A Practical Approach to Pediatric X-Rays

Summary

I. Film quality


A. Complete area required


B. Exposure


C. Lack of rotation


D. Adequate inspiration


E. Absence of extraneous devices


F. If the first film is inadequate, repeat it!

II. The pediatric chest X-ray


A. Orientation


B. Intrathoracic structures



1. Heart and pericardium




a. Orientation




b. Size




c. Pericardial air?




d. Findings suggestive of congenital heart disease



2. Lungs and pleural space




a. Increased density (increased whiteness on a standard X-ray)




b. Decreased density (blacker appearance than usual) 



3. Mediastinum




a. Thymus




b. Pneumomediastinum (see above)




c. Enlarged vessels 




d. Possible masses



4. Bones




a. Ribs should be evaluated for obvious fractures. 




b. Clavicles




c. Spinal column



5. Other




a. Medical devices





1). ET tubes/tracheostomies





2). Venous catheters (including CV lines, PICC lines, Portacaths, Broviac/Hickman caths)





3). Sutures/staples





4). Pleural tubes





5). Pacing devices (wires/boxes)




b. Foreign bodies




c. Artifacts




d. Diaphragmatic hernia




e. Visualize other parts of the body if visible on the chest X-ray 


C. Other views (why should we bother to obtain additional films?)



1. The lateral chest film



2. Decubitus films

III. Head CT studies


1. Brain


2. CSF spaces (and possible shunt presence)


3. Intracranial hemorrhage


4. Bones

A Practical Approach to Pediatric X-Rays

Expanded version

I. Film quality


A. Does the film include all areas which require evaluation?


B. Is the exposure satisfactory?



1. Density of soft tissues outside the ribs



2. Spine visibility (should be visible through the heart shadow)


C. Is it unacceptably rotated? (check ribs and clavicles)


D. Was inspiration adequate?



1. The diaphragms should be at least down to the 9th posterior rib level



2. A poor inspiration results not only in denser lung fields but an apparently enlarged heart shadow 




and increased pulmonary vascularity as well


E. Do extraneous devices overlie key areas of the film? (ventilator tubing may obscure significant 



portions of a small child's lung fields)


F. An unacceptable film should be repeated, since key information may be lost if one attempts to 



"muddle through" with a marginal X-ray.

II. The pediatric chest X-ray


A. Orientation: does the apparent patient situs match the X-ray's label?



1. Discrepancy usually reflects mis-labeling



2. Some children do have abnormalities of situs, and this will often not be known previously, since 




X-rays are never obtained on the majority of children



3. Possible abnormalities of situs




a. Situs inversus = true mirror image, including right-sided cardiac apex, right-sided stomach,





left-sided liver, etc. Auscultation of the heart or palpation of a left-sided liver may help 





to confirm that the child truly has situs inversus (as will a meticulously-labeled repeat 





chest X-ray). These individuals are usually normal except for their opposite sidedness.




b. Asplenia = bilateral right-sidedness. Usually associated with severe cardiac abnormalities





and high risk of lethal infections.




c. Polysplenia = bilateral left-sidedness. Also associated with serious heart problems, 





including rhythm disturbances resulting from absence of an SA node.


B. Intrathoracic structures



1. Note that many radiologists insist that extra-thoracic structures be evaluated first in order to 




assure that they are not ignored. Under emergent circumstances, caregivers should focus first on




critical information (such as location of tubes, presence of pneumothorax, etc.), but it must be 




stressed that when time permits, all features of the film should be systematically evaluated.



2. Heart and pericardium




a. Orientation: where is the apparent cardiac apex?




b. Size





1). On a chest film with adequate inspiration, the heart size should not be more than 60% 






of the total chest diameter





2). Apparent cardiac enlargement may result from true cardiomegaly or pericardial fluid




c. Air in the pericardial space usually results in a black ring around the heart




d. Findings suggestive of congenital heart disease (none of these are foolproof!)





1). Abnormal heart size or shape






a). Markedly enlarged heart may result from increased volume due to anatomic 







malformation (shunt, valvular regurgitation) or from myocardial dysfunction 






b). Boot-shaped heart results from right ventricular enlargement which lifts the apex 







upward (e. g., Tetralogy of Fallot). 






c). "Egg-on -a-string" is described in some babies with transposition; the heart shape is







oval, and the "string" is the superimposed aorta and pulmonary artery shadow.





2). Abnormalities of the aortic arch (note that a right aortic arch results in tracheal 






deviation to the left, while a left arch pushes the trachea to the right)





3). Significantly decreased or increased pulmonary vascular markings





4). Abdominal situs which does not correspond to thoracic situs



3. Lungs and pleural space




a. Increased density (increased whiteness on a standard X-ray) may result from atelectasis, 





infiltrate, pulmonary contusion, edema, or hyperperfusion as well as abnormal masses





1). Atelectasis results in increased density as well as loss of volume, and it often has 






distinct margins which reflect lobes or segments in the lungs. (However, it may be 






patchy instead). Significant loss of volume will result in hyperinflation of adjacent 






lung areas or shift of mediastinal structures toward the side of the atelectasis.





2). Infiltrates may be diffuse and bilateral (more typical of viral infection) or 






unilateral/lobar (more typical of bacterial disease, especially if pleural fluid is 






also present). 





3). Note that infiltrates and atelectasis cannot always be distinguished from each other.






Both may result in air bronchograms (small airways visible farther into the lungs than






the mainstem bronchi; these result from airways which are open but surrounded by lung






tissue of increased density).





4). The location of an infiltrate or atelectatic area can often be identified on an PA/AP film






by noting  its position and what silhouettes with it:






a). Upper lobe densities are obviously apical






b). Right middle lobe or left lingular processes result in loss of clarity of the right or







left heart margin, respectively.






c). Lower lobe processes result in loss of clarity of part or all of the adjacent 







hemidiaphragms. Left lower lobe density is also often perceived as a region of







increased density behind the heart.






d). Obtaining a lateral X-ray is often useful for determining whether a process is







anterior or posterior.





5). Interstitial lung disease often results in thickening of airway walls which can be seen






as rings suggestive of bagels as well as a "chicken-wire" appearance of the lung





6). Pulmonary edema and pulmonary hyperperfusion (from a large left-to-right shunt) are






often difficult to distinguish, since both result in increased pulmonary density






(especially in the perihilar region, though edema may be diffuse in children) as well 






as increased vascular markings. Note that Kerley lines are not seen as frequently in 






pediatric patients as they are in adults.





7). Increased pulmonary density in a trauma victim may represent lung contusion, but it can 






also result from atelectasis or aspiration, both of which are common in a difficult 






resuscitation.





8). Space-occupying lesions in the lungs are relatively uncommon in children, but when they 






occur, they result in shift of intrathoracic structures away from the lesion.





9). Space-occupying lesions in the pleural space are common, and they include empyema,






hemothorax, and pneumothorax (see below). 






a). Note that fluid in the pleural space results in increased density which may range 







from blunting of the costo-phrenic angles to obvious fluid edges to complete 







white-out of one side of the chest. 






b). Significant fluid will result in shift of mediastinal structures to the opposite side 




b. Decreased density (blacker appearance than usual) in a correctly-exposed film results from 





increased air. Determining the location and magnitude of the air collection may be 





essential to guiding therapy.





1). Hyperinflated alveoli usually result from asthma but can also be seen in the patient






with bronchiolitis or other lower airway disease. In the PICU, may be seen with 






prolonged application of excessive ventilator pressures, especially PEEP, but this is






usually not the case in an acute resuscitation setting.






a). Hyperinflation of reactive airway disease is usually relatively symmetrical and







results in black lungs and flattened diaphragms on both sides. 






b). A foreign body in a mainstem bronchus may also result in partial airway obstruction 







with distal air trapping, but in those circumstances, the abnormality is usually







unilateral.





2). PIE = pulmonary interstitial emphysema results from air outside alveoli in the lung






parenchyma. It usually results from chronically excessive pressures and is consequently






infrequent in the emergency department setting. (Use of surfactant in the NICU has 






made it overall much less common).

3). Pneumothorax






a). Simple







(1). Does not result in mediastinal shift, i. e., a smaller volume of air than a tension








pneumothorax







(2). May range from a tiny rim of air to a volume which results in complete lung








collapse on the affected side







(3). Where the air is seen depends on how the patient has been positioned, both at 








the time of the film and during the preceding interval: remember that air rises,








so if the child has mostly been upright, it will be seen high at the apex, while 








if the child has been mostly supine, air will tend to collect anterior to the lung






b). Tension







(1). Large volume of air is obvious and results in complete collapse of the lung on the








affected side







(2). Mediastinal shift to the opposite side of the chest results in both 








cardiovascular compromise (i. e, shock) and impairment of the other lung






c). Loculated







(1). Unusual in a child with a first-time pneumothorax







(2). May be seen if the child has had relatively prolonged empyema or prior








infection or instrumentation of the pleural space





4). Pneumomediastinum






a). Often confused with pneumothorax, especially a medial pneumothorax






b). Features suggesting that the air is mediastinal include "sail sign" (elevated







thymus with air under it), air tracking up the neck, outline of medial aspect of both 







hemidiaphragms ("continuous diaphragm sign"), and (if a decubitus film is 







obtained), failure of the air to rise to the upper side





5). Other sites of extrapulmonary air collection






a). Subcutaneous emphysema is often seen over the shoulders or in the neck; it may







extend around the chest wall as well at times






b). Pneumopericardium (see above)






c). Air embolus (a rare but likely-to-be lethal problem); results in air visible in vessels







or the heart itself






d). Pneumoperitoneum may result from air which tracks downward from the chest (or







from perforation of a gas-filled viscus); can sometimes be seen under the 







diaphragms on a plain chest X-ray



4. Mediastinum




a. Thymus





1). Prominent in young children. Rests on the heart and usually obscures the aortic knob.





2). May be mistaken for an abnormal mass or may result in an apparently enlarged cardiac






shadow which is taken to suggest heart disease.





3). The presence of a wavy edge is helpful in identifying the thymus; the indentations of 






the margin result from compression by anterior ribs.





4). Absence of a thymus in a young child suggests serious stress or possible DiGeorge syndrome.




b. Pneumomediastinum (see above)




c. Enlarged vessels 




d. Possible masses





1). Adenopathy





2). Tumors (lymphoma, teratoma, neurogenic tumors)



5. Bones




a. Ribs should be evaluated for obvious fractures. 





1). Note that in the absence of serious trauma, rib fractures are almost pathognomonic of 






child abuse (rarely, they may be seen in babies with BPD who have undergone chronic






chest percussion)





2). Fresh fractures are much more difficult to see that healing callus (which appears to be 






a lump on an otherwise normal rib).





3). Note that ribs are occasionally removed surgically for use as bone grafting material.




b. Clavicles





1). Are injured relatively frequently in car crashes and other significant trauma.





2). Can also be injured during a normal birth; healing callus over a clavicle does not suggest






child abuse in the absence of other findings.




c. Spinal column





1). Should be visible if the film is correctly penetrated.





2). Obvious hemivertebrae or abnormalities should be noted because of their association 






with other pathology such as VATER syndrome.



6. Other




a. Medical devices





1). ET tubes/tracheostomies






a). The tip of an ET tube will move with neck flexion or extension: extension results in







a higher tube level, while flexion results in a lower location of the tip.






b). With the neck in neutral position, the tip of an ET tube or trach should ideally be







half-way between the carina and the thoracic inlet. (Acceptable range is from







1 cm above the carina to 1 cm below the thoracic inlet; err toward the deeper end of







the range if tube loss would be a disaster...)





2). Venous catheters (including CV lines, PICC lines, Portacaths, Broviac/Hickman caths)






a). A central line tip should be in the superior vena cava, not in the heart: beware the







line whose tip is left in the right atrium or right ventricle, as it may eventually 







perforate with dangerous consequences.






b). A catheter whose tip turns up a jugular vein or crosses to the opposite subclavian







should be repositioned prior to use. (Failing all else, on can pull it back until the 







tip is in the medial subclavian vein, a location in which it can be used even if the







tip never advances to the SVC).






c). If the tip of a small PICC line is impossible to identify precisely over other 







mediastinal densities, a small volume of contrast should be injected in order to







assure correct placement.





3). Sutures/staples





4). Pleural tubes






a). Chest tubes can be seen to be in the pleural space on AP/PA films, and resolution







(or at least improvement) of the pneumothorax or pleural fluid collection should







also be seen if the tube is functioning.






b). Though apical or diaphragmatic orientation of the tube is apparent on an AP/PA







film, it cannot usually be determined whether the tip is anterior or posterior. If







one wants to assure optimal drainage of fluid or air, a lateral film will be needed







to assure a satisfactory anterior or posterior tube tip location.






c). Chest tubes should generally not be left in a position which pushes way over the 







mediastinum.





5). Pacing devices (wires/boxes)




b. Foreign bodies





1). When radiopaque, are readily visualized. Unfortunately, most are not radiopaque.





2). Note that coins are commonly swallowed and may be seen, usually face on, in the 






upper chest; they are usually readily demonstrated to be in the esophagus because 






they are too large for an average child's trachea. A smaller radiopaque foreign body 






which is in the midline may be more difficult to assess, since the esophagus and 






trachea overlie each other; a lateral view may be required for certainty.





3). A non-radiopaque foreign body in a mainstem bronchus may be suggested by unilateral 






air trapping during exhalation (which may be seen at fluoroscopy). An alternative 






approach to fluoroscopy is to obtain bilateral decubitus films; the "down" lung usually 






deflates in the decubitus position, so failure of deflation of the dependent lung serves as






evidence of air trapping.





4). Chronic foreign body presence may result in recurrent pneumonias which are always in






the same location.




c. Artifactual 





1). Breast shadows in a post-pubertal girl





2). Items which may have been over or under the child during the exposure




d. Diaphragmatic hernia




e. Other parts of the body are often visible on chest X-ray and should not be ignored





1). Airway visualization is usually possible; "steeple sign" suggests croup





2). Upper abdomen is visible and should be assessed for size of stomach bubble (and correct






placement of any gastric tube which may be present). Apparent peritoneal air or fluid,






major organomegaly, or abnormalities of situs may also be detectable. If contrast has 






been given (e. g., for CT), a free view of the kidneys may also be available.





3). As noted above, subcutaneous air may demonstrate an air leak.

C. Other views (why should we bother to obtain additional films?)



1. The lateral chest film




a. Usually not obtained as a portable study under emergency conditions




b. Circumstances in which a lateral film is especially useful





1). Assessment of the posterior lobes 





2). Detection of small pleural fluid collections (best seen in the posterior sulci)





3). Evaluation of the posterior heart border





4). Better visualization of an anterior air collection (pneumothorax or pneumomediastinum)





5). Determination of the location of a chest tube tip (anterior versus posterior)





6). Better localization of a mediastinal mass



2. Decubitus films




a. Also more difficult to obtain in crisis circumstances and consequently usually not obtained




b. May help to determine the presence of pleural air or fluid (air will layer up when the 





affected side is upward; fluid will layer down when the affected side is dependent).




c. May help to demonstrate a non-radiopaque bronchial foreign body as noted above.

III. Head CT studies


A. Detailed head CT reading remains the province of radiologists, neurosurgeons, and other specialists;



this section will focus on major findings which might require stat intervention in an emergency.


B. Regions of focus (note that tumors, abscesses, and many other areas of potential interest are excluded)



1. Brain




a. Gray and white matter can normally be readily distinguished on CT. White matter appears





darker than gray matter on a standard CT scan.




b. Loss of gray/white distinction with decreased overall density usually reflects either edema 





or infarction, which may be difficult to distinguish early in the patient's course. However, 





note that edema may result in obvious signs of increased pressure (ventricular compression,





shift of midline) which suggest swelling. Infarction will eventually result in loss of brain





tissue with corresponding increase in the fluid spaces in the head.




c. Areas of increased density may represent hemorrhage (see below) or calcifications, which 





can usually be distinguished by density. The latter are uncommon and not further discussed.




d. A contrast study may help demonstrate areas of inflammation (e. g., temporal lobes in a 





child with herpes encephalitis).



2. CSF spaces




a. CSF appears black on CT, and appearance of the ventricles on CT depends on the cut as well





as their anatomy; recall that CT shows the complex three-dimensional ventricular shape 





in cross-section. (see illustrations)




b. There is variation in ventricular size among normal individuals of varying ages, so it may be





difficult to assess a child's ventricular size with precision unless there is a previous scan





available for comparison. However, it is useful to know that increasing size of the 





temporal horns of the lateral ventricles is an early sign of developing hydrocephalus. 




c. Markedly enlarged ventricles may result from uncontrolled hydrocephalus, severe atrophy,





or congenital malformations such as hydranencephaly. 





1). One feature which may help to distinguish acute non-communicating hydrocephalus 






from atrophy is the appearance of the surface of the brain: if the brain is compressed 






against the dura, sulci and gyri become difficult to distinguish.





2). A second feature suggestive of acute hydrocephalus is transependymal CSF flow, which 






appears as a dark halo around the ventricles.




d. Note that in a child with known hydrocephalus who presents with possible shunt





malfunction, previous CT scans are usually available (though they may be in another 





hospital), so there is some potential for comparison at least by telephone report. 





1). Even if previous CT scans are not available, be sure to assess the position of the shunt in 






a child with hydrocephalus (recall that it will be seen in cross section on CT scan cuts).





2). Be aware that in a child with a shunt, even "normal-sized" ventricles may reflect a 






shunt malfunction, as such a child's usual ventricular size may be slit-like.




e. CT scans are far from foolproof in their ability to reveal critical increase in intracranial





pressure, but the fluid spaces should be assessed for signs of high ICP or impending





herniation. In addition to widespread loss of gray/white differentiation suggestive of 





diffuse cerebral edema, look for slit-like (or absent) ventricles and obliteration of the





basal cisterns as signs of critically increased ICP.

3. Intracranial hemorrhage




a. Note that intracranial hemorrhage is extremely important both because of the pressure





produced by the hematoma as well as because of the likelihood of associated injury to





the brain parenchyma. Be sure to note signs of local increase in pressure such as compression





of a ventricle, shift of the midline, or apparent edema surrounding the blood.




b. Categories of hemorrhage





1). Epidural






a). Usually arterial, which results in both rapidity of progression and higher pressure;







often seen when a skull fracture overlies and involves a large artery, especially the







middle meningeal in the temporal region. May also be seen in infants due to 







bleeding from the bone after a skull fracture. 






b). Characteristic CT finding is of a lenticular (inwardly convex) hematoma, often 







with compression of the ipsilateral ventricle and shift of the midline. Note that







an epidural hematoma typically does not cross suture lines.





2). Subdural






a). Usually venous, and when a result of trauma, is usually associated with severe underlying 







brain injury which results in sequelae out of proportion to the size of the hematoma. 






b). May occasionally be seen in a child with hydrocephalus whose ventricles have 







decompressed rapidly, resulting in rupture of bridging veins in the subdural space.






c). Characteristic CT appearance includes spread of blood over the surface of the brain







or along the falx plus edema and/or parenchymal hemorrhage in the underlying 







brain. May also be associated with increased local pressure resulting in ventricular 







compression and midline shift. Subdural hematomas may cross suture lines.






d). When subdural hematoma is seen in a young child without a history of major 







trauma, assume child abuse!





3). Intraventricular






a). Classically seen in premature newborns who have suffered choroidal plexus or







germinal matrix bleeding which has ruptured into the ventricles.






b). May occasionally result from trauma.






c). On CT, blood is classically seen in one or both occipital horns of the lateral







ventricles, though if there is sufficient volume, it may fill the ventricular







spaces. Blood may also spread down to the third and fourth ventricles, and if







the aqueduct of Sylvius or fourth ventricle becomes obstructed, acute hydrocephalus 







may result (i. e., significant ventricular enlargement will appear on CT).





4). Intraparenchymal






a). Acute bleeding into brain parenchyma is commonly seen in trauma. While it may be







massive and localized, it may also be unimpressive punctate lesions scattered







through the brain. Beware of these small areas of hemorrhage, for they are often







associated with diffuse axonal injury, cerebral edema, and risk of severe sequelae.






b). Intraparenchymal hemorrhage may also result from bleeding into a tumor, vascular 







malformation, area of prior infarction, or other local phenomenon.






c). In addition to the volume of hemorrhage, also be sure to assess the degree of edema,







loss of gray/white differentiation, or other signs of more widespread injury.





5). Subarachnoid






a). May result from trauma, but can also result from bleeding from an aneurysm, AVM,







or other underlying lesion.






b). Classically results in diffuse spread of blood through the subarachnoid space (and







is usually more difficult to assess on CT; generally best assessed in the basal 







cisterns). May result in communicating hydrocephalus, though this is not usually an 







immediate finding.



4. Bones




a). Should be assessed with bone windows.




b). Usually evaluated for presence of acute fractures (beware that sutures may occasionally be 





mistaken for fractures). Of most concern are depressed fractures (which are usually 





apparent and may require elevation) as well as fractures which overlie a major artery such 





as the middle meningeal in the temporal region.

IV. Summary


A. Consultation from a radiologist or other expert should always be sought when possible in order to



assure that important findings are not missed in pediatric X-rays.


B. Despite the desirability of expert X-ray interpretation, emergent circumstances often mandate that the 



resuscitation team evaluate and respond to X-rays obtained at a time of crisis. It is hoped that the above 



approach will facilitate successful management of serious pathology which may be seen on such films.
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