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Abstract
BACKGROUND 
Diabetic ketoacidosis (DKA) is a serious complication of type 1 diabetes mellitus 
(T1DM). Very rarely does DKA lead to cerebral edema, and it is even rarer for it to 
result in cerebral infarction. Bilateral internal carotid artery occlusion (BICAO) is 
also rare and can cause fatal stroke. Moreover, case reports about acute cerebral 
infarction throughout both internal carotid arteries with simultaneous BICAO are 
very scarce. In this study, we present a patient with BICAO, T1DM, hypertension, 
and hyperlipidemia, who had a catastrophic bilateral cerebral infarction after a 
DKA episode. We briefly introduce BICAO and the mechanisms by which DKA 
results in cerebral infarction.

CASE SUMMARY 
A 41-year-old woman presented with ischemic stroke that took place 3 mo prior 
over the left corona radiata, bilateral frontal lobe, and parietal lobe with right 
hemiplegia and Broca’s aphasia. She had a history of hypertension for 5 years, 
hyperlipidemia for 4 years, hyperthyroidism for 3 years, and T1DM for 31 years. 
The first brain magnetic resonance imaging not only revealed the aforementioned 
ischemic lesions but also bilateral internal carotid artery occlusion. She was 
admitted to our ward for rehabilitation due to prior stroke sequalae. DKA took 
place on hospital day 2. On hospital day 6, she had a new massive infarction over 
the bilateral anterior cerebral artery and middle cerebral artery territory. After 
weeks of aggressive treatment, she remained in a coma and on mechanical 
ventilation due to respiratory failure. After discussion with her family, compas-
sionate extubation was performed on hospital day 29 and she died.

CONCLUSION 
DKA can lead to cerebral infarction due to several mechanisms. In people with 
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existing BICAO and several stroke risk factors such as hypertension, T1DM, 
hyperlipidemia, DKA has the potential to cause more serious ischemic strokes.

Key Words: Type 1 diabetes mellitus; Diabetic ketoacidosis; Bilateral internal carotid 
artery occlusion; Cerebral infarction; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diabetic ketoacidosis (DKA) causes vascular endothelial injury, systemic 
inflammation, vasoconstriction, abnormal coagulation cascade, increased platelet 
aggregation, and increased blood viscosity, all of which are associated with cerebral 
infarction. Bilateral internal carotid artery occlusion (BICAO) is a rare condition that 
can give rise to devastating ischemic strokes. DKA acts as an additional risk factor for 
ischemic stroke in a high-risk patient with BICAO, hypertension, hyperlipidemia, and 
type 1 diabetes mellitus.

Citation: Chen YC, Tsai SJ. Bilateral cerebral infarction in diabetic ketoacidosis and bilateral 
internal carotid artery occlusion: A case report and review of literature. World J Clin Cases 
2021; 9(15): 3787-3795
URL: https://www.wjgnet.com/2307-8960/full/v9/i15/3787.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i15.3787

INTRODUCTION
Hypertension[1], hyperlipidemia[2] and diabetes mellitus[3] are risk factors for 
ischemic stroke. People with diabetes have more than double the risk of ischemic 
stroke in comparison with individuals without diabetes[3]. The recurrent stroke 
incidence in people with prior stroke in 5 years has been reported to range from 19% 
to 32%[4]. Diabetic ketoacidosis (DKA) often occurs in people with type 1 diabetes 
mellitus (T1DM)[5] whose neurological complications include cerebral edema. 
However, literature about the link between ischemic stroke and DKA is not very 
common in adults. Bilateral internal carotid artery occlusion (BICAO) can lead to fatal 
stroke[6] and only accounts for 0.4% of people with cerebral vascular accident[7]. 
Moreover, acute cerebral infarction throughout both internal carotid arteries (ICAs) 
with simultaneous BICAO is also rare[8]. This article presents a 41-year-old woman 
with T1DM for 31 years, as well as hypertension and hyperlipidemia for several years, 
and who suffered from BICAO and ischemic stroke over the left corona radiata, 
bilateral frontal lobe, and parietal lobe 3 mo prior. She had a DKA episode and a 
massive infarction in the bilateral anterior cerebral artery (ACA) and middle cerebral 
artery (MCA) territories afterward. We will discuss the mechanisms of DKA and 
BICAO that may be involved in such massive brain infarction.

CASE PRESENTATION
Chief complaints
A 41-year-old woman was admitted to our ward for rehabilitation due to ischemic 
stroke 3 mo prior.

History of present illness
The patient had ischemic stroke over the left corona radiata, bilateral frontal lobe, and 
parietal lobe 3 mo prior with right hemiplegia and Broca’s aphasia (Figure 1) and 
received inpatient rehabilitation programs in other hospitals. There were no major 
accidents such as recurrent stroke, urinary tract infection, or pneumonia during the 3 
mo. This time she was transferred to our ward for further rehabilitation. Upon 
admission, she had significant right hemiplegia but she still could ambulate with use 
of a quad cane for short distances. Her consciousness was alert but Broca’s aphasia 
was presented. Her symptoms included dizziness, vomiting, Kussmaul breathing, and 
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Figure 1 Brain magnetic resonance imaging of the first stroke before admission. A: The diffusion weighted imaging shows left corona radiata, 
bilateral frontal lobe, and parietal lobe infarction (orange arrow); B: The magnetic resonance angiography presents bilateral internal carotid artery occlusion.

lowered response to verbal commands on the morning of hospital day 2. There were 
no new appearances of limb weakness. Hyperglycemia persisted despite sequential 
subcutaneous rapid-acting insulin injections. Arterial blood gas analysis showed 
metabolic acidosis (pH 7.255, PCO2 15.9 mmHg, HCO3

- 7.1 mmol/L, base excess -16.8 
mmol/L). Urine analysis disclosed ketone 3+. DKA was suspected, and she was 
transferred to the intensive care unit for further care, which included aggressive 
hydration, insulin pump, bicarbonate infusion, and electrolyte correction. Serum 
ketone body on hospital day 3 was 5.5 mmol/L. After DKA, the patient was still 
conscious and alert, but her arterial blood gas had revealed metabolic acidosis with 
respiratory compensation from day 2 to day 5 (Table 1). However, on the morning of 
hospital day 6, she became comatose and hemodynamic instability was also noted. The 
brain magnetic resonance imaging (MRI) disclosed: (1) Acute infarction lesions over 
the bilateral MCA and bilateral ACA territory with brain swelling of infarction lesions 
and midline shift; and (2) Occlusion of bilateral ICA (Figure 2). Glycerol was 
administered for increased intracranial pressure, and endotracheal intubation was 
performed. Echocardiograms revealed normal left ventricle contractility and no 
evidence of thrombus or vegetation formation. Hemodynamic instability, respiratory 
failure, and severe hyperglycemia persisted. The patient was in a coma from hospital 
day 6 to day 29, and mechanical ventilation was needed. After discussion with her 
family about her poor prognosis, compassionate extubation was performed, and she 
expired on hospital day 29. The timeline of the patient is presented in Figure 3.

History of past illness
Three months prior, the patient had an ischemic stroke in the left corona radiata, 
bilateral frontal lobe, and parietal lobe as well as BICAO (Figure 1). There was no 
major accident in the 3 mo before this admission. The patient also had T1DM for 31 
years, hypertension for 5 years, hyperlipidemia for 4 years, and hyperthyroidism for 3 
years. She had regular subcutaneous insulin injections and medical control for the 
above diseases. The medications being taken were methimazole 5 mg once daily, 
aspirin 100 mg once daily, and atorvastatin 20 mg once daily.

Personal and family history
The patient did not drink or smoke. The patient’s family history was negative.

Physical examination
At admission, the patient's body temperature was 36.1 °C, pulse was 84 beats/min, 
and blood pressure was 125/78 mmHg. Her breathing was steady, averaging 18 
breaths per minute. Neurological examinations showed clear consciousness, right 
central facial palsy and right hemiplegia. The Brunnstrom stage of her right upper 
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Table 1 Arterial blood gas analysis during hospitalization

Arterial blood gas Reference range Day 2 Day 3 Day 4 Day 5 Day 6 Day 8 Day 14 Day 17 Day 22

pH 7.35-7.45 7.255 7.326 7.39 7.411 7.211 7.433 7.368 7.258 7.372

PCO2 (mmHg) 35-45 15.9 18.1 22.7 20.1 17.4 24.6 31 51 34.4

HCO3 (mmol/L) 22-26 7.1 9.5 13.9 12.9 7.0 16.6 18.0 23.0 20.2

Base excess (mmol/L) -2 to +2 -16.8 -13.4 -8.6 -9.0 -18.1 -5.1 -5.8 -3.9 -3.9

Day 2: Diabetic ketoacidosis onset; Day 6: Secondary stroke onset.

Figure 2 Brain magnetic resonance imaging of the second stroke after diabetic ketoacidosis. A: The diffusion weighted imaging shows: (1) Acute 
infarction over the bilateral middle cerebral artery and bilateral anterior cerebral artery territory with brain swelling of infarction lesions and midline shift; and (2) 
Occlusion of bilateral internal carotid artery; B: The magnetic resonance angiography also presents bilateral internal carotid artery occlusion.

Figure 3 Timeline of this patient. DKA: Diabetic ketoacidosis; ACA: Anterior cerebral artery; MCA: Middle cerebral artery.

limb and right lower limb were III/III (proximal/distal) and IV, respectively. For 
functional status, she could ambulate with use of a quad cane for short distances. She 
was able to feed herself. Broca’s aphasia was noted.

Laboratory examinations
The blood test on hospital day 2 showed a glycohemoglobin level of 7.8%, 
hyperglycemia (344 mg/dL), and normal thyroid function. Other levels were within 
normal range. Urine analysis on hospital day 1 showed neither ketonuria nor pyuria. 
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The detailed blood examinations during hospitalization are listed in Table 2. The 
thyroid function at admission and stroke survey after the second stroke are listed in 
Table 3. The arterial blood gas analyses during hospitalization are listed in Table 1.

Imaging examinations
Brain MRI for the first stroke before this admission revealed left corona radiata, 
bilateral frontal lobe, and parietal lobe infarction as well as BICAO (Figure 1). Brain 
MRI for the second stroke disclosed: (1) Acute infarction lesions over the bilateral 
MCA and bilateral ACA territory with brain swelling of infarction lesions and midline 
shift; and (2) Occlusion of bilateral ICA (Figure 2).

FINAL DIAGNOSIS
The final diagnosis of the presented case was: (1) Bilateral MCA and bilateral ACA 
territory infarction with brain swelling and midline shift; (2) BICAO; and (3) T1DM 
with DKA.

TREATMENT
Aggressive hydration, insulin pumping, electrolyte correction, vasopressors, glycerol, 
and mechanical ventilation were applied.

OUTCOME AND FOLLOW-UP
On hospital day 6, the patient went into a coma after bilateral MCA and bilateral ACA 
territory infarction, and mechanical ventilation was necessary due to respiratory 
failure. On hospital day 29, we discussed about her poor prognosis even with intensive 
treatment with her family. She expired on hospital day 29 after compassionate 
extubation.

DISCUSSION
Strokes occurring in people under the age of 45 are generally called young strokes[9]. 
Congenital heart disease, hematologic disorders, and metabolic disorders result in 
young stroke mainly in children and adolescents[10]. In young adults, the common 
reasons for young stroke are smoking, hypertension, diabetes, and hyper-
cholesterolaemia[10]. The formation of advanced glycation end products plays a 
crucial role in diabetic vascular complications including atherosclerosis[11]. Other 
causes for young adult stroke include hypercoagulable states, metabolic disorders, 
vasculopathy, cardiac defects, drug use, and migraines[12].

Carotid stenosis is an important risk factor for ischemic stroke and is majorly 
attributed to atherosclerosis[13], and it is a slow and progressive process, from intima-
medial thickening, carotid plaque, asymptomatic carotid stenosis to symptomatic 
carotid disease. However, in our patient, the brain MRI of the first stroke had disclosed 
BICAO. BICAO carries can lead to fatal stroke[6] and only accounts for 0.4% of people 
with cerebrovascular accident[7]. The clinical course of BICAO is often chronic due to 
collateral circulation[14]. In BICAO, the basilar artery and ophthalmic artery are the 
main collateral systems to support the ACA and MCA territory. Moreover, acute 
cerebral infarction throughout both ICAs with simultaneous bilateral carotid artery 
occlusion is rarer. Ota et al[8] summarized previous 9 reports regarding simultaneous 
BICAO with infarction. Only one survived. The speculated pathogeneses of BICAO for 
them include cardioembolism, atrial myxoma, atherothrombosis and unknown 
etiology. Treatment options for carotid stenosis include medical management, carotid 
stenting, and carotid endarterectomy[15]. However, carotid revascularization is not 
recommended for patients with chronic total occlusion of the carotid artery[16]. To 
date, clinical data on medical or surgical bypass management in BICAO are limited.

DKA, one of the most severe complications of diabetes, is mostly seen in patients 
with T1DM. The precipitating factors for DKA are infection, surgery, trauma, 
myocardial ischemia, pancreatitis, psychological stress, stroke and inadequate insulin 
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Table 2 Blood examinations during hospitalization

Biochemical data Reference range Day 2 Day 4 Day 6 Day 8 Day 10 Day 14 Day 17 Day 22

WBC (/μL) 4000-11000 8600 16600 32510 - 19890 18930 13520 13870

Neutrophil (%) 40-75 61.2 89 87 - 70.8 75 81.3 59.2

Hemoglobin (g/dL) 12-16 14.3 13.5 - - 13.8 11.7 10.3 -

Platelet (/μL) 150000-400000 250000 356000 - - 181000 - 472000 -

Sodium (mmol/L) 136-144 134 148 146 180 166 152 154 -

Potassium (mmol/L) 3.6-5.1 4.3 3.1 3.4 3.0 3.8 4.3 3.6 -

Creatinine (mg/dL) 0.44-1.03 0.75 0.74 - - 1.59 2.94 2.49 1.55

C-reactive protein (mg/dL) < 0.748 1.345 - - - - - - -

Day 2: Diabetic ketoacidosis onset; Day 6: Secondary stroke onset. WBC: White blood cell.

Table 3 Thyroid function at admission and stroke survey after the second stroke

Biochemical data Reference range Day 2 Day 7

Free T4 (ng/dL) 1.04-1.27 1.04 -

TSH (μIU/mL) 0.38-5.33 2.58 -

T3 (ng/dL) 76-155 53.5 -

Complement C3 (mg/dL) 79-152 - 70.9

Complement C4 (mg/dL) 16-38 - 21

ANA (titer) < 1: 80X - Homogeneous type 1: 80X

Anti-dsDNA (IU/mL) < 200 - 62.33

ANCA (titer) Negative (< 1: 40X) - Negative

Day 2: Diabetic ketoacidosis onset; Day 6: Secondary stroke onset. TSH: Thyroid stimulating hormone; ANA: Antinuclear antibodies; ANCA: Anti-
neutrophil cytoplasmic antibodies.

treatment or noncompliance[17]. Clinical manifestations include nausea, vomiting, 
abdominal pain[18], neurological symptoms[19], decreased skin turgor, dry mucosa, 
and Kussmaul breathing. Laboratory examinations may reveal ketonemia, ketonuria, 
hyperglycemia, and anion gap metabolic acidosis. The complications of DKA include 
cerebral edema[20] and noncardiogenic pulmonary edema[20].

Stroke, a form of acute stress, is a precipitating factor for DKA[21]. However, DKA 
rarely causes cerebral infarction and occurs more frequently in children and young 
adolescents than in adults[22]. It has been demonstrated that hyperglycemia and 
acidosis produce oxidative stress and cause tissue ischemia[23]. An increase in 
oxidative stress brings about diffuse vascular injury[24]. DKA results in significant 
fluid loss and decreased velocity of blood flow[25]. Hyperglycemia and acidosis 
induce red blood cell rigidity (increased blood viscosity)[26,27]. The vascular response 
in hyperglycemia has generally been considered vasoconstrictive, which may be 
related to decreased availability of nitric oxide[28]. The probable reasons for 
thrombosis formation by DKA are decreased levels of protein C and protein S activity 
and increased von Willebrand factor[29]. DKA also elevates C-reactive protein (CRP) 
and cytokines (IL-6, IL-1β, TNF-α) and activates complements[30-34]. Activation of 
platelet and coagulation systems are also present in uncomplicated DKA[35]. In short, 
mechanisms of DKA that can lead to cerebral infarction include systemic inflam-
mation, increased oxidative stress, abnormal coagulation cascade, platelet dysfunction, 
fluid loss, and increased blood viscosity.

The precipitating factors for DKA were mentioned previously. In our patient, there 
was no significant leukocytosis or elevation of CRP in the initial stage of DKA. There 
was also no pyuria in urinary analysis at admission. Furthermore, she had no 
pneumonia, trauma, myocardial infarction, and pancreatitis. We treated her with the 
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same dosage of subcutaneous insulin as her usual. However, we noticed her 
hyperglycemia during hospital day 1 to day 2. Insufficient insulin dose might be the 
predisposing factor for this DKA. The timing of her change in consciousness was after 
4 d of DKA. Before this, she was conscious and alert. Thus, we excluded the possibility 
that the second stroke was prior to DKA. The blood examination on hospital day 4 
showed white blood cell (WBC): 16600/μL, segment: 89%, no bandemia. The arterial 
blood gas analysis had revealed metabolic acidosis with respiratory compensation 
from hospital day 2 (DKA onset) to hospital day 6 (secondary stroke onset) despite 
aggressive treatment. From admission to hospital day 6, she had no signs or symptoms 
of potential infection such as bacteremia, urinary tract infection, gastroenteritis, or 
pneumonia. It is noticed that patients with DKA often present with leukocytosis 
without infection, and may be related to ketonemia, increased catecholamine and 
hypercortisolemia[36]. Nonetheless, it is seldom to see that WBC > 25000 mm3 or the 
presence of > 10% neutrophil bands in the absence of bacterial infection[36]. Therefore, 
sepsis with persistent metabolic acidosis was considered to a lesser extent.

We speculate that the patient developed BICAO due to long-term vasculopathy of 
T1DM, hypertension, and hyperlipidemia. Computed tomography angiogram and 
magnetic resonance angiography showed no moyamoya disease. Thus, the diagnosis 
was unlikely to be congenital carotid stenosis. Because of the secondary stroke, we 
carefully reviewed our patient and her electrocardiogram was sinus rhythm. Echocar-
diography showed no vegetations. Embolic stroke was less likely. Clinical data did not 
demonstrate any drop in blood pressure to suggest hypoperfusion before the second 
stroke. Our stroke survey disclosed no significantly elevated antinuclear antibody, 
antineutrophil autoantibodies, or anti-dsDNA titers, therefore autoimmune-related 
stroke was not favored. Because of BICAO, her perfusion in the ACA and MCA 
territories was frail and relied on collateral circulations. However, she might survive 
for a long time even with BICAO because the clinical course of BICAO is often chronic 
due to collateral circulation[14]. We assumed that DKA for several days, with effects of 
diffuse vascular injury, decreased velocity of blood flow, hyperglycemic vaso-
constriction, abnormal coagulation cascade, and platelet dysfunction, acted as an 
additional risk factor for a high-risk patient with T1DM, BICAO, prior stroke, 
hypertension, and hyperlipidemia to develop catastrophically bilateral ACA and MCA 
territory infarctions.

The prognosis of bilateral ACA and MCA territories infarction is poor. For type 1 
diabetic patients, diet control and good glycemic control are fundamental to prevent 
DKA, diabetic vasculopathy, and strokes. Hypertension and hyperlipidemia should be 
controlled well. Additionally, regular aerobic exercise can benefit type 1 diabetic 
patients by improving cardiopulmonary fitness and endothelial function, as well as 
decreasing insulin dose and the risk of cardiovascular events[37].

CONCLUSION
DKA, which is a complication of T1DM, plays an important role in cerebral infarction 
by increasing oxidative stress, diffuse endothelial injury, decreasing velocity of blood 
flow, abnormal coagulation cascade, and platelet dysfunction. BICAO is rare and its 
outcome is grave. For this patient, long-term T1DM, hypertension, hyperlipidemia, 
BICAO and this DKA episode contributed to fatal bilateral ACA and MCA infarction. 
Diet control, glycemic control, and regular aerobic exercise for type 1 diabetic patients 
are important to prevent diabetic complications.
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