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Abstract

Objectives: To determine the proportion of well-appearing newborns screened for
hypoglycemia; yield of specific screening criteria; and impact of screening on breastfeeding.

Study Design: Retrospective study of well-appearing at-risk infants born >36 weeks’ gestation
with blood glucose measurements obtained <72 hours of age.

Results: Of 10,533 eligible well newborns, 48.7% were screened for hypoglycemia. Among
tested infants, blood glucose <50 mg/dL occurred in 43% and 4.6% required intensive care for
hypoglycemia. Blood glucose <50 mg/dL was associated with lower rates of exclusive
breastfeeding (22% versus 65%, p <0.001). Infants screened due to late preterm birth were most
frequently identified as hypoglycemic; the fewest abnormal values occurred among appropriate-
weight, late term infants of non-diabetic mothers.
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Conclusion: Hypoglycemia risk criteria result in screening a large proportion of otherwise well
newborns and negatively impact rates of exclusive breastfeeding. The risks and benefits of
hypoglycemia screening recommendations should be urgently addressed.

INTRODUCTION

Screening for neonatal hypoglycemia is a common part of the care provided for otherwise
well-appearing newborns. Based on American Academy of Pediatrics (AAP)
recommendations, it has been estimated that ~30% of infants born >35 weeks’ gestation will
be eligible for screening (1,2). Guidelines provided by the Pediatric Endocrine Society
(PES) and the Academy of Breastfeeding Medicine include more at-risk criteria and would
likely result in greater frequency of screening (3,4). Several criteria for an effective
screening program, as developed for newborn state screening (5), remain controversial with
respect to hypoglycemia screening. There is a lack of consensus regarding both risk criteria
for screening and the threshold glucose levels that should define hypoglycemia and warrant
intervention (6-8). Furthermore, a robust understanding is lacking with respect to the natural
history of asymptomatic hypoglycemia, the implications of treating asymptomatic
hypoglycemia among otherwise well term infants, and the impact of treatment on short and
long-term outcomes (8). Despite existing uncertainties, neonatal providers are tasked with
creating local protocols that establish standard of care at their respective institutions.

Quantifying the intended and unintended consequences of hypoglycemia screening is the
first step in understanding the risk-benefit balance of this practice. In this study, we
determined the frequency of hypoglycemia screening prompted by our local protocol; the
proportion of infants who met specific thresholds for hypoglycemia in different risk groups;
the proportion of initially well-appearing infants who required transfer to the neonatal
intensive care unit (NICU) for hypoglycemia treatment; and the proportion of infants whose
feeding was impacted by hypoglycemia screening and detection. We further explored how
different definitions for at-risk weight-for-gestation impacted the number of infants
identified for hypoglycemia screening.

METHODS

Study Design and Population:

Setting:

This was a single center retrospective cohort study. Study infants were born from
01/01/2013 - 7/31/2015 with gestational age (GA) =36 0/7 weeks, birth weight (BW)
>2,000 grams and admitted from the labor floor to postpartum floor for well newborn care.
In our center, well newborns room-in with their mothers after birth. Infants admitted directly
to the NICU for any reason were excluded. The study was approved by the Institutional
Review Board at the University of Pennsylvania.

Pennsylvania Hospital is the largest maternity center in Philadelphia, Pennsylvania with
~5,000 annual deliveries; an active high-risk maternal-fetal medicine service; and a 50-bed
Level 111 NICU. Well-baby care is provided by in-house neonatology staff for ~80% of the
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infants and by community pediatricians for the remaining infants. The hospital was
designated as a Baby-Friendly® Hospital in December 2015.

Hypoglycemia screening among well-babies:

Blood glucose (BG) was measured using point-of-care testing with Accu-check Inform 11
(Roche Diagnostics®, Germany) and was performed by postpartum nurses based on a local
policy. Risk criteria for hypoglycemia screening included: BW <2,500 grams or =4,000
grams, BW <2,800 grams and GA =38 0/7 weeks (added July 2014), GA 36 0/7-6/7 weeks
(late preterm), =41 0/7 weeks, infant of a pre-gestational or gestational diabetic mother, in-
utero exposure to terbutaline or beta-blocker medications (9), or symptoms concerning for
hypoglycemia (e.g. hypothermia, tachypnea or jitteriness). Standard newborn policy
included skin-to-skin care and breastfeeding within 1 hour of birth. The BG screening
schedule at minimum included: BG obtained 30 minutes after the first feed for all at-risk
infants (within 2 hours after birth); and one additional pre-prandial BG. Infants with BW
<2,500 grams, infants of diabetic mothers and late preterm infants underwent an extended
screening evaluation that included BG tests every 12 hours until 36 hours of age. If the BG
was lower than the appropriate threshold for age, it was checked prior to every feed until 2
normal BG values resulted. BG values included in the study were restricted to those obtained
in the first 72 hours after birth.

Hypoglycemia definition and intervention:

The BG threshold for diagnosing hypoglycemia was <50 mg/dL. After 7/2014, the threshold
was changed to <45 mg/dL at <4 hours of age and <50 mg/dL thereafter (10) to avoid
capturing infants in the physiological nadir just after birth (1). The primary intervention for
hypoglycemia was feeding as per mother’s choice (feeding at breast, feeding expressed
breast milk, or feeding 15-20 ml of formula). For breastfeeding dyads, formula feeding was
only recommended if hypoglycemia persisted despite breastmilk feeding. Mothers of infants
receiving supplementation routinely received additional lactation support and were
encouraged to pump or manually express breastmilk. If the BG was <20 mg/dL after
feeding, or if hypoglycemia persisted despite two feedings, infants were transferred to the
NICU for further evaluation and intravenous dextrose therapy.

Definitions for at-risk weight-for-gestation:

To explore the impact of different weight-for-gestation criteria used for hypoglycemia
screening, we restricted the study cohort to infants born =37 weeks’ gestation to mothers
without diabetes. We then applied definitions to identify at-risk infants for hypoglycemia
screening used by three academic birth centers: Pennsylvania Hospital (Site-1),
Massachusetts General Hospital, Boston, MA (Site-2) and Oregon Health and Science
University, Portland, OR (Site-3) (Supplementary Table 1). Additionally, we applied the 10t"
and 90™ percentile of weight-for-gestation from the 2013 Fenton growth charts (https://
www.peditools.org/fenton2013/index.php), to identify infants who would meet criteria of
small- and large-for-gestation when using sex-specific growth charts.
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Data sources:

Clinical and laboratory data were obtained from electronic medical records captured by
hospital databases. Mother’s preference for feeding infant at admission and newborn feeding
data were obtained by manual chart review of 1,119 randomly-selected infants (10.6% of the
study cohort) using the following strata: 557 (25%) infants from those who were screened
for hypoglycemia and had at least one BG <50 mg/dL, 292 (10%) infants from those who
were screened for hypoglycemia but had no BG <50 mg/dL, and 270 (5%) infants from
those who were not screened for hypoglycemia. Data from these infants were then
extrapolated to the respective strata to determine feeding intent at admission and feeding
type at discharge.

Data analysis:

Proportion, mean or median are presented as appropriate for describing frequency of
screening, results and clinical outcomes. Comparisons between groups were assessed by
using x 2 tests for categorical variables, and t tests or the Mann-Whitney test for continuous
variables. A p-value <0.05 was considered statistically significant. All data analyses were
conducted using Stata 14 (StataCorp, College Station, TX).

RESULTS

Indications and outcomes of hypoglycemia screening:

During the study period, 11,285 infants were born with GA =36 0/7 weeks and BW >2,000
grams. After excluding 752 infants admitted to the NICU immediately after birth, 10,533
infants remained with their mothers and were included in the study (Supplementary Figure
1). Of these infants, 5,140 (48.8%), had a BG test in the first 72 hours after birth with 4,718
(91.8%) infants tested within 4 hours of birth. A total of 23,463 BG tests were reported with
a median of 3 tests per infants (interquartile range 2-5). NICU admission from the
postpartum floors occurred in 529 infants; 235 (4.6%) admissions were for hypoglycemia
management and 294 (5.7%) admissions were for other reasons. Prevalence of risk criteria
and comparison between screened and unscreened infants are shown in Table 1. Other than
the risk criteria of “BW <2,800 grams and GA =38 weeks”, which was added to the protocol
later in the study period (July 2014), 99% of infants meeting criteria for hypoglycemia
screening had a BG recorded. Screened infants were more likely to be delivered by cesarean
section or to be born to mothers of black race, with high body mass index or with the
diagnosis of hypertension.

We found male infants significantly more likely to be screened. To explore this further, we
stratified risk factors by sex (Table 2). While overall BW criteria identify ~22% of both male
and female infants, male infants were more likely to meet criteria of BW =4,000 grams as
compared to female infants [384/2,823 (13.6%) vs 189/2,317 (8.2%), p <0.001], and female
infants were more likely to meet criteria for BW <2,500 grams [315/2,317 (13.5%) vs
224/2,823 (7.9%), p <0.001]. More male infants were screened for other indications.

Table 3 shows the distribution of risk factors among infants who were screened, the severity
of hypoglycemia based on lowest BG, and proportion requiring NICU admission for
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hypoglycemia. Infants of diabetic mothers compared to infants without maternal diabetes
were more likely to have BG <50 mg/dL (52.2% vs. 42.1%, p <0.001) and require NICU
admission for hypoglycemia management (9.5% vs. 3.9%, p <0.001). Among infants born to
non-diabetic mothers, those born at 36 weeks were more likely than those born 37-41 weeks
to require NICU admission for hypoglycemia (10.4% vs. 3.4%, p <0.001). Among all
infants, the highest proportion of screened infants (19.9%) consisted of those born at 37 0/7
— 40 6/7 weeks with appropriate birthweight and non-diabetic mothers. These infants were
screened due to maternal terbutaline or beta-blocker administration or non-specific physical
exam abnormalities (e.g., hypothermia, jitteriness), and had the smallest proportion (2.5%)
of infants requiring NICU admission for hypoglycemia treatment. Details of infants admitted
to the NICU are shown in Supplementary Table 2. None of the infants admitted to NICU for
hypoglycemia had seizures or apnea. Most admitted received IV dextrose (75%) for an
average duration of 41 hours and remained in the NICU for a median of 2 days. Six infants
were diagnosed with a cause for hypoglycemia other than transitional physiology (3
attributed to underlying syndrome and 3 with suspected persistent hyperinsulinism).

Impact of hypoglycemia screening on infant feeding during hospitalization:

We extrapolated feeding data obtained for a random sample of 1,119 infants to the full study
cohort, to assess the impact of hypoglycemia screening and management on newborn
feeding (Table 4). Maternal feeding intention differed between those whose infants were
screened and those whose infants were not screened. Among mothers who planned to
breastfeed exclusively, infant BG <50 mg/dL was significantly associated with formula
supplementation (22.6% vs. 65.5%, p <0.001). Among mothers who planned to breastfeed
exclusively, infants who had all BG =50 mg/dL were also more likely to be fed with formula
compared to unscreened infants (56% vs 65%, p <0.001).

Impact of different weight-for-gestation screening criteria:

For this comparison we included 9,569 infants from the study cohort who were born =37 0/7
weeks’ gestation to non-diabetic mothers. The weight-for-gestation criteria used for
screening at three birth centers (Supplementary Table 1) and sex-specific <10t and >90t
weight-for-gestation percentiles from Fenton charts were applied to these infants. The four
approaches identified different infants for screening (Supplementary Figure 2). Site-1
criteria would identify the largest number of infants as at-risk (1,487, 15.5%), followed by
Fenton chart percentiles (1,245, 13.0%), Site-2 (1,040, 10.9%) and Site-3 (734, 7.7%).
Overall, 1,893 (19.8%) infants would be identified for screening by at least one approach
and 647 (6.8%) infants by all four approaches. Infants identified for screening by only one
approach but not by the others were: Site-1 (488, 5.1%), Fenton charts (225, 2.4%) and
Site-2 (51, 0.5%). All infants screened at Site 3 would be captured by at least one of the
other approaches.

DISCUSSION

At our high-risk maternity center, we found that screening for risk of hypoglycemia had a
significant and potentially negative impact on a large proportion of otherwise well-appearing
newborns. Nearly half of all newborns healthy enough at birth to room-in with their mothers
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were screened for hypoglycemia in the first 72 hours after birth. Identification of
hypoglycemia as well as the process of screening itself was associated with increased
formula feeding and decreased exclusive breastfeeding. Furthermore, we found that local
variation in the definitions of small-for-gestational age and large-for-gestational age could
lead to substantial differences in which newborns were tested for hypoglycemia. This study
raises two immediate clinical questions. First, can we safely screen fewer infants? Second,
can we address the unintended negative impact on breastfeeding identified in this study?

Screening fewer infants may be addressed by altering the criteria for screening. Although the
risk factors for hypoglycemia screening differ among national recommendations (1,3,4),
every risk category in our local protocol resulted in the identification of some infants who
met thresholds for hypoglycemia and some infants who required transfer to the NICU for
persistent hypoglycemia. However, we observed that the “efficiency” of risk categories
varied (Table 3). More than half of the infants screened for late preterm gestation and
maternal diabetes had at least one BG <50 mg/dL and ~10% required NICU admission. In
contrast, infants screened for gestation =41 0/7 weeks with appropriate weight-for-gestation
and infants born 37 0/7 — 40 6/7 weeks with appropriate weight-for-gestation, screened due
to maternal beta-blocker exposures or clinical symptoms, yielded many fewer infants with
low BG results. The PES (but not AAP) recommends screening for post term infants (1,3).
By local consensus, our center defines this as infants born after 41 0/7 weeks (rather than 42
0/7 weeks) gestation. If the 757 infants who were born at 241 0/7 —41 6/7 weeks without
additional risk factors were eliminated from our local screening criteria, the rate of screening
among well-appearing infants would decline from 48.8% to 41.6%. Term infants screened
on the basis of in-utero maternal medication exposure, or symptoms suspicious for
hypoglycemia, comprised the largest screened group. The majority of these infants have all
BG =50 mg/dL, although 2.5% of these infants ultimately required NICU admission for
persistent hypoglycemia. It remains unclear whether the small proportion of infants in each
of these risk categories who were identified as hypoglycemic — including the 2-3% that
ultimately required NICU admission for persistent hypoglycemia - would still be identified,
or harmed from lack of identification and treatment.

We found that male infants were more frequently identified as at-risk for hypoglycemia per
our local protocol (Tables 1 and 2). This difference was largely driven by the greater number
of male term infants screened for clinical symptoms. Male infants have greater prevalence of
morbidity and mortality than female infants (11), and our finding of a higher testing
prevalence in male infants may simply represent a greater frequency of clinical instability.
Notably, more male infants at our center met the criteria of BW >4,000 grams,
unsurprisingly as male infants are larger than female infants of the same gestation on sex-
specific growth charts (12). Prior studies that identified BW and GA criteria for
hypoglycemia did not use sex-specific values (13). We observed that using sex-independent
criteria will impact which infants are screened, differentially flagging male and female
infants as large or small for GA (Table 2). Although the incidence of hypoglycemia has been
reported to vary little with birth weight thresholds compared to the use of growth charts (14),
the impact on screening varied 2-fold (7.7-15.5%) (Supplementary Figure 2). Leveraging
electronic medical records to consistently identify at-risk infants based on sex-specific
growth charts may reduce variation in screening across sites.
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In-hospital formula supplementation is a predictor for early breastfeeding cessation with a
potential loss of the health benefits associated with exclusive breastfeeding (15,16). Our
center supports continued breastfeeding among infants with hypoglycemia, providing breast
pumps and lactation consultation as well as instruction in and support for hand-expression,
and offers outpatient lactation consultation after hospital discharge. Yet we found that
among women with the intention to exclusively breastfeed, only 22% did so when their
infant had a BG <50 mg/dL anytime in the first 72 hours of age. Furthermore, hypoglycemia
screening itself (in the absence of a BG <50 mg/dL) was associated with a small increase in
formula supplementation compared to infants who were not screened (Table 4). Such
findings would not surprise our local nursing staff. While hypoglycemia has not consistently
been cited as a driver for in-hospital newborn formula supplementation (17-19), a survey of
nurses caring for well neonates at our center identified hypoglycemia as a major indication
for formula supplementation among breastfeeding dyads (20). Infants screened for
hypoglycemia often have other risk factors known to be associated with early breastfeeding
cessation, such as maternal obesity and birth by cesarean section (21) (Table 1), that may
have contributed to this finding. It is also possible that screening raises concern with the
mother that breastfeeding does not provide adequate nutrition to her infant. Identifying
dyads at particularly high risk for formula supplementation and concretely addressing the
subliminal messaging that may be present in hypoglycemia screening are likely important
steps for in-hospital lactation support.

Interventions have been reported that aim to limit formula supplementation for
asymptomatic hypoglycemia among breastfeeding dyads. A randomized, placebo-controlled
trial of dextrose gel administration for neonatal hypoglycemia found that the use of dextrose
gel did not impact the total volume of in-hospital formula use but was associated with lower
frequency of formula use and higher rates (87% vs 96%) of exclusive breastfeeding at 2
weeks of age (22). Donor breast milk may also be used to supplement the breastfed newborn
with hypoglycemia. Each of these alternative interventions come at a cost (23,24), and it
remains unclear whether use of such approaches after birth will result in longer overall
duration of breastfeeding after discharge from the birth hospital. As a result of this study, our
center now offers mothers the choice of feeding donor milk or formula if mother’s own milk
requires supplementation for hypoglycemia (20). The impact of this change is an area of
active study.

A final issue that underlies the impact of hypoglycemia screening is the thresholds set for
defining hypoglycemia. The level of BG at which intervention should be initiated remains
controversial (2,6,8,25-27). Testing modalities are complicated by the frequent use of
bedside point-of-care glucometers that are not designed to accurately detect low glucose
levels in neonates (28). Table 3 shows a lower proportion of tested infants with a lowest BG
<50 mg/dL vs. <36 mg/dL. Such data should be interpreted with caution. As our center
policy is to intervene for BG <45-50 mg/dL, we cannot be certain how many more infants
would experience lower BG levels if the threshold for intervention were set differently.

Our study provides detailed information on the impact of a common newborn screening
practice as implemented at a single large maternity center. The study data may inform
consideration of the differential yield of individual risk factors for hypoglycemia to assign

J Perinatol. Author manuscript; available in PMC 2020 September 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mukhopadhyay et al.

Page 8

more individualized risk assessments. Our observations may be broadly applicable as they
reflect real-world care rather than care provided in intervention studies. However, it is a
limitation that our observations will not be generalizable to centers with substantially
different approaches to hypoglycemia screening and management. Further, our study is
limited by incomplete information on the symptoms prompting screening and lack of follow-
up breastfeeding information after discharge. It should be noted that our center modified our
local protocol to define small for gestation criteria among term infants, and to change the
threshold for intervention for infants <4 hours of age mid-way through the current study
period. We showed previously that this change did not impact the total proportion of infants
screened for hypoglycemia (10).

At our center, these results have prompted efforts to use electronic medical records to
identify at-risk weight-for-gestation infants using sex-specific growth charts, to promote
euthermia during neonatal transition, to require re-warming and feeding prior to BG testing
in asymptomatic infants with low temperatures, and finally, to offer donor milk as a feeding
option in infants with hypoglycemia-indicated supplementation (20).

The most important question raised by this study is a difficult one: have we done any good
offering this medical intervention to nearly half of our well-appearing newborns?
Pathological hypoglycemia as occurs in congenital hyperinsulinism or with inborn errors of
metabolism can cause severe neurologic morbidity and even mortality (29). The effect of
transitional hypoglycemia and the impact of intervening in asymptomatic hypoglycemia are
less clear. Associations with school age performance, executive function and visual motor
function have been reported in prospective cohort studies but the effect of interventions for
transitional hypoglycemia and the thresholds at which such interventions are most protective
remain unknown (2,25,27,30). Cornblath et al proposed operational thresholds for
hypoglycemia intervention, noting that the optimal blood glucose level for intervention is
likely distinct for each individual infant based on their glucose requirements and overall
metabolic state (31). They further noted that in the absence of understanding individual
needs, “all that can be proposed are pragmatic intervention thresholds that also provide a
margin of safety”. We propose that such a ‘margin of safety’ should account for all of the
impacts of hypoglycemia screening, including that of maternal-infant separation and impacts
on breast feeding.

CONCLUSION

Blood glucose screening impacts a high proportion of newborns and decreases the
proportion who are exclusively breastfed, yet key criteria for screening vary. A collaborative
endeavor that brings together the expertise of the perinatal providers (including physicians,
nurses, and lactation consultants) who take care of the vast number of healthy infants,
pediatric endocrinologists who manage the more severe cases of glucose metabolic
disorders, and input from parents, is urgently needed to determine the best management of
newborn infants while minimizing unnecessary medical intervention.
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