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DIABETIC KETOACIDOSIS.

“A Young Woman In Classical Dress Holding A Red Rose”, oil on canvas, Georges
Bellanger, (1847-1918).

“In that year, a scandal broke out in the Emperor’s own home. It was shameful 10
discuss, horrible to remember”, Suetonius, First Century AD.



Narrator: Many Romans yearned to follow their emperor back to the good old days of
stern Roman virtue. But others revelled in the promises of Rome’s newfound peace. Ovid
was one of them. To the youthful poet, old limits seemed meaningless.

Reconstruction voiceover: “Do not doubt you can have any girl you wish. Some give in,
others resist but all love to be propositioned. And even if you fail, rejection doesn’t hurt.
Why should you fail? Women always welcome pleasure and find novelty exciting.”

Narrator: Indeed, the earlier civil wars had unleashed enormous social change. Some
women had gained political clout, new rights and new freedoms. Tradition holds that one
such woman was Julia, the emperor’s only child.

Reconstruction voiceover: “Julia had a love of letters, and was well educated - a given
in that family. She also had a gentle nature and no cruel intentions. Together these
brought her great esteem as a woman.”

Narrator: Julia didn'’t reject traditional values wholesale. She had long endured her
father’s overbearing control. She dutifully married three times to further his dynastic
ambitions, and she bore five children. Her two boys, Guyus and Luccius were cherished
by Augustus as probable heirs. But like Ovid, Julia expected more from the peace. She
was clever and vivacious and she had an irreverent tongue that cut across the grain of
Roman convention. Her legendary wit was passed through the centuries by a late Roman
write called Macrobius.

Reconstruction voiceover: “Several times her father ordered her in a manner both
doting and scolding to moderate her lavish clothes and keep less mischievous company.
Once he saw her in a revealing dress. He disapproved, but held his tongue. The next day,
in a different dress, she embraced her father with modesty. He could not contain his joy
and said “Now isn’t this dress more suited to the daughter of Augustus?” Julia retorted,
“Today I am dressed for my father’s eyes. Yesterday I was dressed for my husband.”

Narrator: But apparently, Julia’s charms were not reserved for her husband alone. The
emperor’s daughter took many lovers.

Professor Judith Hallet: Her dalliances were so well known that people were actually
surprised when her children resembled her second husband, who was the father of her
five children. She wittily replied, “Well that's because I never take on a passenger unless
I already have a full cargo.” The meaning here is that she waited until she was already
pregnant before undertaking these dalliances, so concerned was she to protect the
bloodlines of these offspring.

Narrator: Julia, like Ovid, was a testament to her times. But neither of them were
average Romans. The life they represented shocked traditional society to the core. And as
Julia entered her thirty-eighth year, crisis loomed.

Reconstruction voiceover: “In that year, a scandal broke out in the emperor’s own
home. It was shameful to discuss, horrible to remember”.



Narrator: One Roman soldier voiced deep revulsion at Julia’s extraordinary self-
indulgence.

Reconstruction voiceover: “Julia, ignoring her father Augustus, did everything which is
shameful for a woman to do, whether through extravagance or lust. She counted her sins
as though counting her blessings, and asserted her freedom to ignore the laws of
decency”.

Narrator: Julia’s behaviour erupted into a full-blown political crisis, which was marked
by over-blown claims. The emperor's daughter was rumoured to hold nightly revels in
Rome's public square. She was said to barter sexual favours from the podium where her
father addressed the people. When the gossip reached Augustus, the emperor flew into a
violent rage. He refused to see visitors. Upon emerging, Suetonius reports, he publicly
denounced his only child.

Reconstruction voiceover: “He wrote a letter, advising the Senate of her misbehaviour,
but was absent when it was read. He secluded himself out of shame, and even considered
a death sentence for his daughter. He grew more obstinate, when the Roman people came
to him several times, begging for her sake. He cursed the crowd that they should have
such daughters and such wives.”

Narrator: As a father, Augustus could not abide Julia’s behaviour. As an emperor, he
could not tolerate the embarrassment. Augustus banished Julia for the rest of her life.

“The Roman Empire in the First Century AD”,
Transcript Extract, PBS Documentary 2001

Of perhaps the half dozen greatest figures in history - those who have profoundly
influenced the course of human affairs - Augustus Caesar would certainly be one of them.
In a vicious fight for supremacy during the last days of the Roman Republic he was able
to overcome all rivals. The struggle was no less than a ferocious process of Darwinian
selection and by 31 BCE only a single rival stood standing - one of Rome’s greatest
generals, and the lover of Cleopatra, Mark Antony. Augustus led his loyal legions to a
crushing victory over Antony and the legions loyal to him, at the battle of Actium in 31
BCE. By 27 BCE, he had established himself as the sole ruler of a new Imperial Rome
which had replaced the old Republic. Wary of the fate of his great uncle Julius Caesar,
he never styled himself “Emperor”, as would his successors, although none were in any
doubt as to his unchallengeable position as supreme ruler. He established the first
standing army of Imperial Rome which gave him unquestioned hegemony over the known
“civilized” world. He then turned the Imperial legions loose on the unknown lands
outside the Empire. Victory followed victory followed victory. The tribes outside Rome’s
sphere awaited the legions in dread and terror. The decision they would face was usually
straight forward - submit to the rule of Augustus or be annihilated. Most submitted -
some fought back - but these then simply disappear from the written records of history.
The Empire expanded relentlessly until one of its best armies was treacherously led into
ambush in the frozen forests of the extreme north of “Germania”. Three elite legions
were annihilated in the Teutoburg forest in 9 AD. Augustus was not only a great military
leader he was also a great statesman and a great pragmatist. He decreed that the Empire
had reached such a point that to continue expansion would place unbearable strain on its



resources. He fixed the boundaries of the Empire at the Rhine in the north and ceased his
policy of aggressive expansion, but not before a sickeningly violent punitive expedition
was sent under Germanicus back into the lands of Germania to exact revenge on the
general population for the defeat in the Teutoburg forest. The policy of remaining at the
Rhine was then largely adhered to by his successors over the next five hundred years. He
thus brought peace (in relative terms) to the Empire. Augustus was one of the longest
reigning Emperors of the West and would be one of the very few who died peacefully of
old age in his bed. By 10 AD Augustus was the most powerful man in the world. His
Empire was secure, his position unchallengeable, peace reigned. After 10 AD no general,
no statesman, no senator, no foreign king, dared defy him. To have done so would have
meant certain, swift and horrific execution. Yet there would be one person in all his long
reign who would openly defy him and whom he was completely powerless to control - his
daughter - Julia. Augustus was determined that the ruling house of Rome would live by
the strictest set of pure moral standards for the rest of the Empire to follow. When word
reached him that his own beloved daughter Julia was somewhat “loose” in this regard -
to put it mildly - he flew into an uncontrollable rage. The more he looked into the matter
the more horrified he became. For an instant he even thought of having her executed, but
he loved her deeply. Driven to distraction, unused to any form of defiance, he locked
himself in his room for weeks, leaving the affairs of state in chaos. His muffled raging
could be heard from his room, and few dared to disturb him. He became convinced that
the most famous poet in Rome, Ovid, had led his daughter astray by his licentious poetry
and writings. Yet he also loved Ovid. Unable to decide how to deal with Julia he merely
had her banished to a luxurious Mediterranean island - for the rest of her life. Ovid was
less fortunate. He was banished to one of the most barbarous outposts of the Empire - but
he was still allowed to continue his writing. He repeatedly begged the Emperor to free
him from exile - but Augustus never spoke to him again. For Ovid, the ultimate urban
sophisticate, no punishment could have been harsher. His writings in exile make sad and
poignant reading: “...Beyond these rickety walls there’s no safety. And inside it’s hardly
better. Barbarians live in most of the houses - even if you're not afraid of them you'll
despise their long hair and clothes made of animal skins. They all do business in their
common language. | have to communicate with gestures. | am understood by no one, and
the stupid peasants insult my Latin words. They heckle me to my face, and mock my
exile....When night falls here, | think of that other night when | was cast out into the
endless gloom. We managed to laugh, once or twice, when my wife found, in some old
trunk, odd pieces of clothing. This might be the thing this season, the new Roman mode.
And just as abruptly, our peal of laughter would catch, and turn into tears. And we held
each other. My wife sobbed at the hearth.....Oh, | repent | repent. If anyone as wretched
as I can be believed, I do repent. I am tortured by my deed.”

Ovid died in exile, a bitter and broken man. Augustus’s agony over his daughter would
remain unreconciled. Even though peace and harmony appeared to have been restored to
the Empire and despite the pleas and petitions of important persons of the Empire on
behalf of his daughter, Augustus remained tragically bitter and unforgiving to the end of
his life. In treating our patients with DKA, all may seem outwardly restored to harmony
once the glucose has returned to normal levels, much like the moral environment of Rome
being restored following the banishment of Julia. However our treatment with insulin
must yet continue. Just as the Emperor continued the banishment of his loose moraled
daughter, lest she again corrupt the morals of Rome, so must we continue the insulin to
ensure that the underlying cause of the problem - ketosis - does not recur!



DIABETIC KETOACIDOSIS

Introduction

Diabetic ketoacidosis (DKA) is a life-threatening diabetic emergency that consists of the
biochemical triad of: !

1. Ketonaemia, (the hallmark of DKA):

° Significant ketonaemia: (> 3.0 mmol/L)
Or
° Significant ketonuria: (> 2+ on standard urine testing sticks)

2. Hyperglycaemia:

° >11.0 mmol/L

Or
° Known diabetes mellitus
3. Acidaemia:

° Bicarbonate (HCO3") < 15.0 mmol/L

And/or

° Venous pH < 7.3
It should be noted that in the past DKA was considered to be indicative, or even
diagnostic, of type 1 diabetes, but increasingly there are cases of ketone-prone type 2
diabetes being recognized. However, the initial treatment is the same.
Modern treatment aims primarily for the clearance of Ketonaemia, (with less emphasis on
the lowering of blood glucose levels) and this will necessitate regular blood ketone
measurements by the use of bedside ketone measuring devices.
Following initial resuscitation in the ED, there must be early consultation with the
Endocrine Unit in all cases. Failure to consult with the Endocrine Unit is unsafe and
likely to compromise safe patient care.

Severe cases should also be referred early to the HDU/ICU

For DKA in children, (i.e. < 18 years of age) see RCH Guidelines



Pathophysiology

Biochemical derangement:

Diabetic ketoacidosis is a complex disordered metabolic state characterised by:

° Ketonaemia, (the prime metabolic abnormality in DKA)
° Hyperglycaemia
° Acidaemia.

It usually occurs as a consequence of absolute or relative insulin deficiency that is
accompanied by an increase in four counter regulatory (i.e. glucose increasing)
hormones:

° Glucagon

° Cortisol

° Growth hormone

° Catecholamines, (i.e. adrenaline)

These hormonal imbalances enhance hepatic gluconeogenesis and glycogenolysis
resulting in severe hyperglycaemia.

Because of the lack of insulin however this glucose cannot be transported intracellularly;
and so the cells quite literally starve amidst a “sea of plenty”

Enhanced lipolysis increases serum free fatty acids that are then metabolised as an
alternative energy source in a process known as ketogenesis.

This results in the accumulation of large quantities of ketone bodies and results in a
subsequent severe metabolic acidosis.

Ketones are produced when fat is metabolized as an alternative source of energy. This
can occur when glucose becomes unavailable to the tissues as a source of energy, as
occurs in diabetics.

These ketones can be used as an alternative source of energy by the brain.

However if allowed to go untreated, the excessive production of ketones will result in
ketoacidosis.

Ketone body metabolism occurs as follows:

Fatty acid oxidation — 2x Acetyl Co-A — Acetoacetyl COA — beta hydroxybutyrate
<> acetoacetate — acetone



Ketoacids formed are:

° Acetoacetate

° Beta hydroxybutryate (the predominant form)

Acetone is not a ketoacid.

The excessive formation of ketones in the blood is called ketosis.

The presence of ketones in the urine is called ketonuria.

It should be noted that in the past DKA was considered to be indicative, or even
diagnostic, of type 1 diabetes, but increasingly there are cases of ketone-prone type 2

diabetes being recognized. However, the initial treatment is the same.

Fluid and electrolyte derangement:

A significant additional pathophysiology is severe dehydration, which is due to a
number of mechanisms including:

° Osmotic diuresis due to hyperglycaemia
° Vomiting - which is commonly associated with DKA
° Inability to take oral fluids due to vomiting and increasing unwellness in general

Significant electrolyte disturbances are also a feature of DKA and include:

° Initial hyperkalemia (due to acidosis, even though there is a total body depletion
of potassium)

° Hypokalemia is manifested in the initial stages of treatment with fluids and
insulin
° Hypernatraemia, due to osmotic dehydration.

Complications

The principal complications of DKA include:

1. Dehydration and circulatory shock.
2. Electrolyte disturbances:
Principally:

Acidaemia:



4.

When severe, myocardial depression, circulatory collapse, multiorgan
failure

Hypernatremia:

This reflects the severity of dehydration.

Hyperkalemia:

) A normal or even elevated serum potassium concentration may be seen
on presentation due to the extracellular shift of potassium in acidotic
conditions. However this very poorly reflects the patient’s total potassium
stores.

Hypokalemia:

° There is significant total body potassium depletion in DKA

Potassium will almost always fall as the DKA is treated with insulin.
Hypokalemia occurs with treatment and can be severe - even fatal - if not
corrected.

Cerebral oedema:

ARDS:

Cerebral oedema causing symptoms is relatively uncommon in adults
during DKA although asymptomatic cerebral oedema may be a common
occurrence.

The observation that cerebral oedema usually occurs within a few hours of
initiation of treatment has led to the speculation that it is iatrogenic.

However, this is disputed since subclinical cerebral oedema may be
present before treatment is started.

The exact cause of this phenomenon is unknown; previous work in
animals and humans has suggested that cerebral hypoperfusion with
subsequent reperfusion may be the mechanism operating.

Cerebral oedema associated with DKA is more commonly seen in
children than in adults. In the UK, previous data suggested that around 70
- 80% of diabetes related deaths in children under 12 years of age were as
a result of cerebral oedema.

This complication is seen more often in adults as compared to children.

Typical deficits that are seen with adults presenting in established DKA are as follows:



Parameter Deficit
Water 100 ml/kg.
Sodium 7-10 mmol/kg
Chloride 3-5 mmol/kg
Potassium 3-5 mmol/kg.
Phosphate 1 mmol/kg.

Clinical features

Patients may present as:

1.

2.

New type | diabetics
Known diabetics (types I or 1) who:
° Have intercurrent illness

° Have poorly managed diabetes

Important points of history:

Symptoms include:

1.

2.

Nausea and vomiting:

Polyuria and polydipsia

Recent weight loss.

Those of an intercurrent illness.
For known diabetics establish:

° Usual insulin regime

) Degree of compliance/ understanding of management.



Important points of examination:

1.

Vital signs:
° Fever - look for a septic focus.
° Tachypnea is common, due to acidosis (“Kussmaul respiration’)

Ketone bodies may be detected on the patient’s breath.

Conscious state (GCS)

Bedside capillary blood testing of:

° Glucose level

° Ketone level.

Hydration status

Assess for a possible occult surgical condition:

° Note that DKA can be a cause of abdominal pain, however signs of frank

peritonism (e.g. guarding/ rigidity) should always raise suspicion for an
underlying precipitating surgical condition.

Assessment of DKA severity:

The presence of one or more of the following may indicate severe DKA. !

These will necessitate early referral to ICU, (and probable admission to ICU):

1.

Clinical parameters:
° Altered level of consciousness:
In particular:

v GCS < 12 or abnormal AVPU scale

° Low oxygen saturation:
v < 92% on air (assuming normal baseline respiratory function).
° Hypotension:

v Systolic BP below 90 mmHg



° Tachycardia > 100 b.p.m or bradycardia < 60 b.p.m

2. Biochemical parameters:
° Blood ketones > 6 mmol/L
° Bicarbonate level <5 mmol/L
° Venous/arterial pH <7.0
° Hypokalaemia on admission: < 3.5 mmol/L
° Anion gap: > 16

Investigations

Bedside blood capillary testing:

This is done for both blood glucose levels and blood ketone levels.

The resolution of DKA depends upon the suppression of ketonaemia and measurement
of blood ketones now represents best practice in monitoring the response to treatment.

Blood tests:
1. FBE
2. CRP
3. Glucose:
) Normally glucose levels will be high, however beware of “euglycemic
DKA”.
Here, a patient may present with acidosis and ketosis and a relatively
normal glucose (e.g. 18 mmol/L)
This clinical presentation is being encountered more frequently. Improved
patient education with increased blood glucose and ketone monitoring has
led to partial treatment of DKA prior to admission with consequent lower
blood glucose levels at presentation.
4. Urea and Electrolytes:
° Osmolarity = (2 x Na) + glucose + urea (in mmol/L)
° Corrected Na level = measured Na + 1/3 (glucose-10)

° Calculate the anion gap (Na + K) - (Cl + Bicarbonate)



° Urgent potassium level.
Beta HCG - for women of child bearing age.
Blood gases:

Venous blood gas analysis (as opposed to arterial) is sufficient for the urgent
measurement of:

° pH
° Bicarbonate
° Potassium:

The difference between arterial and venous values for these parameters is minor
(for pH is it is 0.02 - 0.15 pH units and for bicarbonate it is 1.88 mmol/L) and will
not alter management decisions. This allows for easier blood sampling and also
saves patients from a degree of distress associated with arterial sampling.

An arterial line may be required in the very unwell, where frequent assessment
of oxygenation is required or real time monitoring of blood pressure is desirable.

Blood cultures:

° These are often done as a screen for occult sepsis.

Frequency of blood testing:

This will depend to a large extent on how unwell the patient is.

In general terms for the average presentation it is reasonable to do hourly measurements

on:

1.

2.

3.

4.

5.

Urine:

Glucose
Blood ketones
Venous pH
Bicarbonate

Potassium

Send for M & C, as part of a general screen for sepsis.



FWT for :

1. Glucose
2. Ketones (> 2+ on standard urine testing sticks is significant).
° Note however that urinalysis can underestimate ketonuria. Urine sticks

detect acetoacetate but not P-hydroxybutyrate (B-HB), which is the
principle ketoacid in DKA.

CXR:

Look for a possible source of sepsis.

ECG:

As for any significantly unwell patient a 12 lead ECG should be done.

Consider possible precipitating ACS

Management

1. Immediate attention to ABC issues, assess and treat as clinically indicated.
2. Establish 1V access and commence initial fluid resuscitation:
° Preferably large bore and with “pump set” line.
° Patients may require initial fluid resuscitation to restore a compromised
circulation.

Normal saline should be used to achieve a blood pressure of at least 90
mmHg systolic.

As a general guide, 250 - 500 mls of 0.9% sodium chloride solution may
be given over 10 - 15 minutes.

If systolic blood pressure remains below 90 mmHg this may be repeated.

In practice most patients will respond to between 500 -1000 ml given
rapidly.

Colloid solutions are not recommended.
3. Establish monitoring:
° Continuous ECG monitoring.

° Continuous pulse oximetry monitoring.



° IDC:
v In the unwell.
If not unwell, consider if the patient is incontinent or anuric (i.e.
not passed urine by 60 minutes)
Aim for at least 0.5 mls/kg/hr is a minimum desired urine output.
° Consider arterial line and CVC, according to how unwell the patient is.

Following initial resuscitation, the most important therapeutic interventions will
then be:

) Fluid replacement.
° Insulin therapy
° Careful monitoring of potassium levels.

Fluid replacement:

There is strong consensus that the most important initial therapeutic intervention
in DKA is appropriate fluid replacement followed by insulin administration.

The main aims for fluid replacement are:

° Restoration of circulatory volume
° Clearance of ketones
° Correction of electrolyte imbalance

The fluid loss in the average case of DKA at presentation is up to 100 mls/Kg
(therefore in a 70 Kg person the deficit at presentation would be about 7 liters).

Fluid replacement in children and young adults should ideally be over a period of
48 hours, due to concerns about the possibility of cerebral edema developing in
these age groups as a consequence of too rapid a rate of rehydration.

There is some controversy about the use of normal saline versus Hartmann’s
solution. Concerns have been raised about the use of large volumes of normal
saline and the development of hyperchloraemic metabolic acidosis, which may
slow the resolution of acidosis.



Recent UK Consensus guidelines, however feel that this does not have significant
clinical consequences and that Hartmann’s solution does not provide sufficient
potassium for replacement needs.

Overall normal saline is still the current recommended fluid replacement
solution for DKA. !

Following fluid resuscitation of the circulation, a typical fluid replacement
regimen for a 70 kg adult is shown below. !

Note that the table below is an illustrative guide only, and may need to be
adjusted according to the circumstances of each individual case.

In particular slower rates of correction are recommended for children and young
adults. Slower rates may also be indicated in adult patients with significant heart
failure or renal disease or in patients who are pregnant.

Fluid Volume and Rate

0.9 % normal saline 1 liter over first 1 hour
0.9 % normal saline 1 liter over next 2 hours
0.9 % normal saline 1 liter over next 2 hours
0.9 % normal saline 1 liter over next 4 hours
0.9 % normal saline 1 liter over next 4 hours
0.9 % normal saline 1 liter over next 6 hours

Note that:

The required rate of fluid administration should be reassessed regularly

Following the availability of electrolyte results (usually after the first liter has
been given) normal saline may need to be replaced with a different
rehydration fluid. If corrected sodium is > 150 mmol/L - then 0.45 % saline
may be a better fluid. There should be close consultation with the Endocrine
Unit.




5. Potassium replacement:
Potassium levels must be carefully monitored

Initially potassium levels may be high due to the acidosis, (even though total
body potassium is depleted. This is because the loss is primarily intracellular).

As acidosis resolves with fluid and insulin treatment potassium levels may fall
precipitously and replacement will then be required.

In general terms:
Give potassium according to the level and according to local hospital polices.

Below is a general guide:

Potassium level in first 24 | Rate of Potassium Administration
hours

Potassium > 5.5 mmol/L Withhold potassium

Potassium 4.0 - 5.5 mmol/L | 10 mmol KCI / hour.

Potassium < 4.0 mmol/L 20 mmol KCI / hour

10-20 mmol KCI may be added to hourly one liter normal saline bags.

If additional potassium needs to be given then 10 - 20 mmols can be given in separate bags of
100 mls normal saline over one hour.

In severe hypokalaemia, rates higher than 20 mmol/hr (via a central line) may be appropriate.

Note that anuric patients and chronic renal failure patients may need reduced
potassium replacement. There should be consultation with the Endocrine Unit.

6. Insulin therapy:
Initial therapy:
Insulin therapy is primarily used to:

° Suppress ketogenesis:




v This is the most important end point of treatment, rather than the
normalization of glucose levels, (which of itself is not an end point)

° Normalize glucose levels:
v But this is not the principal end point
° Correct electrolyte disturbances:
v Note intracellular potassium deficits will be corrected, be this will

be at the expense of intravascular plasma potassium levels, which
must be treated separately by the administration of potassium, (see
above).

Current preference is for a fixed rate insulin infusion given on a per kg
weight basis.

Administration by weight allows insulin resistant states to be accommodated.
Reliance on standard infusions rate regimens will fail to accommodate for a range
of situations, including the very obese or the pregnant patient and risks premature
reduction of insulin dosage.

The adequacy of the insulin regimen is determined by the rate of fall of the
ketones, and/ or the rate of rise of the bicarbonate, (not the fall in glucose) -
see “Therapeutic End Points”, below.

Note that rise in bicarbonate may be used to assess initial treatment response
when blood ketones are not able to be measured.

Note that ketonaemia and acidaemia may both be present in the presence of a
normal glucose level, and ongoing insulin therapy will be required.

The rate of insulin infusion is 0.1 unit / kg / hr. e.g. 7 units per hour for a 70
kg person, and so as a guide see the following:

60-69 6
70-79 7
80-89 8

90-99 9

15 (any dose higher than this
should be on the advice of the

Diabetes Specialist Team)



Note that supplementary glucose solution may need to be infused at some stage in
treatment to provide substrate.

This will permit the fixed rate insulin infusion to be maintained, by avoiding
hypoglycaemia and will allow the full suppression of ketone production, (see
hypoglycaemia below).

Loading dose insulin:
) This is not recommended, so long as 0.1 U/kg per hour or greater is used.

However a stat “loading” dose of IM insulin (0.1 unit/kg) (rapid and short
acting, such as “actrapid”) may be given when IV access is delayed.

Continuation of S.C basal (i.e. long acting background requirement) insulin:
° This is recommended in addition to the therapeutic insulin infusion.
If the patient is already on a long-acting insulin:

v Recently the use of long acting human basal insulin analogues
(such as Levemir or Lantus) has become widespread.

Continuation of these long acting subcutaneous analogues (at the
usual dose at the usual time) during the initial management of
DKA provides background insulin for when the IV insulin
infusion is discontinued.

This avoids rebound hyperglycaemia when IV insulin is stopped
and helps avoid excess length of stay.

This only applies to long acting analogues and does not obviate
the need to give a short acting insulin before discontinuing the
intravenous insulin infusion.

If the patient is a new diagnosis diabetic or is a diabetic but is not on a
long-acting insulin:

v Patients presenting with newly diagnosed type 1 diabetes should be
given Lantus or Levemir (or human NPH insulin, depending on
local policy) at a dose of 0.25 units/Kg subcutaneously once
daily

This is to mitigate against rebound ketosis when they are taken off
the fixed rate intravenous insulin infusion.



Conversion to subcutaneous insulin:

The patient should be converted to an appropriate subcutaneous regime when
biochemically stable (blood ketones less than 0.6 mmol/L, pH over 7.3) and the
patient is ready and able to eat.

The precise dosing of subcutaneous insulin can be complex and must be
individualized for each patient, and is best prescribed by the Endocrine unit.

Commencement of IV glucose/ avoidance of hypoglycemia:

Management is focussed on the clearing of ketones as well as normalising blood
glucose.

As glucose is often normalized before the clearance of ketones it is often
necessary to administer an intravenous infusion of glucose in order to avoid
hypoglycaemia and permit the continuation of a fixed rate insulin infusion to
suppress ketogenesis.

The blood glucose may fall very rapidly as ketoacidosis is corrected and a
common mistake is to allow the blood glucose to drop to hypoglycaemic levels.

This may result in a rebound ketosis driven by counter-regulatory hormones.
Rebound ketosis lengthens duration of treatment. Severe hypoglycaemia is also
associated with cardiac arrhythmias, acute brain injury and death.

Introduction of glucose is recommended when the blood glucose falls below
14 mmol/L.

It is important to continue 0.9% sodium chloride solution to correct fluid
deficits so it may be necessary to infuse these solutions concurrently

Glucose should not be discontinued until the patient is eating and drinking
normally.

A suggested regime is:
When glucose falls to below 14 mmol/L commence:

) 5% glucose given at 250 mls / hour (i.e. a 4 hourly liter at 12.5 grams
per hour), and titrate to ongoing requirements.

Alternatively
° 10% glucose infusion can be commenced at 125 mls / hour (i.e an 8

hourly liter at 12.5 grams per hour) and titrate to ongoing
requirements.



10.

If hypoglycaemia occurs, temporarily cease the insulin infusion, and correct the
hypoglycaemia with a bolus dose of 1V 50 % glucose.

Increase the glucose infusion rate, and when hypoglycaemia has been
corrected, recommence the insulin infusion again as required, (note that ketosis
can recur within minutes).

Bicarbonate:

The routine use of bicarbonate is not recommended.

Adequate fluid and insulin therapy will resolve the acidosis in DKA.

Acidosis may in fact provide (up to a degree) some protective effect by right
shifting the oxygen-dissociation curve and so enhancing tissue oxygenation.

Excessive bicarbonate may contribute to the “paradoxical intracellular cerebral
acidosis” phenomenon.

In addition, the use of bicarbonate in DKA may delay the fall in blood lactate:
pyruvate ratio and ketones when compared to intravenous 0.9% sodium chloride
infusion.

There is some evidence to suggest that bicarbonate treatment may be implicated
in the development of cerebral oedema in children and young adults

Phosphate:
Whole body phosphate deficits are substantial in DKA.

There is however no good evidence in support of its routine replacement, and so
routine measurement and replacement is currently not recommend.

It may be considered in cases of severe skeletal muscle or respiratory muscle
weakness.

Precipitating factors:
Precipitating factors should always be considered

Possible precipitating illnesses can include:

° Acute coronary syndrome.
° Sepsis (UTI, chest infection, cellulitis)
° Ocecult surgical conditions

° Pancreatitis



° Stroke
11. Heparin:

Low dose heparin for DVT prophylaxis, as per local hospital guidelines, should
be given, unless there is a specific contraindication to anticoagulation.

Therapeutic targets

In general the average recommended targets of treatment include:

Parameter Ideal target

Reduction of the blood ketone concentration | By 0.5 mmol/L/hour

Increase the venous bicarbonate By 3 mmol/L/hour
Reduce capillary blood glucose By 3 mmol/L/hour
Potassium should be maintained Between 4.0 and 5.0 mmol/L

If these targets are not being achieved the insulin infusion rate may be increased by
one unit per hour.

Blood ketone measurements are the best available means to measure the adequacy
of the insulin regimen.

If bedside ketone measurement is not available, the venous bicarbonate level can be
used to assess the response to treatment during the first 6 hours, but may be less reliable
thereafter due to the confounding influence of the high chloride levels associated with
large volumes of 0.9% sodium chloride solution.

Hyperchloraemic acidosis can be induced by large amounts of normal saline and will
lower the bicarbonate levels and thus lead to difficulty is assessing whether the ketosis
has resolved. The hyperchloraemic acidosis may also cause renal vasoconstriction and be
a cause of oliguria.

Do not rely on urinary ketone clearance to indicate resolution of DKA. These can
underestimate the degree of severity and can also persist when the DKA has resolved.

Glucose level alone is not an accurate indicator of resolution of acidosis in euglycaemic
ketoacidosis, so the acidosis resolution should be verified by venous gas analysis.




Therapeutic end points:

Resolution has been defined as:

° Clinical improvement
And:
° Blood ketones < 0.6 mmol/L

° Venous pH > 7.3

Do not rely on bicarbonate to assess resolution of DKA at this point due to possible
hyperchloraemia secondary to high volumes of 0.9% sodium chloride solution which will
reduce bicarbonate levels.

Note that glucose levels may normalize before the above resolution points are reached,
and normalization of the blood glucose level is not an end point for IV insulin infusion
therapy.

The change to subcutaneous insulin may occur when the patient is well and able to
tolerate oral food and fluids.

The precise dosing of subcutaneous insulin can be complex and must be
individualized for each patient, and is best prescribed by the Endocrine unit.

It is unusual for DKA not to have resolved by 24 hours with appropriate treatment. If

DKA has not resolved in 24 hours; consider an ongoing underlying precipitant
pathology.

Disposition
All DKA patients should ideally be referred early to a specialist Endocrine Unit.
Severe cases should be admitted to an HDU/ ICU

Mild to moderate cases may be admitted to a general ward provided suitably trained staff
experienced in the treatment of DKA are available.

If the patient is newly diagnosed, it is essential they are seen by a member of the
specialist Endocrine / diabetic team prior to discharge.



Appendix 1

Aspects of diabetes education:

Any patient with diabetes who is admitted with DKA should be referred to the diabetes
specialist team within one working day.

Patients should be counseled about precipitating causes and early warning symptoms of
DKA.

Failure to do so is a missed educational opportunity.

Important aspects of education include:

1. Identification of precipitating factor(s) e.g. infection or omission of insulin
injections

2. Review of their usual glycaemic control

3. Review of their injection technique / blood glucose monitoring / equipment /

injection sites
4. Prevention of recurrence e.g. provision of written sick day rules

5. Insulin ineffective e.g. the patient’s own insulin may be expired or denatured.
This should be checked prior to reuse

6. Assess the need for, and where necessary, provision of handheld ketone meters
for use at home.

7. Provision of a contact number on how to contact the diabetes specialist team out
of hours.

8. Education of health care professionals on the management of ketonaemia

9. Provision of a written care plan — allowing the patient to have an active role in

their own diabetes management, with a copy of this going to their GP
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