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IntroductionImaging in children forms the backbone of modern daydiagnostic and therapeutic procedures. Imaging inpediatric age group is significantly different from adults.The most crucial difference between adult and pediatricradiology is the dissimilar disease spectrum of childrenand the resulting clinical questions concerning imaging[1]. It is of extreme importance to restrict the use ofimaging modalities using ionizing radiations. Imaging inchildren also needs to be quick in terms of time since theyare usually not as co-operative as adults.Exposure to ionizing radiation must be kept particularlylow in children since their tissues are highlyradiosensitive. They are more liable than adults to developradiation - induced cancer because they have a lot of yearsleft to live. As a prospective parents, they are at risk fortransmitting radiation - induced genetic defects to the nextgeneration. Radiological studies on children should be of anature that does not involve ionizing radiation, like Ultrasound(US) or Magnetic Resonance Imaging (MRI) [1].Due to their generally smaller size, children are perfectcandidates for US evaluation. Pediatric US providescomprehensive anatomic information and has multiplanarcapability. Doppler studies can add vital functional andphysiological information [2].

Abstract
Imaging forms the backbone of modern-day diagnostic and therapeutic procedures in both adults and children. But as
children are not small adults, imaging in pediatric age-group is significantly different from adults which require special
attention. The most crucial difference being dissimilar disease spectrum and the resulting clinical questions concerned
with imaging. This article discusses different imaging modalities used in pediatric age-group with their merits and demerits.

MRI with its higher sensitivity, better anatomical and spatialresolution, excellent soft tissue contrast, multiplanarimaging capability and lack of ionizing radiation hasemerged as preferred modality of choice in the evaluationof children wherever possible [3].Role of Positron Emission Tomography (PET) in childrenhas been found in cases of pediatric epilepsy and forevaluation of functional development of the pediatricbrain [4,5].  PET/CT and PET MRI have roles in evaluationof pediatric neoplasm and infections similar to that inadults.
Radiation ProtectionBefore starting about the various organ systems, it isimperative to know about the issue of radiationprotection in children. Tissues with high mitosis rates aremore vulnerable than inactive tissues since DNAmetabolism is damaged by radiation [6]. The radiationrisk is therefore highest in infancy and early childhoodbecause of high mitotic rates in these age groups. Thetissues of children also have a higher water content thanadult tissues which absorbs radiation resulting in theneed of a higher radiation dose to penetrate a layer oftissue of the same thickness [1].It is important to strictly adhere to the concept of ALARA(As Low As Reasonably Acceptable) for pediatricradiography. This can be done by reducing the tubevoltage, using appropriate tube filters and by collimatingthe images during an examination. Adequate gonadprotection during radiography of abdomen and pelvis isa must. Proper positioning and use of appropriatepediatric specific grids is also extremely desirable.
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For radiation dose management in pediatric CT, protocoloptimization related to clinical indication is available [7].An adjustment in the parameters that are mainlyresponsible for the dose delivered i.e. tube current, gantrycycle time, peak kilo voltage and pitch, based on the size ofthe child, examination indication, prior examinations andregion examined should be done [8].Planning examinations for individual patients need anaccurate indication and close collaboration with thereferring pediatricians. The most effective radiationprotection be provided only when the question to beanswered is clear. A CT scan can often be optimized oreven avoided using a previous US or MRI examination [1].
Contrast Media in ChildrenIntravenous iodinated contrast media should bejudiciously used in children. Although, the risk of contrastinduced nephropathy remains the same as in adults,contrast media osmolality is of particular importance inneonates and small children. They are more vulnerableto fluid shifts and have a lower tolerance for intravascularosmotic loads as compared to adults. Intravascularadministration of hyperosmolar contrast medium mayresult in migration of fluid from extravascular soft tissuesinto blood vessels, consequently expanding blood volume[9,10]. A large fluid shift may lead to cardiac failure andpulmonary edema in children with significant pre-existingcardiac dysfunction [11].The guidelines for intravenous use of gadolinium-basedcontrast agents are similar in both the pediatric and adultpopulations [11].Gastrointestinal contrast agents in children are mostcommonly barium-based. Iodinated contrast agents areusually preferred in suspected gastrointestinal tractperforation in which case osmolality should be consideredas for intravascular contrast agents [11].
Unique Imaging Related Issues in ChildrenPatient movement during imaging distorts imageacquisition causing difficulty in image interpretation.Young children are unable to remain motionless forextended periods of time, often necessitating the use ofsedation or anesthesia during pediatric imaging,especially time taking procedures like MRI [12].Whenever possible, children over the age of 7 years arescanned without sedation. Neonates under 2 months oldare scanned during natural sleep induced by food, comfortand warmth, often after a period of forceful sleepdeprivation. If this fails, then light oral sedation may beused. Majority of children require sedation or a generalanaesthetic [13].

The American Academy of Pediatrics (AAP) defines thegoals of sedation children for diagnostic and therapeuticprocedures which are:1) To protect the patient’s safety and welfare;2) To reduce physical discomfort and pain;3) To control anxiety, minimize psychological trauma;4) To control behavior and/or movement to allow forthe safe completion of the procedure; and5) To return the patient to a state in which safe dischargefrom medical supervision is possible [14].
NeuroimagingRadiation dose being an important consideration in thepediatric age group, the indications of CT are limited inchildren, the most common indication being acute trauma.CT has the advantage of being fast and for showingexcellent bony details (fractures), pneumocephalus andhematomas. Another less common indication of CT isevaluation of craniostenosis. In all other indications, MRIis preferred over CT.MRI is important for the diagnosis of congenitalanomalies of pediatric brain in patients presenting withdevelopmental delay. Sagittal and coronal T1-W  imagesare excellent for the evaluation of corpus callosum,cerebellum, anterior visual pathway, schizencephaly andholoprosencephaly [11]. Axial T2-W and Coronal FLAIRimages have been shown to be complementary [15].Children who have either multiple or focal seizures areinvestigated with MRI in accordance with NICE guidelines[16]. The aim is to detect focal cortical abnormalitieswhich can be either mesial temporal in origin or extratemporal.Other indications of MRI in children are pediatric tumors;pediatric stroke, non-accidental injury and Non-traumaticintraparenchymal hemorrhage wherein MRI isaccompanied by MR Angiography.MRI can detect patterns of regional brain injury in theneonatal period which can help to determine the time ofinjury, underlying mechanisms and eventually offerprognostic information. MRI is of use to detect hypoxic–ischemic injury and germinal matrix and intraventricularhemorrhage. It is also helpful to distinguish otherdifferential diagnoses like venous infarction, metabolicdisease, infection and congenital developmentalabnormalities [11].Contrast-enhanced MRI helps in detection and diagnosisof pediatric brain tumors and also improves the accuracyof differential diagnosis between CNS tumors anddemyelinating disorders like multiple sclerosis and acute
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disseminated encephalomyelitis and infective processeslike abscesses. It is also a valuable tool in characterizingCNS infections; vascular anomalies and disorders [17].The main indication for neonatal neurosonography is thedetection of an intracranial hemorrhage in a pretermneonate. Other indications include revelation ofcongenital anomalies and intracranial vascular lesions andas a simple, cost effective screening tool to exclude grossintracranial pathology [18].MRI is the modality of choice for imaging the intraspinalcomponents of the pediatric spine, though ultrasound hasalso been shown to be an important screening tool beforeossification of the posterior elements. Infants with aneurological abnormality on ultrasound still require MRimaging [19].  Other indications for which spinal MRI isindispensable included spinal infections, tumors anddemyelination and contrast enhanced MRI is a must inthese settings.
Head and NeckCT is the preferred imaging modality to describe theintricate osseous anatomy and malformations of the innerear, but MRI is increasingly being used to study themembranous labyrinth and eighth cranial nerve [20].  Forinfections of the middle ear and cholesteatoma, HRCTremains the imaging modality of choice whereas MRI ismore useful to look for the intracranial complications ofinfectious processes.Primary inflammatory processes in the pediatric neck arevery common. Ultrasound is the initial imaging modalityof choice because of their acute presentation. Contrastenhanced CT helps in detailed characterization, includinginvolved spaces and complications which are importantfor determining appropriate clinical management [8].For evaluation of pediatric head and neck tumors,Ultrasound with Doppler helps to distinguish cystic fromsolid lesions, detects vascularity and differentiates nodalfrom non-nodal masses. CT delineates bony changes anddetects intralesional calcification. Multiplanar reformattedimages with bone and soft tissue windows should beobtained. MRI demonstrates the soft tissue characteristicsof the tumor [8].Ultrasound is also the primary imaging modality forexamining the thyroid and parathyroid glands, and forguiding aspiration and biopsy. Nuclear scintigraphyprovides morphologic and functional information. CT andMRI are used as adjunctive tools [21].Plain radiographs play no role in evaluation of a mass inthe paranasal sinuses and in pre or post-operativeevaluation of sinus surgery. They are also inappropriate

for imaging complications of sinusitis [22]. CT and MRIare far superior to radiographs for evaluation of sinuses.Upper airway disease is a common problem in thepediatric age group with many of them presenting aspediatric emergencies. Frontal and lateral radiographs ofthe airway and fluoroscopy have been mainstay in theevaluation of upper airway, though advances in cross-sectional imaging techniques like virtual endoscopy canmore accurately depict airway anatomy [23].
ChestTill date, chest radiography remains the most commonlyperformed radiologic study although there have beenmarvelous technological advances in thoracic imagingoptions including ultrasound, CT, MRI and PET.Conventional radiographs are sufficient for making anaccurate diagnosis of several lower large airway disorderslike radiopaque foreign body aspiration. CT along withVirtual Bronchoscopy is usually necessary for a completeassessment, especially for surgical lesions [8].Radiographs also play an important role in the initialdetection and imaging of congenital lung anomalies. Crosssectional imaging such as CT with multiplanarreformatting is required for confirmation of diagnosisand further characterization of the anomaly8. Indicationsfor chest radiography in infective pulmonary diseases aresevere disease, confirmation or exclusion of the diagnosisof an atypical presentation, evaluation of complications,and ruling out other causes of respiratory distress [24].CT can improve the diagnosis and management ofsymptomatic pulmonary tuberculosis, fungal infectionand parasite infestation, particularly if an associatedimmune deficiency exists [8]. Pulmonary neoplasm andinterstitial lung disease are often imaged similar to thosein adults with CT.Ultrasound has also been found to be effective and canbe easily performed as an adjunct to chest radiographyin the assessment of bewildering areas of increasedopacity in the chest, to differentiate consolidation fromlung masses and pleural and chest wall lesions. It alsoprovides information about the nature of pleural fluid andallows guided aspiration [25].Chest radiography now plays only an adjunctive role inthe evaluation of heart disease in children withechocardiography serving as the major primary imagingmodality after physical examination. However, theradiograph still may provide the first indication ofcardiovascular disease and also offers an importantoverview of the heart and pulmonary circulation. CTAngiography has become a primary imaging modality forstructural cardiovascular evaluation because it provides
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the best global assessment of the lungs and airways and itcan demonstrate associated primary abnormalities of therespiratory system in a shorter time at a lesser cost. Withthe rapid advances in MRI pulse sequences and quality ofthe scanners, cardiac MRI is also fast catching up with CTand Echocardiography for evaluation of the heart, especiallyin older children [8].
Abdomen and PelvisIn a child with abdominal pain, history and physicalexamination are extremely valuable to help guide thesubsequent imaging protocol. Plain radiographs havelimited value for detection of urinary calculi, intestinalobstruction of perforation and abdominal calcifications.They are however, quite useful in the neonate as theirpain localization and expression is very poor. They alsowall-off infectious processes unsuccessfully, andfrequently present with nonspecific signs and symptoms[26].Ultrasound is particularly well suited to the child for theinvestigation of many of the etiologies for abdominal painthat are common in children and adults, such as renaldisease, biliary disease, lymphadenopathy and suspectedneoplasm. There are also several common entities uniqueto children that are diagnosed by ultrasound likeCongenital Hypertrophic Pyloric Stenosis,intussusception and appendicitis [27].Fluoroscopy with oral or rectal contrast is still carriedout for problems of hollow viscera which are not evidenton radiography or ultrasound like evaluation ofesophageal problems (trachea esophageal fistulas),radiolucent foreign bodies, motility disorders, intestinalmalrotation and for evaluation of constipation in children.Contrast enhanced CT is especially useful in patients withdiseases affecting multiple organ systems becauseevaluation of solid organ, hollow viscera and peritonealcavity pathology is quickly obtained with great anatomicand physiologic detail [8]. It also gives completecomprehensive evaluation of abdominal masses and isparticularly useful in diseases like pancreatitis,choledochal cysts and abdominal trauma. Limitation ofradiation dose with the use of limited phases of scan andpediatric specific machine protocols are of utmostimportance during CT examinations [28].MRI of the abdomen is still evolving for practical use inpediatric age group because sedation limits the use of fastsequences that rely on breath hold, body sizes vary greatlynecessitating the modification of coils and imagingparameters for different age ranges and also becausediseases affecting children are unique. There is also thepossibility that high specific absorption rate can lead to an

increase in temperature especially in neonates. However,MRI is increasingly being used for evaluation of bowelabnormalities, like inflammatory bowel disease andappendicitis, hepatobiliary pathologies and for abdominalmasses. Earlier, intravenous urography was the imagingmodality of choice for evaluation of kidneys and collectingsystem, but it has now been surpassed by MRI and CT.Voiding cystourethrography has been the preferredexamination for detailed anatomic evaluation of the urinarybladder and urethra as well as identification of vesicouretericreflux.Ultrasound is ideal method for examining the kidneys andbladder in infants and children.  In young childrenurogenital ultrasound is started with the urinary bladderbecause it usually empties when the transducer is placedin the suprapubic region. Renal vessels can also be imagedusing Doppler.Contrast enhanced CT is required for the evaluation ofrenal lesions along with delayed imaging for assessing theintegrity of the collecting system (such as after trauma),course of the ureter and evaluating renal andretroperitoneal masses [29].MR urography is a major advancement in uroradiology,with hydronephrosis being the most common indicationin children [30]. It is the method of choice for evaluationof congenital renal anomalies, ureteric pathologies andincontinence associated with ectopic insertion of theureter.For evaluation of genital system, ultrasound is used asinitial investigation of choice followed by MRI, if needed.
Musculoskeletal SystemPediatric musculoskeletal radiology requires knowledgeof normal growth and developmental variations, fracturepatterns exclusive to the immature skeleton, skeletaldysplasia and knowledge of special tumor and tumor-likeconditions [8].Radiography remains the initial imaging modality for theevaluation of acute trauma, inflammatory arthritis,infection, bony neoplasm and skeletal dysplasia. Theprimary roles of musculoskeletal ultrasound are inevaluation of skeletal dysplasia, soft tissue masses andarthritis out of which evaluation of developmentaldysplasia of hip deserves special mention. The main rolesof CT are fracture assessment, including orthopedichardware failure; assessment of alignment disorders,including physeal bar assessment; and evaluation oftumor matrix and tumor recurrence in case of an existingneoplasm or a resected neoplasm with hardware in place.MRI plays an important adjunctive role in oncologic,metabolic and sports medicine imaging [8].
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Child AbuseChild abuse, being unique to the pediatric age groupdeserves a special mention. Initial imaging is driven bythe clinical presentation. Later a skeletal survey can beperformed to look for occult injuries and evaluate for childabuse as a diagnosis.  CT and MRI are used to evaluatesuspected head trauma. CT of the abdomen and pelvis isindicated only in children with clinical and ultrasoundsuspicion of traumatic intra-abdominal injury [31].

ConclusionIt is very important to image the children with utmostfinesse and try to reduce repeated imaging because of thevarious reasons cited above. A close communication withthe treating clinician can bring out the best outcomes forthe loveliest creatures on earth.To summarize, pediatric imaging is significantly differentfrom adult imaging and requires special considerationespecially those related to radiation exposure andoptimal sedation required for optimal scanning.
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