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Abstract

Diabetic ketoacidosis (DKA) is a triad of hyperglycemia, metabolic acidosis and ketosis. It is a life-threatening
complication of diabetes mellitus (DM) that can lead to death without appropriate treatment. DKA with stroke
increases morbidity and mortality in the intensive care unit (ICU). A 37-year-old male was brought to the emergency
department with sudden onset of weakness for the past two days. He had been diagnosed with type 2 DM five years
earlier, but it was poorly controlled. On examination, his Glasgow Coma Scale was within normal limits. Laboratory
and radiological investigations revealed severe hyperglycemia, metabolic acidosis, and brain stem infarct. He
required intubation and was admitted to the ICU with a diagnosis of DKA and cerebellar and brain stem infarct. The
patient succumbed to death despite 13 days of ICU management. DKA can precipitate a cerebellar and brain stem
infarct, but it can be fatal despite extreme management in the ICU.

Abbreviations: DKA - Diabetic ketoacidosis; DM - Diabetes mellitus; ICU - Intensive care unit; CED - Cerebral edema;

ED - Emergency department
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1. Introduction

Diabetic ketoacidosis (DKA) is a state of insulin
deficiency or abnormal insulin. Acute inflammatory
episodes of infection, stress and non-compliance with
diabetes mellitus (DM) treatment are commonly believed
to be triggering factors for DKA. DKA is one of the most
life-threatening endocrine disorders. It commonly occurs
in type 1 DM; however, patients with type 2 DM are
vulnerable to DKA. 1

Severe dehydration and acidosis at the time of DKA
presentation are risks for cerebral edema (CED). CED
can occur after several hours of intravenous fluid with
insulin. CED is a well-known complication of major
ischemic strokes, and severe CED can lead to death. CED
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occurs because of cerebral capillary endothelial
dysfunction and, ultimately, the breakdown of the blood-
brain barrier. DKA and stroke with CED are not easy to
manage if they occur simultaneously. The balance
between the risk of CED and dehydration is of utmost
importance in management. One study determined that
the mortality rate related to CED was 24%.?> The
diagnosis of CED should be prioritized to prevent central
nervous system complications of DKA. Failure to detect
CED early in the context of aggressive fluid rehydration
to correct DKA can lead to worsening CED and cardiac
arrest.

2. Case Report
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Figure 1: Hypodense area in pons, midbrain and
right cerebellum with effacement of gyri and sulci

A 37-year-old male with a background history of type-2
DM for five years was brought to the emergency
department (ED). His treatment included subcutaneous
NovoRapid (insulin aspart) 15 units every eight hours,
subcutaneous insulin detemir (Levemir®) 34 units, and
metformin 500 mg daily. His DM was poorly controlled,
with an HbAlc of 16.8% in September 2015. The patient
was not compliant with his medication and used
traditional treatment with diet control. He also had a
strong family history of DM, with two diabetic siblings
on insulin. He presented to the hospital with a history of

uncontrolled diabetic ketoacidosis

weakness, severe headache, slurred speech, and
restlessness for two days. His Glasgow Coma Scale was
15/15. Clinical examination revealed a blood pressure of
172/102 mmHg, heart rate of 120 beats/min, respiratory
rate 22 breaths/min, temperature 36.7°C, and capillary
blood sugar 32.9 mmol/L. The remaining examination
was unremarkable. Laboratory investigations revealed
severe metabolic acidosis with an arterial blood pH of
7.14 and bicarbonate of 9.5 mmol/L. The patient’s
arterial pCO3 and pO; levels were 16.6 mmHg and 69.8
mmHg, respectively. He had two episodes of seizures and
required intubation for airway protection. After
intubation, he developed cardiac arrest. The possible
causes were severe metabolic acidosis and brainstem
infarct, as evidenced by an immediate computed
tomography (CT) brain scan in the ED (Figure 1).

The patient was admitted to the intensive care unit (ICU)
with a diagnosis of severe DKA and cerebellar and
brainstem infarct. His HbA1c in the ICU was 9.9%. His
urine was persistently positive for ketones. A complete
sepsis workout, including blood culture, tracheal
aspirate, and urine culture and sensitivity, was performed
to identify any possible sources of infection. Further
investigations of sodium, potassium, urea, glucose, and
calculated osmolality are displayed in Figure 2.

The patient arrived in the ICU with double vasopressor
support. An infusion of 20 pg/h fentanyl and 100 mg/h
propofol was initiated for cerebral protection. Diabetic
nutrition of 20 ml/h was started for feeding. Actrapid®
insulin infusion was started at 6 units/h and then reduced
to 3 units/h when the capillary blood sugar dropped to
10.7 mmol/L. Intravenous 0.9% normal saline at a rate of
250-500 ml/h was administered to correct the
dehydration and was

160 325 guided by clinical
320 assessment and
140 .
315 bedside
120 310 echocardiography to
_ 100 305 2 determine the
3 300 2 patient’s fluid status.
2 =0 £ . .
£ 2% 5 Potassium chloride
* 20 B | (kcl) 1 g and
40 285 sodium bicarbonate
20 if‘; (8.4% NaHCO3) 20
0 470 ml/h were
e 1 2 3 4 5 6 7 8 9 10 11 administered to
Davin IcU correct the
v hypokalemia.  The
el Na+ (mmol/L) K+ (mmol/L) to_tal fluid Inltl_a“y
given to the patient
Urea (mmol/L) sl Glucose (mmol/L) in the ED was 4 L
et Osmolality (MOsmol/L) — cooeeevee Liner Osmolality (mOsmol/L) which  was run
rapidly from 2:45
Figure 2: Laboratory results for sodium, potassium, urea, glucose, and calculated PM Unt'_l 9:00 PM.
osmolality The urine output

www.apicareonline.com

254

Open access attribution (CC BY-NC 4.0)


https://www.apicareonline.com/index.php/APIC

Zukhi NJM, et al

uncontrolled diabetic ketoacidosis

was 3.5 L. The total fluid input and
output given to the patient in the
ED and ICU are shown in Figure 3.
Meropenem 1 g every eight hours
and vancomycin 1 g 12 hourly were
given intravenously for empirical
treatment of sepsis with presumed
respiratory infection and possible
central nervous system infection.
No antiplatelet or anticoagulation
therapy was administered to the
patient to manage the DKA and
stroke  because  there  was
derangement in the coagulation
profile and thrombocytopenia as
shown in Figure 4.The acidosis
improved on the fourth day, and he
was able to be tapered down from
the inotropes. However, his blood
glucose level fluctuated and could
not be maintained within the target
range of glycemic control (6.0-
10.0 mmol/L). Insulin was adjusted
to treat the hyperglycemia
according to blood glucose levels, 0
with an infusion range of 1.5-8.0
ml/h. Klebsiella ~ pneumonia
bacteremia was still unresolved at
day 11, and the patient continued to

Fluid amount (ml)
4]
8

5000

4000

3000

2000

Fluid amount (ml)

1000

400
200
N N

14:40 15:15 15:45 16:30 17:15 17:30 18:30 19:45 20:00 20:30

ED

it

@

LRI RN RN
e e e .

i,

2000

R
N

Time

# Intake = Output

ICU

A

=
S~ - S =
4 5 6 - 8
DayinICU
# Intake "« Output

require noradrenaline infusion. The

patient succumbed to death after 13

Figure 3: Total fluid input and output in the ED and ICU

days.

3. Discussion

It is universally agreed that the most important initial
treatment plan in DKA is adequate fluid replacement
together with insulin administration. According to
Malaysian Clinical Practice Guidelines, 500-1000 ml
0.9% sodium chloride (NaCl) and a fixed rate of 0.1
unit/kg/h insulin infusion are administered to the patient
intravenously during the first one hour.  For the second
to sixth hour of treatment, fluid replacement needs to be
continued with 1000 ml of 0.9% NaCl with KCI over two
hours, followed by 1000 ml of 0.9% NaCl with KCI for
two hours. The targets for metabolic treatments include
reducing the blood ketone concentration by 0.5
mmol/L/h, increasing the venous bicarbonate by 3.0
mmol/L/h, reducing the capillary blood glucose by 3.0
mmol/L/h, and maintaining potassium within a range of
4.0-5.0 mmol/L. Insulin and intravenous fluid infusion
rates need to be enhanced if these targets are not met.

It is necessary to administer glucose by infusion to
prevent hypoglycemia in a patient with a drop-in blood
glucose level below 14.0 mmol/L during insulin infusion.
Early termination of insulin due to normal or low blood
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glucose levels is not appropriate management in DKA.
Glucose 10% is suggested when the blood glucose is
lower than 14.0 mmol/L and continues with 0.9% NaCl
to correct the circulatory volume. In CED, however,
infusion of the glucose-containing solution might worsen
the CED and secondary brain insult due to the movement
of water from hypotonic to hypertonic tissue; thus,
glucose-containing solutions should be avoided in
patients with CED. # The management of both situations
is difficult. As a result, the blood glucose was not well-
controlled in our patient. He required up to four days to
control his DKA state.

Bicarbonate is not recommended because there is no
difference in acidosis resolution, and it may increase the
risk of hypokalemia and CED. However, in this case, it
was administered to maintain normokalemia. The
presentation of DKA-related stroke may imitate that of
CED, but it requires different management strategies, so
it is essential for the clinician to be aware of these
potential complications. Patients with DKA need careful
monitoring of their neurological condition for at least 48
h after the presentation, even if their metabolic disorders
have stabilized.
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ischemic brain conditions. The risk of CED and
worsening ischemia is of utmost importance despite the
need to rehydrate the patient. DKA may recur due to
stopping or reducing the insulin dose at an inappropriate
time or secondary to uncontrolled infection with
inappropriate antibiotic choice and dosing.

4. Conclusions

In conclusion, DKA and stroke with CED in the ICU are
difficult to manage and carry high morbidity and
mortality. Careful balancing between the risk and benefit
of each diagnosis and treatment is essential.
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