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Abstract
Palliative care can improve quality of life for infants with life-limiting or life-threatening conditions and provide support for families.  Yet neonatal palliative care practices continue to be inconsistent and sporadically used for infants.  The purpose of this retrospective medical record review was to describe the use of an established pediatric palliative care team for seriously ill infants admitted to a metropolitan hospital.  The sample included 64 infants who were admitted to a level IV NICU and then died during hospitalization between January, 2015 and December, 2016. The majority of infants died within an ICU (n = 63, 95%), and 20 infants (31%) received palliative care consultation.  Most frequent reasons for consultation were care coordination, defining goals of care and end-of-life conversations, and symptom management.  Palliative care consultation did not change the course of end-of-life care significantly.  Our findings suggest that interventions provided by the NICU team to infants surrounding end-of-life are similar to those in infants receiving formal palliative consultative services.  The findings of this medical record review may be used to develop guidelines to utilize palliative care services for infants with life-threatening conditions who are admitted to NICU.  
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Introduction
While advances in medical technology have improved the survival of newborns, the number of neonatal deaths remains high.  In 2013, nearly 16,000 babies died in the United States [1]. Nearly all of those deaths occurred in an intensive care unit (ICU) [2].  Most infants die from extreme immaturity, birth trauma, genetic abnormality, or congenital disease or defect [3].  
Palliative care is a clinical approach that improves the quality of life of patients who have life-threatening conditions and their families [4] and has become a care option when a newborn has a life-limiting illness.  Studies have shown that the use of palliative care teams and palliative initiatives (protocols, electronic order sets, nursing care plans, staff education, and medication guidelines) in the neonatal intensive care unit (NICU) was associated with an increase in choosing comfort care as a care-goal, decrease in unnecessary medical procedures, and increase in supportive services for infants and families [3, 5].  Professional organizations such as the American Academy of Pediatrics and the National Association of Neonatal Nurses promote provision of palliative care for infants and children who have a life-limiting illness [6, 7].  However, palliative care is often equated with end-of-life care or bereavement care [8] and thus often offered to the parents of the infant after curative methods have been ineffective [9].  Current literature is lacking regarding the use of palliative care for infants with life-limiting conditions.  Therefore, the purposes of the project were to describe palliative care consultation services provided to infants who were admitted to a NICU and subsequently died in the hospital and to identify opportunities for developing guidelines specific to the hospital to promote consistent use of palliative care for infants.  
Methods
Study Design
A retrospective medical record review was conducted.    
Setting and Sample
This study was conducted at Children’s Healthcare of Atlanta (CHOA): Egleston, a large, level IV NICU that served the southeast region of the United States.  Annually, approximately 500 infants were admitted, by referral only, for management of complications related to extreme prematurity, genetic abnormalities, congenital defects, and birth trauma.  Infants who needed in-unit surgery or extracorporeal membrane oxygenation (ECMO) were also managed in the NICU.  At the time of this study, formal palliative care consultations for neonates were requested at the discretion of the attending physician.  Infants with life-limiting conditions were managed on a case-by-case basis by attending physician and medical team and formal palliative care consultations were handled by the Pediatric Advanced Care Team (PACT).  The pediatric palliative care team at CHOA was a hospital-based team of physicians and nurse practitioners who handled consultations and provided palliative care services for all inpatients.  CHOA established the PACT, a hospital-based pediatric palliative care team, in 2011.  The team consisted of 4 physicians, 2 nurse practitioners, and one social worker who collaborated with medical teams, chaplains, and other healthcare affiliates to maximize the quality of life of children with life-limiting conditions.  The team focused on clarifying goals of care and offered assistance with symptom management and support for families and medical teams.  When indicated, the team also worked within the community for children discharged home on hospice.  
The sample included infants who were initially admitted to the NICU from January 1, 2015- December 31, 2016 and died at the hospital.  This included infants who were transferred to other units before receiving consultation.  Infants who were admitted and also died within 24 hours of admission were excluded since time for consultation may have been insufficient.  Infants who transferred to another hospital or were discharged home, and died outside the hospital, were also excluded since data surrounding end-of-life was unavailable.  The final sample included 64 infants.
Data Collection
The medical record review was focused on the final two days of life.  The 48 hour time frame was chosen to assess end-of-life care to encompass the typical rapid deterioration of the neonate at end-of-life [3,5].  Preliminary data were derived from infants’ electronic medical records within the CHOA EPIC database and provided to the principal investigator per institution protocol.  Data de-identification and chart review were completed by principal investigator.  The End of Life Chart Review Form from the Center to Improve Care for the Dying [10] was adapted for use in neonatal medical record analysis.  Patient demographics, related maternal data, palliative care specific diagnoses, medications, labs, procedures, and pertinent orders were used to describe the sample.  
We abstracted data related to the use of palliative care consultation such as who (physician, practitioner, nurse, etc.) made the initial request for palliative care services, why a consultation was requested, age at time of consultation, and time from consultation until death.  
Data Analysis 
	Data was entered into SPSS, version 24.0 for Windows.  Descriptive statistics (means, frequencies, etc.) were used to summarize study variables.  Infants were grouped into two, those who received consultation and those who did not.  To compare the two groups in general characteristics and end-of-life management, we computed odds ratios and 95% confidence intervals.
Results
Sample Characteristics
From January 1, 2015 until December 31, 2016, there were 1,089 infants admitted into the NICU; 98 (9%) infants later died during the study period.  For this review, infants who died within 24 hours (n= 23, 2%) and infants who died outside the hospital (n= 11, 1%) were excluded.  For the remaining 64 (6%) infants included in analysis (Table 1), causes of death were lethal congenital defect/disease (n= 27, 42.2%), complications from prematurity (n= 16, 25%), birth trauma/ hypoxic ischemic encephalopathy (n= 7, 10.9%), genetic anomalies (n= 6, 9.4%), sepsis (n= 5, 7.8%), and other causes (n= 3, 4.7%).  Average age at admission, average age at death, and average LOS were 16.2 days (SD 29.1), 109.5 days (SD 148.7), and 61.1 days (76.2), respectively.  The majority of infants died within an ICU setting (n= 63, 95%) and 44 (69%) had no formal palliative care consultation at time of death.  
Use of Palliative Care Consultation
Of the 20 (31%) infants who received a consultation, 11 (55%) were male and 9 (45%) were female.  Diagnoses for these infants included congenital heart disease, status epilepticus, chronic respiratory failure, trisomy 18, hypoxic ischemic encephalopathy, persistent pulmonary hypertension, multicystic dysplastic kidney, bronchopulmonary dysplasia, otopalataldigital syndrome type II, congenital diaphragmatic hernia, pulmonary hemorrhage, renal failure, and immunodeficiency.  The NICU consulted the PACT team for 8 (40%) of these infants and 12 (60%) consults were made following transfer or admission to another ICU unit.  These units included the cardiac ICU (CICU) (n= 7, 35%), pediatric ICU (PICU) (n= 4, 20%), and technology-dependent ICU (TICU) (n=1, 1%).  Reasons given for consultation most frequently included assistance with defining goals of care and end-of-life conversations (n= 19, 95%), need for complex care coordination (n= 10, 50%), and symptom management (n= 6, 30%).  Physicians most frequently made the consultation (n= 10, 50%) and age at consultation ranged from day of birth to day of life 288 (M 91.1, SD 95.6).  Following consultation, infants lived an average of 42.9 days (SD 42.7).  Simple logistic regression showed no statistical significance for gender, race, or diagnosis in predicting palliative care consultation.  Results for variables related to palliative care consultation are summarized in Table 2.
Comparison between Infants Who Received Palliative Care and Those Who did not 
To compare end-of-life management between infants who did and did not receive palliative care consultations, variables were divided into two categories; general characteristics and end-of-life care, including invasive procedures administered within the final 48 hours of life.  Odds were similar between groups for gestation at birth, mothers’ age, age at admission, age at death, and length of stay, though length of stay averaged 40 days longer in infants with consultations.  Additionally, age at death averaged 33 days longer in infants with consultations than those without.  Odds were also similar between groups for having cardiopulmonary resuscitation within 48 hours of death, having life sustaining treatments withdrawn, and having a do not resuscitate order.  Invasive procedures at end-of-life were endured by infants in both groups.  Odds were similar between groups in the occurrence of arterial or venous central line placements, and intubation or tracheostomy attempts.  Infants with consultations, however, received fewer laboratory blood draws as well as blood product transfusions.  End-of-life care variables for infants who received, and did not receive, palliative care consultations are detailed in Table 3.
Discussion
	Despite numerous endorsements and recommendations supporting and guiding palliative care in pediatrics, neonatal palliative care practices continue to be inconsistent [2].  Our study found similarities between general characteristics and end-of-life care for infants who did and who did not receive formal palliative care consultation.  We did find, however, that infants who had consultation received fewer blood transfusion and fewer laboratory blood tests. 
	Using seminal works such as that of Catlin and Carter (2002)[11], the findings of this chart review could be used in the construction of clinical guidelines informing palliative care interventions.  Potential guidelines could include order sets to address symptom management, clinical interventions, and nursing care.  Algorithms with indicators to refer for formal consultation could also be created.
	For medical staff participating in neonatal palliative care, appropriate education and training is essential [7, 12, 13].  Lack of education surrounding palliative care has been defined as one of the greatest barriers to the adoption of palliative care in the NICU [14].  Adding support, the National Association of Neonatal Nurses (NANN) recent position statement regarding palliative and end-of-life care for newborns and infants states that “palliative and end-of-life care for infants and their families are an integral component of neonatal care” and that “nurses and nurse practitioners work with physicians and others to provide symptom management, relief of suffering, and dignity for infants and families” [12].  In accordance, the results of this study support the provision of neonatal palliative care education and training for staff in the NICU.  Additionally, neonatal nurse practitioner academic programs and neonatal fellowships should expand curricula to more adequately address palliative care and nationally, efforts should be made to increase content related to palliative care on medical and nursing board examinations.  
	Honest communication with families in the NICU is paramount and as such palliative care should be discussed openly with families.  Providing families with early awareness of palliative care, possibly during unit orientation, may dispel the myth that palliative care is only offered when all other efforts have failed.   Families in the NICU have frequently reported feelings of distress related to inadequate communication of prognosis, confusion of options, and a perceived lack of empathy [14], making clear and compassionate communication vital in palliative care.  
In order to construct guidelines to define palliative care practice and provide staff and family education, the creation of a palliative care team within the NICU should be a priority, using an integrated/multimodal framework for care and interdisciplinary teamwork [7, 15, 16].  While 8 consults for palliative care were made from the NICU, all infants without a formal consultation benefited from additional support services.  Building on this success, physicians, nurse practitioners, bedside nurses, child life specialists, chaplains, and social workers within the NICU should converge, the first of several steps in providing comprehensive palliative care in the NICU.  Identifying pain and palliative care champions may also be beneficial.  Parents should also be invited to share their experiences and insights.  This additional collaboration with parents who have faced loss in the NICU may be useful in shaping policies and clinical pathways.
In addition to clinical suggestions, financial implications are also demonstrated in this work.  With the daily cost of care in the NICU potentially exceeding $3,500[17] a decrease in the frequency of costly medical procedures at end-of-life could have significant financial implications.
[bookmark: _GoBack]This study is limited to a small sample size and the study design making it difficult to find relationships between variables.  Additional forms of data collection, such as matching infants, could have increased the scope and depth of analyses.  This medical record review was conducted in only one hospital, an additional limitation.  Moreover, infants were included who received palliative care consultation and end-of-life care outside the NICU.  Unit culture and practices outside the NICU may differ, possibly skewing results relating to consultation frequency and end-of-life variables.  Of note, there was a sizeable decrease in the frequency of consultations (43.2% to 14.8%) from 2015 to 2016.  With gender being the only discernable difference between those years, trending the use of the PACT over additional years is indicated.  Future research should be designed to increase sample size as well as more closely evaluate differences between years.  While additional research is indicated to evaluate metrics, such as staff comfort in providing palliative care and family satisfaction, to determine full impact of the PACT, our findings suggest that interventions provided by the NICU team to infants surrounding end-of-life are similar to those in infants receiving formal palliative consultative services.  One possible explanation for this is the relative novelty of the PACT.  Prior to the establishment of the PACT, the NICU relied on internal resources to provide end-of-life care; this culture may persist.  The impact of this project will be seen through its influence to catalyze the creation of a palliative care team and standardized guidelines within the CHOA NICU.
Conclusion
This chart review was designed to evaluate and describe current practice in the Egleston NICU.  Though we were unable to determine why some infants received palliative care consultations, the findings of this case series should be used to shape guidelines to better identify, care for, and support infants with life-limiting conditions who may face end-of‐life in the neonatal intensive care unit.  Additionally, while the data collected in this case review will be unique to the CHOA NICU, the process used to determine current practice could be replicated in additional neonatal intensive care units.    
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	Table 1. Characteristics of Infants and Mothers (N = 64)

	Variable
	n (%)

	Sex
	

	     Male
	34 (53.1)

	     Female
	30 (46.9)

	Race/Ethnicity
	

	     White/Caucasian
	21 (32.8)

	     Black/African American
	34 (53.1)

	     Other
	9 (14.0)

	Cause of Death 
	

	     Congenital Defects and Diseasesa
	26 (40.6)

	     Complications from Prematurity
	16 (25.0)

	     Birth Trauma/Hypoxic Ischemic Encephalopathy
	7 (10.9)

	     Genetic Anomalies
	6 (9.4)

	     Infectionb
	6 (9.4)

	     Otherc
	3 (4.7)

	
	M (SD)

	Gestation at Birth (weeks)
	34.2 (5.1)

	Mother’s Age (years)
	27.4 (7.0)

	Age at ICU Admission (days)
	16.2 (29.1)

	Length of Stay (days)
	61.1 (76.2)

	Age at Death (days)
	109.5 (148.7)


a: hypoplastic left heart syndrome and congenital diaphragmatic hernia, congenital autoimmune liver disease
b: includes bacterial and viral sources
c: chronic intestinal failure, non-immune hydrops fetalis, and sudden anoxic event


	Table 2. Variables Related to Palliative Care (PC) Consultations (n = 20)

	Variable
	n (%)

	Clinician Who Requested PC Consultation
     Physician
     Nurse Practitioner
     Physician Assistant
     Bedside Nurse
     Not Documented
Reason for PC Consultation
     Goals of Care/End-of-Life Conversations     
     Care Coordination
     Symptom Management
     Hospice Planning
Location of PC Referral
     Neonatal ICU
     Cardiac ICU
     Pediatric ICU
     Technology-Dependent ICUa

Age at Consultation
Time of PC Referral Until Death (days)
	
10 (50.0)
5 (25.0)
3 (15.0)
1 (5.0)
1 (5.0)

19 (52.8)
10 (27.8)
6 (16.7)
1 (2.8)

8 (40.0)
7 (35.0)
4 (20.0)
1 (5.0)
M (SD)
91.1 (95.6)
42.9 (42.7)


a: manages tracheostomies and/or feeding pumps who require ongoing complex care at discharge
	Table 3 Comparison of End-of-Life Care for Infants Who Received Palliative Care Consultation (PC) and Who Did Not

	

Variable
	Infants with
PC
(n = 20)
	Infants without PC (n = 44)
	



	Sociodemographic and Clinical Characteristics
	
	
	

	
	n (%)
	n (%)
	Odds Ratio
(CI 95%)

	Sex
	
	
	

	     Male
	11 (55.0)
	23 (52.3)
	1.1 (0.4, 3.2)

	     Female (reference)
	9 (45.0)
	21 (47.7)
	

	Race/Ethnicity
	
	
	

	     White/Caucasian (reference)
	9 (45.0)
	12 (27.3)
	

	     Black/African American
	10 (50.0)
	24 (54.5)
	0.6 (0.2, 1.7)

	     Other
	1 (5.0)
	8 (18.2)
	0.2 (0.2, 1.6)

	Cause of Death 
	
	
	

	     Congenital Defects and Diseasesa
	8 (40.0)
	18 (40.9)
	0.2 (0, 2.8)

	     Complications from Prematurity
	3 (15.0)
	13 (29.5)
	0.1 (0, 1.7)

	     Birth Trauma
	3 (15.0)
	4 (9.1)
	0.4 (0, 6.3)

	     Genetic
	4 (20.0)
	2 (4.5)
	1 (0.1, 19.0)

	     Infectionb
	0 (0.0)
	6 (13.6)
	0

	     Otherc (reference)
	2 (10.0)
	1 (2.3)
	

	(continues)

	Table 3 continued

	

Variable
	Infants with PC 
(n = 20)
	Infants without PC (n = 44)
	



	
	M (SD)
	M (SD)
	Odds Ratio
(CI 95%)

	Gestation (weeks)
	35.3 (3.5)
	33.7 (5.7)
	1.1 (1.0, 1.2)

	Mother’s Age (years)
	26.8 (7.0)
	27.7 (7.0)
	1.0 (1.0, 1.1)

	Age at ICU Admission (days)
	16.0 (34.4)
	16.3 (26.8)
	1.0 (1.0, 1.0)

	Length of Stay (days)
	88.2 (77.5)
	48.8 (73.2)
	1.0 (1.0, 1.0)

	Age at Death (days)
	132.0 (113.7)
	99.2 (162.2)
	1.0 (1.0, 1.0)

	End-of-Life Care
	
	
	

	
	n (%)
	n (%)
	

	Order for Do Not Resuscitate (DNR)
	14 (70.0)
	28 (63.6)
	1.3 (0.4, 4.2)

	Withdrawal of Life Support (WLS)
	9 (45.0)
	26 (59.1)
	0.6 (0.2, 1.6)

	Cardiopulmonary Resuscitationd
	2 (10.0)
	11 (25.0)
	0.3 (0.1, 1.7)

	
Time from DNR to Death (days)e 
Time from WLS to Death (mins)f
	M (SD)
14.7 (41.7)
75.4 (47.2)

	M (SD) 
1.7 (2.6)
83.3 (113.0)
	
1.2 (1.0, 1.5)
1.0 (1.0, 1.0)


	(continues)

	

Table 3 continued

	

Variable
	Infants with PC
(n = 20)
	Infants without PC (n = 44)
	



	


Arterial or Central Line Placementd
Laboratory Blood Drawsd
Intubation/Tracheostomy Attemptd
NG/OG/Replogle Placementd
Transfusion of Blood Productsd
Surgeryd
Interosseous Accessd
Abdominal Paracentesis/Drain Placementd
Thoracentesis/Chest Tubed
	No. of Cases (per 100 days)
5
35
3
0
8
0
0
0
0
	No. of Cases (per 100 days)
12
49
10
21
24
7
4
4
3
	Odds Ratio
(CI 95%)

0.4 (0.1, 1.9)
0.1 (0, 0.5)
0.2 (0, 2.0)
0
0.2 (0.1, 0.8)
0
0
0
0


a: are hypoplastic left heart syndrome and congenital diaphragmatic hernia, congenital autoimmune liver disease. 
b: includes bacterial and viral sources
c: other diagnoses include chronic intestinal failure, non-immune hydrops fetalis, and sudden anoxic event. 
d: within 48 hours of death
e: infants who received PC consults = 14, infants who did not = 28
f: infants who received PC consults = 9, infants who did not = 26
