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Abstract
Cystic encephalomalacia is commonly reported in neonates with prenatal or perinatal hypoxic events. It is
rarely observed in adults. A 25-year-old woman with a history of type 1 diabetes mellitus and
hyperthyroidism presented to the emergency department with diabetic ketoacidosis (DKA) and a thyroid
storm. She sustained cardiac arrest due to ventricular fibrillation and subsequently developed hypoxic
encephalopathy. Initial brain computed tomography showed no significant findings; however, follow-up
magnetic resonance imaging three months later revealed cystic encephalomalacia in the bilateral parieto-
occipital lobes. A Tc-99m ethyl cysteinate dimer (ECD) brain perfusion scan revealed extensive
hypoperfusion in the bilateral frontal and parieto-occipital lobes. She showed severe cognitive impairment
and marked spasticity in all her limbs. Although cystic encephalomalacia is mostly reported in neonates
with hypoxic injury, it can be seen in adults with hypoxic encephalopathy, leading to a significant
neurological deficit.
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Introduction
Cystic encephalomalacia is a variant of encephalomalacia in which varying-sized cystic lesions within the
white matter and cortex are present as a result of an extensive brain insult. It is mostly reported in neonates
who have undergone prenatal or perinatal hypoxic events, leading to irreversible neuronal damage [1]. While
hypoxic-ischemic brain injury is the most common cause of cystic encephalomalacia in neonates [2], it can
be a consequence of several etiologies, including viral encephalitis, head trauma, and severe congenital
metabolic disorders [1,3]. In adults, although rare, cystic encephalomalacia can follow an acquired
parenchymal brain injury such as infection [4], trauma [5], or infarction [6]. Here, we present a 25-year-old
woman with cystic encephalomalacia caused by hypoxic brain injury.

Case Presentation
A 25-year-old woman with a history of type 1 diabetes mellitus and hyperthyroidism presented to the
emergency department of a regional hospital with generalized malaise, epigastric pain, vomiting, and
dyspnea. According to her family, she has a normal mentality but has been non-compliant with medications
for six weeks. Blood tests were remarkable for glucose 761 mg/dL, blood ketone 2+, BUN 34 mg/dL, total
bilirubin 1.8 mg/dL, AST 813 U/L, LDH 1628 U/L, free T4 2.48 ng/dL, and TSH <0.012 uIU/ml. Arterial blood
gas showed a pH of 6.897, HCO3 of 4.1 mmol/L, and a base excess of −27.6 mmol/L. She was diagnosed with

diabetic ketoacidosis (DKA) and a thyroid storm. Unfortunately, the patient developed ventricular fibrillation
and cardiac arrest. Return of spontaneous circulation (ROSC) was achieved within 10 minutes after
cardiopulmonary cerebral resuscitation; however, the patient was encephalopathic after ROSC was achieved
and generalized seizures were also reported. An antiepileptic drug with levetiracetam, 2000 mg/day, was
administered. DKA was treated with insulin and fluid. A thyroid storm was managed with propranolol,
steroids, and propylthiouracil. She was successfully extubated seven days later. However, consciousness
remained comatose. Brain computed tomography (CT) performed 12 days after ROSC showed no significant
findings (Figure 1A).
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FIGURE 1: Computerized tomography of brain and T2-FLAIR brain
magnetic resonance imaging
Computerized tomography of brain performed 12 days after ROSC showing no remarkable findings (A). T2-FLAIR
brain magnetic resonance imaging performed three months later revealing cystic encephalomalacia in bilateral
parieto-occipital lobes (B), symmetrical T2-FLAIR hyperintense lesions, involving the bilateral fronto-parieto-
occipital gray matter and white matter (C), basal ganglia (D), and splenium of the corpus callosum (not shown).

Three months later, the patient was referred to our hospital for evaluation and management. Although she
was awake, her cognitive function was severely influenced. She could only obey simple commands, such as
raising her hands and answering simple questions by nodding or shaking her head. There was no verbal
output. A neurological examination revealed spasticity, hyperactive deep tendon reflexes, and reduced
muscle power (MRC grade 3) in all extremities. Primitive reflexes, such as snout, palmomental, and glabellar
reflexes, were observed. Electroencephalography revealed no normal alpha background activity and
increased beta activity. Brain magnetic resonance imaging (MRI) revealed cystic encephalomalacias in the
bilateral parieto-occipital lobes (Figure 1B). There were also symmetrical T2-FLAIR hyperintense lesions
involving the bilateral fronto-parieto-occipital gray matter and white matter, basal ganglia, and splenium of
the corpus callosum, compatible with hypoxic brain injury (Figure 1C-1D).

A Tc-99m ethyl cysteinate dimer (ECD) brain perfusion scan revealed extensive hypoperfusion in the
bilateral frontal and parieto-occipital lobes (Figure 2A-2B).

FIGURE 2: Tc-99m ECD brain perfusion scan
Tc-99m ECD brain perfusion scan showing extensive hypoperfusion over bilateral frontal and parieto-occipital
lobes (A, B).

She underwent a rehabilitation program and a focal injection of botulinum toxin for limb spasticity.
Hyperbaric oxygen therapy was administered, but the cognitive impairment did not improve. At her last
follow-up at our outpatient department (eight months after hypoxic brain injury), her neurological deficit
was unchanged.

Discussion
Hypoxic brain injury after cardiac arrest is a significant cause of mortality and long-term disability. The
injury may be focal, diffuse, or global, with the degree of severity ranging from transient brain edema to
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irreversible brain infarction and necrosis [7]. Imaging plays an important role in the diagnosis of the severity
of brain damage. Early brain CT obtained within 24 hours of cardiac arrest may be unremarkable or show
only subtle hypoattenuation of the deep gray matter structure [8]. Subsequent CT will show diffuse basal
ganglia abnormalities along with diffuse cerebral edema, manifesting as cortical hypoattenuation, loss of
normal gray-white matter differentiation, and effacement of the sulci, ventricles, and basal cisterns [7,8].
The MRI findings of hypoxic encephalopathy differ between neonates and adults. In the postnatal period,
severe hypoxic insults result in diffuse gray matter damage, with relative sparing of the perirolandic cortex
and regions supplied by the posterior circulation. However, the deep gray matter nuclei, cortices,
hippocampi, and cerebellum are mostly affected in older children and adults after severe hypoxic-ischemic
injury [8]. Cystic encephalomalacia is commonly seen in perinatal hypoxic encephalopathy [1].

We present the case of a young woman who experienced metabolic derangements secondary to DKA and a
thyroid storm. It is well known that both DKA and thyroid storms can cause life-threatening arrhythmias,
cardiac arrest, and subsequent hypoxic-ischemic brain injury. However, DKA, or the thyroid storm, primarily
can cause irreversible brain damage. Previous studies have shown that DKA in patients with diabetes 1
results in morphologic and functional brain changes that are associated with adverse neurocognitive
outcomes [9]. Another study analyzed comas in patients with thyroid storms. In that study, the authors
attributed the brain damage to alterations in brain hemodynamics, energy metabolism, neurotransmitters,
and brain network connectivity [10]. Therefore, we hypothesized that hypoxic encephalopathy with cystic
encephalomalacia in our patient may be attributed to hypoxic brain injury combined with metabolic
derangements. To the best of our knowledge, there are no previous reports of adult-onset cystic
encephalomalacias caused by hypoxic-ischemic insult secondary to cardiac arrest. It is not clear why some
children develop cystic encephalomalacia after ischemic brain injury, whereas adults do not. Further
research is needed to delineate the pathomechanism. Like infancy, adults with hypoxic brain injury with
cystic encephalomalacia can lead to severe neurological deficits and predict a poor prognosis.

Conclusions
While cystic encephalomalacia is found mostly in neonates who have undergone prenatal or perinatal
hypoxic events, it can also be seen in adults after hypoxic brain injury and metabolic derangements. Cystic
encephalomalacia in adults can lead to a severe neurological deficit and predict a poor outcome.
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Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Tri-Service General
Hospital issued approval A202215030. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Madakshira MG, Gupta K, Uthamalingam P, Kapatia G, Saini SS: Multicystic encephalomalacia: an autopsy

report of 4 cases. Autops Case Rep. 2020, 10:e2020208. 10.4322/acr.2020.208
2. Misser SK, Barkovich AJ, Lotz JW, Archary M: A pictorial review of the pathophysiology and classification of

the magnetic resonance imaging patterns of perinatal term hypoxic ischemic brain injury - What the
radiologist needs to know…. SA J Radiol. 2020, 24:1915. 10.4102/sajr.v24i1.1915

3. Love R, Lee A, Matiasek A, Carter W, Ylagan M: Prenatal diagnosis of fetal encephalomalacia after maternal
diabetic ketoacidosis. AJP Rep. 2014, 4:e97-e100. 10.1055/s-0034-1395990

4. Bradshaw MJ, Venkatesan A: Herpes simplex virus-1 encephalitis in adults: pathophysiology, diagnosis, and
management. Neurotherapeutics. 2016, 13:493-508. 10.1007/s13311-016-0433-7

5. Greenwood R: Head injury for neurologists. J Neurol Neurosurg Psychiatry. 2002, 73 Suppl 1:i8-16.
10.1136/jnnp.73.suppl_1.i8

6. Voysey Z, Connor S, Purinak A, Khan N: Incidental cystic encephalomalacia from a silent cerebral infarct .
Open Access J Neurol Neurosurg. 2017, 4:555635. 10.19080/OAJNN.2017.04.555635

7. Ho ML, Rojas R, Eisenberg RL: Cerebral edema. AJR Am J Roentgenol. 2012, 199:W258-73.
10.2214/AJR.11.8081

8. Huang BY, Castillo M: Hypoxic-ischemic brain injury: imaging findings from birth to adulthood .
Radiographics. 2008, 28:417-39; quiz 617. 10.1148/rg.282075066

9. Cameron FJ, Scratch SE, Nadebaum C, et al.: Neurological consequences of diabetic ketoacidosis at initial
presentation of type 1 diabetes in a prospective cohort study of children. Diabetes Care. 2014, 37:1554-62.
10.2337/dc13-1904

10. Burmeister LA: Coma in thyroid storm: review of aggregated English-language case reports . J Endocr Soc.
2019, 3:1261-74. 10.1210/js.2019-00076

2022 Chang et al. Cureus 14(3): e23707. DOI 10.7759/cureus.23707 3 of 3

https://dx.doi.org/10.4322/acr.2020.208
https://dx.doi.org/10.4322/acr.2020.208
https://dx.doi.org/10.4102/sajr.v24i1.1915
https://dx.doi.org/10.4102/sajr.v24i1.1915
https://dx.doi.org/10.1055/s-0034-1395990
https://dx.doi.org/10.1055/s-0034-1395990
https://dx.doi.org/10.1007/s13311-016-0433-7
https://dx.doi.org/10.1007/s13311-016-0433-7
https://dx.doi.org/10.1136/jnnp.73.suppl_1.i8
https://dx.doi.org/10.1136/jnnp.73.suppl_1.i8
https://dx.doi.org/10.19080/OAJNN.2017.04.555635
https://dx.doi.org/10.19080/OAJNN.2017.04.555635
https://dx.doi.org/10.2214/AJR.11.8081
https://dx.doi.org/10.2214/AJR.11.8081
https://dx.doi.org/10.1148/rg.282075066
https://dx.doi.org/10.1148/rg.282075066
https://dx.doi.org/10.2337/dc13-1904
https://dx.doi.org/10.2337/dc13-1904
https://dx.doi.org/10.1210/js.2019-00076
https://dx.doi.org/10.1210/js.2019-00076

	Cystic Encephalomalacia in a Young Woman After Cardiac Arrest Due to Diabetic Ketoacidosis and Thyroid Storm
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Computerized tomography of brain and T2-FLAIR brain magnetic resonance imaging
	FIGURE 2: Tc-99m ECD brain perfusion scan

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


