
433

Blood glucose levels in cesarean born neonates

O
riginal article

World J Pediatr, Vol 13 No 5 . October 15, 2017 . www.wjpch.com

Author Affiliations: Department of Neonatology, Ruth Rappaport 
Children's Hospital, Haifa Israel, Rambam Health Care Campus, Haifa, 
Israel (Smolkin T, Ulanovsky I, Carasso P, Makhoul IR); The Ruth 
& Bruce Rappaport Faculty of Medicine, Technion-Israel Institute of 
Technology, Haifa, Israel (Smolkin T, Ulanovsky I, Makhoul IR)

Corresponding Author: Imad R. Makhoul, MD, PhD, Department of 
Neonatology, Rambam Health Care Campus, Bat-Galim, Haifa 31096, 
Israel (Tel: 972-4-7774116; Fax: 972-4-7774126; Email: makhoul@
rambam.health.gov.il)

doi: 10.1007/s12519-017-0016-7
Online First February 2017
©Children's Hospital, Zhejiang University School of Medicine, China and 
Springer-Verlag Berlin Heidelberg 2017. All rights reserved.

Standards of admission capillary blood glucose levels in 
cesarean born neonates

Tatiana Smolkin, Irena Ulanovsky, Pnina Carasso, Imad R. Makhoul
Haifa, Israel

Background: Neonatal hypoglycemia (NH) and 
cutoffs remain undefi ned. Our center screens all cesarean-
delivered (CD) neonates for NH. We sought to define 
standards of admission capillary blood glucose levels 
(ACBGLs) in CD neonates who were at the lowest risk for 
hypoglycemia.

Methods: Of 4947 neonates, 519 met all 14 inclusion 
criteria. These highly-selected neonates were apparently the 
healthiest, least-stressed, earliest to be admitted to nursery 
and at lowest-risk for hypoglycemia. For each CD, cord 
blood gases and glucose were determined and each infant 
was screened for blood glucose at nursery admission.

Results: Sampling age was 41.6±15.3 minutes, a mean 
ACBGL of 52.3±10.7 mg/dL, and percentiles as follows: 
1st percentile, 29.2; 3rd, 33.6; 5th, 35.0; 10th, 39.0; 25th, 
46.0; 50th, 51.0; 75th, 58.0; 90th, 67.0; 95th, 71.0; 97th, 73.0, 
and 99th, 84.4. ACBGL rose significantly with increasing 
gestational age (P=0.004), increasing cord blood glucose 
(P<0.001), decreasing cord blood pH (P<0.001) and 
decreasing sampling age (P=0.027).

Conclusions: Setting uniform ACBGL cutoffs for NH 
defi nition is unachievable due to the enormous heterogeneity 
among newborns. Hence, we provide group-based ACBGL 
standards in CD neonates. We propose setting ACBGL 
cutoffs for use in CD neonates: 1) hypoglycemia: ACBGL 
<5th percentile (<35 mg/dL); and 2) interventional 
hypoglycemia: ACBGL <1st percentile (<30 mg/dL).
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Introduction

The definition of neonatal hypoglycemia (NH) 
remains controversial due to paucity of high-
quality studies and absence of significant 

correlations between plasma glucose concentration, 
clinical signs, and long-term outcomes.[1-3] Differing 
management protocols have made it difficult to set 
evidence-based clinical guidelines and intervention 
cutoffs.[4-6] In 2011, the American Academy of Pediatrics 
(AAP)[7] criticized the use of Lucas et al defi nition of NH 
(blood glucose <47 mg/dL).[5] To date, no specifi c value 
or range of blood glucose is known to be predictive of 
hypoglycemia symptoms.[1,2,8-10] The blood glucose may 
reach the nadir of 30 mg/dL or less within 1 to 2 hours 
after birth.[6,7,11,12] This transient hypoglycemia is self-
limited, asymptomatic, and refl ects adaptation to extra-
uterine life.[13-17] In appropriate for gestational age 
(AGA) term neonates, the mean pooled blood glucose 
levels were 54 mg/dL and 63 mg/dL at one and two 
hours of age, respectively.[13-16,18,19] In addition, the 
World Health Organization[20] summarized the disputed 
defi nitions of neonatal hypoglycemia and set the threshold 
of hypoglycemic as 30 mg/dL in term AGA infants.

Screening indications for NH after birth remain 
disputed, except for the four at-risk groups defined by 
the AAP in 2011: small for gestational age, late preterm 
infant, full-term large for gestational age, and infant of 
diabetic mother.[7] To date, no published data exist on 
central nervous system injury due to brief asymptomatic 
hypoglycemia.[7,8] However, persistent asymptomatic 
hypoglycemia may cause neurological impairment.[5] 
Adamkin[21] summarized the three remaining unanswered 
questions regarding NH: what is meant by too low? how 
low is too low? what glucose level results in irreversible 
changes in brain function and structure? In light of the 
above, we sought to determine the cesarean-delivered 
(CD) infants' specific admission capillary blood glucose 
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level (ACBGL) standards and percentiles in healthy 
neonates who were at the lowest-risk for hypoglycemia. 
This updated information on NH might help policy 
makers when trying to settle the hypoglycemia-defi nition 
controversy.

Methods
Study design
This retrospective observational study was performed 
in the newborn nursery of the Rambam Health Care 
Campus in Haifa, Israel. The study was approved by 
the Institutional Helsinki Committee, which waived the 
requirement to obtain written consent from the parents 
of studied infants.

Study population
All 4947 neonates admitted to the nursery between 
March 1, 2014 and February 28, 2015 were assessed 
for study participation. To qualify for inclusion in the 
study group, a neonate had to meet the following 14 
criteria: healthy, without endocrinologic problems 
or abnormal findings on physical examination; a 
singleton, born at term, between 37 and 42 weeks' 
gestation; AGA (between the 3rd and 97th percentiles 
of the Israeli growth curve);[22] born via elective CD 
with spinal anesthesia; cord-blood pH≥7.15; 5-minute 
Apgar score ≥7; no transient tachypnea of newborn; no 
prior feeding; no maternal insulin-dependent diabetes 
mellitus; no maternal gestational diabetes mellitus; and 
no maternal treatment with serotonin selective reuptake 
inhibitors or beta-blockers. Neonates not fulfilling 
all the above criteria were excluded from the study. 
Fig. 1 shows the algorithm for the selection of study 
participants, yielding a study population of 519 highly-
selected neonates at the lowest risk for hypoglycemia. 
Being born by elective CD, these neonates were the 
earliest to be admitted and checked for blood glucose in 
the nursery. Perinatal and neonatal variables of neonates 
and their mothers were extracted from the patient 
database of the Rambam Health Care Campus.

Neonatal hypoglycemia screening 
According to our standard procedure, at risk neonates, as 
set by the AAP, are routinely screened for hypoglycemia.[7] 
Furthermore, we also routinely screen for hypoglycemia all 
CD neonates. For each CD neonate, a sample of mixed 
venous cord blood was obtained for determination of 
blood gases and glucose and each infant was screened 
for blood glucose at nursery admission.

Measurement of blood glucose concentrations
The umbilical cord blood glucose was measured using a 

blood gas analyzer (Omni 6, AVL, Roche Diagnostics, 
Texas, USA). The blood glucose for capillary blood was 
obtained using a warmed heel stick and measured with 
a glucometer (Stat Strip, Glue KET, Nova Biomedical 
Corporation, UK, and Waltham, MA, USA). For the 
purpose of this study, only the first measured ACBGLs, 
sampled prior to feeding or intervention, and were 
analyzed. Whenever the ACBGL was less than 35 mg/dL, 
it was immediately repeated using a different glucometer 
and a strip from another strip-box. If the difference was 
less than 5 mg/dL, we averaged the two results. However, 
if the difference was greater than 5 mg/dL we conducted a 
third test and used the average of the two closest results.

Statistical analysis
Statistical analysis was performed using SPSS (Statistics 
Products Solutions Services) 21.0 software for Windows 
(IBM Corp. Armonk, NY, USA). The Mann-Whitney test 
was used to evaluate for a significant association between 
blood glucose and infants gender. Analysis of variance 
(ANOVA) and Bonferroni tests for multiple comparisons 
were used for detection of significant association between 
blood glucose and relevant perinatal and neonatal 
variables. A P value of less than 0.05 was considered 
statistically significant.

Results
The perinatal and neonatal characteristics and ACBGL 

Nursery admissions
March 1, 2014 to Febuary 28, 2015

(n=4947)

Neonates born by elective
  cesarean delivery (n=699)

Study group: 519 neonates
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Excluded neonates (n=180)
Large for gestational age       21
Late preterm                          23
Small for gestational age       17
Twin-born neonates               20
Transient tachypnea of
  newborn                              26
Maternal treatment with
  beta-blockers                         0
Maternal treatment with
  selective serotonin
  reuptake inhibitors                2
Maternal gestational or
  insulin-dependent
  diabetes mellitus                  10
5-min Apgar score <7             0
General anesthesia                18
Epidural anesthesia            28
Gestational age >42 wk          1
Cord pH<7.15             1

Excluded neonates (n=4248)
Born vaginally                 3539
Born by emergency-
  cesarean delivery              709

Fig. 1. Algorithm showing the flow of participants through the selection 
process of the study group.
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percentiles of the 519 neonates are shown in Table 1. 
Noteworthy, is that the 1st, 5th and 25th percentiles 
are 29.2 mg/dL, 35 mg/dL and 46 mg/dL, respectively. 
The mean sampling age of ACBGL was 41.6±15.3 
minutes. The distribution of ACBGLs obtained within 
120 minutes after birth from the 519 studied neonates is 
displayed in Fig. 2 and shows a linear relationship with 
sampling age: R2 Linear=0.010, y=55.17±0.07x.

Table 2 shows correlations between ACBGL and 
perinatal variables. ACBGL rose significantly with 
increasing gestational age (P=0.004), increasing cord 
blood glucose concentration (P<0.001), decreasing 
cord blood pH (P<0.001) and decreasing sampling age 
(P=0.027). ACBGL was not affected by birth weight, 

Variables n Mean±standard deviation (median, range)
Gender: male/female 519 267/252
Gestational age (wk) 519  38.6±0.9 (38.5, 37-42)
Birth weight (g) 519 3265±363 (3245, 2245-3970)
1-min Apgar score 519       9±0.4 (9, 6-10)
5-min Apgar score 519     10±0.2 (10, 7-10)
Age on admission (min) 519  31.9±11.6 (31, 9-81)
Admission body temperature (˚C) 519  36.5±0.4 (36.5, 35.2-37.4)
Blood glucose sampling age (min) 519  41.6±15.3 (40.2, 12.6-111.8)
Blood glucose (neonate) (mg/dL) 519  52.3±10.7 (51, 21-93)
pH (umbilical cord blood) 497    7.3±0.1 (7.3, 7.15-7.4)
Glucose level (umbilical cord blood) (mg/dL)  484  61.1±11.1 (61, 34-104)
Blood glucose percentiles (mg/dL) 519

Table 1. Perinatal and neonatal characteristics of the 519 studied neonates (all asymptomatic)

1st 3rd 5th 10th 25th 50th 75th 90th 95th 97th 99th
29.2 33.6 35.0 39.0 46.0 51.0 58.0 67.0 71.0 73.0 84.4

Variables n Mean±standard deviation (median, range) P value
Blood glucose (mg/dL) by gender
  Female 252 51.5±11.2 (51.0, 24-93)   0.060 (Mann-Whitney test)
  Male 267 53.1±10.1 (52, 21-88)
Blood glucose by gestational age (wk)
  ≤37.6   58 51.6±10.9 (50.5, 33-85)   0.004 (ANOVA)
  38-38.6 291 51.1±10.3 (50, 21-93)   0.003 (39-42 vs. 38-38.6)
  39-42 170 54.5±10.9 (53, 26-92) 
Blood glucose by sampling age (min)
  15-29 115 53.3±11.0 (51, 33-93)   0.027 (ANOVA)
  30-44 221 52.8±11.0 (52, 24-88)   0.024 (≥60 vs. <30)
  45-59 138 52.1±10.0 (51, 21-75)   0.028 (≥60 vs. 30-44)
  ≥60   45 47.9±9.4 (48, 25-69)
Blood glucose by body temperature (˚C)
  35.2-35.5   11 56.3±12.3 (50, 44-82)   0.126 (ANOVA)
  35.6-36.0   52 52.4±12.2 (51, 24-92) 
  36.1-36.5 221 51.3±9.7 (51, 21-78) 
  36.6-37.0 203 53.5±11.1 (52, 31-93) 
  37.1-37.5   32 50.3±10.6 (47.5, 34-71)
Blood glucose by cord blood pH
  7.15-7.23   89 56.0±12.4 (54, 21-93) <0.001 (ANOVA)
  7.24-7.32 313 51.9±10.1 (51, 24-82)   0.003 (7.15-7.23 vs. 7.24-2.32)
  7.33-7.40   95 49.7±8.6 (49, 30-74) <0.001 (7.15-7.23 vs. 7.33-7.40)
Blood glucose by cord blood glucose (mg/dL)
  <50   87 47.4±9.6 (47, 25-78) <0.001 (ANOVA)
  50-71 323 52.3±9.5 (51, 21-78)
  ≥72   74 56.9±11.5 (57, 30-85)

Table 2. Correlation between admission blood glucose level* (mg/dL) and perinatal variables

 *: obtained within 120 minutes after birth without prior feeding. ANOVA: analysis of variance.

Fig. 2. Distribution of admission capillary blood glucose levels (ACBGL) 
obtained within 120 minutes after birth from the 519 studied neonates: R2 
Linear=0.010, y=55.17±0.07x. 
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Apgar score, admission age and body temperature.
The ACBGL decreased significantly with a nadir 

around 1-1.5 hours of age.[7] The blood glucose ranged 
from 21 to 93 mg/dL. Moreover, twenty-six (5%) 
infants had ACBGL of less than 35 mg/dL, albeit all 
asymptomatic. Five (1%) neonates had a blood glucose 
<30 mg/dL, all of whom were asymptomatic.

Discussion
To date, trials for defining NH have been frustrating and 
unrewarding. The majority of healthy asymptomatic 
newborns with low blood glucose levels after birth 
normalize within hours.[7,11,23] Lucas et al[5] suggested a 
blood glucose cutoff of 47 mg/dL,[6,7,23,24] a value that 
offered the greatest predictor for poor developmental 
scores. Nevertheless, Hay et al[25] critically appraised the 
evidence regarding this NH definition,[5] concluding that 
it was without rigorous scientific justification.[1,2,7,9,25,26] 

In 2000, a consensus[2,24] was compiled suggesting the 
following intervention cutoffs: any blood glucose level 
<18 mg/dL; abnormal clinical signs; risk for impaired 
metabolic adaptation.[2] In 2009, a workshop concluded 
the following:[25] 1) no evidence-based study exists 
as to plasma glucose concentration or range to define 
pathologic hypoglycemia; 2) monitoring, prevention and 
treatment of NH remains largely empirical.

In 2011, the AAP recommended a transition from 
Lucas et al definition (47 mg/dL)[5] to threshold values of 
25-30 mg/dL.[7] This change was based on the following: 1) 
all symptomatic infants had blood glucose <20-25 mg/dL 
after birth; 2) equally low blood glucose values occurred 
during recurrent or persistent hypoglycemia syndromes; 
3) no solid evidence exists as to neurologic damage 
caused in infants with asymptomatic hypoglycemia;[27] 
and 4) treating transient hypoglycemia does not improve 
short-term and long-term outcomes.[10,16]

According to Adamkin,[21] the defi nition of clinically 
significant NH remains among the most confused and 
contentious issues in neonatology. We think that failure 
to set definition for NH has been partially due to the 
significant heterogeneity among newborns, mainly 
their inherent risk for NH, their differing perinatal 
characteristics and the significantly higher blood 
glucose values of vaginally-born term-AGA neonates 
as compared to CD mates.[22,28-30] Hence, we think that 
setting uniform ACBGL cutoffs for NH definition and 
intervention is unachievable. Future research should 
rather focus on setting separate ACBGL standards 
and cutoffs for each subgroup of neonates. These 
subgroups include: 1) vaginally-born term AGA healthy 
neonates; 2) AAP at-risk groups for NH (small for 
gestational age, large for gestational age, late preterm, 

infants of diabetic mothers); 3) cesarean delivered 
neonates; and, 4) term sick neonates or those born by 
vacuum extraction. Our highly selected CD group is an 
appropriate example for our proposed approach: these 
CD neonates were supposedly the healthiest, the least 
stressed and at the lowest risk for hypoglycemia, and 
thus can serve as a reference for normal ACBGLs prior 
to feeding in CD neonates.[7,12,22,30-32]

Adamkin[21] mentioned five "competing" approaches 
for defi ning NH: 1) epidemiologic: defi nes blood glucose 
in healthy infants, using empirically derived cut-off blood 
glucose values;[2,25,27] 2) clinical: focuses on blood glucose 
levels during symptomatic NH; 3) neurophysiologic: 
includes measurement of neurophysiologic changes 
in relation to blood glucose levels; 4) metabolic/
endocrinologic: analyzes data on transitional NH 
where hyperinsulinism is reflected by low glucose 
concentrations in the first 48 hours;[33-36] and 5) neuro-
developmental: used to defi ne signifi cant NH and produce 
algorithms for screening and management.[5,37]

Our study conforms to Adamkin's epidemiological 
approach for defi ning NH.[21] We empirically suggest using 
our 5th percentile ACBGL (35 mg/dL) for defining NH 
in CD neonates, based on the following: 25% of our low-
risk neonates would have been considered hypoglycemic 
should we have adopted the Lucas et al[5] defi nition; choice 
of the 10th percentile (39 mg/dL) is inappropriate because 
it is higher than the discussed AAP threshold values of 32-
35 mg/dL; ACBGLs less than 30 mg/dL (<1st percentile) 
are considered too low for defining NH but might be 
appropriate as an intervention cutoff.[7,11] Our proposed 
ACBGL of 35 mg/dL (5th percentile) or 33.6 mg/dL (3rd 
percentile) are within the suggested cutoff values by the 
Canadian Pediatric Society[11] and the AAP[7] in the last 
decade.

The present study shows that within the first two 
hours after birth, the ACBGL decreased significantly 
with a nadir  around 1-1.5 hours of age. [7] Our 
study neonates supposedly had the lowest risk for 
hypoglycemia, even though their blood glucose ranged 
from 21 to 93 mg/dL. Moreover, twenty-six infants 
with an ACBGL of less than 35 mg/dL and fi ve with a 
blood glucose <30 mg/dL were all asymptomatic. This 
may represent a physiologic nadir for blood glucose 
after birth. These neonates would have been overlooked 
if not screened for hypoglycemia.

The bedside reagent test-strip glucose analyzers' 
results are quick but vary up to 10-20 mg/dL.[25,36] 
resulting in slow availability of results and a potential 
delay in initiation of treatment.[7] The availability of 
bedside point of care that provides timely and quick 
results of ACBGL obtained via a heel-stick glucometer 
outweighs its disadvantages. Nomograms of plasma 
glucose concentration are currently the gold standard 
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for defining normal blood glucose concentration. 
Nonetheless, most centers worldwide use bedside 
glucometers and provide treatment according to their 
results. Hence, it may now be the time to set standards 
for capillary blood glucose concentration in neonates.

The limitations of the present study include 1) its 
retrospective characteristic; 2) lack of prolonged neuro-
developmental follow-up; 3) different blood sources and 
methods for measuring glucose level in whole capillary 
blood and whole umbilical cord blood and 4) our study 
group is not the ideal representative group, because the 
CD rate in our institution is 25%-30%. Comparison of 
our CD neonates with those born vaginally is worth 
investigation in the future; and 5) lack of validation 
of heal-stick blood glucose levels by plasma glucose 
measurement.

Unfortunately, the blood glucose percentiles 
were measured only by capillary blood. Advances in 
glucose meter technology have resulted in significant 
improvement of accuracy and precision of meters. But, 
a variety of factors can affect glucose meter results, 
including operator technique, environmental exposure 
and patient factors. Then, there are some problems with 
the interpretation of the findings. There are physical 
differences between the glucose concentration in serum/
plasma and whole blood as well as venous compared 
to capillary blood. Targets should be individualized 
in each institution and in each setting based on the 
methodology of glucose testing and the needs of a 
given patient population to reflect, at a minimum, 
the 1.11 whole blood-to-plasma glucose conversion 
factor recommended by the International Federation of 
Clinical Chemistry.[38]

In conclusion, implementing the Adamkin[21] 
epidemiologic approach, we propose the following 
cutoffs for use in CD neonates: 1) hypoglycemia: 
ACBGL <5th percent i le  (<35 mg/dL);  and 2) 
interventional hypoglycemia: ACBGL<1st percentile 
(<30 mg/dL). Our updated ACBGL standards in CD 
neonates might help policy makers when discussing 
defi nition of NH.
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