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Abstract

Acute ketosis is an important physiological mechanism to prevent irreversible

neurological damage from hypoglycaemia, and represents a significant metabolic

stress. A cohort of children adapt to relatively short periods of reduced caloric intake

by generating large quantities of ketone bodies. When excessive, the gastrointestinal

symptoms of starvation ketosis such as nausea and pain may create a vicious cycle

which delays spontaneous resolution. The presence of ketones can be dismissed as a
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normal feature of childhood metabolism, sometimes even when extreme. A broader
understanding of this process under the banner of “accelerated starvation of
childhood” is helpful for clinicians managing acute illness in children. We advocate
that children less than 7 years of age with a history suggestive of accelerated
starvation of childhood should be screened by Emergency clinicians for ketosis using
a simple and cheap bedside capillary test, even if glucose levels are greater than 2.6
mmol/L. Identification and appropriate management of ketosis may alleviate the
distressing gastrointestinal symptoms associated with many minor illnesses, and
potentially prevent hypoglycaemia in some children. Appropriate advice to carers
may be helpful to prevent further episodes. Illustrative case examples from our own

practice are provided.

Introduction

An accelerated version of starvation ketosis is known to occur in some children,
most frequently males aged 6 months to 6 years of age, when deprived of caloric
intake for a short period.12 This is usually a complication of an intercurrent
illness such as gastroenteritis, but may also occur in the context of pre-operative
fasting.3 During Emergency Department (ED) assessment elevated ketone levels
may sometimes be detected in blood or urine but dismissed as a “normal”
feature of childhood metabolism, and not specifically addressed during clinical

management. However, the gastrointestinal symptoms of ketosis such as

This article is protected by copyright. All rights reserved.



abdominal pain and nausea may reduce caloric intake even further, driving a
vicious cycle into ketoacidosis. The presence of ketones may also serve as an
important early warning of impending hypoglycaemia, with the risk of
potentially irreversible CNS damage.# Early detection of ketosis could therefore
be used as a trigger to guide therapy, as well as advice regarding fasting periods

during subsequent illnesses.*

We advocate that screening for ketosis as well as hypoglycaemia is appropriate
in children who present with a seizure, lethargy, or vomiting for more than 24
hours. Those with ketone levels greater than 2.5mmol/L are likely to benefit
from specific therapy. We also propose that the modern terminology of
“accelerated starvation” is a better descriptor than “ketotic hypoglycaemia” as

not all cases present with a glucose level below the normal reference range.

Methods

A literature search was undertaken of Medline (OVID) and PubMed, using MeSH
search terms “child”, “glucose”, “ketones”, “ketosis” and “starvation”. Full texts of
relevant articles were obtained with the assistance of a medical librarian, and
reference lists screened for further relevant articles. Consent for publication of
case studies was obtained from legal guardians and an ethics exemption gained

from the Austin Health Human Research Ethics Committee.
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Background

The phenomenon of ketosis in a vomiting child has been observed since at least
the early 1900s when Antoine Marfan published a paper describing children who
presented with recurrent vomiting and were found to have acetonuria.> Marfan,
who wrote on a wide range of paediatric topics, later published two editions of a
book entitled “Les Vomissements périodiques avec acétonémie”.¢ Ross and
Josephs made further observations on the metabolism of affected children in the
1920s,78 and Josephs also noted a link with convulsions.? Later work by
Weymuller and Schloss showed that while hypoglycaemia was often present in
normal children after fasting for 48 hours, it was the propensity to rapidly
develop “nondiabetic ketosis” that set the symptomatic children apart.1011 [t was
not until 1964 until that Colle and Ulstrom characterised in more detail the
children who recurrently presented with “ketotic hypoglycemia” (KH).12 They
also described management that remains largely unchanged 5 decades later,
both enteral and parenteral, and proposed home testing of urinary ketones for
these children when unwell. At that time the only available test for ketones was
for acetone, although beta-hydroxybutyrate is now the more commonly

measured ketone as it can be detected in blood and also excreted in urine.
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Case 1: Classical “ketotic hypoglycaemia”

A 16 month-old boy (10.7 kg) presented with a 3-day history of vomiting without
diarrhoea. He had been drinking water, and had a couple of teaspoons of apple
puree in the evening. In the morning he was very drowsy, and the responding
ambulance crew measured a glucose level of 1.2 mmol/L (2.8 — 7.2), which was
treated with two IM doses of glucagon without improvement. Past history
included delivery at 36 weeks as the second twin, and peanut allergy.

He arrived in ED at 08:34 responsive to painful stimuli, HR 120, CRT <2sec,
glucose 1.4 mmol/L, ketones 3.9 mmol/L (< 0.6), and bicarbonate 13 mmol/L (19
- 25). IV access was achieved, a critical sample taken, 27ml of 10% glucose given,
then maintenance fluids of 0.9% saline & 5% dextrose. Within 2 hours he was
alert and his glucose was 6.4 mmol/L and ketones 1.9 mmol/L. Hormone levels
from the critical sample were normal and he was discharged the next day with

Alnbnwrr adscrinn

Under the banner of “ketotic hypoglycaemia” much of the research focus, even
into the 215t century, has been on those children who present with
hypoglycaemia in concert with their ketosis,? although some researchers had
acknowledged that ketosis is not always accompanied by hypoglycaemia.13-15
The prevalence of hypoglycaemia in non-diabetic patients 1-5 years old
presenting to the ED has been reported as 6.54 per 100,000 presentations when
defined as < 2.6 mmol/L,1¢ and hypoglycaemia with ketosis (“ketotic
hypoglycaemia”) has been found in approximately 4 per 100,000 presentations
in retrospective studies.216 However in our experience the prevalence of ketosis
with euglycemia is much higher. More recently use of the nomenclature
“accelerated starvation” (previously utilised mainly to describe a syndrome of
pregnancy)l7 has been helpful as it allows a broader view to include ketotic

patients who may not be technically hypoglycaemic.
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The mechanism of this disorder is not well understood, but is likely to be due to
lipolysis triggered when processes such as glycogenolysis and gluconeogenesis
are inadequate to provide metabolic glucose requirements (see Figure 1).18 This
may explain the unresponsiveness to exogenous Glucagon that has been
described during ketotic hypoglycaemia.l® Once hepatic glycogen stores are
depleted, and then substrate for gluconeogenesis is also consumed, insulin levels
fall with consequent reduction of inhibition of lipolysis, allowing fatty acid
oxidation & ketogenesis.* This is an important physiological rescue mechanism
in order to provide substrates (ketone bodies) that will cross the blood-brain
barrier to sustain vulnerable neurones.2921 Children known to develop ketosis
have lower insulin levels than controls when on a ketogenic diet, while their
glucagon levels are higher.22 Accelerated starvation is therefore associated with
elevated levels of ketones, free fatty acids, glucagon, and cortisol. Insulin levels
are low, as is the concentration of plasma alanine, the major amino acid
substrate for gluconeogenesis.* The observation of low alanine levels in ketotic
hypoglycaemia was postulated to be its cause in the 1970s,23 however this was
subsequently shown to be a consequence of alanine depletion by

gluconeogenesis rather than a pre-existing cause of its failure.24

A convincing unifying physiological explanation remains elusive. It may be that a

heterogenous group of metabolic disorders are contributing factors.” Glycogen
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synthase deficiency,*® glycogen storage disorders,
monocarboxylate transporter 1 deficiency'* are three such contributors. Some affected
children are thought by some researchers to be those with metabolic processes that are
slow to develop,” and may represent the tail of the Gaussian curve of metabolic
maturity.*’ This is supported by the observation that affected children are often below
average weight for age and that fasting tolerance improves with increased body mass.'
The fact that these children begin presenting with this phenomenon only after several
months of age might counter a hypothesis based on simple maturation,”’ however this
may relate to increasing intervals between feeds at this age. Regardless of the
underlying cause, this phenomenon represents intolerance for fasting due to a

mismatch between glucose utilisation and production,'® and due to its important

consequences requires identification and appropriate management.

Case 2: Ketoacidosis without hypoglycaemia

A 12 month-old girl (6.8kg) arrived overnight with a 3-day history of coryza and
non-bilious vomiting. She had become lethargic and was sleeping most of the day.
Wet nappies were decreased. Past history was of a normal 38-week delivery,
normal development, and immunisations per schedule.

She was afebrile, HR 127, CRT < 2 sec, SpO2 98%, chest was clear, and she had a
mildly erythematous right tympanic membrane. Capillary glucose was 3.7
mmol/L, ketones 3.7 mmol/L, and bicarbonate 14 mmol/L. Urine dipstick showed
ketones only. Intravenous 0.9% saline & 5% dextrose was commenced, and by the
evening vomiting has ceased, she was feeding well, glucose was 5.6 mmol/L and
ketones 1.9 mmol/L.

Ketoacidosis, at the most severe end of the ketosis spectrum, has many other causes

that need to be excluded (see Figure 2). Diabetic ketoacidosis (DKA) usually differs
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due to its presentation with hyperglycaemia, as euglycaemic diabetic ketoacidosis is a
rare occurrence’’ most commonly reported in recent times due to use of SGLT2
inhibitors.* Drug toxicity (e.g. salicylates),” inborn errors of metabolism,'>**

anorexia nervosa,>> and low-carbohydrate diets designed to induce mild ketosis may

also trigger ketoacidosis.’® Other forms of euglycaemic or hypoglycaemic ketosis are

35,37 17,35,38

described in adults after alcohol binges,””" while pregnant, and during
lactation.*® These episodes have also been referred to as “accelerated starvation”. In
order to distinguish the phenomenon in fasting children it may be useful to update the
nomenclature of Pierides et al*” from “Ketotic hypoglycaemia of childhood” to
“Accelerated starvation of childhood” (ASC). As stated earlier, rather than just a
name change this also helpfully broadens the scope to include not only children with

hypoglycaemia, but a larger cohort with ketosis (or ketoacidosis) and euglycaemia

who also need to be identified and managed appropriately.”

Clinical assessment & management

ASC often presents in the morning after the longest fast of the day. Symptoms include
lethargy, nausea, vomiting, abdominal pain, and sometimes seizures."*’ These
symptoms may also be overlaid on the symptoms of the precipitating illness. ASC is

the most common cause of childhood hypoglycaemia, but ketosis often precedes
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hypoglycaemia by several hours, such that ketosis may be present while
euglycaemic.'? The degree of ketosis and acidosis often seems out of proportion to
relatively mild dehydration. The milder end of the spectrum may be misdiagnosed as
a gastrointestinal illness such as viral gastritis, gastroenteritis, mesenteric adenitis,
abdominal migraine, or cyclic vomiting syndrome.*' However, at it’s most extreme it
can present with coma and Kussmaul breathing requiring resuscitation and critical
care interventions. In a published case series of 7 admissions with bicarbonate levels
as low as 3 mmol/L, only 2 of which were associated with hypoglycaemia, insulin and

. . . . 42
glucose infusions as well as continuous renal replacement therapy were required.

Urine dipstick tests for ketones are semi-quantitative, and specimens are difficult to
obtain on demand. The most useful quantitative test for ketones during assessment in
the modern ED is a bedside capillary blood test for beta-hydroxybutyrate (BHB),*
most commonly utilised for patients suspected of having DKA (see Figure 3 for
reference ranges). This can usually be achieved after a single finger-prick to measure
both glucose and ketones. In the same way that Anaesthetists have been encouraged
to test ketone levels in children after extended fasting for surgery,” Emergency
clinicians should consider screening for ASC with bedside capillary testing when
young children present with suggestive symptoms during an illness that has prevented
them from eating.** Assessment of hydration state is routinely undertaken in these

circumstances, and metabolic disturbance should be assessed in parallel.
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An important question is at what level should ketosis be considered abnormal? A
BHB level of < 0.6 mmol/L is usually considered normal. Advocates of low-
carbohydrate diets usually suggest targeting a level above 0.5 mmol/L, and up to 3.0
mmol/L.***® Our practice suggests that children with symptomatic ketosis usually
have BHB levels > 2.5 mmol/L (see cases 1, 2 and 3). As a comparison, the last ten
paediatric DKA cases at our institution had a median ketone level of 4.75 (range 3.2 —
7.0), demonstrating that the ketosis of ASC can be just as profound as in DKA.
Published data on this aspect includes a study by Van Veen and colleagues of
otherwise normal children undergoing a medically supervised fasting tolerance test to
investigate possible hypoglycaemia.’ They demonstrated that the median BHB level at
20 hours of fasting for a child less than 24 months of age was 2.23 mmol/L (90"
centile 3.31), the median at 24 hours for a child 2-7 years of age was 2.01 mmol/L
(90" centile 3.54), and the median for children 7-18 years of age at 24 hours was 1.31
mmol/L (90" centile 2.46). Based on this data a BHB level of more than 3.5 mmol/L
is therefore extremely high, and represents a very poor adaption to starvation and a
high risk for hypoglycaemia. We have judged that in ASC a BHB level above a
threshold of 2.5 mmol/L is a level at which medical intervention and monitoring is

warranted until the risks are abated (see Figure 4).

Management of ASC consists of providing a carbohydrate source, initially sugars

such as glucose, and then foods containing complex carbohydrates.'? The resulting

insulin secretion inhibits lipolysis and eventually reverses ketoacidosis. Exogenous
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insulin is only necessary in the most severe cases with profound acidosis, but appears
to provide more rapid resolution than bicarbonate infusion or renal replacement

therapy in those that are critically unwell.**

Management of otherwise “simple” gastroenteritis and other viral illnesses often
focuses exclusively on hydration, but if ketosis is identified treatment should include
provision of a carbohydrate source.’> While oral therapy has advantages, our
experience is that the profound nausea often reduces its efficacy. If intravenous
therapy is required most children will receive fluids containing at least 5% glucose
(50 g/L) as a matter of course to prevent hypoglycaemia. Previously it has been
observed that children with gastroenteritis treated with intravenous glucose-
containing fluids have more rapid reduction of ketone levels than those treated with
normal saline, and a non-significant trend towards reduction in admission rate.*” It has
also been demonstrated that the rate of re-presentation admissions is significantly
lower in children who have glucose administered on their first presentation with
gastroenteritis, independent of the volume of fluid administered.*® These outcomes
are unlikely to be due to glucose causing an improvement in hydration, but due to an
effect on improving acid-base state by reversing ketosis. Further research to examine

this relationship in a larger cohort is warranted.

Enteral therapy is possible although the default oral rehydration solutions (ORS) are

often not sufficient to fully reverse ketosis and the associated symptoms, as
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demonstrated in case 3. ORS contains only enough glucose (16 g/L) to facilitate
sodium absorption from the gut, whereas breastmilk and infant formulas (approx.
68g/L sugars) are better suited to reversing ketosis in infants. Older children may be
more amenable to cow’s milk (45 g/L), fruit juice (75-100 g/L), or lemonade (100-
120 g/L) if available. Glucose powder (5 g/tsp) dissolved in water then a sandwich
(approx. 30g of carbohydrate from 2 slices of bread) is another option. An antiemetic

such as ondansetron may assist with tolerance of oral intake.

Case 3: ASC not responsive to hydration alone

An 8 month-old girl (7.65 kg) presented to ED after 24 hours of coryza, vomiting
and poor feeding. She had 2 wet nappies in the preceding 12 hours. Past history
included maternal gestational diabetes, but no episodes of neonatal hypogycaemia.
Her HR was 134, CRT <3 seconds, and chest was clear. Her initial capillary
glucose was 3.0 mmol/L, and ketones 5.9 mmol/L. Ondansetron was given,
followed by 140ml of oral rehydration fluid. Subsequent glucose was 3.2 mmol/L,
and ketones 6.6 mmol/L. Nasogastric rehydration with ORS was commenced at a
maintenance rate overnight in the short stay unit. The following morning she was
well hydrated but still not feeding. Glucose was 3.4 mmol/L and ketones 3.3
mmol/L. The nasogastric fluid was changed to infant formula, which rapidly led to
normalisation of elncose & ketones before discharoe

Prevention of ASC in those affected relies on the regular provision of carbohydrates
during the day and a snack before bedtime, especially during illness.'? Ketogenic diets
should be avoided. Recurrent episodes may warrant home testing of ketones in a
similar manner to patients with diabetes. Unless an inborn metabolic disorder is
present parents can be reassured that the tolerance for fasting will improve as the

child grows. Where metabolic disorders are suspected (e.g. developmental delay,
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hepatomegaly, profound hypoglycaemia) the diagnosis may be assisted by collection
of a critical sample taken at the point of presentation with hypoglycaemia (see Figure
5), during a medically controlled fast,"’ or via genetic testing (blood samples collected
in an EDTA tube are now preferable to a Guthrie card, personal correspondence: Dr

James Pitt, Victorian Clinical Genetics Services).

Conclusion

Children less than 7 years of age with a history suggestive of accelerated starvation of
childhood should be screened for ketosis, even if glucose levels are greater than 2.6
mmol/L. Although true hypoglycaemia may be somewhat rare among ED
presentations of non-diabetic patients, the prevalence of ketosis or ketoacidosis is
likely to be somewhat higher. Other causes of ketosis in children are less common,

but should be excluded clinically or biochemically.

Treatment of ASC with a carbohydrate source helps to promptly restore normal acid-
base homeostasis in most cases, whereas rehydration alone may not. Further research
may provide evidence on which to base firm recommendations. Carers of children
who present with ASC should be instructed to provide frequent carbohydrate snacks
during periods of illness, and to seek attention if symptoms such as lethargy,

vomiting, or seizure occur.
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ASC is benign in many cases, presenting with disturbing but readily reversible
gastrointestinal symptoms, but in rare cases may herald hypoglycaemia or
ketoacidosis. In appropriate patients, after addressing the “ABC”’s (Airway,
Breathing, Circulation) and “DEFG” (Don’t Ever Forget Glucose)’, emergency

clinicians should be encouraged to consider “HIJK” (Have I Judged Ketones?).
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Figure 2: Causes of ketosis in children

Accelerated starvation of childhood
Diabetic ketoacidosis
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Figure 3: Ketone thresholds

Normal <0.6mmol/L
Mild ketosis 0.6 - 1.5mmol/L
Moderate ketosis | 1.6 - 2.9mmol/L
Ketoacidosis >3.0mmol/L
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Figure 5: Critical sample tests for hypoglycaemia

(Adapted from RCH Clinical Practice Guidelines)
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