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ABSTRACT

Background: Diabetic ketoacidosis (DKA) is one of the most frequent causes of morbidity and mortality in type
1 diabetes mellitus (T1DM). Neurological complications that can occur in DKA patients are cerebral edema
followed by ischemic and hemorrhagic strokes. Hemorrhagic strokes have higher mortality than ischemic
strokes in T1DM patients. Case: An 11-year-old patient came to the emergency room with complaints of
decreased consciousness since morning. During the previous 2 days the patient had nausea and vomiting. There
was no history of trauma or fever. About 2 days before admission patient showed decrease of consciousness.
On physical examination, he was found to be in a coma, kussmaul breathing, mydriatic pupil, and with kussmaul
breathing. Laboratory examination showed hyperglycemia, leukocytosis, hyponatremia, ketonuria, and C-
peptide of 0,560 ng/ml. Head CT-Scan showed subarachnoid hemorrhage and cerebral edema. The patient
showed a positive response after rehydration, administration of mannitol, and blood sugar regulation with an
insulin pump. Discussion: DKA is one of the manifestations of TIDM. DKA is confirmed by hyperglycemia, blood
pH below 7.3 manifesting with kussmaul breathing and the presence of ketones in blood and urine tests. DKA
is treated with rehydration and insulin administration. SAH is a rare manifestation of DKA. The diagnosis of
SAH can be confirmed by neuroimaging examination. Management of SAH could be done through close
monitoring of blood pressure, prevention of increased intracranial pressure, and surgical approach.
Conclusion: Subarachnoid hemorrhage is a neurological complication that rarely happens in DKA and could be
caused by several factors such as hypotensive episode, hyperketonemic state, arteriovenosus malformation
rupture, and endothelial perturbation. Neuroimaging could detect early neurological complication in DKA.
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INTRODUCTION

Diabetic Ketoacidosis (DKA) is serious complication of
Type 1 Diabetes Melitus (T1DM) [1l. DKA theoretically can
also present in Type 2 Diabetes Melitus, but in T1DM, DKA
is one of the most common complications. When insulin is
very low, the body falls into a ketoacidosis state. DKA
diagnosis could be established with hyperglycemia,
metabolic acidosis, and ketosis [2].

DKA is one of the most common presentations of T1DM
with almost one third of patient with newly diagnosed
T1DM present with DKA. Data from United States Suggest
that 3% of children with T1DM present with DKA and it is
the most common cause of hospitalization, morbidity, and
mortality [2.

Hemorrhagic stroke is a rare complication of DKA.
Stroke itself is pretty uncommon in DKA, and could be
further classified as hemorrhagic and ischemic stroke.
Hemorrhagic stroke in DKA could manifest as
subarachnoid or intraparenchymal hemorrhage.

When this complication present, it could worsen the
outcome of pediatric DKA 341

We presented a 11 years old male with DKA as
manifestation of TIDM complicated by the presence of
cerebral edema and SAH.

CASE

A 11 years old male was referred by a local clinic because
of continuous vomiting, nausea, and headache 3 days
before admission. On admission day patient was referred
by a local clinic with decrease of consciousness and
Kussmaul breathing. On admission we found no history of
trauma or previous medical history. On admission patient
was comatose, dyspsnea, had midiatric pupil, with
kussmaul breathing. From laboratory assessment we
found hiperglycemia, leucocytosis, hyponatremia,
ketonuria, and low C-peptide, and Alclevel of > 14.5. Head
CT-Scan showed subarachnoid hemorrhage, and cerebral
edema.
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FIGURE 1: Head CT-Scan showed cerebral edema and
subarachnoid hemorrhage.

FOLLOW UP

After rehydration, insulin treatment, electrolyte correction,
and mannitol treatment, patient showed improvement.
Then he was discharged after ten days of treatment.

DISCUSSION

An 11-year-old patient was consulted due to decreased of
consciousness 14 hours before with kussmaul breathing,
hyperglikemia and ketonuria. Metabolic acidosis in our
case was not accompanied by blood gas examination data
due to limited facilities, however the presence kussmaul
breathing could be evidence of it.

Guidelines from International Society for Pediatric and
Adolescent Diabetes, DKA could be defined by the presence
of all the following variables: (1) Hyperglycemia (blood
glucose > 200 mg/dl (2) Metabolic Acidosis (venous pH <
7,3 or serum bicarbonate < 15 mEq/L) manifesting
kussmaul breathing, and (3) Ketosis (presence of ketones
in blood or urine)[8l.

Severity of DKA could also be classified further as mild,
moderate, and severe based on pH and HCO3 level [11].

TABLE 1: DKA classification. [11]

DKA classification pH HCOs3

Mild <73 <15 mmol/L
Moderate <72 <10 mmol/L
Severe <71 <5 mmol/L

The etiology of DKA in children could be caused by several
factors. Usually when the insulin falls below certain levels,
glucose is no longer used as energy. In the absence of
insulin, the body could not control the level on glucose in
the body, and rises to dangerous level. There are few
processes that occur in children with DKA, such as
hypergylcemia, glucosuria, presence of ketones, potassium
deficits, elevated kidney function, and phosphate deficit [2].

DKA is present in newly diagnosed children with T1DM.
DKA is the most common cause of hospitalization,
mortality, and morbidity in T1DM children. The fatality
rate of DKA could reach 0.15-0.31% of cases.

There are several factors that could increase the risk of
DKA in T1DM such as children from ethnic minority,
children under 5 years, children from low socioeconomic
family, and delayed diagnosis of diabetes [21.

In children with established T1DM diagnosis, there are
several factors that could contribute to DKA, which
happens at annual rate of 6-8%. These factors including:
peripubertal and adolescent girls, failure of glycemic
control, dehydration and gastroenteritis, psychiatric
disorders, limited access to medical care, failure of insulin
therapy [21.

There are several clinical signs that could rise a suspicion
into DKA. The wusual clinical manifestations are
dehydration, tachycardia, tachypnea, Kussmaul breathing
(deep sighing with ketones smell), nausea, vomiting,
abdominal pain, confusion, decrease and or loss of
consciousness [111,

There are several important laboratories works that
should be done in DKA. Hyperglycemia usually occurs, but
usually are mild (> 200 mg/dL). Some children could have
severe hyperglycemia (>1000 mg/dL). Venous blood gas
test also should be done and usually show a pH below 7.3,
pH below 7.2 indicate worse prognosis and demand
intensive care unit admission. Urinalysis is also important
test and usually show the present of ketone in the urine.
A1C test is also helpful to establish the diagnosis of T1DM.
C-peptide level is a marker of beta cell function, C-peptide
levels below 0.2 nmol/L indicates a diagnosis of T1DM [21.

There are several treatments for DKA. First one is
replacement of dehydration. Dehydration should be
assumed of 5-10%. In the first 1-2 hours, 10-20 ml/kg of
0,9% NaCl should be given to restore circulation.
Maintenance fluid therapy should be calculated with 1000
mL for the first 10 kg body weight + 500 mL for the next 10
kg + 20 mL/kg over 20 kg or 1500 mL/m?2 body surface
area. Insulin should be started after fluid therapy. The
starting dose is 0,1 U/kg/hour with continuous pump. A
bolus dose of insulin should be avoided because it could
increase the risk of cerebral edema [13].

Cerebral edema is also a rare manifestation of DKA. But
when it presents it could be a major risk factor for death in
DKA. Risk factors for cerebral edema is pH below 7.1,
decrease of consciousness, newly diagnosed T1DM, and
young patients (< 5 years old). There are several diagnostic
criteria for cerebral edema such as abnormal motor or
verbal response to patient, posture showing decortication
or decerebration, abnormal respiratory pattern.
Treatment of cerebral edema could be done with IV
mannitol with 0.5-1 g/kg [131.

Neurological complications of DKA occurs at the rate of
0,3-1%. Both ischemic and hemorrhagic stroke could be a
rare manifestation of DKA with hemorrhagic stroke carries
worse prognosis and higher morbidity. Hemorrhagic
strokes could present as both parenchymal hemorrhage
and SAH 341,

Pediatric strokes have morbidity of around 66% and
mortality rate of 7-28%. There are lack of studies
examining relationship between DKA and SAH. But there
are several possible etiologies for this case such as vascular
injury, hyperketonemic state, decreased level of
glutathione, and endothelial perturbation. Vascular injury
could be caused by a hypotensive episode and softening of
vascular tissue. Hyperketonemic state and decreased of
glutathione level caused oxidative injury.
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Endothelial perturbation could be caused by increased level
of proinflammatory markers. Rupture of arteriovenous
malformation is also possible cause of hemorrhage [6.12]

Decrease of consciousness and other neurological deficits
warrant further neuroimaging in the background of DKA.
Non-contrast brain CT is a good first option. If a non-
contrast brain CT show high degree of suspicion of SAH,
lumbar puncture should be done [10].

Treatment of SAH could be done with close monitoring of
systolic blood pressure (SBP). SBP should be maintained
between 160-130 using calcium channel blockers and beta
blockers. Neurosurgical consult must be done for surgical
options of SAH. For children with increased intracranial
pressure, patient’s head must be elevated at 30 degree but
no more than 40 degree. Intravenous mannitol is also a
possible treatment option for elevated intracranial
pressure [L9],

CONCLUSION

Subarachnoid hemorrhage is a neurological complication
that rarely happens in DKA and could be caused by several
factors such as hypotensive episode, hyperketonemic
state, arteriovenosus malformation rupture, and
endothelial perturbation. Neuroimaging could detect early
neurological complication in DKA.

REFERENCES

[1] Dong Y. Guo, Z-N,, Li, Q, Ni, W,, Gu, H,, Gu, Y.-X,, &
Dong, Q. (2019). Chinese Stroke Association guidelines
for clinical management of cerebrovascular disorders:
executive summary and 2019 update of clinical
management of  spontaneous  subarachnoid
haemorrhage. Stroke and Vascular Neurology, 4(4),
176-181.
https://doi.org/10.1136/svn-2019-000296

[2] EL-Mohandes, N,, Yee, G., Bhutta, B. S., & Huecker, M.
R. (2023). Pediatric Diabetic Ketoacidosis. Statpealrs
Publishing.

[3] Finn, B. P, Power, C., McSweeney, N., Breen, D., Wyse,
G, & O’Connell, S. M. (2018). Subarachnoid and
parenchymal haemorrhages as a complication of
severe diabetic ketoacidosis in a preadolescent with
new onset type 1 diabetes. Pediatric Diabetes, 19(8),
1487-1491. https://doi.org/10.1111/pedi.12760

[4] Hilal, F, Mahdi, E., & Nada, A. (2022). Hemorrhagic
stroke: Uncommon complication of diabetic
ketoacidosis in pediatric patients. Radiology Case
Reports, 17(11), 4059-4063.
https://doi.org/10.1016/j.radcr.2022.07.104

[5] Ho, ]. (2005). Diabetic ketoacidosis and pediatric
stroke. Canadian Medical Association Journal, 172(3),
327-328. https://doi.org/10.1503/cmaj.1032013

[9]

[10]

[11]

[12]

[13]

Jain, S. K, McVie, R, & Bocchini, J. A. (2006).
Hyperketonemia (ketosis), oxidative stress and type
1 diabetes. Pathophysiology, 13(3), 163-170.
https://doi.org/10.1016/j.pathophys.2006.05.005

Lah Tomuli¢, K., Matko, L., Verbi¢, A., Milardovi¢, A.,
Severinski, S., Koli¢, I, Baraba Dekanié, K., Serifi, S., &
Butorac Ahel, I. (2022). Epidemiologic Characteristics
of Children with Diabetic Ketoacidosis Treated in a
Pediatric Intensive Care Unit in a 10-Year-Period:
Single Centre Experience in Croatia. Medicina
(Lithuania), 58(5).

https://doi.org/10.3390 /medicina58050638

Mayer-Davis, E. ], Kahkoska, A. R, Jefferies, C,
Dabelea, D., Balde, N., Gong, C. X,, Aschner, P., & Craig,
M. E. (2018). ISPAD Clinical Practice Consensus
Guidelines 2018: Definition, epidemiology, and
classification of diabetes in children and adolescents.
Pediatric Diabetes, 19, 7-19.
https://doi.org/10.1111/pedi.12773

Mohseni-Bod, H., Drake, ], & Kukreti, V. (2014).
Management of raised intracranial pressure in
children with traumatic brain injury. Journal of
Pediatric Neurosciences, 9(3), 207.
https://doi.org/10.4103/1817-1745.147572

Nagy, K., Skagervik, I, Tumani, H., Petzold, A., Wick,
M., Kiihn, H.-]., Uhr, M., Regeniter, A., Brettschneider,
], Otto, M., Kraus, ]., Deisenhammer, F., Lautner, R,
Blennow, K., Shaw, L., Zetterberg, H., & Mattsson, N.
(2013). Cerebrospinal fluid analyses for the
diagnosis of subarachnoid haemorrhage and
experience from a Swedish study. What method is
preferable when diagnosing a subarachnoid
haemorrhage? Clinical Chemistry and Laboratory
Medicine (CCLM), 51(11), 2073-2086.
https://doi.org/10.1515/cclm-2012-0783

Raghupathy, P. (2015). Diabetic ketoacidosis in
children and adolescents. Indian Journal of
Endocrinology and Metabolism, 19(7), S55-S57.
https://doi.org/10.4103/2230-8210.155403

Romano, M., Pomilio, M., Vigneri, S., Falco, A., Chiesa,
P. L., Chiarelli, F,, & Davi, G. (2001). Endothelial
Perturbation in Children and Adolescents with Type
1 Diabetes. Diabetes Care, 24(9), 1674-1678.
https://doi.org/10.2337 /diacare.24.9.1674

Rosenbloom, A. L. (2010). The management of
diabetic ketoacidosis in children. In Diabetes Therapy
(Vol. 1, Issue 2, pp. 103-120).
https://doi.org/10.1007 /s13300-010-0008-2

Available Online at www.ijscia.com | Volume 4 | Issue 6 | Nov - Dec 2023 -


http://www.ijscia.com/

