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ALCOHOLIC KETOACIDOSIS

“Always do sober what you said you’d do “Beer is a constant proof that God loves us
drunk. That will teach you to keep your and wants us to be happy” (Benjamin Franklin)
mouth shut” (Ernest Hemmingway)

“Alcohol is the anesthesia by which we “Yes madam I am drunk. But in the
endure the operation of life” morning I will be sober and you will
(George Bernard Shaw) still be ugly” (Sir Winston Churchill)



“Once, during Prohibition, | was forced “My only regret in life is that | did not drink

to live for days on nothing but food enough champagne”, (last dying words of
and water.” John Maynard Keynes, British economist,
1946).

“I spent most of my money on alcohol and
wild women. The rest, | just wasted”
(W.C. Fields).

:.

There comes a time in every woman’s life “Absinthe”, Vincent Van Gogh” 1887.
when the only thing that helps is a glass of
Champagne. (Bette Davis). “I'd rather have a bottle in front of me

than a frontal lobotomy”. Anon

Many very wise and eminent personages have extolled the excellent benefits of alcohol -
however moderation in all things - apart from champagne - must also be taken into account!



ALCOHOLIC KETOACIDOSIS

Introduction

Ketoacidosis is the term used for the metabolic acidoses that are associated with an
accumulation of ketone bodies.

There are three principal causes of ketoacidosis:

° Diabetic ketoacidosis (most common)
° Starvation (or fasting) ketoacidosis.
° Alcoholic ketoacidosis.

A state of alcoholic ketoacidosis may develop in alcoholics who are not diabetic.
Alcoholic ketoacidosis is a condition that is often unrecognized.

It should be suspected in any unwell alcoholic patient.

There is often a precipitating underlying illness.

It usually responds well to rehydration and thiamine therapy.

Pathophysiology

Ketone bodies and ketone acids:

The three principle ketone bodies are:

° Beta - hydroxybutyrate

) Acetoacetate

) Acetone.

Acetoacetic acid is the only true ketoacid.

The dominant acid in patients with ketoacidosis is beta-hydroxybutyric acid, (which results
from the reduction of acetoacetic acid by NADH). Beta-hydroxybutyric acid is a hydroxyacid,

not a true ketoacid.

Acetone, which is formed from the decarboxylation of acetic acid, is a true ketone but not an
acid.

Ketone body metabolism: beta hydroxybutyrate <> acetoacetate — acetone.



Ketone bodies are water-soluble, fat-derived fuels that are used by many tissues for energy
generation when there is limited glucose availability.

The brain becomes especially dependent upon ketones for fuel when plasma glucose levels are
inadequate.

In most patients, neurologic manifestations of hypoglycaemia begin at a plasma glucose
concentration of less than 2.8 to 3.0 mmol/L.

In contrast, neurologic manifestations are not typically seen until the plasma glucose
concentration falls to much lower levels in patients with diabetic ketoacidosis (due to the
availability of ketones) and in patients with repeated episodes of hypoglycaemia as may be
caused by intensive therapy of diabetes or an insulinoma. Ketones are thus protective of the
symptoms of hypoglycaemia.

Although, of course, in DKA, there is a great excess of glucose, in starvation and alcoholic
ketoacidosis, there will be a degree of protection against hypoglycaemia.

Ketone generation:

Hepatic generation of ketone bodies in fasting is usually stimulated by the combination of low
insulin levels and high glucagon levels (i.e, a low insulin/glucagon ratio).

Low insulin levels, which are most often secondary to absolute or relative hypoglycaemia (as
with fasting), activate hormone-sensitive lipase, which releases long chain fatty acids and
glycerol from triglycerides in peripheral fat stores.

The fatty acids are transported to the liver via the circulation where they enter hepatocyte
mitochondria under the influence of low insulin and high glucagon levels.

Within the hepatocyte mitochondria, the fatty acids undergo beta-oxidation, generating acetyl-
CoA.

When large guantities of acetyl-CoA are generated, the oxidative capacity of the Krebs cycle

may be exceeded, resulting in the entry of acetyl-CoA into the ketogenic pathway and the
generation of ketone bodies as follows:

Beta hydroxybutyrate <> acetoacetate — acetone.

When the degree of ketoacidosis is relatively mild, the term “ketosis” is typically used rather
than “ketoacidosis”, when ketone levels become pathologically high, inducing a high anion gap
metabolic acidosis.

Alcoholic ketoacidosis:

In alcoholics, decreased carbohydrate intake reduces insulin secretion and increases secretion
of glucagon.



This process together with alcohol-induced inhibition of gluconeogenesis and stimulation of
lipolysis may lead to ketoacid formation.

Clinical features

The diagnosis of ketosis or ketoacidosis is suggested by a combination of:

° The history

And

° Typical biochemical findings

Ketoacidosis with a normal serum glucose is usually diagnostic of alcoholic ketoacidosis.

Mild fasting is associated with a less pronounced reduction in serum bicarbonate that is less
likely to induce acidosis but rather ketosis i.e the presence of ketone bodies, without the patient

being acidotic) - unless the fasting is severe (i.e starvation).

In DKA the serum glucose concentration is significantly elevated in distinction to starvation
and alcoholic ketosis/ ketoacidosis, where the glucose is low, normal or only mildly elevated.

Important points of history:

1. The patient is not diabetic.

2. There is a history of chronic alcohol abuse with poor nutrition.
3. There is a recent history of heavy alcohol intake, terminated by nausea and vomiting.
° Active drinking has stops because of the development of abdominal pain,

nausea, and vomiting
It is during this period that the ketoacidosis develops.

Important points of examination

1. Although the patient is keto-acidotic, they are generally not as unwell as a patient who
has diabetic ketoacidosis.

2. There is often an associated intercurrent illness, such as sepsis, pancreatitis, ACS or
GIT bleed, which will account more for how unwell the patient is.

Prognosis:

The prognosis with regard to alcoholic ketoacidosis in itself is good with proper treatment.



The overall prognosis is related more to underlying intercurrent illness.

Investigations

Blood tests:

1. FBE

2. CRP
[ ]

3.

Intercurrent / precipitating sepsis.

U&Es/ glucose

° Urea and electrolytes will reflect the acidosis, degree of vomiting and
underlying intercurrent illness.
v Potassium, and magnesium levels may be reduced.
v Phosphate depletion is also common in chronic alcohol abusers who
often have decreased phosphate intake.
° Glucose levels may be normal, low or mildly elevated.
Osmolar gap:

There may be an elevated serum osmolal gap.

At least two factors contribute to the increase in serum osmolal gap: elevated
serum ethanol levels at presentation, and elevated serum acetone levels, which
may persist for some period after the ethanol has been metabolized.

The ketone body anions, mostly beta-hydroxybutyrate, do not contribute to the
serum osmolal gap since the anions have accompanying cations (mostly
sodium) and are therefore accounted for in the two-times-the-serum-sodium
term in the formula for the serum osmolal gap.

Blood alcohol levels:

Usually low or absent.

ABGs/ lactate:

Show a mild metabolic acidosis with an increased anion gap.

If acidosis is severe, other / additional pathology needs to be excluded.



° Elevated lactate suggest a lactic acidosis (which can coexist).
1. LFTs

Ketone Testing:

Ketone body metabolism: beta hydroxybutyrate <> acetoacetate — acetone.
On urinalysis, (ketonuria):

° Note that despite significant ketoacidosis being possible in AKA the urinary
nitroprusside test may be only weakly positive or in fact negative.

° The nitroprusside urine test detects acetoacetate (and acetone to a lesser degree), it does
not detect beta hydroxybutyrate

° The predominant ketone body formed in AKA is beta hydroxybutyrate, hence the urine
test may underestimate the degree of ketoacidosis present.

On capillary blood testing, (ketonemia):
° The newer blood capillary ketone testing devices are able to detect beta

hydroxybutyrate and so will provide a more accurate detection of ketones in alcoholic
ketoacidosis

Management
1. Attention to any ABC issues as indicated.
IV rehydration:

° Ongoing fluids should include saline and some glucose to help prevent further
ketone development or hypoglycaemia.

Dextrose administration will increase insulin secretion and reduce glucagon
secretion. These hormonal changes reduce ketone body production and increase
ketone body metabolism.
Dextrose solutions should however also be avoided in patients with severe
hypokalaemia since it stimulates insulin secretion, which drives potassium into
the cells and can worsen the hypokalaemia

2. Thiamine 100mg 1V:

° To prevent Wernicke’s encephalopathy and help normal glucose metabolism.



Insulin:

Should ideally be given before any glucose is given, to avoid an acute
precipitation of Wernicke’s encephalopathy.

Note however that in patients with hypoglycaemia, glucose administration
should never be delayed pending administration of thiamine. It should be given
as soon as possible.

This should be avoided (unless the patient is diabetic) as these patients usually
have only marginally elevated glucose levels in addition to depletion of body
glycogen stores.

Any insulin given in these circumstances may result in severe hypoglycaemia.

Electrolyte replacement:

In particular correct potassium and magnesium deficiency as indicated.

Precipitating illness:

Look for and treat any underlying precipitating illness.

The acidaemia in all forms of ketoacidosis corrects at least partially with
appropriate treatment of the underlying disease, which slows the rate of
ketogenesis and allows peripheral tissues and the brain to metabolize the ketone
bodies.

Oxidation of beta-hydroxybutyrate and acetoacetate (but not acetone) will result
in the regeneration of bicarbonate.

Alcohol withdrawal:

The strong possibility of alcohol withdrawal symptoms needs to be considered
and treatment with benzodiazepines initiated as appropriate.

In uncomplicated cases the condition usually resolves within 12-24 hours and the
patient will be able to be discharged.
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Interrelationships between the three principle ketone bodies.



Write drunk; edit sober. I have to think damned hard to name an interesting man
(Ernest Hemingway). who does not drink. (Richard Burton).

When | am victorious | drink One more drink and |/l be under the host.
Champagne to celebrate. (Mae West).

When | am defeated | drink

Champagne to console myself.

(Napoleon Bonaparte).
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