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Background: Neonatal hypoglycemia (NH) is a common clinical symptom that can occur in both normal and critically ill neonates.
The placenta is the site of material exchange between the mother and the fetus, a special organ shared by the mother and the fetus
during pregnancy, and one of its important functions is to transfer nutrients from the mother to the fetus. Terbutaline is used to relax
frequent uterine contractions before delivery, and it can penetrate the placental barrier and affect the normal decomposition of neonatal
glycogen. The situation is neonatal hypoglycemia if not timely detection and interventions in time, the neonate may have recurrent
hypoglycemia, leading to irreversible nervous system damage, such as neonatal hypoglycemic encephalopathy, and visual and
cognitive impairment.

Case Report: The male neonate was a single fetus, with a birth weight of 3660 g and a length of 50 cm. The blood glucose at birth
was 5 mmol/L, Apgar score was 9-10, and body temperature was normal. The mother was healthy, was not diabetic, and had no other
risk factors for neonatal hypoglycemia. She was injected with 0.25 mg of terbutaline 6 hours before delivery due to frequent uterine
contractions. However, it was found that recurrent hypoglycemia occurred in the neonate even after adequate oral feeding.
Conclusion: We included evidence-based use of terbutaline 48 hours before delivery as a high-risk factor for hypoglycemia in the
rooming-in neonatal hypoglycemia care program, and formulate the corresponding nursing process, with good effect.
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Background
It is normal for blood glucose levels (BGL) of healthy full-term neonates to show asymptomatic, transient, and mild
decline in the first two hours of birth, caused by a continuous transition from placental glucose supply to intermittent
breastmilk/formula feeding.! Neonatal hypoglycemia is a relatively common metabolic disorder in newborns, defined as
a lower than normal neonatal minimum blood glucose value, with a venous blood glucose <2.2 mmol/L. Recurrent or
prolonged hypoglycemia in neonates can lead to irreversible nervous system damage, including neonatal hypoglycemic
encephalopathy, visual and cognitive impairment, and so on if it is not detected and treated in time.”* Previous studies
have found that low birth weight, preterm birth, multiple pregnancy, congenital metabolic disorder, maternal diabetes,
and maternal drug treatment (B2-adrenergic agonist, sodium valproate, etc.) are risk factors for neonatal hypoglycemia.>
Terbutaline is used to prevent and delay uterine contraction before delivery, and can penetrate the placental barrier
and affect the normal decomposition of glycogen.” The incidence of neonatal hypoglycemia was increased in neonates
delivered by mothers who had received B2-adrenergic agonists, while increased blood insulin and decreased blood
glucose were found in neonates delivered by mothers who had received terbutaline. Several potential metabolic side
effects of Terbutaline on the fetus. Recently, Epstein et al® reported hypoglycemia in newborns after long-term
administration of terbutaline. In addition, it was also shown that a single injection of terbutaline during labor had an
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effect on the blood glucose and insulin levels of mothers and infants, and terbutaline could cross the placenta and have an
effect on the fetus.

It is possible that there are unknown risk factors for neonatal hypoglycemia despite the clinical practice of strict blood
glucose monitoring for recognized high-risk infants with hypoglycemia, such as the use of Terbutaline. Furthermore,
blood glucose assessment of the “healthy term neonate” may be inadequate, and more scientific tools are required to
assist neonatal blood glucose monitoring.

In July 2022, a full-term neonate was delivered uneventfully, and the routine evaluation did not show any high-risk
factors of hypoglycemia. However, we found that the neonate had recurrent hypoglycemia at 2 hours (2.5 mmol / L), 6
hours (1.8 mmol / L), 13 hours (2.2 mmol / L), and 22 hours (2.4 mmol / L) after birth. After close monitoring and
medical intervention, the child was discharged in a stable condition. We have detailed our specific nursing experiences

and interventions in the following sections.

Case Report

This study was conducted in accordance with the declaration of Helsinki. Written informed consent was obtained from
patient guardians. The male neonate was a single fetus, with a birth weight of 3660 g and a length of 50cm. The blood
glucose at birth was 5 mmol/L, PH value was 7.239, Apgar score was 9-10, and body temperature was normal. The
neonate was admitted to the Neonatal Intensive Care Unit (NICU) due to “recurrent hypoglycemia” and was diagnosed
with “neonatal hypoglycemia and perinatal infection.”

The mother of the neonate was 30 years old, who was admitted to the hospital due to irregular abdominal pain. The
admission diagnosis was “38"> weeks of gestation, pregnancy with uterine fibroids, pregnancy with hyperthyroidism”.
The relevant examination was completed on admission. Findings were: The maternal cervix was not opened when
vaginal exploration was done, and fetal adaptation to contractions was good in the oxytocin challenge test.

At 23:30 on the day of admission, the parturient was in excessive pain and could not sleep because of strong uterine
contractions; the midwife conducted vaginal exploration and found that the cervix os of the parturient was the size of
a fingertip. As instructed by the doctor, dolantin was injected intramuscularly to reduce the pain.

At 05:00, lumbar anesthesia analgesia was given to the parturient. At 05:09, the duration and interval of uterine
contractions was 30s/2 min, accompanied by fetal heart deceleration. The parturient was given oxygen and lactated
Ringer’s solution supplement, and as per the doctor’s advice, administered terbutaline 0.25 mg (Terbutaline) subcuta-
neously. Then, fetal heart rate restored to 122 beats/min, the duration and interval of maternal uterine contractions
returned to 20s/3 min. At 11:00, the cervix os was completely opened and the fetal heart rate was normal. To prevent fetal
distress, the midwife performed left episiotomy to expand the birth canal, and the fetus was delivered at 11:49.

Examination by pediatricians revealed no abnormal health conditions, and routine neonatal care was given. Peripheral
blood glucose was measured at 2 hours after birth and found to be 2.5 mmol/L. Breastfeeding was initiated and strictly
supervised by professional nurses to improve the neonate’s feeding. Surprisingly, the neonate’s blood glucose was only 1.8
mmol/L at 6 hours of age. What was more serious was that recurrent hypoglycemia (< 2.2 mmol/L) continued to remain
after 10% glucose (30mL) intravenous treatment. Four hours after the glucose pumping was stopped, the child developed
hypoglycemia (2.2 mmol/L) again. At 22 hours, the fourth episode of hypoglycemia was recorded and the level was 2.4
mmol/L, at which time the child developed shortness of breath and the respiratory rate was 70 times/min.

The neonate was then transferred to the NICU for continuous monitoring. Results of laboratory investigations: The
neonate’s stool was normal, weight loss in 24 hours was 0.82%, white blood cells were 13.7 * 10%/L, and C-reactive
protein was 20.8 mg/L. The blood glucose was monitored every four hours as per the doctor’s advice and 10% glucose
(30mL) + vitamin C (1g) + coenzyme A (100IU)+ vitaminB6 (0.1g)+ adenosine triphosphate (20mg) was pumped once.
The respiratory rate improved and the blood glucose became more stable than before. On the day of discharge, the blood
glucose was 3.6 mmol/L.

Finally, the blood glucose was stabilized and the neonate was discharged five days later.

The written informed consent was obtained from patient guardians.
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Discussion
Summary of Evidence for Terbutaline Use 48 Hours Before Delivery as a Risk Factor
for Neonatal Hypoglycemia

As per Shao et al’ and Jv et al research,” high-risk factors of neonatal hypoglycemia are classified into maternal and
neonatal factors. Maternal factors include: (1) Gestational diabetes; (2) Metabolic genetic disease in the mother; (3)
Mother being treated with B-receptor blockers, antidepressants, dexamethasone, intravenous glucose infusion, etc., 24
hours before delivery.” Neonatal factors include: small for gestational age, large for gestational age (LGA), preterm,
intrauterine growth retardation, low birth weight, macrosomia, hypothermia, insufficient feeding, intrapartum hypoxia,
polycythemia, meconium aspiration syndrome, and hemolytic anemia, amongst others.

Terbutaline is a  receptor agonist that can be used clinically to treat premature uterine contraction. The half-life
test of the drug is 48-96 hours. The drug can pass through the placental barrier and 11% to 48% of the drug
residues can be measured in the umbilical vein blood.''" This kind of drug can interfere with glycogen decom-
position by blocking the effect of adrenaline. Before delivery, some drugs can reach the fetus through the placental
barrier, leading to the risk of neonatal hypoglycemia. As early as 1979, Michael'? discovered that B sympathomi-
metic drugs (B Receptor agonists and B Receptor blockers) had significant metabolic effects on mothers and fetuses.
Shimokawa et al'®> found similar results in their retrospective study of sympathomimetic drugs on neonatal
hypoglycemia. The Queensland Clinical Guidelines on neonatal hypoglycemia published in 2021 note that admin-
istering of terbutaline injection before delivery is considered as a high-risk factor for hypoglycemia. The best
evidence related to the occurrence and precautions of neonatal hypoglycemia (receptor agonist) is as follows: (1)
When the parturient receives terbutaline within 48 hours before delivery, the neonate should be monitored as a high-
risk infant with hypoglycemia' (Level II evidence, Level A recommendation); (@) Terbutaline is not recommended to
be used for long-term abortion to prolong the delivery period, but can be used for short-term (48 hours) extension of
pregnancy (Grade II evidence, Grade A recommendation);'® 3) For neonates at risk of hypoglycemia, they should
be fed for the first time within 30 minutes after birth, or given skin-to-skin contact and fed for the first time within
1 hour (cesarean section), and then screened for blood glucose. If the first feeding is delayed, the child should be
continuously monitored for 24—48 hours after birth, and the blood glucose concentration should be measured every
3—6 hours before feeding'* (Level II evidence, Level A recommendation); ®) Terbutaline received by the parturient
within 48 hours before delivery as a uterine contraction inhibitor can increase the incidence of recurrent hypogly-

8.12.15 (Level II I evidence, Level B recommendation).

cemia in neonates
Therefore, we propose to use the evidence summary in clinical practice in our department, and include terbutaline in
the screening list of neonatal hypoglycemia high-risk factors (Table 1), improve the plan and process of neonatal

hypoglycemia assessment and monitoring, and improve the quality of follow-up monitoring and impact evaluation.

Table | Screening of Risk Factors of Neonatal Hypoglycemia

Risk Factors of Neonatal Hypoglycemia:

Neonatal Factors Maternal Factors
® Preterm infants ® Oxygen deficiency during labor |® Pregnancy diabetes
® Unstable body temperature |® pre-eclampsia/eclampsia ® Mother has accepted B Receptor blockers (propranolol, labetalol) /dexa-
® Younger than gestational age |® Meconium aspiration syndrome methasone/ antidepressants/massive intravenous glucose/insulin infusion
® Older than gestational age |® Fetal erythrocytosis and oral hypoglycemic drugs
® |ow birth weight infants ® Hemolytic anemia of newborn |® The mother has a family history of metabolic disease or endocrine disease
® Giant ® |nfection, congenital heart dis- |® Use terbutaline 48 hours before delivery
® Overdue ease and respiratory disease
® FGR
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Using the Breastfeeding Effectiveness Evaluation Scale to Improve the Feeding Impact
of High-Risk Infants

Excessive hypoglycemia commonly occurs in neonates two hours after birth due to changes in the route of sugar
supply,'® and it is difficult to ensure the effectiveness of feeding due to inexperienced feeding or physical discomfort of
mothers. The timely initiation of lactation within 72 hours after delivery is particularly important for the subsequent
sufficiency of breastmilk. Delay in the initiation of lactation can increase the risk of subsequent insufficient breastmilk
and weaning. In addition, the delay in initiating lactation can also reflect as insufficient feeding of neonates, and the delay
can be eliminated after 48 hours of gestation.'”

In the case report we described earlier, the child was found to have hypoglycemia 2 hours after delivery, and 4
episodes of repeated hypoglycemia within 24 hours. We analyzed the causes, reviewed evidence-based practices, and
utilized Bristol Breastfeeding Assessment Tool (BBAT)'® for evaluating the effectiveness of breastfeeding to improve the
feeding impact of high-risk infants. The scale for evaluation of effectiveness of breastfeeding consists of four dimensions
to assess the problems and effectiveness of breastfeeding: holding posture, receiving, sucking, and swallowing. Each
dimension is rated on three grades: poor, medium, and good, with 0, 1, and 2 points, respectively. The maximum score is
8 points. If the score is less than 4 points, nurses need to intervene immediately to guide breastfeeding and improve
neonate feeding.'®

At the same time, the mother is given a checklist of breastfeeding problems, including the frequency of feeding, the
duration of each feed, the quality of baby sucking, whether the baby is satisfied after feeding, and the baby’s stool and
urine output. The mothers and their attendant family members can refer to the list to identify any problems that arise and
inform the nurses, and the nurses can address these in time.

This scale does not include the feces and urine of neonates in evaluating the effectiveness of breastfeeding. According
to the latest evidence, the feces and urine output in the first two days after delivery is neither sensitive nor specific, and
even if the intake is insufficient, the baby may pass urine and stools. The correlation between infant intake and output is
more reliable after three days of life (after the start of lactation). In this case, the urine and stool of the child were normal
during the hypoglycemia period, but it could not be used as an indicator to evaluate whether the feeding was effective.

Update of the Nursing Plan for Neonates with Hypoglycemia with Rooming-in of
Mothers and Infants, and Being on Alert for Recurrent Hypoglycemia of Neonates
During Rooming-in
The Queensland Clinical Guidelines for Neonatal Hypoglycemia (2021) indicates that BGL< 2.6 mmol/L' requires
monitoring three or more times in a row; recurrent neonatal hypoglycemia can cause irreversible damage to the nervous
system of the child and affect future growth and development. Therefore, we improved the neonatal hypoglycemia
nursing process (see Figure 1). Identifying high-risk infants with hypoglycemia more comprehensively at an early stage
and incorporating them into the hypoglycemia nursing process has considerable significance in reducing the occurrence
of neonatal hypoglycemia and optimizing the management of rooming-in care: (1) thorough identification of the high-risk
factors of neonatal hypoglycemia, and improving the hypoglycemia nursing risk assessment process; (2) Reminder for
nurses to improve bedside education on breastfeeding for mothers of high-risk infants with hypoglycemia, implement
early sucking and early initiation of breastmilk for neonates, and evaluate the impact of breastfeeding; (3) Train and
evaluate mastery of neonatal hypoglycemia-related information among medical staff; (4) For children with neonatal
hypoglycemia, remind the doctor to issue medical advice on blood glucose monitoring to avoid repeated and continuous
hypoglycemia, thereby minimizing the failure of detecting the risk of the neonate in time; (5) Establish the blood glucose
management and nursing process for high risk children with hypoglycemia in the postpartum rooming-in ward.

In this case, the nurse strictly followed the updated neonatal hypoglycemia nursing process. With monitoring and
treatment, the blood sugar of the baby was maintained at 3.2—-6.3 mmol/L, breathing was stable, and the baby was fed
a formula milk. The baby did not have convulsions, sweating, hypotonia and other symptoms. The second stool was

normal, and the weight at discharge was 3730 g.
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Risk assessment of
hypoglycemia before
and after birth
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Figure | Nursing process of neonatal hypoglycemia.
Notes: Blood glucose monitoring refers to peripheral blood glucose (unit: mmol/L).

Improving Health Education for Family Members of Children with Hypoglycemia and
Improving Family Support

Neonates are prone to hypoglycemia due to various factors pertaining to the mother and infant. Common clinical causes
are premature delivery, hypothermia, improper feeding, mother having diabetes, and so on. With or without clinical
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symptoms such as tremors, sweating, irritability, weak sucking, weak crying, and even convulsions or nervous system
damage, the condition requires additional treatment.

The rehabilitation of children with hypoglycemia requires not only the dedicated treatment and care of doctors and
nurses, but also good follow-up care and support from families.'® Short-term hospitalization alone cannot meet the needs
of neonate growth and development, and long-term family care is important.”*' The traditional nursing plan consists of
offering health education orally and through written materials. This model is relatively effective for parents to master the
theoretical knowledge of childcare, however, the daily care of children requires more practical skills, especially for
children with hypoglycemia. In developed countries such as the United States, neonatal intensive care units are open to
parents, encouraging mothers to accompany children in hospitals and address their daily care.

Nurses play an important role as educators and facilitators. Research shows that when parents become the main
caregivers of children, they can improve their ability to take care of children, so that when children return home, the
parents have also developed adequate care abilities. Although the child is treated in the neonatal intensive care unit, when
the condition is stable, the child is returned to the same room with the mother, so that the family can participate in the
daily care of the child aided by scientific family health inputs and supervised by medical care professionals.'®°

The concerned nurse demonstrates the nursing inputs and guides the parents in aspects related to the daily care of the
neonate, including bathing the neonate, umbilical cord disinfection, kangaroo care, breastfeeding, and the handling of
neonatal problems such as neonatal cough and neonatal hypoglycemia. At the same time, the nurse again goes through
the checklist of neonate feeding problems with the mother and family members to improve their recognition of these
issues, thereby preventing the improper feeding of neonates or the occurrence of hypoglycemia that cannot be detected in
time. In this way, the nurse facilitates and improves family support to reduce neonatal complications.

Paying Attention to Psychological Counseling and Addressing Negative Emotions in

Parents

In the current case, the neonate suffered repeatedly from episodes of hypoglycemia, with 4 such occurrences in 24 hours and
shortness of breath, which worried the mother and family. The neonate in this case was admitted to the NICU two days after
birth due to recurrent hypoglycemia and perinatal infection, and the mother and baby were separated for a long time. In
order to reduce parents’ separation anxiety and worry about the condition of the child, the concerned nurse often comforted
the mother at the bedside to explain the conventional nursing and skills required for caring for the neonate, and encouraged
the mother to express breastmilk every 2—3 hours and sent it to the NICU to feed the child, reducing the mother’s worries. At
the same time, when the neonate’s course of treatment was over and his condition was stabilized, the nurse encouraged the
mother to touch the child and participate in the daily routine care of the neonate. Seeing the condition of the child becoming
more stable day by day, and improving their own skills of caring for the neonate with inputs from the nurse, mothers and
family members can gradually gain more confidence and reduce their negative emotions.

Terbutaline is a  receptor agonist that can be used clinically to treat premature uterine contraction. The half-life test
of this receptor agonist is 48—96 hours, and 11% to 48% of the drug residue can reach the umbilical vein blood through
the placental barrier.'>'° It can be used clinically as an inhibitor of frequent uterine contractions in pregnant women. This
kind of drug can interfere with glycogen decomposition by blocking the effect of adrenaline. Before delivery, some drugs
can reach the fetus through the placental barrier, increasing the risk of neonatal hypoglycemia.

In this case, due to frequent uterine contractions, the parturient was frequently injected with terbutaline to inhibit
uterine contraction within 7 hours before delivery, and no other hypoglycemia-influencing factors were found. The
neonate had hypoglycemia once an hour after birth, and then had hypoglycemia three times within 24 hours. The latest
clinical guidelines on neonatal hypoglycemia, the Queensland Clinical Guidelines released in 2021, mentions terbutaline

1'213 reached similar

injection before delivery as a high risk factor for hypoglycemia. Michael and Shimokawa et a
conclusions, and suggested that § receptor agonists have significant metabolic effects on mothers and fetuses. However,
from the evidence-based review, we found that the latest practice guidelines in China and expert consensus™’ did not
indicate [ receptor agonists into the high-risk factors of neonatal hypoglycemia, especially the use of terbutaline 48 hours

before delivery that it is found increase the incidence of recurrent neonatal hypoglycemia.
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Therefore, to ensure the safety of neonates and prevent recurrent hypoglycemia of neonates, we propose to use
evidence-based clinical practices in our department, such as including terbutaline in the screening list of high-risk factors
of neonatal hypoglycemia, improving our process of neonatal assessment and monitoring of hypoglycemia, and
improving the quality of follow-up monitoring and effect evaluation.

Relevant guidelines in China have established strict procedures for blood glucose monitoring of neonates with high
risk factors following hypoglycemia, including blood glucose monitoring every hour. However, for general hospitals with
a large proportion of high-risk pregnant women and serious illness, this has led to a serious burden on human resources
and medical resources. In addition, frequent vein/peripheral skin puncture of neonates not only increases the pain of
neonates, but also increases the negative emotions of parents.

In this study, the OGTT test of the mother of the child was normal, and the blood glucose monitoring in the hospital
was within the normal range. The mother denied the genetic history of endocrine and Metabolic disorder. Analyze the
case without neonatal factors, excluding other high-risk factors of the mother, and consider B Receptor blockers can
interfere with Glycogenolysis by blocking the action of adrenaline, so, we explore the effect of terbutaline on neonatal
hypoglycemia. The mother of the child was injected with terbutaline less than 6 hours before delivery, and the drug has
been proven to have a half-life of 48 to 96 hours. The drug passes through the placental barrier and can measure 11% to
48% of the drug residue in umbilical vein blood. Due to the conversion of glycogen supply at birth, the blood sugar of
newborns is relatively unstable, and their blood sugar is more susceptible to the influence of terbutaline. So, the hospital
has included terbutaline as a high-risk factor for neonatal blood glucose screening and established the process for blood
glucose monitoring and devised a nursing plan for normal neonates and hypoglycemic high-risk neonates when blood
glucose is greater than or equal to 2.6 mmol/L with/without symptoms, less than 2.6 mmol/L with/without symptoms,
2.0-2.6mmol/L, and less than 2.0 mmol/L (A detailed evaluation of blood glucose frequency and strategy is shown in
Figure 1), and apply it in clinical practice to further explore its practicability and feasibility.

The dynamic blood glucose monitor, a non-invasive and continuous automatic blood glucose monitoring device, is
widely used to check adult blood glucose. One aspect to explore is whether this can be used to monitor the blood glucose
of neonates with low blood glucose and high risk, as it can reduce puncture and nursing workload. Relevant research in

the future can focus on the practicability of using dynamic blood glucose meters in neonates.

Conclusion

Hypoglycemia is one of the most common metabolic disorders in neonates. If hypoglycemia occurs repeatedly or continues
to occur without timely detection and treatment, it can lead to irreversible neurological damage. Terbutaline can block the
effect of fetal adrenaline through the placental barrier, interfere with glycogen decomposition, and increase the risk of
neonatal hypoglycemia. Therefore, based on evidence, we included the use of terbutaline 48 hours before delivery as a high-
risk factor for hypoglycemia in the maternal-infant rooming-in neonatal hypoglycemia care program. We also introduced
several improvements in our nursing care program: evaluation of the effectiveness of breastfeeding and ensuring the feeding
effect of high-risk infants; updating the nursing plan of hypoglycemia for neonates based on rooming-in of mothers and
infants, and being alert to the occurrence of recurrent hypoglycemia for neonates during rooming-in; improving health
education for family members of children with hypoglycemia and improving family support; paying attention to psycholo-
gical care, reducing negative emotions of parents, and promoting the health of mothers and children.
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