




ABSTRACT
Children who are dependent on invasive mechanical ventilation are some of the most fragile patients in our healthcare system. Safely managing their care outside of an inpatient hospital setting requires advanced caregiver education and comprehension, exemplary care coordination, and an extraordinary amount of equipment and shift nursing services. However, it is cheaper and better for the patient than leaving them in an inpatient setting. This paper examines currently policies and procedures for agencies serving this population in western Pennsylvania, and compares them to the standards set forth by the American Thoracic Society. This is of public health significance because the population of children with medical complexity, and living with chronic invasive mechanical ventilation, is a vulnerable population that is at risk for morbidity, mortality, and super-utilization of the healthcare system. If we can use primary prevention in the form of best practice policies and procedures for discharge from the hospital to home, we can reduce risk. 
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1.0  Introduction

In 2012, there were about 20,377 people living at home with a ventilator in the United States. [26] It is estimated that approximately 8,000 of these individuals were under the age of 18. [31] These individuals are some of the most fragile patients in our healthcare system. They have complex chronic medical conditions affecting multiple organ systems, and experience frequent medical procedures, emergency room visits, and intensive care unit stays. Their families face the challenge of learning how to manage one of today’s most advanced medical technologies, as well as working with insurance to establish in-home nursing services. While this is challenging, it is still more cost-effective and provides a higher quality of life than leaving these children in an inpatient setting. [26]
Beginning in 1979, a statewide program known as the Pennsylvania Ventilator Assisted Children’s Home Program (VACHP) provided services to more than 1,000 patients. [28] The VACHP provided supportive services including education, respite nursing, and supplies to families. Their support was invaluable, and it was known among providers that there was always a waiting list to be enrolled. However, this program was eliminated from the state budget and ended on August 31st, 2016. Now, there are very few resources for families caring for these children.

One of the first children to go home with a Trilogy ventilator (the model used in a modern clinical setting) in Pennsylvania was a young lady named Rina. She was a 13 year old girl with mitochondrial disease. Although Rina died before I entered the field of pediatric hospice and palliative care, her mother and I often speak about her family’s experience. She has shared with me the intense traumatic stress of caring for Rina at home when she became dependent on this machine to breathe. Stacey, Rina’s mother, has a graduate degree in speech pathology and spent most of her career working at the Children’s Hospital of Philadelphia. Rina’s father is an engineer. Despite their advanced education, they struggled to manage the complex demands of caring for Rina while she needed the ventilator. They were enrolled in the VACHP and fondly remembered how the program allowed them to better care for Rina and improve her quality of life. Stacey frequently expresses concern for parents who have more limited education, and how they may not be prepared appropriately to care for their child safely. Rina suffered frequent respiratory infections and re-occurring hospitalizations. She could not be left alone for a moment, in case the ventilator tubing became detached, which put intense strain on her in-home nursing agency, insurance, and most of all, her parents. It changed the entire dynamic of their family life. Though Rina passed away in 2010, her mother still has nightmares about something going wrong with Rina’s ventilator. [47]
As a provider who works with ventilator-dependent children every day, the challenges of keeping these children safe and healthy at home can seem insurmountable. With the recent elimination of the VACHP, I would like to study the provider policies in Western Pennsylvania that directly influence the care provided to these children. 

2.0  Literature Review

It has been exactly 40 years since the portable ventilator was approved by the FDA, in 1977. It was only in 1981 that insurance companies began approving in-home ventilator use for children. [26] Chronic pediatric home-based invasive ventilation has come a long way in that time frame. In 1989, more than 50% of physicians caring for ventilator-dependent children in the home in Illinois had less than four years of experience managing ventilator-dependent children in a home setting. [20] Now, most pediatric graduate medical residents care for these children on a daily basis in inpatient intensive care settings, emergency rooms, and outpatient clinics. Advances in medical and clinical nursing practice have led to a significant increase in the number of children living with chronic respiratory failure, which has in turn led to the development of interdisciplinary teams devoted to managing care for these children. [1] However, there is still a significant gap in research and data available, and much more to improve and explore for these uniquely delicate patients and their families.

The first large-scale needs assessment for the population of children living at home with mechanical ventilation was conducted in the Midwest in 2013 by the Department of Family Medicine at the Ohio State University Medical Center. More than half of the patient population reported unmet care needs, most prominently skilled nursing care and therapeutic services (physical therapy/occupational therapy). Of those who reported skilled nursing as an unmet care need, 71.1% had unmet needs as the result of nursing staff shortage. [24] This is a common barrier in Western Pennsylvania as well, as there are not enough nurses to meet the care needs of children at home, and skilled nursing agencies in certain communities seem to struggle to meet staffing demands more than others (particularly in rural areas such as Fayette and Elk counties).

2.1 Obstacles to Discharge

There are several systems that must be evaluated in order to prepare for the child to be discharged home, whether it is the first time they are ever to be home with mechanical ventilation or their 100th intensive care admission and discharge. It is essential that healthcare professionals evaluate (1) the child, (2) the child’s family, (3) the child’s home, and (4) the child’s community supports, e.g. homecare services and local emergency medical transportation. [17] Each of these system levels holds its own unique potential obstacles to discharge, ranging from the child not being medically stable enough for transport to their home lacking electricity. 

One of the first standardized programs for children on initial discharge with a tracheostomy from the hospital to home, at the Children’s Hospital of Michigan, was evaluated in 1995. The program developed a specific checklist-style discharge plan (7 pages long) for these patients that covered all aspects of care outside of the hospital. The evaluation showed that 80% of caregivers felt well-prepared by this format, and it allowed discharge teaching to be completed in a more efficient manner. [25]
A study from the Children’s Hospital of Los Angeles specifically analyzed children on their first discharge home as ventilator-dependent. It took on average 118 days for the children to be discharged from the time they were deemed medically stable, with approximately 99 days for third-party payers to approve paying for home care, and approximately 48 days to be discharged after funding was approved to set up home care services. With an average of 55 days to achieve medical stability, almost three-quarters of these children’s hospital stays was while they were medically stable. As evidenced by this study, children who are ventilator-dependent have extended hospital stays for non-medical reasons, most significantly due to the period of time it takes to get approval from third party-payers. Another noteworthy finding from this study was that it took the public third-party payers more than three times longer to secure funding for in-home nursing than the private third-party payers. [16]
For children with a tracheostomy, both medical and social factors play a significant role in delayed discharge, and it is indicated that a structured education and discharge program could result in a shorter length of stay. [21] This is applicable to children who are ventilator-dependent as these children require a tracheostomy. In this particular study, common barriers to caregivers completing the education program was limited English proficiency and lack of childcare for siblings. Primary reasons to discharge delay included social issues such as lack of running water and unavailability of home nursing care in their area. [21] As identified in this study, social determinants of health have a significant impact on this population. 
So, we can see that a standardized discharge and education process is needed. But would it truly decreased length of stay without putting children at risk? Research shows that in fact, a standardized process for the education of caregivers and discharge of ventilator-dependent children works to decrease length of stay and cost, without compromising safety. In these studies, safety was measured in the form of mortality, emergency room visits, and unplanned hospital admissions after discharge, and these did not increase. [4]
The DuPont Hospital for Children in Delaware has a unique discharge program for respiratory technology-dependent children that involves a respiratory therapist that is a dedicated full-time care coordinator and family educator for these cases. In these situations, the respiratory therapists served as the single point of contact for discharge planning and provided skills training to the family. Program evaluations show that their discharge program has been successful in improving home caregiver understanding and knowledge [39], and increased satisfaction with the discharge process from hospital staff [38]. However, there was no significant reduction in length of stay for this program, though this was not the goal of the program. [38] The persistent length of stay could be due to continued challenges with insurance that were difficult to overcome.
2.2 Morbidity and Mortality

There is limited information available on the incidence of adverse events in the home for children who are mechanically ventilated. A study over a 12 year period of 54 patients enrolled in a hospital-based home ventilator management program found 68 severe emergencies (0.2 per patient per year), 26 resulting in hospital admission. Four of these emergencies resulted in death of the child. Fifteen of these emergencies were the result of tracheostomy-related issue (e.g. decannulation or plug) and three were related to ventilator failure. The other 8 emergencies resulting in hospitalization were unrelated to the ventilator, including seizure, cardiac arrest, and severe cough. [35] Historical research has shown that home ventilator failure occurs extremely infrequently, and when it does it rarely results in adverse outcomes. The lack of adverse outcomes can be partially explained by the fact that in 74% of malfunction incidents, a back-up ventilator was available in the home, which shows the importance of having equipment on hand. In 43% of failures, the equipment failure incident was the fault of caregiver error, which demonstrates the importance of effective training and in-home nursing support. [36]

A ten-year longitudinal study found the most common cause of morbidity in this population is respiratory infections. [6] Children who are ventilator dependent due to severe bronchopulmonary dysplasia as a sequalae of extreme prematurity have a higher morbidity and mortality risk than other children living at home with mechanical ventilation. [15] A Brazilian study found that children who depend on mechanical ventilation that are discharged to home do not have a survival rate that is significantly different than those who remain in the hospital for their care. [23]
2.3 Impact on Families

When a family has a child with complex medical needs, it impacts almost every aspect of day-to-day family life. Parents, siblings, grandparents, and other extended family need to tackle daily physical, financial, intellectual, and emotional challenges in caregiving. If that child is chronically dependent on mechanical ventilation, there is an extremely high demand placed on familial caregivers to meet the child’s needs and ensure their health and safety. The stress of this can be overwhelming, and families work tirelessly to provide the best quality of life for their child. In this section, I will be exploring research on the way that families are impacted by having a child who is ventilator dependent.

Caring for a child with complex medical needs negatively impacts parents’ ability to successfully maintain employment. A study conducted by physicians at nation-wide group of children’s hospitals and medical schools throughout the United States analyzed caregiver challenges for children with special healthcare needs. Their survey identified that 175,000 parents of children with special healthcare needs had terminated employment in order to specifically meet their child’s needs. The group also found that as the severity of the child’s needs increased (measured by diagnoses, number of specialists and appointments, and technology such as a ventilator or gastrostomy tube), a higher rate of unemployment or underemployment was reported. [27]
While families suffer financially as parents struggle to maintain employment and care for their medically complex child, further economic burden is placed on these families in the form of out-of-pocket medical costs. The extremity of this burden is well documented in case studies as well as research studies, with significant out-of-pocket costs incurred for appointments, supplies, and therapies. [27] A 2011 study comparing out-of-pocket costs for children with complex healthcare needs with private insurance versus those with public insurance found that on average, families with private insurance spent 2.1% of their annual income on out-of-pocket, non-reimbursable healthcare costs, and families with public insurance spent 1.8%. However, in 3.2% of privately insured families and 4.2% of publicly insured families, out-of-pocket costs exceeded 10% of annual income. [33]
In additional to significant financial stressors, families caring for a child with complex medical needs, particularly one who is ventilator-dependent, suffer extreme emotional stress. While this cannot be adequately measured, there are some studies that begin to broach the subject. Research shows that there is an increased prevalence of poor mental health outcomes among mothers caring for a ventilator-dependent child at home. [48] A study by the University of California Medical Center of 18 northern California families caring for a ventilator dependent child found that primary caregivers demonstrated a significant reduction in scores on a coping skills scale with longer duration of ventilator care. [34]
A qualitative study of 18 families caring for children living at home with mechanical ventilation found several consistently recurring themes, including: 

1. Overwhelming parental responsibility: Parents need to provide exceptional care day in and day out, and they live with the daily possibility of death.

2.  Seeking “normality”: Families spend significant effort establishing routines to resemble a typical family. 

3. Moral distress within the community: Families struggle with people reacting that this child’s life is not worth maintaining.

4. Living in isolation: Families face a lack of support from extended family and friends due to their child’s medical needs. [7]
These recurring themes highlight the psychosocial challenges of caring for a child with mechanical ventilation at home. While this paper is focusing on children who depend on “true” mechanical ventilation (meaning that their ventilator is hooked up through a tracheostomy, and they require 24/7 mechanical support), an interesting note from this study is that they found the same consistent themes in families whose children were not cannulated, but received mechanical biPAP support via facemask. [7]

A report by The Arc, a national organization serving families of children with special needs, shows that 58% of parent caregivers report spending more than 40 hours per week providing support, and 40% spending more than 80 hours a week. Nearly half (46%) of parents reported that they have more caregiving responsibilities than they can handle. The majority of parents report that they are suffering from physical fatigue (88%), emotional stress (81%) and emotional upset or guilt (81%) some or most of the time. [40] The interesting thing about this study was that it focused on families of children with some form of developmental disability, so given the additional demands and challenges of caring for a child who is dependent on mechanical ventilation, we can hypothesize that these numbers may be much higher. 

2.4 Home Care


Managing the care needs of a medically complex child at home is challenging, and more so when the child is ventilator dependent. Care coordination is often lacking. The child’s primary physician, parents, and other interdisciplinary team member often assume the needs of the child are being addressed by someone else. This causes frequent errors and omissions. [5] The definition of medical necessity is “health care services are such that a physician, exercising prudent clinical judgment, would provide to a patient for the purpose of evaluating, diagnosing or treating an illness, injury, disease or its symptoms.” [12] These services must be in accordance with “generally accepted standards of medical practice,” clinically appropriate in type and frequency, and not primarily for convenience. [12] The definition of medical necessity for skilled home care is when an individualized assessment of the patient’s clinical condition demonstrates that the specialized judgment, knowledge, and skills of a registered nurse. [14] It means that the child requires a level of care which exceeds their family’s ability to care for them at home, and that necessary care tasks need to be supervised by or completed by a skilled nursing provider. 
Home health care for children ages 0 to 21 with special medical needs is a service mandated by the Early Periodic Screening, Diagnostics, and Treatment, outlined Section 1905(r) of the Social Security Act, the pediatric component of Medicaid passed in 1967. [13] This federal program outlines benefits distinctly different from those provided to adults; while financial eligibility criteria are left up to the state, the state Medicaid providers are required to cover services for children under age 21 with conditions that are identifiable in one of the five mandated screenings: physical health, mental health, vision, hearing, and dental. [13] When a condition resulting in the need for portable mechanical ventilation, such as chronic respiratory distress, is listed on the child’s EPSDT form, Medicaid then would be required to pay for all related services including inpatient hospitalizations, home healthcare, private duty nursing, durable medical equipment, and respiratory care. Services are not required to be curative in nature to be covered by the benefit. Of note for the intent of this paper, specifically services which prevent a condition from worsening or prevent additional health problem, which would include in-home supportive services for families caring for a ventilator-dependent child, would be included in this benefit. If this is denied by the insurance company, there is an extensive and difficult appeal process that families and providers can go through to challenge the denial of something that should be covered by EPSDT; this is a process that I assist our nurse and physician completing for our patients nearly every week, and it consumes extensive administrative resources and time. Uneven access to the EPSDT mandated services stems from the state-by-state differences in implementation and interpretation of the law. [13]

It can be universally agreed upon by providers, families, and the general public that managing chronic mechanical ventilation requires skilled care. However, in actuality it can be extremely difficult to bring a ventilator-dependent child home with appropriate skilled nursing care. The only research available on this currently is a longitudinal study from Italy, which found that 14% of children living at home with mechanical ventilation had no services from a home nursing agency, and 22% had a nurse visit three times a week. [2] An interview with one of my patient’s parents brought this issue to light: Logan is 6 years old, and requires 24/7 mechanical ventilation due to a neurodegenerative condition. I discussed the issue of homecare with Logan’s mom while he was inpatient at the Children’s Hospital of Pittsburgh in the intensive care unit. Logan’s mom stated that because she is not currently employed, Logan only receives nursing hours for while he is at school. This means that if he stays home sick from school, no nurse is present. However, she explained that when he is home sick is when a nurse is most needed; this is when his care becomes much more complicated and there is much higher risk for an emergency situation. Also, she cannot run errands or transport Logan’s siblings anywhere when he is not at school, because she is his only trained caregiver and he requires so much medical equipment.  [49]
2.5 Caregiver Education

When a child is first diagnosed with any health condition, there is a period where medical staff must teach the child’s caregivers about the condition and how it will be managed, including what the condition is, follow-up, medications, and day-to-day care. The more serious the diagnosis is, the more time it takes for a new family to learn about what it means and how to care for that child. This teaching is complicated by the emotional burden of receiving a diagnosis for a child that may be life-limiting. All of this is especially true for families of children who are ventilator dependent, and there is a steeper learning curve because of the technology that parents must learn to use, as well as the significant risk of morbidity and mortality associated with conditions that would interrupt a child’s ability to breathe on their own. Research shows that on average it takes 52 days to teach a family how to care for a ventilator-dependent child at home. [16]
A pilot study at the University of Alabama utilized similar ventilator simulators that the healthcare system uses in training new staff and utilized them in teaching families how to care for their child. In 71% of families who participated in the study, it was reported that they strongly agreed that the simulation resulted in feeling better prepared to care for their child, and 86% felt that the simulation improved their confidence level in caring for their child. [45]
2.6 Previous Interventions and Best Practices

Coordinated and centralized care are absolutely essential when it comes to promoting health and safety in children living at home with mechanical ventilation. The American Thoracic Society issued a standardized clinical practice guideline in 2016 of nine best practices in managing chronic home mechanical ventilation in children. Their recommendations are as follows:

1. Medical management at a comprehensive medical home model, co-managed by a generalist primary care pediatrician and a respiratory subspecialist

2. Standardized discharge criteria to objectively assess readiness in for care in the home

3. Awake and attentive caregiver in the home of the child at all times

4. At least 2 specifically trained family caregivers that are prepared and available to care for the child in the home (e.g. mom and dad, dad and aunt)

5. Ongoing education to acquire, reinforce, and augment skills for both familial and professional caregivers in the home

6. Monitoring with a pulse oximeter (not relying completely on ventilator alarms), especially when the child is asleep

7. Regular maintenance of all home equipment as outlined by the manufacturer

8. The following pieces of equipment available in the home at all times: ventilator, back-up ventilator, batteries, self-inflating bag (Ambu bag) and mask, portable suctioning equipment, heated humidifier, supplemental oxygen, nebulizer, and pulse oximeter

9. Use of a cough-assist (mechanical insufflation-exsufflation device) to maintain a patent airway in children with an ineffective cough and poor muscle strength [37]

The Children’s Hospital of Philadelphia piloted the first home ventilator program in the world. [26] In 2012, their program was identified by the American Association for Respiratory Care as the “standard of care” program for management of pediatric mechanical ventilation at home.  This designation was made for three reasons: standardized components, well-orchestrated communication and collaboration, and commitment from staff. The program employs a 24-hour in-hospital simulation prior to discharge to assess readiness and increase confidence. If this is successful, program staff go to the home with the family to set up the space in preparation for the child to arrive. Every time the child returns to the hospital, the reason for readmission is thoroughly investigated by program respiratory therapists and prevention steps are identified. [46]
3.0  Methods

Children who are ventilator dependent interact with a variety of institutions and systems that contribute to their care, health, and safety. The goal of this essay was to identify the policies, procedures, and protocols of several institutions in Western Pennsylvania to (A) describe the practices and process for transitioning a subject from an inpatient setting to home, and (B) identify the extent to which the stated policies follow ATS recommendations. [3]
· Inpatient facilities these children are discharged home from include:
· Children’s Hospital of Pittsburgh (CHP)- Relevant policies were identified using the search functionality in the Children’s Hospital of Pittsburgh intranet policy section. Search terms specifically input were “ventilator” and “ventilation.” Policies governing inpatient care of mechanically ventilated patients in the intensive care unit setting were eliminated. Policies that could possibly meet ATS criteria  were further explored for using search terms: “medical home,” “discharge,” “caregiver education,” “pulse oximeter,” and “cough assist.” Policies and procedures not addressing the population or intention outlined by this paper were eliminated. The relevant policies were narrowed down to: Discharge Planning [11], Home Medication Teaching Policy [9], and Car Seat Trial for High Risk Infants [10]. The policy Home Ventilator Patients Admitted for Sleep Study Testing [8] was also included for analysis. 
· The Children’s Home and Lemieux Family Center (TCH)- Relevant policies were obtained through professional relationships with clinical care coordination staff at TCH. Through several phone conversations with a care coordinator and discharge planner at TCH, the policies and procedures that are relevant to this review were identified and sent via fax. This was the caregiver teaching outline, parent education 12 week sign-off sheet, tracheostomy teaching packet, and ventilator teaching packet. All of these were sent in a bundle as the set of procedures for preparing children with mechanical ventilation for home, totaling 28 pages. [42]
· The Children’s Institute- Relevant policies were obtained through professional relationships with social work and clinical care coordination staff at TCH. The manager of liaison services and clinical care coordination [18] was able to describe in-house procedures, and the remainder of the more specific information was retrieved from the Home Ventilator Management Program webpage [44].
· Transportation providers- Policies were obtained on the relevant federal, state, and county web pages of the transportation assistance programs and one private ambulance service. Additional information were also obtained via phone if possible.

· MATP- The policies governing the Medical Assistance Transportation Program were retrieved on a state level from the Pennsylvania MATP Standards and Guidelines [31]. Policy documents were read to identify any policy or procedure that would be related to the care of children who are dependent on chronic mechanical ventilation or that meet one of the ATS standards. 
· ACCESS- The policies governing the paratransit/ACCESS were retrieved on a federal level from the Federal Department of Transportation [19] and on a county level from the Port Authority of Allegheny County [32]. Policy documents were read to identify any policy or procedure that would be related to the care of children who are dependent on chronic mechanical ventilation or that meet one of the ATS standards.
· Guardian Angel- All applicable information was obtained from the Guardian Angel website. A phone call was made to the organization, but they were unable to share policies directly.
· In-home shift nursing agencies (2 samples) – Policies were obtained from two sample providers via telephone communication. The two participating agencies were selected by their existing professional rapport with the Supportive Care Team at the Children’s Hospital of Pittsburgh.
· Bayada Pediatrics- Agency policy prevented the sharing of actual copies of policies and procedures. Relevant information was obtained through an interview with clinical care coordination staff at Bayada. Through several phone conversations, the policies and procedures that are relevant to this review were identified and discussed. [50]
· eKidzCare- No policies or procedures were identified for this agency. Due to staff turnover and limited education of new staff, specific and relevant policies and procedures were not able to be isolated. 
·  Durable Medical Equipment suppliers that focus on respiratory care— Policies were obtained on the agency web pages. Additional information was obtained via phone if possible.
· PromptCare- Information on agency procedures to compared to the ATS standards was found on the webpages for their respiratory care programs. [51, 52]
· Blackburn’s- Information on agency procedures to compared to the ATS standards was found on the webpage for their respiratory care program. [53]

4.0  Findings
4.1 Inpatient Facilities

4.1.1 The Children’s Hospital of Pittsburgh of UPMC (CHP)

CHP is a Level I trauma center located in the heart of the city of Pittsburgh, and it is a facility world-renowned for groundbreaking research in the area of pediatric transplantation, including liver, small bowel, and heart transplants. CHP was ranked number 7 by the US News and World Report’s Honor Roll of America’s Best Children’s Hospitals. Despite the advanced clinical medicine and research practiced at the hospital, there are significant, observable gaps in care coordination and discharge planning for children who are dependent on mechanical ventilation when compared with the best practice standards outlined in this paper. 
CHP does not have a designated “home ventilator management” program or comprehensive medical home model as outlined. Children who are discharged home with mechanical ventilation return the hospital on an outpatient basis for clinic appointments with their specialists depending on the diagnosis, though follow-up includes pulmonology and ENT (for the tracheostomy site) who will check the child’s health in regards to the ventilator. 

While there are general discharge planning criteria for all patients of the hospital, there is no specifically designated, standardized procedure or program for addressing discharge in this group, except for in the sleep study clinic. The sleep study policy outlines additional safety precautions and procedural steps taken when a sleep study is conducted on a child with a home mechanical ventilator at any CHP location. [8] There are 4 primary CHP policies that address discharge planning, caregiver teaching, and setting up home care: Discharge Planning, Home Medication Teaching Policy, and Car Seat Trial for High Risk Infants. None of these policies specifically address outlined recommendations 3-9 (awake and attentive caregiver, having two trained family caregivers, ongoing education of family and in-home providers, monitoring with pulse oximeter, regular home equipment maintenance, what equipment is to be available, and the use of cough assist machines.) It seems that in this case, the inpatient facility relies on the community-based providers to ensure that these recommendations are met. What is clearly outlined in the Discharge Planning policy is that hospital care managers and social workers are responsible for providing families with choices for in-home shift nursing providers and durable medical equipment (DME) suppliers, and making those referrals. [11]


While ongoing education after discharge to home is not specifically addressed, the Home Medication Teaching Policy does present a standardized, controlled method for ensuring that a child’s caregivers have full understanding of their medication regimen and how to provide that medication safely according to physician’s instructions. [9] Prior to discharge, the hospital pharmacy is to dispense a 5-day supply of the child’s medication so that the parent can demonstrate, under supervision of the nurse, their full comprehension of instructions.  It is important to note, from a professional perspective, that the education of parents on the use of specific technology is generally the responsibility of the DME supplier, who will come into the hospital to teach the parents how to use and troubleshoot their specific product. 
Also, many children in this sub-group are discharged to The Children’s Home and Lemieux Family Center, instead of straight to their homes (see section 4.1.3).
 One of the strengths of the CHP policies is their emphasis on safe transportation to home after discharge. While this topic is not addressed in the comparison criteria, safe transportation for children dependent on mechanical ventilation is as important as appropriate equipment and medication administration. The Care Seat Trial for High Risk Infants policy ensures that a medically complex child (many of whom are going home for the very first time, never having been in a car seat before) can be safely placed in a car seat and that they will tolerate that car seat for the duration of their trip home. [10] This policy requires all children who are size-appropriate for a car seat and are chronically dependent on mechanical ventilation to pass the car seat test prior to discharge.
4.1.2 The Children’s Institute of Pittsburgh (TCI)

TCI is a CARF-accredited pediatric rehabilitation hospital located in the Squirrel Hill neighborhood of Pittsburgh. TCI specializes in providing inpatient and outpatient rehabilitation to children with spinal cord injuries, traumatic brain injuries, and Prader-Willi syndrome; they also encompass a charter school, a medical foster care agency, and outpatient clinic services for children with a wide variety of needs (autism, feeding difficulties, developmental pediatrics, occupational therapy, etc.) [43] Most importantly for the purposes of this analysis, TCI offers a Home Ventilator Management Program. This team is made up of respiratory therapists and nurses, overseen by a physician, all specialized in initiating, monitoring, adjusting, and weaning mechanical ventilation. [44]

Patients from TCI’s inpatient rehabilitation hospital are automatically referred to the Home Ventilator Management Program prior to discharge, and the respiratory therapist who treated them in the hospital is most commonly the same RT that will continue to manage their care when they are discharged to home. Some children involved in the program were not previously known inpatients, but referred to TCI from another institution. The program meets all of the criteria except for 4 (requiring two trained family caregivers). In this program, we see an exceptional example of criteria 1, a comprehensive medical home model co-managed by a primary care physician and a respiratory sub-specialist. The attending physician, Dr. Ferrimer, oversees the program, and the respiratory therapy staff serve as the respiratory subspecialists. The program manages equipment, education of caregivers, pulse oximeter monitoring, etc. While cough assist machines are not required by the program, they are recommended and used in most cases as covered by insurance providers. [18]
4.1.3 The Children’s Home and Lemieux Family Center (TCH)

TCH is a pediatric specialty hospital and a medical daycare provided, located three blocks away from the Children’s Hospital of Pittsburgh (CHP). It began in 1984 as a Transitional Infant Care center, to care for premature infants who were leaving the neonatal intensive care unit but were still too fragile to go home with their family. [41] TCH is now utilized by CHP providers for a broad range of patient populations as a “step-down” unit for children who are ready to be discharged from the hospital, but whose families may not be ready to take them home because they need additional education, training, or practice in managing their complex needs. Many of our patients who are ventilator dependent utilize the services provided at TCH, especially if they are being discharged home with mechanical ventilation for the very first time. 
TCH’s clinical care coordination staff provided the teaching schedule and training materials used with parents of children with chronic mechanical ventilation for this study. This documentation was 28 pages, covering all of the criteria except for 1 (comprehensive medical home model). The plan has standardized discharge criteria that require nurses to sign off on parent education milestones. Parents are required to return-demonstrate skills to nursing staff at the end of each week of their stay. Prior to discharge, parents are required to complete “nesting,” which means that they must take their child to a private apartment area, off of the unit, for 24 hour period and demonstrate that they can complete all care tasks independently. [42]
The procedures address the outlined criteria in a very specific way, and parents are required to demonstrate that they understand these concepts. For example, it emphasizes the use of pulse oximeter monitoring at all times for children who have a tracheostomy, whether they are dependent on mechanical ventilation or not. The procedure also identifies a more thorough list of necessary available equipment that program staff want the family to have on hand at all times, and how they should be stored. [42] 

4.2 Transportation

4.2.1 Medical Assistance Transportation Program

Due to what is known as the “PH95 Loophole,” every child under the age of 18 in Pennsylvania with special healthcare needs is granted Medical Assistance, regardless of parent income. [29] With Medical Assistance comes a service known as the Medical Assistance Transportation Program, or MATP. This program, funded through a federal Medicaid block grant, provides transportation services to medical appointments for individuals enrolled in Medical Assistance. Based on physician documentation, they provide for transportation in three ways: public transportation in the form of bus tickets, mileage reimbursement for individuals/families who own a vehicle, or paratransit services (known as “door-to-door” service). [30] Because the population focused on in this paper is too sick to utilize public transportation services, their families are offered the mileage reimbursement or paratransit services options. Here, I will look at the policies outlined by the paratransit services for transporting children who are dependent on mechanical ventilation. 
Although none of the Standards and Guidelines outlined by MATP specifically address children who are dependent on mechanical ventilation or the outlined criteria, I felt that it was important to examine this program’s policies for this paper due to the fact that many of these children and their families rely on this program for transportation to their medical appointments. The policies of this program improve safety and involve primary prevention of unsafe situations for this population. [31]
MATP standards require that the program provide the most “appropriate mode of transportation” for the consumer, which is the type of transportation that best meets that consumer’s medical needs. This means that if a child is “unsafe” to ride on public transportation due to the intensity of their medical needs, MATP will provide door-to-door transportation to them (which written physician documentation.) However, they will only provide for non-emergency transportation, which could create significant financial burden for families who, as a result, may end up needed to pay for an ambulance trip when a family who can access/utilize standard vehicular transportation may be able to transport their child to the emergency room on their own. Another challenge for caregivers of children who are dependent on mechanical ventilation, or children with other complex medical needs, is that MATP will not transport children to childcare or daycare, even if that child requires a medical daycare. A positive safety mechanism for our population is that program guidelines require all drivers required to have documentation of their child abuse clearances. [31]
By far the most important standard of the program, and that which most aligns with the criteria outlined in this study, is the provision for one escort to accompany the consumer. The block grant requires that the program, without charge, allows the consumer (in this case, a child who is dependent on mechanical ventilation) to have an escort to accompany them on their trip when it is needed due to their age, physical, or mental capacity, and if an escort’s presence is required to ensure that they get necessary medical care. [31] This directly corresponds with standard 3, which is having an awake and attentive caregiver at all times.
I have experienced some scenarios in which a child’s county MATP provider denied them service because of fear that their ventilator battery would not last long enough through the trip (e.g. if the child was coming from Erie County to an appointment at CHP). This emphasizes the importance of having access to a back-up battery and power source, including a charger adaptor for a vehicle’s cigarette lighter (criteria 8). According to the standards, MATP is able to deny service when they feel that they are “unable to provide the service” the consumer needs, as long as they provide written notice and inform the consumer of their right to appeal. [31] In these cases, families have simply utilized ambulance transportation for all appointments, emergency and non-emergency. The MATP guidelines require the program to refer these cases to the consumer’s local community ambulance provider, paid for by their managed care organization.

Finally, there are two more provisions in the MATP Standards and Guidelines that are important to acknowledge for this group. First, it is noted that the policy that a trip shall be no shorter than a quarter mile can be overruled based on physical needs of the consumer, which would apply to children dependent on mechanical ventilation. Second, the standards note that the program is required to provide consumers an opportunity to access to adequate providers. This means that for children who need to see sub-specialists at a pediatric hospital, MATP is required to provide transportation to those appointments. [31] However, this can be challenging with scheduling because many programs will mandate that they only will cross county lines on certain days of the month, so if a child needs to see a sub-specialist provider here in Allegheny County at CHP, they must make an appointment that meets not only that physician’s availability, but also the MATP scheduling needs. 
4.2.2 ACCESS

It is mandated by the Department of Transportation Americans with Disabilities Act that a county must provide paratransit services for individuals with disabilities that render them unable to get door-to-door where they need to go via foot, operating a vehicle, or riding public transportation. For example, someone who is severely visually impaired and has limited orientation and mobility skills would not be able to safely get from their house to the shopping center to buy groceries. ACCESS services are for non-medical trips only, and at a small out-of-pocket fee. [19]
In Allegheny County, a child who is ventilator dependent may be eligible for ACCESS services if their family does not have another form of transportation (own a car or wheelchair van) that can accommodate their needs. All ACCESS vans in Allegheny County are lift-equipped. Similar to MATP, ACCESS does allow for individuals to travel with one escort at no additional charge if it is deemed necessary. [32] Due to the medical complexity of this population, many families do not utilize ACCESS because it requires an in-person interview process, and they often do not go anywhere outside of medical appointments due to their child’s fragility. 

There are no policies or procedures in the federal or county paratransit policies that directly address the needs of children utilizing mechanical ventilation or the criteria outlined in this paper.
4.2.3 Guardian Angel

Another commonly used transportation option for children who are dependent on mechanical ventilation is non-emergent ambulance services, or community ambulance organizations (CAO). When a child is too medically fragile to travel safely by another mode of transportation, or require a wheelchair and do not have ramp access to their home, the family depends on a CAO to get the child to all of their medical appointments. Unfortunately, a CAO can only be used for medical appointments, so if this is the child’s sole form of safe transportation that can accommodate their needs, they do not leave their home for anything other than necessary medical appointments and emergent hospital visits on a stretcher.
The most commonly used CAO in western Pennsylvania is Guardian Angel. Guardian Angel is equipment to transport patients that require ventilator support, and all staff are trained to do this, as well as in advanced life support techniques that may be needed if an acute event may occur en route. They also have teams that specialize in neonatal transportation, which is extremely helpful for our smallest patients who are ventilator dependent. [22] Unfortunately, the specific policies for their ventilated patient transportation are not available for review, however it is important to note that CAOs are in many cases the only transportation provider that is adequately equipped to safely transport these children.
4.3 In-Home Shift Nursing Agencies

4.3.1 Bayada 

Bayada is a national in-home shift nursing agency with a pediatric specialty branch. Their Bayada Pediatrics branch serves children throughout the state of Pennsylvania, with more than 15 office locations state wide, and 4 in western Pennsylvania. They are both CHAP and CARF accredited.

Unfortunately, Bayada Pediatrics was not able to share their policies and procedures with me due to corporate regulations preventing this. However, I was able to interview Wendy Pierce, the clinical coordinator for their Blairsville, Pennsylvania office. Wendy outlined the steps that Bayada staff take when they receive a referral from an inpatient hospital for a child that is going to be discharged home with mechanical ventilation. They address many of the outlined criteria, except for 1 (comprehensive medical home) and 4 (two trained family caregivers.) Bayada Pediatrics has a unique and very intensive method for fulfilling the criteria for ongoing education. Each location has a hands-on training lab that gives nurses on their staff an opportunity to practice their skills on a robotic patient prior to starting to staff on a case as well as for regular refresher courses. [50]
4.3.2 eKidzCare
eKidzCare is a provider for in-home shift nursing services for pediatric patients with their headquarters in Pittsburgh. They serve 47 counties in Pennsylvania, and 6 counties in New Jersey. Unfortunately, the professional contact that I have maintained at eKidzCare over the past few years recently left to take a position with a different nursing agency, and I was unable to find someone who was familiar with their policies and procedures enough to share or discuss them. The clinical staff I did speak with reiterated that for their patients who are ventilator dependent, standards for medically necessary care is determined by the child’s insurance provider prior to the patient coming home and enrolling in shift nursing services. I found this to be a very important comment, because ultimately insurance is the one that decides how much and what type of care these children get. In this case, lack of familiarity with institutional policy provided may indicate a gap in meeting best practice standards.
4.4 DME Providers

4.4.1 PromptCare

PromptCare is a durable medical equipment provider that meets the needs of patients that have respiratory care equipment requirements in western Pennsylvania, as well as home infusion. Their focus is on technological advancement, and using the most up-to-date technology to provide better care to families (which includes having more advanced cough assist machines on hand, addressing criteria 9.) They have a specific pediatric program, the Intensive Pediatric Ventilation Program. They employ respiratory therapists to work with patients and their families to aid in the transition process and decrease morbidity and mortality. [52]
PromptCare meets several of the outlined criteria. Most importantly, they have a thoroughly standardized process for admission of a patient who is being discharged from the hospital, which meets criteria 2 (standardized discharge process.) Their policy outlines several insurance approval steps that must be taken prior to discharge for payment, but they also address other criteria including what equipment to have in the home prior to discharge and training the family. They address criteria 5 (ongoing caregiver education) in the first 30 days at home. While a DME supplier cannot serve as a medical home model, the Intensive Pediatric Ventilation Program does emphasize and facilitate physician communication to prevent readmissions. [51]
4.4.2 Blackburn’s
Blackburn’s is another durable medical equipment provider that meets the needs of patients that have respiratory care equipment requirements in western Pennsylvania. They offer a Home Ventilator Program, which is not pediatric-specific, but does accept pediatric patients from 0-18. The program employs respiratory therapists, who conduct a home visit prior to discharge. Pre-discharge strategy discussions are recommended, however, not required. This supplier conducts weekly and monthly follow-ups to check in with equipment, which meets criteria 7 (regular maintenance of home equipment.) [53]

Table 1. Criteria Assessment

	Provider
	  Comprehensive Medical Home
	  Standardized Discharge Criteria
	  Awake/Attentive Care Giver
	  2 Trained Family Caregivers
	  Ongoing Education
	  Pulse Oximeter Monitoring
	 Regular Maintenance of Home Equipment
	  Outlined Equipment Available
	  Cough Assist

	Inpatient
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Children's Hospital of Pittsburgh of UPMC
	
	S
	
	S
	
	
	
	
	

	The Children's Institute
	X
	X
	X
	
	X
	X
	X
	X
	S

	Children's Home and Lemieux Family Center
	
	X
	X
	X
	X
	X
	X
	X
	X

	Transportation
	
	
	
	
	
	
	
	
	

	MATP
	
	
	X
	
	
	
	
	
	

	ACCESS
	
	
	X
	
	
	
	
	
	

	Guardian Angel
	
	
	X
	
	
	X
	
	X
	X

	In-Home Shift Nursing Agencies
	
	
	
	
	
	
	
	
	

	Bayada
	
	
	X
	
	X
	X
	X
	X
	S

	eKidzCare
	
	
	X
	
	X
	X
	X
	X
	S

	DME Providers
	
	
	
	
	
	
	
	
	

	PromptCare
	S
	X
	X
	S
	X
	X
	X
	X
	X

	Blackburn's
	
	X
	
	
	
	X
	X
	X
	


Key: X=Meets requirement S=Somewhat meets requirement Blank=Does not address
5.0  Discussion

Although it is difficult to capture the policies and procedures of all agencies, organizations, and programs that serve children who are ventilator dependent in western Pennsylvania, through this essay we get a clearer picture of how the organizations reviewed meet  the American Thoracic Society guidelines for caring for children who are ventilator dependent, where expectations were exceeded, and where there is room for significant improvement. 
The ATS guidelines that were widely addressed in western Pennsylvania are criteria 3, “awake and attentive caregiver with the child at all times,” criteria 6, “monitoring with a pulse oximeter,” and criteria 8, “having outlined equipment available at all times.” Each of these criteria were addressed by 7 of the organizations that were reviewed. See Table 1 on page 31. It is important to note that just because these policies and procedures are in place does not mean that they are carried out as specified in practice (e.g. a home shift nurse could fall asleep while attending to a child in the evening hours, or a family could forget to attach the pulse oximeter.)
The ATS guidelines were identified as lacking in western Pennsylvania are criteria 1, “medical management at a comprehensive medical home model co-managed by a generalist primary care pediatrician and a respiratory subspecialist,” criteria 2, “standardized discharge criteria to objectively assess readiness in for care in the home,” and criteria 4, “at least two specifically trained family caregivers that are prepared and available to care for the child in the home.” See Table 1 on page 31. As noted above, just because these criteria are not addressed in specific policies and procedures does not mean that they are not occurring in practice (e.g. nurses may be training both mom and dad on skills even though it is not required by policy, or a child may have been referred to a medical home provider.)

None of the providers analyzed in this policy review met all 9 ATS recommendations, and the two that were closest to doing so were a DME provider (PromptCare) and a rehabilitation hospital, which unfortunately are not capturing every single child in our region. This is where the VACHP came into play. The VACHP was available to all children across the state, regardless of their primary provider, insurance, county of residence, etc. They assisted agencies serving these children in filling the gaps so that the ATS criteria could be met, regardless of challenges that may be experienced due to a child’s insurance provider, family situation, or geographic location. The loss of the VACHP means that these children are dependent completely on what their primary healthcare providers are able to provide for them based on their resources and the child’s insurance.
There is a significant gap in our region for the criteria with the least compliance, which is criteria 1, “medical management at a comprehensive medical home model co-managed by a generalist primary care pediatrician and a respiratory subspecialist.” This is something that was also not an aspect of the VACHP. The concept of a “medical home” is a fairly new concept in medicine. There is a non-profit in Pennsylvania, the Pennsylvania Medical Home Initiative, which is dedicated to educating professionals and patients about the concept of a medical home, and providing resources to medical practices who are interested in becoming medical homes. We can improve adherence with this criteria by advocating for more pediatric medical practices to become certified as medical homes. Organizations that serve children with medical complexity should refer these children to a certified medical home to meet their complex needs.
Another criteria in which there is significant room for improvement is the adoption of standardized discharge criteria to objectively assess the home for readiness. This is a difficult criteria to meet, because most hospitals do not have the funding or staff time to send staff to every child’s home to inspect it, and there are significant safety concerns with sending staff out into a patient’s home environment. However, we see it done with the Children’s Hospital of Philadelphia program, so I believe it would be possible for other organizations to adopt a similar strategy. [46] The state/county could also utilize current services that are prepared to visit children’s homes (e.g. Children, Youth, and Family Services, local emergency medical services, or the Special Kids Network Elks Nurse Program) to send someone to the home to do a quick evaluation.

It is interesting to note that some concepts recognized as hard facts in our field regarding safety for this patient group cannot be found in any documented policy that I have been able to locate. For example, electrical outlets that are grounded in a specific way are required for bringing home a child with mechanical ventilation. The DME supplier will inspect the home, check the type of outlets, and if they are wrong, the family will have to change them. Or, an important task at patient discharge is submitting a letter to the electric provider that a child who is dependent on mechanical ventilation lives at a particular address, and in case of power outage that particular system needs to be addressed first to resolve power issues. However, the issue of electricity itself was not mentioned in any policy or procedure I could find.
6.0  Conclusion
It is evident from this policy review that there are several gaps in the way services are currently being provided in western Pennsylvania compared with the best practice standards set by the American Thoracic Society. While this policy review was limited in scope, we were able to capture a glimpse of how, without the VACHP, our region’s ability to serve children dependent on chronic invasive mechanical ventilation on par with American Thoracic Society best practice standards is limited. Moving forward in program and policy development for organizations and agencies that serve this population, it is important to acknowledge and address the gaps in our region, particularly in standardized discharge criteria and lack of comprehensive medical homes. Without addressing these gaps, children who are dependent on mechanical ventilation are at increased risk for morbidity and mortality, as well as preventable emergent hospital visits, which is a serious public health problem.
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