis alone are nephrocalci-
nosis and medullary sponge kidney. Medullary 
sponge kidney is a congenital disorder represent-
ing as a developmental defect affecting the for-
mation of collecting tubules and results in cystic 
dilatation of medullary and papillary portions of 
collecting ducts. It is associated with nephrocal-
cinosis and nephrolithiasis due to hypercalciuria 
and hypocitraturia. 

 Nephrocalcinosis can cause microscopic or 
gross hematuria, sterile leukocyturia, and pain. 
Differently from nephrolithiasis (discrete stone 
formation in the collecting system), nephrocalci-
nosis is the diffuse deposition of calcium in the 
kidneys with the greatest concentration found at 
the tips of the pyramids. The deposition can lead 
to nephrolithiasis when calcium aggregates form 
and become large enough to perforate the caly-
ceal epithelium, resulting in a nidus for stone for-
mation in the renal collecting system. 

 Nephrocalcinosis is best viewed with US, 
considering the degree of echogenicity, might be 
classifi ed in medullary, cortical, or diffuse, due to 
calcium deposition. Medullary nephrocalcinosis 
is the commonest form, characterized by 
increased echogenicity in the area of the medulla 
with posterior acoustic shadowing (echogenic 
medullary pyramids); this is in contrast to normal 
renal pyramids which are hypoechoic as com-
pared to the cortex (Hoppe  2010 ) (Fig.  16.14 ).

   At plain X-ray and CT, clusters of pyramidal 
medullary calcifi cation are characteristic. 

 Medullary pyramids of the kidney can be 
seen normally on unenhanced CT scans and Rx 
as high-attenuation structures and this is known 
as the “white pyramid sign,”; this might be a 
pitfall in diagnosis due to the fact that bilateral 
high- attenuation renal pyramids are an occa-
sional incidental normal fi nding. Unilateral 
appearance of white pyramids is a subtle sec-
ondary sign suggestive of contralateral urinary 
tract obstruction. 

 In order to differentiate ureteral stones from 
phleboliths, unenhanced CT demonstrates three 
typical signs:
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•    The “soft-tissue rim sign,” a circumferential 
halo of soft-tissue attenuation, representing 
the ureter encircling the stone, which is not 
found with a phlebolith  

•   The “comet tail sign” present in phleboliths and 
created by an eccentric, tapering  soft- tissue area 
adjacent to the phleboliths calcifi cation  

•   The “central lucent area” seen in phleboliths, 
in contrast to the opacifi ed centers seen in cal-
culi (Kambadakone and Eisner  2010 )     

16.6.3     Therapy 

 The composition of the stone as evoked by its 
appearance on imaging greatly infl uences the ther-
apeutic choice. Uric acid is dissolved with alkalini-
zation of urine as a fi rst-line treatment, but an 
eventual calcium shell must be fragmented fi rst by 
extracorporeal shock wave lithotripsy (ESWL). 
Stone composition affects the effi cacy of extracor-
poreal SWL: brushite, cystine, and calcium oxalate 
monohydrate stones are hard and more resistant to 
fragmentation with SWL (Kambadakone and 
Eisner  2010 ). The treatment of struvite or calcium 
phosphate stone must include antibiotic therapy 
because they are constantly associated with 
 infection (Lima and Manzoni  2015 ). Many 

 interventional methods (ESWL, ureterorenoscopy, 
percutaneous nephrolithotomy) are managed with 
conventional radiology (Strohmaier  2015 ). Surgical 
treatment is reserved for stones that do not respond 
to these therapies.      
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      Acute Pyelonephritis                     

     Alessandra     Scionti    ,     Piercarlo     Rossi    ,     Pietro     Gulino    , 
    Alessandro     Semeraro    ,     Claudio     Defi lippi    , 
and     Michele     Tonerini    

17.1          Introduction 

 Pyelonephritis is the infl ammation of the upper 
urinary tract, involving the renal pelvis and 
parenchyma. Its prompt diagnosis is important in 
order to avoid both short- and long-term compli-
cations such as scarring of the kidneys, hyperten-
sion, and in some unfortunate case even chronic 
renal insuffi ciency leading to a transplant. In 
pediatric patients, it usually migrates to the kid-
ney from the bladder, being considered a contin-
uum of disease from the lower to the upper 
urinary tract, while it is rarely seeded there 
hematogenously. 

 In fact, the most frequent pathogens are the 
same causing infection of the lower tract; in par-
ticular  Escherichia coli  is responsible in over 80 % 
of urinary tract infections (UTIs) in children. 
Other common pathogens are  Klebsiella ,  Proteus , 
 Enterobacter ,  Streptococcus B ,  Enterococcus , and 

occasionally  Pseudomonas . Mycotic infections 
are rarer in children than in adults (Bhat et al. 
 2011 ). The vast majority is maintained by gram-
negative bacterial organism since they produce a 
virulent endotoxin causing inhibition of ureteral 
peristalsis by blocking the adrenergic nerves of the 
smooth muscle and thus facilitating their ascent to 
the kidney with adhesion fi mbria, even in the 
absence of refl ux (Goel et al.  2015 ). When the 
pathogen gets to the kidney, it causes a focal or 
diffuse acute infl ammation of the tubules and the 
interstitium with consequent debris formation 
within the tubules that might result in impaired 
renal function.  

17.2     Risk Factors 

 Some children are more susceptible than others 
to UTI, and subsequently they might be more 
prone to develop pyelonephritis, recurrence, or 
complication. Their vulnerability might be due to 
anatomic or functional factors. Generally, in the 
fi rst months of life, it is easy for neonates to con-
tract UTI due to the immature immune system; 
after 6 months of age, girls have a higher risk of 
infections than boys because of anatomic charac-
teristics, while debate has long been ongoing on 
circumcised males even if in 2012 the American 
Academy of Pediatrics (AAP) clearly stated the 
risk reduction of UTI after circumcision. 
Anatomic issues increasing the risk of UTI and 
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pyelonephritis are the ones causing obstruction to 
urine fl ow, consequent urinary stasis, and inade-
quate clearance of pathogens leading to bacterial 
overgrowth. Examples are urethral stricture, 
 posterior urethral valves, and ureterocele. 
Vesicoureteral refl ux (VUR) consequent to 
chronically elevated bladder pressure can also 
increase the risk of pyelonephritis. Diffi cult blad-
der voiding can also be due to dysfunctional 
elimination syndrome or congenital and acquired 
neurogenic defects of the spinal cord such as spi-
nal dysraphism (Bhat et al.  2011 ; Goel et al. 
 2015 ; Becknell et al.  2015 ).  

17.3     Symptoms 

 While for UTI the clinical presentation may be 
age dependent, for pyelonephritis, the diagnosis 
is usually more clear and patient’s condition 
might be severe. Before the onset of pyelonephri-
tis symptoms of UTI prevails. In newborns and 
infant, the manifestation of UTI can be subtle, 
vague, and nonspecifi c, such as with poor feed-
ing, decrease urinary output, lethargy or irritabil-
ity, increased sleeping, vomiting, failure to thrive, 
and jaundice. Due to their inability to complain 
in a proper way or to articulate their discomfort, 
diagnosis of UTI in neonates can be challenging. 
That is why AAP recommends that all children 
between 2 months and 2 years with fever of 
unknown source be screened for UTI. It is also 
important to keep in mind that the presence of 
another cause justifying fever, such as gastroen-
teritis, bronchiolitis, respiratory infection, or oti-
tis media, does not exclude UTI completely since 
they can be concomitant. In toddlers and older 
children, clinical onset might still be unspecifi c, 
but in the vast majority of cases, they present 
with the classic symptoms of the adult, such as 
dysuria, frequency, abdominal or fl ank pain, 
regression of incontinence (often nocturnal) in 
previously toilet-trained children, and fever. 
Clinical diagnosis gets easier in older verbal chil-
dren, even if laboratory test are mandatory. 
Clinical fi ndings of ascending infection are high 
fever with abrupt onset of chills, back and/or 
uni-/bilateral fl ank pain with costovertebral 

 tenderness, vomiting, nausea, diarrhea, or other 
gastrointestinal symptoms that can contribute to 
make diagnosis more diffi cult. As the infl amma-
tion progresses, pyelonephritis can lead to bacte-
remia, with systemic infl ammatory response or 
septic shock (urosepsis) (Bhat et al.  2011 ; Goel 
et al.  2015 ; Becknell et al.  2015 ).  

17.4     Diagnosis 

 Diagnosis of UTI and acute pyelonephritis is 
based on clinical fi ndings, physical examination, 
and laboratory data. 

 According to the most recent AAP guidelines, 
standard laboratory fi ndings indicating UTI are 
pyuria and bacteriuria, so diagnosis requires both 
urinalysis and urine culture. Demonstrating the 
presence of >50,000 colony forming units/mL of a 
single uropathogen, urine culture is the gold stan-
dard to confi rm the suspicion. To collect urine, 
Italian guidelines suggest the clean catch method 
for young children (<2 years), as it is noninvasive 
or traumatic for the child, but in other countries, 
the transurethral bladder catheterization or the 
suprapubic aspirate is recommended since these 
collection methods are less likely to yield a con-
taminant (Bhat et al.  2011 ). It is important to dis-
tinguish a true febrile UTI indicative of 
pyelonephritis from a simple cystitis, and early 
identifi cation is pivotal in order to avoid perma-
nent renal damage, but imaging is still not rou-
tinely required for uncomplicated infections. 

 Indications for imaging examinations are the 
following: suggestion of obstruction, no clinical 
improvement after 72 h of appropriate antibiotic 
therapy (5 % of cases), rapid recurrence after 
therapy, and diabetic patients, because they have 
a higher incidence of complicated urinary tract 
infections. 

 The logic behind imaging is to identify patients 
with high risk of pyelonephritis recurrence and 
patients at risk for renal scar development and 
consequently permanent renal damage and possi-
bly chronic renal failure (Bocquet et al.  2015 ; Yu 
et al. n.d.; Shaikh et al.  2010 ; Calisti et al.  2008 ). 

 In this setting, imaging is used to identify 
patient with anatomic or functional genitourinary 
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tract abnormalities that might place the patient at 
risk for recurrence and subsequently needing a 
surgical correction and to identify patients with 
risk factors or with parenchymal damage. The 
diagnosis of UTI in a child often triggers further 
evaluation: in the past, the traditional algorithm 
was to obtain a renal ultrasound to detect ana-
tomic abnormalities, followed by voiding cysto-
urethrography or radionuclide cystography to 
detect any VUR in all infants under 2 years of age 
diagnosed with UTI. This approach was due to 
the fact that VUR was considered the main risk 
factor and that renal scarring the fi rst step for a 
progressive and irreversible damage leading to 
chronic insuffi ciency. So until now the role of 
radiologist was to identify children with VUR, to 
confi rm the parenchymal injury, and to identify 
patients who could benefi t from a prophylactic 
antibiotic therapy or a surgical intervention. As a 
matter of fact, nowadays the traditional approach 
has been questioned and there is not a unique 
consensus on when to image, who to image, and 
with what, and different guidelines are available. 
The more recent recommendation subdivides 
children in two groups based on the age. Imaging 
in the acute phase is recommended just for infants 
with an “atypical” presentation, independently 
from the age. Atypical presentation includes 

severely ill children, poor urine fl ow, elevated 
creatinine, abdominal mass, sepsis, failure to 
respond to antibiotic therapy in 48 h, or infection 
with organisms other than  E coli . In this group of 
patients, US should be performed in a few days 
and radionuclide cystography within 4–6 months 
from the acute episode. If the patient is older than 
6 months, no other examinations are required, 
whereas if the patient is younger than 6 months 
and any anomaly in the previous exams was 
found, a voiding cystourethrography should also 
be executed. In patients with typical UTI symp-
toms, no imaging examinations are required in 
the acute phase, especially if there is a good 
response to treatment within the fi rst 48 h, but if 
the patient is younger than 6 months, a US within 
6 weeks is advised. In case of anomalies found at 
the US, a voiding cystourethrography should be 
done. Patients younger than 6 months of age with 
a history of at least a previous UTI should 
undergo a US examination in the acute phase of 
the infection, a radionuclide cystography within 
4–6 months, and after that a voiding cystoure-
thrography. If the patient is older than 6 months, 
the US should be performed within 6 weeks and 
the radionuclide cystography within 4–6 months 
(Bocquet et al.  2015 ; Yu et al. n.d.; Shaikh et al. 
 2010 ; Calisti et al.  2008 ) (Tables  17.1  and  17.2 ).

First episode of UTI

Good response to antibiotic
therapy in 48 hours 

STOP

No other imaging
examinations in the acute

phase  

< 6 months > 6 months

US within 6 
weeks

STOP

voiding cystourethrography 

Atypical UTI

US in the acute phase
+

 radionuclide cystography within 4-6 
months   

< 6 months > 6 months 

STOP

   Table 17.1    Flowchart showing the current approach for UTI management at its fi rst episode       

17 Acute Pyelonephritis



258

17.5         Ultrasound Sonography 

 US is usually the fi rst imaging modality used 
to approach the pediatric patients. As children 
usually have a small size, it can be possible to 
use high-frequency probes that allow a better 
spatial resolution. The same technique is used 
for the adult but not to the children with poor 
thickness of the dorsal muscles and to their 
relative copious abdominal meteorism; the 
posterior approach is recommended to study 
the kidney. 

 US is used to study morphological congenital 
or acquired abnormalities that can be associated 
with pyelonephritis, such as kidney enlargement, 
hydronephrosis (that can be caused by bacterial 
endotoxins that inhibit ureteral peristalsis), dupli-
cated collecting system, or bladder diverticula, 
while it is not the best imaging modality to detect 
renal scarring from prior UTIs or parenchymal 
involvement with current UTI. 

 In fact, in the setting of acute uncomplicated 
pyelonephritis, US fi ndings are usually normal, 
even if sometimes (25 % of cases) there might be 
nonspecifi c changes in kidney echogenicity, such 
as focal or multifocal hypoechoic area with hypo-
perfusion at power Doppler, or hyperechoic 

 hemorrhagic region (Fig.  17.1 ), or loss of renal 
sinus fat and corticomedullary differentiation 
because of the edema.

   In case of a global involvement of the kid-
ney, the pyelonephritis can be micronodular, 
with multiple small foci of infl ammation or 
abscess that cause an increase in echogenicity, 
even if sometimes a reduction in echogenicity 
might be seen due to the generalized edema. On 
the other hand, kidney involvement might also 
be macronodular; in this case, there is a total 
inhomogeneity of the kidney echostructure, 
with hypoechoic non-defi ned areas of infl am-
mation mixed with areas of hyperechoic hemor-
rhagic infarction. In case of focal pyelonephritis, 
there is a single hypoechoic or anechoic area 
with “increased through transmission” artifact 
and well-defi ned margins that usually involves 
the kidney from the medullary to the renal cap-
sule (Fig.  17.2 ). This area is hypoperfused due 
to edema and vasoconstriction (Yu et al. n.d.; 
Shaikh et al.  2010 ; Calisti et al.  2008 ; Craig 
et al.  2008 ).

   Bladder should always be screened together 
with the kidney: parameters that should raise 
concern are increased wall thickness, residual 
volumes of urine in the bladder after voiding, 

voiding cystourethrography 

UTI recurrence

< 6 months > 6 months

US in the acute phase 
+

radionuclide cystography within 4-6
months  

US within 6 weeks
+

radionuclide cystography within 4-6
months  

   Table 17.2    Flowchart showing the current approach for UTI management at its recurrence       
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and heterechoic urine, characterized by mobile 
echogenic particles fl oating freely within the 
bladder (Fig.  17.3 ) (Craig et al.  2008 ). To be 
noted is that bladder wall in newborns is physi-
ologically thicker than in children and adults, 
both before and after voiding (Fig.  17.4 ). US is 
also used as a fi rst imaging examination in the 
suspicion of complication such as abscess 
formation.

17.6         Radionuclide Cystography 

 Radionuclide studies are performed with 
technetium- 99m dimercaptosuccinic acid (DMSA) 
or other tubular radiotracers, so called because they 
are retained for a long time in the renal parenchyma 
(tubular storage) and they are consequently 
excreted by means of tubular secretion. DMSA 
accumulates slowly in the proximal tubular cells, 

a b

  Fig. 17.1    ( a ,  b ) A US sagittal scan of a 15-year-old boy 
with a focal hyperechoic region of pyelonephritis in the 
upper pole of the right kidney ( arrow  in Fig.  17.3 ,  a ). A 

US sagittal scan of an 18-year-old girl with a hypoechoic 
area in the upper pole of the right kidney, suggestive for 
acute pyelonephritis ( arrow  in Fig.  17.3 ,  b )       

a b

  Fig. 17.2    ( a ,  b ) Axial US scans of focal hypoechoic area of pyelonephritis extending from the medullary to the renal 
capsule in a 5-year-old boy ( arrow  in Fig  17.4 ,  a ;  arrow  and calipers in Fig.  17.4 ,  b )       

 

 

17 Acute Pyelonephritis



260

between 6 and 9 h after injection. Three planar 
images are usually obtained: posterior and left and 
right posterior oblique. In infants a pinhole colli-
mated image of each kidney may be used to 
improve the resolution. 

 There are, as yet, no generally accepted criteria 
for the interpretation of the DMSA scintigraphy 
images. The appearance (size, shape, contour, and 
tracer distribution) of the kidney is often only sub-

jectively described, with comparison with the 
contralateral kidney. 

 Radionuclide studies unify high-resolution 
morphological and functional information 
(Fig.  17.5 ), providing both qualitative and 
quantitative images of the renal cortex after an 
acute episode of pyelonephritis allowing to 
determine if the disease is stable, progressing, 
or resolving. In fact, the poor or totally failed 

a b

  Fig. 17.3    ( a ) A 12-year-old boy with increased thickness 
of the bladder wall (caliper). ( b ) An 8-year-old boy with 
mobile echogenic particles fl oating within the bladder (*). 

Also a mild ureteral ectasia is visible in the distal portion 
( arrow )       

a b

  Fig. 17.4    Bladder of a newborn before ( a ) and after ( b ) voiding. The  thickness  of the bladder wall is normally superior 
than in older children       
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uptake of the radiotracer in a focal area or in the 
global kidney identifi es areas of mal-/nonfunc-
tioning parenchyma (Fig.  17.6 ). The agent is 
normally retained only from the vital and func-
tioning renal parenchyma, so normal kidneys 
have a homogeneous uptake, with a corticome-
dullary ratio of 20:1. In case of pyelonephritis, 
fi ndings change accordingly to the phase of the 
disease: in the acute setting, the involved kid-
ney presents a round- or wedge-shaped region 
of failed uptake which appears bigger than the 
real injury due to the associated edema and the 
reversible tubular dysfunction caused by the 

direct action of the bacteria. After 6 months, a 
most accurate quantitative characterization of 
the lesion can be made. Renal scarring remains 
visible as photopenic defect of the renal cortex 
associated with an irregularity of the kidney 
outline (Craig et al.  2008 ).

17.7         Voiding Cystourethrography 

 Indication and execution modalities of voiding 
cystourethrography are better described in the 
following chapter. In case of pyelonephritis, its 

  Fig. 17.5    Radionuclide cystography of a young boy who 
had recurrent episodes of pyelonephritis in the past, show-
ing reduction of the renal function. Stasis of the radionu-

clide is seen bilaterally. Glomerular fi ltration rate is 
around 18 ml/min for the right kidney and 64 ml/min for 
the left one. Total glomerular fi ltration rate is 82 ml/min       

a b c

  Fig. 17.6    ( a – c ) Poor uptake ( arrow ) of the radiotracer in the right kidney, identifying malfunctioning parenchyma       
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primary purpose is to identify the presence of a 
VUR or posterior urethral valves since they have 
been considered to be a risk factor facilitating 
UTI and infection recurrence.  

17.8     Computed Tomography 

 CT is not usually performed in the setting of 
pyelonephritis. However, when CT is executed, 
focal pyelonephritis is characterized by an ill- 
defi ned striated wedge-shaped or rounded mass- 
like area of decreased enhancement. This region 
typically creates what is called a “striated nephro-
gram”: an area of alternating hypoattenuate and 
hyperattenuate rays, radiating from the papilla to 
the cortex following the direction of the excretory 
tubules (Figs.  17.7  and  17.8 ). The appearance 
refl ects the decreased fl ow and consequent hyper-
concentration of the contrast in the infected 
tubules, which is due to obstructed renal tubules 
by infl ammatory debris and to the impaired func-
tion from tubular ischemia. However, the striated 

nephrogram is not pathognomonic and can also be 
seen in other conditions such as renal vein throm-
bosis, ureteric obstruction, and contusion. Focal 
pyelonephritis might mimic a neoplasm. Diffuse 
pyelonephritis may cause a global enlargement of 
the kidney and a poor enhancement of the whole 
parenchyma, together with absent excretion of 
contrast. Other nonspecifi c radiological signs that 
might be present are the perinephric stranding, 
thickening, and mucosal enhancement of the uro-
thelium, infl ammatory changes in Gerota fascia 
and/or the renal sinus, and fl uid collections/effu-
sions. Non-contrast CT images may be normal or 
the affected kidney may be enlarged (Craig et al. 
 2008 ; Das et al.  2014 ).

17.9         Complications 

 Acute pyelonephritis complications include 
renal scar, abscess, pyonephrosis, papillary 
necrosis, acute kidney injury, renal infarction, 
and urosepsis. 

a b

  Fig. 17.7    ( a ,  b ) CT coronal view ( a ) and axial view ( b ) of a 12-year-old patient with acute pyelonephritis: a mass-like 
area of decreased enhancement is present on the right kidney ( arrow )       
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17.9.1     Renal Scar 

 Renal scarring is a frequent consequence of 
pyelonephritis. It is defi ned as a reduction in cor-
tical thickness, often irregular and asymmetric, 
associated with deformation of the cups and the 
overlying parenchyma. Its pathogenesis involves 
alteration of urinary tract urodynamics and intra-
renal refl ux (pyelotubular backfl ow). Multiple 
scarring may lead to renal failure and hyperten-
sion. Compound papillae (fused papillae which 
drain two or more renal lobes) are more prone to 
scar than the simple papilla, and they are usually 
located in the polar regions of the kidneys, 
explaining why scars are frequently located 
within these regions. Multifocal scarring leads to 
a small contracted kidney, with focal areas of 
compensatory hypertrophy giving the organ an 
irregular appearance (Fig.  17.9 ). If scarring is 
combined with gross refl ux or obstruction, gener-
alized calyceal deformation and more general 
parenchymal reduction may occur. Radiological 
features visible at US or CT include localized 
narrowing of the renal parenchyma, deformation 
of adjacent calyx, and reduced size of the kidney 
(Fig.  17.10 ) (Wikstad et al.  1979 ; Alon et al. 
 1986 ; Jakobsson et al.  1992 ; Gordon et al.  1992 ; 
Rink  2011 ). DMSA shows a reduced uptake of 
radiotracer, secondary to locally reduced blood 

fl ow and disturbed transport mechanism. Its 
higher sensitivity in renal scar detection is with a 
delay of at least 3 months after infection 
(Jakobsson et al.  1992 ; Gordon et al.  1992 ).

17.9.2         Renal Abscess 

 Renal abscess is the collection of infective fl uid 
into the kidney. It represents the most common 
complication of acute pyelonephritis, and it is 
the consequence of the severe vasospasm and the 
infl ammation, resulting in colliquative necrosis 
and abscess formation. Abscesses may be either 
intraparenchymal, originating in the corticome-
dullary portion, in the renal cortex, within layers 
of Gerota’s fascia, or extraparenchymal (peri-
nephric abscess). Children may present with per-
sistent high fever, lethargy, and fl ank pain, 
associated with leukocytosis, elevated serum 
erythrocyte sedimentation rate (ESR), or 
C-reactive peptide (CRP). Dysuria and unpleas-
ant urine smelling are rare; urine cultures can be 
negative. The distinction between uncompli-
cated acute pyelonephritis and abscess is impor-
tant, because the former is treated with 
antibiotics, whereas an abscess may require 
drainage (Fig.  17.11 ). At US typical abscess 
appears as a hypoechoic/anechoic, septated 

a b

  Fig. 17.8    ( a ,  b ) Young girl showing a wedge-shaped hypoattenuating area ( arrow ) of acute pyelonephritis       
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“mass” within the cortex or in the parenchyma, 
lacking internal fl ow at color Doppler 
(Wippermann et al.  1991 ). Occasionally, mobile 
debris or gas may be noted within the collection. 
US is also the main tool used for follow-up and 
to determine abscess resolution (Fig.  17.12 ). CT 
is not usually necessary for diagnosis, but if per-
formed abscesses  typically appear as a well-
defi ned round low- attenuation mass, with a thick 
enhancing irregular wall (pseudocapsule), 
although the lesion itself does not enhance. Gas 
within the collection strongly suggests abscess 
diagnosis. Surrounding renal parenchyma 
appears hypoenhancing during nephrographic 
phase and hyperattenuating in delayed images. 
Abscess may be associated with perinephric col-
lections and fascial and septal thickening (Rink 
 2011 ; Rote et al.  1978 ). MRI, when performed, 
shows an enhancing pseudocapsule surrounding 
a central, low intensity in T1w sequences, high 
intensity in T2w sequences, and non-enhancing 
cystic area. Hyperintensity on diffusion-
weighted sequences in pyelonephritis and renal 
abscess results primarily from cytotoxic edema 
and tubular concentration of infl ammatory cells. 

a b c

  Fig. 17.9    ( a – c ) Two young boys with multiple episodes 
of acute pyelonephritis in the past. US ( a ) shows reduc-
tion of the size of the right kidney, associated with reduc-
tion in parenchymal  thickness , renal calyx corticalization, 
irregularity of renal profi le, and multiple scars ( white 

arrow ). CT images ( b ,  c ) show the difference in the size 
and morphology of a pyelonephritic kidney ( b ) and its 
contralateral ( c ) with compensatory overgrowth. The 
small kidney also presents reduction of the cortical  thick-
ness  and renal scars ( black arrow )       

  Fig. 17.10    Narrowing of the renal parenchyma and 
reduced size of the kidney of a 13-year-old boy who suf-
fered from acute pyelonephritis       
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Because abscesses contain a viscous fl uid con-
sisting of water, infl ammatory cells, necrotic tis-
sue, and proteinaceous exudates, water proton 
mobility is very restricted, resulting in a very 
low signal hypointensity in ADC maps. However, 
acute or subacute hemorrhage within the collect-
ing system or a renal cyst may also produce 
high signal intensity on  diffusion- weighted 
sequences potentially mimicking purulent mate-
rial (Wippermann et al.  1991 ).

17.9.3         Papillary Necrosis 

 Acute pyelonephritis may cause renal papillary 
necrosis as a consequence of the impairment of 

vascular supply leading to focal or diffuse 
 ischemic necrosis of the distal segments of the 
renal pyramids, which are particularly vulnerable 
because the papillary tip receives only a marginal 
blood supply from the vasa recta. In an early 
phase, radiological fi ndings are usually normal; 
afterward multiple poorly marginated, hypoat-
tenuated lesions in the papillary regions can be 
observed at CT (Bittar and Misanik  1963 ). In the 
advanced stage, there are three types of defor-
mity: medullary, papillary, and in situ. In the 
medullary form, necrosis takes place at the tip of 
the pyramid, starting in the central part of the 
calix, creating a round cavity. In the papillary 
form, necrosis of a larger portion of the papilla 
occurs. The detachment of necrotic papillae 

a b

  Fig. 17.11    ( a ,  b ) US ( a ) shows a renal abscess ( white arrow ) of the upper pole requiring drainage. An abdominal plain 
fi lm ( b ) is required to check for drainage positioning ( black arrow )       

a b c

  Fig. 17.12    ( a – c ) US shows three different phases of evo-
lution of a renal abscess. Image ( a ) shows a focal pyelone-
phritis ( arrow ) at the  upper pole  of the right kidney, while 

( b ) and ( c ) an abscess with necrotic and pyogenic content 
(caliper)       
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 usually begins at the caliceal fornices, and the 
resulting defect is triangular (lobster claw). In 
this phase, contrast-enhanced excretory phase 
CT images show clefts fi lled with urine and con-
trast material extending from the fornices to pyr-
amid tip. In the in situ form, necrotic papilla 
remains attached, shrinks, and may calcify, creat-
ing pitfalls at CT, because papillary calcifi cations 
may be misinterpreted as small stones (Dyer 
et al.  2004 ). During healing phase, shrinkage of 
the kidney may occur with reduction of paren-
chymal thickness, due to necrosis of the Henle 
loops. Loss of renal cortex is associated with 
hypertrophy of Bertin columns, creating a trian-
gular area of hypoattenuation.  

17.9.4     Pyonephrosis 

 Pyonephrosis is the infection spread to the upper 
collecting system. Further details on this topic 
are discussed in the following chapter.  

17.9.5     Urosepsis 

 Urosepsis is the most severe clinical manifesta-
tion of acute pyelonephritis, with a mortality rate 
higher than 40 %. Patients may present with 
multi-organ dysfunction, hypoperfusion, hypo-
tension, fever, tachypnea, tachycardia, respira-
tory alkalosis, and pulmonary and abdominal 
infections. 

 Its incidence is higher in patients with genito-
urinary abnormalities or in diabetic and immuno-
suppressed children. 

 Whenever complicated urinary infection and 
urosepsis are suspected but urological abnormali-
ties have not been defi ned, imaging exam may 
help in the diagnosis and in the localization of 
sepsis cause (Kalra and Raizada  2009 ).   

17.10     Acute Kidney Injury 

 Acute kidney injury (AKI) is defi ned as an abrupt 
or rapid decline in renal fi ltration function. Acute 
pyelonephritis may rarely be the cause of severe 

AKI, requiring dialysis in children with an 
 anatomically normal urinary tract and no other 
predisposing conditions (Nahar et al.  2004 ).  

17.11     Emphysematous 
Pyelonephritis 

 Emphysematous pyelonephritis is a life- 
threatening, rapidly progressive, necrotizing 
infection of the kidneys that results in gas forma-
tion within or surrounding the kidneys. According 
to literature,  E. coli  or  Enterobacter cloacae  
seems to be the most common cause of infection 
in children. Symptoms are often nonspecifi c: 
fever associated with fl ank pain, nausea, and vom-
iting. Laboratory fi ndings include leukocytosis, 
pyuria, elevated creatinine level, hyperglycemia, 
and thrombocytopenia. 

 Plain abdominal radiography shows either 
streaking gas in the renal fossa or crescentic col-
lections of gas within the Gerota fascia (indicative 
of infection extending into the perinephric space). 

 Ultrasound shows an enlarged kidney with 
high-amplitude echoes within the renal paren-
chyma or collecting system. The echogenic foci 
show distal ring-down artifact and reverberations; 
US may demonstrate low-level echoes. Adjacent 
bowel gas and renal lithiasis may lead to false-pos-
itive diagnosis (Päivänsalo and Hellström  1989 ). 

 Emphysematous pyelonephritis is classifi ed 
based on CT confi guration as type 1 or type 2. 
Type 1 is more aggressive, leading to death 
shortly if not treated immediately. CT shows 
renal parenchymal destruction manifesting with 
streaky or mottled areas of gas, with the absence 
of renal or extrarenal fl uid collections. 

 Type 2 is characterized by gas in the pelvical-
yceal system or ureter, associated with renal or 
extrarenal fl uid collections (Huang and Tseng 
 2000 ).  

17.12     Renal Infarction 

 Renal infarction is a very rare complication of 
acute pyelonephritis, presenting as a main differ-
ential diagnosis because clinical and laboratory 
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presentations may be undistinguishable. It results 
from the discontinuation of the normal arterial 
blood supply or venous drainage to the part of or 
to the whole kidney. Similar to pyelonephritis, 
infarcted areas appear as wedge-shaped 
hypoechoic regions at US, with no fl ow at color 
Doppler examination and with no enhancement 
at CT. However, in approximately 50 % of cases, 
CT shows a thin rim (2–4 mm) of cortex enhanc-
ing normally (cortical rim sign) due to collateral 
capsular perfusion. This sign is usually absent 
immediately after infarction, presenting normally 
8 h after occlusion, specifi c of renal infarction 
(Bourgault et al.  2013 ). Another specifi c CT sign 
is the presence of a region of hypoenhancement 
on early phases becoming hyperattenuating on 
delayed imaging (fl ip-fl op enhancement) sign of 
ischemia rather than true infarction. Moreover, 
the normal and homogeneous appearance of the 
perirenal fat, with no stranding or fl uid collec-
tions throughout the perinephric space, should 
discourage the diagnosis of acute pyelonephritis 
(Dalla Palma et al.  1997 ; Suzer et al.  2002 ).  

17.13     Differential Diagnosis 

 Differential diagnosis includes renal infarction, 
renal lymphoma, sarcoidosis, tuberculosis, mala-
coplakia, renal location of Kawasaki disease, and 
Castleman disease. 

 The most common extrapulmonary tuberculo-
sis location is the urinary tract; due to its nonspe-
cifi c symptoms, CT is essential in the diagnosis 
showing thickening, distortion, ulceration, and 
fi brosis, often with stricture formation of the col-
lecting system. Other CT signs are papillary 
necrosis and calcifi cation. The combination of 
two of these radiological signs highly suggests 
diagnosis of tuberculosis, even in the absence of 
pulmonary fi ndings (Wang et al.  1997 ). 

 Malacoplakia (meaning “soft plaque”) is an 
uncommon chronic granulomatous infl ammatory 
disease related to an abnormal host response to 
chronic infection, usually affecting urinary 
 bladder, but any urothelial organs may be 
involved. Clinical symptoms are nonspecifi c sim-
ilar to those of an acute pyelonephritis. At US 

malacoplakia lesions appear as poorly defi ned, 
 hypoehoic masses within an enlarged, deformed 
kidney. CT shows an enlarged kidney with hypo-
vascular masses, ranging from few mm up to 
3–4 cm. At MRI the lesions appear hypointense 
both in T1- and T2-weighted sequences, with 
delayed enhancement due to the presence of 
fi brous tissue (Dobyan et al.  1993 ). 

 Extrathoracic involvement in sarcoidosis is not 
uncommon, occurring in up to 30 % of patients. 
Renal disease often causes nephrocalcinosis or 
glomerular nephritis from direct infi ltration. 
Granulomatous pseudotumors are rare presenta-
tion of renal sarcoidosis. Nodules are hyperechoic 
at US and hypoenhancing on contrast- enhanced 
CT. MRI shows poor circumscription of the nod-
ules form renal parenchyma, indicating interstitial 
infi ltration. On T1- and T2-weighted imaging, 
lesions remain isointense to the surrounding renal 
parenchyma and hypointense after contrast 
administration (Heldmann et al.  2005 ). 

 Renal lymphoma rarely may be seen as pri-
mary disease. Ultrasound shows single or multi-
ple hypoechoic lesions within renal parenchyma 
with internal vascularity. 

 CT reveals single or multiple, homogeneous, 
hypodense masses. 

 At MRI renal lymphoma appears hypointense 
to renal parenchyma on T1-weighted sequences 
and hyperintense on T2-weighted sequences, 
showing poor enhancement after contrast admin-
istration (Sheth et al.  2006 ).     
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      Hydronephrosis and Pyonephrosis                     

     Silvia     Lorenzi    ,     Francesca     Fanti    , 
    Giacomo     Aringhieri    ,     Marco     Di     Maurizio    , 
    Claudio     Defi lippi    , and     Michele     Tonerini    

18.1          Introduction 

 Urinary tract infections (UTIs) are a frequent 
clinical problem in infants and children, and they 
may develop into serious complications with 
long-term sequelae. Their prevalence varies 
according to age and sex: males are more inter-
ested in the neonatal period and in the fi rst year of 
age, while females are more involved after that 
time. The clinical outcome and the severity of 
UTIs depend on many risk factors including uri-
nary tract malformations and dysfunctions, viru-
lence and properties of the pathogen, host 
response to the infection, and promptness of 
diagnosis and management. 

 Febrile UTIs usually are the result of a pyelo-
nephritis, but more serious and uncommon pre-
sentation such as renal abscess and a pyonephrosis 
may occur and they are clinically indistinguish-
able from pyelonephritis. Various manifestations 

sometimes coexist and represent different 
expressions of the same infectious process that 
may evolve from a mild infection to dangerous 
complications, like emphysematous pyelone-
phritis. The pyonephrosis is included in this 
infl ammatory spectrum especially in the pres-
ence of obstructed and/or dilated collecting sys-
tems (Bitsori et al.  2015 ).  

18.2     Hydronephrosis 
and Pyonephrosis 

 A pyonephrosis is associated with dilation and 
obstruction of the collecting system and is defi ned 
as an infected hydronephrotic kidney, which 
results in the accumulation of pus in the upper 
excretory pathways. 

 It is a severe and aggressive infection origi-
nated in the enlarged pelvicalyceal system that 
causes destructive changes of renal parenchyma 
and infl ammatory reactions in the perirenal tis-
sues; in cases of delayed diagnosis, it may deter-
mine sepsis and irreversible renal function 
deterioration. The purulent exudate is composed 
of sloughed urothelium, bacteria, debris, and 
infl ammatory cells; the amount of pus varies 
depending on the type of infection and severity of 
the infl ammatory process and can become 
obstructive or worsen a prior obstructive 
 condition with consequent hydronephrosis. The 
pathogenesis of pyonephrosis implies infection 
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(almost always ascending dissemination), 
obstruction, and stasis as trigger mechanisms. 
The bacterial spectrum responsible for this path-
ological entity does not differ from that of other 
forms of UTIs; the vast majority of etiological 
agents derives from the intestinal fl ora, including 
 E. coli ,  Klebsiella ,  Proteus , and  Enterobacter  
species between the most frequent. Pyonephrosis 
may occur as a complicated evolution of pyelo-
nephritis or represent the clinical manifestation 
of a superimposed infection developed on a pre-
existing hydronephrosis; the latter needs further 
investigations to diagnose the underlying cause, 
once the acute phase has been solved and the 
child has recovered. Pediatric hydronephrosis is 
classifi ed as obstructive and nonobstructive; the 
most common causes are vesicoureteral refl ux 
(VUR) and pelviureteric junction obstruction, 
while less frequent are ureteral duplication, ure-
terocele, ectopic ureter, and posterior urethral 
valves (Sharma et al.  2004 ; Patel et al.  2013 ). 

 Obstructive uropathy secondary to lithiasis 
has already been treated in Chap.   16    . 

18.2.1     Diagnosis 

 The clinical manifestations of pyonephrosis may 
range from asymptomatic bacteriuria to frank 
sepsis. In the older children, the presentation is 
similar to that of the adults: a history of high- 
grade fever, chills, fl ank pain, and tenderness is 
very suspicious for a patient affected by upper 
UTIs. Neonates and younger children are not 
able to describe their clinical condition and may 
present nonspecifi c symptoms like fever, lack of 
appetite, lethargy, irritability, vomiting, or diar-
rhea. At physical examination, the child mani-
fests pallor, dehydration, abdominal distension, 
and loose of bowel motion; rarely, a palpable 
abdominal mass is appreciable in the site of the 
hydronephrotic kidney. Laboratory studies 
include blood and urine exams. Hematology 
results show raised white cell count, C-reactive 
protein, urea, and creatinine; blood culture is 
needed in case of suspected sepsis. Urine analy-
sis reveals bacteriuria with leukocytes and 
nitrites; pyuria may be present; urine culture 

must be obtained in order to guide antibiotic 
 therapy (Bitsori et al.  2015 ; St Lezin et al.  1992 ). 

 All these clinical and laboratoristic features 
are not specifi c for pyonephrosis and have to be 
associated with the evidence of obstruction, 
hydronephrosis, and suppurative infection in 
order to support the diagnosis; these fi ndings are 
shown by imaging investigations, especially 
ultrasound (US) that represents the fi rst-level 
examination.  

18.2.2     Imaging Findings 

 US provides a sensitivity of 90 % and specifi city 
of 97 % in the diagnosis of pyonephrosis versus 
simple hydronephrosis, by showing in addition to 
pelvicalyceal dilation the following fi ndings: 
lack of a completely anechoic collecting system 
due to echogenic debris, representing the most 
reliable signs of pyonephrosis, internal echoes 
dispersed or stratifi ed with evidence of fl uid- 
debris levels, and echogenic foci with acoustic 
shadowing corresponding to gas within the pel-
vis, secondary to gas-forming organisms 
(Fig.  18.1 ). These fi ndings are specifi c and their 
absence excludes pyonephrosis with a high 
degree of accuracy (Craig et al.  2008 ; 
Subramanyam et al.  1983 ; Jeffrey et al.  1985 ).

   The associated dilation of upper excretory 
system is commonly evaluated basing on the 
hydronephrosis grading system represented in 
Table  18.1  (Figs.  18.2 ,  18.3 , and  18.4 ) (Riccabona 
et al.  2008 ; Schlomer et al.  2014 ).

      Depending on the variable nature of the puru-
lent exudate, occasionally pyonephrosis may be 
totally anechoic simulating uncomplicated 
hydronephrosis, and US may only demonstrate 
nonspecifi c fi ndings like nephromegaly and/or 
increased parenchymal echogenicity. In these 
cases, clinical manifestation and laboratory anal-
ysis support the diagnosis when upper UTI is 
strongly suspected (Schneider et al.  1989 ). 

 Computed tomography (CT) is quite rarely 
performed in pediatric patients, usually in cases 
of emergency and complicated form of 
 pyelonephritis. Considering that infants have 
higher radiation sensitivity, it obviously requires 
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a b
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  Fig. 18.1    ( a – d ) Hydropyonephrosis at US. Dilated and 
enlarged pelvicalyceal system with lack of normal 
anechoic aspect due to accumulation of infl ammatory 
material in the excretory pathway: the exudate is well 

detected by revealing the presence of internal echoes that 
may appear stratifi ed with evidence of fl uid-debris levels 
( arrowhead  in  a  and  b ) or dispersed as echogenic foci 
with acoustic shadowing ( arrow  in  c  and  d )       

   Table 18.1    Grading systems of hydronephrosis   

 Grade 0  Normal examination with no dilation of the 
renal pelvis 

 Grade 1  Mild dilation of renal pelvis only (axial 
diameter less than 5–7 mm), without dilation 
of the calyces 

 Grade 2  Moderate dilation of the renal pelvis (axial 
diameter between 7 and 10 mm) including a 
few calyces with normal forniceal shape 

 Grade 3  Marked dilatation of the renal pelvis (larger 
than 10 mm) and all the calyces with 
reduced forniceal and papillary 
differentiation, normal renal parenchyma 

 Grade 4  Gross dilatation of the collecting system, 
parenchymal atrophy seen as thinning of the 
renal cortex 

  Adapted from the Society of Fetal Ultrasound classifi ca-
tion for postnatal use Riccabona et al. ( 2008 )  

  Fig. 18.2    Normal pediatric kidney at US. The aspect of a 
healthy kidney especially in neonates is characterized by 
a physiological increased echogenicity of the renal paren-
chyma with hypo-/anechoic pyramids that are therefore 
more evident and may resemble dilated calyces, being 
wrongly diagnosed as hydronephrosis       
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dedicated age- and weight-adapted protocols for 
exposure parameters and contrast medium, and it 
may be performed in case of correct indications 
and after accurate evaluation of the diagnostic 
advantages (Riccabona  2009 ). 

 Actually CT cannot always reliably differen-
tiate an uninfected hydronephrotic kidney from 
pyonephrosis, especially only on the base of 
fl uid attenuation measurements within the pel-
vis that should result superior to the water den-
sity value (>10–20 Hounsfi eld unit). In addition 
to obstruction and dilatation of the collecting 
system, CT fi ndings suggesting pyonephrosis 
include thickening of the renal pelvic wall 
(>2 mm), renal and perirenal infl ammatory 
changes, and layering of contrast material above 
the purulent debris on excretory study (Craig 
et al.  2008 ; Fultz et al.  1993 ). 

 The added value of CT consists of showing 
perinephric fi ndings (such as fat stranding and 
thickening of the renal fascia), evaluating the 
nephrogram appearance to reveal the parenchy-
mal involvement, confi rming the presence of gas 
in the collecting system (the strongest indicator 
for pyonephrosis on CT), and ruling out abscesses 
or stone disease. Furthermore, CT is relevant 
when a complicated evolution is suspected espe-
cially because a different and more aggressive 
treatment may be required.  

18.2.3     Treatment and Prognosis 

 The treatment of choice is represented by percu-
taneous nephrostomy in combination with appro-
priate antibiotics and other supportive therapy. 
Nephrectomy is exceptional and limited to com-
plicated cases (Roebuck  2011 ; Ng et al.  2002 ). 

 The prognosis is good in most patients who 
receive prompt diagnosis and treatment. 
Pyonephrosis should be diagnosed as soon as 
possible in order to avoid a rapid decline in renal 
function risking permanent loss of kidney paren-
chyma and development of septic shock with 
severe systemic complications. 

 UTIs, especially when recurrent, remain a fre-
quent indication for further imaging evaluation of 
the pediatric urinary tract, and once the acute 
phase of the infectious disease is solved, poten-
tial predisposing factors must be investigated. 
The goal is early recognition of urinary tract mal-
formations and VUR, in order to improve out-
come and prevent end-stage renal failure due to 
late or inappropriate treatment. Indeed, in spite of 
prenatal US screening, a number of urinary tract 
malformations are only detected after symptom-
atic clinical presentation. On the other hand, in a 
child with known normal anatomy and a clini-
cally evident diagnosis, additional imaging may 
be unnecessary. 

 Second-level investigations include cystoure-
thrography for VUR assessment and morphologi-
cal evaluation, bladder function studies, 
dimercaptosuccinic acid (DMSA) scintigraphy, 
and magnetic resonance imaging (MRI) to evalu-
ate renal parenchymal involvement and scars.   

  Fig. 18.3    Hydronephrosis: grade 3. Marked dilation of 
the renal pelvis and calyces with normal thickness of renal 
parenchyma that is still preserved ( doublehead arrow )       

  Fig. 18.4    Hydronephrosis: grade 4. Marked dilation of 
the collecting system with reduced thickness of the renal 
parenchyma seen as thinning of the renal cortex ( double-
head arrow )       
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18.3     Vesicoureteral Refl ux 

 The VUR is one of the most important risk fac-
tors for recurrent UTIs in children, although 
VUR itself does not represent the direct cause of 
infections or renal damage and it may be associ-
ated with bladder dysfunction. VUR refers to the 
retrograde fl ow of urine from the urinary bladder 
into the ureter and often to the calyces (Bates and 
Riccabona  2013 ). It is an anatomic and func-
tional disorder with potentially serious conse-
quences, such as recurrent febrile UTI and renal 
parenchymal scars (Altobelli et al.  2014 ). 

 VUR is detected in 0, 4–1, and 8 % of normal 
population without complaints (Eccles and 
Jacobs  2000 ; Mak and Kuo  2003 ; Lama et al. 
 2000 ). Its prevalence is probably underestimated 
because refl ux is diagnosed in those patients who 
are symptomatic. In newborns, VUR is more 
prevalent in males, but female-to-male ratio of 
refl ux in children over 3 years old seems to be of 
2:1 (Altobelli et al.  2014 ; Chand et al.  2003 ). 
White children are affected ten times more than 
black ones, in particular red-hair children seems 
to have an increased risk of VUR. 

 In the population with UTIs, the incidence 
varies from 30 % to 50 % depending on age and 
gender. The reported prevalence of VUR in sib-
lings (27 %) and in offspring (36 %) suggested 
that there is a genetic component, still undefi ned, 
but supposed to be dominant with variable pene-
trance (Skoog et al.  2010 ; Kelly et al.  2005 ). 

 Approximately 20–30 % of children with 
VUR present with renal lesions: despite neonatal 
VUR, there is a high percentage of spontaneous 
resolution (30–40 % of grade 4–5 VUR can 
resolve within 2–6 years of age); nevertheless 
this population have high risk of acute pyelone-
phritis, hypertension, and chronic renal failure 
during the fi rst months of life (Lama et al.  2000 ; 
Caione et al.  2004 ). In children and young adults 
who need substitutive renal therapy, VUR inci-
dence is about 6 % and it represents the fi fth most 
common cause of chronic renal insuffi ciency 
(CRI) (Ardissino et al.  1995 ). However, the 
severity of VUR greatly varies and thus may 
affect patients differently, and some patients 
seem to have a genetic predisposition to renal 

injury (Bates and Riccabona  2013 ). Hypertension 
develops in 10 % of children with unilateral scars 
and in 18.5 % with bilateral scars. Approximately 
4 % of children with VUR progress to end-stage 
renal failure (Ardissino et al.  2004 ). 

 VUR is associated with anomalies of the ure-
terovesical junction (UVJ), and it is often seen in 
patients with other urinary tract anomalies 
(Knudson et al.  2007a ). UVJ anomalies consist in 
excessive lateralization, larger dimensions, 
shorter length of submucosal ureteral tract, or 
defi ciency in longitudinal muscular fi bers of the 
terminal ureter (Bates and Riccabona  2013 ). 

 Congenital or primary VUR may be caused by 
a sort of immaturity of UVJ, which spontane-
ously solves in large percentage within the fi rst 
year of life. Secondary VUR is a functional disor-
der found in patients with bladder outlet obstruc-
tion or neurogenic bladder disease, which lead to 
thinning and weakening of the UVJ musculature 
and increased intravesical pressure (Bates and 
Riccabona  2013 ). 

 Two types of urine may fl ow back to the caly-
ces: infected or sterile urine. Intrarenal refl ux of 
infected urine seems to be the cause of renal 
damage, whereas intrarenal refl ux of sterile urine 
(under normal intrapelvic pressure) has not been 
identifi ed as responsible for clinical signifi cant 
renal scars. Thus, renal lesions seem to develop 
only in the setting of intrarenal refl ux in combi-
nation with UTIs, except in patients with neuro-
genic bladder disease (Knudson et al.  2007b ). In 
this condition also refl ux of sterile urine may lead 
to renal damage in association with the highly 
pressurized system, especially in high grade of 
refl ux (Knudson et al.  2007b ). In children, high 
intravesical pressure may be sustained by overac-
tive bladder (e.g., detrusor hyperrefl exia, detrusor 
instability), aggravating a preexisting primary 
VUR or causing secondary VUR. 

 Historically, VUR is classifi ed by the 
International Refl ux Committee into fi ve grades 
(Table  18.2 ), based on the degree of retrograde 
fi lling and dilatation of the renal collecting sys-
tem seen on voiding cystourethrogram (VCUG) 
(Figs.  18.5 ,  18.6 ,  18.7 ,  18.8 , and  18.9 ) (Lebowitz 
et al.  1985 ). Higher grades of refl ux are associ-
ated with decreased self-resolution rate, which is 
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also related to some other factors such as age pre-
sentation, gender, laterality, bladder volume, and 
pressure at the onset of refl ux, voiding dysfunc-
tion, history of UTI, ureteral anatomy, and preva-
lence of renal scars (Bates and Riccabona  2013 ).

        VUR may be diagnosed in the prenatal period 
at sonographic examination when transient dila-
tation of the upper urinary tract is noted in con-
junction with the bladder emptying in late 
gestation (>28 weeks). Approximately 10 % of 
neonates diagnosed prenatally with dilatation of 
the upper urinary tract will be found to have 
refl ux postnatally (Ylinen et al.  2003 ). In  neonates 

   Table 18.2    VUR classifi cation into 5° on VCUG by the 
International Refl ux Committee (Knudson et al.  2007b )   

 Grade 1  Urine backs up into the ureter only, and the 
renal pelvis appears healthy, with sharp 
calyces 

 Grade 2  Urine backs up into the ureter, renal pelvis, 
and calyces; the renal pelvis appears healthy 
and has sharp calyces 

 Grade 3  Urine backs up into the ureter and collecting 
system; the ureter and pelvis appear mildly 
dilated, and the calyces are mildly blunted 

 Grade 4  Urine backs up into the ureter and collecting 
system; the ureter and pelvis appear 
moderately dilated, and the calyces are 
moderately blunted 

 Grade 5  Urine backs up into the ureter and collecting 
system; the pelvis is severely dilated, the 
ureter appears tortuous, and the calyces are 
severely blunted 

  Fig. 18.5    VCUG: vesicoureteral refl ux, grade 1. 
Retrograde fi lling of contrast medium into the ureters only 
that are not dilated       

  Fig. 18.6    VCUG: vesicoureteral refl ux, grade 2. 
Retrograde fi lling of contrast medium into the ureters 
bilaterally and until the pelvis and calyces on the right 
side ( arrow ), without dilation       
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clinical presentation is characterized by respira-
tory distress, persistent vomiting, failure to thrive, 
renal failure, fl ank masses, and urinary ascites, 
and VUR may subsequently be diagnosed with 
severe UTI. Recurrent febrile UTIs are the most 
important and common presentation. 

 In the past, Academy of Pediatrics guidelines 
recommended renal-bladder US and VCUG for 
any child from 2 to 24 months of age who pre-
sented with their fi rst febrile UTI. After a revision 
in 2011, only US is recommended after fi rst epi-
sode of UTI (Roberts  2011 ). To evaluate second-
ary VUR caused by bladder/bowel dysfunction, 
recent studies have identifi ed specifi c voiding 

patterns during urodynamic study in children 
with voiding dysfunction without anatomical 
and/or neurological abnormalities (Altobelli 
et al.  2014 ). 

 US is necessary to examine the upper urinary 
tract morphology, dilatation, parenchymal thick-
ness, and echogenicity (Altobelli et al.  2014 ). US 
can identify indirect signs of VUR, such as uro-
epithelial thickening of the ureter or renal pelvis, 
changing diameter of the pelvicalyceal system 
and ureter, quick refi lling of the bladder after 
voiding, asymmetric ureteral infl ow jets, and a 
lateralized position or unusual shape of the ure-

  Fig. 18.7    VCUG: vesicoureteral refl ux, grade 3. 
Retrograde fi lling of contrast medium until the pelvis and 
calyces bilaterally, with mild pelvis ( arrow ) and ureter 
( arrowhead ) dilation on the right side       

  Fig. 18.8    VCUG: vesicoureteral refl ux, grade 4. 
Retrograde fi lling of contrast medium until the pelvis and 
calyces on the left side, with dilation of the ureter ( arrow-
head ) and pelvis ( white arrow ) and moderate blunted 
aspect of the calyces ( black arrow )       
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teral ostium (Bates and Riccabona  2013 ). Great 
dilatation of the whole collective system, with 
clubbing of the calyces and elongated and tortu-
ous ureters, is typical of severe VUR. These signs 
are often associated with poor ureteral peristalsis, 
especially in correlation with high-grade VUR 
and UTI. 

 Moreover, VUR may be directly observed by 
contrast-enhanced voiding ultrasonography (ce- 
VUS) that consists in a US examination with 
injection of shaken saline solution with air or 
commercially available contrast agents via supra-
pubic or transurethral catheterization till bladder 
fi lling (Bates and Riccabona  2013 ). 

 Ultrasound techniques such as harmonic 
imaging, stimulated acoustic emission, or other 
contrast-specifi c techniques have further 
enhanced ce-VUS potential for VUR depiction 
and grading, resulting in a reported sensitivity 

and specifi city equal to VCUG (Bates and 
Riccabona  2013 ; Riccabona  2008 ). 

 Nevertheless, VCUG remains the basic imag-
ing technique to detect VUR and to determine its 
degree (Figs.  18.5 ,  18.6 ,  18.7 ,  18.8 , and  18.9 ). 
This exam is performed with iodinated contrast 
medium instilled into the catheterized and emp-
tied urinary bladder, which is fi lled to near capac-
ity. Bladder capacity is estimated on the basis of 
weight, multiplied by 7 (mL = kg × 7). Over 
1 year of age, it equals age in years plus 2, multi-
plied by 30 [mL = (age + 2) × 30]. 

 The fluoroscopic observation of the (early) 
filling phase, the distal ureters (in oblique pro-
jections), the renal collecting system, and the 
urethra during voiding (lateral projection in 
boys) enables focused imaging of critical areas 
and conditions such as intrarenal VUR and 
UVJ anatomy (Bates and Riccabona  2013 ). 
VUR is not always well depicted in the first 
fill and void; in order to avoid missing signifi-
cant VUR, VCUG should be repeated 
cyclically. 

 The appearance of refl uxing ureters and pelvi-
calyceal systems on VCUG is quite variable, 
ranging from normal-sized upper tracts to 
extreme upper tract dilatation and marked ure-
teral tortuosity (Bates and Riccabona  2013 ). In 
some patients, VUR is accompanied by a tran-
sient phenomenon depicted as marked ballooning 
of the pelvicalyceal system in the absence of evi-
dence of ureteropelvic junction (UPJ) obstruc-
tion. Sometimes VUR may induce a kink at the 
UPJ, producing a functional valve-like UPJ 
obstruction. 

 When VUR is extended to the calyces, fi nding 
an intrarenal refl ux is important because of its 
association with renal scarring. Intrarenal refl ux 
may be depicted as a transient pyelotubular and 
interstitial refl ux of contrast media extending 
outward in a wedge-shaped pattern from one or 
more papillae to the renal cortical surface 
(Fig.  18.10 ).

   The physiopathological basis of intrarenal 
refl ux is supposed to be an abnormal morphology 
of the opening of the collecting ducts of Bellini 
on the renal papilla, which appears round, more 
common at the poles, and therefore less resistant 

  Fig. 18.9    VCUG: vesicoureteral refl ux, grade 5. Bilateral 
retrograde fi lling of contrast medium until the pelvis and 
calyces, with severe dilation of the pelvis ( white arrow ) 
and ureter that is tortuous ( arrowhead ); severe blunted 
aspect of the calyces ( black arrow )       
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to retrograde fl ow than the slitlike openings of 
the ducts of simple or conical papillae (Bates and 
Riccabona  2013 ). 

 The study of the renal parenchyma is usually 
performed by US and by DMSA scintigraphy. 
US may show parenchymal damage depicted as 
areas of depression in the outline of the kidney in 
correspondence of the dilated and distorted calyx. 
Color Doppler imaging may reveal a focal reduc-
tion of peripheral vascularization. Nuclear scin-
tigraphy using DMSA is especially sensitive in 
detecting renal cortical scars and is considered 

the gold standard. This technique may reveal the 
infl ammation of acute pyelonephritis or chronic 
renal scars, evaluating the degree of renal dam-
age, which has main importance during follow-
 up (Bates and Riccabona  2013 ). 

 Other methods for the evaluation of the upper 
tract are contrast-enhanced CT and MRI, which 
may become indicated for assessment of compli-
cated disease (Bates and Riccabona  2013 ). 

 The European Association of Urology recom-
mends a DMSA scan if VUR is diagnosed on ini-
tial VCUG. On the other hand, the American 
Urological Association recommends the renos-
cintigraphy study only if an abnormal US is 
reported during breakthrough UTIs, in children 
presenting high-grade VUR (grade III–V) or ele-
vated serum creatinine (Peters et al.  2010 ). This 
diagnostic approach is “bottom-up” (Altobelli 
et al.  2014 ). 

 The recent National Institute for Health and 
Clinical Excellence (NICE) guidelines alterna-
tively suggest a “top-down approach” with an 
initial renal ultrasound or a DMSA scan per-
formed 4–6 months after the infection in order to 
assess renal scarring rather than pyelonephritis, 
in children with their fi rst febrile UTI. This 
approach may avoid unnecessary VCUG in 
patients with normal DMSA (in 35–60 % of 
cases), reducing children radiation exposure 
(Herz et al.  2010 ; National Collaborating Center 
for Women’s and Children’s Health (UK)  2007 ; 
Weinberg et al.  2013 ). This same motivation 
leads some authors to suggest also the use of ce- 
VUS with endovesical instillation (Piaggio et al. 
 2003 ). This is the main advantage of the recent 
“top-down approach” (Altobelli et al.  2014 ).  

18.4     Ureteropelvic Junction 
Obstruction 

 The UPJ obstruction is the most common cause 
of hydronephrosis in neonatal age, and it is usu-
ally due to an intrinsic cause (a short stenotic 
segment at the UPJ) or less commonly to an 
extrinsic compression secondary to bands, kinks, 
or aberrant vessels (Dewan et al.  1998 ). 
Obstruction can be also determined by a high 

  Fig. 18.10    VCUG: intrarenal refl ux. Image shows con-
trast medium refl ux until pelvis and calyces extending 
outward from the papillae to the interstitium of the renal 
cortex ( arrow ), so that the profi le of the kidney results 
well delineated       
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insertion of the UPJ on the dilated renal pelvis, 
but the UPJ displacement could be an effect 
rather than a cause. Aberrant or crossing lower 
pole vessels are found in more than 30 % of older 
children and adults undergoing pyeloplasty for 
this cause, while they are present in less than 5 % 
of infants with prenatally detected UPJ obstruc-
tion; they are incidental to an intrinsic obstruc-
tion in the latter, but in older patients, they are 
the cause of the obstruction. 

 The male-to-female ratio is approximately 
equal and the left kidney is more commonly 
affected than the right. The condition usually 
occurs on a sporadic basis, but familial inheri-
tance has been reported. UPJ obstruction is more 
common in children with other urinary tract 
anomalies such as multicystic dysplastic kidneys 
and the VACTERL spectrum of anorectal and 
vertebral anomalies (Thomas et al.  2008 ). 

 With the development of antenatal ultrasound, 
UPJ obstruction is now diagnosed more during 
the perinatal period in asymptomatic infants 
(Grignon et al.  1986 ); however, UPJ obstruction 
may go unnoticed antenatally and present in 
emergency settings with a palpable mass or 
abdominal distension in neonates, or with severe 
abdominal pain, urinary tract infection, or hema-
turia in older children. Intermittent pain associ-
ated with vomiting is also recognized (Marincek 
and Dondelinger  2007 ). Unlike nonspecifi c 
abdominal pain, the symptoms arising from an 
obstructed kidney usually last for several hours 
or several days. Although the pain is typically 
sited in the region of the loin, it may be experi-
enced predominantly in the central quadrants of 
the abdomen, with possible diagnostic diffi cul-
ties (Thomas et al.  2008 ). 

 Current assessment of the child with apparent 
UPJ obstruction rests upon a determination of 
structure and functional studies. Typically, the 
sequence comprises ultrasound followed by  99m Tc 
mercaptoacetyltriglycine (MAG3) dynamic 
renography. The use of DMSA scintigraphy or 
 99m Tc DMSA scintigraphy is reserved for poorly 
functioning obstructed kidneys. 

 US is the initial imaging of choice used in 
children with suspected urinary tract obstruction. 
It shows dilated renal pelvis communicating with 

dilated calyces in the absence of visualization of 
the distal ureter (Fig.  18.11 ). The renal cortex 
may appear thin, and a crossing blood vessel at 
the UPJ may be visualized on color Doppler 
ultrasound. In older children, the concern for a 
crossing lower pole renal vessel is higher than in 
infants, so occasionally CT or MR angiography 
is sometimes obtained to look for these vessels 
(Fig.  18.12 ). Occasionally, the distal ureter 
appears dilated due to associated vesicoureteric 
refl ux or to a more distal cause of obstruction. 
The UPJ obstruction must be distinguished from 
a multicystic kidney; the latter appears as non-
communicating area of cystic dilation of vari-
able size (Marincek and Dondelinger  2007 ). A 
massively dilated renal pelvis without signifi -
cant caliectasis suggests a lesser degree of 
obstruction, and one should not base clinical 
decisions on the degree of pelvic dilation alone 
(Lima and Manzoni  2015 ). A similar obstruc-
tion can be determined by a retrocaval ureter, by 
a functional impairment of the peristaltic con-
traction of the ureter, by secondary obstruction 
due to gross VUR, and by distortion of the ure-
ter in a horseshoe kidney, so all this conditions 
must be excluded.

  Fig. 18.11    UPJ obstruction. Longitudinal US scan shows 
dilated renal pelvis communicating with dilated calyces 
and a sudden narrowing in the site of the ureteropelvic 
junction ( arrow ). The distal ureter is not visualized       
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    The most reliable current method of assessing 
relative renal function is the diuretic renogram 
(DR), a functional study using  99m Tc MAG3 per-
formed to assess the renal drainage and compare 
the function of the kidneys (Stauss et al.  2003 ). 

The UPJ obstruction is confi rmed by showing 
dilatation of the upper urinary tract, failure of 
tracer washout after diuretic administration, and 
gradually rising activity on the time-activity 
graph. The greatest value of the DR and washout 

a b

c

  Fig. 18.12    UPJ obstruction at MRI: T2-weighted single- 
shot fast-spin-echo (SSFSE) images. Coronal SSFSE ( a ) 
shows severe dilation of the pelvis and calyces with asso-
ciated thinning of the renal cortex. Sagittal SSFSE ( b ) and 

coronal fat saturated SSFSE ( c ) better highlight the site of 
the obstruction and the distal ureter with normal caliber 
( white arrows ). In this case, a crossing blood vessel at the 
UPJ was not identifi ed       
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curve is to monitor the status of the kidney 
over time, particularly when an observational 
approach is taken. This is though a burden on 
families and includes increased radiation. The 
child with more severe dilation and more delayed 
washout is more likely to not improve spontane-
ously or to deteriorate. As long as the family is 
aware of this and is reliable to return for follow-
up, observation is the advisable approach 
(Thorup et al.  2003 ). 

 If the ureter is dilated or the bladder wall is 
thick, a VCUG is indicated to exclude vesicoure-
teric refl ux and urethral valves. 

 The goal in diagnosing and treating UPJ 
obstruction is to prevent ipsilateral renal function 
loss and minimize associate comorbidities, like 
UTIs and urolithiasis. 

 Acute management of a UPJ obstruction is 
usually the placement of a percutaneous nephros-
tomy, and functional imaging is performed when 
acute symptoms have settled. Treatment is either 
conservative (wait and see) or surgical, depend-
ing on the severity of functional loss. It is well 
established that after surgery the hydronephrosis 
can resolve spontaneously.  

18.5     Duplex Kidney 

 A duplex kidney is a kidney with two pelvicaly-
ceal systems, generally referred to as upper and 
lower poles. The upper pole normally accounts 
for one third of the kidney, whereas the lower one 
for the remaining two thirds. Anatomically, 
duplex systems can be incomplete (bifi d pelvis or 
ureter) or complete. The former are four to fi ve 
times more common than the latter, which are 
most common in females. In approximately 40 % 
of cases, the condition is bilateral. Partial dupli-
cations will have convergence of the ureters into 
a single system prior to its entry into the bladder. 

 When the separate buds incorporate into the 
bladder, the more cranial bud terminates in a 
location more caudal and medial than expected. 
Conversely, the most caudal bud ends more cra-
nial and lateral. This phenomenon is known as 
the Weigert-Meyer rule and has only rare excep-
tions (Mackie and Stephens  1975 ; Jain et al. 

 2008 ). The lower pole ureter tends to have a 
shorter course within in the bladder wall due to 
its lateral positioning, predisposing it to VUR, 
whereas the upper pole ureter with a long course 
within the bladder wall is more often associated 
with obstruction or ureterocele. In addition, ure-
teral ectopia is more common in the upper pole, 
whereas UPJ obstruction in the lower pole 
(Whitten and Wilcox  2001 ). Upper pole UPJ 
obstruction and primary upper pole VUR are rare 
for anatomical and embryological reasons. 

 Uncomplicated duplex system anomalies 
often go undiagnosed for the whole life. In con-
trast, complicated ureteral duplications are often 
associated with other urological anomalies and 
more easily present themselves with different 
symptoms. 

 Febrile UTIs are the most common presenting 
symptoms. They occur more commonly when a 
VUR is associated with the condition in any of 
the moieties or with hydroureteronephrosis 
(Lima and Manzoni  2015 ). Risk of infection 
might be higher in case of ureterocele, although it 
is still unclear whether this is due to the uretero-
cele itself or to the fact that VUR is often associ-
ated (Castagnetti et al.  2012 ). 

 Basic diagnostic workup in patients with a 
complicated duplex system should generally 
undergo US of the upper urinary tract and blad-
der and a renal nuclear scintigraphy. A VCUG 
should be considered if a dilated ureter is visible 
on US. Additional imaging may be useful when 
anatomical information is necessary. 

 The US of the urinary tract is generally the 
fi rst investigation. Sonographically, duplicated 
systems will have an intervening bar of renal 
parenchyma separating the upper and lower 
poles. This parenchyma is more evident in the 
presence of hydronephrosis (Fig.  18.13 ). The US 
should defi ne the laterality of the condition and 
identify the moieties that are dilated; the degree 
of the dilatation, whether or not ureteral dilata-
tion is associated; and the aspect of the bladder 
including the presence of a ureterocele.

   Since duplication is often associated with 
VUR, VCUG should always follow but in suspi-
cion of lower pole UPJ obstruction (Kim et al. 
 2001 ). VUR into a lower pole ureter may displace 
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the lower pole downward and outward, with 
the renal pelvis and calyces appearing like a 
 “drooping lily.” In order to rule out the presence 
of a ureterocele, a picture should be taken after 
injection of few cc of contrast into the bladder, at 
low- volume bladder fi lling, to prevent uretero-
cele collapse. 

 Finally, an assessment of moiety function 
should be achieved by nuclear scintigraphy. The 
dynamic  99m Tc MAG3 scintigraphy allows for 
simultaneous assessment of cortical function and 
upper tract drainage: the information necessary 
for the decision-making is the gross presence of 
any function in the moiety or its complete 
absence. Patients with primary lower pole VUR 
are the only exception, in which using a static 
 99m Tc DMSA scintigraphy can be useful to search 
for parenchymal scars. It is recommended, how-
ever, also a MAG3 scan if any trapping of con-
trast in the upper tract is seen on the VCUG, in 
order to rule out any concomitant obstruction that 
might contraindicate the injection of bulking 
agent as treatment of refl ux, should recurrent 
febrile UTIs occur (Othman et al.  2012 ). 

 If additional imaging is required, i.e., for 
massive nonrefl uxing dilatation of both upper 
and lower ipsilateral moieties or for incongru-
ence in the basic assessment tests, uro-MRI 
allows for simultaneous optimal anatomical defi -
nition and functional assessment (Grattan-Smith 
and Jones  2006 ). 

 Treatment of duplications is conservative in 
the majority of cases, surgical only in the pres-
ence of severe complications or concomitant 
pathology.  

18.6     Ureterocele 

 A cystic dilation of the distal ureter where it 
inserts into the bladder or urethra is called a 
ureterocele. 

 Ureteroceles are most commonly associated 
with the upper pole in a duplex kidney and occur 
more frequently in females (Shokeir and Nijman 
 2002 a). The reported incidence of ureteroceles is 
1 in every 1,000 births (Palmer and Palmer  2014 ). 
The risk of UTI in children with ureteroceles may 
be as high as 50 % (Besson et al.  2000 ). 
Ureteroceles are classifi ed as intravesical (or 
orthotopic) if they are entirely within the bladder 
and as ectopic if part of the ureterocele extends 
into the bladder neck or into the urethra. The 
exact embryologic explanation for ureteroceles is 
unknown, but one popular theory is that there is a 
membrane between the mesonephric duct and the 
ureteric bud that does not completely break down 
and leads to a stenotic ureteral orifi ce and obstruc-
tion (Palmer and Palmer  2014 ). 

 Single-system ureteroceles are most common 
in boys and usually incidentally found during 
sonographic examinations, but they can present 
with acute signs of UTI or lithiasis. Upper tract 
dilatation is absent or of mild to moderate sever-
ity and renal function is normally preserved. 
They usually lie entirely within the bladder 
(orthotopic ureteroceles). 

 Duplex system ureteroceles are associated 
with the upper pole ureter and can cause refl ux 
or obstruction in the ipsilateral lower pole and, 
being more often ectopic, can cause bladder out-
let obstruction. They can alter the function of the 
whole bladder, because of the trigone develop-
ment already being partly abnormal due to the 
presence of two ipsilateral ureters (Lima and 
Manzoni  2015 ). Dysplasia of the upper pole 
parenchyma is the rule with duplex system ure-
teroceles, usually to the extent that the upper 
pole has little if any useful function. Often this 

  Fig. 18.13    Hydronephrotic duplex kidney. Longitudinal 
US scan shows two dilated pelvicalyceal systems ( aster-
isks ), with interposed renal parenchyma ( arrowhead ) 
separating the upper and lower poles. Ureteral dilation of 
both the excretory system is associated ( arrows )       
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correlates with dilatation of the upper pole 
 ureter. Clinical presentation of ureteroceles in a 
duplex system is typically with UTI, occasion-
ally with Gram-negative septicemia, acute 
 urinary retention, or, in females, with a vaginal 
mass determined by urethral prolapse of the 
ureterocele. 

 Most ureteroceles are diagnosed by ultraso-
nography that demonstrates a thin-walled cystic 
mass within the posterior wall of the bladder and 
potentially hydroureteronephrosis (Fig.  18.14 ). 
Attention should be paid to the degree of bladder 
fullness during the exam, as ureteroceles can col-
lapse and be overlooked in a full bladder. 
Conversely, if the bladder is too empty, the ure-
terocele can easily be lost among the folds of the 
bladder wall. Pseudoureteroceles (the dilated dis-
tal ureter pressing on the bladder wall) can be dif-
ferentiated from real ureteroceles by the thickness 
of their walls: thin-walled for a true ureterocele 
and thicker bilaminar bladder wall for a pseudo-
ureterocele. Upper pole dysplasia can be seen as 
hyperechoic parenchyma and smaller relative 
size with varying degrees of thickness.

   A VCUG is generally performed as well 
because of the increased incidence of ipsilateral 
lower pole refl ux in duplex systems. Refl ux into 
both poles is usually indicative of incomplete 
duplication. Contralateral refl ux can also be seen. 

Early images of the bladder with the VCUG will 
often demonstrate the ureterocele as a large, 
smooth, fi lling defect on the posterior wall/tri-
gone. Once the bladder is full, the ureterocele 
may evert to look like a diverticulum with its 
location at the bladder base as the only indication 
of being a ureterocele. During the voiding phase, 
prolapse of a large ureterocele can be demon-
strated with movement of it into the urethra. 

 Cystoscopy is routinely advisable for the 
assessment of duplex system ureteroceles, princi-
pally in order to determine if the lesion is ortho-
topic or ectopic (Shokeir and Nijman  2002 b). 

 MRI has the potential to clarify anatomy and 
provide functional information without exposure 
to radiation. The major disadvantage is the 
requirement for general anesthesia or sedation in 
children to ensure they remain still while the scan 
is being performed. 

 Ureteroceles are treated to prevent or reduce 
UTI and to prevent renal damage. It is generally 
agreed upon that all children with a ureterocele 
should be on prophylactic antibiotics to prevent 
UTI and urosepsis (Husmann et al.  1995 ). The 
treatment for a child with a ureterocele and sep-
sis, unresponsive to antibiotics, is urgent endo-
scopic decompression via transurethral incision. 

 Indications to surgery are febrile UTIs and 
bladder outlet obstruction (Shokeir and Nijman 
 2002 b).  

18.7     Ectopic Ureter 

 An accessory bud that arises from the mesoneph-
ric duct in a more cephalic position than the nor-
mal site and which drains the upper renal pole 
will come to enter the urinary tract in a distally 
ectopic location, as said before. It may drain into 
either the bladder, the urethra, or the urogenital 
sinus. In females, such ectopic ureters may be 
sited above the sphincter mechanism (supra-
sphincteric), close to or at the level of the striated 
sphincter (although usually below the bladder 
neck), or distal to the sphincter (infrasphincteric), 
either at the introitus or in the distal vagina. In 
males, the termination is always suprasphincteric 
(because mesonephric duct derivatives are all 

  Fig. 18.14    Ureterocele. Axial US scan of the pelvis 
shows a thin-walled cystic dilation ( asterisk ) within the 
posterior wall of the bladder       
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proximal to the external urethral sphincter), con-
necting with the ductus deferens, the seminal 
vesicle, or, most often, the ejaculatory duct. 

 Ureteric ectopia is usually associated with a 
dysplastic renal pole, while the ureter itself is fre-
quently dilated, either as a consequence of refl ux, 
obstruction, or dysmorphism. Even in the absence 
of dysplasia, the affected pole typically exhibits 
some degree of dilatation, the only common 
exception being in some girls with infrasphinc-
teric ectopia. 

 Ectopic ureter is rare, affecting some 0.01 % 
of individuals, mostly females. 

 Clinical presentation of suprasphincteric ecto-
pic ureters is almost invariably with urinary 
infection, which, in males, may manifest as 
epididymo- orchitis. Rarely it can present with an 
abdominal palpable mass, represented by the 
hydronephrotic kidney. Urinary incontinence and 
hematuria can be typical of infrasphincteric ecto-
pia. This incontinence is very specifi c, with a 
constant dribbling of urine superimposed upon 
an otherwise normal pattern of micturition, a 
clinical picture that distinguishes it from all other 
causes of incontinence (Thomas et al.  2008 ). 

 In cases where an ectopic ureter is suspected, 
radiological evaluation begins with a renal and 
bladder US. The greater the degree of ureteral dila-
tation, the easier it is to determine the site of ecto-
pic insertion. The location of the ectopic ureter 
insertion is often not determinable. The dilated dis-
tal ureter can be visualized behind the bladder 
(Fig.  18.15 ). Often hydronephrosis of the upper 

renal pole is visible. If the ectopic ureteral orifi ce is 
in the external urethral sphincter, a unique situation 
can occur where an obstructed, refl uxing megaure-
ter is found. In some girls with infrasphincteric 
ectopia, the upper renal pole is not hydronephrotic 
but is small and dysplastic (and can be ectopic) and 
consequently diffi cult or impossible to detect by 
ultrasonography (cryptic duplication). When visi-
ble the upper pole can have hyperechoic paren-
chyma and thinning as a result of the hydronephrosis 
and high association with renal dysplasia.

   VCUG in suprasphincteric ectopia demon-
strates refl ux to the upper pole only during voiding, 
when the external sphincter is relaxed. In patients 
with an ectopic ureter at the bladder neck 
(Fig.  18.16 ), it is not unusual that the catheter 
inserted in the urethra for the VCUG instead of 
entering the bladder goes straight into the ectopic 
ureter. The injection of contrast actually results in a 
retrograde pyelography of the upper pole moiety.

  Fig. 18.15    Ectopic ureter. US scan of the pelvis shows a 
dilated distal ureter ( arrow ) behind the bladder, suggest-
ing an ectopic insertion; the exact location is not easy to 
visualize and often not determinable on US examination       

  Fig. 18.16    VCUG: ectopic ureter associated with high- 
grade VUR. Left ectopic ureteral insertion ( arrow ) at the 
bladder neck with retrograde fi lling of contrast medium 
until the pelvis and calyces that appear severely dilated       
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   MRI is excellent in showing the location of 
the orifi ce (Krishnan and Baskin  2005 ; Wille 
et al.  2003 ), especially with sagittal views. No 
contrast is needed and ionizing radiation is 
absent. T2-weighted images are excellent at 
delineating fl uid-fi lled structures such as an ecto-
pic ureter. In most cases, utilizing MRI for young 
children has required sedation in some form for 
optimal imaging. This fact, along with the 
increased cost, has limited MRI to equivocal 
cases in need of defi nition of anatomy rather than 
as a screening modality. 

 DMSA radionuclide scans remain the gold 
standard to determine renal function and to guide 
surgical plan. 

 Treatment of suprasphincteric ectopic ureters 
requires reimplantation of the ureters into the 
bladder, plus augmentation cystoplasty when the 
bladder is small. The only treatment for infra-
sphincteric ectopic ureters is the exeresis of the 
related small dysplastic kidney (Thomas et al. 
 2008 ).     
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      Posterior Urethral Valves                     

     Cinzia     Orazi     ,     Antonio     Maria     Zaccara    , 
    Massimiliano     Silveri    , and     Paolo     Maria     Schingo   

19.1          Introduction 

 Lower urinary tract obstruction (LUTO) includes 
a heterogeneous group of congenital anomalies. 
Posterior urethral valves (PUVs) represent the 
most common cause of LUTO in males, with 
incidence ranging from 1:5.000 to 1:8.000 live 
births, according to most of the series (Nasir 
et al.  2011 ; Malin et al.  2012 ; Gharpure  2013 ; 
Thakkar et al.  2014 ; Keihani and Kajbafzadeh 
 2015 ). However, the true incidence remains dif-
fi cult to assess and is probably underestimated 
due to fetal or perinatal demise and, on the other 
hand, to delayed diagnosis in milder forms 
(Caione and Gerocarni Nappo  2011 ). PUVs rep-
resent a congenital phenomenon mostly occur-
ring sporadically, although familial forms have 
rarely been reported (Kajbafzadeh  2005 ). The 
classic form of PUVs is in the prostatic urethra, 
below or after the verumontanum (Kajbafzadeh 
 2005 ). They consist of abnormal mucosal folds 

between the urethral wall and the distal end of the 
verumontanum (Dacher  2008 ) and present with a 
spectrum of severity, from mild to lethal forms, 
depending on the confi guration of the obstructive 
membrane inside the urethra and on the degree of 
obstruction (Nasir et al.  2011 ; Mirshemirani et al. 
 2013 ). Most of the obstructive forms are usually 
detected by prenatal sonography, although one- 
third of the cases still present postnatally with 
urinary sepsis, abdominal distention, abdominal 
mass, or poor urinary stream in infancy. Newborns 
may occasionally present with respiratory dis-
tress due to pulmonary hypoplasia and renal fail-
ure. Late presentation during infancy or even 
childhood with urinary incontinence and urinary 
tract infections (UTI) does not always correlate 
with better outcome. Also urinary upper tract 
consequences are extremely variable (from no 
alteration in mild forms to severe renal impair-
ment associated with bladder dysfunction in 
severe cases). The most severe forms with oligo-
hydramnios exit in stillborn fetuses with Potter’s 
syndrome (Hutton  2004 ; Dacher  2008 ; 
Sudarsanan et al.  2009 ; Malin et al.  2012 ).  

19.2     Historical Background 

 Giovanni Battista Morgagni, an Italian anatomist, 
was the fi rst to describe congenital obstruction of 
the posterior urethra in 1717 (Morgagni  1769 ). 
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 In 1802 Langenbeck reported valve-like ure-
thral folds in autopsy specimens in his mono-
graph on stone disease (Langenbeck  1802 ). 

 Velpeau, in 1832, coined the term “valves” 
because folds resembled cardiac valves and 
inferred its clinical relevance as an obstructive 
condition (Velpeau  1832 ). 

 Budd, in 1840, presented the case of a young 
sailor who died because of uremia and hydrone-
phrosis with a membranous fold or valve in the 
posterior urethra and secondary changes in the 
bladder (Budd  1840 ). 

 A comprehensive description, including an 
embryological theory, was made in 1870 by 
Tolmatschew, who defi ned the valves as “over-
growths of the normally present anatomical folds 
and ridges in the urethra,” so a hypertrophy of the 
urethral mucosal folds. Urine fl ow from the blad-
der caused swelling of the membranes and 
obstruction of the lumen, preventing the bladder 
from emptying (Tolmatschew  1870 ). 

 Bazy suggested the theory of the persistence 
and continuation of the urogenital membrane in 
1903 (Bazy  1903 ). 

 In 1914 Lowsley proposed that PUVs were, 
instead, due to an anomaly of the Wolffi an or 
Müllerian duct origin (Lowsley  1914 ). 

 In 1921 Watson hypothesized that PUV forma-
tion occurred because of an arrest of normal 

development, with persistent attachment of the 
verumontanum to the posterior urethral roof epi-
thelium (Watson  1921 ). Finally, PUVs were 
described as a clinical and pathological condition 
in a seminal article by Young, who presented a 
retrospective series of 12 patients with urethral 
valves, together with a review of cases from the 
literature, in 1919 (Young et al.  1919 ). Based on 
autopsy fi ndings, he subdivided PUVs in three 
types, depending on the orientation of the valves 
and their relationship to the verumontanum 
(Fig.  19.1 ). Type 1, the most common, were com-
posed of a ridge coursing anterior from the distal 
verumontanum, dividing into two separate leaf-
lets, attaching to the anterolateral walls of the ure-
thra. Type 2, the most rare, extended from the 
proximal verumontanum toward the bladder neck. 
Type 3 valves consisted of a diaphragm with a 
central perforation, attached to the entire circum-
ference of the urethra, distal or proximal to the 
verumontanum. In 1955 Stephens considered 
PUVs as a result of abnormal integration of the 
Wolffi an ducts into the urethra, causing an abnor-
mally obstructing membrane that would normally 
be seen as nonobstructing “fi ns” radiating distal 
from the verumontanum in the unaffected infant 
(Stephens  1955 ). In 1965 Williams and Eckstein 
supported the theory of Tolmatschew that valves 
represented an exaggeration of normal folds fi rst 

  Fig. 19.1    Types of posterior urethral valves: Young’s classifi cation       
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seen in the urethra, with no relation to Wolffi an 
duct structures (Williams and Eckstein  1965 ). The 
study of Robertson and Hayes in 1969 as well as 
that of Lowsley supported the hypothesis of an 
extraurethral or Wolffi an origin of PUVs 
(Robertson and Hayes  1969 ). This also raised the 
question as to whether they should be called 
valves at all since they perhaps actually were 
made up of a single membranous structure, 
instead of the bicuspid morphology proposed in 
1919 by Young. However, the nomenclature of 
PUVs remained unchanged up to the early 1990s, 
with the series of Dewan et al. ( 1992 ,  1994 ) who 
considered the term valves incorrect because the 
obstruction of the posterior urethra was caused by 
a single membrane and coined the term COPUM 
(congenital obstructive posterior urethral mem-
brane). Moreover, types 1 and 3 valves of Young 
had to be considered the same, being either mis-
taken one for the other during endoscopy, because 
of the angle of visualization, or being type 3 mod-
ifi ed in type 1 by prior urethral instrumentation 
(Dewan et al.  1992 ; Dewan and Goh  1995 ). 
According to Dewan, there are two distinct enti-
ties with two distinct embryological origins, caus-
ing obstruction in the posterior urethra, namely, 
COPUM and Cobb’s collar. COPUM is an oblique 
membrane associated to the distal verumontanum, 
while the Cobb’s collar (or congenital urethral 
stricture) is a transverse membrane located distal 
to the external urethral sphincter, with no relation 
to the verumontanum (Cobb et al.  1968 ; Dewan 
et al.  1992 ; Dewan and Goh  1995 ). He believes in 
the theory of Watson for COPUM and persistence 
of the urogenital membrane for Cobb’s collar 
(Watson  1921 ).

19.3        Anatomy and Embryology 

 The normal male urethra extends from the blad-
der neck to the external urethral meatus and is 
anatomically divided into the posterior urethra 
(with the prostatic and membranous portions) 
and the anterior urethra (cavernous or spongy 
portion). The prostatic urethra, extending from 
the bladder neck to and through the urogenital 
diaphragm, is the widest portion. Along the pos-
terior urethra, there is a mucosal ridge called ure-

thral crest, which is lined by a dip on each side, 
the prostatic sinus, with numerous openings of 
the prostatic ducts. Slightly below there are the 
openings of the two ejaculatory ducts. The veru-
montanum (colliculus seminalis) is a bulge on the 
posterior urethral fl oor on which the foramen of a 
small diverticulum of the urethra, the prostatic 
utricle, opens. The urethral crest continues natu-
rally below the verumontanum with two thin 
folds (plicae colliculi) that distally attach onto 
the lateral walls of the urethra (Kajbafzadeh 
 2005 ; Benz-Bohm  2008 ). Stephens believes that 
these folds represent the embryological integra-
tion of the Wolffi an ducts into the urethra 
(Stephens  1983 ). 

 The membranous urethra is short and narrow 
and is surrounded by the urinary sphincter. 

 The anterior urethra is divided by the suspen-
sory ligament of the penis into a proximal, bulbar 
urethra and a distal, pendulous, or penile urethra. 
On the fl oor of the bulbar urethra, there are the 
two openings of the ducts of the Cowper glands 
(Kajbafzadeh  2005 ; Benz-Bohm  2008 ). 

 Embryologically, the cloaca is separated by the 
urogenital septum into the urogenital sinus and the 
rectum between the fourth and the sixth weeks of 
gestation. The most caudal end of the Wolffi an 
duct is absorbed into the primitive cloaca at the 
site of the future verumontanum in the posterior 
urethra. The remnants of this process are repre-
sented by the posterior urethral folds, called plicae 
colliculi. PUVs are formed at approximately 
4 weeks’ gestation, as the Wolffi an duct fuses with 
the developing cloaca (Krishnan et al.  2006 ; Nasir 
et al.  2011 ). The prostatic urethra and membra-
nous urethra are derived from the urogenital sinus, 
while the bulbar urethra and pendulous urethra are 
derived from the urethral plate on the ventral 
aspect of the genital tubercle (Krishnan et al. 
 2006 ). Embryology of PUVs, actually, is not well 
known, but it appears to be a multifactor gene-
mediated embryopathy (Nasir et al.  2011 ). 
Similarly to plicae colliculi, PUVs also arise at the 
distal lateral aspect of the verumontanum, but 
extend more distally in an oblique fashion along 
the lateral walls of the urethra and continue anteri-
orly, where they fuse determining obstruction of 
the lumen. PUVs could be due to abnormally ante-
rior insertion of the mesonephric (Wolffi an) duct 
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on the cloaca, prior to its division into the urogeni-
tal sinus and the anorectal canal (Verma  2008 ) pre-
venting normal migration of these ducts, or to 
abnormal fusion of the ducts, resulting in abnor-
mal ridges or folds (Nasir et al.  2011 ; Lukong 
et al.  2014 ), or a consequence of an abnormality of 
the cloacal membrane (Steven and Desai  2016 ).  

19.4     Classifi cation of PUVs 

 The classifi cation created by Young remains com-
monly used even today (Young et al.  1919 ; Nasir 
et al.  2011 ), though most authors agree that is not 
completely correct (Caione and De Pasquale  2011 ) 
(Fig.  19.1 ). The three types of PUVs were differen-
tiated on the basis of the orientation of the valves 
and their relationship to the verumontanum. Type I 
is the most frequently encountered: abnormal ridges 
or folds in the posterior urethra originating from the 
caudal end of the verumontanum and extending dis-
tally are believed to be the origin of 95 % of PUVs 
(Elder and Shapio  2005 ). The membranes arising 
from the verumontanum and extending toward the 
bladder neck of type II are actually not considered 
obstructing valves, but simply hypertrophy of the 
plicae colliculi. Type III represents the other 5 %: 
the mucosal web with a central defect or circular 
diaphragm in the region of the caudal end of the 
verumontanum could be due to incomplete dissolu-
tion of the urogenital membrane (Murphy and Gatti 
 2006 ; Nasir et al.  2011 ). This type was later subdi-
vided into type IIIa when the hole is above the veru-
montanum and type IIIb when it is below the 
verumontanum (Young et al.  1919 ; Krishnan et al. 
 2006 ; Nasir et al.  2011 ). This type of obstructive tis-
sue was termed congenital obstructive posterior 
urethral membrane (COPUM) by Dewan (Dewan 
et al.  1992 ; Lukong et al.  2014 ), on the basis of stud-
ies of the pristine uninstrumented posterior urethra 
of babies with PUVs after suprapubic drainage. He 
considers the three types of valves, probably repre-
senting the same obstructing structure, as a mem-
brane with a central defect, called COPUM 
(congenital obstructive posterior urethral mem-
brane), which can be modifi ed because of antenatal 
rupture, but mostly by instrumentation. Instead of a 
true valve, a persistent oblique membrane could be 
ruptured by initial catheter placement and, second-

ary to the rupture, assume a valve-like confi gura-
tion. Moreover, he regards the type III inframontane 
obstruction, with a central defect, without attach-
ment to the verumontanum, probably a remnant of 
the urogenital diaphragm, and reasonably the same 
as those called Cobb’s collar, Moormann’s ring, or 
congenital stricture. Cobb described cases of nar-
rowing in the bulbar urethra which appeared to be 
congenital, hence the term Cobb’s collar, resulting 
from the persistence of the urogenital membrane, 
minor or signifi cant and muscular or fi brous (Cobb 
et al.  1968 ). Moormann’s ring is another term used 
for congenital narrowing in the bulbar urethra 
(Dewan  2014 ). There is a type IV valve associated 
with prune belly syndrome (Aaronson  1983 ; 
Lukong et al.  2014 ).  

19.5     Associated Anomalies 

 PUVs can be associated with other anomalies of 
the urinary tract (Piçarro et al.  2016 ). 

 The association of PUVs with anterior ure-
thral valves (AUVs), mostly in the bulbar urethra, 
anyway with a distinct embryological origin, is 
exceedingly rare (Tran et al.  2014 ; Keihani and 
Kajbafzadeh  2015 ). 

 The incidence of cryptorchidism is 16-fold 
higher, and the incidence of inguinal hernia is 
7-fold higher in PUV patients than in the normal 
population (Heikkila  2015 ).  

19.6     Pathophysiology 

 PUVs cause anatomical obstruction of the ure-
thra, with different degrees from one patient to 
another, depending on the size of the lumen and 
the resistance to urine fl ow (Heikkila  2015 ). 

 The importance of PUVs is based on the second-
ary effects of urinary outfl ow obstruction of the fetal 
bladder, and the secondary effects of bladder func-
tion on the fetal kidney, as well as its effects after 
birth or even after elimination of the urethral valves 
(Kajbafzadeh  2005 . Sudarsanan et al.  2009 ). As a 
consequence of the obstruction, the posterior ure-
thra elongates and dilates, while the bladder neck 
hypertrophies. Refl ux into the prostatic ducts, semi-
nal vesicles, vasa deferentia, and epididymis as well 
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as to the ureters may also occur. The bladder wall 
becomes trabeculated and thickens, because of 
muscular hypertrophy, and diverticula may develop. 
Consequently, the bladder loses contractile strength 
and compliance, resulting in high intravesical pres-
sure, which reverberates on the ureterovesical junc-
tions and on the kidneys (Heikkila  2015 ). In a 
dynamic process, bladder dysfunction may cause 
progressive renal deterioration (Bomalaski  2016 ). 
Ureteral dilatation may be due to vesico-ureteric 
junction obstruction, or to ineffi cient ureteric drain-
age secondary to high intravesical pressure, or it can 
be the consequence of vesicoureteral refl ux (VUR). 
VUR can either occur because of an abnormal loca-
tion of the ureteric bud arising from the mesoneph-
ric duct or it can be itself secondary to the high 
intravesical pressure (Nasir et al. 2011, Caione and 
De Pasquale   2011 ). The congenital obstruction of 
the urinary tract during organogenesis may affect 
lifelong kidney, ureteral, and bladder function 
(Bomalaski  2016 ). Renal damage can be due to the 
obstructive uropathy, with changes that are poten-
tially reversible, but renal dysplasia can be related to 
damage in early fetal life or abnormal embryogen-
esis, with changes that are not reversible and 
account for long-term renal failure (Nasir et al. 
 2011 ). Polyuria results from nephrogenic diabetes 
insipidus caused by injury to the renal collecting 
tubules (Dinneen et al.  1995 ; Naghizadeh et al. 
 2005 ). Polyuria and bladder overdistention lead to 
increased infravesical pressure and upper tract dila-
tation and renal injury (Koff et al.  2002 ). In addi-
tion, PUV patients may develop refl ux nephropathy 
in the presence of VUR (Heikkila  2015 ). Renal 
insuffi ciency is caused by PUVs in approximately 
10–15 % of children undergoing renal transplanta-
tion, and approximately one- third of patients born 
with PUVs progress to end- stage renal disease 
(ESRD) (Bomalaski  2016 ).  

19.7     Presentation and Diagnosis 

19.7.1     Prenatal Presentation 

 Nowadays, with the widespread use of prenatal 
ultrasonography and increasing awareness, PUVs 
are most frequently detected during routine pre-
natal ultrasound (US). Since the second trimester 

exams, hydronephrosis, a constantly distended 
and thick-walled bladder and a dilated prostatic 
urethra, may become evident (Hodges et al.  2009 ; 
Nasir et al.  2011 ; Heikkila 201), but evidence 
increases after 28 weeks of gestation (Malin et al. 
 2012 ). The peculiar sign is the thick-walled blad-
der, with the so-called “keyhole sign” in the blad-
der neck in male fetuses (Fig.  19.2 ). This sign is 
due to the distention of both the bladder and the 
posterior urethra immediately proximal to the 
obstructing valve. The presence of an echogenic 
line in the dilated posterior urethra, confi rmed 
postnatally to be a valve, has also been reported 
(Cohen et al.  1998 ; Vanderheyden et al.  2003 ; 
Dyer et al.  2004 ; Quintero  2005 ; Avni et al.  2008 ; 
Gharpure  2013 ; Heikkila  2015 ).

   Secondary pyelocaliceal dilatation with paren-
chymal thinning and ureteral dilatation may be 
present (Berrocal et al.  2002 ; Hodges et al.  2009 ; 
Nasir et al.  2011 ; Malin et al.  2012 ; Bickle  2016 ). 
PUVs are frequently associated with VUR, and 
the degree of renal dysplasia due to refl ux also 
determines the extent of postnatal morbidity and 
mortality (Yohannes and Hanna  2002 ). This dis-
order may account for up to 10 % of all prenatally 
detected hydronephrosis (Yohannes and Hanna 
 2002 ). Differential diagnoses include prune belly 
syndrome; megaureter, ureteral duplication; ure-
thral atresia; neurogenic bladder; bilateral vesi-
coureteric refl ux; and, less frequently, the 
megacystis microcolon intestinal hypoperistalsis 
disorder (Hutton  2004 ; Gharpure  2013 ; Bickle 
 2016 ; Steven and Desai  2016 ). In severe cases, 
oligohydramnios; renal dysplasia, presenting as 
increased echogenicity of the kidneys and dis-
crete subcortical cysts; and fetal ascites may be 
observed (Berrocal et al.  2002 ; Yohannes and 
Hanna  2002 ; Hodges et al.  2009 ; Nasir et al. 
 2011 ; Bickle  2016 ). Serial monitoring of urinary 
tract dilatation and amount of amniotic fl uid are 
usually necessary (Sudarsanan et al.  2009 ). 
Ascites and perirenal urinoma represent sponta-
neous forms of urinary tract decompression 
(Silveri et al.  2002 ; Caione and De Pasquale 
 2011 ). Ascites results from leakage of urine from 
ruptured pyelocaliceal structures (Mirshemirani 
et al.  2013 ). Fetuses with signs of urethral 
obstruction are grouped under the term “lower 
urinary tract obstruction” (LUTO). It is 
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sometimes diffi cult to identify the exact cause of 
urethral obstruction prenatally (Martín et al. 
 2004 ; Heikkila  2015 ; Miller  2015 ). Defi nitive 
diagnosis is made by postnatal voiding cystoure-
thrography (VCUG) and cystourethroscopy. 
Prenatal imaging is meant to address the diagno-
sis and ensure proper counseling. MRI offers a 
valuable aid to US in the evaluation of the fetal 
urinary tract, especially when resolution is 
impaired because of severe oligohydramnios 
(Poutamo et al.  2000 ; Payabvash et al.  2008 ; 
Ruano  2011 ; Chauvin et al.  2012 ; Heikkila 

 2015 ). The prognosis depends on, gestational age 
at manifestation, degree of oligohydramnios, 
hydronephrosis, and parenchymal changes, such 
as the presence of renal cysts. Poor outcome is 
predicted by earlier presentation (before 
24 weeks’ gestation) and by complete bladder 
outfl ow obstruction (Hutton  2004 ; Gharpure 
 2013 ). MRI enables evaluation of the amount of 
amniotic fl uid, the status of the renal parenchyma, 
the presence of macro- or microcystic changes, 
the size of the kidneys, and the degree of ureteral 
and bladder distention with thickened walls 

c

a b

d

  Fig. 19.2    Prenatal US: ( a ,  b ) 14 weeks’ gestation, ( c ,  d ) 19 weeks’ gestation: enlarged bladder ( B ) and dilated posterior 
urethra ( U ) (“keyhole sign”); hyperechoic kidneys ( K ); dilated ureters (*)       
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(Chauvin et al.  2012 ). Determination of AFI 
(amniotic fl uid index) represents a prognostic 
clue in evaluating renal function in fetuses 
(Zaccara et al.  2005 ). Depending on the degree of 
obstruction and renal function, the amniotic fl uid 
may vary from normal to markedly decreased. An 
appropriate volume of amniotic fl uid, produced 
by the fetal kidneys, is necessary for complete 
development of the lungs, with normal branching 
of the bronchial tree and alveoli. If long-standing 
oligohydramnios is present, the thorax often 
appears small with hypoplastic lungs, and post-
natal pulmonary failure is most likely (Yohannes 
and Hanna  2002 ; Chauvin et al.  2012 ; Miller 
 2015 ). Intrauterine interventions such as vesi-
coamniotic shunting unexpectedly have not 
improved long- term renal kidney outcome after 
birth (Biard et al.  2005 ; Lissauer et al.  2007 ; 
Malin et al.  2012 ; Taskinen et al.  2012 ; Gharpure 
 2013 ; Morris et al.  2013 ). While vesicoamniotic 
shunting may modify disease lethality by restor-
ing fl uid volume, renal and other genitourinary 
benefi ts are minimal or absent, supporting the 
concept that bladder decompression is being per-
formed after irreversible injury has already 
occurred (Miller  2015 ). Elevated fetal urine elec-
trolytes and β2-microglobulin levels are indica-
tions of irreversible renal dysfunction (Nasir 
et al.  2011 ).  

19.7.2     Postnatal Presentation 

19.7.2.1     Newborn and Infants 
 Newborns with prenatal diagnosis of PUVs need 
to be assessed postnatally, in the fi rst hours of life. 
These patients and those who are not detected by 
prenatal US (about one-third of the cases) may 
present after birth with fi ndings such as delayed 
voiding or poor urinary stream, abdominal mass, 
poor feeding, lethargy, urosepsis or urinary asci-
tes, and failure to thrive (Hutton  2004 ; Nasir et al. 
 2011 ). The enlarged bladder with hypertrophic 
detrusor muscle can be appreciated as a palpable 
mass in the pelvis. In case of oligohydramnios, 
the baby can present with Potter facies and limb 

deformities, skin dimpling, and indentation of the 
knees and elbows, due to compression within the 
uterus. In addition, respiratory distress at birth, 
with poor breathing movements and small chest 
cavity, due to pulmonary hypoplasia, may be the 
initial sign of urethral obstruction (Hutton  2004 ; 
Nasir et al.  2011 ). In infants, poor urinary stream 
and recurrent urinary tract infection are common. 
Delayed postnatal presentation is often with spe-
cifi c urological symptoms like voiding distur-
bance, urine retention, and urinary tract infection 
(UTI). Signs of renal failure or sepsis are not 
uncommon. Rare presentations include urinary 
ascites or urinoma, which may occur as a result of 
spontaneous bladder perforation or fornicial uri-
nary leakage (Nasir et al.  2011 ). 

   Ultrasound 
 Ultrasound (US) is, in most cases, the primary 
imaging method. Prenatal sonographic fi ndings 
need to be confi rmed, in particular the thickened, 
trabeculated bladder walls and the elongated and 
dilated posterior urethra. The “  keyhole sign    ,” due 
to the distention of both the bladder and the poste-
rior urethra, needs to be looked for (Blews  1999 ; 
Dacher  2008 ; Hodges et al.  2009 ; Nasir et al. 
 2011 ; Heikkila  2015 ; Bickle  2016 ) (Fig.  19.3 ).

   Examination of the posterior urethra can be 
performed through the perineum, ideally during 
micturition at which time the proximal urethra 
can be seen to dilate. The diameter of the poste-
rior urethra before and after voiding is larger than 
in normal children (Cohen et al.  1994 ; Good 
et al.  1996 ; Blews  1999 ; Chowdhury et al.  2002 ; 
Schoellnast et al.  2004 ; Kulshrestha  2006 ; De 
Bruyn  2010 ; Nasir et al.  2011 ). The valve may 
actually be seen as an echogenic line fl oating dur-
ing voiding inside the posterior urethra (Blews 
 1999 ; Bickle  2016 ) (Fig.  19.4 ).

   A thick-walled bladder on US means a poorly 
compliant bladder that can lead to obstruction of 
distal ureters and upper tract damage (Hodges 
et al.  2009 ) (Fig.  19.5 ).

   Extended criteria include frequent uni- or 
bilateral dilatation and tortuosity of the ureter 
and uni- or bilateral dilatation of the renal pelvis 
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(Dacher  2008 ; Hodges et al.  2009 ; Nasir et al. 
 2011 ; Bickle  2016 ) (Fig.  19.6 ).

   Because newborns commonly have oliguria 
during the fi rst few days of life, repeat ultrasound 
after the fi rst week of life may be necessary if 
previous fi ndings are normal in a child with pre-
natal diagnosis of hydronephrosis, before assum-
ing that hydronephrosis has resolved. 

 Renal parenchyma needs to be evaluated as to 
thickness, echogenicity, corticomedullary differen-
tiation, and subcortical cysts, though it is not pos-
sible to exactly infer renal function (Dacher  2008 ; 
Hodges et al.  2009 ; Heikkila  2015 ) (Fig.  19.7 ).

   Renal dysplasia seems to depend on the 
 gestational age and the presence/absence of pro-
tective factors such as VUR and urinoma. 

 Perirenal urinoma, large bladder diverticula, 
ascites, or even hydrothorax may be present, as a 
consequence of increased pressure and ruptured 
calyceal fornices (Figs.  19.8  and  19.9 ). They 
have been described as the “pop-off” mechanism 
(Rittenberg et al.  1988 ). However, the presence 
or absence of urinoma does not clearly correlate 
with renal function impairment (Dacher  2008 ; 
Hodges et al.  2009 ; Nasir et al.  2011 ; Bickle 
 2016 ).

a

c
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  Fig. 19.3    Newborn US: ( a ,  b ) longitudinal scans, ( c ,  d ) transverse scans: enlarged bladder, with thickened and trabecu-
lated walls; dilated posterior urethra ( U ); dilated ureters (*)       
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       Voiding Cystourethrography 
 Voiding cystourethrography (VCUG) is the most 
valuable radiological examination and the method 
of choice to image the bladder and the neck, so it is 
the only direct means of diagnosing PUVs, before 
cystoscopic evaluation (Hutton  2004 ; Hodges et al. 
 2009 ; Sudarsanan et al.  2009 ; Gharpure  2013 ; 
Heikkila  2015 ; Bickle  2016 ; Bomalaski  2016 ). 

 VCUG can be performed after suprapubic 
puncture, in premature babies, or in rare cases in 
which it is not possible to catheterize the bladder 
(Gharpure  2013 ) (Figs.  19.10  and  19.11 ).

    Mostly VCUG is performed by retrograde 
opacifi cation. Valves produce only one-way 
obstruction; however, sometimes it can be dif-
fi cult to pass through the bladder neck because 
the catheter is retained in the dilated posterior 
urethra (Dacher  2008 ). VCUG will demon-
strate dilatation and elongation of the posterior 
urethra (similar to the US “  keyhole sign    ”), 
occasionally a linear radiolucent band corre-
sponding to the valve, thickened bladder walls 
with sacculations, trabeculations, and divertic-
ula (Dacher  2008 ; Hodges et al.  2009 ; Gharpure 

a b

c
d

  Fig. 19.4    Newborn US: ( a – d ) transperineal longitudinal scans: dilated posterior urethra ( U ) with valve leafl ets fl oating 
inside ( arrows ),  B  bladder,  R  rectum       
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 2013 ; Bickle  2016 ; Bomalaski  2016 ). The 
bladder neck becomes hypertrophic and 
appears narrow in relation to the dilated poste-
rior urethra (Berrocal et al.  2002 ; Bomalaski 
 2016 ). There appears a circumferential fi lling 
defect at the level of the pelvic fl oor (Nasir 

et al.  2011 ). Different degrees of posterior ure-
thra dilatation may be expected in children 
with PUVs, though a correlation with the 
severity of obstruction and long-term outcome 
has not been established (Figs.  19.12  and 
 19.13 ).

a b

c d

  Fig. 19.5    US: ( a ,  b ) transverse scans VCUG: ( c ) anteroposterior view ( d ) oblique view: thick-walled trabeculated 
bladder       
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    The voiding phase is an essential diagnostic 
step – and it is important to obtain it with the 
catheter removed – since it shows the discrep-
ancy between the posterior and anterior segments 
of the urethra with a posteriorly located orifi ce 
(Dacher  2008 ; Hodges et al.  2009 ; Gharpure 
 2013 ; Steven and Desai  2016 ). 

 In Young type I PUVs, the “sail in the wind” 
sign and, in Young type III PUVs, the “wind in 
sock” sign can be appreciated. However, these 
different patterns are more likely to be the conse-
quence of endourethral procedures rather than 
different diseases (Lissauer et al.  2007 ). 
Differentiating the type of valve is not always 

possible on VCUG (Yohannes and Hanna  2002 ). 
Anyway, the classifi cation of PUVs has no clini-
cal value with regard to treatment and prognosis, 
and the clinical symptoms are not related to the 
valve type (Kajbafzadeh  2005 ). Occasionally 
refl ux into the prostatic ducts, ejaculatory ducts, 
seminal vesicles, and vasa deferentes, secondary 
to the elevated bladder and urethral pressures, 
may also be present (Kwong et al.  2013 ; 
Bomalaski  2016 ) (Fig.  19.14 ). VCUG also iden-
tifi es preobstructive secondary changes in the 
urinary tract and detects and grades VUR 
(Heikkila  2015 ) (Figs.  19.15  and  19.16 ). VUR is 
frequent and can be unilateral or bilateral (Hutton 

a

c d

b

  Fig. 19.6    US: ( a – d ) longitudinal scans: dilation of the pelvicalyceal system; dilated and tortuous proximal ureter; 
markedly dilated distal ureter behind the bladder       
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 2004 ; Kibar et al.  2011 ). It occurs in about one-
half to two-thirds of children with PUVs, of 
whom approximately two-thirds have unilateral 
refl ux (Bates  2013 ). The incidence of VUR is 
variably reported and ranges from 26 % to 72 % 
according to Dinneen (Dinneen and Duffy  1996 ) 
and from 37 % to 67 % according to Hutton 
( 2004 ). It was 60 % in the series by Priti et al. 
( 2004 ) and 64 % in the series by Heikkila ( 2015 ) 
and Heikkila et al. ( 2009 ). Approximately 50 % 
of patients with PUVs have VUR according to 
Berrocal, Nasir, Steven, and Blicke (Berrocal 
et al.  2002 ; Nasir et al.  2011 ; Steven and Desai 
 2016 ; Bickle  2016 ). VUR is believed to be sec-
ondary to the bladder outfl ow obstruction and 

coexistent bladder dysfunction (Hassan et al. 
 2003 ; Heikkila et al.  2009 ; Steven and Desai 
 2016 ), but can also be due to the abnormal loca-
tion of the ureteric bud arising from the meso-
nephric duct (Nasir et al.  2011 ). Following valve 
ablation, the severity of VUR may decrease or 
resolve completely in 25–50 % of cases (Johnston 
and Kulatilake  1971 ; Johnston  1979 ; Heikkila 
et al.  2009 ; Steven and Desai  2016 ). The inci-
dence of disappearance of refl ux is even higher 
in other series, 29–64 % according to Farhat 
et al. ( 2000 ) and 78.94 % in the study by Priti 
et al. ( 2004 ). Kidneys with refl uxing ureters have 
worse primary function than the contralateral 
kidneys (Heikkila et al.  2009 ). Refl ux is the 

a b

c d

  Fig. 19.7    US: ( a – d ) longitudinal scans: various degrees 
of pelvicalyceal dilatation; proximal ureterectasis ( b ); 
thinned and hyperechoic renal parenchyma; reduced cor-

ticomedullary differentiation with cortical cysts (*) ( a ,  b ); 
severely thinned renal parenchyma, loss of corticomedul-
lary differentiation ( c ,  d )       
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major cause of postnatal renal damage in PUVs, 
and persistent refl ux is associated with poor out-
come (Parkhouse et al.  1988 ; Priti et al.  2004 ). 
Bilateral refl ux, especially if persistent, is asso-
ciated with decreased overall renal function out-
come (Hassan et al.  2003 ; Ziylan et al.  2006 ; 
Heikkila et al.  2009 ; Nasir et al.  2011 ; Steven 
and Desai  2016 ). If the VUR is high grade and 
unilateral, a “pop- off” mechanism may allow 
selective dissipation of back pressure, resulting 

from urethral obstruction (Steven and Desai 
 2016 ). VURD (valves unilateral refl ux and renal 
dysplasia) syndrome is the combination of per-
sistent unilateral VUR associated with an ipsilat-
eral dysplastic, poorly functioning kidney in 
patients with PUVs. Generally, contralateral 
renal function in patients with unilateral refl ux 
into a nonfunctioning kidney is preserved 
(Bomalaski  2016 ). The concept of pressure 
“pop-offs” in the posterior urethral valves was 

a

b

c

d

  Fig. 19.8    US: ( a ) longitudinal scan ( b ,  c ) transverse 
scans: perinephric subcapsular fl uid collection due to a 
urinoma ( curved arrows ); mild dilatation of the intrarenal 
collecting system, partially decompressed into the sub-

capsular space; thickened bladder walls; dilated ureters 
(*) VCUG: ( d ) lateral view: posterior urethral valves, 
vesicoureteral refl ux, transparenchymal fl ow of contrast 
medium into the subcapsular space       
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a

c

b

  Fig. 19.9    VCUG: ( a – c ) oblique views: posterior urethral valves, trabeculated bladder with cellulae and sacculi; huge 
bladder diverticula: left-sided diverticulum ( a ); left-sided diverticulum with associated right-sided vesicoureteral refl ux 
( b ) bilateral diverticula ( c )       
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a b

c d

  Fig. 19.10    Epicystostomy VCUG: ( a ,  b ) oblique views: posterior urethral valves, thick-walled trabeculated bladder 
US: ( c ) transverse scan ( d ) longitudinal scan: thick-walled trabeculated bladder; insertion of the catheter (*)       
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defi ned in 1988 and included the VURD syn-
drome, large congenital type bladder diverticula, 
and urinary extravasation with or without uri-
nary ascites (Rittenberg et al.  1988 ). The high-
grade VUR into a nonfunctioning kidney had 
been already thought to act as a protective factor 
with a pop-off mechanism, leading to dissipation 
of pressure into the dilated nonfunctioning sys-
tem, preserving contralateral renal function 
(Hoover and Duckett  1982 ). This phenomenon is 
commonly known as the VURD syndrome. 
However, in the long run, the VURD syndrome 
may not have the favorable outcome it was once 
thought to have, with no statistical signifi cance 
between the presence and absence of these pop-
off mechanisms and fi nal renal outcome (Sarhan 
et al.  2011 ; Bomalaski  2016 ). So, in the long 
term, renal function may be affected all the 
same, with hypertension, proteinuria, and renal 
failure (Narasimhan et al.  2005 ).

19.7.2.2           Presentation in Older Boys 
 Late presentations are rare nowadays (Mahadik 
et al.  2012 ). The main clinical complaints in 
older children are usually dysuria, bladder 
retention and storage and emptying symptoms, 
pain or dysfunction on voiding, decreased force 
of urinary stream, diurnal and nocturnal incon-
tinence, recurrent UTI, or less commonly 
hematuria (Bomalaski et al.  1999 ; Hutton  2004 ; 
Dacher  2008 ; Hodges et al.  2009 ; Kanaroglou 
et al.  2011 ; Nasir et al.  2011 ; Mahadik et al. 
 2012 ; Steven and Desai  2016 ). 

 PUVs are sometimes discovered during evalu-
ation of an abdominal mass or renal failure or 
conditions of proteinuria (Hodges et al.  2009 ; 
Kanaroglou et al.  2011 ; Bomalaski  2016 ). 

 Late presentation does not always correlate 
with better long-term prognosis (Bomalaski et al. 
 1999 ; Hutton  2004 ), and renal impairment can 
occur at any age (Kanaroglou et al.  2011 ).    

a b

  Fig. 19.11    Epicystostomy VCUG: ( a ) anteroposterior 
view, ( b ) steep oblique view voiding cystourethrograms: 
poorly distensible bladder with thickened and irregular 
walls, right-sided vesicoureteral refl ux, posterior urethral 

valves, dilated posterior urethra, minimal refl ux into the 
prostatic ducts ( arrowhead ), fi lling defect ( arrow ) and 
abrupt transition at the level of valves to a narrow anterior 
urethra       

 

C. Orazi et al.



303

a b

c d

  Fig. 19.12    VCUG: ( a – d ) oblique view voiding cystoure-
thrograms: posterior urethral valves with progressively 
increasing degree of dilatation and elongation of the pos-

terior urethra and progressively abrupt transition at the 
level of valves to the narrow anterior urethra; thickened 
and irregular bladder walls       
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a

c d

b

  Fig. 19.13    VCUG: ( a – d ) oblique view voiding cystoure-
thrograms: elongated and dilated posterior urethra with 
fi lling defect ( arrows ) and a marked decrease of urethral 
caliber at the level of the defect, followed by transition to 

the narrow anterior urethra; thickened and irregular blad-
der walls with cellulae and sacculi; right-sided vesicoure-
teral refl ux ( a ,  c ,  d ); minimal refl ux ( arrowhead ) into the 
seminal vesicles ( a )       
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a b

c

  Fig. 19.14    VCUG: ( a – c ) oblique view voiding cystoure-
thrograms: elongated and dilated posterior urethra, poste-
rior urethral valves, fi lling defect ( arrows ), and marked 
decrease of urethral caliber at the level of the defect, tran-

sition to the narrow anterior urethra; thickened and irregu-
lar bladder walls; minimal refl ux ( arrowheads ) into the 
prostatic ducts ( a ) and seminal vesicles ( b ,  c ); right-sided 
vesicoureteral refl ux ( b )       
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a b

c d

  Fig. 19.15    VCUG: ( a ) anteroposterior postvoiding ( b – d ) oblique view voiding cystourethrograms: posterior urethral 
valves; bilateral refl uxes ( a ,  b ), right-sided refl ux ( c ,  d )       
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a b

c d

  Fig. 19.16    VCUG: ( a – c ) oblique view ( d ) anteroposterior view voiding cystourethrograms: posterior urethral valves; 
left-sided refl ux ( a ) bilateral high-grade refl uxes ( b – d )       
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19.8     Treatment 

 Treatment of PUV is long established. The main-
stay of treatment is resolution of urethral obstruc-
tion which has long been undertaken by 
electrofulguration of the valves by Bugbee elec-
trode or, alternatively, by neonatal resectoscope. 
Use of electrical current, however, is a very 
 delicate procedure in a thin and narrow urethra 
like the one of a neonate; even in experienced 
hands, it is not exempted from risks of late-onset 
urethral strictures and stenosis, which may be 
very diffi cult to treat (Warner et al.  2015 ). In 
this respect, laser ablation has proven as a valid 
alternative with signifi cantly fewer complica-
tions (Palminteri et al.  2014 ; Pagano et al.  2015 ) 
both in the short and in the long term. Not infre-
quently, a “second look” may be required later 
for residual valve tissue ablation. In some cases 
exhibiting persistent impairment of renal func-
tion or recurrent UTI, urinary diversion may be 
required during the fi rst few months of life 
(nephrostomy/ureterostomy/vesicostomy) with 
direct valve ablation being deferred to a later 
date. However, optimal diversion is not straight-
forward and studies comparing different tech-
niques in the long run are lacking. While there is 
evidence that vesicostomy affects bladder con-
tractility later in life, effects of higher diversion 
on the upper and lower urinary tract have not 
been studied in details. At follow-up patients 
treated with temporary vesicostomy had com-
paratively higher end fi lling detrusor pressure, 
decreased bladder capacity, poor compliance, 
and increased serum creatinine than those 
treated with initial valve ablation. Thus, when 
primary ablation is possible, it is the preferred 
postnatal treatment of infants with PUVs 
(Podesta et al.  2002 ).  

19.9     Radionuclide Studies 

 Although not necessary in every child, renal scin-
tigraphy may be helpful in some cases. Functional 
imaging of the upper tract is usually not neces-
sary in newborn, and it should not be performed 

in that period, because of kidney’s immaturity 
that does not allow a correct evaluation of renal 
function, so it is usually deferred to at least about 
4 weeks of age (Nasir et al.  2011 ; Gharpure  2013 ; 
Bomalaski  2016 ). 

 Radionuclide studies are useful when renal 
parenchyma is thinned or abnormal and when post-
operative US examination shows no improvement 
(Nasir et al.  2011 ). Diethylenetriamine pentaacetic 
acid (DTPA) or mercapto acetyltriglycine (MAG3) 
are sensitive to renal dysplasia and scarring and 
also allow dynamic studies. These tracers are 
taken up by the kidney and excreted into the 
urine. DTPA is excreted primarily by glomerular 
fi ltration. MAG3 is excreted principally through 
tubular secretion. The renal extraction of MAG3 
is greater than that of DTPA, so it represents the 
isotope of choice in infants with a relatively large 
extracellular space and a low glomerular fi ltra-
tion rate (Fig.  19.17a ).

   Differential renal function (DRF) and drain-
age are evaluated. In the presence of dilatation. T 
he excretory phase can demonstrate the degree of 
obstruction, through the time/intensity curve, 
also with the use of diuretics (furosemide) 
(Fig.  19.17b–d ). 

 A static scan using dimercaptosuccinic acid 
(DMSA) can evaluate DRF and focal parenchy-
mal defects (Nasir et al.  2011 ; Heikkila  2015 ). 

 Radionuclide cystography (RNC) is usually 
reserved for follow-up studies of VUR, because it 
is sensible to detect VUR, but it does not allow 
the evaluation of morphological changes in the 
urinary tract (Cooper  2009 ; Heikkila  2015 ) 
(Fig.  19.17e, f ).  

19.10     Urodynamic Studies 

 Urodynamic evaluation provides information 
about bladder storage and emptying. Normal 
bladder should store urine at a low pressure and 
then completely empty at appropriate pressures. 
Patients with PUVs have a spectrum of urody-
namic abnormalities (Nasir et al.  2011 ; Bomalaski 
 2016 ). There are three main clinical patterns of uri-
nary bladder in patients with PUVs: (1) hypertonic 
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low complaint, small capacity bladder; (2) hyper-
refl exic bladder with uninhibited contractions; 
and (3) myogenic failure with Valsalva voiding 
and overfl ow (Thomas  2010 ). 

 Urodynamic investigations are not usually 
performed in the neonatal age or before valve 
ablation, while this exam should be an essential 
component of follow-up of patients with PUVs, 

a

c

e f

d

b

  Fig. 19.17    99mTC-MAG3 renal scintigraphy: ( a ) 
Dynamic scan ( b ) Differential renal function (DRF) ( c ,  d ) 
Diuretic test (furosemide) ( e ,  f ) Voiding radionuclide cys-
tography: Hypofunction of the left kidney with nonob-

structive pelvicalyceal and ureteral urinary stasis; 
morphofunctionally normal right kidney; no demonstra-
tion of refl uxes on voiding cystography       
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after valve ablation, especially in case of persis-
tent or recurrent hydronephrosis, UTI, inconti-
nence, or persistent refl ux, so as to address the 
type of bladder therapy (Hassan et al.  2003 ; 
Caione and De Pasquale  2011 ; Nasir et al.  2011 ). 
Noninvasive urodynamic studies (fl owmetry, 
evaluation of bladder capacity and residual vol-
ume) should be preferred in the evaluation of 
these patients with sensate urethra, who often 
require repeated examinations (Capitanucci et al. 
 2012 ). Invasive studies in this subset of patients 
should be reserved to cases with severe inconti-
nence, recurrent UTI, or worsening of renal 
function.  

19.11     Follow-Up 

 Follow-up in PUV boys is of paramount impor-
tance and has the purpose of preserving renal 
function, preventing UTI, and managing bladder 
dysfunction (Steven and Desai  2016 ). 

 In this respect, imaging follow-up is based on 
the association of nuclear medicine studies, MR 
urography, and, in case of urinary diversion, 
direct opacifi cation of the urinary tract. In addi-
tion, as mentioned, noninvasive urodynamic 
studies play a pivotal role especially in address-
ing bladder therapy after valve ablation (Caione 
and De Pasquale  2011 ; Nasir et al.  2011 ; 
Capitanucci et al.  2012 ). Continence is often a 
problem in children and adolescents with a his-
tory of PUVs. Urodynamic studies are sometimes 
helpful to evaluate vesical and sphincter function 
(Dacher  2008 ). In mild incontinence, urotherapy 
(pelvic fl oor rehabilitation, biofeedback, double 
voiding) can help in achieving complete dryness. 
Serial assessments of the urethral caliber by peri-
neal ultrasound might perhaps be useful not only 
for the diagnosis in neonates and male infants but 
also in the long-term follow-up in patients with 
residual incontinence. 

 The use of drugs in PUVs patients has long 
been a matter of contention: on the one side, the 
use of oxybutynin to reduce involuntary contrac-
tions and to improve continence is long estab-
lished; on the other side, alphalitic drugs to 

overcome obstruction induced by hypertrophied 
bladder neck are far from being straightforward. 

 The vast majority of selective antimuscarinic 
drugs such as solifenacin and darifenacin are not 
approved for use in children, so that valid thera-
peutic alternatives to oxybutynin are still lacking. 

 Bladder dysfunction is common in boys post-
valve ablation and seems to evolve with age 
(Mitchell  1982 ; Kanaroglou et al.  2011 ; Mahadik 
et al.  2012 ). Abnormal bladder function is con-
sidered the most important cause of persistent 
upper tract dilatation after valve ablation (Hutton 
 2004 ). The “valve bladder syndrome” actually 
represents a spectrum of bladder dysfunction, 
which occurs in about 38–70 % of boys with 
neonatal diagnosis and treatment for PUVs 
(Mitchell  1982 ; Kanaroglou et al.  2011 ; Mahadik 
et al.  2012 ). The pattern of bladder dysfunction 
changes from unstable/hypercontractile in 
infancy, to hypocontractile in childhood, to a 
true myogenic failure in adolescence, despite 
early valve ablation (De Gennaro et al.  2000 ; 
Kanaroglou et al.  2011 ; Mahadik et al.  2012 ). In 
infancy, bladder dysfunction is characterized by 
low compliance or overactivity, but later in life, 
the bladder tends to enlarge and become diffi -
cultly emptying. So the bladder changes from 
poorly compliant or overactive in infancy to 
poorly emptying in adolescence (Taskinen et al. 
 2012 ). Polyuria, which is a result of a prenatal 
damage to renal collecting tubules (nephrogenic 
diabetes insipidus), determines progressive dis-
tention of the bladder (Dinneen et al.  1995 ; 
Naghizadeh et al.  2005 ). On the other hand, the 
hypertrophic bladder neck causes secondary 
obstruction, leading to myogenic failure and 
evolution in time toward decompensation, 
despite early correction of obstruction (Holmdahl 
et al. 1996 ; Androulakakis et al.  2005 ; Taskinen 
et al.  2012 ,). Overall long-term outcome after 
valve ablation in older patients is variable 
(Mahadik et al.  2012 ). Usually, if renal function 
quickly improves immediately after obstruction 
relief, then renal deterioration develops slowly 
in the following years (Drozdz et al.  1998 ). End- 
stage renal disease (ESRD) can occur in about 
one-third of patients born with PUVs, by their 
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lifetime (Bomalaski  2016 ). In adulthood, one- 
third of the patients who were operated on for 
PUVs still have moderate or severe lower uri-
nary tract symptoms (LUTSs), including urinary 
incontinence in up to 15 % of the cases 
(Bomalaski  2016 ). Risk factors for sexual dys-
function, in a minor number of patients, are rep-
resented by the abnormal posterior urethra, 
cryptorchidism, and recurrent epididymo-orchi-
tis, besides chronic renal failure. Overall, fertil-
ity is similar to the normal, healthy population 
(Heikkilä et al.  2008 ; Taskinen et al.  2012 ).     
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20.1          Introduction 

 Acute scrotum is a group of clinical manifesta-
tions with the same clinical presentation charac-
terized by testicular pain, frequently associated 
with swelling and infl ammation signs; these signs 
could extend to the near anatomic regions. 

 Acute scrotum is the second cause of emer-
gency for surgery in pediatric age, preceded only 
by acute abdomen, which could take to risk of 
life threatening the patient. Acute scrotum could 
have important consequences for the fertility and 
for reproductive organs (DaJusta et al.  2013 ; 
Mansbach et al.  2005 ). 

 It’s important to make diagnosis rapidly to 
recognize lesions to send to the surgeon and 
which one needs only medical treatment. After 
the clinical exam, in an emergency department 
for a child with a clinical presentation of acute 
scrotum that has been made by the pediatrician, 
generally a sonography (best exam in scrotum/
testicular evaluation) or a surgery evaluation fol-
lows. Pain, redness, and swelling are always typi-
cal in lots of scrotal pathologies; the only 
objective examination, often diffi cult because of 
the intensive pain of the patient to the palpation, 

is not exhaustive and makes it diffi cult to take a 
rapid decision. 

 Ultrasound (US) with color Doppler (CDUS) 
is the gold standard for the diagnosis, because it 
gives anatomic and physiologic (vascularization) 
information about the testicle (Feld and 
Middleton  1992 ), and it allows to choose rapidly 
the correct way to treat the patient (Muttarak 
 2003 ); MRI could be used as second-level exam 
when ultrasound is not exhaustive or when there 
are conditions as hematomas or bulks; CT is used 
only in the suspect of the presence of gas in the 
scrotal tissues, when X-ray exam is not suffi cient 
(Pavlica and Barozzi  2001 ).  

20.2     US Technique 

 A linear probe (high frequency, generally 
between 7.5 and 14 Hz) has to be used for a cor-
rect examination of the scrotum. The exam is 
mandatory for both the testicles, beginning from 
the not hurting one and continuing to the hurting 
one, using both baseline ultrasound and color 
Doppler. Both longitudinal and axial scans for 
imaging acquisition have been made, with a com-
parison between sonographic and vascular struc-
ture of both testicles. 

 Color Doppler setting has been optimized on 
the not hurting testicle, identifying the most 
lower fl ow with an acceptable signal/noise ratio, 
the most lower wall kernel, and the most lower 
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speed (PRF between 500 and 1,000 Hz; wall ker-
nel between 25 and 50 Hz; priority fi lters between 
70 % and 90 %; color persistence on) (Aso et al. 
 2005 ). 

 Power Doppler could be useful because it uses 
information based on red blood cells contained in 
the volume sample analyzed (analysis of the 
range of the signal) and it’s from three to fi ve 
times more sensible to lower fl ows rather than 
color Doppler (Rubin et al.  1994 ; Weskott  1997 ). 
In the last years, there are studies on the possible 
applications of contrast-enhanced ultrasound 
(CEUS), which uses contrast agent which con-
sists of microbubbles containing an inert gas that 
resonates at low acoustic pressure ranges emit-
ting a specifi c signal which is possible to detect 
with a specifi c software (Moschouris et al.  2009 ; 
Farina et al.  2015 ). CEUS is generally used for 
the abdominal blunt trauma, as in adults, as in 
pediatric patients (Pinto et al.  2014 ,  2015 ; Sessa 
et al.  2015 ; Menichini et al.  2015 ; Miele et al. 
 2015 ,  2016a ,  b ,  c ); the role in the scrotal patholo-
gies is not yet recognized, but there are many 
studies about it. Substantially, CEUS could help 
scrotal imaging because it images blood fl ow bet-
ter than color and power Doppler, by overcoming 
the limitations of these techniques (Cokkinos 
et al.  2013 ), being more accurate in the fi nal diag-

nosis compared to US, and potentially reducing 
the need for further imaging (Valentino et al. 
 2011 ; Miele and Di Giampietro  2014 ).  

20.3     Anatomy 

 The morphology of the testicles appears oval in 
longitudinal scans and round in axial ones. 
Dimensions of the testicles are different and 
depend from parameters as the age and the build 
of the patients. The normal dimensions in the 
adult patients are 35–50 mm for length, 
25–35 mm for width, and 15–25 mm for thick-
ness. It’s easy to calculate testicular volume as an 
ellipsoid ( length  ×  width  ×  thickness  ×  0.52 ). 
Testicular volume is considered normal between 
12 and 25 ml, at inferior limits of the normal val-
ues between 10 and 12 ml, and hypotrophic under 
10 ml (Fig.  20.1  and Table  20.1 ).

    Didymal structures are characterized by 
echoes purposes and thickened with homoge-
neous pattern. 

 Sonographic structure changes by age; in the 
newborn and in the child, the didymus presents 
itself as hypoechoic, it becomes moderately 
echoic with sexual maturity, and it tends to 
become moderately hypoechoic and atrophic in 

a b

c d

  Fig. 20.1    Ultrasound longitudinal scans show the normal anatomy of a 9-year-old child. Note the normal echogenicity 
of the testis with its Doppler signal ( a ,  c ,  d ), the slight hyperechogenicity of the mediastinum testis ( b )       
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old patients. The thin hyperechoic line recogniz-
able to the didymal surface is the tunica albu-
ginea covered by the visceral vaginal tunic. 

 Structural homogeneity of didymus is inter-
rupted only from the following structures:

•    In the back superior part, there is the mediasti-
num testis, which is a prolongation of albu-
ginea tunic that appears as a triangular-shaped 
hyperechoic area which extends into the testis 
parenchyma (Bree and Hoang  1996 ).  

•   Less frequently (35 %) there are transtesticu-
lar vessels, which are hypoanechoic linear or 
curved, easily recognizable to color Doppler 
examination.  

•   Rarely (18 % of normal testis) there is “rete 
testis” which is a hypoanechoic area near 
mediastinum, or a little serpiginous avascular 
area, sometimes associated with cysts or 
spermatocele.    

 In newborns and children testicle’s vascular-
ization, it’s diffi cult to see and always diffi cult to 
demonstrate in cryptorchidism. In pediatric age, 
fl ow demonstration presents percentage variable 
between 32 % and 46 % for a testis volume less 
than 1 ml. The epididymis localizes in medial 
back posterior position respect of didymus and 
has elongated shape, and it’s formed from three 
parts: the head (max thickening 10–12 mm in 
adults), body (max thickening 2–5 mm in adults), 
and queue (thickening less than 5 mm). The 
queue continues with deferent duct recognizable 
to the level of spermatic cord; this last structure 

has ribbon shape and high echogenicity, broken 
from vascular striations. 

 In normal epididymis, because of little dimen-
sions of vessels, fl ow is not appreciated. Scrotal 
bag, made from some anatomic structures strati-
fi ed, presents itself as a structure with average 
echogenicity, with multiple layers, not clearly 
differentiable between them.  

20.4     Extra and Intravaginal 
Torsion 

 Torsion represents the most frequent cause of 
scrotal pain in the acute scrotum with edema in 
child and youth people, with high frequency 
between 15 and 25 years (average 13 years). 

 The torsion is the most frequent cause; then 
there are hydatid appendix and infl ammatory 
causes which are most probable than a torsion 
with the growth. 

 Diagnosis for testicular torsion has to be 
quickly to make surgery rapidly (6 h from the 
onset of symptoms) with the objective of testicle 
saving; in other causes of scrotal pain, medical 
therapies are enough. The testicle more fre-
quently affected by torsion is the left; rarely (2 %) 
the illness is bilateral. Diagnosis is clinical for 
typical funicular torsion (more frequent), and 
sonography has to be made only in doubt cases; if 
sonography is not exhaustive, surgery explora-
tion has to be made. 

 In 10 % of cases, sonographic diagnosis of tor-
sion isn’t reliable because the absence of Doppler 
signal could be consequent to a disorderly regula-
tion of the sonographic machine or for the diffi -
culty in recognizing blood fl ow, in the small 
caliber vessels of the children.  

20.5     Extravaginal Torsion 

 Extravaginal or funicular torsion is caused by a 
poor fi xation of the spermatic cord in the inguinal 
channel; the scrotal content of the side interested 
by rotation at the high of inguinal external ring 
goes to extensive ischemic process. In 21 % of 
cases, torsions are bilateral and synchronous and 

   Table 20.1    Normal dimensional values depending from 
the age of the patients   

 Age  Medium width for length (cm) 

 Newborn  1.9 × 1.2 
 From 1 to 9 years  1.5 × 1 
 10  1.8 × 1.1 
 11  2 × 1.4 
 12  2.3 × 1.8 
 13  3 × 2.3 
 14  3.4 × 2.5 
 15  3.6 × 2.6 
 16  3.8 × 2.7 
 17  4 × 2.8 

20 Acute Scrotum



318

only in 3 % of cases bilateral metachronous. This 
kind of torsion occurs during the intrauterine 
growth, before the closing of peritoneal-vaginal 
duct; rarely it occurs in the postnatal period 
(Kyriazis et al.  2008 ) (Fig.  20.2 ).

   In the fi rst case, testicle is necrotic at birth, so 
there aren’t possibilities of recovery of surgery 
that instead there are in cases of extravaginal 
postnatal birth. In the newborn suckling, the clin-
ical presentation is often sneaky, and the sono-
graphic presentation doesn’t differ from the 
intravaginal torsion, and it changes during the 
various moments of observation from a red- 
violaceous swelling to a hard and not transillu-
minable one. 

 Testicle generally appears bigger at sono-
graphic exam, with inhomogeneous sonographic 
structure, with hypoanechoic peripheral or cen-
tral zones, and without blood signal at color 
Doppler exam; hydrocele and thickening from 
the same part are always associated. Testicular 
swelling in newborn has to be differentiated from 
meconium peritonitis, from peritoneal hemor-
rhages with patency of peritoneal-vaginal duct, 
from testicular tumors, and from incarcerated 
hernia (which needs surgery). Scrotal hematoma 
is a rare cause following an adrenal neonatal 
bleeding: from the adrenal space, the blood goes 
down opening a way in the peritoneal fat and 
arriving in the groin region determining an infarc-
tion of superfi cial structure of the scrotal bag 
(Miele et al.  1997 ,  2000 ).  

20.6     Intravaginal Torsion 

 The testis and spermatic cord rotates of 360° 
determining a stop of the blood fl ow, before 
venous, then the arterial one. Intravaginal torsion 
is frequently on the age around puberty, and it’s 
favored from an abnormal growth of the vaginal 
tunic. This anomaly, defi ned also “bell clapper 
deformity,” is characterized from a big vaginal 
tunic, which involves completely the testis and 
the epididymis, and it’s fi xed to the scrotum with 
a thin meso (Dogra  2003 ). In these cases the tes-
tis presents an abnormal motility at clinical exam, 
which favors the development of a torsion. Rarely 
the torsion can accomplish between the testis and 
the epididymis head, when a long and weary 
mesorchium is present. 

 Intense exercise, cold, and injury can be 
causes of a torsion for the sharp contraction of 
the cremaster. 

 When there is high clinical suspicion of tes-
ticular torsion, surgery  is mandatory  because 
of the possibility of saving the testis is higher 
than shorter is the time between the onset of 
symptoms and surgical detorsion (Kapoor 
 2008 ). Percentage of therapeutic success is 
85–97 % for surgery in the fi rst 6 h, gets off to 
55–85 % between 6 and 12 h, and is lesser than 
10 % between 12 and 24 h from the onset of 
symptoms. After 24 h the testis damage is not 
reversible, and necrotic testis has been 
removed, because if it’s left in, it could have a 

a b

  Fig. 20.2    Ultrasound longitudinal scan shows a case of extravaginal torsion in a newborn with a palpable mass above 
the scrotum without evident acute pain; (a,b) the testicle is swollen and heterogeneouss       
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negative action on the same testis for the 
 production of sperm antibodies (little recog-
nized thesis). 

 Ischemic damage starts after 4 h for Sertoli 
cells and after 10 h for Leydig ones. 
Symptomatology is sudden pain to the emiscro-
tum interested which radiates to the groin, toward 
the cord or the inferior quadrants; it associates 
vomiting, nausea, and shock and can be fever or 
low-grade fever. Objective exam shows bigger, 
swelling, fl ushed, and edematous scrotum, reac-
tive hydrocele, and strained, hardened testis with-
out cremasteric refl ex. Imaging methods are 

generally used in doubt cases or to confi rm a tor-
sion after 24 h (Figs.  20.3  and  20.4 ).

    The vascularization of the testis can be diffi -
cult to evaluate in pediatric population, in which 
the fl ow is slow and near the limit of the instru-
mental capacity. In these patients it’s necessary to 
set color Doppler parameters to slower speed as 
possible; power Doppler in these cases is useful 
for the major sensitivity to slower fl ows (Ragheb 
and Higgins  2002 ). 

 In the incomplete torsion, it can be also useful 
to evaluate Doppler spectrum for the fl ow. A 
reduced fl ow in the sore testicle can be the only 

a b

c d

  Fig. 20.3    Ultrasound longitudinal scans (A,B) in teen-
ager with pain in the left testicle due to partial left testis 
torsion. Note the similar echogenicity of the two testicles 

but the difference of vascularization, normal color 
Doppler signal (c), and reduced color Doppler signal (d)       

a b

  Fig. 20.4    Ultrasound longitudinal scan shows a case of extravaginal torsion in a newborn with a palpable mass above 
the scrotum without evident acute pain; (a,b) the testicle is swollen and heterogeneous       
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sign of a torsion. In the intravaginal torsion, 
sonographic B-mode scene varies in relationship 
to the moment in which the exam has been made. 
In the fi rst 2–4 h, changes cannot be appreciated 
in the normal echogenicity of the testis, while, 
after 4–6 h the testis appears bigger, with globous 
appearance and hypoechoic for edema. 

 With the passage of the hours, echostructure 
modifi es itself and becomes very inhomogeneous 
for edema, bleeding, ischemia, and necrosis (Lee 
et al.  1996 ; Lin et al.  2007 ). 

 The enlargement of the testis can interest also 
the epididymis, which appears hypoechoic and 
can simulate an epididymitis. The study of cord 
region is very suggestive, because it allows to see 
the spiral appearance of the cord structures 
twisted. It’s possible to visualize turns of the 
coils of the spermatic cord, “the spiral node,” 
with axial and longitudinal scans, at external ori-
fi ce of inguinal channel, vascularized (incom-
plete torsion) or not vascularized (complete 
torsion) at color Doppler. Modest reactive hydro-
hematocele wrap available and minimum edema-
tous thickness of the scrotal bag are associated. 

 When the necrotic testis isn’t removed, it goes 
to a progressive dimensional reduction and 
appears diffusely hypoechoic. Color and power 
Doppler present advantages with respect to the 
sonography with gray scale, and they permit a 
rapid and specifi c diagnosis because they point 
out perfusion variation from the fi rst moment. 
Using high-frequency probe and a correct choice 
of speed scale, it’s possible to see the absence of 
fl ow in the symptomatic testis, while the contra-
lateral testis fl ow is normal and the absence of 
hypervascularization of the epididymis is 
observed. In the partial or incomplete torsion, 
with rotation less of 360°, there’s a complete stop 
of venous circulation, while it’s possible to iden-
tify an arterial fl ow. In these cases spectral analy-
sis demonstrates an increase of resistance index, 
until to an inversion of diastolic fl ow, which is 
not detectable only with the color investigation. 
After 24 h from the starting of the torsion, a clear 
accentuation of the fl ow in the soft tissues around 
the testis is observed, to refer a vascular reactive 
answer (Lee et al.  1996 ) with the development of 
a collateral circle around the testis starting from 

the cremaster vessels. Hypervascularization on a 
single testis can depend from a spontaneous or 
intermittent detorsion, so it can be observed, 
immediately after the detorsion, a diffuse hyper-
emia which simulates a phlogosis; it’s associated 
with a reduction of IR, without hypervasculariza-
tion of the epididymis. It’s possible groping a 
manual derotation if the age is higher than 
12 years. Diagnosis of spontaneous detorsion or 
intermittent torsion has to be suspected when 
there is an association between acute scrotal pain 
which resolves spontaneously associated with a 
unilateral hypoperfusion of the testis visible at 
color Doppler exam or scintigraphy. Diagnosis of 
spontaneous detorsion is important, because 
affected patients have to have surgery though it’s 
not a surgical emergency. 

 The involved testicle has to be fi xed with three 
stitches (possibly not absorbable) to the dartos 
(orchidopexy); it’s necessary always to explore and 
fi x the contralateral testis. Can we be foreseeing the 
torsion? The answer is yes if in  anamnesis there is 
remarkable mobility of the testis with particular 
evidence of cremaster refl ex and the precedent sus-
pect of incomplete downhill of the testis. It’s neces-
sary to remember that testis pain episodes with 
spontaneous resolution have to be considered as 
“intermittent testis torsion”; in 18–36 % of cases 
incomplete torsions precede complete ones. 

 Particular attention has to be placed for the 
undescended testicles, because testicular torsion 
on cryptorchid is a devious form which presents 
itself as abdominal pain, in particular in iliac 
fossa. The discovery of an empty bag at clinical 
exam needs deepening with sonography which 
shows a bulk in inguinal region, painful at passage 
of the probe, so a surgical exploration is neces-
sary, to make a detorsion, lowering the testicle 
and fi xing it in a single surgical intervention.  

20.7     Testicular Appendix Torsion 

 Hydatids are present in the major part of the males 
(diameter 3–5 mm) and represent the residual of 
Mullerian structures (embryonal  tissue which 
generates female genital organs), which in males 
don’t have any particular function. 
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20.7.1     Hydatid Scheme 

 The appendix more frequently involved in the 
genesis of acute scrotum is the hydatid or 
Morgagni testis which, turning on the stalk, goes 
toward ischemic hemorrhage necrosis, determin-
ing an infl ammatory reaction associated with 
pain and swelling. Higher incedence is observed 
in children between 6 and 12 years and is favorite 
to the pedicle aspect of this appendix. Certainty 
diagnosis can be posed only at the onset of the 
torsion, when a blue and pain body is palpable at 
the superior pole of the testis (blue dot sign). In 
the hours successive to the clinical onset (Cohen 
et al.  1992 ), swelling and thickness of scrotal tis-
sues make taking a differential diagnosis virtu-
ally impossible with other responsible pathologies 
of acute scrotum. The therapy of Morgagni’s 
hydatid torsion, caused from necrosis of appen-
dix which once detached generates a mobile 
endoscrotal body which with time tends to cal-
cify (scrotolith), is generally conservative with 
rest, and anti-infl ammatory drugs. are enough to 
determine the disappearance of the pathology, 
caused from necrosis of appendix which once 

detached generates a mobile endoscrotal body 
which with time tends to calcify (scrotolith). 

 Rarely surgery is used, which consists of its 
removal, only in the cases of very high pain and 
in the doubt of a torsion of the testis. Acute tor-
sion of testis’ appendix generates a clinical situa-
tion similar to the complete torsion of the testis, 
but the pain is generally localized to the superior 
pole of the testis and anyway less intense respect 
to that of funicular torsion. 

 Sonographic aspect changes in relationship to 
observation timing (Fig.  20.5 ). A round formation 
hyperechoic which is a sign of recent bleeding 
will be found in the testicular epididymis in the 
early phases, often  associated with a modest 
reactive hydrocele. With the passage of the time, 
the hemoglobin absorption will lead to a 
hypoechoic formation with branches which 
reduces its volume up to break away and calcify. 
To color-power Doppler testicular fl ow, it is pre-
served, while you may sometimes encounter an 
increased fl ow around the appendix twisted at the 
level of the upper pole (Berman et al.  1996 ) with 
the appendix that appears without Doppler signal. 
It can also be observed a moderate hyperemia of 

a

c

b

  Fig. 20.5    Ultrasound scans in case of hydatid torsion 
show the enlargement and inhomogeneity of the hydatid 
that is slightly hyperechoic in the early phases of torsion; 

note the absence of color Doppler signal ( a ); the hydatid 
reduces itself with the passage of the time (mildly stage  b  
and late stage  c )       
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tissues around the testis affected by the twist on 
the side interested. The differential diagnosis with 
testicular infl ammation epididymis is often very 
diffi cult and has to be made on the basis of clinical 
and laboratory fi ndings.

20.8         Epididymitis and Orchitis 

 Infl ammatory processes affect principally the epi-
didymis and are the most common cause of acute 
scrotum in the adult; after 30 years the torsion is 
little frequent. Infl ammation processes are very 
rare in the age around the puberty, because infl am-
mation is caused from germs which transmit 
toward sexual activity and the onset of an orchi-
epididymitis is generally favored from congenital 
causes predisposing as stenosis outlets or ectopic 
ureters. Infl ammation is generally localized to the 
epididymis, and only in 20 % of cases is associ-
ated with orchitis; unilateral or bilateral isolated 
orchitis, without epididymis involvement, is 
always viral and from hematogeneous origin. 

 Acute epididymitis develops in 24–48 h, gener-
ally unilateral, and presents itself with pain (shows 
itself when scrotum is relieved to symphysis pubis 
as “positive Prehn sign”), swelling with eventual 
erythema, and scrotal edema; the presence in 90 % 
of cases of hydrocele transilluminable in modest 
quantity; fever (50 %), dysuria (50 %), and pyuria 
(if well wanted in 90 % of cases). 

 At sonographic exam the epididymis appears as 
augmented in size with reduced echogenicity 
(hypoechogenicity) for edema, and the presence of 
hemorrhagic hyperechoic or necrotic hypoechoic 

areas is possible; hydrocele can be associated. The 
color Doppler shows increased vascularity usually 
very lively in epididymis which instead normally 
does not show vascular signals (Figs.  20.6  and 
 20.7 ). The infl ammation sometimes affects the tes-
ticle, who appears as enlarged and hypoechoic 
with increased color signal and sometimes is asso-
ciated with a funiculitis (thickness greater than 
10 mm) with abnormal enhancement of vascular 
structures and mild enlargement of deferens ducts 
(greater than 3 mm).

    Semiotics ultrasound is completed with the 
involvement of the sheaths that appear irregularly 
thickened. The spectral analysis shows a reduc-
tion of the resistance below the value of 0.7 in the 
epididymis arteries and 0.5 in the arteries of the 
testis (Suzer et al.  1997 ). The abscess formation 
after an acute infl ammation is rare and may result 
in focal orchitis with ultrasound examination 
characterized by a liquid or markedly hypoechoic 
lesion with ill-defi ned limits, surrounded by a 
hypoechoic halo (hard to differentiate from neo-
plasia), or a widespread orchitis with increased 
volume of didymus with echostructure 
hypoechoic “loose knit” and small areolas 
hypoanechoic to report to abscesses (Fig.  20.8 ). 
The color Doppler shows perilesional hyperemia 
with no fl ow within the abscess cavity. The primi-
tive orchitis is rare and, in the great majority of 
cases of viral origin, associated with the mumps.

   Rare complication of the epididymis-orchitis 
is the widespread testicular ischemia, which 
results from compression of testicular vessels 
from the epididymis and spermatic cord magni-
fi ed. The ultrasound shows a testicle increased in 

a b

  Fig. 20.6    ( a ,  b ) Ultrasound scan in case of epididymitis show the increased vascularity at the level of the epididymis, 
seen as a higher color Doppler signal. Hydrocele is associated ( a )       
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a

c

b

  Fig. 20.7    Ultrasound scans in a child with testicular pain 
and swelling due to an orchiepididymitis. Note the diffuse 
hyperemia of the testis with a large and widespread 

Doppler signal ( a ,  b ); note the normal Doppler signal of 
the contralateral testis ( c )       

a b

c d

  Fig. 20.8    Ultrasound scans in case of testicular abscess; note the widespread lack of homogeneity with anechoic gaps 
both the testicle that hydrocele ( a ,  c ) and peripheral Doppler signal ( b ,  d )       
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size and uneven, with the reduction or absence of 
arterial fl ow to the color Doppler, which is 
opposed to the hyperemia of adjacent epididy-
mis. The spectral analysis shows reduction or 
reversal of diastolic fl ow with increased resistive 
index, expression of obstructed venous outfl ow. 
These fi ndings at eco-Doppler exam allow to dif-
ferentiate the postischemia infl ammation from 
torsion infl ammation (Suzer et al.  1997 ).  

20.9     Testis Tumors 

 The tumors of the testis are about 1 % of all 
malignant tumors of man and are the most com-
mon form between 15 and 34 years. These are 
treatable tumors with survival rate at 5 years by 
about 90 % (Figs.  20.9  and  20.10 ).

    They can be classifi ed into germ cell tumors 
(95 %) and non-germinal (rare). The germ cell 
tumors include seminoma (50 %) and nonsemi-
nomatous (50 %) as the embryonic carcinoma, 
choriocarcinoma, and teratoma. The non-germ 
cell tumors, the most rare, are mainly represented 
by lymphomas and leukemias, in most cases 
insurgents elsewhere. Usually the patient arrives 

in the emergency room for the presence of a non-
painful scrotal mass. 

 However, in 10 % of cases, patients present 
themselves with acute scrotal symptoms due to 
hemorrhage or intratumoral necrosis, mimicking 
a testicular torsion or epididymis-orchitis (Pavlica 
and Barozzi  2001 ). 

 At the US testicular cancer appears as a focal 
lesion, hypoechoic, with vascularization usually 
increased, to highlight even with power Doppler. 
Hemorrhagic or necrotic areas are appreciable 
with focal alterations of the echogenicity of the 
mass. The lack of a swelling of the epididymis, 
thickening of the scrotal sac, and the absence of 
signifi cant hydrocele must place a testicular can-
cer suspicion and allows you to discard the 
hypothesis vascular or infl ammatory. 

 In the suspicion of cancer, it’s necessary to 
research lumbar-aortic lymphadenopathy and 
seek a possible simultaneous bilateral involve-
ment. In lymphomas and leukemias, the testic-
ular involvement is manifested by an increase 
of considerable volume and with a hypervascu-
larity similar to that observed in acute orchitis. 
In children is relatively frequent; the onset of 
attitude to infi ltrative tumors spread through-

a b

c d

  Fig. 20.9    Ultrasound scans in case of testicular tumor; 
note the oval capsular slightly hyperechogenous forma-
tion, with lack of homogeneity and without Doppler fl ow 

( a ,  c ); note the normal testis with normal Doppler signal 
( b ,  d ) in a patient 6 years old       
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out the testicular parenchyma, without defor-
mation of didymus; in the absence of clear data 
of clinical infl ammation, the increasing of vascu-
larization with abnormal spatial distribution of 

vessels can orient the diagnosis. The refl ected 
ultrasound suspicion of a testicular tumor may 
require integration with diagnostic MRI 
(Figs.  20.11  and  20.12 ).

a b

c d

  Fig. 20.10    Ultrasound scans in child with incidental 
fi nding of testicular tumor.  Note the hypoechoic focal 
lesions (a,b), with irregular shape and margins, peripheral 

increased color Doppler signal (c,d); sonography shows 
only two lesions, while a third one was seen in the next 
MR exam       

a b c

d e f

  Fig. 20.11    MR in case of testicular tumor (same patient 
of Fig. 20.10); note the multifocal ovalar circumscribed 
(A,B,D) little formations of the right testis. The MR exam 

in coronal (E,F) and sagittal planes (C) shows three 
lesions, one more than sonography (seen at Fig. 20.10)       
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20.10         Testicular Trauma 

 Since the diffi culty in collecting the medical his-
tory in newborns and children and the impossibil-
ity to be aware about any traumas, it is essential 
to know this pathology in order to establish prop-
erly differential diagnosis. 

 Severe testicular trauma is relatively uncom-
mon (1.5 % of polytrauma), because the testes are 
protected from injuries by the anterior arch of the 
pelvis and the root of the thighs. Most of severe 
traumas are due to work or road accidents, sport 
injuries, and direct perineal trauma with scrotum 
compression against the pubis bone. 

 On the contrary, mild testicular traumas are 
highly frequent, causing acute and lasting pain. 
Since clinical examination is often limited by 
pain and edema, ultrasound examination plays an 
essential role in establishing the presence of scro-
tal hematoma, hematocele, testicular hematoma, 
or testicular rupture (Fig.  20.13 ).

   Prompt testicular rupture diagnosis is impor-
tant to ensure well-timed surgical treatment with 
testicular salvage rate of 90 % if it is performed by 
72 h. On the other hand, delayed treatment makes 
orchiectomy unavoidable in about 50 % of cases. 

Moreover, correct diagnosis prevents  atrophy 
development after testicular injury. This condition 
may be associated with autoimmune damage of 
contralateral testes, with subsequent infertility 
problems. In cases of traumas, ultrasound exami-
nation of sheaths shows a hematoma with diffuse 
and stratifi ed thickening of scrotal layers (greater 
than 6 mm); hematoma associated with urinoma 
caused by urethral or bladder rupture will appear 
stratifi ed as an “onion bulb.” Follow-up is recom-
mended until hematocele or hematoma is present 
because posttraumatic epididymitis or epididymal 
hematoma may occur (differential diagnosis with 
preexisting neoplasia). 

 Surgical treatment of hematocele and intrates-
ticular hematoma without tunica albuginea rup-
ture is usually not indicated unless the uncommon 
case causes testis compression ischemia. Scrotal 
hematomas are easy to identify because they 
cause dissociation of scrotal tunicas and extrates-
ticular fl uid collection. 

 Color Doppler is used to rule out posttrau-
matic testicular torsion. Hematocele is a blood 
collection in vaginal cavity and shows different 
ultrasound features at different examination 
phases. At early stages, blood usually appears 

a

c

b

  Fig. 20.12    Ultrasound scans in case of testicular tumor; note the ovalar cystic bilateral mass ( a ,  b ), anechogenous and 
with inner hyperechoic solid septa and only peripheral color Doppler signal ( c )       
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hyperechoic, but septa and anechoic areas may 
develop in following phases. Hematocele may 
evolve in pyocele. Another complication is dislo-
cation and compression of testes. 

 Testis damage may be classifi ed into:

   Mild contusion – testicular swelling or interstitial 
edema which requires conservative treatment.  

  Severe contusion – subalbugineal hematoma 
which may demand drainage.  

  Testis and tunica albuginea rupture with blood 
collection in vaginal cavity (hematocele) 
which requires prompt surgical treatment.  

  Gubernaculum laceration with traumatic testicu-
lar dislocation; rare and associated with severe 
pelvis traumas.  

  Posttraumatic testicular torsion.    

 In mild traumas, testicular swelling and inter-
stitial edema cause global testicular enlargement 
with hypoechoic appearance “loose knit.” 
Hyperechoic areas may be present in case of 
intratesticular hematomas and may rapidly 
become hypoechoic due to clot formation and its 
retraction. Follow-up is necessary because of 
similar tumor appearance. Rarely, hypo- or 
anechoic stripes directed from the testicular con-
vexity to the central zone are detectable caused 
by testis laceration. Testis rupture is character-
ized by tunica albuginea interruption with subse-
quent spreading of testicular tissue in the vaginal 
cavity or in the scrotal sac. Uncommonly, in 
extremely severe traumas, shattered parenchyma 
appears as a complex solid-cystic mass. Color 
Doppler has a limited role, but may be useful in 

a b

c d

e f

  Fig. 20.13    Color doppler scans (A,B,C,D)and ultrasound scans (E,F) in traumatic testicular lesion. Note the hemor-
rhagic swelling of soft tissues and scrotal bags and the posterior hematoma       
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establishing the degree of viable remnant tissue 
and to identifying the testicular ischemia caused 
by compression of spermatic funiculus.  

20.11     Extratesticular Causes 
of Acute Scrotal Pain 

 Acute scrotal pain may have extratesticular 
causes due to the innervation shared with other 
pelvic organs or to the spread of fl uid collections 
through retroperitoneal spaces if process vagina-
lis is patent. 

 Most important causes are ureteral colic, rup-
ture and dissection of abdominal aortic aneu-
rysm, strangulated inguinal hernia, or peritonitis. 
Ureteral colic often manifests as severe fl ank and 
lower ipsilateral abdominal pain radiating to the 
testes, but it may be diffi cult to diagnose if scrotal 
pain is the only symptom. Pain is caused by acute 
ureteral distension due to obstruction that induces 
hyperperistalsis and smooth muscle spasm. 
Obstruction usually occurs in the lower ureteral 
tract and causes irritating bladder symptoms such 
as a sudden and unstoppable need to urinate (Di 
Giacomo et al.  2015 ). 

 Intrascrotal inguinal hernia sometimes pres-
ents as a testicular painful mass. In this case, 
ultrasound examination can identify the presence 
of bowel loops in the scrotum, characterized by 
corpuscular content, excluding a testicular 
pathology. Uncommonly, hernial sac may con-
tain the appendix, bladder, or colon. If only her-
niation of the omentum occurs, ultrasound shows 
a hyperechoic mass without peristalsis. 

 Acute scrotum may be the clinical presentation 
of a strangulated hernia. Ultrasound examination 
shows thickened and hypoechoic bowel loop, with-
out vascularization at color Doppler. The presence 
of fl uid fi lling the tunica vaginalis and hyperechoic 
scrotal mass, related to herniated mesenterial fat 
tissue infl ammation, may be observed. In the abdo-
men, there are associated mechanical bowel 
obstructions signs and peritoneal effusion. 

 In perinatal period, meconium periorchitis 
may occur caused by a mild and self-limiting 
peritonitis with migration of meconium in the 
scrotal sac through a patent process vaginalis. In 

the fi rst month of life, this determines a scrotal 
mass inducing a foreign body reaction. 
Ultrasound and radiography may show microcal-
cifi cations and soft tissue thickening. Differential 
diagnosis includes calcifi ed tumors (teratoma, 
gonadoblastoma) and extravaginalis testicular 
torsion. Ultrasound may rule out these patholo-
gies demonstrating normal testicular appearance 
(Aso et al.  2005 ). 

20.11.1     Henoch-Schönlein Purpura 

 Henoch-Schönlein purpura (HSP) is the most 
common systemic vasculitis in children. The tet-
rad of purpura, arthritis, kidney infl ammation, 
and abdominal pain represents the classical man-
ifestation of HSP. However, scrotal involvement, 
with “acute scrotum” presentation, is observed in 
10 % of cases. Histologically, HSP is an arteritis 
with infarct, hematomas, and aneurysm forma-
tion. At ultrasound examination, testes appear 
enlarged and inhomogeneous, with small, periph-
eral, hypoechoic foci of infarction, and scrotal 
layers are thickened and edematous. As shown in 
literature, the management of “acute scrotum” 
caused by HSP may be conservative.  

20.11.2     Idiopathic Scrotal Edema 

 Idiopathic scrotal edema (ISE) was fi rst described 
by Qvist in 1956 and consists of scrotal edema 
and erythema. Usually ISE is unilateral and is 
characterized by sudden onset and spontaneous 
resolution in 1–4 days without effects. 

 This pathology affects mostly prepubertal chil-
dren (5–10 years old), and the possible etiology is 
allergic or hyperergic. In some cases, ISE presents 
with pain that mimics a testicular torsion, and the 
diagnosis is made excluding other conditions, since 
there are no positive laboratory fi ndings. Ultrasound 
examination shows scrotal wall thickness (some-
times with stratifi ed appearance) without hydrocele 
or pathologic testis features (Aso et al.  2005 ). At 
color Doppler exam, the typical appearance is with 
the “fountain sign,” with color Doppler signal that 
shows as a fountain (Fig.  20.14 ).
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20.12         Fournier’s Gangrene 

 Fournier’s gangrene or necrotizing fasciitis of the 
scrotum is an acute obliterans endoarteritis of the 
external pudendal artery caused by anaerobic 
infection. This results in a thrombosis of the 
small vessels that induces necrosis of cutaneous, 
subcutaneous, and fat tissue. Fournier’s gangrene 
is an uncommon disease that may affect both 
children and newborns, with 66 % of incidence in 
babies lesser than 3 months old. 

 The most common microorganism that causes 
necrotizing fasciitis is  Clostridium perfringens , 
although this is usually found in at least one other 
anaerobic bacteria. The syndrome is mainly 
mediated by a lecithinase toxin, which destroys 
red blood cells (causing hemolysis and hematu-
ria) and induces damage to muscles, cellular 
membranes, and renal tubules. As a result, severe 
shock may occur leading to death within 6 h if an 
appropriate treatment is not undertaken. 

 Fournier’s gangrene clinically manifests with 
scrotal edema and, if not treated, is associated 
with a 20 % of mortality. Testes, epididymis, and 

spermatic cord are rarely involved, because the 
arteritis did not affect the internal spermatic 
artery. 

 Ultrasound is especially useful because it 
allows to demonstrate the thickness of the scrotal 
layers that also presents inhomogeneity, stratifi ed 
appearance, and hyperechoic spots due to gas 
bubbles. X-ray examination may also show air in 
soft tissues. Hyperemia with vessel dilatation, 
usually not detectable, may be observed at color 
Doppler examination; the testes and epididymis 
are usually regular. 

 The therapy consists in high-dose intravenous 
antibiotic treatment and surgical debridement 
and removal of necrotic tissues.     
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21.1          Introduction 

 The diagnosis of abdominal neoplasm in children 
is often delayed because the presenting symp-
toms tend to be nonspecifi c and common with the 
benign conditions. 

 The most frequent clinical presentation of 
paediatric abdominal neoplasm is a palpable 
mass, frequently in an emergency department as 
the fi rst access. 

 When a child arrives in emergency department 
with a palpable abdominal mass, he requires 
urgent evaluation to determine if this is malig-
nant, if it compresses vital organs or if it repre-
sents an internal haemorrhage. 

 Other possible clinical presentation in emer-
gency setting of a child with an unknown abdom-
inal tumour is with genitourinary symptom, 
gastrointestinal symptom, haemorrhage, infec-
tion, anaemia, etc. 

 The history and physical examination, 
together with the age of the patient and the help 
of specifi c laboratory tests and imaging evalua-
tions, can lead to the diagnosis. Diagnostic imag-
ing in emergency (Miele et al.  2006 ; Miele and 
Di Giampietro  2014 ) plays a main role in identi-
fying and characterizing the abdominal mass. 
Diagnostic techniques include X-ray studies, 
ultrasound, CT and MRI.  

21.2     The Abdominal Physical 
Examination 

 The physical examination of the abdomen is per-
formed with the child in supine position. It is 
important to note the shape of the abdomen and 
the position of the umbilicus. In case of a palpa-
ble mass, the following should be defi ned: the 
location, size, shape, texture, mobility and 
 tenderness. It should be classifi ed as solid, cystic 
or air fi lled. 

 A malignant mass is generally described as a 
non-tender, nonmobile or fi rm mass. 

 Abdominal mass is most often found in chil-
dren less than 5 years of age, generally with a 
retroperitoneal location. The most common 

        B.   Sessa      (*) 
  Department of Radiology ,  Papa Giovanni XXIII 
Hospital ,   Bergamo ,  Italy   
 e-mail: barbara.sessa@tiscali.it   

    R.   Castellucci    
  Department of Urology ,  Humanitas Gavazzeni Clinic , 
  Bergamo ,  Italy     

    A.   Solazzo    
  Department of Radiology ,  Bolognini Hospital , 
  Seriate ,  BG ,  Italy     

    E.   Rossi    •    M.   Zeccolini    
  Department of Pediatric Radiology ,  Pausilipon 
Oncologic Pediatric Hospital ,   Naples ,  Italy     

    S.   Sironi    
  Department of Radiology ,  Papa Giovanni XXIII 
Hospital ,   Bergamo ,  Italy    

  University of Milano Bicocca ,   Milano ,  Italy    

  21

mailto:barbara.sessa@tiscali.it


334

malignant abdominal tumour in infants is neuro-
blastoma followed by Wilms tumour. Other 
abdominal tumours in this age range include hep-
atoblastoma, germ cell tumours and soft tissue 
sarcomas (Golden and Feusner  2002 ). 

 After 10 years of age, this tumour became less 
frequent, but sarcomas, germ cell tumours and 
abdominal lymphomas increase in incidence 
(Marten and Kirks  1985 ).  

21.3     Clinical Sign or Symptoms 
Associated 

 Other general signs and symptoms associated 
with malignant abdominal mass in a child are 
increased abdominal girth, pain with move-
ment or palpation, constipation or decreased 
urination. 

 Occasionally it should be associated with 
weight loss, fever or decreased appetite. 

 Alarm symptoms, anyway common also in 
most benign conditions, are fever, lymphadenop-
athy, vomiting, pallor or localized or generalized 
lymphadenopathy (Fragkandrea et al.  2013 ). 

 Specifi c symptoms may be associated at dif-
ferent types of neoplasm. 

 Flushing, sweating and irritability may be 
associated to neuroblastoma because of the pro-
duction of catecholamines; also an explosive and 
secretory diarrhoea may be caused by vasoactive 
intestinal polypeptides also produced by the 
tumour. 

 In Wilms tumour, there could also be possible 
anaemia caused by bleeding that could be pro-
found; local stimulation of renin can result in 
hypertension. 

 Genitourinary symptoms may be associated 
with rhabdomyosarcoma (RMS) of the genitouri-
nary tract; in bladder RMS, gross haematuria and 
decreased urinary output may be observed, with a 
possible progression to anuria, consisting of a 
genitourinary emergency. 

 Amenorrhoea and vaginal bleeding could be 
associated with ovarian germ cell tumour. 
Ovarian torsion or rupture of the mass could be 
an emergency presentation of an ovarian mass, 
which requires a prompt intervention. 

 Primary malignant tumour in children can 
also present as an emergency of the gastrointesti-
nal tract; for example, acute lymphoblastic leu-
kaemia, Burkitt lymphoma and hamartoma are 
often the causes of an intussusception in children 
more than 2 years of age. 

 Furthermore, many tumours may be associ-
ated with congenital anomalies.  

21.4     Laboratory Testing 

 General laboratory studies routinely performed 
in emergency setting can give important informa-
tion about the child’s general health. They include 
a complete blood cell count and chemistry panel 
(electrolytes, liver transaminases, bilirubin, albu-
min, etc). 

 Leucocytosis can suggest a diagnosis of infec-
tion; pancytopenia can be caused by a malignant 
process that infi ltrates the bone marrow or by an 
infection that stresses the marrow; anaemia can be 
a sign of haemorrhage into the tumour or caused 
by chronic disease. Thrombocytosis is often found 
in liver tumours. Coagulation tests are important to 
check the presence of disseminated intravascular 
coagulopathy or liver dysfunction. 

 A baseline urinalysis can detect the haematu-
ria or proteinuria which can suggest a primary 
renal or bladder tumour. In Wilms tumour when 
haematuria is present, it is usually microscopic. 

 Other specifi c laboratory tests can be per-
formed in following the steps to defi ne, together 
with other elements, the specifi c histological 
characterization of the tumour (tumour markers 
or specifi c hormones produced by different 
tumours as neuroblastoma, phaeochromocytoma, 
germ cell tumours, liver tumours or teratoma).  

21.5     Imaging 

 If an abdominal mass is suspected by a physical 
examination in a child who arrives in emergency 
department, the fi rst imaging approach could be 
the ultrasound examination. 

 Paediatric ultrasound imaging of the abdomen 
is a safe, non-invasive, radiation-free, painless 
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test that uses sound waves, particularly valuable 
for evaluating abdominal, pelvic or scrotal pain 
in children. It is also easily available in emer-
gency radiological setting and allows a real-time 
dynamic optimal visualization of the abdomen, 
especially in children for the characteristics of 
the child’s body. A linear or convex probe with 
warmed gel may be used on the basis of the size 
of the baby. 

 It can provide detailed information about the 
mass location, dimensions, nature, tissue compo-
nents, vascularization and relationship with the 
adjacent organs. With an adequate bladder dis-
tension, it is also allowed to detect the pelvic 
region in children with high resolution. 

 With the use of colour Doppler technique, it is 
possible to detect the mass pattern of fl ow. 

 Also contrast-enhanced ultrasound (CEUS) 
with intravenous injection of microbubble con-
trast agent could be performed in these cases, 
providing additional information about the 
enhancement of the mass and the presence of 
any neoplastic thrombi of the vessels involved. 
Despite the use of ultrasound contrast agents in 
children has not been offi cially approved since 
these contrast media are not licensed for paediat-
ric use, a large survey study were carried out, 
which also included the use of product in intra-
venous route and responses suggest a favourable 
safety profi le of this second-generation ultra-
sound contrast agents in children (Menichini 
et al.  2015 ). 

 It is already established the use of CEUS in 
paediatric abdominal traumatic lesions with the 
proliferation of a lot of studies in literature, but 
also in paediatric abdominal oncological emer-
gencies, it may have a crescent role (Pinto et al. 
 2014 ,  2015 ; Sessa et al.  2015 ; Miele et al.  2015 , 
 2016a ,  b ,  c ). 

 When an abdominal tumour is confi rmed by 
ultrasound is recommended a total body staging 
CT to better defi ne the invasion of vessels or vital 
organs by the lesions and any lymph node or dis-
tant metastasis. MDCT optimization is manda-
tory in children, including justifi cation for scan, 
patient preparation, technical and scan parame-
ters with the low-dose CT protocols and contrast 
administration, with parameters of contrast 

 material volume and fl ow rate depending on the 
age and the weight of the baby. 

 In some cases, it can be useful the use of MR 
for a more accurate detection and follow-up of 
oncological disease of some districts (i.e. the 
female pelvis, liver) or better characterization of 
tissue component of a detected mass; it is a free 
radiation exam but often requires a pharmaco-
logical sedation in children. 

 MR is also increasingly used in oncological 
disease in children, also for the introduction of 
fast sequences, giving very important informa-
tion also with the use of new functional imaging 
techniques such as diffusion-weighted imaging. 

 When is suspected a gastrointestinal obstruc-
tion emergency presentation of the mass, it can 
be helpful a plain abdominal radiograph.  

21.6     The Main Childhood 
Abdominal Malignancies 

21.6.1     Neuroblastoma 

 It is the most common extracranial solid tumour 
in childhood and the most common malignancy 
in infants. 

 It accounts for about 8 % of all cancers diag-
nosed in children less than 15 years of age and for 
15 % of all cancers in children less than 5 years of 
age (Matthay  1995 ). 

 Neuroblastoma arises from neural crest cells 
and can arise anywhere along the sympathetic 
chain, but 75 % of the tumours have an abdomi-
nal location and 65 % originate from the adrenal 
glands (Berthold et al.  1996 ; Calisti et al.  2012 ). 

 The clinical and prognostic behaviour of this 
tumour is not always predictable: it can regress 
spontaneously or differentiate into a benign 
tumour in infants, or it can have a rapidly pro-
gressive, metastatic and sometimes fatal course 
in children over 1 year of age. Fifteen percent of 
all the cancer-related deaths in children are due to 
neuroblastoma (Kinnier-Wilson and Draper 
 1974 ; Black  1998 ). 

 It is a solid, retroperitoneal tumour, generally 
fi xed and unilateral, but it may cross the midline. 
They are lesions biologically active that produce 
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hormones. In 90 % of patients, the tumour excretes 
high levels of catecholamines and their metabo-
lites (Graham-Pole et al.  1983 ; Laug et al.  1978 ). 

21.6.1.1     Clinical Presentation 
 The clinical presentation is related to the produc-
tion of specifi c hormones by the tumour, to its 
location and the extent of disseminated disease. 

 The catecholamine production can result in 
fl ushing, sweating and irritability; they can pro-
duce also vasoactive intestinal polypeptides that 
may cause watery, explosive, secretory diarrhoea. 

 Most of these tumours arise from the adrenal 
gland (35 % of cases), 30–35 % in the extra- 
adrenal retroperitoneum and 20 % in the poste-
rior mediastinum. Less common sites are the 
neck (1–5 % of cases) and pelvis (2–3 %) (Morris 
et al.  1995 ). 

 A higher incidence of cervical and thoracic 
primary tumour is depicted in infants with only 
25 % with an abdominal location. 

 Through haematogenous spread it can do 
metastases to the bone, bone marrow, liver and 
skin and in the brain and lungs in end-stage dis-
ease (Kramer et al.  2001 ). Only in 3% of patients 
there is a pulmonary involvement at the diagnosis 
and it is an extremely poor prognostic indicator 
(Kammer et al.  2001 ). Through lymphatic dis-
semination, it can affect the regional lymph nodes 
or nodes in other body cavities. 

 Abdominal distension is the most frequent 
presenting symptom. 

 Other signs and symptoms mostly associated 
with neuroblastoma are malaise, irritability, 
weight loss, shortness of breath (if it is a large 
abdominal tumour) and peripheral neurologic 
defi cit (from neural foraminal invasion and nerve 
compression by tumour). 

 Other less common presentations include 
exophthalmos, ecchymoses, Horner’s syndrome, 
back pain weakness, scoliosis, bladder dysfunc-
tion and palpable non-tender subcutaneous 
nodules.  

21.6.1.2     Evaluation 
 Neuroblastoma, together with rhabdomyosarcoma, 
lymphoma, Ewing’s sarcoma and leukaemia, is 
considered a “small, round, blue cell tumour”. 

 An international neuroblastoma study group 
established the minimum criteria required to the 
diagnosis of neuroblastoma: (1) unequivocal 
pathologic diagnosis by light microscopy of 
tumour tissue, with or without immunohistology, 
or increased urine (or serum) catecholamine or 
metabolites and (2) bone marrow aspirate or 
biopsy with unequivocal tumour cells and 
increased urine or serum catecholamines or 
metabolites (Brodeur et al.  1988 ). 

 Urinary levels of homovanillic acid, vanillyl-
mandelic acid, adrenaline, noradrenaline, dopa-
mine and metanephrines are elevated in 90–95 % 
of patients with neuroblastoma (Graham-Pole 
et al.  1983 ; Laug et al.  1978 ). 

 Serum markers, although less sensitive and less 
specifi c, include ferritin, NSE and lactate dehy-
drogenase (LDH). The biologic factors used to 
stratify risks groups include (1) assessment of an 
oncogene called n-myc, (2) DNA ploidy and (3) 
specifi c histologic characteristics. Amplifi cation 
of the proto-oncogene n-myc located on the short 
arm of chromosome 2 is associated with advanced 
stage disease and poor prognosis (Brodeur  1995 ; 
Broduer et al.  1994 ,  1997 ). 

 The DNA content (DNA index or DI) refers to 
ploidy or the chromosome complement in tumour 
cells. A normal chromosome number in a somatic 
cell is diploid (1=46 chromosomes), more is 
hyperdiploid, >1, and less is aneuploid, <1. A 
DNA index higher than 1 is associated with a 
favourable outcome, and an index of 1 or lower 
has a worse outcome (Seeger et al.  1985 ). 

 Two histological classifi cation systems are 
used in the United States to stratify neuroblas-
tic tumours into risk groups: the Pediatric 
Oncology Group (POG) classifi cation and the 
Shimada classifi cation (Joshi et al.  1992 ; 
Shimada et al.  1999 ). 

 The POG system is based on the degree of dif-
ferentiation of the histologic elements; in particu-
lar neuroblastoma contains less than 50 % 
differentiated elements. It may be further sub-
classifi ed as undifferentiated, poorly differenti-
ated or differentiating (Joshi et al.  1992 ). 

 The Shimada classifi cation is a morphologic 
characterization system based on the presence or 
absence of Schwannian stroma, the age of patient, 
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the degree of cellular maturity and the nuclear 
characteristic; it is an independent prognostic 
indicator, either favourable or unfavourable 
(Shimada et al.  1999 ).  

21.6.1.3     Imaging 
 Children present in emergency department with 
abdominal distension, constipation and abdomi-
nal pain could be generally investigated with an 
abdominal plain radiography and/or abdominal 
ultrasound. 

 Radiographs may show a posterior retroperi-
toneal, mediastinal or neck mass. Calcifi cation is 
evident in at least 30 % of neuroblastoma at plain 
radiography (Stark et al.  1983 ). 

 Posterior mediastinal tumours may cause 
spreading or erosion of adjacent ribs, and both 
retroperitoneal and posterior mediastinal tumours 
may cause pedicle erosion (Miele et al.  1996 ). 
Skeletal metastases may also appear as focal 
lucent (occasionally sclerotic) areas (Stark et al. 
 1983 ; Miele et al.  1996 ; Abramson  1997 ). 

 At ultrasonography (US) neuroblastoma is 
generally heterogeneously echogenic (Figs.  21.1  
and  21.2 ). It should have anechoic areas within 
the tumour corresponding to haemorrhage or 
necrosis. Calcifi cations are common and appear 
as focal echogenic areas. US may delineate the 
tumour from adjacent organs such as kidney, 
making determination of adrenal origin; when 
the tumour invades the kidney, this is diffi cult.

    US and also CEUS may also evaluate the other 
organs such as liver, the presence of lymph nodes, 
the vascular invasion and so on (Stark et al.  1983 ; 
Miele et al.  1996 ; Abramson  1997 ); however 
these parameters are better detected by CT or MR 
imaging. 

 CT is the most commonly used imaging 
modality for the assessment of neuroblastoma to 
evaluate the extent of tumour, organ of origin, 
regional invasion, vascular encasement, adenopa-
thy and calcifi cation (Figs.  21.1  and  21.3 ). CT of 
the chest, abdomen and pelvis is the gold stan-
dard technique for all new diagnosed cases.

a

d

b

f

c
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  Fig. 21.1    Male, 7 years old. The child went in emergency 
department with a palpable mass and pain at right abdominal 
quadrants. Right adrenal gland neuroblastoma was discov-
ered. US ( a ,  b ): a heterogeneously echogenic hypervascular 
right adrenal mass with hypoechoic area inside was depicted. 
CT ( c , MPR coronal reconstruction and  d ): it shows a large 

and heterogeneous right adrenal mass with low-attenuation 
areas of necrosis or haemorrhage. Vessels were compressed 
but not invaded. Celiac lymph node involvement was 
depicted. The baby has also acute appendicitis ( e ). The 123 
MIBG scintigraphy ( f ), in anterior and posterior views, 
shows the radiopharmaceutical uptake in primary tumours       
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a b

c d

  Fig. 21.2    Female, 1 year old. She presents with abdomi-
nal distension and nausea. A left adrenal gland neuroblas-
toma was depicted. US scans ( a ,  b ) show a quite 
homogeneous echogenic adrenal mass. CT ( c  and d MPR 

coronal reconstruction): a quite large homogeneous left 
adrenal mass with regular margins, not invading adjacent 
structures and vessels       

a b c

  Fig. 21.3    Male, 3 years old with abdominal distension 
and malaise and weight loss. A retroperitoneal neuroblas-
toma. MDCT in arterial and venous phase axial scans 
( a ,  b ) and MPR sagittal MIP reconstruction ( c ) show a 

retroperitoneal neuroblastoma. A heterogeneous large ret-
roperitoneal large mass at the level of the celiac vessels 
was depicted. The sagittal MPR shows the encasement of 
the celiac tripod and the superior mesenteric artery       
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   Abdominal and pelvic tumours are usually 
large and heterogeneous; 80–90 % of neuroblas-
tomas demonstrate calcifi cation on CT scans, and 
low-attenuation areas of necrosis or haemorrhage 
are frequently depicted (Stark et al.  1983 ; Miele 
et al.  1996 ; Abramson  1997 ). Small tumours may 
be homogeneous. 

 Vascular invasion is rare; vascular encasement 
and compression of the renal vessels, splenic 
vein, inferior vena cava, aorta, celiac artery and 
superior mesenteric artery may occur. 

 Regional invasion of psoas and paraspinal mus-
culature may also occur, and invasion of the neural 
foramen into the epidural space is also frequent and 
better evaluated in MR imaging (Dresler et al. 
 1979 ; Aronson et al.  1995 ; Kenny et al.  1995 ). 

 Adenopathy of the renal hilum, porta hepatis 
and retroperitoneum may be seen. 

 Metastases at liver or lung are also depicted by 
CT. Liver metastases may take two forms: diffuse 
infi ltration and focal hypoenhancing masses. 

 Brain metastases are unusual. 

 At MR imaging neuroblastoma is typically 
heterogeneous, variably enhancing and of rela-
tively low signal intensity on T1-weighted 
images and high signal intensity on 
T2-weighted images (Fig.  21.4 ). Calcifi cations 
may be diffi cult to detect at MR imaging. 
Haemorrhagic areas may be depicted as area of 
high signal intensity on T1w images and cystic 
change may appear bright on T2w images 
(Dietrich et al.  1987 ).

   MR imaging is the better modality to detect 
intraspinal extension of primary tumour; it should 
be performed at any patient with a paraspinal 
tumour (King et al.  1975 ). MR may also detect 
marrow disease, appearing as areas of low signal 
intensity on T1w images and high areas on T2w 
images (King et al.  1975 ; Siegel et al.  1986 ; 
Couanet et al.  1988 ). 

 Finally MR imaging is superior to CT in the 
detection of diffuse hepatic metastases in infants 
with stage 4S disease, as areas of high signal 
intensity on T2w images (Abramson  1997 ). 

a b

d e

c

  Fig. 21.4    MR exam of the retroperitoneal neuroblastoma 
at celiac tripod. T2w axial and coronal images ( a ,  b ). T1w 
axial images in arterial and venous phase and T1w coronal 
venous phase after Gd administration ( c – e ). The large ret-

roperitoneal neuroblastoma at the level of the celiac ves-
sels shows a relatively high signal intensity on T2-weighted 
images and a heterogeneous CE after Gd injection in arte-
rial and venous phases       
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 Scintigraphic evaluation of neuroblastoma 
may be used to identifi cate the primary tumour 
and for metastatic surveillance. 

 For the fi rst aim, it was performed with either a 
catecholamine analogue, metaiodobenzylguanidine 
labelled to iodine-123, referred to as MIBG 
(Figs.  21.1  and  21.5 ), or a somatostatin analogue 
(pentetreotide labelled to indium-11). MIBG is 
taken by catecholamine-producing tumours but only 
70 % of neuroblastomas are MIBG positive. When a 
tumour is evaluated by MIBG scintigraphy and is 
positive, it gives an excellent map of disease, but it 

does not allow marrow to be distinguished from cor-
tical disease, which may be important for staging.

   The 111 pentetreotide scintigraphy may also 
demonstrate neuroblastic tumours, but it does not 
appear to be superior to MIBG scintigraphy 
(Frappaz et al.  1997 ; Hattner et al.  1984 ; Shulkin 
et al.  1992 ; Biasotti et al.  2000 ; Andrich et al. 
 1996 ; Shalaby-Rana et al.  1997 ). 

 A more commonly performed scintigraphic 
examination is TC-99 m MDP scintigraphy 
which is done for evaluation of bone disease, 
both cortex and marrow. 

  Fig. 21.5    Retroperitoneal neuroblastoma at celiac tripod. I 123 MIBG scintigraphy. The radiopharmaceutical was 
uptaken by the mass       
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 TC-99 m MDP scintigraphy is initially per-
formed on all patients with neuroblastoma to 
assess metastatic setting because it is more sensi-
tive than plain radiographs in the detection of 
bone metastases from neuroblastoma, depicted as 
focal areas of an increased uptake or an increased 
uptake at the metaphysis (Gilday et al.  1977 ; 
Heisel et al.  1983 ).  

21.6.1.4     Staging 
 Clinical staging of neuroblastoma is necessary to 
determine the optimal course of therapy. 

 The determination of the primary tumour size 
and the invasion of adjacent structures, the study 
of the liver and the lymph nodes for metastatic 
disease and the assessment of tumour resectabil-
ity detected by CT and MRI are necessary to 
stage the disease. 

 The International Neuroblastoma Staging 
System (INSS) is generally used (Brouder 
et al.  1993 ) (Table  21.1 ).  

 Tumours that are grossly completely resected 
and have no adherent positive lymph nodes or 
metastases are stage 1; tumours that invade one 
side of the neural canal are stage 2. Tumours that 
extend across the midline are stage 3. When mar-
row involvement with tumour cells is less than 
10 % of all marrow cells in the biopsy specimen, 
it is stage 4S; when the tumour cells are greater 

than 10 % of all marrow cells, the stage is 4 
(Brouder et al.  1993 ).  

21.6.1.5     Prognosis and Therapy 
 Age and clinical stage are the two most important 
independent prognostic factors. Children less 
than 1 year of age at diagnosis have a better out-
come than those diagnosed later regardless of 
stage disease. 

 Patients with localized disease also have a bet-
ter prognosis. Favourable biologic characteristics 
include non-amplifi cation of n-myc, a DNA 
index greater than 1 and a favourable histology 
by Shimada classifi cation. 

 Management of patients with neuroblastoma 
is based on the risk for recurrent disease. 

 Stage I tumours are low risk and are treated 
only with surgery and observation, regardless of 
biologic factors. 

 Stage IIA-IIB tumour treatment depends on 
age, n-myc status and histology. 

 Patients with stage III tumour are treated as 
intermediate- or high-risk patients on the basis of 
age and biology. 

 Stage IV patients under the age of 1 year with-
out n-myc amplifi cation are intermediate risk, all 
other are high risk. 

 Stage 4S (special) disease infants have dissem-
inated disease but paradoxically have a favour-
able prognosis with spontaneous  regression. In 
this group histologic classifi cation and n-myc 
status are fundamental for therapeutic decision-
making; patients with amplifi cation of n-myc 
need intensive chemotherapy treatment (Evans 
et al.  1996 ; Kushner et al.  1996 ; Matthay et al. 
 1989 ; Perez et al.  2000 ). 

 Adjuvant therapy is also recommended in 
patients with life-threatening symptoms such as 
vascular compromise caused by hepatomegaly, 
signifi cant respiratory distress renal or bowel 
ischemia, obstruction of internal organs or coag-
ulopathy (Matthay et al.  1994 ). 

 Radiation therapy should be used in the subset 
of patients with IVS disease that is symptomatic 
because of spinal cord compression or massive 
hepatomegaly. 

 Low-risk patients are treated with surgical 
excision and then observation. 

   Table 21.1    Neuroblastoma staging   

 Stage  Characteristics 

 Stage I  Localized tumour, complete gross total 
resection. Microscopic residual disease 
may be present 

 Stage IIA  Localized tumour, gross residual disease 
 Stage IIB  Localized tumour with ipsilateral lymph 

node involvement whether or not 
resectable 

 Stage III  Invasion of tumour across the midline 
either by direct extension or contiguous 
lymph node involvement 

 Stage IV  Disseminated disease with metastases to 
distant lymph nodes, bone, bone marrow, 
liver or other organs (except for those 
patients defi ned as IVS) 

 Stage IVS  Limited to age <1 year of age, localized 
primary (as in stages I, IIA or IIB) with 
metastases limited to the skin, liver or 
bone marrow 
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 After a gross total resection, the relapse-free 
survival is 90 % (Nitschke et al.  1988 ).   

21.6.2     Wilms Tumour 

 Wilms tumour is the second most common abdom-
inal tumour of childhood, is the most common 
renal tumour and accounts for approximately 6 % 
of all childhood cancers. The peak age at diagno-
ses is 2–3 years; it is rare in infants; a renal mass in 
a neonate is more likely a congenital mesoblastic 
nephroma (Crist and Kun  1991 ). 

 It is bilateral in 4–13 % of children (Lonergan 
et al.  1998 ). 

 They arise from pluripotent embryonic renal 
precursor cells; nephrogenic rests are metachro-
nous disease in patients with nephrogenic rests. 
In only 1 % of cases, it is familial (Breslow et al. 
 1996 ; Grundy et al.  1988 ). It may be associated 
with congenital disorders and developmental 
abnormalities: Beckwith-Wiedemann syndrome, 
Sotos syndrome, Perlman syndrome and Denys- 
Drash syndrome. Additionally genitourinary 
anomalies, including hypospadias, cryptorchi-
dism, duplicated collecting system, horseshoe 
kidney, cystic kidneys and renal dysplasia or 
aplasia, could be present. 

 Two loci on chromosome 11 have been impli-
cated in the genesis of a minority of Wilms 
tumour: locus 11p13, known as the WT1 gene, 
and locus 11p15, known as WT2 gene. 

 The WT1 protein is mainly expressed in the 
development of the kidney, testis, and ovary. 
Constitutional deletion of this gene is often 
associated with WAGR syndrome, a syndrome 
comprising aniridia, genitourinary anomalies 
and mental retardation, associated with a risk 
of greater than 30 % for the development of 
Wilms tumour. WT1 deletion is also associ-
ated with sporadic aniridia and a point muta-
tion of this gene is seen with Denys-Drash 
syndrome. 

 The other Wilms tumour gene, WT2, is associ-
ated with Beckwith-Wiedemann syndrome or 
hemihypertrophy (Charles et al.  1998 ). 

 Screening for Wilms tumour in patients with 
associated syndromes should be at 6 months of 

age with initial computed tomography followed 
by serial ultrasonography every 3 months up to 
7 years of age. After the age of 7 years, screening 
can be discontinued because the risk of develop-
ing Wilms tumour decreases signifi cantly (White 
and Grossman  1991 ; Beckwith  1998 ). 

21.6.2.1     Clinical Presentation 
 Wilms tumour most often presents as an asymp-
tomatic mass in the fl ank. It is generally large at 
diagnosis without signifi cant impingement of 
other vital structures because of its retroperito-
neal location. Approximately 25 % of patients 
have associated systemic symptoms or signs as 
malaise, pain, haematuria or hypertension. 
Haemorrhage is infrequent but can cause severe 
anaemia (Ganguly et al.  1973 ). 

 The mass is generally large, non-tender, not 
moving with respiration. Venous obstruction of 
the spermatic vein can cause  varicocele. Acquired 
von Willebrand’s disease is seen in 8 % of patients 
with Wilms tumour and may cause bruising or 
mucosae membrane bleeding. 

 Wilms tumour syndrome in patients with a 
very large tumour is a constellation of signs and 
symptoms as hypertension, rapid abdominal 
enlargement, anaemia and eggshell calcifi cations 
(Ganguly et al.  1973 ). 

 Initial laboratory evaluation includes a CBC 
with differential, electrolytes, creatinine, blood 
urea nitrogen, bilirubin, liver enzymes, serum 
calcium and phosphorus levels and urinalysis.  

21.6.2.2     Imaging 
 It manifests as a solid intrarenal mass with a 
pseudocapsule and distortion of the renal paren-
chyma and collecting system; at histologic analy-
sis, Wilms tumour is composed of variable 
amounts of blastema, stroma and epithelium. 

 The tumour typically spreads by direct exten-
sion and displaces adjacent structures but does 
not typically cause encasement or elevation of 
the aorta, fi ndings characteristic of neuroblas-
toma. It may cause vascular invasion of the renal 
vein and inferior vena cava with occasional 
extension into the right atrium. 

 Metastases are more common in the lungs 
(80–85 %), liver (15 % of cases) and regional 
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lymph nodes, with also vascular invasion 
(Lonergan et al.  1998 ). 

 Ultrasound (US) is the initial imaging modality 
of choice in children that present in  emergency 
department with a mass in the fl ank. It detects the 
kidney origin of the mass and quantifi es the size. It 
most often presents as a heterogeneous echogenicity 
mass (Figs.  21.6  and  21.7 ) with hemorrhagic, fatty 
or necrotic areas inside and calcifi cations (found in 
only about 5–10 % of Wilms tumour, unlike neuro-
blastoma) (Fishman et al.  1983 ).

    US can detect also the presence and extent of 
tumour thrombi which could modifi cate the sur-
gical approach. 

 CT can better depict the degree of tumour 
involvement of the kidney and systemic metasta-
ses (Miele et al.  1998a ) (Figs.  21.6 ,  21.7 ,  21.8  
and  21.9 ).

    When a renal mass is detected by US, a chest 
and abdominal CT with intravenous administra-

tion of contrast material is mandatory to detect 
the tumour extension, presence of fat and calcifi -
cations, tumour invasion of the renal vein and 
inferior vena cava, contralateral synchronous 
tumour, associated nephrogenic rests and pulmo-
nary, hepatic or nodal metastasis and parameters 
fundamental for the tumour staging. 

 At magnetic resonance (MR) imaging, Wilms 
tumour demonstrates low signal intensity on T1w 
and high signal intensity on T2w images. MR 
imaging also permits assessment of caval patency 
and multifocal disease. Wilms tumour is often 
very large at presentation and can cause severe 
distortion of adjacent organs, including the infe-
rior vena cava. MR imaging has been reported to 
be the most sensitive modality for determination 
of caval patency but it requires sedation. 

 Wilms tumour is occasionally largely cystic; 
in these cases there may be diffi cult differential 
diagnosis from cystic partially differentiated 

a b

d e f

c

  Fig. 21.6    Female, 5 years old with malaise and pain as 
presenting symptoms. Wilms tumour of the left kidney. 
US appearance ( a – c ): a heterogeneous echogenicity mass 
with necrotic areas inside. CT on axial scan ( d ) and MPR 

coronal reconstructions ( e ,  f ) show a solid heterogeneous 
intrarenal mass with necrotic areas inside and distortion of 
the renal parenchyma and collecting system. Also liver 
and lung metastases are depicted       
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nephroblastoma, a subtype of multilocular cystic 
nephroma treated in the next session “Neonatal 
abdominal masses”.  

21.6.2.3     Staging and Treatment 
 Staging and therapy for Wilms tumour depend on 
a timely nephrectomy with accurate surgical 
staging and determination of specifi c and bio-
logic characteristics. 

 Wilms tumour staging is surgical, reported in 
Table  21.2  (Green et al.  1996 ).  

 Unilateral Wilms tumour is generally treated with 
nephrectomy followed by adjuvant chemotherapy. 

 Stage I and II tumours with favourable histol-
ogy are usually treated post-operatively with vin-
cristine and dactinomycin. 

 Patients with slightly more advanced disease 
also get a third drug, doxorubicin, and the length 
of therapy is extended. Patients with diffuse ana-
plasia are treated with more aggressive 
 chemotherapy including vincristine,  doxorubicin, 
cyclophosphamide and etoposide. In addition to 
surgery and chemotherapy, abdominal radiation 
therapy is given to all but the patients with stage 
I disease and those with stage II disease and 
favourable histology (Green et al.  1996 ). 

a b

c d dde

  Fig. 21.7    Female, 3 years old. She presents in emer-
gency department with a palpable mass in the left fl ank. 
US ( a ,  b ) shows a heterogeneous large predominantly 
hyperechoic mass with kidney origin. A MDCT ( c , sagit-

tal MPR reconstruction;  d , coronal MPR reconstruction; 
 e , axial scan) was then performed to better depict the 
degree of tumour involvement of the kidney. No metasta-
ses were depicted       
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 Patients with pulmonary metastases may 
receive radiation to the lungs.   

21.6.3     Hepatoblastoma 

 The most signifi cant primary hepatic malignancy 
in neonates is hepatoblastoma, comprising 
approximately 1 % of paediatric malignancies 
(Schnater et al.  2003 ). 

 The mean age at diagnoses is 1 year, with 
more of 80 % of cases diagnosed before 3 years 
of age. 

 Hepatocellular carcinoma is much more rare 
and occurs in older children and adolescents, 
with a mean age at diagnosis of 11 years. 

 Hepatoblastoma may be seen in association with 
Beckwith-Wiedemann syndrome, with familial 
adenomatous polyposis (Kingston et al.  1983 ; Li 
et al.  1987 ) and prematurity (Feusner et al.  1997 ). 

a b

c d

  Fig. 21.8    Male, 10 years old. The child has a palpable 
mass in the left fl ank and haematuria. MDCT ( a ,  b , axial 
scans;  c ,  d , MPR coronal reconstruction) shows a large 

mass of the left kidney with heterogeneous contrast 
enhancement. A Wilms tumour at histological exam was 
found       
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 The most common presentation of a child with 
hepatoblastoma in emergency department is an 
asymptomatic abdominal mass, sometimes associ-
ated with distension. Anorexia, pain or weight loss 
is seen in only 15–20 % of children at diagnosis. 
The laboratory tests in these cases include a CBC 
(thrombocytosis is common), urinalysis, chemis-
try panel including liver transaminases, electro-
lytes, coagulation studies (to check synthetic liver 
function) and hepatitis panel. Serum alpha-feto-
protein, elevated in essentially all patients with 
hepatoblastoma, is helpful for diagnosis and as a 
marker to follow during and after therapy. 

 Histologically the tumour presents as a large, 
usually solitary solid mass. It may contain fi brous 
bands, leading to a “spoked-wheel appearance”. 
It can either be epithelial or mixed type and has a 
tendency to invade hepatic and portal veins. 

21.6.3.1     Imaging 
 The fi rst approach is ultrasound exam (US); on 
US it is detected as a solid mass with similar 
 signal intensity compared with the surrounding 
liver parenchyma (Fig.  21.9 ). Calcifi cations are 
present in 55 % of cases and may cause acoustic 
shadowing. Areas of intralesional necrosis or 

a b

c d

  Fig. 21.9    Male, 2 years old. Child with an abdominal 
palpable mass and distension. US ( a ,  b ) shows a heteroge-
neous hyperechoic right hepatic mass, with intralesional 
vessel signals at colour Doppler exam ( b ). MDCT axial 

scan ( c ) and MPR coronal reconstruction ( d ); a very large 
and heterogeneous hepatic mass was depicted, with dislo-
cation of the aorta and its branches. Hepatoblastoma was 
demonstrated at histological examination       
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tumour thrombi in the portal vein or hepatic veins 
may be depicted. 

 On unenhanced CT hepatoblastoma may 
have different features (Feusner et al.  1997 ; 
Miele et al.  1998b ); it generally appears as a 
relatively well-defi ned, heterogeneous mass, 
slightly hypodense compared with liver tissue, 
with or without calcifi cations (Figs.  21.9  and 
 21.10 ). On contrast-enhanced CT, it reveals a 
heterogeneous enhancement and generally 
appears hyperdense compared with liver paren-
chyma in the early arterial post contrast phase 
and usually iso- or hypodense on delayed 
images. Invasion of the portal vein and throm-
bosis of portal or hepatic veins are well 
depicted by CT. Metastasis may be seen in 
lymph nodes and lung parenchyma, rarely in 
the bones and brain.

   On MR hepatoblastoma is iso- or slightly 
hyperintense on T2w images and iso- or hypoin-
tense compared with liver parenchyma on T1w. 
Central necrosis may show a high T2 signal. The 

contrast enhancement of hepatoblastoma is simi-
lar compared with CT and quite non-specifi c. 

  Staging  of hepatoblastoma depends on the 
extent of disease and the resectability: stage I 
tumours are fully resected with negative margins, 
stage II tumours have microscopic residual dis-
ease, stage III tumours have gross residual dis-
ease or may be only biopsied and stage IV 
hepatoblastoma is metastatic disease. 

  Therapy  is surgical resection of liver disease; 
for large tumours or those associated with meta-
static disease, chemotherapy often can fi nally 
make a total resection possible; metastatic dis-
ease without resection has a worse prognosis. If 
the resection is extensive, orthotopic liver trans-
plant has been performed to cure the patient. 

 Chemotherapy for hepatoblastoma usually 
includes doxorubicin, cisplatin, vincristine, 
5- fl uorouracil and ifosfamide (Douglass et al. 
 1993 ).   

21.6.4     Germ Cell Tumour 

 Paediatric germ cell tumours (GCTs) are rare 
tumours that include a heterogeneous group of neo-
plasms arising from variation of normal differentia-
tion of germ cells; they could be benign, malignant 
or immature neoplasms in children and adolescent. 

 Eighty percent of GCTs are benign, while 
only 20 % are malignant representing about 
2–3 % of all malignant paediatric tumours. 
They can develop in the gonads or in extrago-
nadal sites (>50 %) including the retroperito-
neum (Figs.  21.10 ,  21.11 ,  21.12 ,  21.13 ,  21.14 , 
and  21.15 ), mediastinum or brain (Rescorla 
 2012 ).

       Teratoma is the most common type with 
benign (mature) or immature histological fea-
tures but rarely malignant. It could be classifi ed 
in mature teratoma when it is composed of dif-
ferentiated tissue from one or more embryonic 
germ layers or immature teratoma when it con-
tains also immature epithelial or stromal tissue 
(Billmire  2006 ). 

 The most frequent and aggressive malignant 
entity in young children is yolk sac tumour 
(YCT) also known as endodermal sinus tumour. 
It can arise in all sites and can metastasize to the 

   Table 21.2    Wilms tumour staging   

 Stage  Characteristics 

 Stage I  Tumour is limited to the kidney, renal 
capsule intact with or without rupture, no 
evidence of tumour beyond resection 
margin (complete resection) 

 Stage II  Tumour extends beyond the kidney. If 
there was spillage before or during 
surgery, it was confi ned to the fl ank, and 
the peritoneal surface is not involved. 
There is regional extension of the tumour 
with penetration through the capsule, 
invading the renal sinus or blood vessels 
outside the kidney. After resection, there is 
no evidence of tumour beyond the 
resection margins (complete resection) 

 Stage III  Gross residual tumour confi ned to the 
abdomen including any of the following: 
tumour penetrating the peritoneal surface, 
implants on the peritoneal surface, subtotal 
resection of tumour for any reason 
including infi ltration into vital organs 
(gross or microscopic residual, or tumour 
spill that is beyond the fl ank, whether 
pre- or postoperative) 

 Stage IV  Metastases from haematogenous or 
lymphatic dissemination 

 Stage V  Bilateral renal disease, although each 
kidney should be staged separately (I, II or 
III) 
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regional lymph nodes, liver, lung and brain. It is 
characterized by secretion of alpha-fetoprotein, a 
very important serum marker at diagnosis, during 
and after the treatment. 

 Other malignant histotypes are less frequent: 
germinomas (seminoma in males and dysgermi-
noma in females) are undifferentiated GCTs typi-
cal of adolescents; embryonal carcinoma and 
choriocarcinoma are rare differentiated forms in 
paediatric age which include trophoblastic cells 
secreting a specifi c serum marker, the beta sub-
unit of human chorionic gonadotropin (beta 
HCG). 

 The most frequent localization of extrago-
nadal GCT is the sacrococcygeal (the sacrococ-
cygeal teratoma is treated in the session “Neonatal 
abdominal masses”); in the gonadal GCT, the 
ovarian represents about 30 % of GCTs and 70 % 
of all neoplastic ovarian masses (Rescorla  2008 ). 

21.6.4.1     Ovarian GCTs 
 They are the most common ovarian neoplasms in 
children and teenagers, with a peak of incidence 
in early adolescence (Caruso et al.  1971 ). 

  Pathology : all the histological subtypes of 
GCTs may be reported in the ovary. Benign and 

a

d e
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  Fig. 21.10    Male, 3 years with abdominal distension and 
anorexia. Axial CT scan without CE ( a ) shows a 
hypodense hepatic area with calcifi cations. In MDCT 
scans ( b ,  c ) and MPR coronal and sagittal reconstructions 

( d ,  e ), a heterogeneous hepatic lesion, relatively 
hypodense with inhomogeneous CE, was demonstrated. 
Other hepatic nodules were present. It was a 
hepatoblastoma       
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immature teratomas represent about 80 % of all 
ovarian GCTs, bilateral in 5 % of cases. The inci-
dence of malignant forms is reported in about 
20 % and increases during adolescence (Rescorla 
 2012 ). The most common malignant entity in 
young people is the YSCT; dysgerminoma is the 
most frequent ovarian malignant GCTs in female 
adolescents and may be bilateral in 10 % of cases. 
Gonadoblastoma is rare. 

 The pathologic appearance of mature cystic 
teratomas is characteristic. In 88 % of cases, 
they are unilocular, filled with sebaceous 

material (Caruso et al.  1971 ). Hair follicles, 
skin glands, muscle and other tissues lie within 
the wall. There is often a raised protuberance 
projecting into the cyst cavity known as 
Rokitansky nodule. Most of the hair typically 
arises from this nodule. When the bone or 
teeth are present, they tend to be located within 
the protuberance (Matz  1961 ). 

 Ectodermal tissue (skin derivatives and neural 
tissue) is always present, mesodermal tissue 
(bone, cartilage, bone, fat) is seen in over 90 % 
of cases (Figs.  21.13 ,  21.14  and  21.15 ), and 

a

c d e

b

  Fig. 21.11    Male, 14 years old. He presents with lower 
abdominal weight and pain. US ( a ,  b ) shows an inhomo-
geneous mass in left hemipelvic region. MDCT scan ( c ) 

and MPR coronal and sagittal reconstruction show the 
presence of solid tissue in retroperitoneal left iliac region. 
An extragonadic germ cell tumour was detected       
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a b c

  Fig. 21.12    Female, 7 years old. Presenting symptoms: constipation and abdominal distension. An US was performed 
as the fi rst step, and a retroperitoneal heterogeneous mass, with a predominant sovrafl uid composition, was depicted       

a

c d

b

  Fig. 21.13    A CT was than performed. In these unenhanced axial scans, a large retroperitoneal mass with cystic, fat, 
bone and sebaceous components is depicted. A retroperitoneal mature cystic teratoma was diagnosed       
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a

d e

b c

  Fig. 21.14    Contrast-enhanced axial CT ( a – c ) and MPR coronal reconstructions ( d ,  e ) well demonstrate the large ret-
roperitoneal mature cystic teratoma with its different components       

a b

  Fig. 21.15    Retroperitoneal mature cystic teratoma. VR reconstructions: the cartilaginous and bone components of the 
tumour seem to be rib and vertebral sketches       
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endodermal tissue (e.g. bronchial and gastroin-
testinal epithelium, thyroid tissue) is seen in the 
majority of cases. Adipose tissue is present in 
67–75 % of cases and teeth in 31 % (Caruso et al. 
 1971 ; Matz  1961 ). 

 Immature teratoma is less common, affects a 
younger group (usually during the fi rst two 
decades of life) and has a clinically malignant 
behaviour. Histologically fi ndings differ from 
mature teratoma in the presence of immature or 
embryonic tissues (Talerman  1994 ). They are 
typically larger (14–25 cm), solid or with a pre-
dominant solid composition than mature tera-
toma (Rescorla  2008 ; Talerman  1994 ). The 
cystic areas are usually fi lled with serous or 
mucinous fl uid or fatty sebaceous material. A 
frequent perforation of the mass capsule is 
depicted (Talerman  1994 ). 

  Clinical presentation : abdominal pain and 
lower abdominal mass are the most presenting 
symptoms, both in malignant and in benign 
lesions. Constipation, amenorrhoea and vaginal 
bleeding are less frequent. 

 Beta HCG produced by choriocarcinoma can 
cause premature breast enlargement and pubic 
hair. 

 For the tumour with malignant components, 
the pattern of regional spread of malignant cells 
may include ascites and peritoneal metastases. 

  Imaging : the diagnostic workup of a young 
female who arrives in emergency department 
with a solid pelvic mass and abdominal pain usu-
ally starts with an abdominal and pelvic ultra-

sound (US). The US diagnosis of mature cystic 
teratoma may be complicated by the variety of 
appearances of this tumour. The tumour could 
appear as a cystic lesion with a very echogenic 
tubercle (Rokitansky nodule) into the cyst lumen 
or as a diffusely or partially echogenic mass with 
sound attenuation for the presence of sebaceous 
material (Fig.  21.12 ) and hair within the cyst or 
fi nally with multiple thin, echogenic bands (hair) 
in the cyst cavity. Sebum into the cyst could be 
hypoechoic or anechoic (Malkasian et al.  1965 ; 
Quinn et al.  1985 ; Patel et al.  1998 ). Fluid-fl uid 
levels may be depicted (Patel et al.  1998 ). 

 More simple is the diagnosis of mature cystic 
teratoma by CT or MR because these modalities 
are more sensitive for fat. At CT fat attenuation 
within a cyst, with or without calcifi cation in the 
wall, is suggestive for mature cystic teratoma 
(Figs.  21.13 ,  21.14 , and  21.15 ) (Dodd and Budzik 
 1990 ; Occhipinti et al.  1993 ; Buy et al.  1989 ). At 
MR imaging the sebaceous component of der-
moid cysts has a very high signal intensity on 
T1w images. The imaging appearance on T1w 
and T2w images may be similar to some haemor-
rhagic lesions (as endometrioma). Chemical shift 
sequences, gradient echo imaging with an echo 
time in which the water and fat are in opposite 
phase and sequences with frequency-selective for 
saturation help to detect fat in the lesion, distin-
guishing dermoid cyst and mature cystic tera-
toma from haemorrhagic lesions (Togashi et al. 
 1987 ; Guinet et al.  1993 ; Imaoka et al.  1993 ) 
(Figs.  21.16  and  21.17 ).

a b c

  Fig. 21.16    ( a ) US scan. An oval, regular hyperechoic 
mass in the pelvis is detected. ( b ) Axial T1 fat sat scan 
after gadolinium eV. The lesion appears highly 

 hypointense due to its fat content, with enhanced wall. In 
T2w sequence ( c ), a small perilesional free fl uid was 
depicted. A dermoid ovarian cyst was diagnosed       
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    Mature cystic teratoma can be associated with 
complications from rupture (Miele et al.  2002 ), 
malignant degeneration or (most commonly) tor-
sion in the larger mass. Findings suggestive for 
torsion are deviation of the uterus to the twisted 
side, engorged blood vessels on the twisted side, 
high signal intensity of the mass on T1w sequences, 
low signal intensity torsion knot and thick blood 
vessels around the lesion with complete absence 
of enhancement (Kimura et al.  1994 ). 

 Also immature teratomas are non-specifi c US 
appearance (Sutton et al.  1992 ). They are typi-
cally heterogeneous masses, with a predominant 
solid composition, generally with scattered calci-

fi cations. Small fat foci may be diffi cult to 
 recognize. At CT and MR imaging, these tumours 
have a characteristic appearance: a large, irregu-
lar mainly solid mass with calcifi cations, small 
foci of fat and often hemorrhagic areas 
(Figs.  21.18  and  21.19 ) (Brammer et al.  1990 ; 
Outwater and Dunton  1995 ).

     Laboratory tests : evaluation of serum markers 
may address the nature of the tumour; alpha- 
fetoprotein or beta HCG means the presence of 
malignancy (the fi rst is raised in over 90 % of the 
malignant tumour, while beta HCG in 30 % of 
cases). Other markers as LDH and NSE or those 
typical for epithelial tumours (CEA, CA 125) 

a

c d

b

  Fig. 21.17    Female, 16 years old. ( a ,  b ) Abdominal sonog-
raphy: ( a ) axial scan, ( b ) longitudinal scan: huge fl uid cor-
puscular mass completely fi lling the pelvic space. Bladder 

displaced inferiorly. ( c ,  d ) MRI, ( c ) axial and ( d ) sagittal 
T2w sequences confi rm the ovarian neoplasm, which 
includes liquid and fat tissue. Mature ovarian teratoma       
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a b

  Fig. 21.18    Ovarian immature teratoma. Abdominal ultrasound. ( a ,  b ) The complex mass completely fi lls the pelvic 
space       

a

d e f

b c

  Fig. 21.19    Same patient of Fig.  21.17 . CT ( a – e ). Bulky 
pelvic mass, with numerous internal calcifi cations. 
Presence of metastases to the liver, root of the mesentery, 

peritoneum and omentum. Ovarian immature teratoma 
with multiple metastases       
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   Table 21.3    COG staging system for ovarian MGCTs   

 Stage  Characteristics 

 Stage I  Disease limited to the ovary and 
completely excised; negative peritoneal 
washing. No clinical, surgical or 
histological evidence of disease extending 
beyond the ovary and tumoural markers 
and/or hormonal levels in range after 
surgery 

 Stage II  Microscopic residuals, spillage or nodes 
affected by disease (<2 cm); negative 
peritoneal washing. 
 Tumoural markers positive or negative 

 Stage III  Macroscopic residuals or initial biopsy 
only; local invasion (omentum, bowel, 
bladder); positive peritoneal washing; 
nodes affected (>2 cm). Tumoural markers 
positive or negative 

 Stage IV  Distant metastases. Negative or positive 
markers 

 Hidden 
disease 

 Stage I but tumoural markers persistently 
out of normal range after a complete 
surgery 

may be elevated in patients with mixed tumours 
(Von Allmend  2005 ). 

  Treatment : ovariectomy and ovarosalpingec-
tomy are the treatment of choice in malignant 
GCTs. However, since malignant GCTs are very 
chemosensitive, primary excision should be 
attempted only when it represents a complete but 
non-mutilating procedure. Generally the mass 
becomes surgically resectable after chemother-
apy. So that this operation is not demolitive 
(Rescorla  2012 ; Billmire  2006 ). 

 The surgical technique should include well- 
defi ned intraoperative staging procedure (Rescorla 
 2012 ; Billmire  2006 ; Von Allmend  2005 ):

    1.    Inspection and palpation of the contralateral 
ovary with a biopsy of suspected areas   

   2.    Collection of peritoneal fl uid for cytology   
   3.    Intact removal of the ovary without violation 

of the tumour capsule. Sparing the fallopian 
tube only if not adherent   

   4.    Examination of the omentum, the peritoneal 
surface and the liver with removal of any abnor-
mal areas   

   5.    Examination of iliac and aorto-caval nodes 
with biopsy of any abnormal nodes    

  If imaging exams show involvement of neigh-
bouring organs (i.e. the bladder, uterus and 
vagina) or in case of bilateral malignant GCTs, a 
tumour biopsy is the best option. 

 In case of bilateral tumours, most authors rec-
ommended to attempt ovarian preservation if 
possible on chemotherapy which has been proven 
not effective (Billmire et al.  2004 ). 

  Staging : there are two main staging systems for 
paediatric ovarian malignant tumours, the staging 
system suggested by the Children’s Oncology 
Group (COG) and the International Federation of 
Gynecology and Obstetrics (FIGO) staging sys-
tem. Both of them are based on the results of the 
imaging investigations and on the fi ndings of the 
fi rst surgical approach (Outwater and Dunton 
 1995 ; Von Allmend  2005 ). COG staging system is 
reported in Table  21.3  (Billmire et al.  2004 ).  

  Treatment of benign and immature GC : they 
are generally well-defi ned masses with larger 
cystic components as compared with malignant 

forms and do not show elevated levels of alpha 
FP or beta HCG. 

 In the fi rst months of life, most ovarian lesions 
are benign and often detected an antenatal 
 ultrasound (Bagolan et al.  1992 ). Most of them 
are observed for some months after birth until the 
spontaneous regression. If the lesions are very 
huge (more than 5 cm in size) or symptomatic, a 
more aggressive therapeutic approach is 
recommended. 

 The only effective therapy is the complete 
removal (Templeman and Fallat  2005 ); the pro-
cedure often requires the ovariectomy, or in 
selected cases with small tumours, the enucle-
ation of the lesion can be possible. Since most 
GCTs are mixed tumours with mature and imma-
ture elements inside, it is sometimes impossible 
to know whether the lesion is malignant or not 
before surgery; so that intraoperative staging pro-
cedures are recommended. 

 Chemotherapy may be suggested only if 
there is the suspect of malignant transformation 
(Green  2008 ). 

 Ovarian torsion of an ovarian mass, often of 
a benign mass, may present as an acute 
 abdomen which requires an emergent proce-
dure usually with a laparoscopic approach 

21 Abdominal Neoplasm: Clinical Onset in Emergency Setting



356

(Di Giacomo et al.  2015 ). Immediate ovariec-
tomy is necessary only in the setting of an isch-
emic or necrotic ovary.   

21.6.5     Rhabdomyosarcoma 

 Rhabdomyosarcoma (RMS) is one of the most 
common malignant solid tumours of childhood, 
after neoplasms of the central nervous system, 
neuroblastoma and Wilms tumours (Agrons 
et al.  1997 ). The genitourinary tract is the sec-
ond most common site of RMS, behind the head 
and neck. 

 The median age at presentation is 7 years, 
with variability in presentation secondary to the 
different sites of origin within the genitourinary 
tract (the bladder, prostate, testes, paratesticular 
region, penis, vagina, perineum and uterus). 
Bladder RMS may cause hydroureteronephrosis, 
gross haematuria and decreased urinary output 
with a rapid progression to anuria. 

 Most of patients with RMS have metastasis at 
the time of diagnoses at lungs, cortical bone and 
lymph nodes. 

 Sonography of the genitourinary system and 
the other abdominal organs can be helpful to detect 
the site of origin and the invasion of adjacent or 
remote structures. The sonographic, CT and MRI 
appearance of the tumour is variable, generally is 
solid mass, with haemorrhage or necrotic areas 
inside (Fig.  21.20 ,  21.21  and  21.22 ).

     Treatment is surgical excision, often after 
adjuvant chemotherapy to reduce primary tumour 
size (Agrons et al.  1997 ; Maurer et al.  1988 ).   

21.7     Neonatal Abdominal Masses 
(Younger than 1 Year of Age) 

21.7.1     Congenital Mesoblastic 
Nephroma 

 Congenital mesoblastic nephroma (CMN) is the 
most common abdominal neoplasm in the 
 neonate, typically presenting in children at a 
mean of 3 months as a palpable abdominal mass 
(Pinto and Guinard  1995 ; Marsden and Lawler 
 1983 ). CMN is generally a benign lesion with 
some malignant potential; so nephrectomy and 
complete resection are necessary. 

 Sonographic fi ndings of this tumour include a 
large solid renal mass with heterogeneous or low 
echogenicity (Fig.  21.24 ), with internal fl ow at 
colour Doppler exam. A central hypoechoic area 
of necrosis can be depicted. The mass may extend 
beyond the capsule but does not typically involve 
the renal vein (Riccabona  2003 ). 

 The following exam with CT or MR is manda-
tory when this renal mass was found in ultra-
sound exam (Fig.  21.23 ) to exclude metastasis, 
because they may rarely occur in the case of cel-
lular type pathology.

   CMN can have a similar appearance to Wilms 
tumour, but Wilms tumour is statistically less fre-
quent in neonates.  

21.7.2     Haemangioendothelioma 

 Hepatic haemangioendothelioma is the most 
commonly diagnosed symptomatic tumour 

a b c

  Fig. 21.20    Female, 10 years old. She reports decrease urinary output. US images show a vegetant polylobulate mass 
in the bladder. Bladder rhabdomyosarcoma       
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a

c

b
  Fig. 21.21    MDCT 
( a ,  b , coronal and 
sagittal MPR 
reconstructions;  c , axial 
scan) detects the 
polylobulate 
heterogeneous mass 
inside the bladder with 
necrotic areas inside. 
A diagnosis of bladder 
rhabdomyosarcoma was 
then demonstrated       
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in infants under 6 months of age (Selby et al. 
 1994 ; Roos et al.  2003 ) and represents approxi-
mately 12 % of all paediatric hepatic neoplasm. 
The typical presentation is a palpable right-
upper  quadrant mass; many infants also have 
cutaneous  haemangiomas, leading to investiga-
tion of non- palpable liver lesions. It represents 
a spectrum of disease from asymptomatic mass 
to major arteriovenous shunting, which may 
lead to congestive heart failure. The Kasabach-
Merritt phenomenon, which may be associated 
with this tumour, is the combination of throm-

bocytopenia, consumptive coagulopathy and 
haemolytic anaemia. 

 On US exam haemangioendothelioma typically 
appears as complex solid hepatic lesions with a het-
erogeneous echotexture, but predominantly 
hypoechoic (Roos et al.  2003 ). Doppler colour fl ow 
may be marked, depending on the amount of AV 
shunting (Fig.  21.24 ). During involution the mass 
can increase in echogenicity as it decreases in size. 
Haemoperitoneum may be present. If multiple hae-
mangioendotheliomas are present in the liver, the 
disease has an unfavourable prognosis.

a

c d

b

  Fig. 21.22    Bladder rhabdomyosarcoma on MR images. 
Sagittal T2w scan ( a ) shows a isointense mass protruding 
into the bladder lumen; axial DWI image with b value of 
600 ( b ) shows a restricted diffusion of the mass which 

appears bright on diffusion-weighted images. Axial and 
coronal contrast-enhanced T1w images ( c ,  d ) demonstrate 
an intense and inhomogeneous enhancement after gado-
linium eV injection       
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   Spontaneous regression is common in patients 
who have a single hepatic haemangioendotheli-
oma (Selby et al.  1994 ). 

 Various therapeutic approaches could be con-
sidered: steroids, interferon and chemotherapy; 
embolization and surgery are reserved for patients 
who have severe complications.  

21.7.3     Sacrococcygeal Teratoma 

 Sacrococcygeal teratoma (ST) is often diagnosed 
prenatally because of the typical exophytic 
 component protruding from the foetal buttock; it 
has a female predilection of at least 3:1 (Pantoja 
et al.  1976 ). 

 STs are classifi ed by the presence or absence 
of internal (presacral) or external components. 
Serum alpha-fetoprotein levels are typically ele-
vated with ST. 

 On US, CT and MR exams, ST shows variable 
patterns of solid and cystic areas, typically with 
foci of calcifi cation and fat, and portions of cystic 
or necrotic areas (Figs.  21.25  and  21.26 ). The 
imaging appearance of ST cannot defi nitively be 
used to predict histology; however generally 
benign tumours are more likely to be cystic and 
malignant tumours are more likely to be solid 
(Keslar et al.  1994 ; Miele et al.  1999 ).

    Surgical excision is the recommended treat-
ment, with the addition of chemotherapy when 
malignancy is established.      

a b

c d

  Fig. 21.23    Male, 2 years old, arrives in emergency 
department with a palpable mass in the right abdomen. US 
images ( a ,  b ): a pluriconcamerate cystic mass with right 
renal origin is depicted. CT scans ( c ) and MPR coronal 

reconstruction ( d ) show a low-attenuation cystic right 
renal mass with thick septations. A right renal cystic 
nephroblastoma was discovered       
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a

c

b

d

  Fig. 21.24    Male, 8-day years old. He arrives with a pal-
pable right-upper quadrant mass and a prenatal diagnoses 
of adrenal mass. The US images show a solid hepatic 

lesion with a heterogeneous echotexture, but predomi-
nantly hypoechoic. Doppler colour fl ow ( d ) is marked for 
the presence of multiple AV shuntings       

a b

  Fig. 21.25    Female, 11-month years old. CT images show a predominantly cystic sacrococcygeal mass. A sacrococ-
cygeal teratoma was then diagnosed       
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22.1          Introduction 

 Non-traumatic acute abdominal processes 
include spectrum of medical and surgical condi-
tions in pediatric patient presenting with severe 
abdominal pain that develops over a period of 
hours (Stoker et al.  2009 ). 

 The causes of these abdominal emergencies 
include infl ammation and ischemia of abdominal 
organs, obstruction and perforation of a hollow 
organ, and gastrointestinal bleeding. Children with 
acute abdomen often present with acute abdomi-
nal pain, but vomiting, rectal blood loss, and even 

sepsis may be the fi rst symptom of severe abdomi-
nal pathology. Children are often not able to pro-
vide the desired information, which makes 
recognition of the cause of abdominal complaints 
more diffi cult; the consequences of a missed diag-
nosis may be particularly devastating at a young 
age (Van Heurn et al.  2014 ; Carty  2002 ). Accurate 
and rapid diagnosis of these conditions helps in 
reducing related complications (Tseng et al.  2008 ). 
Medical and surgical diseases causing abdominal 
pain in pediatric patients, separate into age groups, 
are reported in Table  22.1  (Van Heurn et al.  2014 ; 
Balachandran et al.  2013 ).

   Imaging is an important part in the evaluation 
of a child with acute abdomen. 

 Plain abdominal X-rays and contrast studies 
may be useful in many situations. 

 Usually ultrasonography (US) represents fi rst- 
level method of choice (Stoker et al.  2009 ; Van 
Heurn et al.  2014 ). 

 Multidetector-row computed tomography 
(MDCT) is an imaging technique that provides 
otherwise unobtainable information in US due to 
the highest sensitivity and specifi city in pediatric 
patients with acute abdominal pain (Tseng et al. 
 2008 ). Specifi c CT imaging protocols, as split-
bolus MDCT technique, are designed for chil-
dren to reduce  radiation exposure signifi cantly in 
comparison to the conventional bi- or multipha-
sic CT protocols (Scialpi et al.  2015 ). 

 Magnetic resonance imaging (MRI) is an attrac-
tive modality in patients for whom the risks of 
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radiation or the potential nephrotoxicity of iodin-
ated contrast agents is major such as pediatric 
patients. In addition, MRI is an excellent prob-
lem-solving modality in certain conditions such 
as assessment for choledocholithiasis, adnexal 
and ovarian torsion, appendicitis, and infl amma-
tory bowel disease (Singh et al.  2007 ; Moore 
et al.  2016 ). 

 We report MDCT and MRI protocols in chil-
dren with non-traumatic abdominal emergencies.  

22.2     Conventional MDCT 
Protocols 

 MDCT represents the imaging of the choice in 
non-traumatic abdominopelvic emergency hav-
ing signifi cant effects on patient management, 
and its cost-effectiveness has been proven (Stoker 
et al.  2009 ). 

 Conventional MDCT body protocols in pediat-
ric patients are scarcely reported in the literature 
(Table  22.2 ) due to many variables such as differ-
ent body weight and age, techniques for intrave-
nous contrast material (CM) administration, and 
variable delays in onset of scanning (Bae  2010 ; 

Ruess et al.  1998 ; Frush et al.  1999 ,  2001 ; Roche 
et al.  1996 ; Siegel  2008 ; Bae et al.  2008 ).

   According to these ones, contrast material 
concentration varies from 240 to 350 mgI/mL, 
with a concentration for kilogram (kg) of weight 
variable from 1.5 to 3 mgI/kg (mean 2 mgI/kg), a 
maximum volume of 120 mL, and fl ow rates vari-
able from 0.3 to 3 mL/s (mean 2 mL/s). 

 As regards saline solution, few data are avail-
able: Bae et al. suggest 15–20 mL of saline fl ush 
after contrast material administration. The rate of 
contrast material injection is 3–4 mL/s for a 20-G 
catheter, 1.5–2.5 mL/s for a 22-G catheter, and 
1–1.5 mL/s for 24-G catheter (Siegel  2008 ). In 
patients with central venous access (double- or 
triple-lumen catheters or subcutaneous reservoirs 
with tip in the superior vena cava or right atrium), 
the contrast material is administered by this way 
(Frush et al.  1999 ). 

 About the use of tracking technique, there is 
a large variability among the various authors. 
Despite even more intrinsic variability in con-
trast enhancement in children and infants, this 
technique has not been systematically studied in 
this group. Some authors (Frush et al.  1999 ; 
Silverman et al.  1995 ) conclude that, although 

   Table 22.1    Common causes of acute abdomen pain   

 Birth to 1 year  Two to 5 years  Six to 11 years  12–18 years 

 Medical  Infantile colic 
 Gastroenteritis 
 Constipation 
 Urinary tract infection 

 Gastroenteritis 
 Lower lobe pneumonia 
 Constipation 
 Pharyngitis 
 Urinary tract infection 
 Sickle cell crisis 
 Mesenteric 
lymphadenitis 
 Henoch-Schönlein 
purpura 

 Gastroenteritis 
 Constipation 
 Abdominal 
tuberculosis 
 Bowel disease 
 Functional pain 
 Lower lobe 
pneumonia 
Pharyngitis 
 Urinary tract 
infection 
 Pneumonia 
 Henoch-Schönlein 
purpura 
 Mesenteric 
lymphadenitis 
 Sickle cell crisis 

 Gastroenteritis 
constipation 
 Lower lobe pneumonia 
 Pharyngitis 
 Dysmenorrhea 
 Mittelschmerz 
 Pelvic infl ammatory 
disease 
 Infl ammatory bowel 
disease 

 Surgical  Intussusception 
 Volvulus/malrotation 
 Incarcerated hernia 
 Hirschsprung’s disease 
 Necrotizing enterocolitis 

 Appendicitis 
 Intussusception 
 Volvulus 

 Appendicitis 
 Cholecystitis 
 Testicular torsion 

 Appendicitis 
 Ectopic pregnancy 
 Ovarian/testicular 
torsion 
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bolus tracking is not necessary for obtaining 
good scans in pediatric patients, it is helpful in 
infants and young children, particularly those 
with multisystem disease, by allowing a greater 
and more consistent hepatic enhancement. Due 
to the increased radiation exposure, this tech-
nique is not routinely used. Some authors 
restrict the use of bolus tracking to angiographic 
studies using an enhancement threshold of 100–
120 Hounsfi eld unit (HU) (Siegel  2008 ). 

 The timing of hepatic arterial and venous 
enhancement peak depends on the injection dura-
tion. A shorter injection duration (either rapid rate 
or low-volume injection) results in earlier hepatic 
enhancement peak, whereas a longer injection dura-
tion (slow rate or high-volume injection) produces 
later hepatic enhancement peak (Siegel  2008 ). 

 Hepatic arterial enhancement peak usually 
occurs within 10 s after the completion of the 

contrast material injection and hepatic parenchy-
mal enhancement peak within 30 s (Ruess et al. 
 1998 ). 

 Several investigators (Roche et al.  1996 ; Frush 
et al.  2001 ; Bae et al.  2008 ) recommended an 
empiric scan delay of 60 s after the start or 
15–20 s after the end of the contrast material 
injection to obtain an excellent hepatic enhance-
ment (an increase of at least 50 HU over baseline 
unenhanced liver parenchyma) in children 
between 18 months and 12 years old. 

 CT scans without contrast material adminis-
tration are not routinely needed, but they may 
be helpful in selected instances. Indications 
for non- contrast studies include identification 
of calcifications or acute hemorrhage and 
 determination of the attenuation value of a 
parenchymal lesion, which may be useful in its 
characterization.  

   Table 22.2    Conventional CT protocols for pediatric patients   

 Authors 

 CM 
concentration 
(mgI/mL) 

 CM (mgI/
kg) 

 Maximum 
volume 
CM (mL) 

 Injection 
rate (mL/s) 

 Saline fl ush 
(mL) 

 Bolus 
tracking 

 Fixed delay scan 
for hepatic 
enhancement 

 Roche et al. 
( 1996 ) 

 320  2  –  1.7–2  –  –  60–70 s from the 
start of the 
injection 

 Ruess et al. 
( 1998 ) 

 240  2–3  100–120  1–2  –  Important 
role 
optimizing 
liver imaging 

 10 s at fl ow rate of 
2 mL/s or 0 s at 
fl ow rate of 3 mL/s 
after the end of the 
injection 

 Frush et al. 
( 1999 ) 

 300  2  –  0.3–3.5 
(mean 
1.23) for 
20–24 G 

 –  Helpful but 
not necessary 

 10–20 s from the 
end of the injection 

 Frush et al. 
( 2001 ) 

 300  2  –  2  –  –  20 s after the end 
of the injection 

 Siegel et al. 
( 2008 ) 

 –  2  125  3–4 (for 
20G) 
 1.5–2.5 
(mean 2 
for 22 G) 
 1–1.5 (for 
24 G) 

 –  Suggest for 
angiographic 
studies 

 Chest: 30–40 s 
from the start of 
injection or >10 s 
after the end of the 
injection 
 Abdomen: 50–60 s 
from the start of 
the injection or 
10–15 s after the 
end of the injection 

 Bae et al. 
( 2008 ) 

 350  1.5–1.8  80  2  15–20 (at 
same 
injection 
rate of C.M. 

 –  60 s from the start 
of the injection or 
20 s after the end 
of the injection 

   CM  contrast material  
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22.3     Split-Bolus MDCT Protocols 

 In last years, split-bolus MDCT has become an 
alternative to standard multiphasic or monopha-
sic portal venous phase (PVP), MDCT protocols, 
and its application in pediatric patients 
(Miglioretti et al.  2013 ). 

 Split-bolus MDCT by splitting intravenous 
injection of contrast material in double or triple 
boluses, provides synchronous phase set of 
images on a single image acquisition maintaining 
the diagnostic performance of CT and reducing 
dose radiation to patient. 

 Recently Thomas et al. ( 2015 ) presented a dual 
bolus intravenous (DBI) contrast technique for 
single-acquisition imaging of the chest, abdomen, 
and pelvis, with evaluation of multicompartmen-
tal vascular enhancement. A larger initial bolus 
(two-thirds volume) is followed by a smaller 
bolus (one-third volume) before imaging the 
chest, abdomen, and pelvis in a single acquisition, 
45–65 s after the start of initial injection. Flow 
rates and second bolus timing were tailored to the 
patient weight and contrast volume, using fi ve 
weight categories. This study demonstrates that a 
weight-stratifi ed DBI contrast technique improves 
image quality in pediatric multicompartmental 
vascular and parenchymal enhancement, avoiding 
“dual-phase” imaging (Thomas et al.  2015 ). 

 We optimized and applied split-bolus single- 
pass CT protocol in pediatric patients determin-
ing both the volume of contrast material and the 
injection duration for the fi rst and second bolus 
based on patient weight, similar to Thomas 
et al., and on the broad clinical experience (Bae 
 2010 ; Ichikawa et al.  2006 ). The total volume of 
contrast material (2 mL/kg) (the maximum 
 volume used is 110 mL for 55 kg weighing 
patient) is injected in two boluses providing 
synchronous hepatic arterial phase (HAP) and 
hepatic parenchymal enhancement during PVP 
set of images on a single image acquisition 
(Scialpi et al.  2014 ). 

 The volume of contrast material and fi rst and 
second bolus of contrast material related to 
patient weight for single-pass SB-MDCT tech-
nique of the abdomen-pelvis are reported in 
Table  22.3 .

   The volume of contrast material for the fi rst 
bolus determines a consistent enhancement of the 
hepatic parenchyma (always above 50 HU com-
pared to unenhanced CT). This is related to the 
effects of contrast material recirculation. We 
obtained an adequate enhancement of liver paren-
chyma using, as fi rst bolus, 1.2 mL/kg of contrast 
material containing 320 mgI/mL, with a total 
dose of 384 mgI/kg (a dose signifi cantly lower 
than that reported in literature for standard 
MDCT protocols) (Scialpi et al.  2015 ; Prokop 
and van der Molen  2003 ). 

 The amount of the second bolus was calcu-
lated in pediatric patients with body weight from 
15 to 55 kg and ranged from 10 to 44 mL 
(0.8 mL/kg). 

 The injection rate differs between the two 
boluses. The injection rate of the fi rst bolus 
ranged from 1.0 to 1.5 mL/s, while the second 
bolus is administered at a rate ranging from 1.5 to 
3 mL/s. Each bolus of contrast material is fol-
lowed by the administration of saline (NaCl 
0.9 %) at the same rate of the each bolus. Saline 
fl ush improves the contrast enhancement and the 
effi ciency of contrast material use (Scialpi et al. 
 2015 ; Prokop and van der Molen  2003 ). 

 In the urologic emergencies, MDCT split in 
dual bolus or MDCT split in triple bolus can be 
performed. MDCT in triple bolus consist in the 
injection of three boluses of contrast material 
(I bolus – half of the amount of the second 
bolus – followed after 7–8 min by the injection 
of two boluses) in a single-pass synchronous 
corticomedullary phase (CMP), nephrographic 
phase (NP), and excretory phase (EP) is 
obtained.  

22.4     Acquisition Parameters 

 For split-bolus 64-detector-row CT protocol, the 
following acquisition parameters were used: slice 
thickness 2.0–2.5 mm, gantry rotation time 
0.75 s, reconstruction interval 1.0–1.25, collima-
tion 64 × 0.625 mm, pitch 0,935:1 without ECG 
gating, and 80–100 kVp tube current that was set 
to the automatic milliampere setting on the bases 
of the patient’s weight. MDCT examinations 
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were completed with sagittal, coronal, and curved 
multiplanar reconstructions (MPR).  

22.5     Dosimetry and Data Storage 

 Split-bolus MDCT technique, by reduction of the 
acquisitions, allows an imaging of diagnostic qual-
ity with a signifi cant reduction of radiation dose 
(potentially up to 70 %) and signifi cant reduction 
from 35 % to 70 % of the number of images pro-
duced, compared to the multiphasic techniques, 
with a twofold important practical impact: (1) 

reduction of the time of reporting for a minor 
amount of images to evaluate without affecting the 
diagnosis and (2) sending to the RIS/PACS of a 
lower number of images for each patient with 
obvious advantages in terms of storage and costs.  

22.6     MRI Protocols 

 MRI is a radiation- free imaging tool that allows 
for acquiring images with a high spatial resolu-
tion and excellent soft tissue contrast throughout 
the body (Nievelstein and Littooij  2016 ). It is 

   Table 22.3    Schematic representation of single-pass SB-MDCT technique of the abdomen-pelvis   

 55 kg  110 mL total volume of CM 

  

Start bolus injection

Bolus tracking

44 s

1th bolus
66 mL 1.5 mL/sec

2nd bolus
44 mL 3.0 mL/sec

saline
15 mL

1.5 mL/sec

saline
15 mL

3.0 mL/sec

10 sec 15 sec 5 sec

Start scan
(6 sec after Tarr )

    

 66 mL of CM (fi rst bolus) at 1.5 mL/s 
 15 mL of saline at 1.5 mL/s 
 44 mL of CM (second bolus) at 3.0 mL/s 
 15 mL of saline at 3.0 mL/s 

 45 kg  90 mL total volume of CM 

  

Start bolus injection

Bolus tracking

41.5 sec

1th bolus
54 mL 1.3 mL/sec

2nd bolus
36 mL 3.0 mL/sec

saline
15 mL

1.3 mL/sec

saline
15 mL

3.0 mL/sec

11.5 sec 12 sec 5 sec

Start scan
(6 sec after Tarr )

    

 54 mL of CM (fi rst bolus) at 1.3 mL/s 
 15 mL of saline at 1.3 mL/s 
 36 mL of CM (second bolus) at 3.0 mL/s 
 15 mL of saline at 3.0 mL/s 

 35 kg  70 mL total volume of CM 

  

Start bolus injection

Bolus tracking

35 sec

1th bolus
42 mL 1.2 mL/sec

2nd bolus
28 mL 2.0 mL/sec

saline
10 mL
1.2 mL/

sec

saline
10 mL
2.0 mL/

sec

8 sec 14 sec 8 sec

Start scan
(6 sec after Tarr )

    

 42 mL of CM (fi rst bolus) at 1.2 mL/s 
 10 mL of saline at 1.2 mL/s 
 28 mL of CM (second bolus) at 2.0 mL/s 
 10 mL of saline at 2.0 mL/s 

 25 kg  50 mL total volume of CM 

  

Start bolus injection

Bolus tracking

30 sec

1th bolus
30 mL 1.0 mL/sec

2nd bolus
20 mL 1.5 mL/sec

saline
10 mL
1.0 mL/

sec

saline
10 mL
1.0 mL/

sec

10 sec 13 sec 10 sec

Start scan
(6 sec after Tarr )

    

 30 mL of CM (fi rst bolus) a 1.0 mL/s 
 10 mL of saline at 1.0 mL/s 
 20 mL of CM (second bolus) at 1.5 mL/s 
 10 mL of saline at 1.5 mL/s 

 15 kg  30 mL total volume of CM 

  

Start bolus injection

Bolus tracking

10 sec

1th bolus
20 mL 1.0 mL/sec

2nd bolus
10 mL/

2.0 mL/sec

saline
5 mL

1.0 mL/
sec

saline
5 mL

2.0 mL/
sec

5 sec 5 sec 2.5 sec

Start scan
(6 sec after Tarr )

    

 20 mL of CM (fi rst bolus) a 1.0 mL/s 
 5 mL of saline at 1.0 mL/s 
 10 mL of CM (second bolus) at 2.0 mL/s 
 5 mL of saline at 2.0 mL/s 

   CM  contrast material,  Tarr  time of the arrival of the CM into the aorta  
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essential to tailor the MRI examination protocol 
for each and every patient so that examination 
time is minimized and the relevant clinical ques-
tion is answered (Singh et al.  2007 ). 

 Acquiring diagnostic-quality MR images on 
the pediatric abdomen is challenging due to 
motion, inability to breath-hold, varying patient 
sizes, and artifacts. Types of motion include invol-
untary motion relative to respiration, cardiac pul-
sation, or bowel peristalsis and voluntary patient 
movements. 

 As concerning the artifacts due to the moving 
anterior abdominal wall, signal from moving tis-
sues, including fat, can be suppressed with fat 
saturation or by placing a saturation band over the 
anterior abdominal wall (Chavhan et al.  2013 ). To 
reduce the bowel motility, intravenous injection 
of an antiperistaltic agent can be considered, such 
as hyoscine butylbromide or glucagon (Gutzeit 
et al.  2012 ). 

 However, the most important artifact is 
related to breath, and a variety of motion-com-
pensation technique are now available for 
abdominal imaging (Chavhan et al.  2013 ). 
Actually, the use of a free-breathing protocol is 
preferable for pediatric patients who are unable 
to hold their breath for longer than 20 s. Free-
breathing protocols can be performed in two 
ways. In the fi rst method, respiratory tracings are 
obtained by tying it below around the chest. 
Images are then acquired in a designated phase 
of respiration in each  respiratory cycle. The sec-
ond method for respiratory triggering is the navi-
gator technique. In this technique, the position of 
the diaphragm is detected with a navigator pre-
pulse, and signal acquisition is prospectively or 
retrospectively gated to a stable portion of the 
respiratory cycle, typically end expiration. The 
navigator technique is theoretically more accu-
rate (Chavhan et al.  2013 ). 

 With the use of free breathing, the most repro-
ducible position is at the end of expiration. 
Magnetization-prepared T1-weighted sequences 
and single-excitation half-Fourier T2-weighted 
sequences (HASTE) are the mainstay of free-
breathing protocols (Singh et al.  2007 ). 

 Breath-hold protocols remain the best option for 
eliminating movement artifacts but need coopera-

tive pediatric patients. Faster sequences like single-
shot fast spin-echo (FSE), balanced steady-state 
free precession (SSFP), and T1-weighted three-
dimensional (3D) gradient- echo (GRE) sequences 
can be performed within short breath-hold times. 
Faster sequences also have their own limitations. In 
general, they have reduced signal-to-noise ratio 
(SNR) and low resolution in comparison with lon-
ger sequences (Chavhan et al.  2013 ). 

 In the past, MR imaging required long exam-
ination times. Currently, with recently intro-
duced high-speed techniques, MR imaging 
protocols for patients with acute abdominal pain 
involve examination times shorter than 15 min. 
A protocol should contain a combination of 
some longer- acquisition- time higher-resolution 
sequences and some faster sequences, to keep 
overall time within reasonable limits (Chavhan 
et al.  2013 ). 

 A typical MR imaging protocol for emergency 
evaluation of the abdomen includes:

•    T1-weighted 2D or 3D GRE  
•   T2-weighted FSE  
•   T2-weighted single-shot FSE (half-Fourier 

rapid acquisition)  
•   T2-weighted short inversion time inversion 

recovery (STIR)    

 T1-weighted sequences are used to defi ne 
hemorrhagic collections, which have high signal 
intensity on T1-weighted images. Artifacts due to 
air, metallic objects, hemosiderin, and calcium 
deposits are more visible on T1-weighted images 
obtained with longer echo times (Singh et al. 
 2007 ). 

 T1-weighted 2D GRE (fast low-angle shot 
[FLASH], spoiled gradient-recalled [SPGR] imag-
ing, T1-weighted turbo fi eld echo [TFE]) can be 
performed with multiple breath-holds or respira-
tory triggering (Chavhan et al.  2013 ). 

 T1-weighted 3D GRE (volumetric interpolated 
breath-hold examination [VIBE], liver acquisition 
with volume acquisition [LAVA], THRIVE) is the 
fastest T1-weighted sequence and can be per-
formed within a breath-hold. T1-weighted 2D and 
3D GRE are usually the best choices for coronal 
T1-weighted imaging (Chavhan et al.  2013 ). 
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 T2-weighted images of the abdomen are use-
ful for lesion detection and characterization, 
allowing demonstration of edema and assess-
ment of fl uid collections or iron depositions. In 
fact, T2-weighted images provide excellent 
depiction of the pancreaticobiliary tree, ascites, 
pleural effusion, hydronephrosis, and fl uid-fi lled 
bowel (Singh et al.  2007 ; Chavhan et al.  2013 ). 
T2-weighted sequences, which can be used for 
abdominal imaging, include T2-weighted FSE, 
T2-weighted single-shot FSE, and STIR. 

 STIR and T2-weighted FSE are usually per-
formed with respiratory gating and take a long 
acquisition time. STIR sequence has lower SNR 
than T2-weighted FSE but provides more homo-
geneous fat suppression. Single-shot FSE can 
be performed during a breath-hold or with respi-
ratory gating, and it is relatively motion insensi-
tive. However, it has lower SNR and less contrast 
between tissues due to decreased T2 differences 
(Schneider et al.  2006 ; Vu et al.  2010 ; 
Vasanawala and Lustig  2011 ). For solid organ 
imaging of the abdomen, T2-weighted FSE with 

fat saturation should be preferred over single-
shot FSE, whenever feasible (Chavhan et al. 
 2013 ). For coronal T2-weighted imaging, STIR 
with respiratory gating works well in small chil-
dren and provides better SNR than does single-
shot FSE. However, in older children, it does not 
work as well, due to heavier breathing, and 
 single-shot FSE is a better choice (Chavhan 
et al.  2013 ). 

 In Table  22.4  are the reported acquisition 
parameters at 1.5 T for emergency evaluation of 
the abdomen. 

  Gadolinium-based contrast agents are rou-
tinely used intravenously in child, and 
T1-weighted images with fat saturation are 
obtained before and after its administration. 
Gadopentetate dimeglumine-DTPA (GD-DTPA) 
is not necessary in all patients, and specifi c 
sequences may be necessary. In these cases, the 
evaluation using morphological unenhanced 
sequences (T1 weighted and T2 weighted) can 
represent the only modality such as for appendi-
citis (Singh et al.  2007 ).  

   Table 22.4    Acquisition parameter at 1.5 T for emergency evaluation of the abdomen in childhood   

 Sequence 

 Axial 
T2-weighted 
Propeller 

 Axial 
T2-weighted 
FS Propeller 

 Axial 
T1-weighted 
SE 
 Pre-GDTPA 
with 
respiratory 
compensation 

 Sagittal 
T2-weighted 
SS FSE 

 Coronal 
T2-weighted 
SS FSE 

 Axial 
T1-weighted 
SE FS 
 Post-GDTPA 
with 
respiratory 
compensation 

 Slice thickness 
(mm) 

 5.0  5.0  5.0  4.0  4.0  5.0 

 Gap  0.5  0.5  0.5  0.4  0.4  0.5 
 Repetition 
time 

 11,250  11,250  500  800 
(minimum) 

 800 
(minimum) 

 500 

 Echo time 
(ms) 

 87  87  Min full  102  102  Min full 

 Field of view 
(mm) a  

 30  30  30  32  32  30 

 Matrix  288  288  Freq. 256 
 Phase 192 

 Freq. 288 
 Phase 224 

 Freq. 288 
 Phase 224 

 Freq. 256 
 Phase 192 

 NEX  2  2  2  2  2  2 
 Echo train 
length 

 28  28  –  –  –  – 

    NEX  number of excitations , FS  fat sat , SE  spin-echo , SS FSE  single-shot fast spin-echo , GD-DTPA  gadopentetate 
dimeglumine 
  a Depends on the patient’s body  
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22.7     MR Urography 

 MR urography (MRU) has been widely accepted 
as a substitute to intravenous urography (IVU) 
for urologic emergency (e.g., hydronephrosis) 
in children after preliminary assessment by US 
and voiding cystourethrography (VCUG) 
(Emad- Eldin et al.  2015 ). MRU allows 
 comprehensive evaluation of the kidneys and 
urinary tract in children, by providing both mor-
phological and functional information in a one-
stop-shop manner without the use of ionizing 
radiation (Servaes and Epelman  2013 ; Dickerson 
et al.  2015 ). 

 Pediatric MRU can be used to thoroughly 
evaluate renal and urinary tract abnormalities that 
are diffi cult to identify or fully characterize with 
other imaging techniques. Common indications 
for pediatric MRU include evaluation of complex 
renal and urinary tract anatomy, suspected uri-
nary tract obstruction, complicated infection, 
tumors, cystic disease, and operative planning. 

 In the assessment of urinary tract emergencies 
using MRU, the potential advantages are as follows: 
multiplanar capabilities, offering excellent anatomic 
resolution and soft tissue contrast, and not using ion-
izing radiation (Cerwinka and Kirsch  2010 ). 

 Static MRU depicts dilated or obstructed uri-
nary systems, whereas excretory MRU post- 
contrast imaging (GD-DTPA-enhanced 
T1-weighted gradient-echo imaging of the kid-
neys and urinary system) depicts not dilated or not 
obstructed urinary systems; in addition post- 
contrast MRU also allows a functional evaluation 
of the kidneys and urinary tract that includes esti-
mation of differential renal function (Dickerson 
et al.  2015 ; Riccabona et al.  2010 ).  

22.8     MR Urography Techniques 

 Static MRU technique provides axial T2-FSE 
sequence (TR/TE -/80–110, NEX = 3) with fat 
suppression and respiratory triggering for motion 
artifact suppression and coronal T2-weighted SS 
FSE sequence (TR/TE min/90 ms, NEX = 1) per-
formed in a slightly angulated coronal orientation 
over the kidneys, ureters, and bladder. 

 Excretory MRU technique provides a 1 mg/kg 
of furosemide given 1 min before contrast material. 
(CM). A bolus of 0.1 mmol/kg of GD-DTPA is 
administered followed by 10 mL saline injection. 
Sequences: axial before CM and coronal 
T1-weighted fat-suppressed gradient- echo (GRE) 
sequence or liver acquisition with volume accel-
eration (LAVA) (TR/TE = min/2.2 ms, fl ip angle = 
15°, NEX = 1) before and after the administration 
of CM to enhance the conspicuity of the ureters. 
Multiphasic images (corticomedullary phase 
(CMP), nephrographic phase (NP), and excretory 
phase (EP) at 8–10 min) are acquired. Images can 
be obtained during continuous breathing (infant 
and young children) or during breath-hold (in older 
cooperative children). The total examination dura-
tion was approximately of 30 min. Recently, split-
bolus MRU has been proposed providing 
synchronous visualization of vascular and excre-
tory phase enhancement (Battal et al.  2015 ).  MRU, 
using contrast material as two separate bolus injec-
tions can be used to determine several vascular and 
urinary collecting system abnormalities (e.g. nut-
cracker syndrome, crossing renal vessels and ret-
roiliac ureters) (Battal et al.  2015 ). 

 In Table  22.5  are the reported acquisition 
parameters at 1.5 T for MR urography in 
childhood. 

22.9       MR Cholangiopancreato-
graphy in Childhood 

 Small caliber of the pediatric bile ducts and 
motion artifacts makes diffi cult to obtain high- 
quality MR cholangiopancreatographic images. 
Improved coil technology, increased acquisition 
speed, refi nement in respiratory compensation 
techniques, and new sequences allow an imag-
ing of diagnostic quality. T2-weighted fast spin-
echo (FSE) and single-shot FSE MR imaging 
sequences with long echo times are used to 
image biliary and pancreatic ducts. Fat satura-
tion (FS) FIESTA (fast imaging employing 
steady-state acquisition) sequences tend to 
highlight biliary fl uid. 

 The use of MR cholangiopancreatography in 
children is limited by the need for sedation or 
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anesthesia, high cost, limited availability, and 
long scanning times. Nonetheless, this modality 
can be a viable alternative to endoscopic retro-
grade cholangiopancreatography (ERCP). 

 MR cholangiopancreatography (MRCP) can 
be useful in the evaluation of various pathologic 
entities such as choledocholithiasis, choledochal 

cyst, pancreatitis, Caroli disease, sclerosing chol-
angitis, adrenal hemorrhage, varices, biliary atre-
sia, and abnormal union of pancreaticobiliary 
junction (Chavhan et al.  2008 ). 

 In Table  22.6  are the reported acquisition 
parameters at 1.5 T for MR cholangiopancreatog-
raphy in childhood. 

   Table 22.5    Acquisition parameter at 1.5 T for MR urography in childhood   

 Sequence 

 Axial 
T2-weighted 
RT Propeller 

 Coronal 
T2-weighted 
SS FSE 

 Coronal 3D 
RT SS FSE 

 Axial 3D 
LAVA 
 PRE 

 Coronal 3D 
LAVA 
 PRE 

 Coronal 3D 
LAVA 
 POST 

 Slice thickness 
(mm) 

 5.0  4.0  1.6  4.0  4.0  4.0 

 Gap  1.0  0–1.0  0  0  0  0 
 Repetition 
time (ms) 

 11,250  Min   a   6.8  6.9  6.9 

 Echo time 
(ms) 

 80–110  102  1000  2.1  2.1  2.1 

 Matrix  288  Freq. 288 
 Phase 224 

 Freq. 320 
 Phase 256 

 Freq. 320 
 Phase 224 

 Freq. 320 
 Phase 224 

 Freq. 320 
 Phase 224 

 NEX  2  2  1  1  1  1 
 Field of view 
(mm) b  

 30  30  30  30  30  30 

 SAT  Fat  –  Fat  Fat ideal  Fat ideal  Fat ideal 
 Scan time  2.15 min  00.43 s  –  23 s  23 s  23 s 
 Flip angle  –  –  –  12–15  12–15  12–15 

    NEX  number of excitations , SAT  saturation , RT  respiration triggered , SS FSE  single-shot fast spin-echo , LAVA  liver 
acquisition with volume acceleration 
  a Depends on the patient’s breath 
  b Depends on the patient’s body  

   Table 2.6    Acquisition parameter at 1.5 T for MR cholangiopancreatography in childhood   

 Sequence 
 Axial T2-weighted RT 
Propeller  Coronal 3D RT 

 MRCP T2-weighted SS 
FSE radial 

 Slice thickness (mm)  4  1.6  10.0 
 Gap  0.4  0.0  0.0 
 Repetition time (ms)  11,250   a   6000.0 
 Echo time (ms)  89  600  900 
 Field of view (mm) b   30  At least 30  At least 30 
 Scan time  2.15 min  –  1.00 min 
 Flip angle  –  80  – 
 Matrix   288   Freq. 320 

 Phase 256 
 Freq. 192 
 Phase 192 

 NEX  2  1  1 
 Echo train length  28  –  – 

    NEX  number of excitations , RT  respiration triggered , SS FSE  single-shot fast spin-echo , MRCP  magnetic resonance 
cholangiopancreatography 
  a Depends on the patient’s breath 
  b Depends on the patient’s body  
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    Conclusion 

 Imaging techniques are becoming increas-
ingly important in the diagnosis of non-trau-
matic abdominal emergencies of children. In 
patients with acute abdominal pain, when con-
ventional radiology and US are nondiagnostic 
or equivocal, MDCT is required, owing to the 
highest sensitivity and specifi city. Only in 
critical patients an MDCT should be per-
formed without a prior US. 

 The choice of imaging modality is driven 
mainly by reducing the radiation dose as 
much as possible. In this prospective, the 
interest for split- bolus MDCT, a novel 
emerging injection protocol, is growing up 
considering simultaneous and adequate vas-
cular and parenchymal enhancement in sin-
gle-pass that can be used in non-traumatic 
abdominal emergencies with lower-dose 
 radiation than conventional multiphasic 
MDCT (Scialpi et al.  2015 ). 

 MR imaging is an attractive modality for 
diagnostic imaging but is not currently uti-
lized extensively for imaging patients with 
acute abdominal pain. 

 Recent studies have demonstrated that MRI 
is suffi ciently accurate to diagnose appendici-
tis, ureterolithiasis, choledocholithiasis, and 
infl ammatory bowel disease (Singh et al.  2007 ; 
Moore et al.  2016 ). The advantage of MRI over 
MDCT is that no administration of contrast 
media is necessary and that there is no ionizing 
radiation exposure. Disadvantages of MR 
imaging include its high cost, the limited avail-
ability of MR  imaging systems and trained 
radiologists, and the incompatibility of MR 
imaging systems and the equipment used for 
intensive care and monitoring of patient status 
(Singh et al.  2007 ). The downside is poor lit-
erature supporting the use of MRI for abdomi-
nopelvic emergencies. 

 There is a strong need for large prospec-
tive cohort studies to better validate the role 
and cost- effectiveness of split-bolus MDCT 
and MRI in children with non-traumatic 
abdominal emergencies both for diagnosis 
and therapy.      
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      The Radioprotection of the Child 
in Emergency Radiology                     

     Andrea     Magistrellli    

23.1          Why Radiation Protection Is 
Important in Children? 

 Diagnostic radiation is an effective tool that can 
save lives, especially in emergency settings. 
Anyway, ionizing radiation could be detrimental 
for humans. Furthermore, it is universally recog-
nized that children are not small adults (Strauss 
 2006 ). Over the past two decades, special issues 
have arisen regarding the protection of children 
undergoing radiological examinations. 

 In fact children results to be more sensitive 
than adult, due to fast-growing cells (e.g., high 
number of cells in mitotic phase), more sensitive 
tissues (e.g., red narrow in long bones and skull), 
and long life expectancy during which effect of 
ionizing radiation can emerge. 

 Brenner et al. ( 2001 ) estimated one death for 
radiation-induced cancer every 1,200 abdominal 
or head CT scans, reporting a signifi cant radio-
sensitivity of children (females more than males) 
if compared to adult population, particularly at 
very low doses, with the risk increasing with 
decreasing age. 

 Berrington de Gonzales et al. ( 2009 ) estimated 
that 29,000 future cancers and 14,500 future 

deaths could develop due to radiation from the 72 
million CT scans performed in the United States 
in 2007 (cancer incidence = 0.04 %). 

 Other more recent retrospective cohort studies 
on large series (Pearce et al.  2012 ; Mathews et al. 
 2013 ; Miglioretti et al.  2013 ) correlate CT scans 
to an increased incidence of leukemia and brain 
tumors in children. All these studies’ conclusions 
rely on some currently unverifi ed scientifi c 
assumptions (e.g., a linear relationship between 
radiation dose and risk even at very low expo-
sures), and their results could be affected by 
reverse causation or confounding by indication. 

  The undoubtful fact is that they highlight the 
need to maintain radiation doses “as low as rea-
sonably achievable” (ALARA principle) when 
obtaining justifi ed diagnostic information.  

23.1.1     Principles of Medical 
Radiation Protection 

 In practice radiation protection of patients relies 
on meeting requirements that apply two princi-
ples adopted in most regulatory systems through-
out the world:

•    Justifi cation of the practices involved  
•   Optimization of protection and safety in prac-

tices involved in terms of risks, costs, benefi ts, 
etc.    
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 As reported by the International Commission 
on Radiological Protection (ICRP), medical 
exposure might cause an individual detriment so 
that the principal aim of medical exposures is to 
do more good than harm to the individual patient 
(ICRP 103  2007 ). 

 Due to that, the cornerstones of medical radia-
tion protection principles (justifi cation and opti-
mization) are an ethical duty of the practitioner, 
and dosimetry represents a quality index of the 
individual medical exposure. 

 All individual medical exposures must be per-
formed under the clinical responsibility of a prac-
titioner that takes into account the effi cacy, 
benefi ts, and risks of available alternative tech-
niques having the same objective but involving 
no or less exposure to ionizing radiation. 

 Individual justifi cation is particularly 
 important in special practices (such as children 
exposure, CT, or diagnostic/interventional 
fl uoroscopy). 

 The most effective means to decrease radia-
tion dose associated with pediatric imaging is not 
to perform unnecessary or inappropriate proce-
dures. In fact, we should consider that justifi ca-
tion leads to a 100 % dose savings in not 
appropriate medical exposure while optimization 
can only determine a partial (“as low as reason-
ably achievable”) dose reduction. 

 Evidence-based imaging referral guidelines 
help radiologists for justifi cation of imaging (Perez 
 2015 ), and comparable guidance in different 
regions of the world could be found (e.g., RCR 
iRefer  2012 , ACR Appropriateness Criteria  2015 ). 

 Once examinations are justifi ed, they need 
to be optimized. The basic aim of the optimiza-
tion of a radiological procedure is to “taylor” 
imaging parameters to the individual patient 
and to the clinical question in such a way that 
images are obtained with the lowest possible 
radiation dose and net benefi t is maximized. 
Optimization of the examination involves at 
least three main aspects: radiological equip-
ment, technical parameters, and their knowl-
edge by operators. 

 The ICRP has recommended that dose limits 
not be applied to medical exposures, pediatric 
radiology included. 

 Once justifi ed, the exposed individual will 
derive benefi t from the procedure, and medical 
procedures must lead to a diagnostic result. Using 
insuffi cient radiation may increase the risk of 
misdiagnosis or repeat testing with the attendant 
exposure to even more radiation (Fig.  23.1 ).

23.1.2        Effects of Ionizing Radiation 

 Energy absorbed in tissues and organs exposed to 
radiation may induce damage to DNA. Despite 
robust DNA repair mechanisms within the body, 
radiation exposure can induce cell death or non-
lethal transformation of cells. 

 Most adverse health effects of radiation expo-
sure may be grouped in two general categories:

    (a)    Deterministic effects, due in large part to the 
killing/malfunction of cells following high 
doses and characterized by a threshold dose.   

   (b)    Stochastic effects, such as cancer and herita-
ble effects that are indistinguishable from 
those caused by other factors.     

23.1.2.1     Deterministic Effects 
 The deterministic effects are clinically observ-
able when the absorbed dose is above a threshold 
and their magnitude depends on several factors 
such as the linear energy transfer of the radiation, 
the dose rate, and the volume of the irradiated 
part of the organ or tissue. Typical examples are 
the eye lens cataract, skin erythema, and 
infertility. 

 Such effect requires high-absorbed doses, and 
the probability of its occurrence will rise to l00 % 
above the threshold dose. Due to these, the deter-
ministic effects can occur in radiation therapy, 
complex interventional procedures, or “non- 
optimized” fl uoroscopic procedures.  

23.1.2.2     Stochastic Effects 
 The risks associated with the use of ionizing radi-
ation in diagnostic imaging include almost exclu-
sively  stochastic  effects (e.g., cancer or genetic 
modifi cations). These effects are also called 
“probabilistic” because under certain exposure 
conditions, these effects may or may not occur, 
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and there is no threshold. It is assumed that the 
probability of having these effects is proportional 
to the absorbed dose, not to its severity. 

 Indeed, despite the fact that x-rays are offi -
cially classifi ed as a carcinogen by the World 
Health Organization’s International Agency for 
Research on Cancer (Amis et al.  2007 ), epide-
miological and experimental studies provide evi-
dence of cancer radiation risk at doses about 
100 mSv (NAS/NRC  2006 ; Preston et al.  2003 , 
 2012 ; UNSCEAR  2000 ). 

 Below this threshold, there are many uncer-
tainties, and up today it’s not feasible to deter-
mine, on epidemiological grounds alone, if there 
is or not an increased risk of cancer following 
doses less than 100 mSv. 

 The practical system of radiological protec-
tion recommended by the ICRP, based upon 
dose-response model generally known as “linear 

non-threshold” (LNT) model, remains a prudent 
basis for the practical purposes of radiological 
protection at low doses and low dose rates.   

23.1.3     How to Manage the Dose: 
The DRL Role 

 The management of the dose is important to have 
a reference point. To help in the optimization pro-
cess of medical exposure to patients, the concept 
of DRLs has been introduced by the ICRP. The 
IAEA International Basic Safety Standards 
(BSS) mandate their use (International Atomic 
Energy Agency  2014 ). 

 DRL values are not a dose limit or a dose con-
strain but advisory values, taken as the third quar-
tile value of national DRL, to establish whether 
practice is reasonable or not. 

a
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  Fig. 23.1    Foreign body ingestion. In ( a ) an example of 
false negative due to an excessive reduction of dose (high 
kV and low mAs technique, DAP 1.9 cGy*cm 2 ). In ( b ) 
repeating exam with standard technique (72.9 kV, 
25,1 mAs; DAP 133.7 cGy*cm 2 ; kV  kilovoltage , 

mAs  milliAmperage second , DAP  Dose-Area Product ) 
shows the presence of metallic foreign body in the small 
bowel ( white arrow ), not evident in the previous examina-
tion ( black arrow  in  a )       
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 In the absence of dose limits, DRLs applicable 
to pediatric patients need to be considered by 
radiologists and other practitioners. In practice, 
they tend to be set so that if the local DRL values 
involved are exceeded, the radiological proce-
dure involved needs to be investigated. 

 Currently in Europe, there is a complete lack 
of national pediatric DRLs in many countries for 
many examinations, in particular for all pediatric 
interventional procedures. 

 Anyway in the near future, all the European 
countries must review their national DRLs follow-
ing the new directive 2013/59/Euratom (European 
Council Directive  2013 /59/Euratom 2014) and the 
draft “European diagnostic reference levels for 
paediatric imaging PiDRL” sponsored by the 
European Community (EuroSafe Imaging  2015 ). 

 The PiDRL drafts several practical methods to 
establish pediatric DRLs. The most important are for:

•    The dose quantities that should be an easily 
measurable quantity such as dose index pro-
vided by equipment (e.g., Entrance surface 
dose (ESD) in conventional radiography, 
Kerma in Aria Product (KAP) in fl uoroscopy, 
Computed-tomography dose-index volume 
(CTDIvol) and Dose-length product (DLP) in 
computed tomography)  

•   The grouping of patients that needs to con-
sider the weight of patients and not their age 
(e.g., <5 kg, 5–15 kg, etc.)  

•   Technical equipment parameters      

23.2     Technical Aspect 
of Radiation Protection 
in Conventional Radiology 
and Fluoroscopy 

23.2.1     General Consideration 

 Ideally, equipment specifi cally designed for pedi-
atric patients should be installed; anyway most of 
the imaging equipments are structured to handle 
adult patients. 

 When purchasing new radiographic/fl uoro-
scopic equipment, especially for pediatric use, 
the following dose reduction measures should be 
considered: removable grids, last-image hold 

(LIH), copper fi lters, pulsed fl uoroscopy, and vir-
tual collimation. 

 Organ protocols with appropriate technique 
factors (tailored upon child size) for common 
types of x-ray/fl uoroscopic examinations should 
be pre-installed in each equipment (Fig.  23.2a ).

   Pediatric patients’ size varies in practice, from 
as small as 500 g to in excess of 100 kg. In order 
to obtain a diagnostic examination (minimizing 
the dose), a correct radiographic positioning and 
use of correct collimation of the primary beam 
are essential.  

23.2.2     Immobilization and 
Collimation 

 In uncooperative children, immobilization is 
required when performing radiographic studies. 

 A proper immobilization allows a correct 
beam centering and collimation with a proper 
shielding of the non-examined parts of the body 
(Fig.  23.3 ).

   In addition, blurring and motion artifacts are 
reduced. 

 Several devices, such as sandbags or sponges, 
may be used with newborns or toddlers. If the 
assistance of a person is needed for immobiliza-
tion, this has to be done by a parent and not, rou-
tinely, by a hospital staff. 

 For individuals directly involved in comfort-
ing and caring (not young children or pregnant), 
the ICRP Publication 103 ( 2007 ) indicates that a 
dose constraint of 1 mSv per episode is reason-
able (5 mSv for the duration of a given release 
after radionuclide therapy). 

 It is important to use collimation to expose 
only the area intended for examination (Fig.  23.3 ). 

 A too large fi eld will result in unnecessary radi-
ation dose outside the area of interest and increase 
the scattered radiation, impairing the image con-
trast and resolution. On the other hand, a too small 
fi eld may require a second exposure, so that a cer-
tain degree of tolerance may be necessary to 
ensure that the entire fi eld of interest is included. 

 After child positioning and his immobiliza-
tion, operators need to collimate the fi eld of view 
through the “light” for the beam centering 
(Fig.  23.2d, e ). 

A. Magistrellli



381

a

c

d e

b

  Fig. 23.2    Example of fl uoroscopic equipment console. 
The main functions for the optimization of the procedure 
are indicated: ( a ) three different kid-size presets, ( b ) block 
of the technical parameters based upon LIH, ( c ) four 

 different magnifi cation settings ( tip: use larger FOV ), 
( d ) “light” beam, a useful tool to optimize collimation 
without radiation exposure ( e ) different types of 
shielding       

a b

  Fig. 23.3    An example of improper ( a ) and correct ( b ) 
collimation. Note in ( b ) the best image quality due to 
automatic brightness control (ABC) system, other settings 

were not modifi ed. A proper collimation avoids the expo-
sure of radiosensitive organs such as the breast and 
gonads, without the needing of lead shielding       
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 The use of post-processing collimation (e.g., 
uncollimated examination), fl uoroscopy before 
x-ray examination, or collimation “on the way” 
during radiation exposure are malpractices that 
should be avoided, leading to unnecessary radia-
tion exposure. 

 In particular, the use of post-processing technique, 
such as manual collimation, can create an image sent 
to the viewer for interpretation that does not indicate 
how much of the original picture was actually 
exposed (cropped out). This has no effect on image 
quality and patient-absorbed dose but can “crop out” 
important diagnostic information (Fig.  23.4 ).

23.2.3        Additional Spectral Filters 

 The x-ray spectrum includes low-energy photons 
that are completely absorbed in the patient’s skin 
and do not contribute to image generation. 
Additional fi lters could “remove” the low-energy 
photons reducing the nonproductive radiation 
and thus patient dose. 

 Most of x-ray/fl uoroscopic equipments used for 
pediatric have a minimum fi ltration of 2.5 mm of 
aluminum. These equipments should have the 
capacity to add additional fi ltration (usually copper 
fi lters) and to change it easily when appropriate. 

 Generally an additional copper fi ltration of 
0.1(−0.2) mm in x-ray examinations and 
0.2(−0.3) mm in fl uoroscopic procedures is ade-
quate. Consider that for standard tube voltages 
each 0.1 mm of copper is equivalent to approxi-
mately 3 mm of aluminum (ICRP 121  2013 ). 

 Nicholson et al. ( 2000 ) have shown that the 
addition of 0.1–0.3 mm of copper reduced the 
skin dose by 30–50 %.  

23.2.4     Anti-scatter Grids 

 Anti-scatter grids increase contrast but also 
increase radiation dose to the adult patient. 

 In children anti-scatter grids are normally not 
necessary due to the smaller size of children (e.g., 
relatively low scatter radiation produced in the 

ba

  Fig. 23.4    An example of improper use of post-process-
ing manual collimation in chest x-ray. In ( a ) important 
diagnostic information are cropped out by manual colli-
mation ( white arrow ); in the original image ( b ) a mis-

placement of umbilical vein catheter in the left intrahepatic 
portal branch was evident.  Tip: the anatomical parts of the 
body, once exposed, must not to be cropped out        
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irradiated volume) so that removable anti-scatter 
grid needs to be available (Cook  2001 ). 

 They are usually not advisable for abdominal 
examinations in patients under 3 years of age or, 
with optimization, younger than 8 years of age 
(Schneider et al.  2000 ). 

 Not using them avoids unnecessary exposure 
and results in an approximately 50 % reduction in 
dose (Cook  2001 ).   

23.3     Practical Aspect and Pitfalls 
in Conventional Radiology 

 Computed-radiography (CR) and Digital-
radiography (DR) offer substantial benefi ts com-
pared to screen-fi lm radiography (SFR), such as 
readily available electronic archive and image 
post- processing that can compensate for under-
exposure or overexposure to produce acceptable 
images. That means a reduced repeat rate of CR/

DR images but also a risk of unwitting increase 
of the patient dose. 

 Overexposed SFR appears too dark and the 
examination must be repeated while digital technol-
ogy can compensate this overexposure by altering 
brightness and contrast after acquisition, without 
any recognizable artifact on images (Fig.  23.5 ).

   In DR systems, a feedback regarding the 
radiographic techniques for a specifi c exam is 
given by the exposure index (EI) displayed on 
images, so that operators need to be confi dent 
with them to evaluate whether the image is tech-
nically correct or not (Seibert and Morin  2011 ). 

 Unfortunately each vendor uses different 
exposure index values and methods so that radi-
ologists should be confi dent with them. 

 The use of automatic exposure control (AEC) 
system with pediatric patients should be carefully 
evaluated. 

 If used pediatric AEC devices need to be 
selected with respect to the most important region 

No. i...

1 1 Cu 0.0 mm RAD 0 C70 16-03-2015 4.42.09 RAD_Addome AP (ADDOME) 159.09 1508 8570 Grande72.9 25.1 31.7

a b

kV mAs ms Lunghezza... CampoM Filtro Cu Formato Correzione an... Curva caratt. Data e ora Nome programma d’organo DAP EXI Dose p... FuocoLivello ...

  Fig. 23.5    An example of DR overexposure in abdominal 
x-ray of a 5-year-old male child. Note in ( a ) how the post- 
processing can compensate the original overexposed 

image ( b ).  Tip: routinely check the exposure index 
reported on the images to identify over- or underexposure 
technique        
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of interest, they are very sensitive to patient move-
ment and could length the minimal exposure time 
affecting image quality and patient dose. 

 In small children exposure charts correspond-
ing to radiographic techniques (weight based for 
the trunk or patient size based for the extremities) 
are easy to use and safer. 

 Other pitfalls in CR/DR can be caused by 
unfamiliarity with post-processing algorithms 
that could decrease displayed image quality. 

 See Tables  23.1 ,  23.2 ,  23.3 , and  23.4  for sug-
gested abdominal and chest x-ray technique in 
children.

23.4           Practical Aspect and Pitfalls 
in Fluoroscopy 

23.4.1     Tube/Image Intensifi er 
Positioning 

 Radiation dose can be reduced by keeping:

    1.    The tube as far as possible from patient to 
reduce skin entrance dose   

   2.    The image intensifi er as close as possible to 
the patient (Hiorns et al.  2006 )     

   Table 23.1    Suggested abdominal x-ray AP/PA technique   

 Age (years)  Kg  Focal spot  Total fi ltration  kV  mAs  DAP  Grid  AEC 

 Newborn  <4  Fine  2.5 mm Al + 0.1 mm Cu  65  2  0.4  No  No 
 Newborn–1  4–10  Fine  2.5 mm Al + 0.1 mm Cu  70  3  0.9  No  No 
 1–3  10–14  Fine  2.5 mm Al + 0.1 mm Cu  75  3  1.7  No  No 
 3–5  14–30  Broad  2.5 mm Al + 0.1 mm Cu  85  4  3  Yes  No 
 5–10  30–50  Broad  2.5 mm Al + 0.1 mm Cu  75  6  7.4  Yes  No 
 10–15  >50  Broad  2.5 mm Al + 0.1 mm Cu  95  8  36  Yes  No 

   Table 23.2    Suggested chest x-ray AP/PA technique   

 Age (years)  Kg  Focal spot  Total fi ltration  kV  mAs  DAP  Grid  AEC 

 Newborn  <4  Fine  2.5 mm Al + 0.1 mm Cu  70  2  0.2  No  No 
 Newborn–1  4–10  Broad  2.5 mm Al + 0.1 mm Cu  73  2.5  0.3  No  No 
 1–3  10–14  Broad  2.5 mm Al + 0.1 mm Cu  75  2.5  0.5  No  No 
 3–5  14–29  Broad  2.5 mm Al + 0.1 mm Cu  75  2.5  0.5  No  No 
 5–10  30–50  Broad  2.5 mm Al + 0.1 mm Cu  75  3.5  1.6  No  No 
 10–15  >50  Broad  2.5 mm Al + 0.1 mm Cu  80  3  2.9  No  No 

   Table 23.3    Suggested mobile chest x-ray AP technique in neonatal intensive care units (NICU)   

 Age (years)  Kg  Focal spot  Total fi ltration  kV  mAs  DAP  Grid  AEC 

 Newborn  <1  Fine  2.5 mm Al  60  0.6  –  No  No 
 Newborn  1–1.5  Fine  2.5 mm Al  62  0.8  –  No  No 
 Newborn  1.5–2  Fine  2.5 mm Al  64  0.8  –  No  No 
 Newborn  2–2.5  Fine  2.5 mm Al  65  0.8  –  No  No 
 Newborn  2.5–3  Fine  2.5 mm Al  68  0.8  –  No  No 

   Table 23.4    Suggested mobile abdominal x-ray AP technique in neonatal intensive care units (NICU)   

 Age (years)  Kg  Focal spot  Total fi ltration  kV  mAs  DAP  Grid  AEC 

 Newborn  <1  Fine  2.5 mm Al  60  0.5  –  No  No 
 Newborn  1–1.5  Fine  2.5 mm Al  64  0.5  –  No  No 
 Newborn  1.5–2  Fine  2.5 mm Al  66  0.5  –  No  No 
 Newborn  2–2.5  Fine  2.5 mm Al  66  0.8  –  No  No 
 Newborn  2.5–3  Fine  2.5 mm Al  68  0.5  –  No  No 
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 Usually an undercouch tube positioning is 
suggested; that positioning minimizes the patient 
radiation dose and the scattered radiation to the 
staff. Anyway in children an overcouch tube 
positioning may have some advantage, it’s less 
frightening for a child and it makes access to the 
child easier for both the operator and 
comforters. 

 If shielding is used for patient protection, it 
needs to be strategically placed over the patient if 
an overcouch tube is used or under the patient if 
an undercouch tube is used.  

23.4.2     Ionizing Chamber 

 Generally a certain amount of radiation (expo-
sure) needs to reach each point on the x-ray 

detector to maintain an adequate signal/noise 
ratio on images. 

 Modern fl uoroscopic equipment uses three 
focal spots, spatial and spectral beam profi ling, 
and system of entrance exposure regulation 
(Fig.  23.6 )

   Anyway the use of automatic exposure control 
(AEC) system or automatic brightness control 
(ABC) system in fl uoroscopy with pediatric 
patients should be carefully evaluated. 

 An excessive collimation could exclude lat-
eral focal points with an involuntary overexpo-
sure of the patient. A real-time monitoring of the 
position, shape, and size of the ionization 
 chambers can be done on the LIH image dis-
played on the monitor (Fig.  23.7 ).

   For the same reason if shielding is used, it 
should not be placed in the direct beam, as this 

  Fig. 23.6    Schematic representation of focal spots used 
by systems of entrance exposure regulation. These can be 
manually selected by the operator, as shown on the right 
( white arrow ). Anyway in x-ray examination if lateral 
focal spots ( a  or  c ) are excluded from excessive collima-

tion, the central circular focal spot ( d ) is usually automati-
cally selected; the same situation in fl uoroscopic 
examination could unawares increase the radiation dose 
due to AEC/ABC system       
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will tend to increase the entrance skin doses for 
those units using AEC features. 

 To avoid excessive dose rates, ABC system 
should be switched off during fl uoroscopic 
 examinations where there are relatively large 
areas with positive contrast material (e.g., 
contrast- fi lled bladder or small bowel). 
Alternatively, it’s possible to “block” the techni-
cal parameter (kV, mAs) of the fl uoroscopy at the 
beginning of the procedure, using the dedicated 
command in the equipment console (Figs.  23.2b  
and  23.6 ).  

23.4.3     Pulsed Fluoroscopy and Last- 
Image Hold 

 Pulsed fl uoroscopy is a standard feature of mod-
ern equipment, and it can be the most effective 
and easiest way in reducing dose. Pulsed fl uoros-
copy reduces fl uoroscopic radiation dose by lim-
iting the time during which the patient was 
exposed to the x-ray beam, using reduction in the 
number of exposures per second. Most 

 fl uoroscopy units have a range of 3–30 pulses/s. 
The lowest setting of three pulses/s is satisfactory 
for many diagnostic procedures and can be 
increased to higher settings (7.5–10 pulses/s) in 
uncooperative children. 

 The use of pulsed fl uoroscopy can lead to ten-
fold reduction without signifi cant reduction of 
contrast or spatial resolution in pediatric radiol-
ogy (Lederman et al.  2002 ). 

 With equivalent perceptibility levels, 
Aufrichtig et al. ( 1994 ) showed average dose sav-
ings of 22 %, 38 %, and 49 % at 15, 10, and 7.5 
pulses/s, respectively. 

 Last-image hold is another useful feature, 
whereby the last image is digitally “frozen” on 
the monitor after x-ray exposure is terminated. 
That allows physicians to contemplate (and 
store) images without additional radiation 
exposure. 

 LIH capture avoids additional exposure. 
 Still images acquired using last-image hold 

should be captured avoiding additional exposure. 
 Image acquisition runs should only be per-

formed if necessary for diagnosis (Fig.  23.8 ).

a b

  Fig. 23.7    An example of ionizing chamber (IC) dis-
played on the monitor of the fl uoroscopic examination. 
Note how the positioning of IC changes the image quality 
(and radiation dose). In ( a ) the IC is positioned on 
contrast- fi lled bowel and ABC system signifi cantly 

increase the dose; poor details are displayed on image. In 
( b ) the IC is placed on less dense areas where more details 
are evident on the image. Remember that operators could 
block IC settings with the proper command showed on the 
 bottom right , in ( b )       
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23.4.4        Electronic Magnifi cation 

 The ability to create magnifi ed images can be 
clinically very useful, and there could be an 
increased need to use magnifi cation, especially in 
small-sized children. Anyway this can further 
increase dose when electronic magnifi cation is 
unnecessarily used (Connolly et al.  2006 ). 

 In fact dose increases with greater electronic 
magnifi cation. Modern fl uoroscopes have at least 
three (till fi ve) electronic magnifi cation modes, 
each with a unique fi eld of view and unique dose 
level (Fig.  23.2c ). 

 For example, the radiation dose increases by 
the square of the ratio of the image intensifi er 
diameters, so that if the entrance skin exposure is 
100 units for a 32-cm fi eld of view, the radiation 
entrance dose increases to 400 units when the 
fi eld of view is reduced to 16 cm (32/16) 2  
(Mahesh  2001 ). 

 Most of the procedures do not require magni-
fi cation that could be kept to a minimum. 

 Images obtained using the lowest magnifi ca-
tion could be “magnifi ed” in post-processing.  

23.4.5     Patient Dose Monitoring 
Methods: “Alert” Systems 
and Staff Training 

 Fluoroscopic procedures will result in exposures 
that vary over several orders of magnitude, 
depending on patient’s factors (age, sex, body 
mass, body thickness, and cooperation of the 
child), clinical question, equipment settings, and 
operator technique. 

 Modern fl uoroscopy equipments are generally 
featured with cumulative timing device alerts and 
air kerma-area product (KAP) meter, to help the 
acknowledging of the operators in monitoring 
and in minimizing doses in the procedure. In par-
ticular KAP should be recorded, but also it needs 
to be checked during the procedure and com-
pared with local and national DRL. 

 Each fl uoroscopic procedure (diagnostic or 
interventional) needs to be preplanned, and all 
the staff should be aware how the procedure will 
be held (e.g., number and timing of acquisitions, 
contrast parameters, patient positioning) and 
which are the main goal of it. 

a b

  Fig. 23.8    The use of LIH capture reduces signifi cantly 
the dose without affecting the clinical information on 
images, as depicted in ( a ). Due to particular clinical set-

tings, in which detailed images are needed, fl uorography 
runs could be used, as shown in ( b )       
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 Tips and Tricks in Gastrointestinal System 

 Food bolus impaction

•    Acquire single frame of the chest and then 
“lock” technical parameter.  

•   Use adequate frame/rate (at least 7.5 
pulses/s) to easily identify non- radiopaque 
foreign body into the esophagus.    

 Barium enema for intussusception

•    Acquire single frame of the abdomen and 
then “lock” technical parameter.  

•   Set the lowest frame/rate as possible (three 
pulses/s) and adjust it during the  procedure, 
depending on situation.  

•   Alternate fl uoroscopy and ultrasound to mon-
itor the procedure and to minimize the dose.    

 Foreign body (FB) ingestion

•    Perform frontal projection of the chest, 
including the neck, and abdomen.  

•   Consider fl uorospot images if more projec-
tions are needed for the location of FB 
(Figs.  23.9  and  23.10 ).      

a

c d

b

  Fig. 23.9    Needle FB ingestion. In case of harmful 
radiopaque FB ingestions, two projection (AP and LL) 
are needed to evaluate its localization and complica-
tions, as depicted in ( a ) and ( b ). If other controls are 

needed, consider the use of high kV ( c ) or fl uoroscopic 
( d ) technique to minimize the radiation dose (respec-
tively, 16.62 cGy*cm 2  and 1 cGy*cm 2 ) without affect-
ing the diagnostic information       
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 Tips and Tricks in Genitourinary System 

 Voiding cystourethrography (VCUG)

•    Acquire single frame of the abdomen and 
then “lock” technical parameter.  

•   Set the lowest frame/rate as possible (three 
pulses/s).  

•   “Step lightly” on the fl uoroscopy pedal 
(one frame is enough to check for the pres-
ence/absence of vesicoureteral refl ux).  

•   Look at the child or to the infusion line for 
the voiding phase, minimizing the use of 
fl uoroscopy.    

• Reparto

kV
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  Fig. 23.10    In case of certainly radiopaque FB ingestions, a high kV technique can be used in AP projection ( a ). 
Fluoroscopic technique can be used if additional projections (e.g., latero-lateral projection) are needed, as 
showed in ( b )       
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23.5          Main Issues in Emergency 
Radiation Protection 

23.5.1     To Shield or Not to Shield? 

 A good radiographic technique includes standard 
use of lead or equivalent shielding when radio-
sensitive organs such as the thyroid, breasts, and/
or gonads lie within 5 cm of the primary beam 
(ICRP 34  1982 ; Njeh et al.  1997 ). 

 Anyway the use of lead shielding should 
not compromise the clinical goals of the 
examinations. 

 Furthermore the absorbed dose by tissues out-
side the primary beam arises from the internal 
scattered radiation that cannot be shielded or 
attenuated by a properly placed shield (European 
Commission 16261  1996 ; Njeh et al.  1997 ). 

23.5.1.1     CXR and Fluoroscopy 
 The routine use of gonadal shields in abdominal 
x-ray is controversial, especially in females. On 
one hand, it represents a dose-saving strategy in 
pediatric radiography or fl uoroscopy; on the 
other hand, important diagnostic information can 
be obscured (see Fig.  23.12 ) (Winfeld et al. 
 2013 ).

   In addition if poorly placed, such lead shield-
ing may worsen image quality and/or may not be 
appropriate (Dauer et al.  2007 ; Bardo et al.  2009 ) 
(Fig.  23.13 ).

   In males there is no reason to include gonads 
within the primary radiation fi eld for abdominal/
lumbar spine x-ray, contrast/barium enema, 
upper GI studies, and micturating cystourethro-
grams. A proper collimation of the fi eld and the 
use of properly adjusted capsules reduce the 
absorbed dose in the testes by up to 95 % (ICRP 
121  2013 ). 

 In females’ abdominal or pelvic x-rays, the 
gonad protection may not be possible because 
shielding may mask important pathology. 
Anyway with proper technique selection, colli-
mation, and added fi ltration, the gonadal absorbed 
dose could be signifi cantly reduced (in newborn 
25–50 μGy for boys and 13–25 μGy for girls) 
also without lead shielding, especially in females 
where a thicker layer of tissues naturally shields 
the female gonads (Slovis and Strauss  2013 ). 

 In any case gonadal shielding should never be 
used as a substitute for careful patient position-
ing, the use of correct technique factors or proper 
collimation, because this could result in unneces-
sary doses to other sensitive tissues (e.g., breast) 
and could adversely affect the quality of the 
radiograph (Fig.  23.14 ).

23.5.1.2        CT 
 Recently, the use of lead shielding in MDCT has 
been virtually abandoned due to several reasons, 
including an important reduction in image qual-
ity and accuracy (streak and beam-hardening 
artifacts in suboptimally placed shielding; see 
Fig.  23.15 ) and the development of alternative 
methods for reducing dose to peripheral organs in 
CT scanning, such as “virtual shielding” tech-
niques by some manufacturers. If bismuth shields 

 Tips and Tricks in Abdominal X-ray 

 In suspected pneumoperitoneum or intesti-
nal occlusion of newborns and toddlers, the 
lateral decubitus position can be performed 
as  alternative to conventional frontal and 
dorsal decubitus position. The examination 
is able to depict free peritoneal air or air- 
fl uid levels (Fig.  23.11 ), and it can be per-
formed at the patient’s location, such as the 
NICU, with a mobile x-ray unit.  

  Fig. 23.11    Suspected intestinal occlusion in a 
female newborn. The right lateral decubitus 
abdominal x-ray shows some small bowel air-fl uid 
levels in central abdominal quadrant       
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are not properly used can even increase radiation 
dose (Coursey et al.  2008 ; Leswick et al.  2008 ).

   In 2012, the American Association of 
Physicists in Medicine (AAPM) edited an inter-
esting position statement on the use of bismuth 
shielding in CT scanning. AAPM points out that 
bismuth protection should only be placed after 
the scout view (or AEC prescanning) is per-
formed and that anyway their usage should be 
tested specifi cally for each scanner because one 
approach is not appropriate for all scanners and/
or manufacturers (AAPM  2012 ).   

23.5.2     Pregnancy 

 Several renowned documents require to observe a 
special protection during pregnancy or in poten-
tially pregnant patients (Radiation Protection 100 
 1998 ; ICRP 84  2000 ). 

 The general provisions of the new BSS, the 
Directive 2013/59/Euratom, confi rm that need of 
protection (European Council Directive  2013 /59/
Euratom 2014). 

 Although usually not considered, pregnancy 
can occur in girls of childbearing age after the 
menarche. Precautions for this group have to be 
taken for exposures that may involve a fetus, in 
particular if abdominal and pelvic regions are 
involved. 

 Before an exposure, it is important to deter-
mine whether a female patient of childbearing 
age may be pregnant or not. The last menstrual 
period should be documented, and the “ten-day 
rule” needs to be considered in female who are 
menstruating, especially when high-exposure 
procedures are involved. 

 In doubtful cases, a pregnancy test could be 
ordered also if they are of little value in excluding 
early pregnancy. 

a b

c d

  Fig. 23.12    Limping child. The AP pelvis x-ray ( a ) does 
not show signifi cant fi ndings, while in the axial projection 
( b ), a gross calcifi cation into the pelvis (previously masked 

by lead shield) is well evident. It is identifi ed as appendico-
lith on CT ( c ) and US ( d ). The patient underwent surgical 
appendectomy with resolution of the pain to the right hip       

 

23 The Radioprotection of the Child in Emergency Radiology



392

 A careful approach is that pregnancy is 
assumed in females of childbearing age in whom 
pregnancy cannot be explicitly excluded (Health 
Protection Agency  2009 ). 

 Obviously in emergency, the referring clini-
cian may override these concerns, but special 
attention should be given to justifi cation and opti-
mization, taking into account both the patient and 
the fetus. 

 If a pregnant patient is exposed (due to clinical 
reasons or unintentionally), the absorbed dose to 
the embryo/fetus, including the scattering com-

ponent, must be estimated by a medical physics 
expert. The ICRP Publication 103 ( 2007 ) indi-
cates that absorbed doses below 100 mGy to the 
embryo/fetus should not be considered a reason 
for terminating a pregnancy.  

23.5.3     Communication in Emergency 

 Communicating the benefi ts and risks of justifi ed 
medical procedures is an essential component of 
medical care, and this includes communicating 

a b

c d

  Fig. 23.13    The correct positioning of the shields in 
female ( a ) and male ( b ) child is shown. In ( c ) the shield is 
oversized and misplaced, limiting the diagnostic informa-

tion of pelvis x-ray. In ( d ) the shield used for the frontal 
projection was not removed and its presence infl uences 
the image post-processing       
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benefi ts of radiological procedures and radiation 
risks (Levetown  2008 ). 

 Parents of some children may desire to have 
information about radiation risk, in particular for 
high-dose examinations, and it is important to 
ensure that they receive the information they 
need in a way that they can understand (Dauer 
et al.  2011 ; McCollough et al.  2015 ). 

 It’s important to focus key messages on rele-
vant information that will reassure the parents 
(e.g., benefi ts of the procedure, availability of 
quality control, and dose management mecha-
nisms) rather than by information on radiation 
doses provided throughout the customary lan-

guage of radiation protection (dose units, risks, 
nominal probabilities, and coeffi cients for sto-
chastic effects) (Picano  2004 ). 

 If the information is not properly provided, 
some parents may misinterpret radiation risk and 
may refuse a potentially lifesaving procedure for 
fear of radiation. 

 The iconic example used by Wagner ( 2011 ) 
is exhaustive: “After a pelvic CT scan of a preg-
nant woman, which statement delivers the most 
appropriate message about risk? ‘This study 
could perhaps double the risk that your child 
will develop cancer before age 19 (0.6 % vs 
0.3 %),’ or ‘The risk of adverse outcome is very 
small and the likelihood of normal development 
is nearly the same as it is for any child (96.7 % 
vs 96.4 %).’” 

 Both statements are technically accurate and 
transmit the same data. But the fi rst one focuses 
on the risk magnifi cation that could result from 
the procedure, while the latter reassure the patient 
about the likelihood of a normal outcome. There 
is evidence that explaining the risk in a proper 
way will not dissuade patients from undergoing 
the examination (Boutis et al.  2013 ). 

 Recently the World Health Organization 
(WHO) ( 2016 ) published an exhaustive free 
downloadable document on this topic.      
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24.1          Introduction 

 Pediatric non-traumatic emergencies may be due 
to a large spectrum of lesions. 

 Multitude of several indications exists for 
non-traumatic head imaging in the emergency 
department (ED) among children, most common 
of which is headache. Other common indications 
comprise seizures, syncope, ataxia, or a focal 
neurologic defi cit. For many of these reasons, a 
non-contrast head computed tomography (CT) is 
often performed. 

 Non-traumatic thoracic emergencies in chil-
dren are very frequent, and they usually present 
with breathing diffi culties. Associated symptoms 
may be feeding or swallowing problems or less 
specifi c general symptoms such as fever, sepsis, 
or chest pain. The emergencies always need a 
quick diagnosis in order to establish the correct 

medical or surgical treatment, and radiological 
imaging often plays a key role. Prompt interpre-
tation of the radiological fi ndings is of crucial 
importance in diagnosing and monitoring the ill-
ness and in avoiding serious complications (de 
Lange  2011 ). 

 Acute abdominal pain is a common complaint 
in pediatric emergency departments. A complete 
evaluation is the key factor approaching the dis-
ease and should include the patient’s age, the 
onset and chronicity of the pain, the associated 
symptoms, and a meticulous physical examina-
tion. The possible etiologies include acute surgi-
cal disease, intra-abdominal medical disorders, 
extra-abdominal conditions, systemic illness, 
and, commonly, functional abdominal pain. A 
timely diagnosis is necessary for preventing fur-
ther complications and, of course, the possible 
legal problems (Yang et al.  2013 ). 

 Polls among emergency physicians show that 
delivering prehospital emergency care to children 
causes anxiety and emotional stress (Meyburg 
et al.  2009 ). Many diagnostic and therapeutic 
techniques are considered to be especially diffi -
cult in children, particularly in the case of small 
children. Furthermore, as pediatric emergencies 
account for only 2–10 % of all medical emergen-
cies (Bernhard et al.  2006 ), it seems diffi cult to 
acquire adequate experience in a realistic period 
of time merely by performing one’s job as a pre-
hospital emergency care physician.  
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24.2     Informed Consent 
in the Pediatric Patient 

 Informed consent represents a communication 
method that is ethically required before the 
beginning of any procedure or treatment 
(Berkowitz et al.  2004 ). It provides important 
information concerning the diagnosis and the 
treatment of a patient. Consent is considered 
“valid” or “real” when it is given voluntary with-
out any act of coercion by a person with capacity 
and competence to provide the consent; more-
over, consent should include a minimum level of 
adequate information in relation to the nature of 
procedure to which he/she is consenting (Kaushik 
et al.  2010 ). 

 Effective physician-patient communication is 
a permanent process. Consent to medical inter-
vention infers a deep relationship between the 
patient and physician which cannot be com-
pressed into a short encounter. It is a process 
which implies the doctor’s duty to inform patients 
of the benefi ts and potential risks of the treatment 
options, to answer their questions openly and 
honestly, to help patients in their choice, and, 
fi nally, to accept that choice (Pomara et al.  2015 ). 

 The essential components of consent include 
voluntariness (willingness of the patient to 
undergo treatment), capacity (the patient is able 
to understand the nature of the treatment), and 
knowledge (adequate information about the 
nature of treatment are disclosed to the patient) 
(Kaushik et al.  2010 ). Basic elements related to 
the content of the informed consent form that 
may be addressed before the beginning of any 
treatment or procedure are the following: nature 
and need of procedure, risks, benefi ts, alterna-
tives, and consequences of refusal of treatment. 

 The legal implications and ethics of consent 
related to practice involving children are com-
plex, especially in the ED. Minors (persons under 
the age of legal consent as defi ned by state law) 
frequently require care in the prehospital envi-
ronment and present to the ED with acute condi-
tions. Children occasionally present to the ED 
unaccompanied by a parent or legal guardian. 
Healthcare professionals should desist from 

 providing nonurgent testing and treatment to 
children who present to medical facilities unac-
companied by a custodial parent or legal guard-
ian. If an emergency medical condition exists, the 
performance of the medical screening examina-
tions and the stabilization of the pediatric patient 
must not be delayed (Pinto and Romano  2015 ). If 
a parent or legal guardian is present or available, 
the healthcare professional treating the child 
should make every reasonable effort to obtain 
and document informed consent (Committee on 
Pediatric Emergency Medicine and Committee 
on Bioethics  2011 ). 

 If an emergency medical condition exists, 
including life- or limb-threatening conditions, 
severe pain, and surgical or nonsurgical condi-
tions with the potential for severe harm or dys-
function if left untreated, the performance of the 
medical screening examinations and the stabili-
zation of the pediatric patient, with an identifi ed 
emergency medical condition, must not be 
delayed. Medical screening examination might 
require the use of extensive ED resources, includ-
ing laboratory testing, diagnostic imaging, and 
subspecialty consultations, as needed for a cor-
rect diagnosis. 

 The use of medical imaging techniques, 
including those using ionizing radiation, has 
increased exponentially over the past decades. 
Due to the evolving knowledge of the potential 
carcinogenic effects associated with radiation, 
imaging procedures that do not deliver ionizing 
radiation, such as MRI and ultrasound, should be 
optimized and used whenever possible and also 
in emergency situations, in the pediatric popula-
tion (Pinto and Romano  2015 ). The ethical basis 
for this approach is based in the professional’s 
duty to search for the best interest of the child. 
The legal basis for taking action in an emergency 
when consent is not available is known as the 
“emergency exception rule” (Committee on 
Pediatric Emergency Medicine and Committee 
on Bioethics  2011 ). 

 Under the emergency exception rule, a medi-
cal professional may presume consent and pro-
ceed with correct treatment and transport if the 
following four conditions are met:
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    1.    The child is suffering from an emergent medi-
cal or surgical condition that places his or her 
life or health in danger.   

   2.    The child’s legal guardian is absent, unavail-
able, or unable to provide consent for treat-
ment or transport.   

   3.    Treatment or transport cannot be safely 
delayed until consent can be obtained.   

   4.    The professional administers only treatment 
for emergent conditions (Committee on 
Pediatric Emergency Medicine and Committee 
on Bioethics  2011 ).     

 The emergency exception exists to protect the 
healthcare professional from liability with the 
postulation that if the parents were present, they 
would consent to the treatment (American 
Academy of Pediatrics, Committee on Bioethics 
 1995 ). 

 If radiologic procedures are nonemergent, the 
fi nal responsibility for ensuring informed consent 
rests with the radiologist. The radiologist is the 
one performing and interpreting the examination 
and being compensated for doing so (Karsli et al. 
 2009 ). The radiologist usually has the best under-
standing of the proposed procedure and other 
imaging alternatives. 

 A particularly challenging condition occurs 
when the healthcare professional is faced with a 
legal guardian who refuses to give consent for 
treatment of a child in situations in which such 
treatment is considered indispensable to the 
child’s well-being. When a legal guardian refuses 
to consent to medical care or transport that is nec-
essary and likely to prevent death, disability, or 
serious harm to the child, it might be necessary to 
notify the police and enlist their assistance in 
placing the child in temporary protective custody 
(Pinto and Romano  2015 ). 

 In a life-threatening emergency, it might be 
necessary to involve hospital security so that 
emergent evaluation and treatment can begin 
while child-protective services and the police are 
notifi ed (Committee on Pediatric Emergency 
Medicine and Committee on Bioethics  2011 ). 

 If a language obstacle exists, informed con-
sent for medical treatment should, when clinical 

circumstances permit, be obtained through a 
trained medical interpreter. Using an interpreter 
not only increases the likelihood of truly informed 
consent but also enhances the possibility of opti-
mal medical treatment by allowing the profes-
sional to obtain accurate information about the 
child’s underlying medical conditions, allergies, 
current medications, or other relevant and essen-
tial information (Pinto and Romano  2015 ). 

 Healthcare of older children and adolescents 
is complex as they are in the phase of develop-
ing competence to take part in decision-making 
on their health. A child’s agreement to medical 
procedures in situations where he or she is not 
legally authorized or lacks suffi cient under-
standing for giving consent competently is 
called “assent” (Pinto and Romano  2015 ). 
Children are considered to be “assent” when 
they have suffi cient competence to understand 
the nature, risks, and benefi ts of a procedure but 
not enough competence to give fully informed 
consent (Foreman  1999 ).  

24.3     Medicolegal Issues 

 The last three decades have produced an enor-
mous era of technical advance, data acquisition, 
and data transfer. Radiology has been intimately 
involved with these changes, especially those 
pertaining to imaging. This has resulted in sig-
nifi cant changes in protocols for imaging of vari-
ous symptom complexes. Computed tomography 
(CT) is one of the most important technological 
developments of the late twentieth century as far 
as medical technology is concerned, starting with 
a single 10 mm slice machine in the early 1970s 
and evolving to multidetector CT (MDCT) sys-
tems that obtain simultaneously 2,561 or 3,202 
slices of the human body. 

 Justifi cation should be the fi rst principle to be 
applied when a request for CT examination is 
received by the radiologist. This is not only 
needed for CT but for all radiological proce-
dures. However, inadequate effort has been 
applied to justifi cation, and there is paucity of 
information on evaluation of results of these 
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efforts. Some of the main reasons for this situa-
tion, according to the International Atomic 
Energy Agency (IAEA) report, include a culture 
of the use of radiology for the purpose of defen-
sive medicine, economic and political drivers 
favoring continuation of weak justifi cation 
including target-driven processes, clinical path-
ways, self-referrals, reimbursement patterns, 
fi nancial models for the development of radio-
logical services, as well as signifi cant and sys-
tematic communication failures between 
healthcare professionals and both patients and 
public (Tsapaki et al.  2010 ). 

 In the evaluation of the pediatric patient with 
non-traumatic emergences, it is important that 
the radiologists use only the necessary amount 
of radiation in performing imaging studies of 
children. Signifi cant progress has been made in 
radiation protection for children during the last 
10 years. However, many challenges remain. 
These include the need for continued education 
and change of practice at adult-focused hospitals 
where many pediatric CT exams are performed 
and the need for increased emphasis on appro-
priateness of pediatric imaging and outcome 
research to validate the performance of CT stud-
ies (Goske et al.  2011 ). 

   Conclusions 

 In the assessment of the pediatric patient with 
non-traumatic emergences, radiologists have 
the responsibility to adequately inform clini-
cal colleagues and patients about the risks and 
benefi ts of radiologic examinations. Efforts 
should be directed toward improved informa-
tion and communication.      
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