Special Needs Children

I. Medically fragile children: the need for home hardware

A. Prolonged hospitalization of children is extremely undesirable from a developmental and social standpoint; 



children are much more likely to thrive in their own homes within the circle of their own families. As the 



overwhelming psychosocial benefits of home care have been recognized, it has become customary to 



discharge children home as soon as it is medically feasible. The net result is that children are being returned 



to their home communities with increasingly sophisticated chronic care needs and, in many instances, with 



medical devices which were formerly used primarily in the hospital setting.


B. Most home care is provided by lay family members with assistance (at times) from home nurses; 



these individuals are trained in routine care and troubleshooting of common problems.


C. Children with chronic illnesses are nonetheless more likely than average children to suffer acute 



crises for which acute medical intervention; familiarity with common devices will be useful for 



emergency department personnel as well as inpatient staff in pediatric hospitals.


D. Additional information should be sought from an Emergency Information Form, medical flash drive, etc.


E. Resuscitation staff encountering a child with medical devices should consider three issues:



1. What underlying problem resulted in the device's placement?



2. What device-related complication could be compromising the child now?



3. Can the device be used for the child's acute resuscitation?

II. Shunts for hydrocephalus


A. Physiology of normal CSF fluid formation and flow (see Diagram A)



1. Primarily produced in the choroid plexus of the ventricles



2. Circulates through ventricular system and along spinal cord



3. Absorbed in the arachnoid villi over the surface of the brain



4. Complete turnover of CSF about 3-4 times daily (daily production is 450-600 cc/day in adults)



5. Purpose of CSF is primarily for support of the brain, though it also serves chemical and 




immunological functions.


B. Hydrocephalus



1. Hydrocephalus ("water in the head") means, quite simply, presence of excess CSF in the head, 




which then becomes a space-occupying lesion.



2. Hydrocephalus usually results from obstruction to flow or absorption of normal quantities of CSF, 




rather than overproduction. (See Diagram B).




a. Communicating v. obstructive (non-communicating) hydrocephalus





1). Obstructive hydrocephalus is commonest, and it results from blockage of CSF flow, 






usually in the aqueduct of Sylvius or at the outlets from the 4th ventricle.





2). Communicating hydrocephalus results from interference with CSF absorption in the 






arachnoid villi over the surface of the brain.




b. Causes of hydrocephalus





1). Congenital 






a). Incidence







(1). Isolated congenital hydrocephalus: about 1 of every 1000 live births







(2). Congenital hydrocephalus in conjunction with meningomyelocele (spina 








bifida): 1-3 of every 1000 liveborn infants






b). Associations







(1). May be associated with other brain malformations







(2). May be associated with meningomyelocele (spina bifida) and may not become 








obvious or symptomatic until the meningomyelocele is repaired






c). Recent evidence suggests an association with insufficient maternal folate intake; 







folate therapy is now recommended prior to and throughout pregnancy.






d). May be recognized before birth if mother has a prenatal ultrasound (though the 







fetal head may not be large if the fetus also has spina bifida).





2). Acquired






a). Intraventricular hemorrhage (especially in ex-premature infants)






b). Head trauma, especially if there is spillage of blood into the CSF spaces






c). Brain tumor (usually causes hydrocephalus by obstructing CSF flow , but a choroid plexus 







papilloma may lead to hydrocephalus as a result of excessive CSF production)






d). Meningitis



3. Hydrocephalus is usually considered a life-long problem, though it may in fact improve in some 




circumstances (e. g., the tumor shrinks with radiation therapy); when a shunt is placed, it is 




usually assumed to be a permanent fixture.


C. Kinds of shunts (see Diagram C)



1. Ventriculoperitoneal (VP)




a. Commonest and usually safest




b. Drains CSF into the peritoneal space, from whence it is usually readily absorbed




c. Allows significant linear growth without requiring replacement




d. May not function well in a child with a history of previous peritonitis or multiple abdominal 





operations which have led to peritoneal adhesion formation




e. Infection of a VP shunt can result in peritonitis.



2. Ventriculoatrial




a. Less common; may be required in a child whose peritoneal shunt will not function




b. More likely to require revision




c. Associated with more complications (clotting of the right atrium or SVC, emboli, sepsis or 





SBE, uncommonly perforation of the vessel wall or dysrhythmias)



3. Other (ventriculopleural, etc.)



4. Valve types




a. Shunts almost all have valves which are designed to prevent reverse flow of CSF (however, 





infection can still potentially ascend along the shunt tubing if the child develops 





peritonitis from some other cause such as perforation of the appendix).




b. High pressure v. low pressure





1). Most babies need low pressure valves so that excessive head growth is prevented; once sutures 






have begun to fuse, then CSF pressure will rise high enough to open a high-pressure valve.





2). Higher pressure valves are more likely to keep hydrocephalus from resolving too 






rapidly and also tend to keep the ventricles from collapsing completely.




c. Reservoirs (see Diagram D)





1). Are used with many shunts; they are located under the skin (usually palpable 






somewhere over the side of the head, often behind the ear)





2). Reservoirs permit pumping to accelerate spinal fluid drainage if the shunt is partially 






rather than completely obstructed.





3). In the case of obstruction, a reservoir may permit determination of site of obstruction.






a). If the chamber cannot be emptied, the obstruction is probably in the distal limb.






b). If the chamber can be emptied but doesn't refill, the proximal limb is obstructed.





4). Reservoir permits tap to sample CSF for possible infection.


D. Complications of shunts and their prehospital management



1. Shunt obstruction




a. Signs/symptoms





1). Severity of symptoms and rapidity of onset depend on:






a). Completeness of obstruction (e.g., a complete obstruction of an essential shunt will 







produce symptoms rapidly)






b). Degree of shunt dependence (e.g., a child who has some normal CSF circulation will 







tolerate shunt obstruction longer than one who has no normal CSF flow)






c). Degree to which other compensation for increased ICP is possible (e.g., a child 







whose sutures have not fused or who has had part of his cranium removed 







surgically has more room for CNS expansion than one with an intact skull)





2). Swelling or fluid may be seen along the shunt track if the obstruction is distal.





3). Signs of increased intracranial pressure (ICP) are the most important






a). Early







(1). Headache







(2). Irritability/restlessness







(3). Drowsiness or decreased activity







(4). Anorexia






b). Late







(1). Vomiting







(2). Severe headache







(3). Blurred or double vision (if child is still able to report same)







(4). Eye signs: unequal pupils, loss of lateral eye movement, "sunsetting" (downward gaze)







(5). Stiff neck







(6). Seizures







(7). Bulging over any cranial defects






a). Premorbid







(1). Decreased or absent respirations







(2). Decreased pulse/increased blood pressure







(3). Coma







(4). Posturing




b. Therapy of shunt obstruction





1). In the subacute presentation, medical attention should be arranged rapidly.






a). Neurosurgical attention should be sought within several hours; if the child is in fact 







ill enough for EMS to have been called, immediate CT scanning and notification of 







his usual surgeon are most advisable.






b). Attempts to pump the shunt may be diagnostically (and therapeutically) helpful







in the interim if recommended by child's neurosurgeon.





2). In the acute situation, resuscitation must be undertaken.






a). Airway may require suctioning in the child with vomiting and decreased LOC.






b). Adequate ventilation is essential; mild hyperventilation is better for ICP control.







(1). Commence with BVM and use the Sellick maneuver to minimize vomiting.







(2). Decision regarding intubation should be based on:








(a). Ability (or inability) to ventilate with BVM








(b). Likely interval before transfer to OR can be arranged








(c). Availability of individual comfortable using optimal medications for 









minimizing the ICP surge associated with laryngoscopy 






c). Support cardiac output as necessary (child may be bradycardic or he may be 







hypovolemic due to emesis).






d). Measures aimed at ICP control should be undertaken pending transfer to the OR. These 







include head elevation, midline head position, avoidance of jugular compression, and 







sedation/analgesia. One additional, unique means of lowering ICP in a child with a 







partly-obstructed shunt is to pump it therapeutically (this depends on the type of shunt).






e). Arrange rapid transfer to a location where emergent shunt revision can be undertaken. 







(Ideally, this should be the hospital where the child receives his usual care, since previous 







CTs will be available there and since the neurosurgeon has privileges at that facility). 



2. Shunt infection




a. Signs/symptoms





1). Fever





2). Other general symptoms of infection (muscle aches, chills, sweats)





3). Redness/heat along the shunt track





4). All of the symptoms of increased ICP if the infection results in shunt obstruction (as is common).




b. Therapy





1). Take symptoms seriously in a child with a shunt: fever and vomiting might be just 






the flu in another child, but the possibility of shunt infection must not be ignored in 






a child with shunted hydrocephalus.




2). Treat symptoms of obstruction as outlined above.





3). Arrange medical attention expeditiously for a child with an apparent shunt infection 






(this is especially important if the child has an atrial shunt).



3. Other complications




a. Separation of shunt tubing or traumatic damage to shunt




b. Ascites/peritonitis due to VP shunt




c. Peculiar complications of VA shunts





a. Intravascular clotting (superior vena cava or right atrial thrombosis)





b. Pulmonary emboli





c. Endocarditis/sepsis





d. Dysrhythmias





e. Perforation of the vessel wall

III. Gastrostomies


A. A gastrostomy device is placed through the abdominal wall so that chronic gastric access is 



available without the discomfort and hazards of OG or NG tube placement. Note that in many 



children, a gastrostomy is a temporary, not a life-long device.


B. Underlying problems for which pediatric gastrostomy may be undertaken:



1. Primary esophageal pathology




a. Congenital atresia of the esophagus




b. Esophageal damage, especially due to caustic aspiration



2. Neurological problems which interfere with normal sucking and swallowing




a. Patients with severe closed head injuries or anoxic CNS damage are likely to have 





gastrostomies placed so that nutrition is optimized during their convalescence.




b. Congenital abnormalities of the CNS may also interfere with normal feeding behavior.



3. Fragile patients in whom the work of eating is too great: these are usually children with severe




lung disease (especially those on chronic ventilation) or heart disease resulting in chronic CHF.


C. Kinds of gastrostomy devices (see Diagram E)



1. A variety of tubes with some sort of device (balloon or basket) to prevent ready removal of the 




tube are used; some of these are designed specifically for gastric use, but on occasion, a simple 




Foley catheter may be substituted.



2. Buttons are cosmetically more appealing and are also less subject to inadvertent removal; a tube 




must be fastened to them for use in instillation of material or aspiration of gastric contents.



3. An indwelling tube is usually kept clamped; many of the newer devices have a valve which is 




designed to prevent escape of gastric contents under normal circumstances. A clamp must be 




opened whereas a valve must be opened or bypassed if gastric emptying is desired.


D. Utility of gastrostomy devices in the resuscitation setting



1. Such devices are most likely to be useful for gastric emptying; evacuation of air will facilitate 




spontaneous respiration or bagging, while removal of food or gastric acid will minimize the risk 




of aspiration, especially if the child requires intubation.




a. The presence of a gastrostomy provides the benefits of an OG tube without the trauma of 





placing it.




b. Caregivers must exercise caution to avoid putting traction on the tube, since it may become 





dislodged inadvertently; reinsertion of a replacement tube may be considered if a new tube





is available and the stoma is mature, but consultation with the child's gastroenterologist 





should be considered.




c. Any clamp must be unclamped and any valve must be opened or bypassed; this may require a 





special connecting tube which the home caregivers should be able to provide.




d. If no air or fluid return is achieved, the tube may be pushed in slightly (if there is no 





resistance) and aspirated again.




e. A tube which appears to be in place but does not function may be flushed gently with a small 





volume of sterile saline to see if it can be unplugged.




f. A tube which cannot be made to function should be left in the site in which it was found; an 





OG tube can be placed if there are no contraindications and the child needs it.




g. Once the stomach is decompressed, the device should usually be kept open during ongoing 





resuscitation.



2. Occasionally useful for gastric administration of drugs 




a. Administration of drugs or fluids via the stomach is usually not appropriate for acute





resuscitation circumstances because most children ill enough to require emergency care 





should have their stomachs kept empty.




b. NPO status is mandatory if child has:





1). Decreased LOC or likelihood of developing decreased LOC and loss of airway 






protective reflexes (e.g., the poisoned child who is expected to lose consciousness) 




2). Respiratory distress 





3). Gastrointestinal contraindication to feeding (e.g., tiny premature with immature GI 






tract or a child with suspected bowel obstruction)





4). Possible need for surgery of any sort 




c. Possible drugs which might be given via a gastrostomy





1). Tylenol or ibuprofen





2). Syrup of ipecac or activated charcoal in the event of ingestion of a drug with no CNS 






depressant effects





3). Glucose in the event of borderline blood sugar without decrease in consciousness (but 






IV administration is preferable).




d. Procedure for instillation of medication or fluid





1). Attach syringe to the tube (and connecting tubing to the button, if there is one).





2). Confirm that the device is in the stomach: aspirate and look for typical gastric 






contents.





3). Flush drugs of small volume through tube with a small amount of air or diluent.





4). Larger volume materials such as formula are best delivered under influence of 






gravity from the barrel of a large syringe with the plunger removed.





5). Do not force passage of material against unusual resistance!





6). Place child on his right side if possible in order to enhance gastric emptying and to 






minimize the possibility of aspiration if reflux should occur.

IV. Long-term central venous catheters


A. Vascular access devices are usually placed on a long-term basis in children whose care requires 



continuous or repetitive intravenous therapy.


B. Common indications for chronic central line placement:



1. Malignancy (especially leukemia) for which long-term chemotherapy is required



2. Need for chronic intravenous nutrition (may result from surgical removal of significant small




bowel resulting in "short gut syndrome", severe malabsorption, or other major GI pathology)



3. Need for chronic analgesia (e. g., sickle cell disease or painful terminal illness)



4. Other (e. g., need for frequent IV anticonvulsant administration in a child with a brittle 




seizure disorder)



5. Note that some children may be sent home with intermediate-term (intended for several 




weeks rather than many months) PICC lines. These are most likely to be placed in children 




who require extended antimicrobial therapy for complicated infections such as osteomyelitis or 




endocarditis.


C. Common catheter types



1. Hickman and Broviac catheters




a. These catheters are supplied with single or double lumens, and their diameter is chosen





based on the size of the child as well as the use for which the catheter was intended.




b. The lumens of these catheters all terminate at the tip of the catheter, i. e., there is not a





side-hole and an end-hole exit as is common with other double-lumen devices.




c. Because the internal exits are wide open at all times, there is risk of air embolus if the





child inhales while the external end of the catheter is inadvertently opened to air. 





There is also likelihood of blood flashback into the catheter which may result in 





clotting if the device is not heparinized.



2. Groshong catheters




a. These devices also are supplied with one or two lumens, but they have a side-hole slit





internal exit instead of an end-hole design.




b. The slit significantly decreases the risk of air embolus, and it also precludes blood 





flashback with clotting; these catheters do not require heparinization.




c. The disadvantage of the slit exit is that these devices do not always permit ready blood





sampling.



3. Portacath devices




a. These devices are completely implanted into the patient. They are accessed through the 





skin (which hurts!) with a special curved needle designed to puncture the implanted





reservoir safely.




b. The advantages of these devices are ease of care (they require heparin instillation about





once a month rather than daily) and that they permit unimpeded bathing and 





participation in water sports once the overlying skin has healed.




c. The disadvantage of a Portacath is that accessing the device is painful (this is the 





reason they are uncommon in children) and occasionally technically difficult.



4. PICC lines (percutaneously-implanted central catheters)




a. PICC lines are supplied in single and double lumen styles, and like Hickmans and 





Broviacs, the specific catheter placed in any child depends on his vessel dimension





as well as the use for which it is required.




b. PICC lines may be antibiotic-impregnated, but they usually are not provided with the "donut" at the 





entrance site which further minimizes the infectious risk of more permanent central lines.




c. Because they are usually inserted via an antecubital vessel, these devices are typically 





longer than the previously-discussed devices. This decreases their risk of air embolus,





but it makes them less likely to be reliable for blood drawing, and it also renders them





somewhat more prone to clotting.


D. Location of chronic catheters



1. Most permanently-placed central lines are inserted into vessels draining into the superior 




vena cava. The catheter is typically inserted via the subclavian, internal jugular, or 




external jugular vein, and the tip is advanced until it is near the junction of the SVC with 




the right atrium. The external portion of the catheter is tunneled under the skin of the 




upper chest for additional security, and it will thus be seen to exit the chest wall 




somewhere over the upper chest.



2. If access to the superior vena cava is not feasible for some reason, then the inferior vena cava 




may be used instead. Under these circumstances, access is gained via the femoral or high 




saphenous vein, and the catheter will be tunneled to an exit site down the thigh or up over 




the lower abdomen.



3. PICC lines are most commonly inserted via an antecubital vessel or occasionally via other




veins. The catheter is not tunneled under the skin but exits at the insertion site in the arm.


E. Families and home caregivers of young children who are discharged with central lines are 



instructed in proper use of the device; older children usually care for their own lines. Providers of 



emergency care can usually expect the parents to be knowledgeable about exactly which device has



been placed, as well as its volume and how to access it. However, needles appropriate for Portacath 



access may not be available in the ED, and families do not have them at home, since Portacaths are



flushed only infrequently.


F. Complications of long-term central lines



1. Infection




a. Currently-used chronic central lines are equipped with features which make them less 





likely to become infected, either via the skin entrance site or with use. However, 





infection is still a significant risk if the devices are used carelessly, especially if the 





patient has underlying immune compromise as a result of malignancy and its treatment. 




The parents of these children, who know how the difficulty with which the catheter 





was placed and how essential it is for their child's care, will often prefer to access the 





line themselves, and the sensitive caregiver will accede to that request.




b. Caregivers should be aware that the development of a fungal infection will require removal 





of the catheter. Exquisite attention to technique should thus be used when entering any 





permanent catheter (and the presence of an adjacent yeast infection merits consideration of





an alternate IV site).



2. Coagulation




a. Permanent lines may become occluded by clot even if properly heparinized, and TPA or





other agents may be required to restore function. Clotting is most likely to occur if the





line is becoming infected.




b. Less commonly, clotting is promoted around the catheter, which may result in significant 





obstruction of the SVC or at least the vessel in which the device was placed. Embolic 





complications are also possible though not common.




c. Lines which require heparinization must be heparinized after use. Rescuers who do not





carry heparin should always assure that the child's usual caregivers flush the line





with their own heparin after use.



3. Inadvertent removal or rupture




a. Permanently-implanted catheters are usually well-seated once the skin has healed 





around the entrance site; in fact, minor surgery is often required for removal of a





long-standing line. (Portacaths, are, of course, completely protected from inadvertent





removal). In addition, when not in use, central catheters are often kept covered under 





dressings, which makes their removal more unlikely. However, any tape covering the





free end of the catheter must be removed for line access, and a relatively recently-





placed line may be unintentionally withdrawn if undue force is applied during use.




b. PICC lines are not permanently placed, and they can be pulled back with relative ease





if caution is not used while they are accessed.




c. Most central lines are relatively pliable, and they will stretch if tugged or if large 





volumes are infused under pressure. Nonetheless, any of them (particularly the smaller





catheters) are prone to rupture or even breaking off if unacceptable force is applied 





during infusion or if they are forcefully tugged.



4. Bleeding or air embolus




a. Either of these is possible if the catheter is unclamped and the cover of the external end





is removed; this should never be done. What actually occurs in any given patient 





depends on whether he happens to inhale and how high his central venous pressure is





in addition to the type and dimensions of the catheter. (A long, narrow catheter is 





unlikely to permit ready entrance of air or rapid bleeding, but a large-diameter short 





Hickman or Broviac catheter can be dangerous if opened. Groshong catheters are





somewhat safer, as noted above).




b. Caregivers must always use precautions, and it is advisable to enlist the assistance of the





patient's usual caregivers for line access. This is especially beneficial if the catheter 





has been equipped for needle-less access and the ED staff are not in possession of the





correct devices for access.



5. Dysrhythmias




a. Correct placement of the line tip should avoid risk of dysrhythmias.




b. Nonetheless, on occasion a line whose tip is slightly deep may trigger PVCs or even 





V-tach at some point. Rescuers should be aware of this possibility if they note unusual





rhythms in a child who has a central line in place.


G. Emergent use of Hickman, Broviac, or Groshong catheters



1. Children who have Hickman, Broviac, Groshong or PICC catheters may have the line used 




for any purpose its dimensions will permit. That is, a very long, narrow catheter may not 




permit rapid volume infusion or easy blood drawing, but it may well be useful for 




administration of glucose, anticonvulsants, or other medications. A large catheter will, of 




course, be useful for a much broader variety of purposes.



2. Portacath devices require special technique for access and should ideally be entered with 




specially-designed needles. Experienced caregivers may nonetheless consider using them in 




emergency circumstances.



3. Other special devices such as shunts used for dialysis should rarely (if ever) be used for 




vascular access. 



4. Rescuers who use a child's central line must be exquisitely careful about technique:




a. Sterile precautions are essential; recall that many of the children who have these lines





have negligible immune defenses. Betadine should always be used, and extreme care





must be exercised to avoid inadvertent contamination of the catheter hub or the device





which will penetrate it.




b. The catheter hub should be accessed by a device for which it was designed. If the ED staff





do not have needle-less access tips (or very small needles in the event of a needle access 





system), the family should be asked to supply the child's own.




c. The catheter hub device should never be removed.



d. Do not pull on the catheter or exert excess force while flushing through it; if high resistance 





is encountered, an alternate access route should be used.




e. Do not remove the dressing which covers the catheter's entrance site into the skin; accessing 





the catheter will require only that the hub end be freed of tape for use, and removal of the 





entire dressing makes inadvertent dislodgment or contamination much more likely.




f. Devices which require heparinization should be flushed with heparin following use. The 





family should be able to advise rescuers of the concentration heparin they use and the 





volume to instill.
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