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INTRODUCTION

Cerebral edema accounts for 1/2 to 2/3 of all DKA deaths. Other common causes of death are electrolyte
abnormalities (e.g. severe hypokalemia or hyperkalemia) and sepsis. Mortality rates for DKA in Western
countries are in the order of < 0.5%. Cerebral edemais described as occurring in DKA in 0.4 to nearly 5% of
cases, due to referral bias and variable diagnostic criteria. Mortality in the context of cerebral edemais 21%
with morbidity rates reported of 10-26%.

Cerebral edema typically occurs 4-12 hrs after treatment has been started, but it has been described to occur
before treatment begins or at any time during therapy, even late.

Interestingly CE has now been reported at presentation in adolescent Type 2 diabetes with DKA.1

Other forms of cerebral injury are now being described in DKA, such as acute infarction and extra pontine
myelinolysis,? and diffuse white matter hemorrhages in the absence of CE.2

RISK FACTORS

Known risk factors for CE are:

Attenuated rise in measured serum Na (but this has not been linked clearly to fluid type or infusion
rate).

= Severity of acidosis and paradoxically the use of sodium bicarbonate.
Greater hypocarbia after adjustment for the degree of acidosis.
Elevated urea at presentation.

«  Greater fluid volumes in first 4 hrs.
Insulin administration in the first hour.

PREVENTATIVE FACTORS

There are no proven preventative measures. The use of isotonic fluid has recently been associated with a much
lower than predicted rate of CE.* And a decline in overall DKA mortality in the USA has recently been reported
that is not due to any specific intervention but that coincides with the development of international
guidelines.”

The rate and type of fluid resuscitation is about to be studied for the first time in a large multi-centre RCT.¢
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The classical clinical findings of CE are a combination of a decrease in level of consciousness, onset of
headache, vomiting, incontinence, inappropriate slowing of HR and an inappropriate elevation of BP and
papillary unevenness or un-reactivity.

There are 2 main international guidelines for the management of DKA (ISAPD” and ESPE/LWPES®). Each of
these guidelines seems to delineate somewhat different populations of children that are labelled as having
cerebral edema in the context of DKA and thus deserves specific treatment.

The ESPE guideline (2004) refers to a diagnosis dependent on a deterioration in conscious state or other signs
as listed in paragraph 1 above. The ISPAD guideline is more recent (2009) and uses the below criteria to define
the presence of cerebral edema that is based largely on the presence of an altered mental state even at
presentation.

One diagnostic criterion, two major criteria, or one major and two minor criteria is reported to have a
sensitivity of 92% and a false positive rate of only 4% for CE in this guideline. The diagnostic criteria are based
on a paper from 2004 by Muir et al.”

Table 1:

Bedside Evaluation of Neurological State of Children with DKA*

Diagnostic Criteria:

Abnormal motor or verbal response to pain.

Decorticate or decerebrate posture.

Cranial nerve palsy (especially I11, IV, and VI).

Abnormal neurogenic respiratory pattern (i.e. Grunting, tachypnea, Cheyne-Stokes respiration, apneusis).

Major Criteria:
= Altered mentation/fluctuating level of consciousness.
= Sustained heart rate deceleration (decline more than 20 bpm) not attributable to improved intravascular volume or
sleep state.
= Age-inappropriate incontinence.

Minor Criteria:

Vomiting.

Headache.

Lethargy or being not easily aroused from sleep.
Diastolic blood pressure >90 mmHg.

Age < 5 years.

*Signs that occur before treatment should not be considered in the diagnosis of cerebral edema.

The difficulty is that many children with severe DKA present with an altered level of consciousness (~50% in
some studies - hence the older term “diabetic coma”) that has been correlated to the severity of acidosis
(hypocarbia) in children1© and adults!? and elevated urea, sodium (uncorrected > 150) and osmolality (> 320)
and systolic BP < 90 levels in adults, in the absence of known CE.12

This is further compounded by the fact that cerebral edema may in fact be more common than previously
thought with CT scan evidence of CE being frequently found, even in neurologically normal cases, and most
often resolves ‘spontaneously’ without hyperosmolar therapy.1® New MRI studies in children* indicate that
the degree of edema formation during DKA is only correlated with the degree of dehydration and
hyperventilation at presentation, but not with factors related to initial osmolality or osmotic changes during
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treatment. These data support the hypothesis that CE is related to cerebral hypoperfusion during DKA, and
that osmotic fluctuations during DKA treatment do not play a primary causal role.

So n summary most children with severe DKA have a reduced conscious state. Some will have some degree of
CE. One in 200 will die from CE.

In the Muir paper, the authors are actually referring to a change in neurological status after treatment has
begun and after fluid resuscitation has been slowed as indicative of cerebral edema.
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Note the last line from Table 1(reproduced above) in the Muir paper states “signs that occur before treatment
should not be considered in the diagnosis of cerebral edema.” And the paper also states in the conclusion that
“abnormal neurological signs and symptoms are common in children with DKA and do not always demand
specific treatment.”

In evaluating the diagnostic criteria for CE one also has to remember that all the cases described as having
cerebral edema in the published case series are based on subjective individual clinical assessment and ‘centre
philosophy’ and thus thresholds for diagnosis of CE are highly variable. If a clinician thinks an abnormal GCS is
asign of cerebral edema, then this sign becomes highly predictive of its presence in studies.

WHO TO TREAT FOR CEREBRAL EDEMA

So who should be considered to have CE deserving of immediate therapy?

Given patients with DKA very commonly have a reduced conscious state on presentation which can also
persist during the first few hours of treatment, it is not necessary to treat DKA patients with a reduced LOC for
cerebral edema in the absence of other supporting clinical signs. Most DKAs with an abnormal conscious state
will slowly awaken with standard treatment, though this may take hours.

But any patient with DKA, irrespective of baseline conscious state at presentation, who has a significant
decline in conscious state from that baseline, deserves urgent treatment, even in the absence of other signs
such as vomiting, bradycardia, hypertension and papillary symmetry or un-reactiveness.
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A confounding variable is that hypertension is in fact the norm at presentation of pediatric DKA.1°> Given the
fact that these patients are dehydrated on presentation, this hypertension should be associated with
significant tachycardia.

It can be argued that an exception to the above statement is those cases that at presentation have extremely low GCS
e.g. GCS < 8 or motor score < 4 (though the ‘right’ number is uncertain), with associated extreme acidosis and
dehydration, as this group may be at higher risk of actually suffering from clinically significant CE at presentation.
Consideration should also be given to treating patients whose conscious state does not improve with time (although
over how long is difficult to define) or where conscious state cannot be assessed e.g. under general anesthesia.

All children with GCS < 12 or motor GCS < 5 should be admitted to PICU.

ROLE OF CT SCAN

Severe cerebral edema has been described even when the CT scanis initially normal. It is also recognized that
CE on CT or MRI can occur without a fall in GCS. With these points in mind it is reasonable to perform a CT
scan or preferably an MRI/MRA/MRYV scan in cases of suspected CE, to rule out other causes of a change in
neurological examination such as stroke. However treatment of CE should not be delayed by the scan.

MANAGEMENT

Although nothing is of proven efficacy, general recommendations are:
Reduction in fluid infusion by 1/3.
Mannitol 0.5-1 gram/kg IV over 20 min, repeated in 30 min to 2 hours.
Alternatively Hypertonic Saline 3% 5-10 ml/kg IV over 20 min, if no response to mannitol or as an
alternative.
Elevation of head of bed 30°.
Airway management and mechanical ventilation if airway failure, respiratory failure, apnea or coning
occur.
» CTor MRI/MRA/MRYV scanning after above therapy started.
There is no well-established role for ICP monitoring and CSF drainage and other therapeutic
modalities such as cooling, barbituate coma and craniectomy.

Craniectomy has been reported to be life-saving.1¢

Aggressive hyperventilation has been correlated with poor outcome in one retrospective study.l’ Hypertonic
saline has been associated with a higher mortality in children from CE in DKA than mannitol.1® The same study
reported a reduced mortality from DKA over a 10 year period (1999-2009) without an increase in the use of
hyperosmolar therapy, suggesting mortality is not affected by hyperosmolar therapy.
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