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Before 1922

• Type 1 was universally fatal despite all efforts
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Differentiation

• The first mention of “Diabetic Coma” 
– but it was in a German textbook

von Stosch A. 1828. Versuch einer Pathologie und Therapie des Diabetes Mellitus Berlin, Duncker und Humblot



Aceto Acetic Acid

Beta-Hydroxybutyric 
Acid

Petters W Untersuchungen über die Honigharnruhr. Vrtljschr Prakt Heilk 1857;3:81–94 
Foster B BMJ 1878;1:78–81

Stadelmann E Arch Exp Pathol und Pharmakol 1883;17:419–444
Minkowski O Arch Exp Pathol und Pharmakol 1884;18:35–48

The Discovery of Urinary Ketones

• In 1857, Petters was the first to show that 

acetone was present in the urine of people 

with diabetes

• Confirmed 20 years later in the UK

• And in the 1880’s, βOHB was also identified 

in the urine



Adolf Kußmaul in 1874

• Described patients in a diabetic coma with ‘peculiar 
breathing and dyspnoea’

• He described 2 types of diabetic coma – those with 
and without Kussmaul breathing

Kußmaul A Glasgow Medical Journal 1874;6:485-500
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The Aftermath of the Paris Siege of 1870

• After the siege of Paris in 1870, it was 
realised that strict diets could prolong life 
for a year or two 

• But it was a life of misery – alleviated 
temporarily by opium (if you could afford 
it)
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Elliott Joslin in 1925

Joslin EP et al Med Clin N Am 1925:8:1873-1919



33 Cases Treated with Insulin

Joslin EP et al Med Clin N Am 1925:8:1873-1919



Insulin Doses

Joslin EP et al Med Clin N Am 1925:8:1873-1919



Fluids

Joslin EP et al Med Clin N Am 1925:8:1873-1919
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RD Lawrence at King’s

Lawrence RD BMJ 1930;1:690-692
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Mortality

Black AB et al Lancet 1949;253(6541):56-59
Root HF JAMA 1945;127(10):557-563
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Low Dose Hourly IM Insulin

Alberti KGMM Lancet 1973;302(7828):515-522

• 14 of these 17 had DKA, the others 
had HHS

• 5 or 10 units hourly IM

• Initial mean insulin dose was 16units

• Average IV fluids given was 6.9L in 
the first 6 hours to those in DKA

• Once glucose was between 4.4 and 
16.7 mmol/l, insulin switched to SC
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Alberti KGMM Lancet 1973;302(7828):515-522

• 14 of these 17 had DKA, the others 
had HHS

• 5 or 10 units hourly IM

• Initial mean insulin dose was 16units

• Average IV fluids given was 6.9L in 
the first 6 hours to those in DKA

• Once glucose was between 4.4 and 
16.7 mmol/l, insulin switched to SC



Low Dose IV Insulin Infusions

Page MM et al Br Med J 1974;ii(921):687-690
Kidson W et al Br Med J 1974;ii(921):691-694

Semple PF et al Br Med J 1974;ii(921):694-698

Rate of glucose and β-OHB drop with low dose (5-6 units/hr) insulin infusion



Low Dose IM vs SC vs IV Insulin

• 45 people admitted with DKA – diagnosed

– Blood glucose >16.7 mmol/l

– Blood acetone positive after 1:2 dilution

– pH <7.3

– Serum bicarbonate <15 mmol/l

– Glucosuria (≥3+)

– Ketonuria

Fisher JN et al NEJM 1977;297(5):238-241
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Phosphate

Fisher JN et al JCEM 1983;57(1):177-180



Bicarbonate

• If you infuse bicarbonate, the rise in plasma pH induces a 
hypoventilation in people with an acidosis – this leads to a rise in 
pCO2 which readily diffuses across the BBB to cause the CSF pH to 
drop further

Morris LR et al Ann Int Med 1986;105(6):836-840 
Posner JB et al NEJM 1967;277(12):605-613



Abbas Kitabchi

Umpierrez GE Diabetes Care 2016;39(3):333-336



The First ADA Consensus Document

Kitabchi AE et al Diabetes Care 2001;24(1):131-153
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In the UK – What Should Have been Happening

• ABC

• Lots of normal saline

• Stat intravenous insulin followed by constant or variable rate 
intravenous insulin infusion

• A few other things (potassium, ± phosphate, ± bicarbonate, 
etc.)



What Was Actually Happening

• Hopefully make the right diagnosis

• Give a bit of, or too much insulin

• Give a bit of, or too much fluid

• Criminally assault PWD with arterial blood gas assessment, 
despite O2 saturation being 100%

• Put patient in a corner or on a non-medical ward…dependent 
on what bed manager says



What Was Actually Happening

• Forget to repeat bloods, or forget to call lab for result

• Forget to review patient

• Correct potassium 4 hours after it falls

• Stop long-acting subcutaneous insulin to ensure delayed 
recovery



Launched at DUK in Liverpool 2010 
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“A Consensus of Worthy Opinion”



Overall quality  of JBDS – IP guidelines in 104 UK Trusts

DKA

Overall Quality of JBDS Guidelines

Sampson MJ Diab Med 2018;35(8):988-991



Overall quality  of JBDS – IP guidelines in 104 UK Trusts

DKA

Overall Quality of JBDS Guidelines

Sampson MJ Diab Med 2018;35(8):988-991

Over 90% of respondents 

rated the guidelines as 

‘Excellent’ or ‘Good’
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Things That Are Now Standard of Care

• Fixed diagnostic criteria 

• Using VBG

• Using bedside ketone monitors

• ‘FRIII’ and ‘VRIII’ (and avoidance of the term ‘sliding scale’)

• Continuing long acting insulin alongside the IV insulin



Euglycaemic DKA

Munro JF et al BMJ 1973;ii(5866):578-580
Jenkins D et al Acta Diabetologica 1993;30(4):251-253

Macfarlane J et al Mayo Clinic Proceedings 2019;94(9):1909-1910
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SGLT inhibitors

Peters A et al Diabetes Care 2015;38(9):1687-1693
https://www.sanofi.com/-/media/Project/One-Sanofi-Web/Websites/Global/Sanofi-COM/Home/media-room/press-releases/2019/2019-03-22-19-15-00-

1759502-en.pdf
https://assets.publishing.service.gov.uk/media/619374948fa8f5037ffaa083/20211102-uk-dhpc-forxiga-T1D-withdrawal.pdf
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• No recommendation to continue long acting subcutaneous 
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Dhatariya K et al Lancet Diab Endocrinol 2017;5(5):321-323
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Continued Year-on-Year Improvements - USA

• Despite an increase in 
hospitalisations, case 
fatality dropped by 64% 
from 1.1% in 2000 to 
0.4% in 2014

Benoit SR et al MMWR 2018;67:362-365



And UK

• No deaths 
over 6 years 
in Glasgow, 
and no 
deaths in the 
national 
survey in 
2014

Gibb FW et al Diabetologia 2016;59(10):2082-2087
Dhatariya KK et al Diab Med 2016;33(2):252-260



But Mortality Remains High in LDCs

• Rates of >30% mortality in India, parts of Africa and the 
Caribbean
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Changes needed

Dhatariya KK et al Diab Med 2016;33(2):252-260

• These data showed that hypokalaemia and hypoglycaemia 
were common (67% <4.0mmol/l, and 28% <4.0mmol/l 
respectively) 



16 – 18 Year Olds in the UK

Dhatariya K et al Brit J Diabetes 2019;19(1):29-33



This Led to Immediate Change

https://www.bsped.org.uk/media/1943/bsped-guideline-for-the-management-of-children-and-young-people-

under-the-age-of-18-years-with-diabetic-ketoacidosis-2021.pdf
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A Tribute To Guillermo Umpierrez



If Anyone is Interested

Dhatariya K et al Nature Rev Dis Primers 2020;6:40
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The Future?

• Things we can’t change (quickly)
– Infections

– Inequality and deprivation

– Mental health problems

– Identification and education of those at risk

• Things that might help
– Closed loops

– Longer acting insulins

– ……….
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