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Abstract
Objective - The purpose of this quality improvement project was to assist bedside staff with identifying specific laboratory testing or protocol for neonates with persistent hypoglycemia in the Neonatal Intensive Care Unit (NICU).
Background - Hypoglycemia can be expected during the first few hours of an infant’s life, but those with risk factors are more susceptible to persistent hypoglycemia. For timely diagnosis and intervention to avoid neurological sequalae, providers and bedside staff must work together to recognize characteristics of persistent hypoglycemia. At Children’s Nebraska, a Level IV NICU, the challenge of efficiently obtaining laboratory specimens for hypoglycemia infants was identified.
Methods – Participants included bedside clinical staff and patients in the NICU. An algorithm encompassing current AAP and PES guidelines and additional tests requested by endocrinology medical staff for specimen collection and resources regarding specimen collection was implemented. Bedside staff completed education and a pre-/post-survey to assess perceived knowledge, and a chart review of current and retrospective NICU patients whom required follow up testing after persistent hypoglycemia episodes was completed.
Results - Six infants experienced persistent hypoglycemia during the data collection period, but all infants did not receive proper follow-up testing. Therefore, focus of this study transitioned to clinical nursing staff. An increase in knowledge of persistent hypoglycemia and confidence in gathering specimens was observed.
Conclusion - Further data collection to include a large patient sample size is needed to assess timeliness of specimen collection for patients, but the success of nursing staff increasing their perceived knowledge is invaluable to diagnosis and provision of efficient, quality care.
	Hypoglycemia may occur in approximately 5-15% of infants, with this percentage increasing to 72% in higher risk infants (Ly et al., 2016). Extended periods of hypoglycemia prove hazardous to neonates who require glucose for brain growth and stability. For providers and bedside staff in the neonatal intensive care unit, it is of utmost importance to identify and obtain appropriate laboratory testing in a timely manner to provide adequate treatment of persistent hypoglycemia.
Background and Significance
In the setting of the Neonatal Intensive Care Unit (NICU), hypoglycemia is a common occurrence. Hypoglycemia can be normal for the first 24-48 hours of life for an infant who is transitioning to post-uterine life (Thompson-Branch & Havranek, 2017). A healthy infant will transition out of a hypoglycemic state. In the United States, 1.3-3 per 1000 live births will experience symptomatic hypoglycemia (Cranmer, 2022). At an international level, a study completed in Japan discovered greater than 80% of NICU admissions of 35-36 weeks gestation neonates were necessary due to infants experiencing hypoglycemia or apnea in the normal nursery (Cranmer, 2022). 
Neonates with risk factors, such as premature neonates, small or large for gestational age infants, infants of diabetic mothers or infants who have identified dysmorphic features, may have difficulty with the transition (Cranmer, 2022; Ly et al., 2016). These infants are at high risk for persistent hypoglycemia. As a neonate’s blood sugar decreases or remains low for an extended period, the concern for neurodevelopment delays and physiological changes leading to the development of seizures increases (Rozance, 2022). There is no scientific evidence of “neurologic sequelae” associated with persistent hypoglycemia, but glucose metabolism is important in growth and development (Abramowski et al., 2022; Cranmer, 2022, p. 1; Rozance, 2022, p. 148). 
Clinical Problem
For providers and caregivers in the NICU, hypoglycemia management is complicated by not having a set blood glucose level indicative of a hypoglycemia diagnosis. A blood glucose level indicating hypoglycemia and a level that warrants intervention may differ among facilities. The American Academy of Pediatrics (AAP) and Pediatric Endocrine Society (PES) have developed guidelines for diagnosis and treatment of hypoglycemia in the neonate or newborn. The AAP defines neonatal hypoglycemia as less than 47mg/dl, and the PES utilizes the definition of less than 50mg/dl (Thompson-Branch & Havranek, 2017). The PES further defines hypoglycemia as less than 60mg/dl if a “congenital hypoglycemia disorder” could be present or suspected (Thompson-Branch & Havranek, 2017, p. 150). In addition to these guidelines, it is important to know a facility’s protocol, as well as if the patient is at high-risk for developing hypoglycemia.
Local Problem
In the selected facility, the current process of pursuing further laboratory testing to assess persistent hypoglycemia can be confusing for both the provider and bedside caregivers. With neonatal hypoglycemia being a common occurrence in the neonatal intensive care unit, it was important for bedside staff to know the guidelines for specific labs and expectations of specialties involved. The specific guidelines for this facility and the focus of recommendations are from endocrinology medical staff. When endocrinology medical staff are not available, it was important for neonatologists and neonatal nurse practitioners to have guidance for care provided to infants with persistent hypoglycemia. The purpose of this quality improvement project was to assist bedside staff with identifying specific laboratory testing or protocol for neonates with persistent hypoglycemia in the NICU at Children’s Nebraska.
Available Knowledge
	The AAP and PES has provided evidence-based recommendations for hypoglycemia management. The goal of these recommendations is to provide evidence-based guidance for providers to diagnose the possible etiologies and management for hypoglycemia in the neonate. The implementation of these guidelines should decrease the associated risks of neurogenic symptoms, such as seizures and future developmental delays (Destree et al., 2017; Thornton et al., 2015). Early identification of a hypoglycemic state in neonates allowed for early diagnosis of congenital defects that were involved in insulin secretion regulation, growth hormone, and cortisol deficiency, or defects in the metabolism of glucose, glycogen, and fatty acids (Thornton et al., 2015, p. 238; Thompson-Branch et al., 2017).
	Thornton et al. (2015) also discussed the different laboratory tests that were recommended with persistent neonatal hypoglycemia. These tests include beta-hydroxybutyrate (BOHB), free fatty acids (FFA), and lactate (Thornton et al., 2015). However, Thornton et al. (2015) emphasized the need for these tests to be collected during the time hypoglycemia was occurring to discover a definitive cause. For bedside staff, the option of point-of-care testing may be available (Thornton et al., 2015).  However, the testing was less reliable in discovering hypoglycemia because a range of approximately 10-15 points above or below the actual plasma glucose level when compared to a specimen sent to the clinical laboratory (Thornton et al., 2015). Therefore, a specimen must be sent to the clinical laboratory for confirmation of hypoglycemia prior to continued testing or intervention (Narvey & Marks, 2019; Thornton et al., 2015). Once a low blood glucose level is confirmed, a BOHB, FFA, and lactate should be drawn and an endocrinologist should be consulted to determine if a more comprehensive work-up is required (Thornton et al., 2015). Narvey and Marks (2019) further suggested acquiring bicarbonate, serum insulin, growth hormone, cortisol, free and total carnitine, and acylcarnitine profile laboratory tests to assess for endocrine disorders and inborn errors of metabolism in a neonate with persistent hypoglycemia (Narvey & Marks, 2019).
	The importance of collecting a BOHB, FFA, and lactate level while the infant is hypoglycemic can be definitive of a diagnosis. In most cases, a normal blood glucose at time of specimen collection does not provide enough information for further diagnosis (Thornton et al., 2015). It is important for bedside staff to be aware of the comprehensive laboratory testing that may be required with persistent hypoglycemia. As forementioned, timing of follow up laboratory testing for possible diagnosis may require a limited time frame that may affect specimen values.
	As mentioned previously, a timely specimen collection and lab turnaround time can increase patient safety, treatment, and assist the bedside staff in feeling comfortable caring for infants with persistent hypoglycemia. Kaushik et al (2018) focused on the benefits of reduced turnaround time with laboratory tests. Over the course of 12 months, the author evaluated emergency departments (ED) which experienced a total of approximately 480,000 patient visits with diagnostic testing (Kaushik et al., 2018). 
Kaushik et al (2018) performed a retrospective analysis of laboratory specimen collection in the ED. Hospitals which experience lengthened ED stays found a direct correlation with admission rates and overall hospital length of stay for admitted patients (Kaushik et al., 2018). In the ED, lab and diagnostic testing are essential for patient treatment (Kaushik et al., 2018). Thus, quick turnaround time for lab results is imperative, and a reflection of the efficiency of the laboratory operations (Kaushik et al., 2018). 
While the NICU is quite different from the ED, lab turnaround times affect the direction of patient care in all areas of a hospital. Kaushik et al (2018) observed a positive correlation between fast lab turnaround times and the length of a patient’s stay in the ED. This could be similar for an infant in the NICU with persistent hypoglycemia, because a treatment plan can be initiated sooner and a diagnosis can be made sooner leading to a decreased length of stay. A decreased length of stay could also lead to a decrease in costs for the hospital as laboratory staff and bedside staff time is utilized more efficiently (Kaushik et al., 2018).
Another factor important for specimen collection and results is communication. Communication is the most important skill to ensure adequate timing of results are provided to the responsible provider. Wang et al (2018) discussed effective communication among the interdisciplinary team. In the article, Wang et al (2018) presented interventions to improve communication that were used in eleven quantitative studies. Interventions included checklists or communication tools, a template utilizing situation-background-assessment-recommendation layout for documentation, training among team members, and evaluation at the end of a shift (Wang et al., 2018).
	All interventions proved successful in improving communication and understanding of patient care plans (Wang et al., 2018). The amount of teamwork and level of respect given to participants in the study contributed to an increased or decreased level of success (Wang et al., 2018). While no one intervention was more highly successful than another, participants were more aware of individual’s role in caring for the patient (Wang et al., 2018). This occurrence led to open communication among the team members, which then resulted in increased patient safety and patients receiving the most appropriate treatment in a shorter timeframe (Wang et al., 2018). Wang et al (2018) also identified an increase in workplace satisfaction and a feeling of autonomy among the nursing staff.
Purpose and Aims
The purpose of this quality improvement project was to develop a successful method of obtaining laboratory tests for persistent hypoglycemic events in the NICU at Children’s Nebraska by implementing a new protocol for laboratory specimen collection in patient with persistent hypoglycemia. This will be accomplished by the following objectives and goals:
· Decrease time from assessment of symptoms of hypoglycemia to collection of chemistry 14 blood glucose by 25%.
· Develop algorithm and specimen collection resource with Endocrinology to decrease time to collection laboratory specimens.
· Educate bedside staff on persistent hypoglycemia, the identification of persistent hypoglycemia, and procedure for laboratory specimen collection, including laboratory name and tube required. 
· Aims: Introduce algorithm and specimen collection resources for persistent hypoglycemia to bedside staff.
· Provide staff pre-/post-survey evaluating staff’s perceived knowledge before and after introduction of education on hypoglycemia and the new algorithm with resources.
Conceptual Framework
	In the NICU, length of time between discovering a diagnosis and treatment can make a difference between no neurological deficits for an infant and having severe neurological sequelae. Destree et al (2017) explained the importance of following a hypoglycemia protocol in the care of adult patients to limit complications, such as increased length of stay and increased neurological problems. With limited research and evidence pertaining to the neonatal population, it was important for clinicians to utilize current evidence involving adults and adapt them to neonatal patients. To assist clinicians in navigating and discovering new evidence, evidence-based models were developed (Duff et al., 2020). These models provided clinicians a step-by-step guide in incorporating research into practice, and allowed clinicians to not only implement, but also evaluate the outcomes introduced to a system (Duff et al., 2020).
	The Iowa Model of Evidence Based Practice, or Iowa Model, is a well-used model in the United States (Duff et al., 2020). The model (Figure 1, Appendix A) was developed by nurses employed at the University of Iowa Hospital and faculty members who taught at the University of Iowa College of Nursing. In 2017, the model was revised significantly (Duff et al., 2020).
Figure 1
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The Iowa Model Revised: Evidence-Based Practice to Promote Excellence in Healthcare.
	The Iowa Model provides a clear, reliable pathway for guidance and implementation for a quality improvement project. With an easy-to-read diagram, the Iowa Model provides the researcher the ability to get back on track if a step was skipped or a change in design needed to occur. The Iowa Model ensured nothing was missed and that a practice change proved beneficial. The topic of communication and its effect on parent satisfaction was analyzed, and the Iowa Model focused on implementing practice changes that would help to improve quality health care.
Methodology
Methods
Bedside nurses received education on the pathophysiology and differences between normal occurrences of hypoglycemia in the neonate versus persistent hypoglycemia. Hypoglycemia can be normal in a neonate transitioning to extrauterine life. Therefore, it was important that staff could identify the criteria for neonates who required additional testing for episodes of hypoglycemia extending beyond the transition period.
To initiate the process of gathering laboratory specimens to further identify the cause of persistent hypoglycemia, an algorithm for bedside staff to reference was developed. The algorithm (Figure 2, Appendix B) encompassed current APP and PES guidelines for specimen collection for infants with persistent hypoglycemia with additional tests requested by endocrinology medical staff. Laboratory tests were separated into primary and secondary sections to streamline needed tests in order of importance (Appendix C). The respective specimen collection containers were listed within the algorithm for quick reference for staff (Appendix C). The laboratory department and central supply areas were consulted to assist in identifying the correct specimen collection tubes for each test and the location of the collection tubes.
Figure 2
Algorithm for Specimen Collection.
1. Blood glucose concentration – POC glucose <50mg/dL – Send Chem 14 prior to eating               
2. Serum glucose on Chem 14 <50mg/dL; Notify provider/NNP – Provider/NNP will consult with Endocrine at this time. Continue with algorithm.
3. Initiate persistent hypoglycemia protocol before feeding patient – If unable to collect complete lab panel, please send primary laboratory specimens in order as listed.
4. Notify provider/NNP once lab specimens are collected to determine intervention.
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Initial assessment involved reviewing current and retrospective patient charts to identify the time of the hypoglycemic episode, which included confirmatory glucose check of <50mg/dL, to when bedside staff obtained laboratory specimen collection. Bedside staff were provided a survey on perceived competence and knowledge of current practices (Figure 3, Appendix D). The implementation included education and provided the algorithm to bedside staff about the practice. These changes did not add additional time to bedside staff due to the algorithm being readily available as a reference.
Figure 3. 
Survey Provided to Bedside Staff
PERSISTENT HYPOGLYCEMIA
BEDSIDE STAFF – PRE/POST-Survey
For the following questions, please circle the corresponding number:
1 – Strongly disagree
2 – Disagree
3 – Neural/Unsure
4 – Agree
5 – Strongly agree

1. I know what level of blood glucose is concerning for hypoglycemia.
1		2		3		4		5
2. I can identify the differences in hypoglycemia and persistent hypoglycemia.
1		2		3		4		5
3. The NICU uses a protocol for patients who develop persistent hypoglycemia.
1		2		3		4		5
4. I know the process/protocol to follow if my patient experiences persistent hypoglycemia.
1		2		3		4		5
5. I know what lab specimens will be required to obtain and the equipment (i.e., tubes, special instructions) needed to act in a timely manner.
1		2		3		4		5
6. I know what lab specimens are the most important to acquire if I am unable to obtain the total amount of blood needed.
1		2		3		4		5
7. I know who to contact with a question about a hypoglycemia patient requiring labs.
1		2		3		4		5

Population
The participants were infants who were current patients in the NICU and chart reviews of previous patients who required additional diagnostic evaluation following persistent hypoglycemia episodes within the calendar year.
Participants included bedside nursing staff who work in the Level IV NICU at Children’s Nebraska. Members in the laboratory area of the facility were involved in specimen collection, and bedside nursing staff provided the proper laboratory specimen collection tubes unless otherwise noted in Appendix C.
Data Collection
To assess current practice, charts were reviewed of infants who experienced persistent hypoglycemia. These charts included previously diagnosed infants. The algorithm (Appendix B) was introduced, and a review of current charts was completed. An excel spreadsheet was utilized to organize data gathered and included length of stay and time of patient’s hypoglycemia even to lab specimen collection time. Additional demographic information gathered included gestation age and diagnosis of the infant.
To assist with gathering data for this project, the Children’s Nebraska Information Technology (IT) department was requested to pull patient information from the electronic medical record, EPIC. Analysts within IT wrote a structured query language (SQL) code against the EPIC Clarify database which allowed requested data to be obtained. Data included gestational age, diagnosis, length of stay, date of birth, and when laboratory specimens were collected, as well as what type of specimen.
Ethical Approval
Approval of the quality improvement process was completed by the Creighton University Institutional Review Board for review in respect to the educational research project. The Children’s Hospital and Medical Center and University of Nebraska Medical Center Institutional Review Board was also involved in approval of the quality improvement process.
Statistical Analysis
A comparison of lab specimen collection times, from confirmatory low blood glucose to primary/secondary identified specimens, using descriptive statistics and percentages was utilized. The comparison included infants currently in the NICU and a retrospective chart review to analyze laboratory specimen collection times for patients with persistent hypoglycemia. Data analysis compared the current and past practices to assess for improvement after introduction of the algorithm.
	The proposed outcome decreased time of further specimen collection for infants who experienced persistent hypoglycemia in the NICU and improved perceived competency of bedside staff of specific labs required for a persistent hypoglycemia lab specimen collection guideline. A long-term goal to obtain timely laboratory collection to assist with an earlier diagnosis or etiology for persistent hypoglycemia in the neonate was developed. The protocol may contribute to improved patient outcomes and improved satisfaction for providers and bedside staff in providing care for persistent hypoglycemia patients.
Results
	In reviewing the data collected, gestational ages ranged from 23 weeks to 41 weeks, with differing diagnoses. Length of stay ranged from three days to 231 days. Six infants were acknowledged with a blood glucose level lower than the defined level for hypoglycemia, with one assessed after the implementation of the new algorithm and resources for gathering laboratory specimens. Prior to implementation, one of the infants received a work-up for persistent hypoglycemia as the low blood glucose level occurred 11 days after the date of birth. 
It was identified that not all the desired laboratory testing was completed at this time for a diagnosis of persistent hypoglycemia. Similarly, this occurred for the other four infants who were assessed prior to implementation. One infant had stabilized blood glucose levels, and the others did not receive further testing. The infant who experienced hypoglycemia after implementation did receive a confirmatory low blood glucose level, but further laboratory follow up was not completed.
	The second portion of the implementation was providing education to bedside staff and having them complete a pre- and post-survey to assess understanding of persistent hypoglycemia and Children’s Nebraska NICU policy. Sixteen nurses participated anonymously in the pre-survey, and eleven participated in the post-survey.  In comparing the pre- and post-surveys, there was improvement with every question after the PowerPoint on hypoglycemia was distributed (Table 1, Figure 4, Appendix E).
Table 1.
Results of Survey Provided to Bedside Staff.
	Pre-Survey
(n = 16)
	 
	 
	 
	 
	 
	 

	 
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7

	Nurse
	 
	 
	 
	 
	 
	 
	 

	1
	4
	2
	1
	1
	1
	1
	3

	2
	4
	2
	2
	2
	1
	1
	3

	3
	4
	3
	3
	2
	1
	1
	4

	4
	4
	3
	3
	2
	1
	2
	4

	5
	4
	3
	3
	2
	2
	2
	4

	6
	4
	3
	3
	2
	2
	2
	4

	7
	4
	4
	3
	3
	2
	2
	4

	8
	4
	4
	3
	3
	2
	2
	4

	9
	5
	4
	3
	3
	2
	2
	4

	10
	5
	4
	3
	3
	2
	2
	4

	11
	5
	4
	4
	3
	3
	2
	4

	12
	5
	4
	4
	3
	3
	2
	5

	13
	5
	4
	4
	4
	3
	3
	5

	14
	5
	5
	4
	4
	4
	3
	5

	15
	5
	5
	4
	4
	4
	4
	5

	16
	5
	5
	4
	4
	4
	4
	5

	MEAN
	4.5
	3.6875
	3.1875
	2.8125
	2.3125
	2.1875
	4.1875


	Post-Survey
(n = 11)
	 
	 
	 
	 
	 
	 

	 
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7

	Nurse
	 
	 
	 
	 
	 
	 
	 

	1
	4
	3
	2
	3
	2
	2
	3

	2
	4
	4
	3
	3
	2
	2
	4

	3
	4
	4
	4
	4
	4
	2
	4

	4
	4
	4
	4
	4
	4
	3
	4

	5
	5
	4
	4
	4
	4
	3
	4

	6
	5
	4
	4
	4
	4
	4
	4

	7
	5
	4
	4
	4
	4
	4
	4

	8
	5
	4
	4
	4
	4
	4
	5

	9
	5
	4
	4
	4
	4
	4
	5

	10
	5
	5
	5
	4
	4
	4
	5

	11
	5
	5
	5
	4
	5
	5
	5

	MEAN
	4.6364
	4.0909
	3.9091
	3.8182
	3.7273
	3.3636
	4.2727


















Mean results of questions.

Figure 4.


Comparison of the surveys. Improvement identified with education and knowledge on persistent hypoglycemia and the new process to identify and gather laboratory specimens.

Implications for Practice/Discussion
	Unfortunately, due to a small sample size with lack of patients qualifying for a diagnosis of persistent hypoglycemia, the results of the project would have benefited from further data collection. The short time frame to assess patients with transient hypoglycemia and persistent hypoglycemia limited the ability to adequate assess the benefit of the implemented algorithm. As a result, the goal of decreasing the time from assessment of hypoglycemia symptoms to the collection of a confirmatory blood glucose level through collection of a chemistry 14 by 25 % was unobtained.
However, in regards to staff education and adaptation, the results of the survey proved the benefit of quality education. Wang et al (2018) explained the value of communication when caring for patients in the hospital. In providing education and resources for bedside staff, the staff improved in knowledge of persistent hypoglycemia, as well as how to gather further laboratory specimens needed to help advanced providers diagnose infants. This will be invaluable in diagnosing infants and providing a successful, appropriate plan of care for patients with persistent hypoglycemia in the NICU.
Future Implications
	As mentioned in the previous section, the small sample size and lack of patients who qualified for a diagnosis of persistent hypoglycemia was a limiting factor for the project. A longer timeline and larger sample size is needed to confidently assess the success of introducing the algorithm and laboratory specimen resource. Therefore, allowing for the algorithm and the laboratory specimen collection resource to remain updated and available for bedside staff will be important to continue to identify barriers and triumphs in timely specimen collection.
As results have shown, appropriate education and assessment increases perceive knowledge and confidence in bedside staff. The algorithm and laboratory specimen collection resource have been made available in the Children’s Nebraska policy database entitled PolicySTAT, as well as the development of an order set for providers to quickly choose laboratory tests for persistent hypoglycemia infants to assist in decreasing the time from the hypoglycemic event to intervention.
Conclusion
In conclusion, further data collection is needed to identify the success of the project. A lack of consistency of follow-up testing with neonates experiencing persistent hypoglycemia was identified, even with a limited sample size. Therefore, confidence is recognized in the purpose and goals of this project as more patients can be assessed with the implementation of the algorithm and laboratory specimen resource. The continuation of utilizing the algorithm and specimen collection resource will allow bedside nursing staff and providers to continue to become more familiarize with the process of specimen collection for patients with persistent hypoglycemia.  It will be important for bedside staff and providers to continue to work together to provide complete, quality care for neonates experiencing persistent hypoglycemia.
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APPENDIX A
 THE IOWA MODEL REVISED: EVIDENCE-BASED PRACTICE TO PROMOTE EXCELLENCE IN HEALTHCARE.

APPENDIX B
 ALGORITHM FOR SPECIMEN COLLECTION.
5. Blood glucose concentration – POC glucose <50mg/dL – Send Chem 14 prior to eating               
6. Serum glucose on Chem 14 <50mg/dL; Notify provider/NNP – Provider/NNP will consult with Endocrine at this time. Continue with algorithm.
7. Initiate persistent hypoglycemia protocol before feeding patient – If unable to collect complete lab panel, please send primary laboratory specimens in order as listed.
8. Notify provider/NNP once lab specimens are collected to determine intervention.
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APPENDIX C 
TUBE IDENTIFCATION FOR SPECIMEN COLLECTION. 
	Test  
	Tube type 
(Multiple specimens may be drawn in 1 tube. See notes below.) 
	Minimum volume (mL) if drawn separately 

	INITIAL 
 

	 Chem 14 
	Green microtainer 
· Draw STAT 
	0.6 

	PRIMARY 
 

	Insulin 
	SST (Gold) Vacutainer OR 2 Gold Microtainers 
	1.2 

	C-peptide 
	SST (Gold) Vacutainer OR 3 Gold Microtainers 
	1.5 

	Beta hydroxybuterate 
	Green OR Gold Microtainer 
	0.6 

	Cortisol 
	PST (Green & Yellow) Vacutainer OR SST (Gold) OR 1 Green OR Gold Microtainer 
	0.6 

	Growth hormone 
	PST (Green & Yellow) OR SST (Gold) Vacutainer OR 1 Green or Gold Microtainer 
	1.2 

	Free fatty acids** 
	Gold Microtainer 
· *NEEDS TO BE COLLECTED ON ICE* 
	0.6 

	Lactate** 
	Heparinized Syringe OR Blood Gas Straw 
· Heparin syringe - Needs to be in lab within 30 minutes of collection 
· Blood Gas Straw - Needs to be in lab within 10 minutes of collection 
	0.4  

	**Labs in red may be drawn in SST (Gold) Vacutainer** 
Send 3mL total if drawing primary labs only; Send 3.5mLtotal if drawing primary and secondary labs together. 

	SECONDARY 
(May be collected after intervention of hypoglycemia.) 

	Ammonia** 
	Dark Green (No yellow) Vacutainer 
· *NEEDS TO BE COLLECTED ON ICE* 
· CANNOT be done via capillary draw or sent in a microtainer 
	2 

	Pyruvate** 
	Heparinized Syringe and Chilled Pyruvate Tube 
· Draw specimen in heparinized syringe and transfer volume immediately to Chilled Pyruvate Tube (stored in lab). 
	1 

	
	
	

	Amino acids 
	PST (Green & Yellow) Vacutainer 
	1 

	Total and free carnitine 
	SST (Gold) Vacutainer OR Green OR Gold Microtainer (Avoid hemolysis) 
	0.6 

	Acyl-carnintine 
	SST (Gold) Vacutainer OR Green OR Gold Microtainer (Avoid hemolysis) 
	0.6 

	**Labs in red may be drawn in SST (Gold) Vacutainer**
Send 3mL total if drawing primary labs only; Send 3.5mLtotal if drawing primary and secondary labs together 

	URINE 
(May be collected after intervention of hypoglycemia.) 

	Glucose 
	Urine collection bag 
	0.2 

	Ketones 
	Urine collection bag 
	0.2 

	Amino acids 
	Urine collection bag 
	3 

	Urine organic acids 
	Urine collection bag 
	3 


[bookmark: _Hlk165032268]APPENDIX D
SURVEY PROVIDED TO BEDSIDE STAFF.
PERSISTENT HYPOGLYCEMIA
BEDSIDE STAFF – PRE/POST-Survey
For the following questions, please circle the corresponding number:
1 – Strongly disagree
2 – Disagree
3 – Neural/Unsure
4 – Agree
5 – Strongly agree

8. [bookmark: _Hlk160371067]I know what level of blood glucose is concerning for hypoglycemia.
1		2		3		4		5
9. I can identify the differences in hypoglycemia and persistent hypoglycemia.
1		2		3		4		5
10. The NICU uses a protocol for patients who develop persistent hypoglycemia.
1		2		3		4		5
11. I know the process/protocol to follow if my patient experiences persistent hypoglycemia.
1		2		3		4		5
12. I know what lab specimens will be required to obtain and the equipment (i.e., tubes, special instructions) needed to act in a timely manner.
1		2		3		4		5
13. I know what lab specimens are the most important to acquire if I am unable to obtain the total amount of blood needed.
1		2		3		4		5
14. I know who to contact with a question about a hypoglycemia patient requiring labs.
1		2		3		4		5


APPENDIX E
RESULTS OF SURVEY PROVIDED TO BEDSIDE STAFF.
	Pre-Survey
(n = 16)
	 
	 
	 
	 
	 
	 

	 
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7

	Nurse
	 
	 
	 
	 
	 
	 
	 

	1
	4
	2
	1
	1
	1
	1
	3

	2
	4
	2
	2
	2
	1
	1
	3

	3
	4
	3
	3
	2
	1
	1
	4

	4
	4
	3
	3
	2
	1
	2
	4

	5
	4
	3
	3
	2
	2
	2
	4

	6
	4
	3
	3
	2
	2
	2
	4

	7
	4
	4
	3
	3
	2
	2
	4

	8
	4
	4
	3
	3
	2
	2
	4

	9
	5
	4
	3
	3
	2
	2
	4

	10
	5
	4
	3
	3
	2
	2
	4

	11
	5
	4
	4
	3
	3
	2
	4

	12
	5
	4
	4
	3
	3
	2
	5

	13
	5
	4
	4
	4
	3
	3
	5

	14
	5
	5
	4
	4
	4
	3
	5

	15
	5
	5
	4
	4
	4
	4
	5

	16
	5
	5
	4
	4
	4
	4
	5

	MEAN
	4.5
	3.6875
	3.1875
	2.8125
	2.3125
	2.1875
	4.1875


	Post-Survey
(n = 11)
	 
	 
	 
	 
	 
	 

	 
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7

	Nurse
	 
	 
	 
	 
	 
	 
	 

	1
	4
	3
	2
	3
	2
	2
	3

	2
	4
	4
	3
	3
	2
	2
	4

	3
	4
	4
	4
	4
	4
	2
	4

	4
	4
	4
	4
	4
	4
	3
	4

	5
	5
	4
	4
	4
	4
	3
	4

	6
	5
	4
	4
	4
	4
	4
	4

	7
	5
	4
	4
	4
	4
	4
	4

	8
	5
	4
	4
	4
	4
	4
	5

	9
	5
	4
	4
	4
	4
	4
	5

	10
	5
	5
	5
	4
	4
	4
	5

	11
	5
	5
	5
	4
	5
	5
	5

	MEAN
	4.6364
	4.0909
	3.9091
	3.8182
	3.7273
	3.3636
	4.2727












Comparison of Pre/Post Survery Results

Pre-Survey (n = 16)	4.5	3.6875	3.1875	2.8125	2.3125	2.1875	4.1875	Post-Survey (n = 11)	4.6363636363636367	4.0909090909090908	3.9090909090909092	3.8181818181818183	3.7272727272727271	3.3636363636363638	4.2727272727272725	Question Number


Mean Value
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Pre-Survey (n = 16)	4.5	3.6875	3.1875	2.8125	2.3125	2.1875	4.1875	Post-Survey (n = 11)	4.6363636363636367	4.0909090909090908	3.9090909090909092	3.8181818181818183	3.7272727272727271	3.3636363636363638	4.2727272727272725	Question Number


Mean Value
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