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a b s t r a c t 

Diabetic ketoacidosis (DKA) is a well-known complication of type 1 diabetes mellitus. Di- 

abetic ketoacidosis predisposes patients into devastating neurological complications. The 

most common neurologic complication is cerebral edema. Stroke either ischemic or hem- 

orrhagic are uncommon complications of DKA with worse patient’s outcome. Hemorrhagic 

stroke can manifest as subarachnoid or intraparenchymal hemorrhage. We present a 14- 

year-girl presented with DKA and complicated with both subarachnoid and intraparenchy- 

mal hemorrhages. Owing to early diagnosis and prompt treatment the patient had good 

outcome. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Diabetic ketoacidosis (DKA) is a well-known complication of
type 1 diabetes mellitus which is an autoimmune disease.
The prevalence of type 1 diabetes mellitus in children and
teenagers has increased from 1.48 per 1000 in 2001 to a rate
of 2.15 per 1000 in 2017 [1] . DKA can be the presenting mani-
festation in up to 33% of patients with type 1 diabetes mellitus
and it is the leading cause of mortality in this population [2] .
The mortality rate of DKA in the United States is 0.15% [3] . 

Neurological complications occur in 0.3%-1% of cases with
DKA and they present with sudden neurological deterioration
and it is associated with 24% mortality [ 4 ,5 ]. This sudden dete-
rioration usually occurs within 24 hours of DKA presentation,
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often when patients start to improve [6] . These complications
are more common in children under 5 and who are newly di-
agnosed with type 1 DM. Cerebral edema accounts for most of
DKA mortalities (57%-87%) [7] . Cerebral edema can be severe
to the extent of causing brain herniation which carries a very
big risk of mortality [8] . Cerebral edema accounts for 90% of
these complications. Stroke, both hemorrhagic and ischemic,
causes the remaining 10% of complications [9] . 

Dural venous sinus thrombosis, ischemic and hemorrhagic
strokes account for minority of neurological manifestations
in DKA [ 5 ,10 ]. Hemorrhagic strokes (HS) carry a higher risk
of mortality compared to ischemic strokes [11] . Hemorrhagic
stroke may present as punctate hemorrhages, hematoma or
subarachnoid hemorrhage (SAH) and it is a very rare compli-
cation [ 10 ,12–14 ]. SAH presents clinically with sudden severe
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Fig. 1 – 14-year-old female presented with seizure following 
DKA. Axial CT head with brain algorithm at the level of 
frontal horns of the lateral ventricles (A, and B) demonstrate 
bilateral hyperdensities within the frontotemporal and 

occipital sulci, consistent with SAH. Small hyperdense 
focus within the right splenium of corpus callosum (arrow) 
was consistent with IPH. Coronal (C) and sagittal (D) CT 

images of the head with brain algorithm show extensive 
hyperdensities within the sylvian fissures and 

fronto-temporal sulci, consistent with SAH, and small focal 
hyperdensity at the right splenium of corpus callosum 

(arrow), consistent with IPH. IPH, intraparenchymal 
hemorrhage; SAH, subarachnoid hemorrhage. 

Fig. 2 – 14-year-old female presented with seizure following 
DKA. Axial FLAIR (A), and SWI (B) follow-up MR images 
show minimal residual SAH within the right superior 
frontal sulcus (black arrow) and scattered foci of IPH (white 
arrows), more conspicuous in SWI. FLAIR, fluid attenuated 

inversion recovery; IPH, intraparenchymal hemorrhage; 
SAH, subarachnoid hemorrhage; SWI, 
susceptibility-weighted image. 
headache, nausea and vomiting, disturbed conscious level,
seizures, nuchal rigidity and focal neurological deficits [15–17] .

In this report we will describe an uncommon complication
of DKA in pediatric patient who presented with subarachnoid
and intraparenchymal hemorrhage. 

Case report 

A 14-year-old female with a 4-year history of uncontrolled
type 1 DM complicated with 4-5 episodes of DKA and a history
of depression presented to the ER after being found unrespon-
sive at home. Physical examination revealed a teenage girl in
distress with a GCS of 11, hyperglycemia (826 mg/dl), temper-
ature of 36.8 °C, HR of 140/ min, RR of 28/min, BP of 142/91
mmHg, intact distal pulses and SpO2 of 97%. Her respiration
was rapid and deep (Kaussmaul breathing), and lungs were
clear on auscultation. Neurological examination revealed al-
tered mental status with no focal deficits. She had a perianal
abscess with fluctuance and punctum draining purulent fluid.
The rest of her examination was normal except for dry oral
mucous membranes for which the patient has been given 2 L
of normal saline. Post-abscess drainage contrast-enhanced CT
of abdomen and pelvis showed small residual subcutaneous
abscess without deep extension into the rectum. The patient’s
labs showed leukocytosis (WBCs 42,000/mm 

3 ), pH of 6.7, HCO 3

of 3 mEq/L, K of 5 mEq/L and elevated lactic acid (3.4 mmol/L)
which was consistent with DKA. She was stated on insulin reg-
imen according to DKA treatment recommendations. 

Following the management of the abscess, the patient ex-
perienced a 2-minute seizure and was given 2 doses of 1mg
Ativan and 250 mL of 3% normal saline. A noncontrast head
CT scan showed diffuse bilateral frontotemporal and occipital
sulcal hyperdensities more appreciated within the sylvian fis-
sures ( Fig. 1 ). Few punctate hyperdensities in the splenium of
the corpus collosum and right parietal lobe were observed and
consistent with intraparenchymal hemorrhage ( Fig. 1 ). Follow-
up noncontrast brain MRI scan showed interval resolution of
extensive subarachnoid hemorrhage with minimal residual
SAH within the right frontal superior sulcus ( Fig. 2 ). Scattered
intraparenchymal hematomas within the splenium of the cor-
pus callosum, and right frontoparietal lobes were confirmed
( Fig. 2 ). 

The patient was transferred to PICU where she started to
improve clinically and discharged uneventfully 5 days later. 

Discussion 

This report emphasized the imperative role of prompt neu-
roimaging in the management of suspected neurological dys-
function in patients presented with DKA. Critical timely ap-
propriate management improved the patient’s outcome de-
spite significant patient presentation. The patient developed
DKA secondary to neglected perianal abscess which is further
complicated with hemorrhagic stroke i.e., subarachnoid and
intraparenchymal hemorrhages. 
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Fig. 3 – Flow chart for imaging evaluation of suspected subarachnoid (SAH) or intraparenchymal (IPH) hemorrhages. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DKA is a devastating clinical metabolic complication, most
common in patients with type 1 diabetes mellitus [18] . Fur-
thermore, neurologic complications in patients presented
with DKA such as cerebral edema and ischemic-hemorrhagic
stroke entail high risk of morbidity and mortality [19] . Hem-
orrhagic stroke includes intraparenchymal and subarachnoid
hemorrhage in most of cases [ 4 ,5 ]. 

The overall annual incidence of stroke in children is 2.3
per 10,000. Ischemic stroke rate is 1.2/10,000 and HS rate
is 1.2/10,000. [20] The incidence of stoke in children with
DKA is undetermined due to lack of randomized clinical
trials. Pediatric strokes have a morbidity rate of 66% and
mortality rate of 7%-28% [5] . Most HS in children in gen-
eral are intraparenchymal and supratentorial. About 80% are
cortical in origin. Involvement of basal ganglia is less than
10%. Subarachnoid and intraventricular hemorrhages are less
common [16] . 

The association between DKA and HS is not well-known.
However, there are several possible etiologies that might ex-
plain these HS. A hypotensive episode happening in water-
shed areas resulting in vascular injury and softening of tis-
sues with subsequent hemorrhage [ 13 ,19 ]. Hyper-ketonemic
state and decreased level of glutathione resulting in lipid per-
oxidation result in oxidative injury [21] . Endothelial pertur-
bation caused by increased levels of pro-inflammatory mark-
ers, for example, C-reactive protein (CRP) and tumor necrosis
factor-alpha (TNF- α) [22] . Disseminated intravascular coagu-
lation (DIC) that is confined to cerebral vessels was observed
in some cases [23] . All of the above could play a role in the
occurrence of vascular injury which can lead into SAH. Our
case presented with extensive subarachnoid hemorrhage that
could be attributed to disrupted blood brain barrier. 

Acute severe headache and seizure are the major present-
ing symptoms for subarachnoid and intraparenchymal hem-
orrhage [24] . Patients should be promptly investigated with
non-contrast head CT. The imaging findings include curvi-
linear hyperdensities in the subarachnoid spaces, for exam-
ple, basal cisterns and cortical sulci. Cerebral intraparenchy-
mal hematomas will usually manifest as punctate hyper-
dense foci at the cortical-subcortical interface, within the cor-
pus callosum and basal ganglia [12] . Large intraparenchy-
mal hematomas are rare and if occurs usually will be asso-
ciated with surrounding vasogenic edema and cause signifi-
cant mass on adjacent vital structures [ 13 ,14 ]. Further evalu-
ation with CT cerebral angiogram should be performed to re-
veal the underlying etiology of SAH or IPH [25] . For patients
who cannot undergo CTA due to contrast allergy or renal im-
pairment, magnetic resonance imaging of the brain and mag-
netic resonance angiography of the cerebral vessels are good
alternatives [ 17 ,26 ,27 ]. MRI studies also better evaluate for is-
chemic cerebral infarct especially small ischemic lesions, du-
ral venous sinus thrombosis or underlying vascular malfor-
mation since it has more soft tissue contrast compared to CT
[28–30] . 
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If the non-contrast CT head is nondiagnostic with high
clinical suspicion of SAH, lumber puncture should be per-
formed for cerebrospinal fluid (CSF) analysis for xanthochro-
mia in case of radiologically occult SAH. The typical findings
on CSF analysis include yellowish discoloration of CSF, red
blood cell count (RBCs) and bilirubin and oxyhemoglobin pig-
ments ( Fig. 3 ) [31] . 

Several prior reports of HS with DKA emphasized higher
sensitivity of MRI for detecting subtle subcortical white mat-
ter petechial hemorrhage which are occult on head CT. These
petechial hemorrhages appear as hyperintense foci on T2
and FLAIR images. They can also appear as ring-and-ball
due to small artery occlusions on postmortem histology 12
or hematomas affecting deep nuclei, for example, thalamus
[ 13 ,14 ] Susceptibility-weighted images and gradient-weighted
images are the most sensitive MR sequences to detect subtle
petechial hemorrhages [32] . 

Management of HS depends on early recognition with
prompt neuroimaging. There should be a high index of sus-
ception for any sudden or severe deterioration of the level of
consciousness of patients despite correction of the metabolic
derangement. Clinical manifestations that raise suspicion of
increased intracranial pressure (ICP) which include sudden se-
vere headache or projectile vomiting should be promptly in-
vestigated with noncontrast head CT scan. Additional imaging
depends on the findings on the head CT and patient charac-
teristics, for example, young normotensive patient who is a
candidate of surgical intervention should be further investi-
gated with angiograph or MRI [27] . Ruptured preexisting cere-
bral aneurysms are the most common cause of SAH (85%),
AVMs and other vascular malformations cause 5%. In about
10% of cases, imaging does not reveal the source of bleeding
[26] . 

Primary management of SAH is transferring the patient
to a comprehensive hospital with experienced staff and
close monitoring of the patient’s blood pressure to keep sys-
tolic blood pressure (SBP) at 160-130 mmHg using calcium
channel blockers (CCB) or beta blockers (BB). Hyperglycemia
and hypoglycemia may worsen the prognosis, but aggres-
sive control of hyperglycemia is not associated with better
outcomes [17] . 

To prevent rebleeding, oral or intravenous (IV) nimodipine
is recommended after SAH onset. Aneurysmal SAH should be
treated with endovascular or surgical treatment (eg, clipping)
within 72 hours. For nonaneurysmal SAH, medical treatment
is preferred (eg, nimodipine). Antifibrinolytics (eg, tranexamic
acid) can also be added for < 72 hours only [17] . 

ICP is 1.5-6 mmHg in infants, 3-7 mmHg in young chil-
dren and 10-15 mmHg in older children and adults. Keeping
ICP below 20 mmHg is suggested. Device monitoring of ICP
is advised if the GCS is 3-8. Cerebral perfusion pressure (CPP)
which equals mean arterial pressure (MAP) minus ICP should
be kept at 40-6- mmHg and hypotension should be avoided.
CPP = MAP-ICP [33] . 

Treatment options for increased ICP include head raising
at 30 ° but not more than 40 ° as it may decrease CPP. Manni-
tol, however, it could cause hypovolemia and electrolyte dis-
turbance. Hypertonic saline (3%) is a better option. Analgesia
and avoiding secondary brain injury (eg, hypo/hyperglycemia,
seizures, hyperthermia and electrolyte imbalance) are also
important measures [34] . Additional treatment with CSF
drainage via ventriculostomy could also be used if needed [17] .

Conclusion 

Hemorrhagic complications are rare devastating complica-
tions in patients presented with DKA, secondary to disrup-
tion of the blood brain barrier. Clinical deterioration of the pa-
tients’ neurologic functions can be subtle and even present
despite corrected metabolic derangement. Evaluation of these
patients with neuroimaging allows for early detection of these
hemorrhagic complications and excludes other possibilities.
The radiologists should be aware of the wide spectrum of
neurologic complications in patients with DKA to allow for
prompt management which improve patients’ outcome. 

Patient consent 

The patient gave a consent for publication. 
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