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Case 1



Millie
4yo girl
Coryza & fever
3 days of vomiting – “gastro”
Abdominal pains
No diarrhoea
No sick contacts
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Case 1



4yo girl
•O/E: alert, afebrile
•Miserable, lethargic
•HR 112, CR 2sec, MMM
•Chest clear, SpO2 96%
•Abdomen soft, normal bowel sounds
•ENT – red throat, no pus
•No rash
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Case 1



DDx
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DDx
•Viral gastritis
•Mesenteric adenitis
•UTI
•DKA
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FWTU – normal, some ketones
Glucose 3.9

Anything else?

Is she well enough to go home?
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Case 1



Is she well enough to go home?
• Not significantly dehydrated
• Not septic
• Not hypoglycaemic
• Probably viral
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Case 1



FWTU – normal, some ketones
Glucose 3.9
Anything else… ketones 5.7

Is she well enough to go home?
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Case 1



VBG
-pH 7.17
-Bic 9
-lactate 1.2 

Is she well enough to go home?
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FWTU – normal, some ketones
Glucose 3.9, ketones 5.7, Bic 9
… ketoacidosis with lowish glucose

Dx “Accelerated starvation”
Management
• 0.9% saline with 5% dextrose
• Admitted to SSU
• Glucose 8.1, Ketones 2.4 … eating & chirpy
• Discharged home�15
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What clues were there?

How many do we miss?

Does it matter?
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Partial history
Uncooperative/shy/scared
Confounders – pain, anxiety
Overlap of clinical features
Occult features

… systematic approaches: e.g. paediatric assessment triangle

Assessing sick kids
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Work of breathing

Circulation to the skin

Appearance



Respiratory

Circulatory

Neurological



Respiratory

Circulatory

Neurological

Metabolic



Metabolic
•Smell
•POC tests

•Drowsy

•Effortless tachypnoea

•pale
•dry MM
•Increased HR



Metabolic POC tests
•Glucose

•High
•low

•Ketones
•High
•low

•Blood gas
•Acidosis
•Alkalosis
•Lactate



Glucose Ketones Gas Diagnosis

High glucose
High ketones Low pH & bicarb

(+/- High lactate) DKA

Low ketones Normal pH Unstable diabetes
HONK

Normal glucose
High ketones Low pH & bicarb Accelerated 

starvation

Low ketones Low pH & bicarb
(+/- High lactate) Shock, sepsis

Low glucose
High ketones Low pH & bicarb

Ketotic 
hypoglycaemia 
(AS)

Low ketones Normal or low pH Hyperinsulinism
IEM
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Antoine Bernard Marfan
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Antoine Bernard Marfan

“Beals syndrome”
Congenital Contractural 
Arachnodactyly

Fibrillin-2 defect

1972 - FBN2 gene (Chr 15)

1896 “Marfan syndrome”

Fibrillin-1 defect

1991 - FBN1 gene (Chr 15) 
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"There exists an acute condition in children of 1-10 years of age, which is characterised exclusively by vomiting 
and acetone in the blood. Certainly, it had been seen by other observers, but I think that it has not yet been 
described in a clear and precise manner. It has often been considered as a sickness of the stomach, like a 
gastritis. It seems very probable to me, that this condition does not originate from the digestive tract and that 
those symptoms are actually a morbid second stage. I propose to demonstrate that it is often early and that it 
involves the autonomic system. Finally, in recent times, it had been described by the name cyclical vomiting or 
periodical vomiting however the cyclical nature is not the essential characteristic of this condition.”
“In this work, I have looked to highlight the clinical facts and I am careful to not make hypotheses on 
pathogenesis that the current science does not allow me to verify. 
There exists an acute condition in children, somewhat pyretic, which is characterised by incessant vomiting and 
acetone in the blood. It lasts on average 5-6 days and it almost always results in a full recovery. It is prone to recur, 
but it is not the recurrence, nor its cyclical nature that is its essential characteristic. It can show itself at the early stage, 
on its own; but in children in whom it recurs, and by consequence, who are predisposed to it, the crisis may break 
out on occasion with another sickness on which it grafts itself as an episode. I think that this condition must 
be close to that which is described by the name cyclical vomiting in children. The future will tell us if we have them 
confused. This is what I have tried to do.”
(tr. Amelia Chiappazzo)

Marfan 1901
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condition in children 1-10 years of age

vomiting and acetone in the blood

sickness of the stomach, like a gastritis

does not originate from the digestive tract

may break out on occasion with another sickness 
on which it grafts itself as an episode

…close to that which is described by the name cyclical 
vomiting in children. The future will tell us if we have 
them confused.



A few decades later…
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Insulin 
secretion

Normal fed state



MDRP projects
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Insulin 
secretion

Normal starving state
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MDRP projects
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Insulin 
secretion

Abnormal starving state
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Thresholds
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Severity Ketone Thresholds (BHB mmol/L)
Normal < 0.6
Mild ketosis 0.6 – 1.5
Moderate ketosis 1.6 – 2.9
Ketoacidosis > 3.0



• Les vomissements avec acetonemie
• Non-diabetic ketosis
• (Idiopathic) Ketotic hypoglycaemia (IKH)
• Normoglycemic ketonemia  
• Starvation ketosis
• Accelerated starvation
• Accelerated starvation of childhood (ASC)

Nomenclature
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• Adult variants
• Gestational ketosis
• Lactational ketosis
• Alcoholic ketoacidosis
• Anorexia nervosa

Accelerated starvation
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• Previously called “ketotic hypoglycaemia”
• Usually precipitated by intercurrent illness, e.g. gastro
• Poor adaption to low carbohydrate intake
• Glucose generation fails (glycogenolysis & gluconeogenesis)
• Insulin levels drop, fat broken down to ketones
• Ketones sustain neurones…
• …but also cause nausea, vomiting, abdo pain, lethargy
• … vicious cycle
• Mostly mild, some unwell, few ketoacidosis

Accelerated starvation of childhood
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•Accelerated starvation
•Diabetic ketoacidosis
•Salicylate overdose
•Ethanol
•Inborn errors of metabolism
•Anorexia nervosa
•Ketogenic diet

Ketosis – causes in children
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•Alanine deficiency (Donnelly 1974) – debunked (Wolfsdorf 1982)

•Metabolic “immaturity” (Dahlquist 1979)

•Greater relative cerebral metabolic requirements
•Alpha/Beta-cell dysfunction (Falorni 1979)

•Ketone accumulation due to poor tissue utilisation (MCT1 defic – van Hasselt 2014)

•Glycogen storage disorders (0, III, VI, IX, XI) (Brown 2014: 20/164, 14 were IX)

•Other inborn errors of carbohydrate metabolism
•     synergistic heterozygosity in multiple metabolic pathways?

Why “accelerated” in children?
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• Prevalence of “ketotic hypoglycaemia” estimated at 4/100,000 
ED presentations in retrospective studies

• Are all are hypoglycaemic?
• Are these just the most severe end of a spectrum?
• Rise in ketones happens before hypoglycaemia
• Prevalence of ketoacidosis?
• Often not tested for… therefore not recognised/treated
• Longer recovery from precipitating illness?

Prevalence of ASC
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Prevalence
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Hypoglycaemia

Ketotic hypoglycaemia

~4/100,000

~6.5/100,000



“Sugar & Spice”: check glucose and ketones
• Lethargy, altered conscious state
• Vomiting >24h
• Seizure
• Known diabetes

More than 3500 patients screened prospectively
• 3 DKA (85:100,000)
• 8 hypoglycaemia (228:100,000)
• 60 hyperketosis (1700:100,000)

Prevalence



Prevalence

�60

Hypoglycaemia

Accelerated 
starvation

>1500/100,000

Ketotic 
hypoglycaemia

>200/100,000

>150/100,000



• Episodes of hypoglycaemia (clinical and subclinical)
• Episodes of ketoacidosis

Long-term consequences of ASC
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• Convulsions (25%)
• Behavioural disorders (13%)
• Developmental disability (13%)
• ADHD (9%)
• Pervasive developmental disorder (9%)
• Eating disorders (9%)
• EEG abnormalities (3%)
• ALTE/BRUE (3%)
• Cataracts

Long-term consequences of IKH (van der Ende)
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Case 2



8yo boy
3 days of vomiting
No fever/diarrhoea/URTI
Lethargic and reduced urine output

O/E: unwell, lethargic
afebrile
HR 138, CR 2sec, dry mucous membranes
Chest clear, abdo soft, normal ENT
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FWTU – ketones +++
Glucose 3.9, ketones 7.3
Bicarb 8, CRP 3, WCC 5.9

Dx Accelerated starvation

Management
• IV normal saline, “encourage oral intake”
• Admitted to SSU
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Progress…
After 6h of NS… HR 106, passing urine
Nibbling at food, nauseated
Glucose 3.0, Ketones 6.1

Changed to NS with 5% Dextrose
4h later… Glucose 9.7, Ketones 1.8, eating
Discharged for OP clinic review
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Case 2
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Ketones ≠ dehydration

Ketones = catabolism

Ketones +++ = acidosis



• Isn’t this just normal childhood metabolism?
• It’s not really that dangerous is it?

Severity
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Bai et al

�74

Case Sex Age Dehyd pGluc pKet uKet HCO3 AG HCO3
inf

Ins
inf

CRRT

1 F <1 mild 2.0 n/a +++ 3.4 25.3 Y - -

2 F 1-5 mild 2.1 n/a +++ 4.5 18.5 Y Y -

3 M 1-5 mild 6.4 5.1 +++ 3.0 27.6 Y Y -

4 M 1-5 mild 4.5 >6 +++ <3 37.3 Y Y 9h

5 M <1 mild 4.3 n/a +++ 3.8 30.1 Y Y 17h

6 F <1 mild 5.1 >6 +++ <3 34.4 Y Y -

7 M 1-5 mild 4.7 4.9 +++ 4.8 27.5 Y Y -



• Even severe ketoacidosis can occur with low-normal 
glucose
• Insulin infusion provides the fastest improvement
• Bicarbonate & CRRT have limited efficacy

Severe accelerated starvation
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Prevalence
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Hypoglycaemia

Accelerated 
starvationSevere acidosis



Management
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Hypoglycaemia management

• 2.5ml/kg glucose 10%
OR
•Glucose gel (15g/tube)



Management of ASC
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IV therapy
• 4ml/kg/h 0.9% saline with 5% dextrose
• = 0.2 g/kg/h glucose
• = 8g glucose over 4h for 10kg child 
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Fluid Sugars (g/L)
Water zero

Saline zero

5% glucose 50
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Fluid Sugars (g/L)
Water zero

Saline zero

ORS (e.g. Hydralyte) 16

Cow’s milk 45

5% glucose 50

Infant formula 68

Juice 75-100

Lemonade 100-120
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Fluid Sugars (g/L)
Water zero

Saline zero

ORS (e.g. Hydralyte) 16

Cow’s milk 45

5% glucose 50

Infant formula 68

Juice 75-100

Lemonade 100-120

Zooper Dooper 170



Management of ASC
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IV therapy
• 4ml/kg/h 0.9% saline with 5% dextrose
• = 0.2 g/kg/h glucose
• = 8g glucose over 4h for 10kg child 
ORS therapy
• 4ml/kg/h Hydralyte
• = 0.064 g/kg/h glucose
• = 2.56g glucose over 4h for 10kg child
Zooper Dooper
• 1 Zooper Dooper 
• = 12g sucrose



• Assuming a gastrointestinal illness without excluding ketosis
• Assuming ketones will be normal if glucose normal
• Assuming high ketones don’t need treating
• Assuming high ketones are a feature of dehydration
• Management with rehydration alone, e.g. water, hydralyte, saline
• Management with glucagon
• Persisting with oral intake if child refusing to eat
• Inadequate followup - ?risk of sequelae, esp. neurological

Accelerated starvation - pitfalls
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“Are my patient’s symptoms related to…”
•Infection?
•Bacterial or viral?
•Hydration state?
•Metabolic state?

Clinical questions
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Respiratory

Circulatory

Neurological

Metabolic
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Airway
Breathing
Circulation
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A
B
C

Don’t
Ever
Forget
Glucose
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A
B
C

D
E
F
G

Have
I
Judged
Ketones?



�100

ABC DEFG HIJK



Spice pyramid

&

Sugar

Spice



Questions?


