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ODbjectives

m Review the definition and incidence of
neonatal hypoglycemia

m Describe why it iIs so important to identify
neonatal hypoglycemia in a timely manner

m Discuss pre-analytical errors associated
with the collection and handling of blood
specimens that will affect the
measurement of glucose



m Neonatal hypoglycemia was first described
in 1929

m “Carbohydrate metabolism of premature
iInfants” Am J Dis Child 1929:38;912-23
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Fetus in Utero

Placenta

m The fetus
receives Its
entire supply of
glucose (70% of
Its energy needs)
from the maternal
circulation via the
placental
transfer

Umbilical Cord

Amniotic Sac
Cervix
Bladder

Vagina
D Anus
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Glucose

m At birth, the
Infant must
supply its own
glucose needs



Glucose

m Hypoglycemia in neonates, infants and
children is essentially always a problem
with adapting to a “fasting” state




m Biochemical
pathways that
maintain “fuel”
during fasting are
Important to
understand causes
of hypoglycemia
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Neohatal HypoglyCcemia

e ....”IS not a medical condition Iin itself but a feature of
liness or failure to adapt from the fetal state of
continuous transplacental glucose consumption to
the extrauterine pattern of Intermittent nutrient

supply”

Wight, 2006



Objective #1

m 10 review the definition and incidence of
neonatal hypoglycemia



Objective #2

m To describe why It IS so Important to
identify neonatal hypoglycemia in a
timely manner



Objective #3

m To discuss pre-analytical errors associated with
the collection and handling of blood specimens
that will affect the measurement of glucose



Objective 1: Definhition of
Neonatal Hypoglycemia

1.6 mmol/L
(29 mg/dL)

2.2 mmol/L
(40 mg/dL)

2.6 mmol/L
(47 mg/dL)

2.0 mmol/L
(36 mg/dL)

2.7 mmol/L
(49 mg/dL)




e Definition of hypoglycemia in the newborn is
controversial because of a lack of significant
correlation among plasma glucose
concentration, clinical symptoms and long-
term sequelae
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[ Neonatal Hypoglycemia ]

* No widely accepted definition

* Required blood [glucose] will be dependent upon:
« Gestational age
o Size
* Energy requirements
 Clinical Condition

* [glucose] where neurodevelopmental damage
happens is variable (requires further investigation)

David Christiansen, Screening and Treatment of Neonatal Hypoglycemia, 2009. The Pas, Manitoba



" J
Signs and Symptoms Of

HypoglyCemia
m Jitteriness m Poor suck
m [rritability m Tachypnea
m Hypotonia m Cyanosis [Glucose]
m Lethargy m Apnea
m High-pitched cry m Seizures
m Hypothermia m Cardiac arrest \/

Verklan & Walden (2004) as cited by Amy Bloomquist Neonatal Hypoglycemia



What happens to glucose levels in
healthy full term infants (breast fed)
after birth?




What happens to glucose levels in
healthy full term infants (breast fed)
after birth?

Glucose (mmol/L)

Time (hours)

Hoseth, 2000 —o- 10th centile -= 50th centile —4- 90th centile



Glucose (mmol/L)

Time (hours)
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| Neohatal Hypoglycemia |

’ Meta'analySiS (term babieS) Alkalay et al., Am J. Perinatology 2006: 23(2), 115-9
5t percentile [glucose]

1.6 mmol/L (29 mg/dL)(1-2 hr of life)

2.2 mmol/L (40 mg/dL)(3-48 hr of life)

2.7 mmol/L (49 mg/dL)(48-72 hr of life)

« World Health Organization

Paediatric Child Health 2004: 9(10), 723-9 (Canadian Pediatrics Society Fetus and Newborn
Committee)

e < 2.6 mmol/L (47 mg/dL)

« At- risk infants lead to short & long term neurological
(imaging) changes



e “Significant hypoglycemia is not and can never
be defined as a single number that can be
universally to every individual patient. Rather, it
IS characterized by a value(s) that is unique to
each individual and varies with both their state of
physiologic maturity and influence of pathology”

Cornblath et al., 2000




| Operational Thresholds |

* Represent “Action Values”

» do not represent either normal or
abnormal

e prompt either further testing and/or
treatment

* Operational threshold
Cornblath et al., Pediatrics 2000; 105(5), 1141-4

« Always treat if <2.0 mmol/L (36 mg/dL);

 desire [glucose] = 2.6 mmol/L (46.8
mg/dL)




Thcidence of Hypoglycemia

e Usually occurs in the first days of life

e Overall iIncidence = 1-5/1000 live births

Verklan & Walden (2004) as cited by Amy
Bloomquist Neonatal Hypoglycemia



InCidence of heonhatal Hypoglycemia in
babies igentified as at risk

Harris DL, Weston PJ, Harding JE.
J. Pediatrics 2012; 161(5): 787-91

 Infants (n=514) (tertiary hospital)
= 35 weeks gestation
Identified at risk of hypoglycemia
Blood [glucose] in the first 48 hrs of life



Incidence of heonatal hypoglycemia i
babies identified a8 at risk

Harris DL, Weston PJ, Harding JE.
J. Pediatrics 2012; 161(5): 787-91

* 51% babies (260/514) became hypoglycemic (< 2.6 mmol/L;
46.8 mg/dL)

* 19% (97/514) had severe hypoglycemia (< 2.0 mmol/L; 36
mg/dL)

* 19% (98/514) had more than 1 episode

* 81% (315/390) of the hypoglycemic episodes occurred in the
first 24 hours



" A
ThFants at Highest RjsK fFor
HYpoglycemia

m < 37 weeks gestation

m Infant of a diabetic mother
m Small for gestational age
m Large for gestational age
m Stressed/ill infants

m Exposure to certain medications
Treatment of preterm labor
Treatment of hypertension
Treatment of type 2 diabetes
Benxothiazide diuretics
Tricyclic antipressants in the 3" trimester

Karlsen (2006) as cited by Amy Bloomquist Neonatal Hypoglycemia




" A
At birth....

m “Fuel” requirements for the baby are
achieved through a balance of
Exogenous sources (breast milk, formula)

Endogenous glucose production
(glycogenolysis, gluconeogenesis)

Endogenous alternate fuels (ketones)




[ Objective 2 |

GO ....whY are we SO conhcerhed
about glucose |evels ih the heohate?




“Cerebral glucose
utilization accounts
for 90% of the
neonate’s glucose
consumption”

Verklan & Walden (2004). Core Curriculum for
Neonatal Intensive Care Nurses



* Compared with adults, infants have a
higher brain to body weight ratio,
resulting in higher glucose demand In
relation to glucose production capacity”



[ Objective 3

Pre-anhalytiCal errors assocCiated with the collection
and hahdling of blood specimens that Will affect the
measurement of glucose







Glucose meter: I.

2.9 mmol/L (52 mg/dL)



O~

Blood Gas Analyzer:
3.2 mmol/L (58 mg/dL)

Glucose meter:
2.9 mmol/L (52 mg/dL)



<_. -

Blood Gas Analyzer:
3.2 mmol/L (58 mg/dL)

Glucose meter:
2.9 mmol/L (52 mg/dL)

Clinical Lab (plasma hexokinase): 2.2 mmol/L (40 mg/dL)



FaCtors that Cah influence the
measurement of glucose

* Type of blood tube (green top or grey top)
e Specimen temperature (to ice or not?)

e Time it takes from specimen collection to processing
In the lab (ex vivo glycolysis)

« Capillary versus Venous specimens
* Interferences (Sugar Confusion)



" S

Cpecimen Collection for
Glucose Measurement

o9

"

&g

o

Heparin Tube Glycolytic
9 Inhibitor Tube


http://www.google.ca/imgres?imgurl=http://www.medsupplypartners.com/media/catalog/product/cache/1/image/9df78eab33525d08d6e5fb8d27136e95/g/r/greentop_45.jpg&imgrefurl=http://www.medsupplypartners.com/monoject-green-top-glass-blood-collection-tubes.html&usg=__zgoL2CnYH7PSNv3nUhtgdjHs1do=&h=528&w=800&sz=30&hl=en&start=7&zoom=1&tbnid=xdJ-DVD6WGWyQM:&tbnh=94&tbnw=143&ei=hSoIUaaqMefIyQGpwoGYAw&prev=/search?q%3Dgreen%2Btop%2Btubes%26um%3D1%26hl%3Den%26sa%3DN%26gbv%3D2%26tbm%3Disch&um=1&itbs=1
http://www.google.ca/imgres?imgurl=http://oyster.ignimgs.com/wordpress/write.ign.com/65272/2012/05/blood-collection-Grey-e1336082409187.jpg&imgrefurl=http://www.ign.com/blogs/ericaxx/2012/05/05/list-of-common-stoppers-additives-and-their-laboratory-uses&usg=__Xd1MQGZuFmKBkBNhllpH92hqUqI=&h=400&w=608&sz=27&hl=en&start=48&zoom=1&tbnid=t5J8sjkKjUx-ZM:&tbnh=89&tbnw=136&ei=ASsIUbjNAaraygHDlICQCA&prev=/search?q%3Dgrey%2Btop%2Bblood%2Btubes%26start%3D40%26um%3D1%26hl%3Den%26sa%3DN%26gbv%3D2%26tbm%3Disch&um=1&itbs=1

Glucose Determinations in Plasma and Serum: Potential Error
Related to Increased Hematocrit

Richard A. Sidebottom, Paul R. Williams, and Keith S. Kanarek
Clinical Chemistry 1982 vol 28 pp. 190-2

Table 2. Effect of Heparin, Fluoride, or No Anticoagulant on
Glucose Values (mg/dL, mean £SEM)

Time after blood collection, hours

0 1 2 4 6
Infants

B Heparin 101 +2 90 +5 78 £6 63 + 10 48 + 72

1 NaF 101 +2 93+7 89+6 88+6 87 +6
Clotted serum 101 +2 b 90+ 8 83+7 80+6
Adults

BN Heparin 89+4 83+3 78 £3 67 + 3¢ 57 + 32

7 Nar 89+4  82+3 80 +3 77 +3 75+ 4
Clotted serum 89+*4 b 81+3 73+4 70+ 4

ADecrement in glucose significantly greater in heparin-treated samples then in either NaF-treated
or clotted samples, p<0.05. ® Not measured. € Decrease in glucose significantly greater in the
heparin-treated samples than in the NaF-treated samples, p<0.05

Rebuilt from original



| To ice or not to ice the blood speCimen? |




| EFfect of Cooling the Blood SpecCimens
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Fig. 1. Decrease in plasma glucoss on storage of
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http://us.cdn2.123rf.com/168nwm/chudtsankov/chudtsankov1202/chudtsankov120200029/12352820-happy-red-blood-drop-looking-around-a-sign.jpg
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Table 1. Glucose changes with Increasing
Hematocrit (Hct) and Time (hours)

Hct 0 hour 1 hour 2 hours 4 hours 6 hours
Adult group 1 0.43 89 t 42 833 783 673 573
Adult group 2 0.51 89+4 82+3 763 632 52+2
Infant group 1 0.51 101 +2 905 7816 63110 48 +7
Adult group 3 0.60 89+4 803 733 58+3 42 +3
Infant group 2 0.60 101 +2 874 73 5P 58 + 5P 36+ 6°
Adult group 4 0.68 89+4 793 70+ 2 512 31+£3
Infant group 3 0.71 101+ 2 83+5 66 + 5P 40 + 6° 19 + 5P
Adult group 5 0.75 89+4 78+3 68 £ 2 45+ 2 20+ 3
Infant group 4 0.81 1012 77 + 5P 55 + 5P 24 + 5P 5+3b

aAll glucose values expressed in mg/dL (meant SEM), bDifference between the adult group and infant group at comparable time and
hematocrit is significant p,0.05 or less

Please note: Specimens were collected into sodium heparin Rebuilt from original
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Glucose Changes Over Time

120 ¢ umbil. cord 1

AlOO = mumbil. cord 2

umbil.cord 3
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(_D =adult

0 2 4 6
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Umbilical Cord 1
Umbilical Cord 1
Umbilical Cord 1
Umbilical Cord 1

Adult 1
Adult 2
Adult 3
Adult 4
Adult 5

Regression Lines

y =-8.7069x + 98.638
y =-10.552x + 98.034
y =-13.552x + 97.034
y =-15.87x + 93.664

y =-5.319x+ 88.629
y =-6.172x + 88.48

y =-7.724x + 88.483
y =-9.612x + 88.991
y =-11.466x + 89.81

R?=0.9892
R?2=0.99

R2=0.9884
R?=0.9695

R?=0.9993
R?=0.9985
R?=0.9993
R?=0.9998
R?=0.9986

Hct = 0.51
Hct = 0.60
Hct =0.71
Hct = 0.81

Hct =0.43
Hct =0.51
Hct = 0.60
Hct = 0.68
Hct =0.75

Rebuilt from original



Slope versus Hct

—
< 0 1 . . . . y = -24.311x + 3.8169

% 5 0.2 0.4 0.6 0.8 1 R2=0.9976

8 4 & umbil. cord blood

% 6 ® adult

= -8 ===|_inear (umbil. cord blood)
o 10 | inear (adult)

2 12

@ y =-19.347x + 3.4345

c 14 R2=0.975

L 6

S a8

O

N Hct

Infant cord blood 1.35 mmol/L/hr Adult blood 1.07 mmol/L/hr
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Capillary versus Venous SpecCimen




Capillary versus Venous SpecCimen

Capillary glucose can be up to 20-
25% higher than venous glucose




"

Capillary versus Venous Specimen

ONLY FOR A FASTING
SPECIMEN !t
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Sugar Confusion




Effect of Low Galactose Concentrations
on the Performance of the| !

Glucose meter

5 44
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0 1 2 3 1
Reference Glucose (mmol/L)
Galactose Concentration (mmol/L)
Reference
Glucose 0) 0.2 0.4 0.6 0.8 1.0 1.2 1.4
(mmol/L)
1.0 1.0 1.10 1.15 1.20 1.26 1.31 1.37 1.44
1.5 1.5 1.62 1.69 1.75 1.82 1.89 1.96 2.04
2.0 2.0 2.14 2.21 2.29 2.37 2.45 2.53 2.62
2.5 2.5 2.65 2.73 2.81 2.90 3.00 3.08 3.18

3.0 3.0 3.15 3.24 3.33 3.43 3.52 3.62 3.72



Reference
Glucose
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on the Performance of the |

Glucose (mmol/L)

mg/

/dL
0_

18
27
36
45
54

Effect of Low Galactose Concentrations

Glucose meter

Reference Glucose (mmol/L)

3.6

19.8
29.2
38.5
47.7
56.7

| Galactose Concentrationw

7.2

20.7
30.4
39.8
49.1
58.3

10.8

21.6
31.5
41.2
50.6
59.9

14.4

22.7
32.8
42.7
52.2
61.7

18.0

23.6
34.0
44.1
54.0
63.4

21.6

24.7
35.3
45.5
55.4
65.2

25.2

25.9
36.7
47.2
57.2
67.0



Effect of Low Galactose Concentrations
on the Performance of the
Glucose meter

P
g -
o
E
1-
o r T T 1
(@) 1 2 3 4
Glucose (mmol/L)
Galactose Concentration (mmol/L)
Reference
Glucose 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
(mmol/L)
1.0 1.0 0.99 0.99 1.00 1.00 1.00 1.00 1.00
1.5 1.5 1.49 1.49 1.49 1.50 1.50 1.50 1.50
2.0 2.0 1.98 1.99 1.99 1.99 1.99 2.00 2.00
2.5 2.5 2.48 2.48 2.48 2.49 2.49 2.49 2.50

3.0 3.0 2.97 2.98 2.98 2.98 2.99 2.99 2.99
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Effect of Low Galactose Concentrations
on the Performance of the
Glucose meter
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26.8
35.8
44.6
53.6
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18.0
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27
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18
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53.8



[egal Consequences of Missing a
Neonatal Hypoglycemia

ia
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m Cerebral Palsy Diagnosis, Symptoms However, the protocol requiring that blood be drawn and sent to the |ab was not followed. The
& Causes Of infant's parents were never told of the abnormal result or warned to look for signs of hypoglycemia.

m Did Medical Negligence Cause

Cerchial Paloy? At 24 hours of age, the infant and his parents were discharged. On the second morning at home, his
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Settlement for Newborn's Brain Damage Is
$4 Million in Rhode Island

2010 Medical Malpractice Trial Report

Medical Malpractice Lawsuit Contends Baby's Brain Damage Due
to Negligency in Newborn Nursery

The minor plaintiff was born on 9/8/05 in a Rhode Island hospital. He was a
healthy, normal baby. He had some difficulty latching on for breast feeding,
50 a hospital pediatrician ordered that his breastfeeding attempts be
supplemented with formula. That order was not followed by the nurses,
and the baby became hypoglycemic with a critically low glucose level of 5.
Head studies showed brain damage due to hypoglycemia. Today, the boy
is 5 years old and suffers from vision problems, a tactile sensory disorder,
and developmental delays.

The plaintiff contended that the maternity nurses caring for the baby
breached the standard of care when they failed to appreciate the baby's
increased risk for hypoglycemia despite his marginally low birth weight as
well as an episode of "jittery” behavior, his difficulty maintaining his body
temperature after birth, his difficulty in latching on for breastfeeding, and
his poor oral intake; when they failed to obtain frequent blood glucose
levels on the baby; and when they failed to supplement feedings for the
baby. The plaintiff claimed these violations of the standard of care resulted
in hypoglycemia which has caused permanent neurological injuries and
impairments.

The defendants contended that the boy's injuries are limited and that he

NEWS & RESOURCES

Atftorneys practicing in MA, NH and Rl

Case Evaluation at No Cost
(Leam More)

CONTACTUS

Use the form below,
or call us toll-free
to have your case
evaluated at no
charge.

Czll: 800-866-2889

Name:
e-mail:
Phone:

[ ]

Message:

B Neonatal

f‘ Infank Brain Damage ...

@ Internet

BN &) 14



dt View Favorites  Tools  Help

’ Im IH3S Failings that left babies with brain damage set to ... ] ‘

ON SELECT TOYOTAS

B R &

©ADEAI

theguardian | [ Society v|[Search

News | Sport | Comment | Culture | Business | Money | Life & style | Travel | Environment | Tech | TV | Video  Dating | Offers Jobs

News Society } NHS

NHS failings that left babies with brain =~ Bswee =

guardianjobs
damage set to cost £235m M Tmeet 163
o . . . . Find the latest jobs in your sector:
MNHS Litigation Authority sets aside £235 4m to seftle 60 cases in
which hospital staff failed to spot hypoglycaemia in newborns ms'“"e 18 Arts & heritage Health
[~ Email Charities Marketing & FR.
Denis Campbell, health correspondent E B —L= ~Iis
The Guardian, Monday 9 April 2012 20.59 BST Environment Sales
Article history
Government Senior executive
Graduate Social care
Society
MHS - Health - Midwifery Browse all jObS
UK news
social+care Search
More news | | g
Director of People
More on this story Services
: ; ; Knowsley | £89,208 to
MH:S chief to investigate Knowsley Council £08 197
overnight discharges KNCIJWSLEY
METROPOLITAN

Mewhorn bahies at risk of hypoglycaemia should be monitored using a heel prick
blood test every few hours, according to Department of Health advice. Photograph:

s
Queen asked to
intervene in NHS
diamond jubilee pay

Aimin b

BOROUGH COUNCIL

a’ 6 Internet




| Conclusions |

* No widely accepted definition of neonatal
hypoglycemia currently exists

 Incidence of hypoglycemia for “at risk” infants is
profound

 Measurement of glucose level is complicated

 Numerous factors can influence the
measurement (tubes, temperature, length of time
before specimen processing, interfering
substances)
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