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Introduction: 

Tracheotomy is a serious procedure in infants and children. It is well established that the morbidity and mortality rate of tracheotomy in the pediatric population is twice that of adults. This presentation serves to provide an overview of the current technique and management of pediatric tracheotomies. 

Brief History: 

The first tracheotomy was performed in Rome in second century B.C. Antyllus, in second century A.D., further refined the technique by suggesting that the trachea be divided at the third and fourth tracheal rings using a transverse incision. In 1620, Habicot performed the first pediatric tracheotomy. The procedure was performed on a sixteen year old boy who had swallowed a bag of gold in an attempt to keep the gold from being stolen. The bag became lodged in the boy's esophagus and obstructed his trachea. After Habicot performed the tracheotomy, he manipulated the bag of gold so that it would pass. It was eventually recovered per rectum. In 1825, Bretonneu reported a successful tracheotomy on a five year old girl with diphtheria. Afterwards, Trousseau reported performing tracheotomies on over 200 children with diphtheria. He also stressed the importance of post-operative care. Throughout the 1800's, tracheotomies became increasingly popular but the mortality and morbidity of the procedure remained high. In the early 1900's, Chevalier Jackson standardized the procedure and demonstrated that the mortality rate was significantly reduced if the procedure was performed properly and careful attention was paid to post-operative care.(1) 

Indications: 

Not until the 1900's was tracheotomy performed for any other reason than upper airway obstruction. Today, there are three basic indications for a tracheotomy in a pediatric patient: 1) upper airway obstruction 2) assisted ventilation 3) pulmonary toilet. 

Controversy persists on whether to perform a tracheotomy or endotracheal intubation and when the intervention should take place. A number of factors must be considered. These include the predicted course of the patient's illness, the skill of the physician performing the procedure, and the personnel and equipment available. With the pediatric patient, an additional factor to consider is concerned and frightened parents. 

Obviously, each case must be individualized. Some guidelines to the decision making process includes general factors such as those suggested by Stool and Eavey(1); tissue, time and team. Tissue refers to the age of the patient and etiology of the disease process. Younger children have smaller airways, therefore less edema is required to lead to obstruction. In addition, younger children tire more easily than older children or adults. Time refers to the course of the disease process. Does it appear or is it known to be rapidly or slowly progressive? The time factor also includes the condition of the child at presentation. If the child is stuporous, retracting and cyanotic then the decision to intervene is obvious. The team factor refers to the experience of the physician and personnel available to carry out the procedure. Douglas et al(2) developed a mnemonic TRACHS to help with the decision making process (see below). The goal is an orderly, well-timed procedure with an experienced surgeon and the best personnel and equipment possible. 

Pediatric Tracheotomy Tubes: 

Fabricus in 1600 suggested the use of a cannula with tracheotomy. The initial design was short and straight. Martin in 1730 recommended the use of an inner cannula on the tracheotomy tube. 

There are several different types of tracheotomy tubes available. The ideal tube should be soft, pliable, easy to clean and maintain, and available in a variety of sizes and length. The choice of type and size of the tracheotomy tube should be based on the indication for the tracheotomy. If the tracheotomy is performed for upper airway obstruction, the tube should not fill the entire tracheal lumen. If the indication for tracheotomy is assisted ventilation, the tube should fill more of the tracheal lumen to prevent excessive airleak. In smaller children, cuffed tracheotomy tubes are usually not necessary. In older children, a low-pressure cuffed tube may be required to achieve an adequate seal. The choice of tube size should be determined at the time of surgery by visualizing the size of the child's tracheal lumen. There are a few predictors of the appropriate tube size. These include standardized normals based on the child's age, the size of the endotracheal tube if one is already in place, or the size of rigid bronchoscope if one was used to examine the airway. The critical measurement of tracheotomy tube size is the diameter of the tube. The external diameter determines the size that can be inserted but, more importantly, the inner diameter determines the airway size. Mullins et al(3) studied the airway flow characteristics of tracheotomy tubes and their effect on the work of breathing. They used neonatal, pediatric and adult Shiley tracheotomy tubes. 

Mullins' group confirmed previous findings that the work of breathing decreases as the inner diameter of the tube increases. They compared the pediatric tube 00 with the neonatal tube 00. Both tubes have the same inner and outer diameter but they differ in length. The measured resistance of the pediatric tracheotomy tubes were greater than the shorter neonatal tubes since the pressure required to achieve a given flow is directly proportional to length. Mullins' group found that the tube most closely resembling the airway resistance of the neonate was the neonatal 0. In contrast to the Shiley size recommendations chart, Mullins found that in children ages 3-7, the pediatric tube that is best is the pediatric tube 3. For children ages 6-11, the pediatric tube that resembles the airway resistance in this age group is the pediatric 4. The adult size 8 most closely approximated the airway resistance of children eleven and older. 

Fortunately, Shiley has begun to classify the size of their pediatric and neonatal tubes based on the actual inner diameter. In infants and children, the tracheotomy tubes are shaved inferiorly to prevent erosion on the skin below the tracheostomy. 

Anesthesia: 

Communication between the otolaryngologist and anesthesiologist is essential when faced with a child with a compromised airway. It is preferable to perform a tracheotomy with the child under general anesthesia and an endotracheal tube or bronchoscope in place. The procedure usually begins by oxygenating the child in a comfortable position, establishing I.V. access and initiating an anesthetic inhalation agent. The otolaryngologist should be aware at all times what medications the anesthesiologist plans to administer. Muscle relaxants can be used with caution only after it has been established that the child can be ventilated by bag mask. It is essential that the anesthesiologist and otolaryngologist agree on the course of induction. The surgeon should always be prepared to perform rapid rigid bronchoscopy or emergency tracheotomy if direct visualization of the larynx with a laryngoscope is not possible. 

Technique: 

As previously stated, general anesthesia with an endotracheal tube or bronchoscope is preferable. The surgeon should position the child him or herself. The neck is hyperextended by placement of a shoulder roll. It is best if the anesthesiologist holds the child’s chin to stabilize the tissues and to keep the neck hyperextended. In infants, all esophageal tubing (nasogastric tubes and esophageal stethoscopes) should be removed to aid in correct identification of the trachea by palpation. The neck is prepped and draped in the usual fashion but the face should be left uncovered. The thyroid and cricoid cartilages are then identified by palpation. This can be very difficult in a young child because the larynx is soft and located in a more superior position when compared with an adult. Important landmarks such as the thyroid and cricoid cartilages, suprasternal notch and planned skin incision are marked. Local anesthetic (0.5% lidocaine with 1:200,000 epinephrine) is used for local injection at the proposed skin incision. The skin incision is made one fingerbreadth above the suprasternal notch. Either a vertical or horizontal skin incision may be used. The incision is carried through the subcutaneous tissues. The trachea is palpated repeatedly during the procedure. Some say that tracheotomy is as much done by palpation as by visualization. Identify the anterior jugular veins and strap muscles. 

It is usually not necessary to ligate the anterior jugular veins. The fascia of the strap muscles is grasped on each side of the midline with hemostats. The fascia is lifted, divided with scissors in the midline and slightly undermined. The trachea is again palpated to insure its location. Retractors can be used to gently retract the strap muscles laterally. The thyroid gland can be retracted if necessary. Rarely does the thyroid isthmus need to be divided in a child. If this is necessary, the isthmus should be clamped, divided and suture ligated. Once the trachea is visualized, stay sutures (4.0 Neurolen) are placed bilaterally approximately 2mm from the midline around at least two tracheal rings. This allows the trachea to be delivered into the wound. Hemostasis is then assured. Controversy remains over the type of tracheal incision. The consensus appears to be that a vertical tracheal incision is preferred. The incision is made in the midline of the second, third, and/or fourth tracheal rings. No cartilage should be removed. The tracheotomy tube is inserted after applying anterolateral traction on the stay sutures. The tube is held in place while the shoulder roll is removed. The chest is auscultated for bilateral equal breath sounds. The neck is then slightly flexed and the tracheostomy ties are secured around the neck allowing for one finger to pass underneath the ties. The stay sutures are then secured to the neck with tape printed with "do not remove". A chest x-ray should be obtained post-operatively to insure proper placement of the tracheostomy tube. 

Fry et al(4) compared three standard pediatric tracheotomy incisions: 1) inferiorly based trapdoor 2) vertical slit and 3) horizontal H. Using a young animal model ( 8-9 week old ferret), they evaluated the three groups for tracheal stenosis using endoscopy, radiography, and computer-analyzed airflow studies. On endoscopy, they found fairly predicable patterns of tracheal stenosis with each type. The inferior based flap group left an anterior shelf deformity while both the vertical slit and horizontal H groups created an hourglass pattern with lateral narrowing. Airflow studies revealed no difference in airflow resistance in the vertical slit group as compared with controls. In contrast, the horizontal H and inferior trap door groups both had significant (p < 0.05) increases in airflow resistance as compared with controls. Fry's group concluded that the vertical tracheal incision is the best choice in the pediatric patient. 

Emergency Tracheotomy: 

Again, it is preferable to perform a tracheotomy on an adult or a child in a controlled fashion. This, unfortunately, is not always the case. In a child, it is especially difficult to perform a cricothyrotomy because of the very small size of the membrane and difficulty in palpating the structures. Some authors have suggested using a large-bore needle transtracheally, but this too is very difficult due to the flexibility of the child's larynx and trachea. Basically, in a life-threatening situation, any means of obtaining an airway is better than the consequence of not. 

Postoperative Care: 

The child needs to be monitored in an intensive care setting. A postoperative chest x-ray should be obtained to check tube placement and rule out pneumothorax. Humidified air by collar or ventilator should be provided to prevent excessive dryness and thickness of secretions. Gentle suctioning should be performed every one to two hours the first few days then decreased to as needed. The child may require sedation or restraints to prevent the tracheostomy tube from being accidentally dislodged. The patient can have a diet the following day. Generally, the first tracheostomy tube change is done by the surgeon around postoperative day number five or seven after a good tract has formed. A suction catheter placed through the old tracheostomy tube can be used as a guide for the new tube to be inserted. The stay sutures can also be removed at this time. 

Complications: 

The complication rate of pediatric tracheotomy appears to be around 40 %. Complications include operative and postoperative, both early and late. Operative complications include hemorrhage, air entry, anatomic damage, tracheotomy tube problems, respiratory drive cessation and pulmonary edema. Postoperative difficulties can include hemorrhage, air entry, tracheal lesions, tracheostomy tube problems, infection, swallowing difficulties, and aphonia. 

Wetmore et al(5) review pediatric tracheotomy over a ten year period. They found that accidental decannulation (24%) was the most common early postoperative complication followed by pneumonia (20%), pneumothorax (9%), subcutaneous air (9%) and obstructed tube(7%). As far as late complications, they found that a tracheo-cutaneous fistula was most common (19%) followed by accidental decannulation (18%), tracheal granuloma (14%), stomal granulation (11%), and obstructed tube (10%). 

Operative: 

<> 

This complication may be due to a hereditary coagulation defect or an acquired abnormality from liver disease, sepsis or deficient clotting factors in a neonate. The surgeon should be aware of the potential for vascular anomalies. Most bleeding is due to oozing from capillaries and should respond to electrocautery or cease spontaneously. 

<> 

Air can sometimes dissect between the deep and superficial cervical fascia into the mediastinum. Pneumothorax can occur if the pleura of the lung apex is damaged. Leaving the skin incision open and careful dissection of the pretracheal fascia staying in the midline will help prevent this complication. 

< ANATOMIC> 

Structures in infants and children are quite small and careful attention to dissection is fundamental. Too deep dissection through the posterior tracheal wall can cause injury to the esophagus. Dissection too laterally can injure the recurrent nerves or the carotid. Again, midline dissection can help prevent this complication as well as using a vertical tracheal incision. 

Tracheostomy Tube Problems: 

The tracheostomy tube may be accidentally dislodged or lead to high airway resistance if the chosen tube is too small. Too large a tube can cause damage from excessive pressure to the tracheal walls. Proper choice of the size of the tracheostomy tube will help avoid these complications. Cannulation of a mainstem bronchus or creation of a false passage may also occur. 

Respiratory Arrest: 

This phenomenon has been attributed to loss of ventilatory drive due to rapid change in CO2 tension leading to arrhythmias and hypotension. 

Pulmonary Edema: 

Thought to be due to rapid influx of fluid across the alveolar wall because of the sudden change in airway pressure following tracheotomy. 

Postoperative Complications: 

<> 

Bleeding from a tracheotomy, especially in the late postoperative period, may herald a serious complication. Tracheal wall erosion can occur from pressure from the tracheostomy tube on the anterior trachea. The innominate artery crosses anterior to the trachea at the superior thoracic inlet. Erosion into this vessel can lead to massive hemorrhage. Direct visualization of the trachea is necessary to rule out this potentially fatal complication. Fortunately, most bleeding postoperatively is secondary to inflammation from excessive drying and suctioning. 

< AIR> 

Pneumothorax can be caused by high ventilator pressures or aggressive bagging. 

<> 

Many factors can contribute to damage to the trachea after tracheotomy. This damage can range from tracheal stenosis to granuloma formation. Most authors agree that proper care of the tracheostomy and choosing the appropriate size tracheostomy tube can greatly diminish this complication. Subglottic stenosis can be prevented by avoiding a high tracheotomy. Tracheal granulomas usually occur at the superior lip of the tracheostomy site. They can be treated with observation if small but if large they may need to be removed surgically to avoid stomal obstruction during tube change. 

Tracheostomy Tube Problems: 

Tracheostomy tube occlusion by crusts and mucous plugs is a common early complication. This can be prevented by humidification and adequate suctioning. 

Infection: 

Tracheitis and stomal infections can occur and usually respond to local care, humidified air and suctioning. Cultures can be done if symptoms persist. Pseudomonas and staphylococcus organisms are commonly seen. 

Deglutition Difficulties: 

As with adults, a tracheotomy tube can interfere with swallowing by inhibiting laryngeal elevation and compressing the esophagus. 

Cosmesis: 

Scarring develops whether a horizontal incision or vertical incision is used. A persistent tracheocutaneous fistula can develop and is dependent on the duration of the tracheostomy. It is recommended that if a tracheocutaneous fistula persists for greater than 6-12 months, the entire tract be excised and a multilayered closure be performed. A drain should be inserted to prevent air tracking. 

Aphonia: 

The inability to communicate immediately after a tracheotomy is a very frightening thing for a child. Parents and nursing staff should be alert to the child's inability to clearly communicate distress. If a long term tracheotomy is planned, speech development must be addressed. If the child is decannulated prior to one year of age (pre-lingually) or the child can phonate around the tube, speech development is usually not a problem. If a child is speaking prior to tracheotomy, he or she is at risk for significant expressive delay and the assistance of a speech therapist is essential. The therapist will be able to help develop oromotor skills, maximize receptive language, and encourage non-vocal behavior. 

Decannulation: 

Decannulation of a patient with a tracheotomy is primarily dependent on the original indication for the procedure. Once the underlying pathologic condition has improved and the tracheostomy if felt to be no longer necessary, steps toward decannulation can be initiated. Mallory et al(6) studied whether tidal flow measurements would be a helpful predictor of successful decannulation in the pediatric patient. His group studied forty four children with tracheotomies who were being considered for decannulation. All of the children underwent pulmonary function testing prior to endoscopy. Their maximal inspiratory flow through the mouth (MIFm) and maximum inspiratory flow through the tracheostomy cannula (MIFt) and their ratio (MIFm/MIFt) were measured. A ratio of MIFm to MIFt in liters per second greater than or equal to one was considered favorable for decannulation. Mallory found the predictability ratio of MIFm/MIFt for successful decannulation to be 76% and a false negative ratio of 24% (deemed unfavorable for decannulation but decannulation successful). Endoscopy had a predictability ratio of 84%. Mallory concluded that, although endoscopy remains the most sensitive indicator of successful decannulation, Pulmonary function testing is non-invasive and can be done on an outpatient basis. He developed a decannulation algorithm with PF testing as an adjunct in the decision making process. 

Prior to decannulation, the airway should be studied endoscopically to assess the original pathologic condition as well as look for possible new problems caused by the tracheostomy. Any tracheal or stomal granulomas should be excised. Vocal cord motion should be assessed. 

Sasaki et al(7) studied decannulation failures and found that 25% were caused by temporary abductor failure. The pathophysiology behind this appears to be an abrupt increase in dead space and airway resistance upon removal of the tracheostomy tube. Gradually decreasing the size of the tracheostomy tube seems to allow for return of abductor movement. 

A trial of tracheostomy tube plugging should be performed prior to decannulation. The tube should only be plugged during the day when an adult is present if the child is not hospitalized. Just prior to decannulation, an overnight admission to a monitored hospital bed is required for night time plugging. After decannulation, a light pressure dressing should be applied. Once decannulated, the child should continue to be monitored for 24-48 hours in the hospital. 

Home Care: 

Not all patients can be decannulated and require their tracheostomies long-term. The majority of these patients can receive care of their tracheostomies at home. The families are usually frightened and apprehensive about taking their child home and assuming care for them. Therefore, parent and family education and discharge planning is critical. This requires considerable coordination and communication between the family and a number of health care workers. 

Prior to discharging a child home with a tracheostomy, the parents have to demonstrate proficiency in the use of the equipment needed, nursing care of the tracheostomy, detection of problems and emergency care. They should be taught CPR for a child with a tracheostomy. Ideally, this should occur in the hospital setting with the parents assuming total care of the child for a couple of days prior to discharge. Videotapes are available for viewing as well as trachestomy manuals for use as a quick reference. A responsible adult must be with the child at all times. It is a good idea to arrange for home health to evaluate the home and make sure all equipment is functional. It is important to notify the electric and telephone companies that a child with a tracheostomy lives in the home and service cannot be interrupted for any reason. The EMS service should also be informed. The child should be followed up by a tracheostomy team if available as well as their primary pediatrician. 

Comments by Dr. Deskin: 

Emergency tracheotomies should be a rare occasion in a child. If the timing and the pre-operative planning is done well, the tracheotomy should be able to be done under a controlled situation with an endotracheal tube or bronchoscope in place. If not and an emergency situation arises an attempt to intubate even over a fiberoptic scope or through an anterior commissure scope technique should be tried. In the event a emergency tracheotomy is carried out a reassessment of the airway by endoscopy should be carried out immediately and the tracheotomy revised at the normal position as soon as possible. 

In regard to tube sizing, the new Shiley tubes now are named by number corresponding to the inner diameter. Bivona tubes also have a good numbering system. 

All the caretakers of a child should be aware of the indication for the tracheotomy and whether the airway is patent or obstructed. Also resuscitation plans should be known by all caretakers including hospital personnel when the child is in the hospital which would help in resuscitation should the tube become obstructed or accidentally displaced without the ability to replace the tube. For instance, bag and mask or intubation from above would be possible in some airways and in other obstructed airways immediate replacement of the tube through the stoma would be required. 
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Parenting Challenges
No job is more challenging or more rewarding than parenthood. The challenges and often the rewards too are even greater when your child has special needs. 

Some Problems You May Face When Your Child Has a Trach and/or Other Medical and Long-Term Issues
	
	Feeling a multitude of uncomfortable emotions such as helplessness, anger, fear, guilt, depression, confusion, sadness, jealousy and shame. These are all normal reactions to the loss of a “normal” child. Some may last a few weeks, while others can linger for years. All parents go through a grieving process when they learn their child needs a tracheostomy. But the process itself is very individualized.
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	Overall increased STRESS 
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	Difficulty learning to care for your child and feelings of inadequacy
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	Financial burdens
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	Problems and red tape with insurance companies, equipment vendors, medical staff, nursing agencies, government agencies and community organizations.
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	Home accessibility problems and limited space for equipment and supplies
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	Marital problems
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	Sibling anger, jealousy and resentment
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	Danger of over-protecting the child with a trach
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	Your child may be teased or feel different because of the trach
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	Loss of privacy
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	Loss of sleep
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	Social isolation
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	Overwhelming number of doctor's appointments, therapies and surgeries
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	Problems obtaining services through special education 

	[image: image15.png]



	Family and friends may not understand how much extra work, time and stress is involved in raising a child with a trach.
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	Job issues: needing more time off and flexibility
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	Discrimination toward people with disabilities



Some Suggested Techniques to Help Minimize These Problems
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	When your child has a new trach, spend time caring for your child in the hospital before discharge, so that you will be more comfortable with homecare.
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	Train other family members or friends to care for your child in case of an emergency or if you need a babysitter.
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	Take care of yourself and arrange regular breaks (respite). Your rest is very important. Your child may suffer if you are overwhelmed with stress and responsibility. 
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National Respite Locator Service
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	Take time for hobbies.
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	Network and talk to other parents dealing with similar issues. 
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Trach-ties
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	Get on-line access, if possible, for research, information and networking. 
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Tracheostomy Resources
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	Join a local support group.
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	Choose your battles wisely and prioritize. This is especially true when dealing with special education problems.
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	Understand that your child has a legal right to an appropriate public education. In order for your child to be safe at school, he/she must have a person trained in tracheostomy care (preferably an RN or LPN) with him/her at all times. Work with your school to assure that your child is safe at school and during transport.
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	Bring someone with you to take notes at Individual Education Plan (IEP) meetings. If this is not possible, ask if you can tape record the meeting (this may be uncomfortable for some). 
[image: image31.png]



Special Education Resources on the Internet
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	Allow and encourage siblings to express their feelings. 
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The Sibling Support Project
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	Treat your child as normally as possible. Set limits and discipline your child as you would if the child did not have a trach.
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	When in doubt or for any major medical procedure, get a second opinion.

	[image: image36.png]



	Do your own homework regarding your child’s condition. Do not assume that the medical professionals know what is best for your child or that they have all the answers.
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	You are the most important person in your child’s life, and you are an equal part of your child’s medical team. Be your child’s advocate.
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	Find a pediatrician experienced with children with special needs who will work with you in coordinating your child’s care and other medical specialists.
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	You have the right to approve or disapprove of a nurse or nursing agency. Having nurses in your home is a difficult adjustment, try to have reasonable expectations.
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	There is a huge discrepancy in the amount of skilled nursing care that a child with a tracheostomy should receive. In the U.S., children with tracheostomies average 8 hours per day of home nursing. This amount increases to 16 hours if the child is also on a ventilator. These are very general guidelines and vary depending on the individual child‘s needs. Some families would rather not have nurses in their home; others cannot manage without home nursing. The important issue is safety. If you feel that you cannot safely care for your child 24 hours a day, then it is reasonable to insist on home nursing for a child with a tracheostomy.
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	SPEAK UP: do not be afraid or embarrassed about asking questions or asking for help.
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	There is nothing wrong with asking for help. To quote parent of a child with a trach, “Children with special needs have parents with special needs.”
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	Keep organized with a “Things-To-Do” list.
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	Keep an updated calendar for appointments, doctors appointments, therapies, start dates of medications, when to order supplies, etc.
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	Make a checklist of critical items to take with you when traveling away from home.
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	Do a weekly inventory and keep back-up supplies to avoid running short of equipment.
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	Call government agencies such as the Department of Public Health and the Department of Public Welfare to find out what programs are available in your state. 
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SSI
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Medicaid
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Medicaid Waiver Programs
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	Contact local charitable organizations such as Lions, Knights of Columbus, Kiwanis, and Church groups for help with items not covered by insurance (such as ramps, lifts and other home adaptations).
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	Contact groups such as United Cerebral Palsy Association, Easter Seals, and the March of Dimes for special programs that might benefit your child.
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	Take advantage of opportunities to educate the public about the value of children with special needs to help lessen ignorance and discrimination.
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	Communicate with your spouse, listen to each other and make a date with your spouse!
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	Plan special activities and private times with siblings.
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	Keep a sense of humor:-)
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	Seek outside professional help if needed for emotional support.



Essays
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	Aaron Needs a Tracheostomy by Richard and Cynthia Bissell
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	The Night Shift by Richard Bissell
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	"Welcome to Holland" by Emily Pearl Kingsley
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	Letter to Trisha from Trisha's Grandma
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	The Night that Changed Our Lives by Deb, Connor's mom
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Chapter 6. Management of Pediatric Patients Requiring Long-term Ventilation

Successful management of the ventilator-assisted pediatric patient requires close persistent attention to the changing anatomy and physiology of the developing respiratory system. In most adolescents, respiratory system function is similar to that of adults, but in normal infants and young children, the respiratory system is immature, unstable, and subject to dysfunction as well as constant changes through growth and development.122-125 Because of pulmonary and chest wall mechanics, respiratory load is increased; there are fewer alveoli and therefore less surface area available for gas exchange and less elastic support for intrapulmonary structures. This predisposes the infant to manifest lung disease such as atelectasis, airway obstruction, increased pulmonary vascular resistance, and pulmonary edema due to developmental immaturity of pulmonary mechanics. Less ventilatory muscle strength and endurance increase the infant's susceptibility to fatigue.124,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF125" 125 In addition, neurologic control of breathing in the infant is an intrinsically unstable system, which predisposes to apnea and hypoventilation.122 As the child grows, the balance between these factors is continually changing. Further, infants and young children are also subject to external factors that influence the function of the respiratory system, such as frequent respiratory tract infections in early childhood.126-129 

The ability to sustain spontaneous ventilation can be viewed as a balance between neurologic mechanisms controlling ventilation together with ventilatory muscle power on one side, and the respiratory load, determined by lung and airway mechanics, on the other.130,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF131" 131 Significant dysfunction of any of these three components of the respiratory system may impair the ability to breathe spontaneously.128,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF132" 132 In normal children, central respiratory drive and ventilatory muscle power exceed the respiratory load, and they are thus able to sustain adequate spontaneous ventilation. However, if the respiratory load is too high and/or ventilatory muscle power or central respiratory drive is too low, ventilation may be inadequate, resulting in respiratory failure. If the abnormalities cannot be corrected, the child will require long-term ventilatory support. Chronic ventilatory failure, then, is the result of an uncorrectable imbalance in the respiratory system, in which ventilatory muscle power and central respiratory drive are inadequate to overcome the respiratory load. 

Once the decision has been made to institute long-term mechanical ventilation in an infant or child with a stable or progressive disorder of the respiratory system, caregivers should consider the adverse impact of a long-term ICU confinement on the life of the child and family. For some children requiring prolonged hospitalization, mechanical ventilation may be performed in a non-ICU setting where psychosocial development and quality of life can be improved. Long-term ventilatory support in the home (or in an alternative home-like setting) is, for many patients, a safe and relatively inexpensive alternative that optimizes overall health, rehabilitative potential, psychosocial development, and family well-being.2 

This chapter focuses on ventilator management of infants and children, and of those adolescents for whom pediatric considerations are more applicable because of immaturity. The first section examines the diagnoses requiring ventilator assistance for children and infants. The following sections focus on special considerations for children and infants concerning criteria for discharge to non-ICU facilities, sites for care, ventilation techniques, and ventilation equipment and use. 

Pathophysiologic Considerations 
Infants and children may require long-term ventilatory support due to three categories of respiratory system dysfunction: increased respiratory load (due to intrinsic cardiopulmonary disorders or skeletal deformities), ventilatory muscle weakness (due to neuromuscular diseases or spinal cord injury), or failure of neurologic control of ventilation (central hypoventilation syndrome).127-129 Those children who have stable disorders may qualify for care beyond the ICU.2 Diagnoses for which long-term ventilatory support outside the ICU might be applicable for infants and children are shown in Table 2. 

Increased Respiratory Load (Cardiopulmonary Disorders or Skeletal Deformities) 
The criteria for chronic respiratory insufficiency due to primary cardiopulmonary disorders in infants and children are listed in Table 7. These criteria require therapeutic intervention to resolve the condition. If medical treatment is unsuccessful, mechanically assisted ventilation must be considered and should be instituted in many children. The criteria vary somewhat depending on the specific patient, age, and diagnosis. 

	

Table 7—Criteria for Chronic Respiratory Failure due to Cardiopulmonary Disorders in Infants and Children 



	Clinical criteria 

	    · Decreased inspiratory breath sounds 

	    · Increased retractions, use of accessory muscles 

	    · Cyanosis breathing room air 

	    · Decreased level of normal activity/function 

	    · Poor weight gain (mass) (IMPORTANT) 

	Physiologic criteria 

	    · PaCO2 >45 mm Hg 

	    · PaO2 <65 mm Hg 

	    · Oxygen saturation <95% breathing room air

	



It is important to remember that the chronic pulmonary diseases that appear severe in infancy may improve with age.133,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF134" 134 Normal growth results in an increase in the normal to abnormal ratio of the lungs, often translating into improved physiology. Thus, many infants and young children with pulmonary disease who require mechanical ventilation will improve.126,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF133" 133,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF134" 134 This justifies prolonged mechanical ventilation due to the potential for growth and development of the lungs. With mechanical ventilation, such infants will be chronically stable, and lung growth will permit eventual withdrawal from mechanical ventilation, whereas without mechanical ventilation, they will be unstable, have frequent acute decompensation (including lung damage), and fail to thrive. This is an important difference between children with chronic lung disease and most adult patients with COPD. 

Bronchopulmonary Dysplasia: The chronic lung disease that has most frequently been treated with prolonged mechanical ventilation in infants and children is bronchopulmonary dysplasia (BPD).135,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF136" 136 BPD represents sequelae of neonatal lung injury and is usually diagnosed in an infant who had bona fide requirements for mechanical assisted ventilation or supplemental oxygen during the first month of life, and who has clinical pulmonary disease and radiographic changes after such treatment.126 Relatively few of these patients require prolonged ventilatory support, and children with BPD can often be weaned at home,126,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF133" 133,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF134" 134,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF137" 137 but a small number of infants with the severest disease do require long-term support. In general, these patients are in unstable condition, and proper patient selection is important. 

Hypoxia and Hypercapnia: Many children require mechanical ventilation primarily to improve growth impeded by chronic ventilatory insufficiency (hypoxia and hypercapnia). This is a group of patients in unstable condition with an uncertain prognosis, even with mechanical ventilation. However, many have been successfully treated beyond the ICU or at home,135,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF136" 136 and some have been weaned from ventilatory support at home.138 In general, this is a higher-risk group than children requiring mechanical ventilation for neuromuscular diseases.139 

Other Types of COPD: Other types of pediatric COPD have not been treated with long-term mechanical ventilation as frequently as BPD. Some patients with severe pulmonary disease from cystic fibrosis theoretically may require prolonged mechanical ventilation, but these patients are usually young adults by the time this need occurs. However, despite the increasing use of home mechanical ventilation for adults with COPD, its use in cystic fibrosis remains uncommon. Other rare types of pulmonary disease may occasionally require prolonged mechanical ventilation. In children, chronic pulmonary diseases often are accompanied by airway hyperreactivity, which in general must be controlled reasonably well to enable successful home ventilation.126,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF140" 140-142 

Restrictive Parenchymal Lung Diseases: These are often more difficult to manage with long-term mechanical ventilation. However, infants with hypoplastic lungs may be candidates. For some infants, prolonged mechanical ventilation may be used as a bridge to lung transplantation if there is little likelihood of improvement in lung function. In general, these children are poor candidates for home ventilation and have a poor prognosis. As with other groups of patients, there are many reasons for instituting long-term mechanical ventilation. Some patients with poor prognosis for long survival may achieve a better quality of life for the last several months of life, which justifies use of this technique. 

Chest Wall Abnormalities: Severe scoliosis, kyphosis, or thoracic dystrophy are among the chest wall abnormalities that may cause restrictive disease severe enough to require long-term mechanically assisted ventilation. The prognosis for these children is variable and unpredictable. In some children, the chest wall abnormality will cause progressive restrictive pulmonary disease, ultimately resulting in death even with mechanical ventilation. Other children appear to improve clinically, even in the absence of changes in the chest wall anomaly. Some patients have even been weaned from mechanically assisted ventilation. 

	Recommendation: Caregivers should take into account the effect of lung and chest wall growth and development as a rationale for long-term mechanical ventilation and how the site of delivery will affect growth and development. 


Ventilatory Muscle Weakness (Neuromuscular Diseases or Spinal Cord Injuries) 
Ventilatory muscle weakness results in inspiratory muscle weakness, causing inability to inspire fully, resulting in atelectasis; expiratory muscle weakness, causing inability to cough, predisposing to pulmonary infection; and hypoventilation, resulting in inadequate gas exchange. The clinical and physiologic criteria for chronic respiratory insufficiency due to CNS, neuromuscular, and/or skeletal conditions in infants and children are listed in Table 8. 

	

Table 8—Criteria for Chronic Respiratory Insufficiency due to CNS, Neuromuscular, and Skeletal Conditions in Infants and Children 



	Clinical criteria 

	    · Weak cough 

	    · Retained airway secretions 

	    · Increased use of accessory muscles 

	    · Incompetent swallowing 

	    · Weak or absent gag reflex 

	    · Decreased level of normal activity/function (IMPORTANT) 

	Physiologic criteria 

	    · Vital capacity <15 mL/kg 

	    · Inspiratory force <20 cm H2O 

	    · PaCO2 >40 mm Hg 

	    · PaO2 <70 mm Hg 

	    · Oxygen saturation <97% breathing room air

	



These criteria require therapeutic intervention to resolve the condition. If medical treatment is unsuccessful, mechanically assisted ventilation must be considered and should be instituted in many children because it often decreases weakness and improves spontaneous ventilation in a variety of conditions associated with ventilatory muscle weakness (metabolic, neurologic, muscular, and structural). With prolonged mechanical ventilation, these conditions can improve due to growth and development of the lung parenchyma and chest wall (including increased muscle strength) and/or slowing of progression (eg, the positive effect on progressive thoracic deformity and delay of chest wall deformity in Duchenne muscular dystrophy,143 and the elimination of cor pulmonale). Mechanical ventilation also often causes clinical improvement, and the use of nocturnal mechanical ventilation commonly improves the patient's ability to sustain adequate ventilation during wakefulness. However, in a large, randomized French study that investigated the outcomes of early use of mechanical ventilation in patients with Duchenne muscular dystrophy but without hypercapnia,144 the use of nasal PPV did not delay the onset of hypercapnia or alter the decline in FVC. 

Ventilatory muscle weakness, dysfunction, or paralysis can occur because of neuromuscular disease (motor neuron disease, primary myopathies affecting the diaphragm and ventilatory muscles), or as a result of spinal cord injury. Note that because children with ventilatory muscle weakness often do not have severe intrinsic or parenchymal lung disease, they are good candidates for home mechanical ventilation.2,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF129" 129,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF145" 145 

Motor Neuron Disease: Motor neuropathies affect the phrenic nerve, resulting in diaphragm weakness or paralysis.146-150 Newborn infants may experience unilateral or bilateral diaphragm paralysis from birth injury129 due to stretching of the phrenic nerve, although phrenic nerve function will often return after several months. Diaphragm plication may help to wean an infant before phrenic nerve function returns, however, and does not hinder subsequent phrenic nerve function when the nerve heals.129,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF151" 151 

Spinal muscular atrophy is a common motor neuropathy causing chronic respiratory failure.152 The onset may be during infancy or adolescence. Ventilatory failure will eventually occur in most patients. For these patients, home mechanical ventilation both counteracts hypoventilation and is associated with prolonged life and improved quality of life.152 

Static motor neuropathies can also cause chronic respiratory failure. Even though the neurologic lesion does not progress, children will often become ventilator dependent at or near the pubertal growth spurt.127,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF137" 137 This occurs because the ventilatory muscles do not increase in strength while increased body mass places an increased functional demand on these muscles.122,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF131" 131 

Primary Myopathies Affecting the Diaphragm and Ventilatory Muscles Directly: Although the phrenic nerves may be normal, stimulation of weakened muscle does not produce a normal contraction. Poliomyelitis, now uncommonly seen in children, is a primary motor neuropathy. Duchenne muscular dystrophy, today the most common myopathy producing respiratory failure,146-149 is another progressive disorder, with ventilatory failure eventually occurring in all patients. Home mechanical ventilation counteracts the hypoventilation and can improve the length and quality of life. 

Congenital myopathies are often static. However, the conditions of children will deteriorate functionally with growth because weakened muscles are unable to cope with increasing body mass. Typically, during the pubertal growth spurt, children become nonambulatory and ventilator dependent. 

Nemaline myopathy is a group of myopathies with variable prognoses. Some are static, some improve, and some are progressive. 

Spinal Cord Injury: High spinal cord injury (above C-3) causes diaphragm paralysis. Bilateral diaphragm paralysis virtually always results in respiratory failure in infants and young children, and unilateral diaphragm paralysis frequently results in respiratory failure.129 This is especially true if there is paradoxic motion of the paralyzed diaphragm (pendelluft motion). In this case, during inspiration, the functional hemidiaphragm generates a negative intrathoracic pressure, which draws the paralyzed diaphragm upward into the thorax. During exhalation, the relatively positive intrathoracic pressure pushes the paralyzed hemidiaphragm down while the functional hemidiaphragm rises. Thus air is moved back and forth from one lung to the other without introducing much fresh air into the lungs. In some infants, surgical stabilization, or plication, of the paralyzed hemidiaphragm may result in enough improvement to allow weaning from mechanical ventilation.129,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF151" 151 Trauma that causes permanent spinal cord injury above C-3 will result in permanent ventilator dependence. 

Failure of Neurologic Control of Ventilation (Central Hypoventilation Syndrome) 
Disorders of neurologic control of breathing that are severe enough to cause chronic respiratory failure are uncommon to rare.128 The clinical and physiologic criteria for chronic respiratory insufficiency due to CNS, neuromuscular, and/or skeletal conditions in infants and children are listed in Table 8. These criteria require therapeutic intervention to resolve the condition. If medical treatment is unsuccessful, mechanically assisted ventilation should be considered. 

Congenital Central Hypoventilation Syndrome (Ondine's Curse): This disorder has an unknown cause and is characterized by failure of automatic control of breathing.127,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF153" 153-165 Hypoxia and hypoventilation are worse during sleep than in wakefulness.145,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF166" 166 Some children can sustain adequate ventilation during wakefulness but require assisted ventilation during sleep155,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF160" 160,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF167" 167 while others require full-time ventilatory support.167,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF168" 168 Pharmacologic respiratory stimulants do not improve breathing in these patients.169,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF170" 170 This is a lifelong disorder that does not improve with age.161 

Acquired Central Hypoventilation Syndrome: Children quite rarely develop acquired forms of central hypoventilation syndrome as the result of brainstem trauma, tumors, hemorrhage, surgery, radiation, or cerebrovascular accidents. These have a clinical and physiologic picture like that of congenital central hypoventilation syndrome (CCHS).171 

Myelomeningocele: Children with myelomeningocele usually have the Arnold-Chiari type II malformation of the brainstem,132,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF133" 133,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF172" 172 which is a defect of fusion of the occiput and atlas (a funnel-shaped posterior fossa), as well as hydrocephalus and herniation of the medulla and cerebellum through the foramen magnum. This results in compromised neurologic control of breathing in all patients.133 It could be predicted that the higher the spina bifida lesion, the worse the ventilatory muscle weakness component; but although this may be true as a general statement, studies have not correlated all disturbances in ventilation with the level of the lesion.132,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF133" 133 However, a small number of myelomeningocele patients are severely affected and require long-term mechanical ventilation.128 These patients should be assessed carefully for candidacy for home mechanical ventilation; they often have severe neurologic damage that ultimately causes death despite mechanical ventilation. 

Developmental Disorders of Neurologic Control of Breathing: These disorders, which include apnea of prematurity, generally resolve with age, and patients with such disorders are not candidates for home mechanical ventilation. 

	Recommendation: The primary pathophysiology, anticipated complications, and expected clinical course due to specific pathophysiology should be used to guide the institution and application of long-term mechanical ventilation in pediatric patients. 


Criteria for Discharge to Non-ICU Facilities 
Children with chronic respiratory failure and relatively stable ventilator settings, either part-time or full-time dependent, are candidates for long-term ventilatory support outside the ICU, including the home.2 With proper patient selection, home care is safe and optimizes the patient's quality of life, rehabilitative potential, and reintegration with the family. As in adults (see chapter 2 and Tables 2 and 3), stability of the respiratory system, ventilatory requirements, and other medical conditions must be considered. This section highlights issues unique to children. 

Respiratory System Stability 
The pulmonary component of the disorder is usually the most likely to provide instability. In children, the variability of the pulmonary component is often the result of bronchospasm, but may also be due to fluctuations in pulmonary compliance from lung water changes (edema) and pulmonary hypertension because of the highly reactive pulmonary vasculature observed in children. 

Ventilator Requirement Stability 
Because delivering high peak pressures in the home is difficult, the requirement for PPEAK should be <40 cm H2O. In some cases, specific pathophysiology (eg, tracheomalacia, bronchomalacia) may indicate the use of CPAP. Under these circumstances, CPAP can be delivered by circuits designed for this purpose, provided that families are well prepared for their use and proper monitoring is put in place. 

Noninvasive techniques may be used in certain circumstances. However, nasal masks can be poorly tolerated in young children. 

Stability of Other Medical Conditions 
For optimal care outside the ICU, all other medical problems should be controlled and relatively stable according to predetermined criteria. 

	Recommendation: Site-appropriate clinical stability criteria should determine when and if pediatric patients requiring long-term mechanical ventilation may be safely transferred from an ICU. 


Sites for Care 
Appropriate equipment, personnel, expertise, and surveillance must be available to provide medically necessary respiratory care and assure the safety of ventilator-assisted children. Different facilities (acute, intermediate, long-term) have different resources, and therefore the level of care varies (Fig 1). Each facility may also have its own criteria for determining medical stability and the medical conditions that can be safely treated. General guidelines are as follows: 

Acute Care in the ICU: Children with unstable, acute respiratory failure, such as respiratory distress syndrome, sepsis, or severe pneumonia, are best treated in the ICU because the disorder is unstable, and the patient requires frequent or continuous monitoring as well as frequent changes in ventilator settings. Such care cannot generally be provided outside the ICU. 

Non-ICU Acute Care: Once a child has developed a chronic, relatively stable disorder, such as slowly resolving pneumonia in a child with neuromuscular disease or chronic pulmonary disease, the child may be cared for outside the ICU. For some children, prolonged but not indefinite need for mechanically assisted ventilation can be anticipated. Examples include patients with a potentially reversible neuromuscular disorder, such as infantile botulism or Guillain-Barré syndrome. These children may be cared for in the hospital in designated non-ICU settings such as a specialized respiratory care unit.173 For discharge to this type of care, clinical stability generally means no major diagnostic considerations or changes in therapeutic interventions requiring ICU resources within 1 week, but patients with greater or less stability may be cared for, depending on the individual unit capabilities. 

Long-term Care: For other children, the need for mechanically assisted ventilation may be anticipated to be lifelong or to be lasting for several months or years, such as in patients with quadriplegia, muscular dystrophy, or CCHS. These children may benefit from care in a long-term setting such as the home. For discharge to home care, clinical stability means no major diagnostic considerations or changes in therapeutic interventions requiring hospitalization within 1 month. However, home care might also be considered for some patients whose respiratory failure is anticipated to be transient if the care can be provided less expensively and with greater potential for psychosocial development and family function. Similarly, alternate community sites, such as a congregate living center or other home-like setting (medical day care, medical foster care, respite care), may supplement and/or substitute for home care and provide a quality of care that permits optimization of rehabilitative potential at less cost than in-hospital care. The basic discharge criteria for both groups of patients are similar. 

Although successful care of the ventilator-assisted child at home demands compulsive attention to detail on the part of medical personnel, the child, and the family, the potential rewards are great. Many ventilator-assisted children do quite well at home, and home care of these patients can be designed safely and cost effectively. The high motivation of parents for the care of their children in the home often results in a high quality of care. After the transition from hospital to home, parent-child relationships and child development are enhanced. Potential for rehabilitation in all aspects of daily living is increased, and many children will experience a near-normal lifestyle. However, families must be provided with adequate support, including a plan for respite care. 

In all cases, flexibility must be used in deciding where an individual child can receive optimal care, and the degree of stability in the patient's disorder must be matched to the facility's resources. The degree of care required should be based on the patient's clinical needs rather than the patient's prognosis alone. Quality of life is a criterion for instituting long-term mechanical ventilation in some children. Even if patients are not in danger of death or serious health risk, they may enjoy a better quality of life from the greater strength and endurance that ventilatory support can provide to some patients. 

	Recommendation: Caregivers should take into consideration anatomic, physiologic, and developmental differences among infants, children, adolescents, and adults that affect decisions about long-term ventilation. Caregivers and others responsible for long-term ventilation at home or an alternative community site should also determine criteria of clinical stability appropriate to pathophysiology causing chronic respiratory insufficiency that are suitable to the site of delivery (care setting). 


Financial Issues 
The costs of care for ventilator-assisted infants and children, like the costs of care for ventilator-assisted adults, are highest in the ICU and decrease with discharge to non-ICU facilities, including the home (Fig 1), although the actual decreases in costs depend on many factors specific to each setting and each patient's needs. Enhancing quality of life, a basic objective for VAIs, is usually more achievable in the less costly settings. 

Costs of caring for ventilator-assisted children can be reduced, and quality of life improved, by reducing the length of hospitalization. Many ventilator-assisted children remain hospitalized for lengthy periods of time, even after they meet the criteria for successful discharge.99 Several factors, not all of which are medical, contribute to these delays in discharge. One study found that the mean length of the hospitalization from which the ventilator-assisted child was initially discharged home was nearly 7 months and that nearly 75% of the total hospitalization time was required to resolve nonmedical issues. For example, it took 4 months for some third-party payers and health-care funding agencies to approve home-care funding but only 3 weeks to get the child home once funding was approved.99 

The costs of purchasing equipment for home mechanical ventilation are roughly equivalent to 3 to 4 days of ICU care and thus are relatively small. The costs of nursing care are high because the respiratory system of infants and young children is immature and unstable, and families cannot usually provide all the medical care required at home for a ventilator-assisted child without help. Costs depend on the number of hours per day nursing is required and the training level of the caregivers. Infants and young children using full-time home mechanical ventilation may require 16 to 24 h/d of in-home nursing care; older children, or children with more stable medical conditions, may require less, or even no, in-home nursing care. However, even 24-hour-a-day RN-level home care is only about one third as expensive as care in an ICU. One study found that in Pennsylvania, monthly hospital costs for ventilator-assisted children averaged $58,600, but that home care of these children, including 12 to 15 h of nursing care, resulted in a 63% reduction of costs.174 Further, nonprofessional aides and personal attendants, such as parents, can be trained to provide a high level of medical care for these children. 

As yet, to our knowledge, there are no published studies based on acceptable cost-accounting principles that provide valid cost comparisons of long-term mechanical ventilation according to care setting by comparing, for example, costs of care at home vs care in acute settings. Studies are needed that take into account real direct costs as well as indirect costs (increased costs due to increased space, electricity, health-care benefit, taxes) and opportunity costs (lost work, productivity). Many costs are increased due to approval requirements (eg, inflexible rules and regulations that do not permit individual case adaptability) as well as to bureaucratic/organizational procedural barriers (such as limitations of benefits determined by public policy, employer preference, or health-care benefit regulations). Cost savings could be generated by professional interactions and flexible negotiations among providers and payers. VAIs represent catastrophic costs and require physician case management and other innovative approaches to cost, quality, and risk management.175 This population is best served not by rigid policies and procedures, but by case-by-case flexible benefit management. For ventilator-assisted children in a home setting, what works best is creative benefits management with negotiation based on individual needs and less stringent guidelines.176 

	Research Recommendation: Cost outcomes research must be done to evaluate care setting alternatives for long-term mechanical ventilation in children. 

Recommendation: Physician case management is recommended to determine medical necessityand coordinate the home-care plan after discharge of patients who require long-term mechanical ventilation at home. 


Outcomes of Care in Non-ICU Facilities 
Few studies have examined outcome or success of providing care for ventilator-assisted children beyond ICUs; more are needed. However, one researcher has described a program in which an ICU adopted policies that eased restrictions on the activities of ventilator-assisted children and thus both created a more normalized environment and served as a first step toward permitting care of ventilator-assisted children outside the ICU.173 

Outcomes of mechanical ventilation in a home setting in infants and children have been examined in several studies,135,
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 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF177" 177 and most show good long-term outcome for these children. The goals in home mechanical ventilation are as follows: to ensure medical safety; to optimize quality of life, rehabilitative potential, and integration with the family; and to achieve developmental potential for age-appropriate education level via appropriate applications of early intervention strategies. 

Safety: All studies showed that appropriately selected infants and children can be safely ventilated at home.135-137,
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 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF178" 178 In addition, home ventilators may be used safely. Ventilator equipment failure is neither a frequent nor a serious problem for ventilator-assisted patients treated at home. In a survey of 150 ventilator-assisted patients over 1 year to assess the frequency of home ventilator failures, the causes of such failures, and the risk for injury or death they pose, no adverse outcomes, deaths, or serious injuries were associated with home ventilator failure.179 An analysis of the responses, which were made to the patients' home respiratory care providers, found that there was one home ventilator mechanical failure per 10,925 hours of use (or approximately one failure for every 1.25 years of continuous use); that improper care, damage, tampering, or improper use of the ventilator by caregivers was not uncommon; but that generally ventilators could be replaced or fixed at the home.179 

Quality of Life and Developmental Potential: The challenge of home mechanical ventilation with infants and children comes with optimizing quality of life, rehabilitative potential, and growth and development. The measure of a child's ability to participate in society is attending school. Placement of a ventilator-assisted child in the school system has often been resisted by teachers and school district officials, but successful school attendance by increasing numbers of ventilator-assisted children has convinced most school districts that many of these children can and should attend regular school, especially if they require assisted ventilation only during sleep. Whenever possible, it is desirable to educate a ventilator-assisted child in as normal a school setting as possible. When the discharge team works closely with school district personnel, the optimal educational setting for the child can often be arranged. Educating school officials about the true nature of the child's disorder often eases fear and facilitates school placement and acceptance. Some children are obviously better served in special schools, but this usually depends on disease involvement of other systems besides the respiratory system. Many ventilator-assisted children have been successfully attending school for years.135,
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 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF163" 163,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF171" 171 In addition, once families become accustomed to caring for their ventilator-assisted child at home, they become creative at participating in quality activities with their children, such as camping, Boy Scouts and Girl Scouts, swimming, and vacations. 

	Research Recommendation: Continuing clinical, developmental, and quality-of-life outcomes research is needed to evaluate care settings for long-term mechanical ventilation. 


Ventilation Techniques 
The decision to initiate long-term ventilatory support in a pediatric patient may be made electively or nonelectively. In the past, most decisions to begin long-term ventilatory support were made nonelectively.150,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF152" 152 When acute respiratory failure developed as a result of a respiratory infection or pneumonia, intubation and mechanically assisted ventilation were initiated as lifesaving measures. Subsequently, weaning the child was not possible. The transition to long-term ventilatory support was made because it was emotionally difficult to stop mechanically assisted ventilation abruptly in an alert child who might experience severe distress without it. Thus, the child and family, who may have had no opportunity to discuss this therapeutic option in advance, had little choice about whether to initiate long-term ventilatory support. 

The decision to initiate long-term ventilatory support is increasingly being made electively to preserve physiologic function, realize the growth and development potential of the lungs and chest wall, and improve the quality of life.150,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF152" 152 Using this decision-making approach, the health-care team begins the discussion of options for long-term care, including long-term ventilatory support, with children who can be expected to develop chronic respiratory failure. The most obvious example is the child with a progressive neuromuscular disorder, such as spinal muscular atrophy or muscular dystrophy.150,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF152" 152 Another example of an appropriate candidate for ventilatory assistance is the child with chronic pulmonary disease who has frequent acute decompensations requiring repeated or prolonged hospitalizations and fails to thrive. Discussion should begin long enough before the anticipated need to allow the child and family to evaluate options thoroughly and discuss their feelings. 

Various approaches to NIV may be attempted first on a nocturnal basis. However, noninvasive mechanical ventilation in infants and children has had limited use,180 even though it is increasingly emphasized in adults (see chapter 3). Noninvasive forms of mechanical ventilation are more difficult technically to apply in infants and young children than in adults. Further, noninvasive techniques may not be appropriate for use in children. These techniques require patient motivation and active cooperation. At this time, more outcome studies with NIV in centers with pediatric experience with different disease states are required before the technique can be recommended for general or specific application with infants and children. 

If noninvasive support is not tolerated or is unsuccessful, if it is ineffective or not chosen, or if the small child's ventilatory demands become greater, then a tracheostomy should be performed electively before the patient has developed major complications of chronic respiratory failure. Once the tracheostomy is performed, the child can begin nocturnal mechanical assisted ventilation electively.152 This often prevents the development of pulmonary hypertension (cor pulmonale) and other complications of chronic intermittent hypoxia because hypoventilation is worse during sleep than during wakefulness.181 This strategy both improves endurance for spontaneous breathing while awake and enhances quality of life because the child is initially ventilated only during sleep.152 With elective mechanical ventilation, the desired outcome is medical stability with growth and development of the lungs, and eventual withdrawal from assisted ventilation with enhanced functional reserve. 

	Recommendation: Elective long-term mechanical ventilation may be considered in infants and children to promote growth and development, achieve clinical stability, and enhance functional reserve. 

Recommendation: More experience with NIV is needed in pediatric patients before it can be generally recommended. 


Ventilation techniques that may be used for infants and children include PPV (via tracheostomy or nasal mask), NPV (via chest shell or tank), diaphragm pacing, rocking bed, and pneumobelt. A tracheostomy is usually indicated for access to the airway in small children using positive pressure ventilators in the home setting. A tracheostomy or CPAP may also be required for infants and young children using NPV, such as chest shell or tank respirators, or diaphragm pacing because obstructive apnea may be induced in these patients during sleep. Nasal or lipseal PPV may also be tried. Some older children may not require a tracheostomy for PPV, NPV, or diaphragm pacing, but many will when there is severe bulbar muscle dysfunction or lung disease. 

PPV Via Tracheostomy 
PPV is the usual method of assisted ventilation in infants and small children.127,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF135" 135,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF136" 136,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF182" 182 Positive pressure ventilators designed for home use are relatively portable and are the most common method of providing assisted ventilation for infants and children in the home.2,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF105" 105,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF127" 127,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF178" 178,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF182" 182-185 Portable positive pressure ventilators are not designed to be as technologically sophisticated or as versatile as larger hospital console ventilators, however. Consequently, when infants and children acquire a superimposed respiratory infection, portable ventilators may not be capable of adequately ventilating the child, and more intensive monitoring and hospitalization may be required.127,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF128" 128 Further, portable ventilators are not designed to operate within certain limits (eg, tidal volume <50 to 100 mL). Thus, portable ventilators may not be suitable for very small infants (<6 kg) with dynamic pathophysiology (changing impedance). 

Children who are ventilated from infancy may develop chronic pulmonary disease126,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF134" 134,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF186" 186 of variable severity but generally are characterized by reactive airway disease. It is not known whether pulmonary disease develops because of the tracheostomy and mechanical ventilation, or whether these patients might actually have worse pulmonary disease if they had not received mechanical ventilation. Pulmonary disease often improves at 5 to 10 years of age or during adolescence, but the lungs may not be completely normal.134 

A disadvantage of positive pressure ventilators in some patients is that a tracheostomy is required for ventilator access to the patient. Most ventilator-assisted infants and small children are subject to frequent nonbacterial respiratory tract infections, which often require assisted ventilation with higher rates and/or pressures. Thus, the tracheostomy provides ready access to the airway for hospital ventilators without the need for endotracheal intubation.2 Nevertheless, a tracheostomy increases the complexity and cost of home-care programs, increases the need for surveillance, increases risks of complications, and interferes with speech, nutrition, and development (see the section on tracheostomy tubes). 

Tidal Volume: The majority of commercially available portable positive pressure ventilators for use with tracheotomized patients are volume-targeted preset ventilators (see also chapter 5). In traditional hospital practice, the tidal volume of 10 to 15 mL/kg delivered to the patient is used for mechanically assisted ventilation in infants and children. However, ventilator-assisted children generally have uncuffed tracheostomies, and a portion of the tidal volume delivered by the ventilator escapes in the leak around the tracheostomy. In some older children and adolescents, this leak is relatively constant, and a higher tidal volume setting can be used to compensate for the leak so that adequate ventilation can be achieved at home. Higher tidal volumes also help the patient maintain speech. This tidal volume setting must be derived empirically and is much higher than the generally desired tidal volume delivered to the patient of 10 to 15 mL/kg. There is no way to predict the portion of a ventilator breath that escapes through the leak. In infants and smaller children, the tracheostomy leak is relatively large and variable. This leak may be many times as large as the desired delivered tidal volume, but it can usually be compensated for by a constant tidal volume setting.187 If not, the tracheostomy leak can be compensated for by using the ventilator in a pressure plateau modality;127,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF128" 128,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF188" 188 alternatively, partially inflated cuffed tracheostomy tubes may be used. 

Pop-off Valves: Some commercially available portable positive pressure ventilators have a high-pressure pop-off valve that is separate from the high-pressure alarm. The pop-off is adjusted down to the desired PPEAK. A very large tidal volume setting is dialed in, and the ventilator then functions as a time-cycled, pressure-limited ventilator. With the use of a pressure-limiting pop-off valve, the pressure limit is maintained, or plateaued, until the entire tidal volume is delivered through the machine. Excess volume escapes to the room rather than to the patient. If there is a large tracheostomy leak one moment, a larger portion of the tidal volume will be delivered through the ventilator into the airway, but the lungs will be inflated to the desired PPEAK. If there is a small tracheostomy leak the next moment, a lesser portion of the tidal volume will be delivered through the ventilator into the airway, but the lungs will still be inflated to the desired PPEAK.188 Given a constant pressure-volume relationship of the lungs in a child, the lungs will be inflated to the same tidal volume on each breath when the same PPEAK is achieved. This technique is effective in home ventilation of infants and small children and allows them to be ventilated successfully without use of PEEP, continuous flow, or cuffed tracheostomy tubes.145,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF150" 150,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF158" 158,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF188" 188 It is also useful in older children or adolescents who have large or variable tracheostomy leaks.188 

	Recommendation: Users of commercially available positive pressure home care ventilators must take into consideration device specifications that may limit application with smaller children and infants. 

Recommendation: Pressure plateau ventilation may be advisable when a variable tracheostomy leak cannot be managed by volume preset ventilation. 


PPV Via Nasal Mask 
PPV via nasal mask can be used in some older children. However, for children requiring full-time ventilation, it is cumbersome. Mouthpiece PPV pneumobelt and GPB should be considered. Pressure plateau ventilation is useful with a nasal mask, although volume-targeted ventilation also is effective. However, as already noted, infants and young children may not tolerate nasal masks. 

Nasal mask ventilation has been used as a bridge to tracheostomy ventilation in children with progressive neuromuscular disorders, but this intermediate step is often unnecessary. Nasal mask ventilation is not usually recommended for use outside the ICU in hospitals because the airway is not secure. In general, there is not as much experience with nasal mask ventilation in small children as there is in adults, although with increasing use by pediatricians, this technique may increase in popularity. At present, nasal mask ventilation in young children must be considered an investigational technique for research and/or use only by experienced centers.180 Further, to our knowledge, there are no published reports on the use of this technique in small children, and there are no generally accepted guidelines. 

	Recommendation: More clinical research with nasal mask ventilation in small children is needed before the technique can be more widely recommended. Use should be guided by outcome-based evidence. 


NPV Via Chest Shell (Cuirass) or Wrap Ventilators 
The major benefit of this technique is that it can provide effective ventilation; however, because of the different upper airway anatomy in infants and young children, airway occlusion can occur when breaths are generated by a negative pressure ventilator during sleep,122 and thus infants and young children often require a tracheostomy when using a negative pressure ventilator. Therefore, this technique offers little advantage over PPV in the infant or young child. In addition, chest shell and wrap ventilators are not useful in children who require higher ventilator rates, tidal volumes, or distending pressures, as is the case with many cardiopulmonary disorders, because they are less powerful and versatile than portable positive pressure ventilators. Negative pressure chest shell ventilators are also not as portable as electronic positive pressure ventilators, nor are battery-operated models currently available. 

Chest shells should be closely fitted in order to avoid large leaks and provide adequate ventilation. (Large leaks dissipate the negative pressure so that little chest expansion can occur.) Currently, the smallest commercially available chest shells fit children of approximately 4 years of age, making this technique difficult for children under this age. In children with chest wall anomalies such as scoliosis, custom-made cuirass shells are required and can be fitted in the community by orthotists. There is an extensive experience with Duchenne muscular dystrophy, and custom-made chest shells have been designed even for neonates.189 All chest shells need to be changed and refitted as the child grows, and the adequacy of gas exchange produced by negative pressure chest shell ventilation needs to be checked frequently to assure that the chest shell fit and ventilator settings are optimal. The problem of chest shell fit can be avoided by using a wrap ventilator. 

Although not useful for infants or most small children, these negative pressure techniques may be ideal for some older children with neuromuscular disorders and less rigorous ventilator requirements in whom a tracheostomy may be avoided. They may also be useful for some children with a relatively stable, though transient, respiratory failure, such as patients with Guillain-Barré syndrome. In addition, negative pressure techniques have been used as a bridge to PPV via tracheostomy, especially in children with progressive neuromuscular diseases, and they should be considered as alternatives to other ventilation techniques in selected cases early in the progression of disease. This is especially true in neuromuscular conditions and skeletal deformities where early application may delay complications (cor pulmonale) and/or provide muscle rest to enhance daily activities. Negative pressure techniques should also be considered for postoperative ventilation of patients with neuromuscular weakness or skeletal deformity when tracheostomy is not required for other reasons (secretion management or upper airway obstruction). 

NPV Via Tank Ventilator 
Body tank ventilators, which completely encase the body below the neck and often make young children fearful, can provide effective ventilation in older children or adolescents without the use of a tracheostomy, although older children and adolescents who might benefit from this technique can often be ventilated by the more portable, less confining chest shell or wrap ventilators or NPPV. Because of the disadvantages of immobility and restricted access to the patient, negative pressure tank ventilators are not often used in the home. 

As with other negative pressure devices, infants and young children may develop upper airway occlusion during sleep and thus need a tracheostomy. Some clinicians have successfully combined nasal CPAP with a small negative pressure tank ventilator to prevent the upper airway obstruction, which is often the limiting factor in infants and young children, and thus avoid a tracheostomy.190,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF191" 191 These small negative pressure ventilators, now available for infants, may also be useful for non-ICU care of some patients with acute respiratory failure, especially when caused by ventilatory muscle weakness.190 

In older children who have progressive neuromuscular/skeletal conditions and require prolonged support after major surgical intervention (eg, scoliosis surgery) following extubation, tank ventilators may be useful as an alternative to tracheostomy. The tank should also be offered as an option to tracheostomy early in the course of the disease. 

	Recommendation: NPV may be considered as a means to provide ventilatory support without tracheostomy in selected patients. This may avoid or delay the need for tracheostomy. Such uses must be based on selection criteria that are specific to the care setting and its capabilities. 


Diaphragm Pacing 
In this technique, electrodes are surgically implanted around the intrathoracic phrenic nerves to generate breathing using the child's own diaphragm as the respiratory pump.68,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF165" 165,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF192" 192-196 The technique is not useful for hospitalized patients with temporary respiratory failure, but it is useful for patients with central hypoventilation syndrome or high spinal cord (C-1 to C-2) injury without primary muscle or phrenic nerve damage.68,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF165" 165,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF192" 192-196 The phrenic nerve electrodes are connected to receivers implanted subcutaneously68,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF194" 194,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF196" 196 and are electrically stimulated transcutaneously from an external radio frequency transmitter. Pacer rate and electrical current can be controlled,196 which determines the respiratory frequency and size, respectively, of each breath. Effective ventilation can be generated using simultaneous bilateral diaphragm pacing in infants and children if the phrenic nerves and diaphragms are functional.68,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF165" 165,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF195" 195,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF196" 196 In adults, unilateral or alternating side pacing may provide adequate ventilation; but young children require simultaneous bilateral pacing due to the paradoxic respiration that occurs with unilateral pacing. Because phrenic nerve stimulation requires intact phrenic conduction and diaphragmatic contractility, diaphragm pacing is contraindicated in patients with primary phrenic nerve damage or primary diaphragm myopathy. 

Most children and adolescents (and all infants and young children) with diaphragm pacing require a tracheostomy or use of CPAP to prevent upper airway occlusion during sleep;68 a small number of older children and adolescents do not. One alternative is to discontinue diaphragm pacing, utilizing nasal PPV overnight. Advantages of the diaphragm pacer system are that it is small, light, and easily portable as well as battery operated. However, the surgical technique is tricky, and use of the pacers, once implanted, requires some experience. Diaphragm pacing should generally be performed only in experienced centers where the required diagnostic and staff support are available for evaluation and adjustments. 

Although diaphragm pacing may benefit select groups of children with primary central hypoventilation syndrome or high cervical spinal cord injury, those who benefit most are ambulatory children with primary central hypoventilation syndrome requiring full-time ventilatory support.165 During the daytime, these children are not tethered to a short length of ventilator tubing. They can carry the small battery-powered transmitter in a backpack and attend school or participate in other activities while receiving the ventilatory support they require. Further, the breathing in children with CCHS can be improved with exercise,197 so that in some patients, diaphragm pacer settings may not require changes with moderate levels of exercise. 

Wheelchair-bound C-1 to C-2 quadriplegics can choose to use either a portable ventilator via tracheostomy or a diaphragm pacer transmitter while on their power wheelchair. In some centers with experience, such patients can also successfully use NPPV. Diaphragm pacing is still an option that some quadriplegics may chose in order to gain independence due to enhanced mobility the technique permits. 

	Recommendation: Diaphragm pacing should be managed by centers with experienced and dedicated interdisciplinary teams. 


Rocking Bed and Pneumobelt 
Rocking beds occasionally may be useful for patients in hospitals outside the ICU, but the technique is less likely to be useful in small children and is neither effective nor recommended for infants. With other modalities of home ventilation available, rocking beds are used infrequently. However, although an inefficient form of ventilation, the rocking bed does serve to relieve body pressure in patients who are mobility limited. 

Pneumobelts are a relatively ineffective form of ventilatory assistance for infants and small children. However, they can be useful for daytime support of older children to complement nocturnal NPPV or NPV at other times of the day or night. 

	Recommendation: A combination of ventilatory devices/techniques may be considered along with "free time" to give patients greater mobility and independence. 


Ventilator Equipment and Use 
Because PPV via tracheostomy is the most frequently used technique in infants and young children, specific aspects related to pediatric patients (modes of ventilation, humidifiers, tracheostomy tubes, ventilator settings) are discussed in this section, particularly with reference to discharge to a home setting. Pediatric considerations concerning ventilator alarms, secondary ventilators, DME providers, oxygen, nutritional support, communication methods, and automobile transportation as well as caregivers, including the family, are then presented. (See also chapter 5, "Equipment and Resources for Care Beyond the ICU.") 

Modes of Ventilation 
Different types of patients may optimally benefit from different modes of PPV. Intermittent mandatory ventilation (IMV) or SIMV, popular modes on hospital ventilators used in the management of acute respiratory failure, require compressed air or another gas source that can generate large continuous gas flows. These systems are not portable, and thus are not generally desirable for use in long-term care facilities or at home. Because home ventilators do not have continuous gas flow, SIMV or IMV dialed in on a home ventilator is not the same as on a hospital ventilator with continuous gas flow. The child requiring long-term assisted ventilation should be weaned from PEEP and switched from IMV or SIMV to a control or assist mode prior to discharge home.2,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF127" 127 

Most infants and young children can be ventilated in a control or assist/control ventilator mode. If the ventilator is set with a pressure plateau, then excessive PPEAK will not occur if a ventilator-controlled breath coincides with spontaneous exhalation.188 The ventilator circuit should include a one-way valve placed proximal to a pass-over humidifier so that the child may breathe spontaneously with minimal effort. Spontaneous inspiration may also occur through the exhalation valve. The exhalation valve should be placed as close to the tracheostomy as feasible to minimize dead space during spontaneous breathing. 

In the ICU, some infants and children with neuromuscular disease may require PEEP to prevent atelectasis. A higher rate and/or PPEAK can be used in an attempt to avoid the use of PEEP at home.2,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF127" 127-129 Few children need PEEP to maintain a stable respiratory status if higher ventilator rates are used. However, PEEP can be applied to all portable positive pressure ventilators by attaching either a disposable or interchangeable PEEP valve to the exhalation valve. If this is done, careful readjustment of the sensitivity is necessary to prevent excessive effort during ventilator triggering (set sensitivity 1 cm H2O below PEEP level). Whenever PEEP is applied to volume-targeted home care ventilators, the effort required to draw gas spontaneously from outside the circuit is increased. 

	Recommendation: Modes of ventilation should be limited in number and simple to implement. Some modes common in ICU environments may not be appropriate and may be logistically more difficult to use outside the ICU. 


Humidification 
Ventilator gas must be humidified for infants and children. However, different children appear to require different degrees of humidification. For most infants and small children, the desired temperature range is 26° to 29°C (80° to 85°F).2 Condenser humidifiers (humidity moisture exchangers) are not as effective for infants and small children as heated humidifiers, but they can be used for travel or during wakefulness. An in-line thermometer may be placed in the circuit to monitor humidifier temperature. Placement of a one-way valve in the breathing circuit proximal to a pass-over humidifier decreases patient effort during spontaneous breathing. Spontaneous breathing can also occur via the exhalation valve, although the patient's negative inspiratory efforts may partially close the exhalation valve. The circuit is usually connected to the tracheostomy with a swivel adapter. Dead space tubing between the exhalation valve and tracheostomy should be minimized to avoid CO2 retention. 

Tracheostomy Tubes 
As already noted, a tracheostomy is indicated for access to the airway in small children using positive pressure ventilators in the home. It may also be required for infants and young children using NPV (chest shell or tank ventilators) and diaphragm pacing because obstructive apnea may be induced in these patients during sleep. Some older children may not require a tracheostomy for PPV, NPV, or diaphragm pacing, but many will. 

Disposable plastic tracheostomy tubes under size 4 do not have an inner cannula and thus should be changed on a regular basis at home. Most children require tracheostomy tube changes in the range of weekly to monthly. However, to our knowledge, there is no documented evidence regarding the proper frequency of tracheostomy changes in the home, and frequency should depend on individual factors. For example, changes may need to be more frequent during respiratory tract infections or in patients with increased tracheal secretions. 

All caregivers, whether they are performing routine tracheostomy tube changes or not, should be taught the technique in the event that an emergency or unexpected tracheostomy tube change is required. A second sterile tracheostomy tube must always be available in case of accidental decannulation. In addition, an endotracheal tube with an external diameter less than that of the tracheostomy tube is advisable for an emergency when the tracheostomy tube cannot be easily replaced. 

Small tracheostomy tubes generally should be used. This prevents tracheomalacia, and a large leak around the tracheostomy facilitates speech. A small tracheostomy may require increased PPEAK, but the advantages to the child outweigh the extra pressure required to overcome the resistance of the tracheostomy tube. 

	Recommendation: All caregivers must demonstrate proficiency in routine and emergency tracheostomy management. 


Ventilator Settings 
For many children going home with long-term ventilatory support, weaning is not a realistic goal. To optimize quality of life, these children must have energy available for other physical activities. Thus, ventilators are adjusted to meet the ventilatory demands of these children completely, so as to leave much of their energy available for other activities.2,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF127" 127 For children without significant pulmonary disease, ventilators are adjusted to provide an end-tidal PCO2 of 30 to 35 mm Hg and SaO2 (pulse oximetry) >95% (optimal ventilation).127-129,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF198" 198 For children with pulmonary disease, these low PCO2 values may not be achievable, and supplemental oxygen may be required, in addition to mechanical ventilation, to achieve adequate oxygenation. 

For the child requiring long-term assisted ventilation, mobility and quality of life are maximized if the child can breathe unassisted for portions of the day (ie, develop free time).105,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF127" 127-129 Even if a child cannot be weaned completely from assisted ventilation, nocturnal ventilation preserves waking quality of life and allows the ventilatory muscles a recovery period during the time when the patient is at highest risk for hypoventilation due to the depression of neurologic control of breathing, which occurs during sleep.150,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF181" 181 The weaning of daytime assisted ventilation may be accomplished via T-piece or tracheostomy weaning.199 From patient, parent, and caregiver standpoints, it is preferable to have a child who can be away from a ventilator for several hours a day than a child who must continue to receive mechanical ventilatory assistance at all times.2,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF105" 105,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF127" 127,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF128" 128 For some children, weaning by reducing the ventilator rate may also be successful. The weaning technique, like other aspects of home mechanical ventilation, must be individualized, but chronic hypercapnia must not be tolerated. 

Prior to discharge, the patient's respiratory status must be stable on the actual ventilator and circuits the child will use in the home, preferably for at least several days. This assures that the ventilator performs well and is a good match for the patient, and gives time to make any adjustments needed to achieve the desired gas exchange and for caregiver education.2,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF38" 38,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF127" 127-129 It must be emphasized that settings on a home ventilator do not provide the same ventilation in the child as the same settings on a hospital ventilator, and that the efficacy of home equipment must be evaluated in each child prior to discharge to alternate sites.38,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF127" 127-129 Invariably, ventilator settings will need to be increased on the home ventilator to achieve the level of gas exchange achieved on a hospital ventilator. 

PaCO2 should be adjusted slightly lower than physiologic PaCO2 (ie, 30 to 35 mm Hg) to provide a margin of safety and eliminate subjective feelings of dyspnea. In the home, ventilator settings cannot be changed frequently to maintain perfect blood gas values. Thus, settings should not be changed in response to minor variations in blood gas values, but only to correct persistent trends or major abnormalities. 

Once the child is home, and as the child grows, ventilator settings must be evaluated to assure adequate gas exchange (pulse oximetry, capnography, transcutaneous PO2 and PCO2) on a regular basis. Although the optimal frequency for these evaluations has not been determined, these evaluations generally should be performed more frequently in infants and small children with rapid growth, but less frequently in older children with slower growth.127,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF128" 128 Intervals that have been used, but that must be individualized for each patient because some children may benefit from more or less frequent evaluations, are as follows: first year of life—ventilator settings should be checked every 4 to 6 months;127,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF128" 128 second through fourth years of life—ventilator settings should be checked every 4 to 8 months; after the fourth year of life—ventilator settings should be checked every 6 to 12 months; and following any change in the respiratory system (such as severe infection or hospitalization)—ventilator settings should be checked and readjusted.2 

Polysomnogram evaluations may be performed during an overnight hospital admission so that continuous noninvasive studies of oxygenation (pulse oximetry) and ventilation (capnography) can be performed during sleep. 

For patients with neuromuscular disease, evaluations may be performed using SaO2 monitoring at home. However, sleep studies during daytime naps may also be adequate for the evaluation of ventilator settings if the child's clinical course is reasonably stable. Studies using capnography and pulse oximetry in the home may also provide accurate reflections of gas exchange. Further, sleep studies may be used to predict the success of weaning during sleep when weaning schedules are advancing in the home. The home setting is a logical place to accomplish weaning because mechanical support is matched with daily activity and schedules. 

Some children may be able to be weaned from mechanical assisted ventilation after months to years. Children with BPD, in which the relative pulmonary disease improves with time, due to the growth and development of normal lung, represent the most frequent examples. Children with other pulmonary diseases as well as with neuromuscular diseases may also be weaned for the same reason (growth and development of lung and chest wall). Weaning can be performed at home with careful attention to the management plan, including observation, communication, and coordination. Such management often requires repeated clinical and physiologic assessment of the adequacy of ventilation by polysomnography. Home recording techniques that monitor oxygenation and CO2 noninvasively may also be useful. Information may be communicated traditionally (telephone/FAX) or interactively (1997, telemedicine).200 

	Recommendation: Ventilator settings must be evaluated and adjusted on an individual case basis with clinical and physiologic monitoring. This may be accomplished in a designated center or at home. 


Ventilator Alarms 
The current state of the art is to use positive pressure ventilators with low pressure or disconnect alarms that sound if minimally acceptable pressure levels are not being achieved. Most commercially available portable positive pressure ventilators have a built-in low-pressure alarm. To set the alarm, disconnect the ventilator from the tracheostomy tube and note the PPEAK developed during a breath when the circuit is connected to a patient. The low-pressure alarm threshold should be set 5 cm H2O below that value. Then disconnect the circuit from the tracheostomy tube to be certain the alarm functions at the level set. Many portable positive pressure ventilators also have alarms for high pressure, incorrect timing, and power failure. Patients who become completely apneic without ventilatory support should, in addition, have a chest wall impedance apnea and bradycardia monitor. Apnea-bradycardia monitors are also desirable for infants and children with small tracheostomy tubes. In the event of accidental decannulation, the resistance in the small tube itself can be enough to require the ventilator to develop a PPEAK greater than the low-pressure alarm threshold. Thus, the low-pressure (disconnect) alarm may not sound, and the apnea-bradycardia monitor serves as a lifesaving backup. However, no alarm system can replace a well-prepared, alert, and trained caregiver. 

	Recommendation: Alarm systems can be justified as a medical necessity on an individual case basis. Recreating the ICU in the home setting is not desirable. 


Secondary or Backup Ventilators 
Children who require home mechanical ventilation should generally have a secondary ventilator available. Compared with adults, children have less respiratory reserve and consequently decompensate more quickly if the home ventilator fails. Thus, for children who have <4 consecutive hours of free time from the ventilator, backup ventilators are necessary because these children cannot tolerate the length of time that may be required for the DME provider to bring a functioning ventilator to the patient. Backup ventilators are also necessary for children who live long distances from medical care or from their home DME providers. 

Both the primary and secondary ventilator must be routinely maintained and evaluated for proper functioning, and both ventilators should be used alternatively to be sure that both remain functional. 

	Recommendation: A second ventilator in the home for pediatric patients must be justified by medical necessity based on individual case requirements. 


DME Provider 
All mechanical equipment is subject to breakage, malfunction, and decalibration. Routine and emergency service must be available. Whether equipment is rented, leased, or purchased, payment should be preapproved in advance of discharge for equipment surveillance, tracking of failures, maintenance, and emergency repairs. DME providers/home-care equipment vendors should make home visits at least once every month to perform preventive maintenance and checks on ventilator function, and to reduce "emergency" calls due to ventilator malfunction. On each visit, filters should be checked on positive pressure ventilators. Tidal volume, rate, oxygen concentration, pressures, and alarms should be calibrated and their function checked. Overall function of the ventilator and the patient should also be assessed. 

Home ventilator failures are frequently due to caregiver misuse, tampering, misinformation, stress, or changes in the patient's medical condition.179 The importance of thorough caregiver education cannot be overemphasized. 

As children grow, ventilator requirements change. Ventilator requirements can be best assessed and adjustments made in the home under daily living conditions by skilled RCPs, together with family members. Under some circumstances, this reassessment requires a return to a more expensive institutional setting for medical, technical, or social reasons. The RCPs, most often supplied by the DME provider, should be skilled in the clinical assessment of the child's respiratory status. These home visits also provide an opportunity to discuss concerns of the parents or caregivers and to provide education about the equipment, including safety issues and proper cleaning procedures. 

	Recommendation: Home DME must have regular maintenance and available emergency service. 

Recommendation: Family members and other caregivers must receive full training and education to prepare them appropriately in the use of home medical devices. 

Recommendation: Skilled, experienced RCPs should make regular clinical assessments of patients receiving mechanical ventilation at home. 


Oxygen Therapy 
The goal of home oxygen therapy is to maintain a sufficient arterial oxygen tension (PaO2) to prevent cardiovascular or CNS complications of hypoxia while optimizing the child's lifestyle and rehabilitative potential. This generally requires a PaO2 of >65 mm Hg (>95% SaO2 of hemoglobin) at sea level. Because PaO2 varies considerably with sleep, feeding, and physical activity, especially in infants and small children, continuous noninvasive monitoring techniques (transcutaneous oxygen electrode, pulse oximeter) should be used to assess the adequacy of oxygenation during periods of sleep, wakefulness, feeding, and physical activity. Pulse oximetry in the home may be necessary to optimize oxygenation in some patients, and caregivers should be carefully trained in its use because of the frequency of artifactual readings due to movement and extrinsic light. Some patients require increased supplemental oxygen during sleep; others may require less supplemental oxygen during assisted ventilation than during spontaneous breathing; many require increased supplemental oxygen during increased daytime activity. Supplemental oxygen is not a replacement for assisted ventilation in patients who hypoventilate. 

	Recommendation: Oxygen use at home must be justified on the basis of medical necessity, as determined by appropriate physiologic monitoring. CO2 should be minimized first by ventilator use before considering oxygen therapy, especially for patients with neuromuscular disorders. 


Nutritional Support 
For optimal support, children who receive long-term mechanical ventilation should receive optimal nutrition. This is critical for growth and development of the lungs and chest wall and may make possible the eventual withdrawal from mechanical ventilation. 

Infants and children with a tracheostomy who have intact swallowing coordination are able to eat and drink while being ventilated by a positive pressure ventilator. Patients being ventilated with negative pressure ventilators or diaphragm pacing are at risk for aspiration if they attempt to eat or drink while they are being ventilated. Most children receiving NPV or diaphragm pacing can breathe spontaneously during eating. When simultaneous eating and NPV or diaphragm pacing are necessary, patients must be trained to coordinate eating and breathing. Successful training usually can be accomplished only in older children or adolescents. 

Many infants and children who require long-term ventilatory support also have discoordination of swallowing mechanisms. Nearly all ventilator-dependent infants and children should have adequacy of swallowing evaluated. Those patients with discoordinated swallowing, and young children receiving full-time NPV, may benefit from feeding training by speech/language pathologists or occupational therapists. Some will require feeding by gastrostomy. Many of these patients have associated gastroesophageal reflux, which may require surgical correction at the time a gastrostomy tube is placed. 

	Recommendation: Swallowing function should be evaluated to assess pulmonary aspiration risks and to improve oral nutrition for children requiring long-term mechanical ventilation. 


Communication Methods 
Infants and children with a tracheostomy experience difficulty with speech and often have a delay in speech development. When there is a sufficient leak around the tracheostomy tube, most children can learn to speak by occluding the tracheostomy during exhalation. For patients requiring ventilation only during sleep, the tracheostomy tube can sometimes be plugged during the day, permitting phonation by exhalation around the tube through the larynx. Alternatively, one-way speaking valves permit inspiration through the tracheostomy tube but direct exhaled air through the larynx to permit phonation, and their use may improve speech development in some children. The speaking valve allows nearly normal speech in children who can be off the ventilator. Although most children have enough air during mechanically assisted ventilation and do not need a speaking valve, some children gain increased power and volume in their voices using this valve with assisted ventilation. The speaking valve should be removed during sleep. However, one-way speaking valves are poorly tolerated by some younger children, and their use must be individualized. Evaluation by a speech/language pathologist is useful for nearly all children with tracheostomies, especially for those using one-way speaking valves. For those patients who cannot phonate, an audible alarm system is mandatory so the child can summon help in the event of an emergency. 

	Recommendation: Communication function should be evaluated in all children with tracheostomies. This is especially necessary for those using special speaking devices. 


Automobile Transportation 
Child safety restraints are required for children in motor vehicles. However, some technology-dependent children may be unable to use standard commercially available restraints. Further, there are no uniform methods for securely fastening the respiratory equipment, which could turn into dangerous projectiles during sudden stops or in accidents. A survey of methods of transporting technology-dependent children and their equipment in 52 ventilator-assisted children found that the ventilator-assisted children were restrained as safely as their healthy siblings (control subjects) during automobile transportation.201 However, the survey also revealed that over two thirds of these ventilator-assisted children transported heavy medical equipment inside the vehicle passenger compartment and that nearly half did not securely fasten this equipment. Thus, ventilator-assisted children may be at increased risk for injury or death from motor vehicle accidents, primarily due to equipment that is not securely fastened.201 

	Recommendation: Patient and caregiver education and planning for safe transportation practices should be a part of discharge planning for all ventilator-assisted children. 


Caregivers 
Prior to discharge from the hospital, the family must become familiar with all aspects of the child's care.2 It is difficult to meet psychosocial and developmental needs of ventilator-assisted children in the hospital,173 but it also can be difficult for families to meet these and other needs of their ventilator-assisted children in the home. Family members must demonstrate competency in equipment operation, tracheostomy care (including changing the tracheostomy tube), pulmonary physiotherapy, administration of medications (including aerosols), and cardiopulmonary resuscitation. Family members also need to become adept at recognizing signs of respiratory compromise. 

Most families become skilled in these tasks, yet it is not realistic to expect that they can provide care for their ventilator-assisted infant or young child in the home without support. Parents or primary caregivers need rest so that they remain alert. They need respite care so they can work outside the home, which is especially necessary when employment is the source of medical care funding (health-care insurance). They also need assistance, which may be provided by nurses, nonprofessional aides, extended family members, or self-help groups, in caring for the ventilator-assisted infant or young child at home. The community resources available to each family differ, and these must be balanced against the stability of the ventilator-assisted child. Optimally, individualized arrangements for support need to occur for each ventilator-assisted child. 

Surveillance Issues: All caregivers should be constantly aware of the child's respiratory status. Because ventilator-assisted infants and children have very little respiratory reserve, they are more likely to acquire viral respiratory tract infections than adults. Consequently, these children can have rapid changes in their clinical condition that affect the adequacy of both spontaneous and assisted ventilation. Thus, before the child is discharged from the hospital, each caregiver, nurse, or aide who will care for the child at home should not only receive in-service training on the care of the child, preferably from the child's home care discharge team, but also on assessing color change, chest excursion, respiratory distress, tachycardia, tachypnea, diaphoresis, edema, lethargy, and tolerance for spontaneous ventilation off the ventilator. Changes in these parameters may be clinical signs that ventilation is inadequate, and should be checked by noninvasive blood gas monitoring (pulse oximetry, capnography, transcutaneous PO2 and PCO2). A recent study of 56 home-care patients found the incidence of death and severe hypoxic encephalopathy resulting from airway accidents in the home to be 2.3 per 10,000 patient-days, or nine times greater than in the ICU.174 The authors of the study also indicated that their more recent experience suggested reduction of these complications with the use of pulse oximetry in the home. Continued evaluation of the child's clinical condition can be provided by a mix of well-trained, well-prepared caregivers that include family members, nurses, registered nurses, licensed practical nurses, certified nursing assistants, and appropriately trained and supervised personal attendants. 

	Recommendation: Surveillance should be provided by a mix of potential caregivers who must be well trained and prepared. 


Stress Issues: Important sources of stress on families caring for ventilator-assisted children at home include both financial and lifestyle issues.185,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF202" 202,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF203" 203 One study found that after the ventilator-assisted child first came home, it took >4 months before caregivers went out together and left the ventilator-assisted child in another person's care.204 Other studies found that healthy siblings in the families of these children felt ignored and had behavior problems.203,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF205" 205 In addition, many caregivers are unable to pursue career choices, education, or job changes because of care requirements for their ventilator-assisted children.203,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF204" 204 Furthermore, they often cannot change employers because new employer medical health-care benefits are likely not to cover the ventilator-assisted child's preexisting medical condition.203,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF205" 205 

Caregivers of ventilator-assisted children at home may experience significant distress.206 Some of this distress arises because of their perceptions of unmet demands from health-care professionals.203,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF207" 207 Increased distress, as well as increased marital discord and decreased family cohesion, accompanies poor coping abilities in many caregivers,208 with no differences found between caregivers with or without in-home nursing.138 The distress is inversely related to caregiver coping resources and to the length of time the ventilator-assisted child has been at home.195,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF206" 206 Thus, it is possible that as ventilator-assisted children are longer at home, their caregivers experience less distress because they have more time to develop coping strategies.206 Furthermore, reducing marital discord and improving family support may improve coping abilities, which may re-duce distress.203,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF206" 206,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF208" 208 Nevertheless, the stress of caring for a chronically ill child at home causes marital discord in most families, including families of ventilator-assisted children,203,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF209" 209 although families of ventilator-assisted children experience relatively few divorces and separations.205,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF209" 209 

Despite the difficulties, nearly all caregivers see home care as less stressful than separation from the ventilator-assisted children when in the hospital.203,

 HYPERLINK "http://w3.edoc.com/chest/v113n5S/references.html" \l "REF205" 205 Nearly all also believe that they provide better medical care for their ventilator-assisted children at home than they received in the hospital,207 and that having their child at home is predominantly a positive experience.204 

The stresses that caregivers experience nevertheless require health professionals to provide strong psychosocial support to families, including access to mental health professionals for both the ventilator-assisted children and the caregivers. Respite care is also extremely important and ultimately cost saving because it prevents caregiver burn-out and the need for rehospitalization. Self-help groups should be encouraged as helpful to many caregivers because they provide support for families that professionals cannot give and because they provide a perspective that can be shared only with those who have directly experienced these issues. 

	Recommendation: Supplemental and respite care support for families should be considered. This may be provided by professionals, nonprofessionals, and self-help groups. 
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Ackerman, M.H. (1993). The effect of saline lavage prior to suctioning. American Journal of Critical Care, 2 (4), 326-330. 

A well-controlled, single-time study conducted in a VA Medical Center in Buffalo, N.Y. Participants were 40 mechanically ventilated males in a critical care unit. Results: Prior saline lavage negatively affects oxygen saturation at 2, 3, 4, and 5 minutes post-suctioning. Principal author: State University of NY, Buffalo, NY. 



Al-Saati, A., Morrison, G.A.J., Clary, R.A., & Bailey, C.M. (1993). Surgical decannulation of children with tracheostomy. The Journal of Laryngology and Otology, 107, 217-221. 

Retrospective review of 14 children, aged 3 wks. to 10 mos., undergoing surgical decannulation over a 5 year period at Great Ormond Street Hospital in London. Tracheostomy duration in situ averaged 38 mos. Findings: There were 9 successful decannulations and 5 failures with older age at first tracheostomy associated with successful decannulation. No relationship was found between sex, birth weight, duration of tracheostomy, weight plus age, or tracheal diameter. Stats: Chi square, Wilcoxon rank sum tests. Features: A brief review of the literature concerning difficult decannulations. Principal author: Hospital for Sick Children, London. 



Arcand, G., Granger, J. (1988). Pediatric tracheostomies: Changing trends. Journal of Otolaryngology, 17, 121-123. 

A retrospective chart review of all pediatric tracheostomies performed over two 5 year periods (1970-1975 and 1980-1985) at Sainte-Justine Hospital in Montreal, Quebec, Canada. Charts of 219 patients (< 18 yrs. of age) were reviewed for a) age at time of tracheostomy, b) sex, c) prematurity, d) intubation time prior to trach, e) indications for tracheostomy, f) immediate complications, g) late complications, h) decannulation time, and i) mortality. Findings: Authors note a marked reduction in tracheostomies performed in the 1980s compared to the 1970s and a shift in indications from acute upper airway inflammatory obstruction to congenital airway abnormalities. Changing trends were also noted in complications, mortality, and long-term tracheostomies. Principal author: Dept. of Otolaryngology, Hospital Sainte-Justine, Montreal, Quebec, Canada. 



Azizkhan, R.G., Lacey, S.R., & Wood, R.E. (1993). Anterior cricoid suspension and tracheal stomal closure for children with cricoid collapse and peristomal tracheomalacia following tracheostomy. Journal of Pediatric Surgery, 28 (2), 169 171. 

A brief report of a one-stage surgical procedure to close tracheocutaneous fistulas and remedy cricoid collapse in 9 children, aged 16 to 50 mos., all of whom were premature at birth and required ventilatory support. Mean duration of trach in situ was 25 mos. Results: 7 patients extubated within 24 hrs. 2 patients within 72 hrs., with postop endoscopy revealing persistent improvement in airway lumen at 20 mo. follow-up. Principal author: School of Medicine, University of North Carolina, Chapel Hill, NC. 
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Baker, Jr., D.C., & Savetsky, L. (1972). Decannulation problems in infants. Annals of Otolaryngology, 94, 426-431. 

Brief review of guidelines for successful decannulation in infants. Principal author: Columbia University, NY 



Barnes, L.P. (1992). Tracheostomy care: Preparing parents for discharge. Maternal Child Nursing, 17, 293. 

Commentary on guidelines to ready parents for discharge of children with tracheostomies. Principal author: Child Health Education Center, Knoxville, TN 



Beard, B., & Monaco, F.J. (1993). Tracheostomy discontinuation: Impact of tube selection on resistance during tube occlusion. Respiratory Care, 38 (3), 267-270. 

Study conducted at Penrose Hospital, Colorado Springs, CO measuring four configurations of tracheostomy tubes for impact on airway resistance ( Raw) during decannulation. A model trachea was used to test cuffed, fenestrated Shiley tubes, inflated and deflated, an uncuffed fenestrated Shiley, and a Jackson uncuffed, unfenestrated tube. Airway resistance was measured with a Timeter RT-200 Calibration Analyzer. Results: Raw was significantly increased for cuffed, fenestrated tubes, inflated and deflated. Raw was least for uncuffed, fenestrated tubes with similar results for the uncuffed, unfenestrated tube. Stats: ANOVA. Principal author: Penrose Hospital, Colorado Springs, CO. 



Benjamin, B., & Curley, J.W.A. (1990). Infant tracheotomy, endoscopy and decannulation. International Journal of Pediatric Otorhinolaryngology, 20, 113 121. 

A retrospective review of 73 infants (24 months of age or less) who underwent tracheotomy over a ten-year period (1978-1987). Nineteen of the infants were premature. Author's focus is on decannulation problems and endoscopic evaluation in patients under 24 months of age. Results: On completion of study, 49 patients had been successfully decannulated, 15 patients still had tracheotomies, three patients were lost to follow/up, and six patients had died of causes unrelated to the tracheotomy. Authors conclude tracheotomy can be a safe procedure in this age group for both the short and the long term. Principal author: Ear, Nose and Throat Department, Royal Alexandra Hospital for Children, Sydney, Australia. 



Berlauk, D.F. (1986). Prolonged endotracheal intubation vs tracheostomy. Critical Care Medicine, 14 (8), 742-745. 

A review of the advantages and disadvantages of endotracheal intubation vs tracheostomy. Includes a well-referenced description of the pathology and complications of these types of airway management including rates of stenosis, with and without severe respiratory symptoms, aspiration, frequency of bacterial invasion, and mortality. Concludes with a discussion of the ideal tube design and current production practices. Several models of tubes are compared regarding loading force, tube torque, and potential for cuff injury. Principal author: Dept. of Anesthesiology, University of Minnesota, Minneapolis. 



Bernhard, W.N., Yost, L., Joynes, D., Cothalis, S., & Turndorf, H. (1985). Intracuff pressure in endotracheal and tracheostomy tubes. Chest, 87 (6), 720-725. 

This study evaluated intracuff pressure (ICP) during mechanical ventilation for 13 types of cuffed endotracheal (ET) tubes and 10 types of trach tubes (6 samples of each, all size 8.) A Manley test lung and 2 sizes of a mock trachea were used with an Emerson PV-1 ventilator. "Just-seal" inspiratory and end-expiratory (EE) ICP were measured along with cuff and tube physical characteristics. Results: For the small size mock trachea, only 3 ET tubes and 2 trach tubes sealed with end-expiratory ICPs less than 27 cm H2O/20 mm Hg. All small diameter cuffs (< 25mm) were found to "just-seal" with high ICPs. For the large size mock trachea, end-expiratory ICPs were low for only two cuffs. Cuff physical characteristics including material, diameter, thickness, compliance, geometry, durometry, age and resting volume were measured. Diameter, thickness and compliance were best related to low ICPs in this study. Recommendations are given for optimum cuff and tube characteristics. Stats: Tabular accounts of means and standard deviations are presented for ICPs, cuff physical characteristics, and ICP and cuff characteristics for large diameter and small diameter cuffs. Principal author: Dept. of Anesthesiology, N.Y. University Medical Center. 



Bleile, K.M. (Ed.). (1993). The care of children with long-term tracheostomies. San Diego, CA: Singular Publishing Group. 

A book describing care for children with long-term tracheostomies and primarily intended for students and professionals. Text is divided into sections that cover background on the need for intervention services, interventions addressing physical and developmental health of children with tracheostomies and provision of home services. 



Bosch,J.D., & Cuyler, J.P. (1987). Home care of the pediatric tracheostomy: Our experience. Journal of Otolaryngology, 16 (2), 120-122. 

A ten-year (1975-1986) retrospective home-care study of 16 pediatric patients with tracheostomies or tracheal T-tubes. Patients ranged in age from 5 mos. to 15 yrs. with 9 patients under 14 mos. Stomal maturity at discharge ranged from 10 days to 9 mos. Each family was instructed in basic trach care and CPR and were then followed by the Respiratory Home Care Program as well as the child's local pediatrician. Findings: One cause-unknown death occurred for 270.1 months of home care for a mortality rate of 0.37 per 100 months. No accidental decannulations occurred at home. Complications were difficult to monitor due to care by local pediatricians. Principal author: Edmonton, Canada. 



Branson, R.D., Davis, K., Campbell, R.S., Johnson, D.J., & Porembka, D.T. (1993). Humidification in the intensive care unit: Prospective study of a new protocol utilizing heated humidification and a hygroscopic condenser humidifier. Chest, 104 (6), 1800-1805. 

A well-controlled prospective study employing an algorithm to choose humidification devices -- heated humidification (HH) or hygroscopic condenser humidification (HCH) -- for 120 consecutive patients requiring mechanical ventilation in a surgical ICU. The hygroscopic condenser used was an Aqua+ (RCI, Temecula, CA). Measures included duration of ventilation, incidence of nosocomial pneumonia, ventilator circuit colonization, and mortality. Cost of humidification devices, number of suctioning procedures, and volume of saline instillations were recorded. Results: Eighty-eight of 120 patients used the HCH humidifiers as determined by the algorithm. Ten patients started on HCH were switched to HH after a change in secretions. No difference was found between the two groups regarding number of suction procedures, volume of saline instillations, mean FIO , or incidence of nosocomial pneumonia. Contamination of ventilator circuits after 48 hours was common in the HH group (64%) and rare in the HCH group (5%). Author suggests the algorithm is useful for determining patients who are candidates for HCH with a resulting cost savings. Features: An extensive discussion of artificial noses. Principal author: Department of Surgery, University of Cincinnati Hospital, Cincinnati, OH. 



Brook, I. (1996a). Pneumonia in mechanically ventilated children. Scandinavian Journal of Infectious Diseases, 27 (6), 619-622. 

A retrospective study (1976-1986) of 10 intubated children who developed ventilator-associated pneumonia (VAP) and whose pulmonary aspirates were studied for aerobic and anaerobic bacteria. Patient ages ranged from 6 yrs. to 16 yrs. (average 10 yrs.) and had been hospitalized for > 72 hours with an endotracheal tube in place for > 48 hours. All aspirate specimens were collected by protected specimen brush (PSB). Findings: Anaerobic bacteria were recovered as the only isolates from the sputum of 3 children and the blood of 1 child. Mixed aerobic-anaerobic bacteria were isolated from 6 patients. Patients were subsequently treated with antimicrobials with 5 patients recovering and 4 patients showing improvement. Authors recommend proper collection of aspirates, processing for anaerobic as well as aerobic bacteria, and administration of appropriate antimicrobial agents. Principal author: Dept. of Pediatrics, Georgetown University School of Medicine, Washington, D.C. 



Brook, I. (1996b). Treatment of aspiration or tracheostomy-associated pneumonia in neurologically impaired children: Effect of antimicrobials effective against anaerobic bacteria. International Journal of Pediatric Otorhinolaryngology, 35 (2), 171-177. 

A retrospective review (1990-1995) of antibiotic therapy for aspiration or tracheostomy-associated pneumonia in 57 neurologically impaired children. Most pneumonias in this sample were caused by mixed aerobic and anaerobic flora. Mean patient age was 7.1 years (range 3-15 years). Twenty-three patients had tracheostomies. All patients were treated with parenteral antibiotics for 7-14 days followed by oral treatment for 5-7 days if needed. Choice of antimicrobial was left to attending physicians' discretion. Most common antimicrobials were 1) ticarcillin clavulanate, 2) clindamycin, and 3) ceftriaxone. Oxygen, postural drainage, respiratory therapy, and suctioning was provided as needed. Results: For aspiration pneumonia, satisfactory clinical and radiologic response occurred in 89% of the ticarcillin-clavulanate group, 91% in the clindamycin group, and 50% of the ceftriaxone group (p<0.05). For tracheostomy-associated pneumonia, positive response was 83% for the ticarcillin-clavulanate group, 100% for the clindamycin group, and only 40% for the ceftriaxone group (p<0.05). Author discusses superiority of antimicrobials effective against anaerobic bacteria in the management of aspiration or tracheostomy-associated pneumonias. Principal author: Department of Pediatrics, Georgetown University School of Medicine, Washington, D.C. 



Brook, I . (1979). Bacterial colonization, tracheobronchitis, and pneumonia following tracheostomy and long-term intubation in pediatric patients. Chest, 76 (4), 420-424. 

A one year study of bacterial colonization of the tracheobronchial tree in 27 pediatric patients requiring tracheostomy and prolonged intubation for periods ranging from 3 to 12 months (average: 7.5 months). Serial tracheal cultures were obtained using aseptic technique for a total of 444 cultures yielding 1,509 bacterial isolates over the year. Results: All 27 patients developed bacterial colonization with aerobic or anaerobic bacteria or both. Twenty-four patients (89%) developed chronic tracheobronchitis with recurrent pneumonias. Replacement of one pathogen by another occurred frequently in this sample. Organisms isolated from tracheal cultures are presented in a table. Author recommends routine cultures of tracheal secretions for surveillance of aerobic and anaerobic bacteria to enable clinicians to predict changes in tracheal flora and facilitate choice of appropriate antimicrobial treatment. Stats: t-test. Principal author: Clinical Microbiology Laboratories and Infectious Diseases, Children's Hospital National Medical Center, Washington, D.C. 



Buzz-Kelly, L., & Gordin,P. (1993). Teaching CPR to parents of children with tracheostomies. Maternal Child Nursing, 18, 158-163. 

A review of the issues regarding lay emergency management for children with trachs and a proposed curriculum for training parents in such management. The proposed curriculum content includes: a description of risks for obstructed airways for trachs, necessary emergency equipment, psychosocial aspects of teaching parents of children with trachs, and adaptations of basic infant/child CPR for children with trachs. Features: A trach CPR algorithm to instruct parents in performance of CPR on a child with a trach, a trouble-shooting guide for emergency tube changes, and a comparison of resuscitation bags. Principal author: Children's Hospital of Philadelphia, PA. 
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Caouette-Laberge, L., Bayet, B., & Larocque, Y. (1992). The Pierre Robin sequence: Review of 125 cases and evolution of treatment modalities. Plastic and Reconstructive Surgery, 93 (5), 934-942. 

A review and two-part study of 125 children with Pierre-Robin sequence followed in the Hospital Sainte-Justine, Montreal, Canada from 1964 -1991. Children were divided into three groups based on severity of respiratory and feeding problems. Variables of group (severity of symptoms), prematurity, and presence of associated malformations were then assessed for impact on mortality. Findings: A significant increase in mortality was associated with group (p<0.0001), prematurity (p<0.0004), and associated anomalies (p<0.008). 

The second part of the study compared mortality rates for children admitted prior to 1986 with those admitted after 1986 when a new protocol was instituted which included polysomnographic studies, serial blood gasses, and continuous oxygen saturation measurements. Findings: Overall, a significant decrease in mortality (p=0.04) was noted for the post-1986 group. When comparison was limited to only 20 months of follow-up, the difference was not significant (p<0.06). Stats: Fisher exact test, Chi square, stepwise logistic regression. Features: Discussion of three surgical techniques: glossopexy and hypomandibulopexy (no longer used at this hospital) and subperiosteal release of the floor of the mouth musculature on the mandible. Tracheotomies are not recommended by the authors due to morbidity and complications in the first year of life. A good review of the literature in this area is included. Principal author: Division of Plastic Surgery at the Hospital Sainte-Justine, Montreal, Canada. 



Carter, P., & Benjamin, B. (1983). Ten-year review of pediatric tracheotomy. Annals of Otology, Rhinology and Laryngology, 92, 398-400. 

A brief review of indications, complications, and outcomes of 164 tracheotomies performed in infants and children over a ten-year period (1972-1981) at the Royal Alexandria Hospital in Sydney, Australia. Age of tracheotomy ranged from 1 week to 13 years with 50% of patients < 1 yr. of age. Authors note that acute inflammatory airway obstruction accounted for 60% of trachs in the first 3 years, falling to 17% in the last 3 years. Endotracheal intubation is now the preferred response and the chief indications for tracheotomy is now congenital airway abnormalities or as adjunct to craniofacial surgery. Complications and mortality are discussed and authors speculate that low rates of both are associated with type and diameter of tubes used and their particular techniques and standards. Principal author: Royal Alexandria Hospital for Children, Sydney, New South Wales, Australia. 



Casslebrant, M.L. (1995). Tracheostomy. In C.D. Bluestone & S.E. Stool (Eds.), Atlas of pediatric otolaryngology (pp. 448-454). Philadelphia, PA: W.B. Saunders. 

Procedure for performing a tracheostomy on infants is described with accompanying diagrams. Includes a list of operative and post-operative care complications. Defines tracheotomy vs tracheostomy 



Citta-Pietrolungo, T.J., Alexander, M.A., Cook, S.P., & Padman, R. (1993). Complications of tracheostomy and decannulation in pediatric and young patients with brain injury. Archives of Physical Medicine and Rehabilitation, 74, 905 909. 

A retrospective study of 30 traumatic brain injured (TBI) pediatric patients with trachs admitted to a rehab facility over 1 year (May, 1987-June, 1988). Age range was 3 months to 20 years (median 13.8 years). Both early (>7 days) and late (< 7 days) complications of tracheostomy were reviewed. Variables included: indications for and duration of trach, occurrence and type of complication, Rancho Levels of cognitive function at decannulation and discharge, and parameters for decannulation. Findings: Pneumonia was the most frequent early complication occurring in 86.7% of patients, followed by pneumothorax (13%). Late complications included granuloma (30%), altered voice quality (23%), and tracheal stenosis (13%). No deaths or hemorrhage were reported in this population. No age-related differences were noted for any complication. No patients required recannulation. Features: Parameters for decannulation are discussed, particularly recommendations for decannulation in TBI pediatric patients. A good literature review of pediatric trach complications is included. Principal author: Health Hill Hospital, Cleveland, OH. 



Clark, K., & Donovan, J.S. (1993). Tracheotomy. In B. Hilman (Ed.), Pediatric respiratory disease: Diagnosis and treatment (pp. 866-871). Philadelphia, PA: W.B. Saunders. 

Technique for performing a tracheotomy in children is explained with accompanying diagrams. Attributes of the ideal tracheostomy tube are briefly described as are procedures for humidification, suctioning, cleaning and changing tracheostomy tubes, and decannulation. Complications of tracheotomy are also discussed. Definitions of tracheotomy vs tracheostomy are provided. Features: Tabular presentation of endotracheal and tracheotomy tube sizes (based on age) for infants and children and approximate gauge equivalents for endotracheal, Shiley, Aberdeen, and Holinger tubes. 



Cohen, J.S. (1874). Croup in its relations to tracheotomy. Philadelphia, PA: Lindsay and Blakiston. 

Historical account. An essay read before the Philadelphia County Medical Society on January 14, 1874. Author provides statistics on 5,000 cases of "tracheotomy in croup" performed in various parts of the world over a 30 year period, 1834-1869. Benefits and objections to tracheotomy are discussed. Statistics, including mortality and "recoveries", are reported for parts of France, Spain, Germany, Britain and America. Indications for tracheotomy are discussed and surgical technique is described in detail. 



Cohen, S.R., Lefaivre, J.F., Burnstein, F.D., Simms, C., Kattos, A.V., Scott, P.H., Montgomery, G.L., & Graham, L. (1997). Surgical treatment of obstructive sleep apnea in neurologically compromised patients. Plastic and Reconstructive Surgery, 99 (3), 638-646. 

A prospective study of 18 patients with cerebral palsy and obstructive sleep apnea, all of whom had failed medical management including artificial airways and CPAP. Surgical treatment was aimed at soft tissue reduction and skeletal expansion to increase caliber of the upper airway. Mean age of patients was 7.65 years (range: 9 months to 17 years, 6 months). Twenty-six surgical procedures were performed among the 18 patients including tongue reduction, tongue hyoid suspension, mandibular advancement, and Wilkes-Brody procedure for severe drooling. Results: Pre- and postoperative polysomnography was obtained in 13 patients. Of these, all but one patient, demonstrated significant improvement in Respiratory Disturbance Index (p=0.0021) and 10 of 13 patients showed significant improvement in lowest oxygen saturation (p=0.0367). Of the 18 patients, 15 (83%) did not require a tracheostomy at the mean follow-up time of 30 months. Six patients required reoperation; two patients ultimately required a tracheostomy, and one patient died. Authors recommend correction of obstructive sleep apnea through treatment of all sites of airway obstruction and avoidance of tracheostomy where possible. Principal author: Center for Craniofacial Disorders, Scottish Rite Children's Medical Center, Atlanta, GA. 



Crimlisk, J.T., Horn, M.H., Wilson, D.J., & Marino, B. (1996). Artificial airways: A survey of cuff management practices. Heart & Lung, 25 (3), 225-235. 

A questionnaire survey of current cuff management practices for ET and trach tubes in adult and pediatric populations. Questionnaire (based on 1987 Tyler, et al. questionnaire) was sent to 121 acute care hospitals in the northeastern U.S. Response rate was 54%. Findings: No significant differences were found between adult and pediatric management practices. Comparison of adult cuff management practices in 1992 with 1987 and 1984 reveal increasing responsibility by nursing personnel. The authors discuss the wide variation in cuff management practices and review techniques and equipment for measuring CP. Stats: Chi square. Features: A sample cuff management standard of care is proposed for adult and pediatric populations. Principal author: Boston City Hospital, Boston, MA. 
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Davis, H.W., & Johnson, J.T. (1985). Decision making in airway management of children and adults. In E.N. Myers, S.E. Stool, & J.T. Johnson (Eds.), Tracheotomy (pp. 13-39). New York: Churchill Livingstone. 

This chapter reviews the process of assessment for respiratory assessment or imminent airway obstruction in both children and adults, with an emphasis on children. Procedures for assessing anatomic level of obstruction are reviewed. A historical sketch of the risks and benefits of tracheotomy vs. endotracheal intubation is provided. Authors review knowledge, skills, and optimal resources essential for rapid assessment and decision-making regarding artificial airways in children. Multiple conditions resulting in airway obstruction -- nontraumatic, traumatic, and chronic -- are described with recommendations for tracheotomy or endotracheal intubation. Features: Tabular comparison of advantages/disadvantages of trach vs. ET is provided along with a standard protocol for examination and initial hospital management of acute or impending airway obstruction. An extensive literature review is included. 



Demers, B. (1991). The care and feeding of intratracheal inflatable cuffs. Available from: B.Demers, Demers Consulting Services, PO Box 1159, West Springfield, MA 01089. 

A presentation, suitable for teaching purposes, including definitions and descriptions of intratracheal cuffs and the dynamics of intracuff and cuff/tracheal pressures during positive pressure ventilation (PPV). Detailed explanation of minimal leak volume (MLV) and minimal occlusive volume (MOV) are provided. Author recounts Knowlson and Bassett's (1970) findings on variations in cuff/tracheal pressure as impinged on by site of measurement, patient position and patient level of consciousness. The unreliability of intracuff pressure as a sole monitor of patient safety is discussed and an optimal method for minimizing cuff tracheal damage is outlined. Features: Recommended procedures for cuff inflation and monitoring, diagrams of cuff dynamics, and a review of particular features of the Kamen-Wilkinson Fome-Cuf are provided. Principal author: West Springfield, MA. 



Donnelley, S. (1994). Case Study: The tracheostomy tube (commentary). Hastings Center Report, 24 (2), 26-27. 

A case study from the Hastings Center Report series on ethical dilemmas in medicine, science, social science, and public policy. Case focuses on a patient physician disagreement regarding tracheostomy tube replacement during a potential respiratory crisis. Two physicians and an ethicist comment. Principal author: Education and Environmental Ethics, The Hastings Center, 



Donnelly, M.J., Lacey, P.D., & Maguire, A.J. (1996). A twenty year (1971-1990) review of tracheostomies in a major paediatric hospital. International Journal of Pediatric Otorhinolaryngology, 35 (1), 1-9. 

A retrospective analysis (1971-1990) on the experience of tracheostomies in children under the age of 15 at Our Lady's Hospital in Dublin. Twenty-nine children, age 5 days to 14 years, received tracheostomies with 90% of these occurring in the second 10-year period. Surgical procedure is briefly reviewed. Early and late complications and changing indications for paediatric tracheostomies are discussed. Principal author: Our Lady's Hospital for Sick Children, Dublin, Ireland. 



Dorsey, L., & Diehl, B. (1992). An educational program for school nurses caring for the pediatric client with a tracheostomy. Ostomy Wound Management, 38 (5), 16-19. 

Description of a program for educating school health personnel in tracheostomy care and management. The program has four components addressing 1) logistics, 2) didactic content including routine and emergency care, 3) teaching sessions, and 4) program evaluation in terms of participants' satisfaction and comfort level working with tracheostomized schoolchildren. Features: Course content outline and list of tracheostomy travel supplies. Principal author: Kennedy Krieger Institute, Baltimore, MD. 



Dougherty, J.M., Parrish, J.M., & Hock-Long, L. (1995). Community and home care: Part 1: Developing a competency-based curriculum for tracheostomy and ventilator care. Pediatric Nursing, 21 (6), 581-584. 

Part 1: Authors surveyed 107 families with ventilator-assisted children to ascertain the adequacy of community providers and caretakers' skills. Authors subsequently designed and pilot-tested a skills-focused curriculum to meet needs determined by the survey. Part 2 continues with description of initial field test of the curriculum. Principal author: Children's Seashore House, Philadelphia, PA. 



Dougherty, J.M., Parrish, J.M., Parra, M., Kinney, Z.A., & Kandrak, G. (1996). Community and home care: Part 2: Using a competency-based curriculum to train experienced nurses in ventilator care. Pediatric Nursing, 22 (1), 47-50. 

Part 2. A description of the initial field test to validate effectiveness, feasibility and replicability of a training curriculum for nurses involved in home care of ventilator-dependent children. (Curriculum development is described in Part 1.) Baseline data were obtained to assess specific learner needs. Training proceeded in a step-wise fashion covering skill domains which were reassessed at the end of training. One-to-one remedial training was available as needed. After field-testing, the curriculum was offered to home care agency nurses and coordinators with 100 nurses responding. Course structure and format are presented. Principal author: Children's Seashore House, Philadelphia, PA. 



Duncan, B.W., Howell, L.J., deLorimier, A.A., Adzick, N.S., & Harrison, M.R. (1992). Tracheostomy in children with emphasis on home care. Journal of Pediatric Surgery, 27 (4), 432-435. 

A review and phone F/U of all pediatric patients receiving a tracheostomy (N=44) on the Pediatric Surgical Service at the University of California, San Francisco, for the period 1981-1990. Average age at surgery was 18 months. Authors briefly describe the discharge protocol and F/U results of home care. Findings: No trach-related mortalities occurred in this sample. Home complications appeared to be substantially less than hospital complications. Principal author: Dept. of Pediatric Surgery, University of California, San Francisco, CA. 
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Eavey, R.D., Shannon, D.C., & Montgomery, S.K. (1985). Customizing tracheostomy tubes. Laryngoscope, 95, 1407-1408. 

Description of a procedure to customize tracheotomy tubes for children with central hypoventilation syndrome. The child's preferred nighttime trach tube is truncated and blocked to act as a stoma stent during waking hours. After design modification, trach tubes are completed by Boston Medical Products. Principal author: Dept. of Otolaryngology and Pediatrics, Harvard Medical School. 



Eibling, D.E., Snyderman, C.H., & Eibling, C. (1995). Laryngotracheal separation for intractable aspiration: A retrospective review of 34 patients. Laryngoscope, 105, 83-85. 

A 9 year (1984-1993) retrospective study 32 patients at the University of Pittsburgh and the Eye and Ear Hospital of Pittsburgh who underwent subglottic laryngotracheal separation (LTS) for intractable aspiration. Patient's median age was 62 yrs. (range: 22-85 yrs). Underlying diagnosis was neurologic disease in 26 patients, head and neck surgery in 6 patients. Results: Effective control of aspiration was accomplished in all patients. Following LTS, 34% of patients were able to eat regular diets, 9% were able to eat a liquid diet, 56% required supplemental feedings. Loss of speech was not considered a major detractor for most patients since only 3 patients had normal speech prior to LTS. Complications included postoperative fistulas in one-third of the patients. Muscle flaps were used to reinforce proximal tracheal stump closure in 36% of the patients and there was increased fistula formation in these patients (p=0.12) as well as in patients with a history of prior tracheostomy. Only one patient required reoperation. Stats: Fisher Exact Test. Principal author: University of Pittsburgh Medical Center, The Eye and Ear Institute Building. 
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Fauroux, B., Sardet, A., & Foret, D. (1995). Home treatment for chronic respiratory failure in children: A prospective study. European Respiratory Journal, 8 (12), 2062-2066. 

A prospective study (1992-1993) of 287 children, aged 18 or younger, who entered the French Association Nationale pour le Traitement a Domicile de l'Insuffisance Respiratoire chronique (ANTADIR) for home treatment of chronic respiratory failure (CRF). Mean age of patients was 7.5 years (range 1 month to 18 years). Major causes of CRF were obstructive and restrictive lung diseases including cystic fibrosis, bronchopulmonary dysplasia, chronic obstructive pulmonary disease, neuromuscular disease, kyphoscoliosis, pulmonary fibrosis, cardiac disease, and stomatological disease. Twenty-nine children represented other, less common cause of CRF. Home treatments included oxygen therapy (OT), volume cycled ventilation (VCV), pressure preset ventilation (PPV), continuous positive pressure ventilation (CPAP), and tracheostomy. Authors discuss findings in light of psychological and economic advantages of home care for this population. Principal author: ANTADIR, Paris, France. 



Feldman, S.A., & Crawley, B.E. (1977). Indications for tracheostomy and laryngotomy. In Tracheostomy and artificial ventilation (pp. 22-27). Baltimore, MD: Williams & Wilkins. 

A discussion of indications for tracheostomy and laryngotomy within five categories: (a) airway obstruction, (b) separation of pharynx from larynx to prevent aspiration, (c) facilitation of mechanical aspiration from tracheobronchial tree, (d) prolonged artificial ventilation, and (e) planned procedures on head, neck and larynx. Features: Brief history of tracheostomy. Principal author: Westminster Hospital, London. 



Fields, A.I., Rosenblatt, A., Pollack, M.M., & Kaufman, J. (1991). Home care cost effectiveness for respiratory technology-dependent children. American Journal of Diseases of Children, 145, 729-733. 

An evaluation of the cost-effectiveness of a Medicaid Home and Community Based Services Waiver Program established in Maryland in 1985. The program addresses technology-dependent children and it waives parental salary as a condition for financial eligibility. In this study the authors compared costs of home care versus alternative institutional care for 10 children, six of whom were dependent on mechanical ventilators and four of whom had tracheostomies. Savings were calculated as estimated alternative institutional expenses minus actual home care reimbursements. Annual savings were estimated at $79,074 + (plus or minus) $26,558 per patient. Medicaid and the Medicaid Model Waiver Program are reviewed. Principal author: Department of Critical Care Medicine, Children's National Medical Center, Washington, DC. 



Fitton, C.M. (1994). Nursing management of the child with a tracheotomy. Pediatric Clinics of North America, 41 (3), 513-523. 

General overview of nursing management of children with tracheostomies. A review of hospital management includes a discussion of intra and postoperative complications. Nursing skills for suctioning, humidification, and minimization of potential for infections or complications are described. Issues relating to successful home care are outlined and the author describes components of a team approach to preparing families and children with tracheostomies for transition to home care. Components of the education program include general management of the tracheostomy, prevention of emergencies, and attention to general "wellness" of the child. F/U care by the team is described with a focus on developmental issues of the child and recommendations for evaluating children for decannulation. Principal author: Dept. of Otolaryngology, Children's Hospital Medical Center, Cincinnati, OH. 



Fitzgerald, D., Benjamin, B., & Vanasperen, P. (1996). Death following elective tracheostomy decannulation in chronic neonatal lung disease. Acta Paediatrica, 85 (11), 1380-1381. 

Case report of a 20 month-old child who died hours after an elective tracheostomy decannulation due to acute air leak with bilateral pneumothoraces and tension pneumopericardium. Authors suggest that all children with obstructive airways disease should be monitored in an intensive care or "high dependency" unit for the first 24 hours post decannulation. Principal author: Department of Respiratory Medicine and Otolaryngology, New Children's Hospital, Sydney, Australia. 



Friedberg, S.A., Griffith, T.E., & Haas, G.M. (1965). Histologic changes in the trachea following tracheostomy. Annals of Otology, Rhinology and Laryngology, 74, 785-798. 

A comparison of histologic tracheal changes found on autopsy of 27 patients who had tracheostomies and a control group of 44 patients without tracheostomies. Principal findings are described including 1) carinal apical ulceration, 2) ulceration, denudation and infection, 3) denudation, repair and regeneration, 4) metaplasia, 5) chronic inflammatory reaction, and 6) miscellaneous findings. Intact epithelium was observed in only one of the tracheostomized patients and in 34 patients of the control group. Features: Nine photomicrographs illustrating histologic changes. Principal author: Department of Otolaryngology and Division of Pathology, Presbyterian-St.Luke's Hospital, Chicago, IL. 
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Gaudet, P.T., Peerless, A., Sasaki, C.T., & Kirchner, J.A. (1978). Pediatric tracheostomy and associated complications. The Laryngoscope, 88, 1633-1641. 

A retrospective analysis of immediate and delayed complications in 123 pediatric patients (age 0 months to 12 years) with tracheostomies performed at Yale-New Haven Hospital from 1960-1975. Immediate complications included pneumomediastinum, pneumothorax, aspiration, hemorrhage, accidental extubation, malpositioned tube, cardiorespiratory arrest, and iatrogenic T-E fistula. Delayed complications included subglottic stenosis, fused vocal cords, tracheal granulomas, unexpected difficult decannulation, subglottic edema, stomal infection, inverted cartilage, severe distal tracheomalacia, accidental extubation, mucous plug, and vocal cord granuloma. Overall complication incidence was 33%. Mortality was 3.2% secondary to tracheostomy complications. Factors influencing complications are discussed. Principal author: Department of Surgery, Section of Otolaryngology, Yale University School of Medicine, New Haven, CT. 



Gianoli, G.J., Miller, R.H., & Guarisco, J.L. (1990). Tracheotomy in the first year of life. Annals of Otology, Rhinology and Laryngology, 99, 896-901. 

A retrospective review (1976-1988) of complication rates in 60 children who received tracheotomies in the first year of life. The children included full-term and pre-term infants with 16 very low birth weight infants included suctioning. American Journal of Critical Care, 2 (4), 326-330. 



Gilgoff, I.S., Peng, R.C., & Keens, T.G. (1992). Hypoventilation and apnea in children during mechanically assisted ventilation. Chest, 101 (6), 1500-1506. 

A retrospective chart review of 19 ventilator-dependent children diagnosed with high cervical spinal cord injury. All patients had been transferred to a rehabilitation hospital. Average age was 7 years, 8 months (range birth to 19 years). Patients were divided into two groups of volume controlled ventilation with uncuffed tubes (11 patients) and pressure-controlled mode with uncuffed tubes (8 patients). The adequacy of ventilation while awake was established on all patients by arterial blood gases (ABGs) measured with either Radiometer ABL3 or Instrumental Laboratories electrodes. Sleep data was obtained by ABG or continuous 24 hour end tidal CO (petCO2) using Godart-Statham capnograph. Three patients were studied with a respisomnograph. Patients were ventilated throughout the study using portable positive pressure ventilators (Life Products LP-3 and LP-4, Life Care PVV and Puritan Bennett Companion 2800 and 2801). Results: In all patients, lowest CO2 values occurred while awake and highest while asleep, regardless of mode and ventilation. Of the group 1 patients, 9 patients were inadequately ventilated during sleep with uncuffed tubes. This was reversed with cuffed tubes. Group 2 patients were adequately ventilated awake and asleep with uncuffed tubes. Authors discuss the value of pressure controlled ventilation with uncuffed tracheostomy tubes. Stats: two sample t-tests. Principal author: Rancho Los Amigos Medical Center, Downey, CA. 



Gozal, D., Torres, J.E., & Mendendez, A.A. (1996). Longitudinal assessment of hypercapnic ventilatory drive after tracheotomy in a patient with the Prader-Willi syndrome. European Respiratory Journal, 9, (7), 1565-1568. 

Case report of a 14 year old patient with Prader-Willi syndrome and morbid obesity exhibiting severe obstructive sleep apnea and obesity-hypoventilation syndrome. Patient¹s hypercapnic ventilatory response (HCVR) was assessed longitudinally before and after tracheostomy placement. Overnight polysomnographic recordings were obtained 2 weeks prior to and 4 and 9 weeks after tracheostomy. Results: Improvements in slope of patient¹s HCVR occurred within two weeks of tracheostomy and nocturnal bilevel pressure ventilatory support and subsequently plateaued at 10 weeks post-tracheostomy. Authors discuss time course for recovery of HCVR after removal of airway obstruction. Principal author: Section of Pediatric Pulmonology, Tulane University School of Medicine, New Orleans, LA. 



Guarin, M., Wegner, C.B., Gershan, W.M., Splaingard, M.L., Rice, T.B., & Rusakow, L.S. (1995). How do pediatric pulmonologists manage airway secretions in tracheostomized children? American Journal of Respiratory and Critical Care Medicine, 151 (4, Pt. 2) A93. 

An abstract detailing results of a survey of 34 pediatric pulmonary centers regarding standards for diagnosis and management of respiratory infection in tracheostomized children. The centers cared for between 10 and 400 patients of whom 40% were ventilator-dependent. Findings: The majority of centers indicated a variable approach based on the patient¹s underlying condition. The primary indicators for tracheal aspirate cultures reported by these centers was change in secretions (91%) and change in baseline clinical status (88%). Fully 64% of centers did not initiate treatment if change in secretions was the only indicator. The most common indicator for treatment was ³respiratory illness² or increase in leukocytes on Gram stain (52%). Once treatment has been decided upon, 97% of centers use antibiotics empirically, frequently oral Bactrim or Augmentin. Ten centers used inhaled antibiotics. Sixty-four percent of centers reported they were more likely to use antibiotics in mechanically-ventilated patients. Authors recommend clarifying management strategies and distinguishing between pathologic and innocuous organisms in the airway. Principle author: Dept. Of Pediatrics, Medical College of Wisconsin, Milwaukee, WI. 



Guyton, D., Banner, M.J., & Kirby, R.R. (1991). High-volume, low-pressure cuffs: Are they always low pressure? Chest, 100, 1076-1081. 

An in-vitro study of the effects of airway pressure on 3 different ETT cuff designs (LO, MED, HI) with 7 and 8 mm internal diameter (ID). Varying lung compliance (CL) (from 15 to 100 ml/cm H20) was stimulated using a Vent Aid TTL mechanical lung connected to a 19 x 22 mm Imatrach model tracheal. Ventilation was accomplished with a Bear 2 volume-cycled ventilator. Results: In the highly compliant lung, the 7.0 mm cuffed ETT required markedly high baseline cuff inflation at both 10% and 5% leak. The 8.0 mm cuffed ETT required baseline inflation pressures closer to those for the MED and HI groups. When CL was decreased to 15 ml/cm H20, every cuff required higher baseline inflation pressures with 7.0 mm LO requiring highest pressure, MED requiring intermediate pressure, and HI requiring lowest pressure (p<0.05). Differences in performance between the 7.0 and the 8.0 HI cuffs were also apparent. Findings are discussed in terms of (a) cuff vs tracheal diameter, (b) effect of airway pressure on cuff pressure, (c) self sealing action of cuffs, and (d) differences between high volume, low pressure cuff designs. Stats: ANOVA, Duncan¹s multiple comparisons test. Principle author: Anesthesiology Dept., University of Florida College of Medicine, Gainesville, FL. 
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Harlid, R., Andersson, G., Frostell, C.G., Jorbeck, J.A., & Ortqvist, A.B. (1996). Respiratory tract colonization and infection in patients with chronic tracheostomy: A one-year study in patients living at home. American Journal of Respiratory and Critical Care Medicine, 154, 124-129. 

A 1 year prospective study of respiratory tract colonization and infection in 39 outpatients with chronic tracheostomy (CT) seen at the Stockholm Danderyd Hospital, a country referral clinic for patients suffering from severe chronic hypoventilation. Study was inspired by a clinically observed lower rate of pneumonia in this population. Mean age of patients was 58 yrs. (range, 25-83 yrs.). Reason for tracheostomy included tracheal stenosis (n=15), chronic hypoventilation (n=22), and COPD (n=2). Mean duration of trach was 5.9 yrs (range, 0.5-23.5 yrs.). Twenty-two patients used mechanical ventilation, almost exclusively at nighttime. Patients were seen routinely on 6 occasions at which cultures were obtained from nasopharynx, oropharynx, stomal site, and trachea in order to chart potential pathogens. A bronchial culture was obtained on all patients at entry to study and, subsequently, on 10 of the patients. All episodes of respiratory tract infections were followed and treated according to hospital routine. Results: In contrast to literature reports on hospitalized patients, this sample of outpatients with CT exhibited relatively low risk for lower respiratory tract infections despite massive airway colonization with potential pathogens. Colonization: Potential pathogens were found in 83% of trach cultures and 95% of stomal cultures, with S. aureus, gram negative enteric bacteria, and Pseudomonas spp dominating. One third of patients were colonized with S. pneumoniae at some time during study. Persistent colonization was noted in 35 of 39 patients. Infection: Eighteen patients (46%) were treated with antibiotics for a total of 33 respiratory tract infections. Stats: Chi-square contingency test with Yate's correction or Fisher's exact test. Continuous variables were analyzed with Student's t-test or Mann-Whitney U test. Principal author: Dept. of Anaesthesia and Intensive Care, Danderyd Hospital, Stockholm, Sweden. 



Harris, R.B., & Hyman, R.B. (1984). Clean vs. sterile tracheotomy care and level of pulmonary infection. Nursing Research, 33 (2), 80-85. 

A retrospective chart review of 209 patients with tracheostomies from 10 hospitals. Patients received one of three categories of tracheostomy care procedures, clean, sterile, or mixed. Postoperative level of infection was measured using the Weighted Level of Pulmonary Infection Tool. Results: Significant differences were noted between clean and sterile groups and clean and mixed groups with increased infection rates in the sterile and mixed groups. Possible reasons for this finding are discussed. Statistical procedures used are described including the complete linear model used in the experiment. Stats: ANCOVA, ANOVA. Principal author: Adelphi University School of Nursing, Garden City, NY. 



Hay, R., & Miller, W.C. (1982). Efficacy of a new hygroscopic condenser humidifier. Critical Care Medicine, 10 (1), 49-51. 

An evaluation of the efficacy of the Servo Humidifier 150, a hygroscopic condenser humidifier (HCH) produced by Siemens-Elma, Sweden. Findings: Moisture retained by the HCH varied inversely with tidal volumes. Humidification of inspired gas varied inversely with inspired oxygen concentration and tidal volumes. Authors conclude that the HCH has many benefits at lower tidal volumes and FIO2; but fails to provide adequate humidification at higher levels. Principal author: Pulmonary Division, University of Texas Medical School, Houston TX. 



Haynes, J.H., Bagwell, C.E., & Salzberg, A.M. (1995). Management of persistent pediatric tracheostomal fistulas. Journal of Pediatric Surgery, 30 (4), 566-567. 

Over a 10 year period, 12 pediatric patients at Medical College of Virginia Hospitals have required surgical closure of a persistent tracheostomal fistula. The surgical technique for mobilizing the entire tracheocutaneous fistula and resecting the skin cuff is described. No immediate or long term complications have been noted in this sample. Principal author: Division of Pediatric Surgery, Medical College of Virginia Hospitals, Richmond, Virginia. 
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Irving, R.M., Jones, N.S., Bailey, C.M., & Melville, J. (1991). A guide to the selection of paediatric tracheostomy tubes. The Journal of Laryngology and Otology, 105, 1046-1051. 

A review of paediatric tracheostomy tubes. Authors demonstrate the lack of size uniformity of various kinds of paediatric tracheostomy tubes. Individual brands are described regarding merits and shortcomings and appropriate size selection. Principal author: Dept. of Paediatric Otolaryngology, The Hospital for Sick Children, Great Ormond Street, London. 



Isaacson, G. (1996). Acute airway obstruction in the hospitalized infant: Four hard lessons in the distal trachea. Annals of Otology, Rhinology and Laryngology, 105, 532-535. 

Case reports on 4 infants with acute, obstructing lesions of the distal trachea. Operative findings and management are discussed including high frequency jet ventilation, ECMO, balloon dilation and instrumentation. Principal author: Dept. of Pediatric Otolaryngology, St. Christopher's Hospital for Children, Philadelphia, PA. 
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Jackson, D., & Albamonte, S. (1994). Enhancing communication with the Passey Muir valve. Pediatric Nursing, 20 (2), 149-153. 

A discussion of the role of the Passey-Muir valve in voice production for children with long term tracheostomies or ventilator dependence in a pediatric rehab setting. The impact of tracheostomy on language development and alternative communication systems are briefly reviewed. Procedure for use of the Passey-Muir speaking valve is outlined as it is used at the Children's Specialized Hospital in Mountainside, NJ. Pediatric populations recommended for use of this valve are discussed. Authors note that, in addition to enhanced language development, use of the valve has resulted in decreased tracheal infections, decreased need for suctioning, increased warming and humidification of inspired air, improved swallowing, increased olfactory and taste awareness, and easier decannulation due to child's gradual experience with new air flow patterns. Principal author: Children's Specialized Hospital, Mountainside, NJ. 



Jenicek, J.A., Danner, C,A,, & Allen, C.R. (1973). Continuous cuff inflation. Anesthesia and Analagesia, 52 (2), 252-256. 

A retrospective study (1967-1971) of continuous cuff inflation in 583 patients who were intubated for one or more days with either an endotracheal or tracheostomy tube. The authors found no trauma or serious sequelae associated with continuous cuff inflation. A discussion of hospital policy regarding continuous cuff inflation in continuous ventilation is included. Principal author: Dept. of Anesthesiology, Texas Medical Branch, Galveston, TX. 



Joseph, H.T., Jani, P., Preece, J.M., Bailey, C.M., & Evans, J.N.G. (1991). Paediatric tracheostomy: Persistent tracheo-cutaneous fistula following decannulation. International Journal of Pediatric Otorhinolaryngology, 22, 231-236. 

A retrospective analysis (1979-1986) of the occurrence of tracheo-cutaneous fistula in 101 children with tracheostomies. Tracheostomies had been performed at a median age of 6.5 months (range 11 days to 11 years) and were in place a median duration of 17 months (range 1 week to 12 years). Decannulation of all patients was performed in the same department. Results: Forty-two percent of children developed tracheo-cutaneous fistula post decannulation which required surgical closure. Children were evaluated in fistula versus nonfistula groups. Factors significantly influencing persistent tracheo-cutaneous fistula were age at time of tracheostomy and duration of tracheostomy. Seventy-nine percent of children below age 12 months and cannulated for more than 24 months developed fistulas. Decannulation procedures are discussed. A brief description of surgical closure of tracheo-cutaneous fistula is provided. Stats: Chi square. Principal author: Dept. of Otolaryngology, The Hospital for Sick Children, London, England. 
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Kaslon, K.W., & Stein, R.E. (1985). Chronic pediatric tracheotomy: Assessment and implications for habilitation of voice, speech and language in young children. International Journal of Pediatric Otorhinolaryngology, 9, 165-171. 

An assessment of the impact of long-term tracheotomy on the speech and language acquisition of ten children who were subsequently exposed to a habilitation program. Patient's mean age was 26.6 months (range 16 months to 41 months). All patients had received tracheotomies prior to age 12 months. Receptive communication age (RCA) and expressive communication age (ECA) were assessed with the Sequenced Inventory of Communication Development (SCID). A delay of 4.8 months in RCA and 9.0 months in ECA was determined for this sample of children. The ensuing habilitation program included parent training, use of daily logs, individual therapy sessions, and participation in preschool and play groups. Findings: A progression from non-meaningful, non-vocal communication attempts to meaningful, verbal communication attempts was noted for all children. Authors suggest that a structured habilitation program may prevent language delays and facilitate language acquisition in children with tracheotomies. Principal author: Dept. of Rehabilitation Medicine, The Hospital of the Albert Einstein College of Medicine, Bronx, NY. 



Kenigsberg, K. (1994). Tracheostomy in infants. Seminars in Thoracic and Cardiovascular Surgery, 6 (4), 196-199. 

A moderately detailed description of tracheostomy procedure performed on infants unable to tolerate endotracheal extubation. Author also describes emergency tracheostomy for infants with asphyxiating teratoma and deforming hygroma. Recommendations for safe decannulation are discussed. Principal author: Division of Pediatric Surgery, North Shore University Hospital, Manhasett, NY. 



Kennelly, C. (1987). Tracheostomy care: Parents as learners. Maternal Child Nursing, 12, 264-267. 

A description of an educational program for parents of children with tracheostomies. The three-phase program is based on principles of adult education. Phase 1 addresses both the assessment of parent willingness to take on tasks of home care and the teaching of technical skills. Phase 2 involves enhancement of decision making skills through role play and use of decision trees. Phase 3 is directed toward dealing with feelings of all family members. Features: Decision trees for assessing secretions, breathing, and problems with tracheostomy tube insertion. Principal author: Rush University College of Nursing, Chicago, IL. 



King, S.A. (1994). The tracheotomized patient: Tracheal toilet and speech. Clinical Pulmonary Medicine, 1 (6), 365-368. 

A single-case autobiographical account, by a ventilator-dependent surgeon, of tracheal toilet procedures and use of "talking" tracheostomy tubes. Use of the PEEP Keep adapter (Smith Industries Medical Systems), the Passey-Muir valve, and the Portex Cuffed "Trach-Talk" tube are detailed. Features: Illustrations of the adapter and "talking tubes" with proposed modifications. Principal author: Darien, CT. 



Kirschner, K.L., & Smith, J. (1994). Case study: The tracheostomy tube (commentary). The Hastings Center Report, 24 (2), 26-7. 

A case study from the Hastings Center Report series on ethical dilemmas in medicine, science, social science and public policy. Case focuses on a patient physician disagreement regarding tracheostomy tube replacement during a potential respiratory crisis. Two physicians and an ethicist comment. Principal author: Physical Medicine and Rehabilitation, Rehabilitation Institute of Chicago. 



Kun, S., Blatzheim, L., Lipsey, A., & Warburton, D. (1986). Sterile Water for tracheostomy home care: Homemade vs commercial preparations. Pediatric Pulmonology, 2, 108-109. 

An experimental study of the duration of sterility for five types of water preparations for tracheostomy home care. Four types of sterile water were homemade and one was commercial. Aliquots of all types were examined for bacterial growth at three different times. Results: After 72 hours, sterile, distilled and boiled water kept in a hand washed container remained sterile. Boiled water stored in a dishwasher-cleansed container and tap water in a soapy water-cleansed container failed to remain sterile. Stats: 2 way ANOVA. Principal author: Dept. of Nursing, Children's Hospital of Los Angeles, Los Angeles, CA. 



Kun, S., & Warburton, D. (1987). Telephone assessment of parents' knowledge of home-care treatments and readmission outcomes for high-risk infants and toddlers. American Journal of Diseases of Children, 141, 888-892. 

A study assessing parental knowledge of home-care procedures for 60 high-risk infants and toddlers 48 hours post-discharge. The children, ranging in age from birth to 24 months, were divided into single treatment and multiple treatment groups. Home care procedures included apnea monitor (n=13), aerosol treatment (n=14), oxygen therapy (n=8), gastrostomy tube (n=11), total parenteral nutrition (n=4), tracheostomy (n=10), broviac catheter (n=5), nasopharyngeal suctioning (n=6), and pump feedings (n=9). Using questionnaires, a telephone audit was used to assess parent's knowledge of treatment, equipment, and vendors. Readmission rates were compared for all groups. Findings: Parents of single-treatment children scored higher than those of multiple-treatment children; but no readmissions were due to failure of home care management. Principal author: Dept. of Nursing, Children's Hospital of Los Angeles, Los Angeles, CA. 
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Law, J.H., Barnhart, K., Rowlett, W., de la Rocha, O., & Lowenberg, S. (1993). Increased frequency of obstructive airway abnormalities with long-term tracheostomy. Chest, 104, 136-138. 

A study of obstructive airway abnormalities after long-term tracheostomy in 81 brain-injured patients ranging in age from <19 years to >60 years. Mean duration of tracheostomy was 4.9 months. Transnasal fiberoptic bronchoscopy was performed on all patients prior to decannulation. Results: Obstructive airway complications occurred in 67% of patients with 43% having more than one type of lesion. Lesion type included granuloma, malacia, stenosis, and laryngeal lesions. Authors discuss previous low incidence reports for these airway abnormalities and recommend fiberoptic bronchoscopy examination prior to decannulation. Stats: t-tests, Pearson Chi square statistic. Principal author: Dept. of Respiratory Services and Speech Pathology, Tustin Rehabilitation Hospital and Western Neuro Care Center, Tustin, CA. 



Lawless, S.T., Cook, S., Luft, J., Jasani, M., & Kettrick, R. (1995). The use of a laryngotracheal separation procedure in pediatric patients. Laryngoscope, 105, 198 202. 

A retrospective follow-up study (1988-1992) of 21 pediatric patients who successfully underwent laryngotracheal separation (LTS) procedure for irreversible upper airway dysfunction. Patients ranged in age from 8 months to 192 months and 72% had prior tracheostomies. Patients were assessed for complications, hospitalizations, and lower tract respiratory infections occurring before and after LTS. Parents were asked to rate changes in patient's mobility, frequency of suctioning, impact of drooling and loss of speech potential, and overall satisfaction with the procedure. Results: Eighty-nine percent of patients had fewer hospitalizations or experienced their first discharge from the hospital. The number of pneumonias and suctioning frequency significantly declined in all patients with prior tracheostomies. Care requirements decreased in 95% of patients and all parents rated quality of patient/family life improved. Stats: ANOVA, Fisher's Exact Test. Principal author: Pediatric Critical Care, Alfred I duPont Institute, Wilmington, DE. 



Lefaivre, J.F., Cohen, S.R., Burstein, F.D., Simms, C., Scott, P.H., Montgomery, G.L., Graham, L.R., & Kattos, A.V. (1997). Down Syndrome: Identification and management of obstructive sleep apnea. Plastic and Reconstructive Surgery, 99 (3), 629-637. 

A prospective study of 7 patients with Down Syndrome who underwent surgical treatment for refractory obstructive sleep apnea. Mean age of patients was 9.6 years (range 3 years to 12.8 years). Preoperative evaluation included craniofacial, pulmonary, and cardiology consult. Overnight polysomnograms were obtained pre and post operatively. All patients underwent various combinations of surgical procedures including tongue reduction, tongue hyoid advancement, uvulopalatopharyngoplasty, and maxillary or midface advancement. Children remained intubated and mechanically ventilated for a minimum of five days postoperatively. Apnea index, respiratory disturbance index, and lowest oxygen saturation were compared pre and postoperatively. Results: All patients showed significant improvement of apnea index (average percentage of change = -93.7%) and respiratory disturbance index (average percentage change = -83.7%). Three patients had lowest oxygen saturation higher than preop values, one had no change, and one exhibited a decrease (two were NA). This change in oxygen saturation was not statistically significant. Authors propose a broad surgical approach to avoid tracheostomy whenever possible in this population. Features: Discussion of the clinical presentation, assessment, and treatment of obstructive sleep apnea in Down Syndrome patients. Stats: paired t-tests. Principal author: Center for Craniofacial Disorders, Scottish Rite Children's Medical Center, Atlanta, GA. 



Lesperance, M.M., & Zalzal, G.H. (1996). Assessment and management of laryngotracheal stenosis. Pediatric Clinics of North America, 43 (6), 1413. 

A review of the clinical presentation and diagnosis of laryngotracheal stenosis. Uses of radiologic and endoscopic evaluation are described, including use of the rod lens telescope. Etiology and pathophysiology is discussed including endotracheal intubation, external compression, external and post-surgical trauma and systemic factors. The management of laryngotracheal stenosis is detailed with a brief discussion of endoscopic therapy, anterior cricoid split (with and without grafting), laryngotracheal expansion surgery, grafts, stents, and stenotic segment resection with anastamosis. Principal author: Dept. of Otolaryngology - Head and Neck Surgery, Children's National Medical Center, Washington, DC. 



Lichtenstein, M.A. (1986). Pediatric home tracheostomy care: A parents' guide. Pediatric Nursing, 12, 41-69. 

A parent's guide for home care of a child with a tracheostomy. All aspects of care are included from the care and nurturance of the child (e.g. play, clothing, communication, baby sitters) to the care and management of the tracheostomy and related equipment. Features: Photographs of tracheostomy tube change and checklists for emergency management. Principal author: Children's Memorial Hospital, Chicago, IL. 



Line, W.S., Hawkins, D.B., Kahlstrom, E.J., MacLaughlin, E.F., & Ensley, J.L. (1986). Tracheotomy in infants and young children: The changing perspective 1970 1985. Laryngoscope, 96, 510-515. 

A retrospective review (1970-1985) of 153 tracheostomized children (< 3 years of age) who were followed by the same three physicians from the time of tracheostomy until study completion. The study is divided into three 5-year periods and assesses changes over time in indications for tracheostomy, early and late complications, duration of tracheostomy, and mortality. Findings: Early complications decreased across all three time periods. Late complications decreased in the second 5-year period, but increased in the third 5-year period. Mortality decreased for all periods. Authors discuss the changing aspects of pediatric tracheostomy over this 15 year period. Principal author: Dept. of Otolaryngology - Head and Neck Surgery, University of Southern California Medical Center, Los Angeles, CA. 



Lipton, B., Gutierrez, R., Blaugrund, S, Litwak, R.S., & Rendell-Baker, L. (1971). Irradiated PVC plastic and gas sterilization in the production of tracheal stenosis following tracheostomy. Anesthesia and Analgesia, 50 (4), 578-586. 

A retrospective account of five patients who developed tracheal stenosis within three weeks of tracheostomy. The five patients represented 6% of 86 tracheostomized patients who survived 9 months post open heart surgery. All five cases occurred within a two-year period, 1967-1968, during which the study hospital changed from use of a silver cannula with a Sanders-Foregger slip-on rubber cuff to use of cuffed PVC tubes. Gas sterilization of opened, but unused, tracheostomy tubes was performed during this period. This study was initiated to find possible causes for the tracheal stenosis. Findings: Several constants were found for all five patients including respiratory infections, hypotension, and use of cuffed PVC tubes that had been gamma-ray sterilized by the manufacturer. An in vitro study of four such tubes, resterilized by ethylene oxide, revealed the formation of ethylene chlorohydin on the tubes and led to a policy change in tracheostomy tube use. Authors discuss tracheal stenosis and gas sterilization of PVC tubes. Principal author: Dept. of Anesthesiology, Otolaryngology and Surgery, Mount Sinai School of Medicine, New York, NY. 
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MacEntee, M.V., Khan, T.Z., Stenmark, K.S., Riches, D.W.H., & Accurso, F.J. (1995). Airway inflammation and bacterial colonization in stable pediatric patients with tracheostomies. American Journal of Respiratory and Critical Care Medicine, 151 (4, Pt. 2), A95. 

Abstract of a controlled study of airway inflammation and infection in six patients with tracheostomies. Patient age ranged from 6 months to 17 years. The control group included five patients, without tracheostomies, undergoing elective surgery. Bronchoalveolar lavage (BAL) was performed on all patients and airway inflammation was assessed through BAL neutrophil counts and levels of interleukin-8 (IL). Bacterial and viral cultures were also obtained. Results: Tracheostomy patients exhibited significant increase in percentage of neutrophils (p=0.01) as well as significantly higher levels of IL (p=0.01). All tracheostomy patients had bacterial cultures positive for upper respiratory tract flora and organisms such as P. aeruginosa, S. aureus, and E. cloacae. Controls demonstrated only mixed upper respiratory tract flora. Authors conclude tracheostomized children have ongoing inflammation and bacterial colonization in lower airways. Principal author: The Children's Hospital, University of Colorado Health Sciences Center, National Jewish Center for Immunology and Respiratory Medicine, Denver, CO. 



Macilwain, G. (1830). Tracheotomy. In Surgical observations on the more important diseases of the mucous canals of the body (2nd Ed., pp. 319-337). London: Longman, Rees, Orme, Brown and Green. 

Historical account. A surgeon's chronicle of personal experiences performing a tracheotomy in a cadaver and a living person. Author discusses tracheotomy as an intervention for "chronic laryngitis" and describes his surgical technique. 



Martin, C., Perrin, G., Gevaudan, M.J., Saux, P., & Gouin, F. (1990). Heat and moisture exchangers and vaporizing humidifiers in the intensive care unit. Chest, 97 (1), 144-149. 

A controlled, prospective study comparing the safety and efficiency of the Pall Ultipor breathing circuit filter (PUBCF) and heated hot water systems (HHWS) in 73 ICU patients. Patients were mechanically ventilated for longer than 24 hours and were randomly assigned to one of the two groups, PUBCF or HHWS. The study assessed the gas heating and humidification and the contamination control of ventilatory circuits between the two groups. Results: Bacteriologic Study: PUBCF was found to be an effective barrier to pathogenic germs under clinical conditions. Bronchial specimens growing pathogenic organisms occurred in 28% of the PUBCF group and 44% of the HHWS group. Breathing circuits were contaminated in 11% of the PUBCF group and 54% of the HHWS group. Heating and Humidification Study: PUBCF provided inadequate humidification, particularly in patients ventilated with more than 10L/min. The PUBCF group exhibited significantly more days of thick, tenacious secretions than the HHWS group (p<0.02). The PUBCF group also experienced six episodes of plugged tracheostomy tubes compared to zero incidence in the HHWS group (p<0.01). Stats: Student's t-test for unpaired data, Chi square. Principal author: Dept. of Anesthesia and Intensive Care, Hospital Sainte Marguerite, Marseille, France. 



Messineo, A., Giusti, F., Narne, S., Mognato, G., Antoniello, L., & Guglielmi, M. (1995). The safety of home tracheostomy care for children. Journal of Pediatric Surgery, 38 (8), 1246-1248. 

A retrospective review (1987-1994) of the safety of home care for 34 children discharged from the hospital with tracheostomies. Median age of children was 26 months (range 1 month to 180 months). Five children were ventilator-dependent at time of discharge. Parents were instructed by a team comprised of a pediatric surgeon, an intensivist, an otolaryngologist, two nurses, and a psychologist. Training lasted 10 to 40 days and home nursing care was not provided. Findings: Over 710 months of follow-up, no children were readmitted and 11 were decannulated. Complications at home, two partially plugged trachs and two accidental decannulations, occurred less frequently than complications during the 108 hospital months prior to discharge. Authors recommend careful attention to type of tracheostomy tube used. Principal author: Division of Paediatric Surgery, Dept. of Paediatrics and the Institute of Anesthesia, University of Padua, Padua, Italy. 



Meyer, C.M., Cotton, R.T., & Shott, S.R. (Eds.). (1995). The pediatric airway: An interdisciplinary approach. Philadelphia, PA: J.B. Lippincott Company. 

A text covering 20 years of cumulative experience in the management of neonates and children with complex airway problems at Children's Hospital Medical Center in Cincinnati, OH. All contributors worked directly within the institution. Pediatric tracheostomy and Home Care of the Child with a Tracheostomy comprise two of the chapters. 



Mullins, J.B., Templer, J.W., Kong, J., Davis, W.E., & Hinson, J. (1993). Airway resistance and work of breathing in tracheostomy tubes. Laryngoscope, 103, 1367 1372. 

Neonatal, pediatric, and adult tracheostomy tubes were evaluated for airway resistance and work of breathing. Resistances were determined using Rohrer's equation for calculating tube resistance since this equation accounts for both laminar and turbulent airflow. Work of breathing was measured using a modified lung model with a Bear 2 adult ventilator or a VIP Bird pediatric ventilator. Work of breathing data were then calculated. Results: Differences were found between inspiratory and expiratory flow resistances with expiratory resistance greater for neonatal and pediatric tubes size 0 and 00. In adult tubes and larger pediatric tubes, inspiratory resistance was the limiting factor. Features: Recommendations for sizing neonatal and pediatric tubes are provided. Differences in airway resistance of neonatal and adult respiratory system is discussed. Principal author: Division of Otolaryngology, Dept. of Medicine, University of Missouri, Columbia, MO. 



Murty, G.E., Shinkwin, C., & Gibbin, K.P. (1993). Bilateral vocal fold paralysis in infants: Tracheostomy or not? The Journal of Laryngology and Otology, 108, 329 331. 

A ten-year account (1982-1992) of conservative airway management in 11 infants with bilateral vocal fold paralysis, only one of whom required a tracheostomy. Patient's mean age at diagnosis was 3.6 months (range 2 days to 9 months). Full bilateral vocal fold mobility occurred in all cases at the mean age of 11.5 months (range 5 months to 26 months). Authors recommend conservative management of this disorder when possible. Principal author: Dept. of Otorhinolaryngology, University Hospital, Nottingham, England. 
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National Nosocomial Infections Study (1981). The control of pulmonary infections associated with tracheostomy (Publication Number 00-2617 [formerly 00 2354]). Atlanta, GA: Centers for Disease Control. 

A review of 1981 guidelines for the care of tracheostomies including humidification, suctioning, aseptic technique, and care of equipment. Principal author: Hospital Infections and Microbiologic Control Branches, Bacterial Diseases Division, Bureau of Epidemiology, Centers for Disease Control, Atlanta, GA. 



Niederman, M.S. (1990). Gram-negative colonization of the respiratory tract: Pathogenesis and clinical consequences. Seminars in Respiratory Infections, 5 (3), 173-184. 

A review of the literature on enteric gram-negative bacterial (EGNB) colonization of the airway. The association between EGNB and nosocomial pneumonia is discussed. Pathogenic factors contributing to EGNB colonization and adherence to epithelial cell surfaces are described and the literature on bacterial adherence is reviewed. Authors recommend preventive strategies focused on the mechanism of bacterial adherence. Principal author: Pulmonary and Critical Care Division, Winthrop University Hospital, Mineola, NY. 



Niederman, M. S., Ferranti, R.D., Zeigler, A., Merrill, W.W., & Reynolds, H.Y. (1984). Respiratory infection complicating long-term tracheostomy: The implication of persistent gram-negative tracheobronchial colonization. Chest, 85 (1), 39-44. 

A study of patterns of respiratory tract flora in 15 patients with long-term tracheostomies. Mean age of patients was 61 years (range 23 years to 77 years). Mean duration of tracheostomy was 25 months (range 1 month to 10 years). Six patients were ventilator-dependent and 13 required supplemental oxygen. All patients had serial, simultaneous, biweekly buccal and tracheal mucosal cultures performed. Results: Of 49 paired sets of cultures, enteric gram-negative bacteria (EGBN) were isolated in 76% of tracheal cultures and 37% of buccal cultures. Frequency of Pseudomonas species in tracheal cultures exceeded that in buccal cultures, 57% to 18%, respectively. Persistent tracheal colonization without associated significantly positive buccal cultures was also significant in six patients. Mechanisms and correlates of EGBN colonization in patients with long-term tracheostomies is discussed. Stats: paired t-tests, Chi square analysis, Student's t-test. Principal author: Pulmonary Section, Department of Medicine, Yale University School of Medicine, New Haven, CT. 



Noguchi, H., Takumi, Y., & Aochi, O. (1973). A study of humidification in tracheostomized dogs. British Journal of Anaesthesia, 45, 844-848. 

A study of humidification parameters in 30 tracheostomized dogs. Animals were divided into six groups, one of which breathed dry air for six hours while the remaining groups breathed humidified air at 20 C, 25 C, 30 C, 35 C, and 40 C for 24 hours. Measurements were obtained for alveolar ventilation, functional residual capacity, lung compliance, alveolar/arterial pO difference, pulmonary shunt ratio, cardiac output, and oxygen consumption. Findings: Most significant lung function changes occurred when air was dried to lower than 40% saturation at 15 C or when temperature was 40 C in spite of 100% humidification. Authors recommend optimal conditions for inspired air as 100% saturation between 20 C and 30 C. Principal author: Dept. of Anesthesiology, Nagoya City University Medical School, Mizuha-Ko, Nagoya, Japan. 
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Ochi, J.W., Bailey, C.M., & Evans, J.N.G. (1992a). Pediatric airway reconstruction at Great Ormond Street: A ten-year review: I. Laryngotracheoplasty and laryngotracheal reconstruction. Annals of Otology, Rhinology and Laryngology, 101, 465-468. 

Part 1 of 3: A retrospective study (1978-1988) of 108 patients diagnosed with pediatric laryngotracheal stenosis who underwent tracheostomy. Patients ranged in age from birth to 11 years and 68% received a tracheostomy within the first two years of life. All patients were followed for a minimum of two years postoperatively. Patients were divided into four groups using the Cotton staging scheme for severity of stenosis, Grade 1 to Grade 4. Seventy-five laryngotracheoplasties and 74 laryngotracheal reconstructions were performed on these patients. Findings: Eighty-three percent of patients were decannulated during the study period. Eighty eight percent of the Grade 1 group and 50% of the Grade 4 group were decannulated. Authors discuss treatment planning for laryngotracheal stenosis. Principal author: Dept. of Pediatric Otolaryngology, The Hospital for Sick Children, Great Ormond Street, London, England. 



Ochi, J.W., Evans, J.N., & Bailey, C.M. (1992b). Pediatric airway reconstruction at Great Ormond Street: A ten-year review: II. Revisional airway reconstruction. Annals of Otology, Rhinology and Laryngology, 101, 595-597. 

Part 2 of 3: A retrospective review (1978-1988) of 32 children diagnosed with laryngotracheal stenosis who required revisional airway reconstruction after exhibiting restenosis of the airway. These patients required from one to four revisional surgeries in order to achieve decannulation. All children were followed for a minimum of two years postoperatively. Degree of preoperative stenosis was determined using Cotton's grading scheme. Findings: Sixty-nine percent of these patients were successfully decannulated. The challenges of revisional airway reconstruction are briefly discussed. Principal author: Dept. of Pediatric Otolaryngology, The Hospital for Sick Children, Great Ormond Street, London, England. 



Ochi, J.W., Bailey, C.M., & Evans, J.N.G. (1992c). Pediatric airway reconstruction at Great Ormond Street: A ten-year review: III. Decannulation and suprastomal collapse. Annals of Otology, Rhinology and Laryngology, 101, 656-658. 

Part 3 of 3: A retrospective review (1978-1988) of 108 children diagnosed with laryngotracheal stenosis who underwent airway reconstruction. Patients ranged in age from birth to 11 years and 68% received a tracheostomy within the first two years of life. All patients were followed for a minimum of two years postoperatively. Findings: Eighty-three percent of these patients were decannulated, the majority within 20 months of the primary procedure. Six patients were noted to have suprastomal collapse immediately prior to decannulation. Fifty-two percent of patients developed persistent tracheocutaneous fistula post-decannulation and required elective surgical closure. Authors discuss the Great Ormond Street decannulation protocol. Principal author: Dept. of Pediatric Otolaryngology, The Hospital for Sick Children, Great Ormond Street, London, England. 



Okafor, B.C. (1983). Fracture of tracheostomy tubes: Pathogenesis and prevention. Journal of Laryngology and Otology, 97, 771-774. 

A case report of an adult patient experiencing a fractured tracheostomy tube that lodged in the patient's right main bronchus. Author recommends strategies for prevention of this occurrence. Principal author: University of Nigeria Teaching Hospital, Enugu, Nigeria. 
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Pashley, N.R.T., & Fan, L.L. (1986). Laryngeal injury from endotracheal intubation in the neonate. In T.J. Balkany & N.R.T. Pashley (Eds.), Clinical pediatric otolaryngology (pp. 211-219). St. Louis, MO: Mosby. 

A text chapter reviewing the mechanisms of laryngeal injury in intubated neonates. Factors influencing laryngeal injury in this population are described. Medical and surgical management options are discussed including anterior and posterior placement of free costochondral grafts. Principal author: Children's Hospital, Denver, CO. 



Peres, L.C., Mamede, R.C.M., & de Mello Filho, F.V. (1996). Rupture of the aorta due to a malpositioned tracheal cannula in a 4-month-old baby. International Journal of Pediatric Otorhinolaryngology, 34 (1-2), 175-179. 

A case report of an infant with a malpositioned tracheostomy tube leading to fatal aortic rupture. Postmortem findings are presented. Authors discuss false tract placement and ensuing complications. Principal author: Dept. of Pathology, Ribeirao Preto University Medical School, University of Sao Paulo, Brazil. 



Perotta, R.J., & Schley, W.S. (1978). Pediatric tracheotomy. Archives of Otolaryngology, 104, 318-321. 

A five year retrospective study (1972-1976) of 61 tracheotomized children below 14 years of age. Children were divided into two groups based on weight at time of tracheotomy: 1) more than 2500g (n=48) and 2) less than 2500g (n=13). Groups were compared for indications, complications and short and long-term follow-up. Tracheotomy technique and postoperative care is described. The majority of patients in group 1 received uncuffed metal tracheotomy tubes with inner cannulas. Patients in group 2 received a variety of plastic tubes with a resulting series of problems including obstructions and dislodgements. Long-term care included bi weekly tube changes and periodic endoscopic exam. Findings: Group 1 experienced 32 complications and two deaths attributable to post-tracheotomy complications. Group 2 experienced 21 complications and one death from tube obstruction. There were no successful decannulations in Group 2 by close of study. Authors discuss their experience with tracheotomy in neonates. Principal author: Dept. of Otorhinolaryngology, The New York Hospital - Cornell Medical Center, New York, NY. 



Petr, C.G., Murdock, B., & Chapin, R. (1995). Home care for children dependent on medical technology: The family perspective. Social Work in Health Care, 21 (1), 5-22. 

An exploratory study (1990-1991) of periods of family crisis threatening the continued home placement of four technology-dependent children. The four families were part of a larger study of 39 families with disabled children. The four family situations were tracked by audio-taped focus group interviews over 18 months. Vignettes of the four families are presented. Authors discuss components important to programs aiming to avert out-of-home placement of children including 1) financial assistance and access for medical and related needs, 2) case management from time of initial hospitalization and, 3) training and monitoring of case managers and other staff. 



Pollack, I.F., Kinnunen, D., & Albright, A.L. (1996). The effect of early craniocervical decompression on functional outcome in neonates and young infants with myelodysplasia and symptomatic Chiari II malformations: Results from a prospective series. Neurosurgery, 38 (4), 703-710. 

A prospective study (1989-1994) of 13 children exhibiting brain stem dysfunction in the first six months of life post myelomeningocele closure. All patients underwent urgent cranial and craniocervical magnetic resonance imaging and all were found to have a Chiari malformation. Hindbrain decompression was performed on 12 of the 13 patients within 12 hours of completion of studies. Findings: Nine patients exhibited complete or near-complete resolution of preoperative symptoms within two days postoperatively, including stridor, apnea and dysphagia. One patient improved gradually over several months. These 10 patients required no tracheostomy. Three children failed to improve in functional outcome postoperatively and two ultimately died. Features: Authors briefly describe surgical procedure and discuss types of patients likely to benefit from early craniocervical decompression. Principal author: Dept. of Neurological Surgery, Children's Hospital of Pittsburgh, Pittsburgh, PA. 



Power, K.J. (1990). Foam-cuffed tracheal tubes, Clinical and laboratory assessment. British Journal of Anaesthesia, 65, 433-437. 

A study evaluating the performance of the Bivona Fome-Cuff tracheal tube (size 8.0 to 9.0) in 20 patients requiring tracheal intubation for orthopaedic procedures. Methylene blue dye was introduced above the cuff and tracheal mucosa was inspected for dye aspiration prior to completion of the surgical procedure. Findings: There was no evidence of dye leakage in any patient. Potential benefits of the Fome Cuff are discussed. Principal author: Royal United Hospital, Combe Park, Bath, England. 



Prescott, C.A.J. (1992). Peristomal complications of paediatric tracheostomy. International Journal of Pediatric Otorhinolaryngology, 23, 141-149. 

A descriptive review (1980-1984) of peristomal complications, including granulation tissue, supra-stomal collapse, stomal tracheomalacia and tracheal stenosis, occurring in paediatric tracheostomy and leading to failure of decannulation. Author discusses indications and sequelae of long-term tracheostomy in 150 children. Measures to optimize decannulation are detailed and the benefits of a formal stoma are discussed from the author's experience. Principal author: Dept. of Otolaryngology, The Red Cross War Memorial Children's Hospital, Cape Town, South Africa. 



Prescott, C.A.J. (1994). Factors that influence successful decannulation after surgery for laryngo-tracheal stenosis in children. International Journal of Pediatric Otorhinolaryngology, 30 (3), 183-188. 

A brief discussion of factors leading to successful decannulation including minimization of complications, thorough assessment, gastro-oesophageal reflux, infection, suture material, stenting, movement, feeding, and the decannulation process. Principal author: Dept. of Otolaryngology, The Red Cross War Memorial Children's Hospital, Cape Town, South Africa. 



Proctor, D.F. (1977). The upper airways. American Review of Respiratory Diseases, 115, 97-120. 

A thorough review of nasal anatomy and physiology including an assessment of inspired air modification. Author reports on several published and unpublished studies of humidity and nasal mucous flow in healthy young persons using climate chambers. Factors influencing nasal malfunction are described, including speculation on the relationship of nasal malfunction to small airway disease of the lung. Principal author: Depts. of Environmental Medicine, Laryngology and Otology, Johns Hopkins University School of Hygiene and Public Health and School of Medicine, Baltimore, MD. 



Pugliese, G., Mackel, D.C., & Mallison, G.F. (1980). Recommendations for reducing risks of infection associated with suction collection procedures. American Journal of Infection Control, 8, 72-74. 

A discussion of infection risks to patients and staff associated with suctioning procedures. Recommendations for prevention of infection are described. Principal author: Augustana Hospital and Health Care Center, Chicago, IL. 



Puhakka, H.J., Kero, P., Valli, P., & Iisalo, E. (1992). Tracheostomy in pediatric patients. Acta Paediatrica, 81, 231-234. 

A retrospective review (1978-1987) of 33 patients undergoing tracheostomy. Mean age of children was 726 days and 76% of the patients were under two years of age. Surgical technique is briefly described. Indications for tracheostomy, duration of tracheostomy, decannulation and mortality are discussed. Principal author: Dept. of Otolaryngology, University Central Hospital, Turku, Finland. 
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Rhee, C.K., Miller, F.R., Tucker, H.M., & Eliachar, I. (1996). The superiorly based flap long-term tracheostomy in pediatric patients. American Journal of Otolaryngology, 17 (4), 251-256. 

A retrospective review (1986-1993) of 21 pediatric patients on whom superiorly based flap tracheostomies (SBFT) were performed. Children ranged in age from one month to twelve years and were followed for an average of 17 months (range, 3 to 60 months). Bilateral vocal cord paralysis, followed by respiratory failure, were the most common indicators for tracheostomy. In five patients, SBFT was a revision of a previous tracheostomy. Findings: No acute complications were noted. One delayed wound infection and one late death occurred. One patient developed mild stomal granulation tissue. All patients received regular exams with flexible laryngoscopy and tracheoscopy and no cases of laryngotracheal stenosis or stomal collapse were found. Authors discuss SBFT in relation to other techniques for long term or permanent tracheostomy in the pediatric population. Features: Diagrams of SBFT procedure. Principal author: Dept. of Otolaryngology - Head and Neck Surgery, Dankook University College of Medicine, Cheonan, Korea. 



Richard, I., Giraud, M., Perrouin-Verbe, B., Hiance, D., Mauduyt de la Greve, I., & Mathe, J. (1996). Laryngotracheal stenosis after intubation or tracheostomy in patients with neurological disease. Archives of Physical Medicine and Rehabilitation, 77, 493-496. 

A retrospective chart review (1986-1993) of 315 patients with traumatic brain injuries or other neurological disorders who were admitted to an inpatient rehabilitation unit. Charts were reviewed for incidence of airway complications. Mean age of patients was 35.6 years (range, 6 to 86 years). Patients were considered in three groups: 1) translaryngeal intubation only (54.6%), 2) tracheostomy only (2.8%), and 3) tracheostomy after a period of translaryngeal intubation (41.6%). Portex low pressure cuff tubes and Shiley tracheostomy tubes were used. Cuff tubes used in the ICU were replaced by cuffless tubes in the rehabilitation unit. Fenestrated tubes were used according to patient tolerance. All patients with tracheostomies underwent fiberoptic tracheolaryngoscopy prior to decannulation and evidence of laryngotracheal stenosis was analyzed. Stenosis was defined as glottic, subglottic, glottic and subglottic, or tracheal and was classified as severe or benign depending on need for surgical or nonsurgical treatment. Findings: Incidence of airway stenosis for the entire population was 20.3%. Incidence of glottic stenosis was 7%, subglottic stenosis was 2.5%, glottic and subglottic stenosis was 1.6%, and tracheal stenosis was 9%. The incidence of stenosis was higher post-tracheostomy than post intubation. Incidence of stenosis did not correlate with duration of intubation nor vary with patient sex. Authors discuss factors impacting the incidence of stenosis. Principal author: Service de Reeducation Fonctionelle, Centre Hospitalier Regional Universitaire de Nanter, France. 



Rodgers, B.M., Rooks, J.J., & Talbert, J.L . (1979). Pediatric tracheostomy: Long term evaluation. Journal of Pediatric Surgery, 14 (3), 258-263. 

A retrospective review (1967-1976) of 108 patients, under age 18, undergoing tracheostomy. Indications for tracheostomy were mechanical airway obstruction, secretory obstruction, management of neuromuscular disorders, respiratory insufficiency, and prophylactic tracheostomy prior to surgery. Findings: Early complications were seen in 8 patients and included pneumomediastinum, subcutaneous emphysema and pneumothorax. Late complications included subglottic stricture, stomal granulation tissue and persistent tracheocutaneous fistulae. Overall mortality was 44%. Authors discuss tracheostomy as an emerging procedure with recommendations for long-term management. Principal author:Dept. of Surgery, University of Florida College of Medicine, Division of Pediatric Surgery, Gainsville, FL. 



Rogers, L.A., & Osterhout, S. (1970). Pneumonia following tracheostomy. The American Surgeon, 36, 39-46. 

A prospective review (1966-1967) assessing lower respiratory tract infections in 83 tracheostomy patients. Patients were initially cared for in an ICU and aseptic technique was used for suctioning and tracheal aspirate cultures. Findings: Post tracheostomy pneumonia developed in 20.5% of this population. Aerobacter spp. and Pseudomonas spp. were most frequently associated with lower respiratory tract infections. Patients with pneumonia were twice as likely to develop extratracheal infections with identical organisms as the tracheal infection. Mortality rate was 25.3%. Findings are discussed in light of the effect of mechanical respiration, age, sex, chronic lung disease, effect of hospital service responsible for care and effect of prophylactic antibiotics. Principal author: Division of Neurological Surgery, University of Texas Southwestern Medical School, Dallas, TX. 



Rosenfeld, R.M., & Stool, S.E. (1992). Should granulomas be excised in children with long-term tracheotomy? Archives of Otolaryngology Head and Neck Surgery, 118, 1323-1327. 

A well-controlled retrospective study (1979-1988) of 50 children with tracheotomy-dependent subglottic stenosis (SGS), evaluated regarding the advantage of interval bronchoscopy with granuloma excision versus observation. Patients were divided into two groups, congenital SGS (n=25) and acquired SGS (n=25). Half of the children were 3.7 months or younger at time of tracheotomy. Median tracheotomy duration was 17.8 months. Twenty per cent of the children had documented gastroesophageal reflux (GER). Two hundred and sixty-five rigid bronchoscopies were performed on this population prior to decannulation (median, 5 bronchoscopies per patient). Results: Suprastomal granulomas were present in 34% of the total bronchoscopies and developed in 90% of the children at a median of 8.1 months post-tracheotomy. Granulomas were classified as small, medium, large or obstructing. Neither gender, race, GER, stenosis cause, age at tracheotomy, nor duration of tracheotomy was significantly related to formation of initial granulomas. Of 30 excised granulomas, 60% recurred. Of 33 unexcised granulomas, 48% resolved spontaneously. No obstructing granulomas occurred in this population. Authors conclude management of suprastomal granuloma -- excision versus observation -- did not alter the probability of recurrent or persistent granuloma at next bronchoscopy. Authors discuss their 80% incidence of suprastomal granuloma in light of their liberal use of interval bronchoscopy and the increasingly refined diagnostic capabilities of rigid bronchoscopy in infants and children. Bronchoscopy and granuloma excision are recommended only for obstructing granuloma or prior to decannulation to help prevent early failure. Stats: Multivariate analysis. Principal author: Department of Otolaryngology and Pediatrics, Children's National Medical Center and George Washington University School of Medicine, Washington, D.C. 



Ruben, R.J., Newton, L., Jornsay. D., Stein, R., Chambers, H., Liquori, J., & Lawrence, C. (1982). Home care of the pediatric patient with a tracheotomy. Annals of Otology, Rhinology and Laryngology, 91, 633-640. 

A retrospective survey (1970-1981) of 47 tracheotomized infants and children receiving home care. Children were under the age of 12 and average duration of tracheotomy at time of survey was 33 months. Over the survey period, 14 children were decannulated, three died and three were lost to follow up. Authors present a detailed discussion of a home care program which begins in the hospital and is coordinated by a team of health providers. Issues include discharge, home management teaching, integration into family, home safety, school attendance, communication and speech, parental disruptions and fears, loss of family mobility, sibling competition and recreation. Principal author: Dept. of Otorhinolaryngology, Albert Einstein College of Medicine, Bronx, NY. 
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Sasaki, C.T., Fukuda, H., & Kirchner, J.A. (1973). Laryngeal abductor activity in response to varying ventilatory resistance. Transactions of the American Academy of Ophthalmology and Otolaryngology, 77, 403-410. 

An animal study of the relation between ventilatory resistance and the activity of the posterior cricoarytenoid (PCA) muscles. Animals were studied with an intact trachea and then with a permanent tracheostoma. Varied ventilatory resistance was measured by electromyography. Findings: Phasic PCA activity was seen to decrease as ventilatory resistance decreases. Loss of abductor activity persists in relation to severely reduced airway resistance. The duration of lowered resistance impacts the reestablishment of abductor function. Authors discuss findings in relation to tracheotomy "weaning". Features: A brief history of relevant respiratory physiology is provided. Principal author: Section of Otolaryngology, Dept. of Surgery, Yale University School of Medicine, New Haven, CT. 



Sasaki, C.T., Suzuki, M., Horiuchi, M., & Kirchner, J.A. (1977). The effect of tracheostomy on the laryngeal closure reflex. Laryngoscope, 87 (9, Pt. 1), 1428 1433. 

A study of 15 tracheostomized dogs focused on the impact of tracheostomy on the upper respiratory system. Duration of tracheostomy was six to eight months. The mechanism of aspiration was investigated through neurophysiological alterations in the output characteristics of the medullary adductor motorneuron aggregate. Findings: Tracheostomy interrupts precise coordination of laryngeal and protective functions. Authors conclude that the protective glottic closure reflex is potentially physiologically fragile. Principal author: Dept. of Surgery, Section of Otolaryngology, Yale University School of Medicine, New Haven, CT. 



Schlessel, J.S., Harper, R.G., Rappa, H., Kenigsberg, K., & Khanna, S. (1993). Tracheostomy: Acute and long-term mortality and morbidity in very low birth weight premature infants. Journal of Pediatric Surgery, 28, 873-876. 

A retrospective study (1981-1990) of mortality and morbidity in 36 very low birth weight premature infants (VLBW-PT) with tracheostomies. Gestation at birth ranged from 24 to 32 weeks and birth weight ranged from 635g to 1,360g. Tracheostomies were performed at four to 23 weeks chronologic age with 25 of the 36 infants less than or equal to 40 weeks gestation at tracheostomy. Incidence of bronchopulmonary dysplasia was 44% in these infants. Indication for tracheostomy was subglottic stenosis (56%) and prolonged mechanical ventilation (44%). Tracheostomies were performed using the same surgical technique and all infants were cared for in the neonatal ICU. Findings: Early complications (within one week of surgery) occurred in 31% of infants and late complications (one or more weeks post-surgery) occurred in 64% of infants. Mortality rate was 35% with four of thirteen deaths directly related to tracheostomy. None of the four infants had been maintained on cardiorespiratory monitors as prescribed. Of 23 surviving infants, 13 were decannulated between 0.5 to 5.5 years after tracheostomy. Authors discuss post-tracheostomy complications in this population and need for parental compliance with prescribed use of cardiorespiratory monitors. Principal author: Infant Apnea Center, Division of Perinatal Medicine, North Shore University Hospital, Manhasset, NY. 



Schnapf, B.M., Favrot, J., & Dodson, S. (1993). Esophageal obstruction in a tracheostomized infant. Chest, 104 (6), 1909-1910. 

A case report of an infant tracheostomized at two months of age, whose tracheostomy tube intermittently obstructed the proximal esophagus resulting in frequent emeses and failure to thrive. Intervention was achieved with a customized tracheostomy tube. Principal author: Pulmonary Division, Dept. of Pediatrics, University of South Florida College of Medicine, Tampa, FL. 



Seegobin, R.D., & van Hasselt, G.L. (1986). Aspiration beyond endotracheal cuffs. Canadian Anaesthetists' Society Journal, 33 (3), 273-279. 

A study comparing incidence of aspiration between several large-volume cuffed endotracheal tubes and a low-volume red rubber endotracheal tube. Participants were 30 adult patients undergoing surgery requiring intubation and muscle relaxation. The large volume tubes tested were Portex Profile, Mallinkrodt, and Lanz. After intubation and cuff inflation, dye was instilled through the cords immediately above the cuff. Findings: No dye passed beyond the red rubber cuff. Dye passed beyond all large-volume cuffs and these were found to have random folds that permitted leakage. A discussion of the literature in this area is presented. Principal author: Regional Hospital, New Brunswick, Canada. 



Sellars, S.L. (1979). Obstruction of the pediatric airway. Ear Nose and Throat Journal, 58, 20-37. 

A review of pediatric airway obstructions. Upper and lower airway obstructions are discussed in terms of developmental or acquired causes. Principal author: Dept. of Otolaryngology, Red Cross War Memorial Children's Hospital, Cape Town, South Africa. 



Senders, C.W., Muntz, H.R., & Schweiss, D. (1991). Physician survey on the care of children with tracheotomy. American Journal of Otolaryngology, 12, 48-50. 

Results of a survey of practicing pediatric otolaryngologists in the United States, Canada and England regarding the range of care provided for children with tracheotomies. Respondents revealed commonalities in 1) timing of first tube change, 2) use of ICU postoperatively, 3) parental training for home care, 4) follow up, and 5) use of a home care team. Home monitoring after discharge appeared to be inconsistently practiced at the time of this survey. Principal author: Dept. of Otolaryngology, University of California Davis Medical Center, Sacramento, CA. 



Shabino, C.L., Erlandson, A.L., & Kopta, L.A. (1986). Home cleaning-disinfection procedure for tracheal suction catheters. Pediatric Infectious Diseases, 5 (1), 54 58. 

A study assessing the microbiologic effectiveness of a cleaning-disinfection procedure suitable for home use of tracheal suction catheters. One hundred size eight and ten polyvinylchloride catheters were seeded to produce 4+ bacterial growth of S. aureus and P. aeruginosa on both external and internal surfaces. The cleaning procedure consisted of flushing each catheter with hydrogen peroxide, soaking overnight in 100°C soapy water, rinsing with hot tap water, flushing with boiling water and air drying. Findings: The procedure completely eliminated bacterial growth from 90% of the catheters tested. Procedure was subsequently piloted in a family caring for a ventilator-dependent child. Authors discuss cost and time effectiveness of this procedure. Features: Protocol for home cleaning disinfection of tracheal suction catheters. Principal author: Pediatric Intensive Care Unit, Bronson Methodist Hospital, Kalamazoo, MI. 



Shinkwin, C.A., & Gibbin, K.P. (1996). Tracheostomy in children. Journal of the Royal Society of Medicine, 89, 188-192. 

A retrospective chart review (1982-1992) of tracheostomy management experience with 56 tracheostomized children under 12 years of age. Mean age at time of tracheostomy was 16 months (range,1 day to 142 months). Indications for tracheostomy were upper airway obstruction (most commonly acquired SGS), failed extubation, and long-term assisted ventilation. Surgical procedure and postoperative care was similar for all children. Findings: There were four early complications and seven late complications for 91.4 years of accumulated tracheostomy duration. Mortality was 14%. Successful decannulation was achieved in 39 of 48 surviving patients. Principal author: Dept. of Otolaryngology, University Hospital, Queen's Medical Centre, Nottingham, England. 



Simma, B., Spehler, D., Burger, R., Uehlinger, J., Ghelfi, D., Dangel, P., Hof, E., & Fanconi, S. (1994). Tracheostomy in children. European Journal of Pediatrics, 153, 291-296. 

A retrospective study (1979-1989) of complications in 108 tracheostomized children. Fifty-nine percent of patients were <1 year at time of tracheostomy. Median age was six months (range, 1 week to 15 years). Indications for tracheostomy included acquired subglottic stenosis, bilateral vocal cord paralysis, congenital airway malformations, and tumours. Surgical procedure was similar for all patients. Complications were classified as occurring during operative procedure, during cannulation period, and post-decannulation. Results: There were no operative procedure complications; but 7.4% of patients developed pneumothoraces post operatively. Severe complications during cannulation occurred in 19.5% of children. Mild to moderate complications occurred in 88% of children. Post decannulation, severe complications developed in 13.8% of patients and mild to moderate complications in 38.9%. By study close, 78.7% of children had been decannulated. Mortality rate was 7.4% over the ten year period. Authors discuss weight gain and catch-up growth in this population. Stats: Wilcoxon rank sum test. Principal author: ICU, University Children's Hospital, Zurich, Switzerland. 



Smith, C.F., Shrestha, K.B., & Agrahari, K.N. (1995). Humidification after tracheostomy. Tropical Doctor, 25, 38-39. 

A brief review of post-tracheostomy humidification methods including gauze cover, Swedish nose, ultrasound, and steam. Principal author: Western Regional Hospital, Pokhara, Kaski, Nepal. 



Sood, R.K. (1973). Fractured tracheostomy tube. Journal of Laryngology and Otology, 87, 1033-1034. 

A case report of a patient with a fractured PVC tracheostomy tube presenting as a foreign body. Principal author: Dept. of Otolaryngology, Royal Infirmary, Glasgow, Scotland. 



Stauffer, J.L., & Silvestri, R.C. (1982). Complications of endotracheal intubation, tracheostomy, and artificial airways. Respiratory Care, 27 (4), 417-434. 

A review of the advantages and disadvantages of various routes of tracheal intubation including oral and nasal endotracheal intubation, tracheostomy, and cricothyroidotomy. Complications are discussed in terms of period of occurrence: 1) intubation or tracheostomy, 2) while tube is in place, 3) during extubation or decannulation, and 4) post-extubation or decannulation. Possible causes, mechanisms, and measures to avoid or recognize complications are discussed. Principal author: Pulmonary Disease Section, VA Medical Center, Fresno, CA. 



Stool, S.E., & Eavey, R.D. (1990). Tracheotomy. In C.D. Bluestone & S.E. Stool (Eds.), Pediatric Otolaryngology (pp. 1226-1243). Philadelphia, PA: W.B. Saunders. 

Book chapter. Historical perspective on tracheotomy is covered and surgical technique is detailed, including emergency tracheotomy. Operative and post operative complications and guidelines for decannulation are reviewed. Authors discuss aspects of home care including helpful hints for parents or caretakers. Features: Tables are presented for 1) indications for tracheotomy, 2) assessing degree of emergency, 3) approximate sizes of endotracheal and tracheotomy tubes for infants and children, and 4) approximate gauge equivalents used for endotracheal and tracheotomy tubes. 
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Talabere, L.R. (1980). The child with a tracheostomy: A holistic approach to home care. Topics in Clinical Nursing, 2 , 27-44. 

A discussion of the philosophical underpinnings of a holistic approach to home care of a child with a tracheostomy. Six guidelines for such an approach are developed from the concepts of family, wellness and self responsibility. Author outlines a complete assessment process including family and patient perceptions, needs and resources. A model teaching plan is presented. Principal author: School of Nursing, Capital University, Columbus, OH. 



Tepas, J.J., Heroy, J.H., Shermeta, D.W., Haller, Jr., J.A. (1980). Tracheostomy in neonates and small infants: Problems and pitfalls. Surgery, 89 (5), 635-639. 

A prospective review (1963-1976) of "hospital course" in 74 tracheostomized infants <24 months of age. Patients were considered in two groups: 1) those requiring tracheostomy in first days or weeks of life (n=48), 2) those requiring later tracheostomy for acute or acquired disease (n=26). Diagnosis in group 1 was hyaline membrane disease (n=34) and congenital airway anomalies (n=14). Findings: Decannulation was accomplished in 25% of group 1. Mortality was 42%. In group 2, mortality was 50% with the majority of deaths occurring in children with cardiac lesions. Authors discuss operative complications and decannulation difficulties. Principal author: Division of Pediatric Surgery and Dept. of Otolaryngology, Johns Hopkins Hospital, Baltimore, MD. 



Tom, L.W.C., Miller, L., Wetmore, R.F., Handler, S.D., & Potsic, W.P. (1993). Endoscopic assessment in children with tracheostomies. Archives of Otolaryngology Head and Neck Surgery, 119, 321-324. 

A prospective analysis (1988-1990) of 32 children with long-term tracheotomies in whom airway changes were assessed by direct laryngoscopy and bronchoscopy at time of tracheotomy, one week later at time of tube change, and at six month intervals for a minimum of 18 months. Median age of patients was 3.5 months (range, 1 day to 12 years). Fourteen patients were premature. Indications for tracheotomy included airway obstruction, ventilatory support, and a combination of these two. Twenty-four infants had multiple intubations prior to tracheotomy. Findings: Distinct differences were noted between premature and term children. Among premature infants, 92% required tracheotomy for ventilatory support alone, or in combination with obstruction. Among term infants, 77% required tracheotomy for obstruction, 34% for ventilatory support. At time of tracheotomy, normal airway was found in 34% of the total population. Endoscopy at one week revealed significant airway changes in 44% of patients. Airway changes continued to occur at six months with stomal granulations most common. This trend continued at 12 months and, at 18 months, the number of new lesions was equal to the number of resolving lesions. At close of study, 13 children had been decannulated, 17 continued to require tracheotomy, one had died, and one was lost to follow-up. Authors discuss patterns of developing airway complications, spontaneous resolution of complications, and the value of endoscopic assessment for tracheotomized children. Principal author: Division of Otolaryngology, The Children's Hospital of Philadelphia, Philadelphia, PA. 



Toursarkissian, B., Fowler, C.L., Zweng, T.N., & Kearney, P.A. (1994). Percutaneous dilational tracheostomy in children and teenagers. Journal of Pediatric Surgery, 29 (11), 1421-1424. 

A review of percutaneous dilatational tracheostomy (PDT) in 11 children. Average age was 16 years (range 10 to 20 years). Indications for tracheostomy were prolonged ventilatory support and need for pulmonary hygiene. PDT procedure is described. Three procedures were performed in the operating room and the remainder in the ICU. Findings: Mean procedure time was 20 minutes plus or minus 12 minutes (range, 7 to 50 minutes). Duration of ventilatory support post PDT was ten days plus or minus 8 days (range, 1 to 22 days). One intra-operative and one post-operative complication occurred in the same patient. One mortality occurred 66 days post-PDT. Nine children were successfully decannulated after an average duration of 43 days plus or minus 66 days (range, 8 to 206 days). No tracheal stenosis was noted post-decannulation by close of study. Authors discuss advantages and technical details of PDT. Principal author: Dept. of Surgery, University of Kentucky Medical Center, Lexington, KY. 



Tsuda,T., Noguchi, H, Takumi, Y., & Aochi, O. (1977). Optimum humidification of air administered to a tracheostomy in dogs. British Journal of Anaesthesia, 49, 965-977. 

A study of optimum humidification parameters in 32 tracheostomized dogs. Surfactant activity was studied in all dogs and airway mucosa was examined by scanning electron microscopy in eight animals. Animals were divided into six groups: 1) control group, 2) dry air inhaled for differing periods under anaesthesia, 3) 100% water-saturated air at 25 degrees Centigrade, with or without anaesthesia, for varying time periods, 4) 100% water-saturated air at 30 degrees Centigrade, with or without anaesthesia, for varying time periods, 5) 100% water-saturated air at 35 degrees Centigrade, with or without anaesthesia, for varying time periods, and 6) 100% water-saturated air at 40 degrees Centigrade, with or without anaesthesia, for varying time periods. Minimum and maximum surface tensions are reported for all groups of animals as well as the results of scanning microscopy studies on selected dogs. Findings: Inhalation of dried air was deleterious after six hours and disturbance of normal ciliar function increased over time. Dogs inhaling 100% water-saturated air at 25 degrees C under anaesthesia and 100% humidified air at 30 degrees C without anaesthesia maintained intact airway surfaces. Principal author: Dept. of Anesthesiology, Aichi Medical University, Nagakute-cho, Aichi-gun, Japan. 



Turnage, C.S., & Engleman, S. (1994). Discharge education for parents of infants with tracheostomies. Journal of Pediatric Nursing, 9 (6), 425-426. 

Brief description of discharge education for parents of children with tracheostomies using a tracheostomized manikin for tracheostomy change teaching. Principal author: Level II Neonatal Areas, Texas Children's Hospital, Houston, TX. 
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van Heurn, L.W.E., van den Bogaard, A.E.J. M., Koostra, G., & Brink Heerlen, P.R.G. (1996). Percutaneous dilatational versus conventional open tracheotomy in a growing animal: A study in goats. Journal of Pediatric Surgery, 31 (11), 1512 1515. 

A study of percutaneous dilational tracheotomy (PDT) versus conventional open tracheotomy in 14 goat kids. Tracheotomy and PDT procedures are described. No intraoperative complications occurred. All animals received antibiotic prophylaxis, daily suctioning and humidification. Animals were decannulated at one week, spontaneous stomal closure was noted, and animals were killed at three months post-decannulation. Results: Four animals (three in the PDT group) died and three of these animals were low birth weight (<3.8kg) at time of surgery. At the time of killing, mean internal sagittal diameter, mean internal coronal diameter, and mean cross sectional area of trachea did not differ between groups. In the open tracheotomy group, significant differences were found at the level of the stoma with reductions in coronal lateral diameter (p<0.001) and cross-sectional area (p<0.001). In the PDT group there were no epithelial, stomal, or cartilaginous changes. Authors discuss favorable aspects of PDT in goats. Stats: Student's t test, Fisher's Exact tests. Principal author: Dept. of Surgery, De Wever Hospital, Heerlen, The Netherlands. 



Vitacca, M., Clini, E., Foglio, K., Scalvini, S., Marangoni, S., Quadri, A., & Ambrosino, N. (1994). Hygroscopic condenser humidifiers in chronically tracheostomized patients who breathe spontaneously. European Respiratory Journal, 7, 2026-2032. 

A well-controlled study of the effectiveness of a hygroscopic condenser humidifier (HCH) versus no protective system in 40 spontaneously breathing tracheostomized patients. All patients were stable and had been tracheostomized from one to thirteen months. Patients were randomly selected to the HCH group or the control (no protective system) group. Oxygen was required by 24 patients to maintain arterial oxygen saturation > 90%. A Mediflex HCH-6V ICOR AB Sweden was used 24 hours a day for ten days in the HCH group. Radial arterial blood gas, spirometry, maximal voluntary ventilation (MVV), maximal inspiratory pressure (MIP), blood leucocyte count and bacterial colonization of aspirates were measured at baseline, five, and ten days. Suction aspirate was scored for amount and viscosity by caretakers blind to the purpose of the study. All patients performed all measures breathing room air. Results: No significant difference was found for amount of secretions in either group. A significant difference was found for fluidity of secretions, which changed over time for the HCH group but not for controls (p<0.05). Secretion colouring also changed over time, becoming clearer for the HCH group (p<0.005). No significant changes were detected in blood lymphocyte count, fever, new lung infiltrates, or need for antibiotics in either group. Respiratory function improved significantly over time for the HCH group and declined for the control group. During the study, bacterial colonization increased in controls while HCH group remained unchanged (p<0.001). Authors discuss advantages and potential drawbacks of HCH use in chronically tracheostomized patients. Stats: ANOVA. Principal author: Foundazione Clinica del Lavoro, Gussago, Italy. 
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Waddell, A., Appleford, R., Dunning, C., Papsin, B.C., & Bailey, C.M. (1997). The Great Ormond Street protocol for ward decannulation of children with tracheostomy: Increasing safety and decreasing cost. International Journal of Pediatric Otorhinolaryngology, 39 (2), 111-118. 

A retrospective chart review (1991-1996) of 101 decannulation attempts in a group of 84 tracheostomized children. Purpose of study was to determine optimum decannulation protocol that would maximize safety and decrease cost of inpatient stay. Mean age of patients at time of tracheostomy was 2.2 years (range 0 to 14 years). Average duration of tracheostomy was 3.5 years (range, 11 days to 15.2 years). Patients averaged 7.2 surgical procedures (range, 0 to 47). Mean length of admission for decannulation was 9.1 days. Decannulation protocol included (over 9 days) endoscopic assessment, downsizing of tracheostomy tube, 12 hour blocking of tube, 24 hour blocking of tube, decannulation, three days of ward observation, one day off ward, one day out of hospital, and discharge on ninth day. Findings: Time to decannulation landmarks (12 hour block, 24 hour block and decannulation) did not differ for children whose decannulation failed from those whose decannulation succeeded. All landmarks were achieved by 4.8 days. Children who failed decannulation at first attempt were at no greater risk for failing subsequent attempts. All failures occurred within 48 hours of the 24 hour block. Authors discuss parent attitudes toward decannulation and "decannulation panic" in children and recommend psychological assessment of family anxieties. Decannulation protocol at the Great Ormond Street Hospital has been shortened to five days. Principal author: Dept. of Otolaryngology, The Great Ormond Street Hospital for Children, Great Ormond Street, London, UK. 



Walner, D.L., & Holinger, L.D. (1997). Supraglottic stenosis in infants and children: A preliminary report. Archives of Otolaryngology -- Head and Neck Surgery, 123 (3), 337-341. 

A retrospective review (1985-1993) of supraglottic stenosis/collapse (SS/C) in 17 tracheostomized children. In all children, SS/C was diagnosed during direct laryngoscopy while breathing spontaneously. Findings: Fifty-nine percent of patients exhibited posterior displacement of the epiglottis and 59% exhibited anterior arytenoid displacement (three patients had both). Concomitant subglottic stenosis was identified in 94% of this population and GER was documented in 53%. Authors discuss their definition of SS/C as a specific condition in children and describe its etiology. Principal author: Children's Hospital Medical Center, Dept. of Pediatric 
Otolaryngology, Cincinnati, OH. 



Warnock, C., & Porpora, K. (1994). A pediatric trach card: Transforming research into practice. Pediatric Nursing, 20 (2), 186-188. 

A literature review and critique of deep resistance suctioning and a proposed solution called the "pediatric trach card". Principal author: Blythedale Children's Hospital, Valhalla, NY. 



Weilitz, P.B., & Dettenmeier, P.A. (1994). Test your knowledge of tracheostomy tubes. American Journal of Nursing, 2, 46-50. 

A review of basic knowledge of tracheostomy tubes including, 1) composition and design, 2) double cannulas, 3) cuffed and cuffless tubes, 4) fenestrated tubes, 5) speaking devices, and 6) specialized tracheostomy tubes. Features: A size comparison chart, tracheostomy care checklist, and a self quiz for readers. Principal author: Barnes Hospital, Washington University Medical Center, St. Louis, MO. 



Wetmore, R.F., Handler, S.D., & Potsic,W.P. (1982). Pediatric tracheostomy: Experience during the past decade. Annals of Otology, Rhinology, Laryngology, 91, 628-632. 

A retrospective review (1971-1980) of 420 tracheostomized children. Age range of children was one day to 21 years with 47% of the sample under one year of age. CNS disorders and upper airway disease were the most common primary diagnoses and prolonged ventilation was the most common indicator for tracheostomy. Tracheostomies were performed by otolaryngolgy, general surgical and cardiothoracic services. Findings: Duration of tracheostomy averaged 180 days (range, 1 day to 10 years) and duration was found to have doubled over the 10 year study period. There were 119 early complications with 61% of these occurring in children 2 years and under. There were 222 late complications with 79% of these occurring in children 2 years and under. Overall mortality was 28% with 2% of mortality attributed to the tracheostomy. Surgical technique is described and authors discuss complications and mortality rate. Principal author: Division of Otorhinolaryngology and Human Communication, Children's Hospital of Philadelphia, Philadelphia, PA. 



Wills, J.M. (1983). Concerns and needs of mother providing home care for children with tracheostomies. Maternal-Child Nursing Journal, 12 (2), 89-107. 

A survey and descriptive analysis of maternal concerns regarding home care of infants with tracheostomies. Mothers ranged in age from 16 to 31 years and all had ninth grade education or better. All were homemakers at the time of survey. Primary diagnosis of infants was hemangioma (50%) and subglottic stenosis (50%). Age range of infants was 4 to 15 months. Mothers were interviewed in their home or during a hospitalization for the infant. The survey instrument was comprised of 40 open-ended questions. Findings: Over half of the mothers expressed biological concerns including maintaining a patent airway, successful tube changes, suctioning, humidification, infection, communication and feeding. Psychosocial concerns included lack of sleep, need for support, need for more information, isolation, time constraints, economic concerns and family interaction. A brief literature review concerning families caring for children with life-threatening illnesses is presented. Author discusses implications for further research. Principal author: Pittsburgh, PA. 



Wind, J. (1971). Reflections on difficult decannulation. Archives of Otolaryngology, 94, 426-431. 

A review of factors involved in difficult decannulation in tracheostomized infants and children. Author examines extant knowledge of the anatomy and physiology of the trachea and larynx in children. He speculates on factors leading to difficult decannulation and suggests that fear is less significant than commonly assumed. Questions are posed for future research. Principal author: Ear, Nose and Throat Dept., Academic Hospital, Free University, Amsterdam. 
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Yagahi, N., Tanigami, H., Watanabe, Y., & Kumon, K. (1995). A problem with an infant speaking tracheostomy tube. Anesthesia, 50 (1), 91-92. 

Letter describing a problem of anterior tracheal wall compression with an infant speaking tracheostomy tube. Manufacturer replies with recommendations. 



Yung, M.W., & Snowdon, S.L. (1984). Respiratory resistance of tracheostomy tubes. Archives of Otolaryngology, 110, 591-595. 

A study assessing airflow resistance and inspiratory and expiratory power of varying sizes of Portex, Shiley, and Jackson tracheostomy tubes. Sinusoidal airflow was generator-produced and measured with a Mercury CS5 Electrospirometer. Pressure was measured by a Mercury M7 Electromanometer. Findings: Inspiratory flow resistance was higher than expiratory flow resistance in Portex and Shiley tubes. Power for breathing in inspiration was higher than in expiration for Portex and Shiley tubes. In Jackson tubes, expiratory flow resistance was higher than inspiratory flow resistance and, thus, expiratory power was also higher than inspiratory power. Design differences among the tubes are discussed. Principal author: Dept. of Otorhinolaryngology, University of Liverpool, Royal Liverpool Hospital, Liverpool, UK. 
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Zalzal, G.H., Choi, S.S., & Patel, K.M. (1997). Ideal timing of pediatric laryngotracheal reconstruction. Archives of Otolaryngology -- Head and Neck Surgery, 123 (2), 206-208. 

A prospective observational study (1986-1995) of ideal age for laryngotracheal reconstruction (LTR) in 48 pediatric patients diagnosed with laryngotracheal stenosis (LTS). Patients were divided into two groups: 1) age 24 months or younger (n=22), and 2) age 25 through 48 months (n=26). Multicentricity of stenosis and types of repair were similar for both groups. Results: Duration of stenting was significantly longer in group 2 (p=0.01) therefore, degree of LTS was more severe in this group. Multiple sites of stenosis, type of repair, and duration of stenting had nonsignificant effect on outcome. Age at time of LTR did have a significant effect on outcome with group 2 having a higher success rate (p<0.05) for decannulation. Authors conclude that LTR at younger age may decrease morbidity and mortality and diminish speech and language problems, but is associated with a higher surgical failure risk. Stats: Fisher Exact test. Principal author: Dept. of Otolaryngology - Head and Neck Surgery, Children's National Medical Center, George Washington University, Washington, DC. 



Zeitouni, A., & Manoukian, J. (1993). Tracheotomy in the first year of life. Journal of Otolaryngology, 22 (6), 431-434. 

A retrospective chart review (1982-1991) of complications and outcome in 44 infants receiving tracheostomies in the first year of life. Twenty-eight infants were born at term, six were premature, ten were born at 32 weeks gestation or before with birth weights less than 1500g. Peak incidence of tracheostomies was at three to five months. Indications for tracheostomy were airway obstruction (n=25) and prolonged ventilation (n=19). Findings: Intraoperative complications occurred in 9% of infants and postoperative complications occurred in 18%. No difference was found for complications as a function of gestational age. Outcome for premature infants was similar to term infants for decannulation success. Two deaths of term infants occurred, one in each group. Principal author: Dept. of Otolaryngology, Montreal Children's Hospital, Montreal, Quebec, Canada. 



Page design by Michael Rock, M.D.
[image: image91.png]& Made with
® Macintosh




Revised April 10, 1998
e-mail corrections or additions to cggreen@facstaff.wisc.edu 

September 6, 1998: Safe Patient Transport, Nursing Responsibility?
Transporting patients, whether from the Emergency Department to a Medical-Surgical unit, 
or from bed to chair, is an integral duty of the practicing nurse. It is a duty often delegated 
to unlicensed assistive personnel . Regardless of who does the transport, it is the nurse's 
duty to ensure safe transit for the patient. In this case, a woman's legs were broken by 
two nurses moving her from bed to chair.
Rehabilitation Facility at Austin v. Cooper 962 S.W. 2d 151 - TX (1998)
http://www.npg.com/npg/case0906.htm
Lesson 22, Volume 13—Percutaneous Tracheostomy in the ICU
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Objectives
1. Discuss the timing, indications, and contraindications for percutaneous tracheostomy in the ICU. 

2. Describe the basic technique of percutaneous tracheostomy. 

3. Identify the potential complications of percutaneous tracheostomy. 

4. Compare the safety and cost of surgical and bedside percutaneous tracheostomies. 

5. Determine the credentialing requirements for percutaneous tracheostomy. 

Key Words
bronchoscopy; intensive care unit; intubation; mechanical ventilation; percutaneous tracheostomy; tracheal stenosis

Abbreviations
FIO2 = fraction of inspired oxygen; OR = operating room; PDT = percutaneous dilational tracheostomy; ST = surgical tracheostomy



Introduction and Historical Perspective

Tracheostomy refers to the formation of an opening into the trachea or the opening itself, whereas tracheotomy refers to the procedure to create an opening into the trachea.1 Tracheostomy is used here to refer to both the operation to create a tracheal opening and the opening itself. 

Tracheostomy has probably existed for >3,000 years. Historical accounting of the operation has been reviewed in detail elsewhere.2 Tracheostomy was alluded to several thousand years ago in the ancient sacred book of Hindu medicine, Rigveda. Heister was the first to use the term tracheotomy in 1739. Three decades later, Francis Home described an upper airway inflammation he called croup, and recommended tracheostomy to alleviate the accompanying upper airway obstruction. However, it was not until the 19th century that this surgical procedure became popular in response to the diphtheria epidemics. Following the introduction of endotracheal intubation in the early 20th century, the need to perform tracheostomy declined sharply. After diphtheria was controlled by immunizations and antibiotics, tracheostomy was once again popularized by another epidemic—polio—and was used to facilitate the removal of secretions and to prevent pulmonary infections. 

The technique of surgical tracheostomy (ST) was standardized by Chevalier Jackson in 1909.3 Since then, it has become an important part of the surgeon's armamentarium. The invention of positive-pressure ventilators and the growth of ICUs have improved our ability to keep critically ill and mechanically ventilated patients alive longer. As a result, prolonged ventilatory assistance has become more and more common. In the last four decades, while emergent tracheostomy has become a rarity, elective tracheostomy has become more common, largely as a consequence of the shift away from translaryngeal intubation in favor of tracheostomy for long-term airway access in patients who require prolonged ventilatory support. Tracheostomy is one of the most frequently performed surgical procedures in the critically ill patients.4 A 1994 study of tracheostomy found that most procedures were performed for ICU patients.5 

In 1953, Seldinger6 introduced the technique of guidewire needle replacement in percutaneous arterial catheterization. Soon thereafter, the guidewire technique, known as the Seldinger technique, was adapted to various procedures, including percutaneous tracheostomy. The first modern percutaneous tracheostomy was reported by Shelden et al7 in 1955, but the complication rate was high due to lacerations of adjacent structures by the cutting trocar. In 1969, Toy and Weinstein8 developed a tapered straight dilator with a recessed cutting blade for performing percutaneous tracheostomy over a guiding catheter. The technique of percutaneous dilational tracheostomy (PDT) using serial dilators over a guidewire was first described in 1985 by Ciaglia et al.9 In 1989, Schachner et al10 developed a single dilating tracheostomy forceps over a guidewire (Rapitrach; Fresenius, Runcom, Cheshire, United Kingdom). In 1990, Griggs et al11 developed another guidewire dilating forceps for percutaneous tracheostomy. 

Today, the most commonly used method for percutaneous tracheostomy in the ICU is the PDT technique. The two most commonly used commercial PDT kits are manufactured by Cook Critical Care, Inc. (Bloomington, IN) and Sims, Inc. (Keene, NH). A basic PDT kit includes a disposable scalpel blade, an introducer needle catheter, a J-tip flexible guidewire, a short rigid introducing dilator, an 8F guiding catheter, and several dilators of graduated size. The Ciaglia Cook kit contains seven curved dilators (12F, 18F, 21F, 24F, 28F, 32F, and 36F) with an optional 38F dilator. The Sims Per-fit PDT kit has four straight dilators of graduated size, and includes a Portex percutaneous tracheostomy tube with a tapered distal end. The Ciaglia Cook kit can be used to accommodate tracheostomy tubes sized 6 to 9 mm in internal diameter. In contrast, each Sims Per-fit kit comes with a specific tracheostomy tube size (7, 8, or 9 mm), and the size of the dilators and trocar within each kit differs, depending on the size of the accompanying tube. Recently, Ciaglia introduced a single tapered dilator to replace the multiple dilators. The single dilator has hydrophilic coating to facilitate the stomal dilation (Blue Rhino, Cook Critical Care, Inc., Bloomington, IN).

Indication and Timing of Tracheostomy in the ICU

The 1989 ACCP Consensus Conference on Artificial Airways in Patients Receiving Mechanical Ventilation12 recommends tracheostomy for patients whose anticipated need for artificial airway is >21 days. It also recommends that the decision to convert a translaryngeal intubation to a tracheostomy be made as early as possible in the course of management to minimize the duration of translaryngeal intubation. Converting a translaryngeal intubation to a tracheostomy may facilitate nursing care, feeding, and mobility; promote early return of speech; and decrease the work of breathing (Table 1). It may expedite weaning in patients with marginal ventilatory capacity by reducing the airway resistance.13 Prolonged translaryngeal intubation has been associated with increased laryngeal injury (vocal cord paralysis), glottic and subglottic stenosis, infectious complications, and tracheal injury such as tracheomalacia, tracheal dilation and tracheal stenosis 14-16 (Table 2). In contrast, tracheostomy is an invasive procedure with attendant operative risks (especially in patients receiving mechanical ventilation), as well as the risk of long-term tracheal stenosis.17-21


	Table 1—Benefits of Converting Translaryngeal Intubation to Tracheostomy in ICU Patients 

	Spares further laryngeal injury
Facilitates nursing care and airway suctioning
Increases patient mobility by providing a secure tube
Facilitates transfer from the ICU
Improves comfort
Permits early return of speech
Facilitates oral feeding
Decreases airway resistance




	Table 2—Complications of Translaryngeal Intubation 

	Laryngeal injury
Vocal cord paralysis
Glottic and subglottic stenosis
Infectious complications
Tracheal injury (tracheomalacia, tracheal dilation, and tracheal stenosis)




There are no sufficient data to guide the routine timing of converting a translaryngeal intubation to a tracheostomy.22,23 The ACCP Consensus Conference12 recommended that the decision to convert a translaryngeal intubation be based on individual patient factors, including the anticipated degree of impairment or deterioration over time. Individualization of tracheostomy timing in a given patient requires thoughtful assessment of patient preferences, the likelihood of benefit vs harm, the patient's costs, any bleeding diatheses, the neck anatomy, the severity of respiratory failure, and a multiplicity of other clinical factors that may alter the patient's response to tracheostomy.23 

Evidence suggests that the risk of long-term airway complications significantly increases with translaryngeal intubation beyond the10th day.15 Because of the nursing, comfort and hospital cost advantages of tracheostomy, early timing of the procedure is preferable to translaryngeal intubation in patients who will ultimately need prolonged airway access. 

Indications and Contraindications for Percutaneous Tracheostomy in the ICU

As discussed earlier, a major indication for PDT in the ICU is the anticipated need for long-term airway access. Artificial airway access may be needed for mechanical ventilatory support, for airway protection from massive aspiration, for relieving airway obstruction, or for facilitating the removal of airway secretions. PDT performed at the bedside eliminates the need for patient transfer to and from the operating room (OR), the costs of the OR and, in many cases, the cost of anesthesia. 

The contraindications for performing PDT in the ICU are summarized in Table 3. PDT should not be performed in children under the age of 12 because of the immature airway. In general, PDT is not recommended for emergency airway management. Like any other elective surgical procedure, it should be delayed in patients with hemodynamic instability. Other contraindications include any anatomic abnormality of the trachea that may interfere with the procedure, such as tracheal stenosis, goiter, overlying tumor, active soft tissue infection, or a palpable artery or vein over the site. The inability to extend the neck due to cervical spine abnormalities, or the presence of a short neck or severe kyphosis that places the subcricoid area near or below the suprasternal notch renders PDT difficult. Unless properly corrected, coagulopathy and bleeding diatheses, including renal insufficiency untreated by dialysis, increase the risk of bleeding complications. Because PDT requires the withdrawal of the endotracheal tube close to the larynx, there is a risk of losing the airway access, at least temporarily. Patients who require a high fraction of inspired oxygen (FIO2)[> 0.6] and positive end-expiratory pressure (>15 cm H2O) to maintain an adequate arterial oxygen saturation are inherently at higher risk for perioperative hypoxemia with endotracheal manipulations. Notably, anecdotal successes have been reported in virtually every contraindicated clinical scenario mentioned. As such, these contraindications are relative to the experience and the willingness of the operator to anticipate and manage the potential complications. 



	Table 3—Contraindications to PDT in the ICU 

	Children younger than12 years of age
Emergency airway access
Hemodynamic instability
Anatomic abnormality of the trachea
Palpable blood vessel over the tracheostomy site
Active infection over the tracheostomy site
Short or obese neck
FIO2 >0.6
Positive end-expiratory pressure >15 cm H2O
Platelet count <40,000/mm3
Bleeding time >10 min
Serum creatinine >3.0 mg/dL
Prothrombin time or partial thromboplastin time >1.5 times control
Limited ability to extend the cervical spine




Technique of Bedside PDT in the ICU

Since the first PDT technique was described by Ciaglia et al in 1985,9 minor modifications have been introduced. In our clinical practice, the preparatory step before PDT is as important as the tracheostomy itself. Proper positioning of the neck and endotracheal tube, placement of the flexible bronchoscope, site selection, and adjustment of the mechanical ventilator settings are crucial to the smooth operation and success of the tracheostomy. The PDT technique basically involves a skin incision, followed by a needle puncture of the trachea and serial stomal dilation using a Seldinger technique, ending with a tracheostomy tube insertion (Fig 1, Fig 2, Fig 3, Fig 4, Fig 5). Following is a detailed description of the PDT technique as performed at our institution. 




Figure 1. The introducer needle is advanced into the tracheal lumen under continuous suction. Air aspiration into the syringe confirms an intratracheal position of the needle tip. The needle is then removed, leaving the sheath in place. Reprinted with permission of Cook Critical Care, Inc. 




Figure 2. A guidewire is introduced into the trachea through the sheath, then the sheath is removed. Reprinted with permission of Cook Critical Care, Inc. 




Figure 3. The guiding catheter is advanced over the guidewire into the trachea. Both are kept in place as a unit throughout the dilations. Reprinted with permission of Cook Critical Care, Inc. 




Figure 4. Serial dilation is performed, with dilators of gradually increasing sizes placed over the combination of guiding catheter and guidewire. Reprinted with permission of Cook Critical Care, Inc. 




Figure 5. The tracheostomy tube is fitted with a dilator and passed over the guiding catheter and guidewire into the tracheal lumen. The dilator, guiding catheter, and guidewire are then removed, while the tracheostomy tube is kept in place. Reprinted with permission of Cook Critical Care, Inc. 



Pretracheostomy Preparation 

The anterior neck is usually prepared with a chlorhexidine surgical scrub the morning or evening before the procedure. The patient is premedicated with IV meperidine and midazolam for conscious sedation. In most cases, the patient is also paralyzed using a non-depolarizing neuromuscular blocking agent. The blood pressure, ECG, and pulse oximetry are monitored continuously throughout the procedure. With the patient in a supine position, rolled towels are placed behind the back to hyperextend the neck. The surface markers of the trachea are carefully palpated and the site for the tracheostomy is selected and marked. Whenever possible, the intercartilaginous area between the first and second tracheal rings is chosen. An alternate site is the subcricoid position above the first tracheal ring. The area below the third tracheal ring is generally avoided to minimize the potential trauma to the thyroid isthmus and to prevent accidental erosion into the innominate artery. 

The ventilator is set to an FIO2 of 1.0 and a small caliber (3-mm) flexible fiberoptic videobronchoscope is introduced into the endotracheal tube. The high pressure limit on the ventilator is increased to accommodate the increased peak airway pressure caused by the presence of the bronchoscope in the endotracheal lumen and to maintain the original tidal volume. The tape securing the endotracheal tube is loosened. The tip of the bronchoscope is placed distal to the tube and angled anteriorly for transillumination. The cuff of the endotracheal tube is deflated and the tube is slowly withdrawn until the transillumination of the anterior trachea is just above the selected site. The cuff of the endotracheal tube is gently reinflated enough to achieve the original tidal volume. While the endotracheal tube is being adjusted, the skin surrounding the tracheostomy site is cleaned with alcohol and the soft tissue is infiltrated using 1% lidocaine with 1:10,000 epinephrine. After the endotracheal tube is optimally positioned, the tip of the flexible bronchoscope is withdrawn inside the endotracheal tube to protect it from an accidental needle laceration, yet still allowing direct visualization of the tracheal lumen. The neck is then cleaned with a povidone-iodine solution and a sterile drape is placed. The tracheostomy kit is opened and the tracheostomy tube cuff is checked for leakage. 

PDT 

A 2-cm transverse skin incision is made at midline directly over the preselected site, followed by a blunt dissection using a curved clamp until the pretracheal fascia is felt. The left middle finger and thumb are used to secure the lateral edges of the trachea, while the index finger is used to locate the intercartilaginous area previously selected. An introducer needle, connected to a syringe held by the right hand, is guided in and advanced into the tracheal lumen under continuous suction (Fig 1). The intratracheal placement of the needle is guided by direct bronchoscopic visualization and confirmed by free suction of air. The catheter sheath over the introducer needle is passed into the trachea while the needle is withdrawn. A guidewire is placed via the Seldinger technique and a short rigid introducing dilator is passed over the guidewire, followed by the placement of an 8F guiding catheter over the guidewire (Fig 2, Fig 3). Dilators of increasing size are passed over the combination of guiding catheter and guidewire (Fig 4). The tracheal edges are secured in place by the left hand, while the right hand performs the dilation. Each dilator is usually passed three times in and out of the trachea. The stoma is routinely dilated two sizes above the dilator that fits inside the tracheostomy tube lumen. Finally, a tracheostomy tube fitted with a dilator (Cook kit) or a special trocar (Sims kit) inside its lumen is passed over the guiding catheter and guidewire into the tracheal lumen (Fig 5). The dilator is then removed, while the tracheostomy tube is kept in place. 

The ventilator tubing is connected to the tracheostomy tube, and the tracheostomy tube cuff is inflated. The bronchoscope is removed from the endotracheal tube, but the tube itself is kept in place, in case the tracheostomy tube is not functional. The bronchoscope is passed through the tracheostomy tube and the trachea is inspected for damage and bleeding. With the small caliber (3-mm) flexible bronchoscope we use, we routinely perform a retroflex tracheal view to examine the position of the tip of the tracheostomy tube directly. Once satisfactory placement of the tracheostomy tube is confirmed, the endotracheal tube cuff is deflated and the tube removed. The flange of the tube is secured around the patient's neck using a Velcro (Velcro USA Inc; Manchester, NH) neck strap. A triple antibiotic ointment is applied around the stoma, and a portable chest radiograph is taken to confirm the placement and to rule out pneumothorax or subcutaneous emphysema. 

Friedman and Mayer24 have reported a large series of successful PDT procedures performed without the aid of bronchoscopic visualization of the tracheal lumen. In such cases, the endotracheal tube is rotated side to side while the introducer needle is inserted into the tracheal lumen to ascertain that the needle has not punctured the endotracheal tube. Most authors still recommend the adjunctive use of a bronchoscope for PDT, in particular during the early learning curve, for teaching purposes, and in more difficult cases. 

Complications of PDT

The potential complications of PDT are summarized in Table 4. In general, these complication rates compare favorably to those of open ST.21,25 The most common complications are bleeding, infection, and tracheal stenosis. In a series of 254 consecutive PDT cases, Marx et al19 reported an operative mortality rate of 0.39%, with a 1.2% rate of bleeding, 1.2% rate of infection, 0.8% rate of tracheal stenosis, and 0.4% rate of pneumothorax. Hill and colleagues17 reported an operative mortality rate of 0.3%, an overall complication rate of 19%, and a 3.7% rate of symptomatic tracheal stenosis in a large series of 356 PDT cases. Friedman and Mayer24 reported rates of 5%, 3%, and 4% for bleeding, infection, and asymptomatic stenosis, respectively. Stauffer and colleagues16 noted a 36% incidence of stomal infection and a 36% incidence of stomal bleeding with open ST. In a prospective randomized trial, Hazard and colleagues21 found a lower incidence of problems before decannulation (13% vs 46%) and fewer late sequelae (27% vs 88%) with the use of PDT compared to ST. 



	Table 4—Complications of PDT

	Bleeding
Infection
Accidental extubation
Paratracheal insertion
Esophageal perforation
Subcutaneous emphysema
Pneumothorax
Tracheal ring fracture
Tracheal stenosis




The risk of bleeding in PDT is low due to the minimal amount of tissue disruption and the stoma tamponade effect by the dilators and the tube.25 When bleeding is noted during the dilation, the placement of a larger dilator often stops the bleeding. Potentially major bleeding complications from PDT may occur when an artery or vein courses over the site of the PDT, or when there is an erosion into the innominate artery. The latter sometimes occurs as a consequence of low placement of the PDT. Major bleeding complications are rare, and most of them can be prevented with thorough examination of the proposed PDT site during the preparatory steps. Minor peristomal oozing and bleeding can be managed with lidocaine and epinephrine injection into the soft tissue at four corners of the peristomal area. 

Infection of the stoma is usually minor and can be largely prevented by close adherence to sterile technique. The minimal amount of tissue disruption and consequently decreased exposure of raw skin surfaces in PDT may have contributed to the lower stomal infection rate compared to ST. 25 However, in a series of 106 cases, Teoh et al26 found a 10% incidence of bacteremia immediately following PDT. In half of the cases, the same organism was isolated from tracheal aspirates obtained before the tracheostomy. Only one patient (1%) had clinical evidence of sepsis, and it was self-limited. The most commonly isolated organism was Staphylococcus epidermidis, found in 66% of the bacteremia. Many patients undergoing PDT are receiving antibiotics for other reasons. Although routine antibiotic prophylaxis for PDT is not recommended in most patients, it should be considered in patients at risk for bacterial endocarditis. 

Many placement problems associated with PDT may be avoided with bronchoscopic aid. Bronchoscopy with a videoscopic view is preferable to an eyepiece view, due to the improved ease of direct luminal viewing by the PDT operator during the initial and subsequent tracheal cannulations. In the absence of a videoscopic view, an experienced bronchoscopist is essential in the prevention of complications. Perforation of the tip or cuff of an endotracheal tube, passage of the guidewire and guiding catheter through the Murphy's eye of the endotracheal tube, and paratracheal insertion of the tracheostomy tube and esophageal perforation may be minimized with the use of bronchoscopic guidance.25,27,28 However, esophageal perforation has occurred when a bronchoscopist who was inexperienced with the PDT procedure monitored the entire placement of the PDT through an eyepiece. Failure to withdraw the bronchoscope into the protective shell of the tip of an endotracheal tube may also result in a potentially costly damage to the bronchoscope during the initial needle insertion. A bronchoscopist experienced in airway management may also be helpful in preventing accidental extubation during the PDT. 

Mucosal obstruction of the tip of the tracheostomy tube has been reported.29,30,31 A tracheostomy tube with a tapered end theoretically may be prone to this kind of obstruction due to the absence of a Murphy's eye, especially when the placement is not central or guided by a bronchoscope.32 A patient with a tortuous trachea may have partial obstruction of the tip of the tracheostomy tube, regardless of the shape of the tube. The retroflexed bronchoscopic view from the distal trachea allows direct visualization of the position of the tip of the tube. 

Subcutaneous emphysema and pneumomediastinum may occur with dissection of the paratracheal soft tissue through the stoma by the pressured air from the ventilator. A tight seal around the stoma from the PDT may prevent this. Tension pneumothorax has occurred with a low PDT placement at the suprasternal notch, requiring finger dissection of the stoma.19 

Tracheal stenosis is a late complication of tracheostomy. Few studies have looked at this late complication of PDT in detail. Marx and colleagues19 reported tracheal stenosis in two patients in a series of 254 patients with PDT. However, the study provided only cursory details of the long-term outcome and lacked clearly defined outcome criteria. Hill and colleagues17 reported long-term symptomatic tracheal stenosis in 8 of 214 patients (3.7%), based on patient interviews. Hazard and colleagues21 reported that 2 of 11 patients (18%) who were decannulated after PDT had tomographic evidence of tracheal stenosis, compared to five of eight after ST. From a group of 37 hospital survivors, Friedman and Mayer24 described four cases of mild laryngotracheal stenosis diagnosed by tracheal tomography at the time of decannulation (11%). Law and colleagues20 examined 41 patients who had undergone PDT and were later decannulated for at least 6 months. Using laryngotracheoscopy and spirometry, four patients (10%) were found to have significant (>10%) tracheal stenosis. 

An autopsy series of 12 patients who had undergone PDT without bronchoscopic guidance revealed a high incidence of tracheal ring fracture and necrosis, as well as deep mucosal ulceration.33 Tracheal stenosis of 20% and 30% was noted in 2 of the 12 patients. Although results from a single institution may not be representative of other institutions, this finding underscores the potential for long-term damage to the tracheal mucosa and cartilage. In many cases, it is difficult to ascribe these pathologic changes solely to the tracheostomy itself, because the preceding endotracheal intubation may also have caused mucosal ulceration, necrosis, and cartilage damage before the tracheostomy. Bronchoscopic guidance and pretracheal soft tissue blunt dissection allow better localization of the tracheal rings. There is a learning curve in the skillful execution of this technique, which may alter the potential for direct PDT complications. In addition to the potential tracheal damage caused by the antecedent translaryngeal endotracheal intubation, the proper management of the tracheostomy tube itself following placement may be a confounding factor on the late sequelae of PDT. Management includes regular cuff pressure monitoring, the use of a double swivel connector between the tube and the ventilator tubing, and cuff deflation as soon as the patient can tolerate it. 

Surgical vs Bedside Percutaneous Tracheostomy

The overall complication rates of bedside tracheostomy do not appear to be higher than those performed in the OR.14,21,25,34 Much of the morbidity and mortality associated with tracheostomy is inherent in the procedure and the underlying critical illness, regardless of the method.35 In ICU patients, one of the major advantages of bedside PDT over ST is the reduction in the expense and scheduling difficulty associated with OR and anesthesia. There are no anesthesia fees or OR costs incurred for bedside PDT. The ancillary personnel involved in bedside PDT are the ICU personnel (respiratory therapist, ICU nurse), and their participation does not incur additional cost. Bedside PDT also avoids the need to transport critically ill patients who require intensive as well as invasive monitoring. The transport of critically ill patients out of the ICU to the OR requires a coordinated multidisciplinary effort by the ICU personnel. Transporting an ICU patient who requires isolation due to an infection with a multiresistant organism may also pose a potential hazard to others. In a prospective study of 125 critically ill patients who were transported from the ICU, about one-third suffered at least one mishap, from cardiac lead failure to vasoactive drug disconnection.36 
The time required to perform bedside PDT is considerably shorter than that required to perform ST. Although there is a definite learning curve in PDT, the procedure itself seldom lasts >20 min. In our experience, the longest time incurred in bedside PDT is during the preparatory steps, from adequate premedication to proper endotracheal tube positioning. Cobean et al37 reported an average surgical time of 13.2 min for bedside PDT with anesthesia, 14.4 min for bedside PDT without anesthesia, and 22.4 min for PDT in the OR, compared to 33.2 min for ST in the OR. When performed in the OR, the average total time was 45.2 min for PDT and 65.4 min for ST. In a prospective randomized study, Friedman and colleagues25 reported a mean procedure duration of 8.2 min for PDT and 33.9 minutes for ST. In 356 PDT cases reported by Hill and colleagues,17 the mean procedure time was 15 min. In their series of 162 bedside PDT procedures, Fernandez and colleagues38 reported that the procedure was usually completed in 7 to 10 min. A few difficult cases required up to 25 min of total operative time. 

The ability to perform PDT at the bedside allows for more efficient utilization of hospital personnel, thereby reducing costs. Several studies have estimated the comparative savings of patient charges between bedside PDT and ST in the OR.17,37-39 The savings in charges range from $1,300 to $3,400 per patient, which generally represents about half of the ST charges. With PDT, the actual cost savings for each patient is somewhat lower, about half of the savings in charges.38 The major component of the savings came from the OR charges and the anesthesia fees. Bedside PDT also reduces the interval from decision to performance of a tracheostomy from 4 days to 1 day, potentially reducing ICU utilization and costs.13 

In tracheostomized patients who survived the critical illness and respiratory failure, stomal closure during the decannulation process is more rapid with PDT than ST. 25 The residual scar of the stoma after decannulation is generally smaller and more favorable with PDT than with ST. 40 

Credentialing for Percutaneous Tracheostomy in the ICU

With wider acceptance of bedside PDT in the ICU and the simplicity of the technique, more and more nonsurgeons are performing it. In particular, many critical care intensivists have embraced this minimally invasive procedure and are trained to perform bedside PDT. While the credentialing process and potential turf battle between surgeons and nonsurgeons may vary widely among institutions, there are several minimal proficiencies that the operator should possess before performing bedside PDT in critically ill patients. Regardless of the specialty, the operator should be proficient in airway management, including emergency airway access and chest tube placement. There is a definite learning curve in the technique of endotracheal tube adjustment before PDT, whether or not a bronchoscope is used. Temporary loss of airway control may occur; in the setting of high FIO2 and positive end-expiratory pressure requirements, and in the presence of neuromuscular blockade, the inability to establish an adequate airway expediently may be disastrous. Because high positive end-expiratory and peak pressures may occur during PDT, especially with a bronchoscope in the endotracheal tube, the ability to treat a tension pneumothorax is essential. For bronchoscopically guided PDT, familiarity with bronchoscopy may be helpful, although its actual performance may be relegated to a trained bronchoscopist. 

Attending a formal course on PDT with laboratory practice is highly recommended. Familiarity with neck anatomy and the accompanying vascular structures is essential. The manufacturers of the PDT kits regularly sponsor such courses, which often coincide with major medical meetings. These courses typically allow hands-on experience in PDT using plastic tubing models and cadavers. Once the operator is familiar with the technique and the kits, a mentor should be chosen to guide and assist in the initial cases. Exactly how many cases should be performed in this way before the operator is considered qualified and proficient to perform the PDT solo is highly variable with each individual and institution. Some institutions have policies regulating these practices, while others have none and rely on the individual operators to police and credential themselves. The initial patient selection may also be important. Although successful PDT procedures have been reported for each of the relative contraindications listed in Table 3, the initial cases should be carefully selected to ensure success and minimize any potential complications. As long as the operator experiences difficulty with any aspect of the procedure, it is advisable to continue the mentoring process. For nonsurgeons, it is also advisable to cultivate a good working relationship with a neck, thoracic, or general surgeon in case severe complications require emergency surgery. 

Conclusion

The majority of tracheostomy procedures are performed in critically ill patients in the ICU. Tracheostomy is generally preferred over translaryngeal intubation in ICU patients with anticipated need for prolonged artificial airway. A growing body of literature suggests that the complication rates of bedside PDT in ICU patients are comparable, if not superior, to those of ST. Bedside PDT has additional advantages in its simple technique, efficient use of hospital resources, reduction in hospital costs and patient charges, and better cosmesis upon decannulation compared to ST. 
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Tracheostomy: Easing the Transition from Hospital to Home
by Lois Dixon, MSN, RN
Nurses often care for patients with tracheostomy tubes in critical care settings and other patient care units. The need for a tracheostomy may extend to several months or even years; some patients may require a permanent tracheostomy. As a result, many are discharged from hospital to home before they are ready to be decannulated. 

When a patient requires a tracheostomy tube for an extended length of time, home- care management is a reasonable goal. Fitton (1994)1 identifies three key phases of a program to facilitate the transition from acute care to home care: management, prevention and wellness. This article outlines the nursing care of patients with a long-term tracheostomy within this framework. 

Management

The nurse plays an important role in assuring the continuity of care to patients after hospital discharge. The nurse reinforces the patient's previous learning about care and other aspects of airway maintenance, based on the assessed needs and level of family functioning.2
Respiratory Assessment

Decision-making and the development of assessment skills are the primary focus of education, once the patient and family master the necessary technical skills. Because many home-care patients and their families are the primary caregivers, they must be able to evaluate the patient's respiratory status and know how to act in response. 

The patient and family should become familiar with the patient's normal respiratory pattern, so they can promptly and safely intervene to prevent or manage a problem.1 The more that patients listen to their respirations, the more able they are to determine changes from normal respiratory patterns. Encouraging other caregivers to spend time with the patient while still hospitalized will help to develop these assessment skills.6 Problem solving is fostered by the active participation of both patient and family.3
Suctioning 

	Indications for Suctioning

	· Noisy or moist-sounding respirations 
· Increased pulse rate 
· Increased or labored respirations 
· Nonproductive coughing 
· Crackles or wheezes 
· Patient requests suctioning 
· Tube changes 

	Table 1


In addition to learning the suctioning technique, it is imperative that both patient and family recognize the indications for suctioning (Table 1). The nurses teaches them how to suction the airway, based on the assessment of the patient's pulmonary needs. The frequency of suctioning varies for each patient. The nurse evaluates the patient's ability to suction the tracheostomy and clean the inner cannula and reinforces the teaching, when necessary. 

The purpose of changing the tracheostomy tube is to minimize infection and granulation tissue formation.1 The frequency of changes varies but is usually at least once monthly.4 In most cases, patients can change the tracheostomy tube at home, once they are proficient and confident in their ability. 

The nurse involves the patient and family in this process, offering encouragement and support, until they are able to change the tracheostomy tube and tracheostomy ties independently. Emphasis is placed on properly securing the tube to avoid accidental decannulation. While the use of twill tracheostomy ties is widespread, a Velcroª tracheostomy tube holder may be easier for the patient to manipulate independently.

Humidification

Adequate humidification of the trachea is very important. Inspired air which bypasses the nose and enters directly through the tracheostomy is deprived of all natural moisturizing benefits of the upper airway passages. The importance of humidification in reducing the thickness of secretions and build-up of crusty formations is discussed with the patient.4 Symptoms of insufficient humidity include5:

· increased, unproductive coughing 

· a change of mucus from thin to a thick, sticky consistency and from clear to pale yellow 

· shortness of breath from a mucous-plug obstruction 

· blood-streaked mucous 

· noisy, labored respirations 

For patients who are very young or bedridden, a tracheostomy collar with a warm humidification system is effective.1 In other situations, the use of a room humidifier or vaporizer may be useful.2,6 Adequate fluid intake (2000- 2500 ml/day) will help moisten the tracheal tissues and thin secretions.6 

Nutrition 

The patient should be evaluated for nutritional well-being and wound healing. The nurse stresses the relationship between good nutrition, meticulous skin care, and the prevention of wound infection.4 The patient with a tracheostomy is at risk of nutritional deficiency, because of altered anatomy and less taste and smell sensations.4 To counter these problems, the patient is encouraged to maintain good oral hygiene and eat high-calorie snacks, if not medically contraindicated. Maintenance of weight is one objective measure of nutritional adequacy. 

Activities of Daily Living 

Most patients may resume usual activities within four to six weeks after hospital discharge.7 It is important that the patient understands any limitations of activity.8 

Because of structural changes that occur with a tracheostomy, the airway is largely unprotected from natural elements, e.g., water, dust. The nurse explains the importance of protecting the tracheostomy stoma from the aspiration of fluids or other irritating substances. Particular care must be taken during bathing and showering. The use of a shower shield or tracheostomy cap prevents the accidental entry of water into the trachea during bathing. 

The patient with a tracheostomy is very vulnerable to respiratory infection, because of the loss of filtration of inspired air through the nasal passages. The patient should be instructed to avoid powders, aerosols, and talcums. These substances may be accidentally inhaled through the trachea and cause tracheal damage, leading to infection.9
Prevention 

Emergency Care 

The training of patients and primary caregivers in emergency procedures is an essential component of successful home management. Knowledge of resuscitation techniques is necessary in case of an occluded tracheostomy tube, accidental decannulation, immersion in water, massive bleeding from the tracheostomy, or aspiration.1 The basics of cardiopulmonary resuscitation (CPR) are universal to all protocols for emergency care: airway management, reduced breathing, and circulatory support. 

The modification of skills for tracheostomy CPR involve airway management, the use and maintenance of tracheostomy tubes, and the comfortable use of respiratory support equipment.10 Often, teaching CPR to families of patients with tracheostomies is based on the adaptation of basic life-support standards by individual CPR instructors.10 The major adaptation is learning the mouth-to-stoma breathing technique. 

Equipment for tracheostomy emergencies should always be accessible. A portable oxygen source, suction unit, manual resuscitation bag, extra tracheostomy tubes, and an obturator are necessary. The family is encouraged to keep a list of emergency numbers by the telephone. 

Infection Control 

Although the sterile technique is used in acute-care settings, a clean technique that emphasizes good hand-washing and appropriate cleaning of respiratory equipment is recommended for home care.1 The patient and family are instructed to change tracheostomy dressings that are soiled or moist. These dressings can harbor bacteria, which contribute to skin breakdown and infection at the tracheal stoma. Careful daily assessment of the stoma for the cardinal signs of infection, such as redness, drainage, swelling, and pain, will alert the patient to early signs of infection and prompt treatment. 

The patient with a tracheostomy is also at risk for infection of the pulmonary tree. Bronchopulmonary infections occur, because the tracheostomy bypasses the protective upper airway mechanisms, e.g., filtering, warming, and humidifying the inhaled air. Retained secretions due to decreased mucociliary action and an ineffective or absent cough reflex provide an excellent medium for bacterial growth. Careful suctioning reduces mucosal trauma, which may lead to tracheal infection, and prevents the introduction of bacteria into the trachea. 

The patient's neck is another common site of skin breakdown and potential infection, as related to the tracheostomy-securing device Ð most often, twill ties. Tissue damage occurs under the ties, which act as a constricting band that puts greater pressure on neck tissues. This pressure decreases the capillary blood supply (ischemia) and may eventually lead to tissue ulceration.6 An alternative to traditional twill ties is the Velcro¨ type holder, which secures the tracheostomy tube. Because of its design, i.e., wide neck band and elastic portion to allow for movement or cough, this device helps to prevent skin breakdown by reducing the amount of pressure on neck tissues. 

Wellness 

Educational Needs 

Learning self-care is important for patients with long-term tracheostomies, because it provides a sense of self-control and reduces their dependency on others. However, significant partners or family members must be able to provide all aspects of tracheostomy care and other facets of airway management in emergency situations or when the patient is not able to participate in self- care for a variety of reasons, such as age or lack of dexterity. 

Education begins well before hospital discharge to provide sufficient time for the patient and other caregivers to learn these procedures. Because of the large volume of information to be learned, the patient and family are often anxious about home management. When the family assumes the role of primary caregiver, nurses must emphasize the emotional aspects of this role in addition to skill development. Careful education and preparation for home management before discharge reduces this anxiety. 

Stressors and Supports 

To promote successful home management, the nurse needs to be knowledgeable about current home-care trends. The nurse should continually update knowledge about home equipment, community resources, and nursing skills in preparation for acting as a resource for patients and their families. 

Once the patient is home, the community or home-health nurse is involved in monitoring and evaluating how well the patient and family are adapting to home care. The nurse addresses any adaptation problems that the patient or family may experience. The nurse listens to the patient's anxieties and frustrations and offers appropriate support and encouragement. 

The patient and family may view the illness and tracheostomy as a loss and may need help to grieve this loss.11 Grieving is a developmental task that the patient and family may need to address before they can psychologically cope with home-care education. The variety of emotions provoked by the patient with the tracheostomy tube influences all levels of family relationships.11 The nurse plays a key role in helping the patient and family to explore their feelings, reassuring them, when necessary, and making appropriate referrals for support, when needed. 

Support services for the patient and family can often be identified before hospital discharge. Help in locating vendors of medical supplies such as shower shields, trach caps, Velcro¨ holders, respite services, or home-care nurses is important to offer to the patient and family. Early identification of alternative caregivers is important to assure that instruction of all aspects of tracheostomy care is given before the family assumes care of the patient. Providing this support often alleviates much of the family's anxiety about caring for the patient at home. 

Conclusion 

Caring for a patient with a tracheostomy in the home setting requires both patient and family to acquire many new skills. The nurse helps them integrate these new skills into their daily lives. In this way, the patient and family learn the necessary skills and achieve a level of confidence that eases the transition to home care. 

Author's note: 

Aaron's Tracheostomy Page, an award-winning web site maintained by a registered nurse, is a comprehensive web resource for the patient and family dealing with tracheostomy home care.8 Primarily aimed at families with children, much information crosses all age groups. It contains practical advice for oft-encountered problems as well as online resources for many tracheostomy-related links, message boards, chat rooms, and product information. The site can be accessed at www.bissells.com/trach.htm.
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