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INTRODUCTION 

Refractory status epilepticus (RSE) is characterized by seizures 
that persist despite administration of first-line treatment with ben-
zodiazepines and second-line options, including “classic” anticon-
vulsant therapy, such as phenytoin (PHT)/fosphenytoin, val-
proate (VPA), or levetiracetam (LEV). Typically, managing RSE 

Refractory status epilepticus (RSE) is defined as the persistence of either clinical or electrographic seizures despite the administration 
of appropriate doses of an initial benzodiazepine and suitable second-line antiepileptic drugs (AEDs). The Neurocritical Care Society 
and the American Epilepsy Society have proposed a treatment paradigm for the management of convulsive status epilepticus (CSE). 
The third-line therapy in refractory CSE may involve general anesthesia using intravenous midazolam, propofol, or other agents, while 
recent evidence supports the use of ketamine to manage RSE in both adults and children. However, although these treatment strate-
gies are frequently employed in nonconvulsive status epilepticus (NCSE), the efficacy of AEDs and anesthetics in NCSE has not been 
thoroughly investigated. Recent evidence has demonstrated the safety and efficacy of newer AEDs, including levetiracetam and lacos-
amide, in the treatment of status epilepticus (SE) and RSE, which also encompasses NCSE. Use of multiple combinations of various in-
travenous AEDs can also be considered in NCSE before the administration of general anesthesia. In addition, AEDs alone exhibit limit-
ed effectiveness in managing SE for new-onset RSE (NORSE) and its subset, febrile infection-related epilepsy syndrome. Therefore, in 
cases of refractory status, it is imperative to explore treatment options beyond AEDs, including immunotherapy and the incorporation 
of a ketogenic diet. The present review suggests treatment approaches for RSE based on subgroups, including CSE, NCSE, and NORSE. 
A discussion of recent clinical studies on AEDs and anesthetics in the management of RSE, as well as proposed treatment methods for 
NORSE, is also provided. 
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necessitates the use of anesthetics and continuous electroenceph-
alogram (EEG) monitoring [1,2]. The prevailing guidelines sug-
gest an immediate stepwise intervention, starting with benzodiaz-
epines as the initial monotherapy, and if status epilepticus (SE) 
persists, second-line drugs should be incorporated sequentially 
[3]. In experimental models, extended seizures result in the inter-
nalization of gamma-aminobutyric acid A (GABAA) receptors, 
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while the concentration of glutamate receptors, particularly an 
N-methyl-D-aspartate (NMDA) receptor, increases at the syn-
apse [4]. Further, following internalization, GABA receptors un-
dergo reconfiguration, rendering them insensitive to benzodiaze-
pines. Additionally, these receptors are preferentially relocated to 
extrasynaptic sites. These changes involve alterations in GABAA 
receptor function and the transmembrane gradient for chloride, 
both of which diminish the capacity of benzodiazepines to en-
hance inhibitory synaptic signaling [5]. Hence, resistance to ben-
zodiazepines may also be alleviated by alternative mechanisms, 
including modifications in other ion channels, including sodium 
or cholinergic mechanisms [4]. Furthermore, promising candi-
dates among clinically available agents that target NMDA recep-
tors include ketamine and those targeting α-amino-3-hy-
droxy-5-methyl-4-isoxazolepropionic acid receptor (also known 
as AMPA) receptors, such as perampanel. These receptors appear 
to be upregulated in SE, and also play a role in the degradation of 
GABAA receptor-mediated inhibition. Investigations of the early 
administration of ketamine for treating RSE, often in combination 
with other drugs, in animal models have yielded promising results 
[3]. Further, recent research has demonstrated the remarkable 
neuroprotective effects of ketamine, achieved through the block-
ade of NMDA receptors, even when administered following the 
onset of SE [6]. 

The American Epilepsy Society has proposed practical conclu-
sions and an integrated treatment algorithm for the management 
of convulsive status epilepticus (CSE) across the age spectrum, 
from infants through adults [7]. The Neurocritical Care Society 
has recommended guidelines for CSE based on the literature, uti-
lizing standardized assessment methods from the American Heart 
Association and the Grading of Recommendations Assessment, 
Development, and Evaluation system [8]. Nevertheless, no con-
sensus exists on how aggressively to approach nonconvulsive SE 
(NCSE) during RSE treatment. We have previously attempted in-
travenous polytherapy with antiepileptic drugs (AEDs); however, 
this strategy is marred by the controversy regarding when and 
how to administer anesthetics for refractory NCSE. New-onset 
RSE (NORSE) and its subset, febrile infection-related epilepsy 
syndrome (FIRES), is an uncommon and severe condition char-
acterized by the sudden onset of RSE without any identifiable 
acute or active structural, toxic, or metabolic cause. Thus far, no 
randomized controlled trials have investigated the management of 
NORSE, and consensus guidelines are currently lacking. Recent-
ly, the International NORSE Consensus Group issued recom-
mendations for managing NORSE, backed by supporting evi-
dence. Therefore, when addressing the management of RSE, dis-
tinct treatment algorithms tailored to specific subgroups including 

CSE, NCSE, and NORSE of RSE must be considered. 
This review explored the recent findings related to the adminis-

tration of anesthetics, including the use of ketamine, which has 
garnered significant attention in both pediatric and adult cases of 
RSE. Within specific subgroups of RSE, I emphasized the crucial 
considerations of when and how to initiate anesthesia in the treat-
ment of NCSE. Additionally, I discussed recent recommendations 
regarding the implementation of ketogenic diets and immuno-
therapy in cases of NORSE. 

MANAGEMENT STRATEGIES FOR 
SUBGROUPS OF RSE 

In guidelines established by the American Epilepsy Society and 
International League Against Epilepsy, SE is defined using two 
time points, denoted as t1 and t2; t1 represents the duration be-
yond which seizures are likely to be prolonged, while t2 represents 
the time beyond which seizures can result in long-term conse-
quences. For tonic-clonic seizures, t1 is set at 5 minutes, and t2 is 
set at 30 minutes. However, for focal SE or absence status, these 
specific time points either differ or remain unknown [7,9]. 

Diagnosing NCSE poses a significant challenge in the medical 
field. The Salzburg consensus criteria achieves high sensitivity 
(97.7%) and specificity (90%) by relying on electrographic/elec-
troclinical features. These criteria include EEG evidence of rhyth-
mic epileptiform discharges at a frequency > 2.5 Hz, or rhythmic 
EEG discharges at a frequency ≤ 2.5 Hz accompanied by spatio-
temporal evolution, subtle clinical changes correlating with EEG 
alterations, or EEG and clinical improvement after intravenous 
AEDs therapy [10]. The latest standardization of critical care 
EEG terminology by the American Clinical Neurophysiology So-
ciety has integrated the Salzburg criteria, while also mandating the 
continuous presence of EEG changes indicative of NCSE for a 
minimum duration of 10 min or 20% of any 60-minute EEG re-
cording [11]. Currently, in the management of NCSE, no consen-
sus exists on how aggressively to pursue treatment. Considering 
the principle of “Time is brain,” the treatment paradigm for NCSE 
is similar to that of CSE. Experiments in animal models have 
yielded substantial evidence to indicate the infliction of neuronal 
damage during prolonged episodes of NCSE [12,13]. Further, in-
vestigations in rat models have shown neuronal loss, sustained im-
mune response, and changes in synaptic proteins crucial for main-
taining the excitatory/inhibitory balance [14]. In a clinical study, 
Cheng confirmed the prior finding that a 30-minute delay in ther-
apy initiation in NCSE was linked to elevated morbidity and mor-
tality [15], Another prospective study indicated that early initia-
tion of treatment leads to good control of NCSE [16]. 
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Nevertheless, in patients with NCSE, the underlying etiology is 
a critical prognostic factor, and evaluating the sole impact of 
NCSE on neuronal damage in patients is often challenging [17]. 
Currently, there is little high-quality evidence to guide the best 
management practices. Hence, when making decisions regarding 
the management of RSE, it is imperative to assess the potential 
risks associated with general anesthesia. Therefore, factors such as 
the severity of the underlying brain injury, patient’s age, comor-
bidities, and the overall goals of care must be considered, especial-
ly in cases of NCSE. 

NORSE is a rare but profoundly devastating condition encom-
passing a range of diseases and disorders. It is characterized by the 
sudden onset of uncontrollable seizures, referred to as RSE, with-
out any identifiable acute or active structural, toxic, or metabolic 
cause [18]. FIRES is regarded as a subset of NORSE rather than a 
distinct entity, and is characterized by the presence of a preceding 
febrile infection occurring between 2 weeks and 24 hours before 
the onset of RSE [19]. Currently, the evidence to guide the treat-
ment of NORSE is primarily sourced from case reports, case se-
ries, and limited observational studies, and there are currently no 
available randomized controlled trials or consensus guidelines for 
the management of this condition. Recently, Wickstrom et al. [20] 
developed recommendations for diagnostic approaches, evalua-
tion, and treatment utilizing the Delphi consensus approach, en-
dorsed by the International League Against Epilepsy. According 
to the recommendations, the disease characteristics for NORSE/
FIRES allow for diagnoses at any age, although the patterns of im-
mune activation may vary between different age groups. Differen-
tiating cases that are secondary to identifiable autoimmune en-
cephalitis from cryptogenic NORSE is crucial, as it is likely to as-
sist in determining the appropriate treatment and establishing the 
prognosis. In terms of acute phase management, the consensus is 
that treatment of seizures with AEDs and anesthetics during the 
initial 48 hours should follow a similar approach to the acute treat-
ment of RSE in other conditions. 

Current guidelines recommend that the management of 
NORSE/FIRES patients should be conducted in a tertiary center 
equipped with the necessary resources and the input of a multi-
disciplinary team of experts in epileptology, rheumatology, immu-
nology, and intensive care. Additionally, a crucial distinction from 
the majority of treatment algorithms for RSE involves the incor-
poration of immunotherapy. The summary of the treatment strat-
egy for SE specific to each subgroup within RSE is presented in 
Fig. 1. 

Intensive care management in RSE 
When treating patients with SE, it is critical to assess airway, 

breathing, and circulation as a fundamental aspect of care. Respi-
ratory failure or the presence of markers indicating cardiac injury 
occurs in approximately one-third of SE episodes, and is signifi-
cantly associated with poor outcomes [21]. Further, the adminis-
tration of a high dose of AEDs or anesthetics may contribute to 
respiratory depression, and it is important to note that up to one-
third of patients with SE develop neurocardiogenic pulmonary 
edema, adding to the complexity of managing their condition 
[22]. Infections can occur as complications in up to 50% of SE 
cases [23]. Infections in SE cases are linked to a prolonged dura-
tion of SE, the requirement for mechanical ventilation, unfavor-
able discharge outcomes from the hospital, and overall poor re-
covery [24]. Prolonged seizures can lead to complications such as 
rhabdomyolysis. Patients experiencing rhabdomyolysis often ex-
hibit additional abnormalities, including hyperkalemia, hyper-
phosphatemia, and hypocalcemia, particularly in cases involving 
severe acute kidney injury [25]. As such, intensive medical care 
management is essential. When treating patients with RSE, it is 
imperative to take into account the aforementioned systemic 
complications. In addition, continuous intravenous neuromuscu-
lar blocking drugs could mask ongoing seizure activity, making it 
challenging for clinicians to detect seizures without EEG monitor-
ing. As such, it is prudent to avoid these drugs in such cases. Con-
tinuous EEG monitoring is essential when using anesthetics in the 
intensive care unit (ICU). The justification for tracheal intubation 
in suspected or confirmed NCSE has not yet been firmly estab-
lished and requires meticulous evaluation. This assessment must 
weigh the evident risks associated with prolonged tracheal intuba-
tion and ICU stay against the uncertain benefits of therapeutic 
coma. It is also recommended to explore trials of non-sedative in-
travenous second-line AEDs before resorting to anesthetic induc-
tion in NCSE.  

Anesthetics 
Current continuous intravenous anesthetics’ options include mid-
azolam, propofol, and pentobarbital in the management of RSE or 
super RSE. Additionally, recent reports have explored the use of 
ketamine as an alternative agent. However, there are currently no 
randomized controlled trials to provide guidance on the selection 
of anesthetic drugs for the treatment of RSE. As such, which anes-
thetic third-line treatment for RSE offers superior outcomes, min-
imizes adverse effects, and is most effective in halting seizures in 
the ICU currently remains unclear. Most of the existing studies 
lack uniform data collection instruments, making it exceptionally 
challenging to draw meaningful comparisons between patients 
[26]. However, one recent retrospective, multicenter, observa-
tional cohort study was conducted to compare the efficacy of 
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3rd line anesthesia
Midazolam
Propofol
Ketamine
Pentobarbital/thiopental

Fig. 1. Treatment approaches for refractory status epilepticus based on subgroups including convulsive status epilepticus, non-convulsive 
status epilepticus, and new-onset refractory status epilepticus (NORSE)/febrile infection-related epilepsy syndrome (FIRES). ABC, airway, 
breathing, circulation; IV, intravenous; EEG, electroencephalogram; AED, antiepileptic drug; IM, intramuscular; KD, ketogenic diet; VNS, 
vagus nerve stimulation; PB, phenobarbital; SE, status epilepticus; RSE, refractory status epilepticus; AE, autoimmune encephalitis; IL, in-
terleukin.

Assess ABC, monitor vital signs, including oxygenation, check finger stick blood glucose, 
IV access with blood laboratory tests

Convulsive status epilepticus Non-convulsive status epilepticus NORSE/FIRES

Timeline

5 min 5– 
10 min

20– 
30 min

60 min

24 hr

72 hr

7 day

20 min

60 min

24 hr

EEG 
monitoring

1st line AEDs
IV Lorazepam
IM Midazolam

1st line AEDs
IV Lorazepam
IM Midazolam

2nd line AEDs
IV Fosphenytoin/phenytoin
IV Levetiracetam
IV Valproate
IV Phenobarbital
(IV lacosamide could be considered)

2nd line AEDs
IV Fosphenytoin/phenytoin
IV Levetiracetam
IV Valproate
IV Phenobarbital

Initiate 1st line immune therapies
IV Methylprednisolone
IV Immunoglobulin

Initiate 2nd line immune therapies
• �If antibody mediated (confirmed or 

phenotype highly suggestive of AE), IV 
rituximab

• �If cryptogenic (or antibodies not available 
within 1 week), IL-1R antagonist: 
IV anakinra or IL-6 antagonists: IV 
Tocilizumab

In all children, consider in adults  
if available,
Initiate ketogenic diet

Initial treatment of SE and RSE,  
acute diagnostic workup during initial  

48-72 hours

3rd line anesthesia
Midazolam
Propofol
Ketamine
Pentobarbital/thiopental

Consider add-on more 2nd line AEDs
IV Lacosamide,
IV Mega-dose phenobarbital therapy 
(PB dose >10 mg/kg/day)

Consider add on more second-line 
AEDs and other AEDs
Others: KD, VNS, inhalational 
anesthesia, surgery

propofol (median maximum dose: 37 µg/kg/min [interquartile 
range, IQR: 23–56 µg/kg/min]) and midazolam (median maxi-
mum dose: 0.5 mg/kg/hr [IQR: 0.2–2.0 mg/kg/hr]) in the treat-
ment of RSE in the ICU [27]. A favorable outcome was observed 
in 25 and 21% of patients treated with propofol and midazolam, 
respectively. The need for vasopressors, and occurrence of lactic 
acidosis, hyperkalemia, rhabdomyolysis, and hypertriglyceridemia 
was reported with comparable frequencies in patients treated with 
both propofol and midazolam. 

Ketamine, functioning as an NMDA receptor antagonist, is cur-
rently gaining prominence as the most encouraging alternative 
among anesthetics in the management of RSE. The primary and 
highly appealing theoretical benefit of ketamine lies in its distinct 
mechanism of action. Unlike standard anesthetics that act on 
GABA receptors, ketamine targets an alternative pathway via ac-
tion on the NMDA receptor. This unique characteristic opens 
new avenues for the management of RSE [28,29]. Additionally, 
research on the neuroprotective effects of ketamine has accumu-

lated substantial scientific data, showcasing the potential advan-
tages of this drug [6]. Furthermore, ketamine demonstrates fewer 
cardiovascular and respiratory side effects compared to those as-
sociated with other anesthetics [1]. Conversely, ketamine is asso-
ciated with numerous drawbacks, including hallucinations and 
sympathetic adrenergic effects, leading to elevated intracranial 
pressure [30]. One systematic review, included 244 cases of SE 
treated with ketamine (starting dose: 0.2 mg/kg/hr [IQR: 0.1–
0.5 mg/kg/hr] and continued for 1.6 days [IQR: 0.6–2.9 days]), 
encompassing 13 case reports and five case series in adults, along 
with four case reports and three case series in children that were 
extracted from the PubMed database. The overall rate of success 
was 74% (153 out of 207 cases) in adults and 73% (27 out of 37 
cases) in children [31]. Further, two recent studies have highlight-
ed the use of ketamine for RSE and super RSE. One was a sin-
gle-center retrospective study of 69 children who received ket-
amine for RSE [32]. Ketamine infusions were initiated at 1 mg/
kg/hr in 66 of 69 patients (96%) and continuous infusion doses 
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were 1–7 mg/kg/hr. The median total duration of ketamine infu-
sion was 85.7 hours (IQR: 49.7–128.0 hours). Seizure termina-
tion was notably more successful when ketamine was adminis-
tered as the initial anesthesia, compared to its success in cases 
where it was used after midazolam had been attempted first and 
proved ineffective. Furthermore, the in-hospital adverse effects 
were considered limited and manageable. This study contributed 
significant data from neonates and younger children to the global 
literature, with strong results indicating that ketamine can be uti-
lized effectively and safely in the treatment of RSE in both adults 
and children. The second study involved a consecutive series of 
68 adult patients diagnosed with super RSE, all of whom received 
ketamine treatment between 2009 and 2018 [33]. The average 
dose of ketamine infusion was 2.2 ± 1.8 mg/kg/hr, with median 
duration of 2 days (IQR: 1–4 days). Within the first 24 hours of 
initiating ketamine treatment, the seizure burden decreased by 
50%, and complete cessation was observed in 63% of cases. In this 
particular study, 11 patients underwent multimodal monitoring in 
the ICU, and ketamine administration was linked to a stable mean 
arterial pressure, leading to reduced vasopressor requirements 
over time. Moreover, there were no discernible effects on intracra-
nial pressure, cerebral blood flow, or cerebral perfusion pressure in 
cases involving both traumatic and nontraumatic brain injuries. 
These results indicate that ketamine treatment is advantageous for 
RSE, with high doses demonstrating improved hemodynamics 
without an increase in intracranial pressure. This study corrobo-
rates the results of previous case reports and series suggesting that 
ketamine is a favorable option for the management of patients 
with hemodynamically unstable RSE [34,35]. 

Considering the pathomechanism of SE, where GABAA recep-
tors are internalized and glutamate receptors increase their con-
centration at the synapse, initiating c with a combination of a ben-
zodiazepine and a second-line drug, such as LEV that modulates 
glutamate receptors, or other multi-action drugs, such as VPA, ap-
pears to be a practical approach. In third-line therapy, several stud-
ies have indicated favorable outcomes with early anesthetic com-
bination therapies for RSE or super RSE, such as propofol-ket-
amine or midazolam-ketamine [35,36]. Early initiation of com-
bined anesthetics may be beneficial, considering the underlying 
pathomechanism, and the need to mitigate side effects resulting 
from the high accumulation of propofol or barbiturates, by includ-
ing propylene glycol. 

Different anesthetics have similar efficacy for RSE, but are ac-
companied by a unique set of side effects. Side effects can impose 
limitations on the duration of infusion that can be administered. 
Consequently, the decision to continue should involve monitor-
ing specific laboratory values (such as creatinine kinase, acid/base 

balance, serum lactate, and lipid profile) and conducting electro-
cardiograms and echocardiograms. Neurointensivists must assess 
whether or not each patient’s symptoms are related to the anes-
thetic drugs before proceeding further. Anesthetics management 
could be personalized, considering the individual characteristics 
of each patient. 

The advantages and disadvantages, and initial and maintenance 
dose of each anesthetic which are summarized in Table 1, play a 
crucial role in their selection. When treating RSE with anesthesia, 
the primary goal is seizure suppression. However, the optimal ex-
tent of seizure suppression, including the need for burst suppres-
sion, remains unclear in the management of SE. In addition, while 
a continuous infusion is typically maintained for 24–48 hours be-
fore weaning [37], the duration of therapeutic coma is a subject of 
controversy. A recent observational study suggested that a deeper 
and shorter duration of therapeutic coma may be associated with 
a decreased risk of withdrawal seizures and complications related 
to prolonged hospitalization [38]. Therefore, considering the pa-
tient’s medical condition, we should aim to wean anesthetics as 
soon as possible after 24–48 hours with sufficient seizure suppres-
sion. Additionally, other nonanesthetic AEDs should be added to 
prevent the re-emergence of seizures during the anesthesia wean-
ing process. 

Volatile inhalational anesthetics have been explored as an alter-
native salvage therapy in cases of super RSE. These anesthetics are 
believed to suppress seizure activity by inhibiting NMDA excito-
toxicity and activating GABA receptors [39]. Inhalational anes-
thetics offer advantages such as easy titration to EEG at the bed-
side and an ultrafast onset of action. Nevertheless, existing studies 
on inhalational anesthetics show disparity in outcomes, lack com-
parative groups, and exhibit variations in the treatment regimens. 
Furthermore, the utilization of these anesthetics is curtailed by 
the potential for serious adverse events, particularly following pro-
longed usage [39]. 

Intravenous AEDs 
Table 2 summarizes the pharmacological characteristics of intra-
venous AEDs used in the management of SE. Traditionally, guide-
lines recommend the administration of intravenous fosphenyto-
in/PHT (20 mg/kg PHT equivalent), VPA (20–40 mg/kg), phe-
nobarbital (PB; 15–20 mg/kg), and LEV (60 mg/kg or 3,000–
4,500 mg) for the treatment of established SE resistant to benzo-
diazepines [7].  

In the recent literature, the majority of studies pertaining to 
LEV have focused on its application in established SE. Three sig-
nificant randomized trials published in 2019 examined larger 
loading doses of LEV specifically for established CSE. Notably, 
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Table 1. Anesthetics used for the treatment of refractory status epilepticus 

Main mechanism
Onset of action/ 

half-life (elimination)
Loading dose/ 

maintenance dose
Clinical consideration

Midazolam Potentiation of the in-
hibitory action of GABA 
receptors by increasing 
the frequency of chloride 
channel opening

1.5 min/1.8–6.4 hr 0.2 mg/kg followed by 
0.05–2 mg/kg/hr

Respiratory depression, hypotension, 
tachyphylaxis after long use

Does not contain propylene glycol

Propofol GABA receptor modulation 
and NMDA receptor  
blockade

15–30 sec/4–7 hr 1–2 mg/kg followed by 
30–200 µg/kg/min

Respiratory depression, hypotension, 
metabolic acidosis, pancreatitis

Due to its high lipid solubility,  
prolonged infusions cause propofol 
to accumulate in peripheral tissue.

Barbiturates  
(Thiopental/Pentobarbital)

Potentiation of GABA 
receptors by increasing the 
duration, not frequency, of 
chloride channel opening

Thiopental:  
10–40 sec/ 3–22 hr

2–7 mg/kg (thiopental) or 
5–15 mg/kg (pentobar-
bital) followed by 0.5–5 
mg/kg/hr

Respiratory depression, hypotension, 
decreased cardiac output, ileus, 
immune suppression

Deep coma with profound  
reduction in cerebral  
metabolism

Pentobarbital:  
<60 sec/ 15–50 hr

Contains propylene glycol, which 
accumulates with continuous infu-
sions, and can result in metabolic 
acidemia, cardiac toxicity and 
severe hypotension

Due to its high lipid solubility, pro-
longed infusions cause barbiturate 
to accumulate in peripheral tissue.

Ketamine Non-competitive NMDA  
receptor antagonist

<30 sec/2.5 hr 0.5–3 mg/kg followed by 
0.1–5 mg/kg/hr

Cardiac arrhythmias (rare), hy-
pertension, pulmonary edema, 
anaphylaxisReduction in glutaminergic 

neuronal transmission and 
excitotoxicity

Isoflurane Inhibition of seizure activity 
via inhibition of NMDA  
excitotoxicity and activa-
tion of GABA receptors

Ultrashort acting Not established/end-tidal 
concentrations

Cardiac and respiratory depression, 
infections

0.8%–2% titrated to EEG

GABA, gamma-aminobutyric acid; NMDA, N-methyl-D-aspartate; EEG, electroencephalogram.

Table 2. Intravenous antiepileptic drugs used for the treatment of status epilepticus 
Initial dose Maintenance dose Clinical consideration

Fosphenytoin/
phenytoin

20 mg phenytoin equivalents/kg IV, 
maximum rate up to 150 mg phe-
nytoin equivalents/min

100 mg IV every 8 hr Arrhythmia, hypotension
Contains propylene glycol which can cause metabolic acidosis
Inducer of several cytochrome P450 enzyme, which can cause 

strong interactions with other drugs
Levetiracetam 1,000–3,000 mg IV, up to a maximum 

dose of 4,500 mg
500–1,500 mg IV every 

12 hr
Requires dose adjustment in renal impairment
Avoided in patients with history of agitation or psychiatric dis-

ease
Valproate 20–40 mg/kg IV 500–750 mg IV every 

8 hr
Risk of hepatotoxicity (particularly in patients with mitochondrial 

diseases), pancreatitis, thrombocytopenia, platelet dysfunction 
and severe encephalopathy (monitoring of ammonia is neces-
sary)

Phenytoin and valproic acid interact by increasing their free levels
Phenobarbital 20 mg/kg IV 50–100 mg IV every 

12 hr
Inducer of several cytochrome P450 enzymes (strong interactions 

with other drugs)
Megadose-phenobarbital therapy: 

enteral or parenteral phenobarbital 
>10 mg/kg/day

Serum level above 70 µg/mL can cause severe sedation.
Contains propylene glycol which causes metabolic acidosis, and 

cardiac arrhythmias in higher cumulative doses. When admin-
istering mega-dose phenobarbital therapy, serum level and 
cardiac arrhythmia should be monitored.

Lacosamide 200–400 mg IV 100–200 mg IV every 
12 hr

PR prolongation, atrial arrhythmia; first, second, and third degree 
heart block

IV, intravenous.
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the Class I ESETT study involved 384 patients (ranging in age 
from 1 to 95 years old) with benzodiazepine-resistant established 
CSE. These patients were randomized using a Bayesian adaptive 
design to receive fosphenytoin at 20 mg PE/kg, LEV at 60 mg/kg, 
or VPA at 40 mg/kg [40]. Termination of SE was observed in 
comparable percentages with LEV (47%), fosphenytoin (45%), 
and VPA (46%). No significant disparities were noted in terms of 
enhanced consciousness levels or major safety incidents. Howev-
er, there were numerically more instances of hypotension and in-
tubation associated with fosphenytoin, while LEV was found to 
be linked to a higher number of fatalities. In the Class III EcLiPSE 
open-label randomized controlled trial conducted in the United 
Kingdom, 286 children experiencing CSE following initial treat-
ment with a benzodiazepine were compared in terms of sec-
ond-line therapy. This study evaluated the efficacy of intravenous 
LEV at a loading dose of 40 mg/kg and intravenous PHT at 20 
mg/kg [41]. CSE was terminated more frequently with LEV 
compared to its frequency of termination with PHT (P = 0.20). 
Furthermore, serious adverse events were reported with PHT, in-
cluding life-threatening hypotension, exacerbated focal seizures, 
and a decreased level of consciousness. In the Class III open-label 
randomized controlled Convulsive Status Epilepticus Paediatric 
Trial (ConSEPT) conducted in Australia and New Zealand, 352 
children experiencing CSE following initial benzodiazepine treat-
ment were evaluated for second-line therapy. This study com-
pared the effectiveness of intravenous LEV at a loading dose of 40 
mg/kg, and intravenous PHT at 20 mg/kg [42]. Seizure activity 
ceased clinically within 5 minutes following the completion of the 
loading dose in 60% of children in the PHT group and 50% in the 
LEV group (P = 0.16), and no significant adverse events were re-
ported. 

Lacosamide (LCS) is available as an IV solution. Between 2009 
and 2019, a total of 32 clinical trials exploring the use of intrave-
nous LCS for SE treatment were conducted. These trials em-
ployed varied definitions of RSE, with some encompassing a sig-
nificant portion of focal SE or electrographic NCSE cases. The ef-
ficacy of LCS in managing recurrent electrographic nonconvulsive 
seizures was evaluated through a comparison with fosphenytoin 
(intravenous LCS 400 mg vs. fosphenytoin 20 mg; PHT equiva-
lent per kilogram). In a prospective, multicenter, randomized con-
trolled trial designed to assess noninferiority, LCS demonstrated 
superiority over fosphenytoin in preventing seizure recurrence, 
with rates of 63.3% vs. 50% (P = 0.02) [43]. A recent comparative 
review involving 115 cases of LCS and 166 cases of PHT demon-
strated comparable rates of seizure control and adverse events. 
However, patients with PHT exhibited a higher incidence of seri-
ous side effects compared to those associated with LCS (5.1 vs. 

0.8%, P = 0.049) [44]. In a recent review conducted by the Amer-
ican Epilepsy Society Treatment Committee, there is a suggestion 
that LCS might be effective at halting RSE for both children and 
adults [45]. 

PB, one of the first antiepileptic medications to be developed, 
can be employed as a second-line therapy for managing controlled 
SE. Nevertheless, the utilization of PB was restricted due to its in-
creased incidence of sedation, respiratory depression, and hypo-
tension, as well as a higher number of drug interactions than those 
associated with LEV or LCS. Recently, the use of PB is being re-
considered. During the eighth London-Innsbruck Colloquium on 
Status Epilepticus in 2022, Eugen Trinka emphasized the high ef-
ficacy of PB use due to its GABAergic and anti-glutamatergic 
properties. Consequently, considering its mechanisms of action, 
the application of PB in both early and established cases of SE, in-
cluding RSE, appears to be justified [46]. In 2019, one study 
aimed to assess the relative effectiveness and safety of AEDs in 
adults experiencing CSE resistant to benzodiazepines. Five ran-
domized controlled trials were analyzed, encompassing 349 pa-
tients. PB exhibited the highest likelihood of achieving optimal 
control of SE and seizure freedom, while VPA and LCS were 
found to have the best safety outcomes. No differences in the inci-
dence of respiratory depression and hypotension were observed 
among the medications [47]. One prior study further investigated 
the effectiveness and safety of mega-dose PB (mega-dose 
[MDPB]; enteral or parenteral PB > 10 mg/kg/day) for manag-
ing super refractory status epilepticus. Half of the patients 
achieved successful control of super RSE with a median duration 
of 45.5 days for MDPB treatment. The median maximum serum 
PB level reached 151.5 μg/mL [48]. Taking these findings into ac-
count, and considering the reduced risk of respiratory depression 
compared to those associated with other anesthetics, MDPB 
could be a viable and advantageous treatment choice for refracto-
ry NCSE.  

NCSE, even if prolonged, may not require intensive care or an-
esthetic management, as the clinical variables are related to prog-
nosis [39]. As yet, no extended prospective studies have yet been 
conducted to delineate the natural progression of NCSE or identi-
fy which patients would benefit from aggressive treatment. There-
fore, when contemplating the use of anesthetic drugs for third-line 
therapy in refractory NCSE, it is crucial to assess whether this ap-
proach is more beneficial than it is detrimental to the patients in-
volved. Considering the recent more favorable evidence data for 
intravenous AEDs, the initial consideration for third-line therapy 
in refractory NCSE could lean towards adding more second-line 
AEDs rather than opting for anesthetics. 

65https://doi.org/10.18700/jnc.230037



NORSE: EXPLORING TREATMENT 
STRATEGIES FOR SUBGROUPS 

In 2022, the International NORSE Consensus Group presented 
recommendations for managing NORSE, including FIRES [20]. 
In the acute phase of NORSE, an expert consensus supports the 
management of seizures with AEDs and anesthetics in the initial 
48 hours should align with the acute treatment protocols followed 
for RSE in other conditions. Experts recommend initiating first-
line immunotherapy, which may include corticosteroids, intrave-
nous immunoglobulins, or therapeutic plasma exchange (TPE), 
within the initial 72 hours following the onset of SE in NORSE/
FIRES cases. However, panel members exhibited significant dis-
parities in their perspectives on the utilization of TPE. Conse-
quently, this consensus document refrained from providing a spe-
cific recommendation regarding TPE, except for emphasizing that 
its use should not impede the initiation of subsequent treatments. 
Due to the probable engagement of immune mechanisms in per-
petuating seizures, the consensus group also advocates for the ini-
tiation of a ketogenic diet and second-line immunotherapies 
within one week for noninfectious NORSE/FIRES patients ex-
hibiting an insufficient response to first-line immune treatment. 
As existing evidence is insufficient to clearly endorse any particu-
lar second-line immunological treatment, the decision should be 
guided by the suspected underlying cause. For example, rituximab 
should be the first choice in the majority of cases where a patho-
genic antibody is identified, or there is a strong suspicion of an au-
toimmune process. For cryptogenic NORSE/FIRES without evi-
dent clinical features of a specific autoimmune encephalitis syn-
drome, the administration of anakinra (interleukin 1 [IL]-1 recep-
tor antagonists) or tocilizumab (IL-6 blockers) should be serious-
ly contemplated. 

CONCLUSION 

In SE, early treatment and cessation of SE is crucial. However, 
when implementing aggressive treatment with general anesthesia 
and coma therapy, it is crucial to rely on evidence-based treatment 
modalities to prevent mortality and complications arising from 
RSE. Therefore, in the management of SE, status epilepticus 
could be classified into subgroups, such as CSE, NCSE and 
NORSE including FIRES. In refractory NCSE, the patient’s med-
ical condition and weighing the benefits and risks of using anes-
thetics must be considered. Alternate options, such as add-on 
multiple non-sedative intravenous AEDs therapy, can be consid-
ered. Intravenous MDPB therapy could also be considered an ef-
fective treatment for super RSE when tapering out prolonged use 

of anesthetics. When choosing anesthetics, the choice should be 
individualized and it is important to consider the pros and cons of 
each drug before determining their use. Ketamine is favorable for 
children with RSE and adults with a hemodynamic unstable con-
dition, and ketamine could be used as an add-on with other anes-
thetics with a GABAergic mechanism. In cases of NORSE, in-
cluding FIRES, clinicians should consider administering immu-
notherapy and implementing a ketogenic diet. Management in 
each subgroup necessitates a multidisciplinary approach involving 
neurologists, intensivists, and other specialists. Individualized care 
based on each patient’s specific characteristics and underlying 
condition is paramount in improving outcomes in RSE.  
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INTRODUCTION 

Pupillary light reflex (PLR) assessment is a crucial neurological 
examination in neurologically critical patients. A quantitative pup-
illometer allows quantitative and objective assessment of the 

Background: Pupillary light reflex (PLR) assessment is an important neurological examination reflecting neurological deterioration in 
severe stroke cases. This study investigated the impact of diurnal variation in the PLR using quantitative pupillometry in stable patients 
with large hemispheric stroke. 
Methods: We included 35 patients with large hemispheric stroke without neurological worsening, who were admitted to the neuro-
logical intensive care unit between April 2017 and November 2021. Quantitative pupillometry was performed every 4 hours. Pupillom-
eter parameters of maximum pupil size, percentage of constriction (%CH), latency (LAT), constriction velocity (CV), dilation velocity 
(DV), maximum constriction velocity (MCV), and neurological pupil index (NPi) score were recorded. We evaluated changes in the pup-
illometer parameters over time using linear mixed model analysis. 
Results: The diurnal variations revealed that the following parameters were significantly higher at 04:00 than at 20:00: maximum pu-
pil size (right [Rt]: 3.59 vs. 3.21 mm, P<0.001; left [Lt]: 3.51 vs. 3.18 mm, P<0.001), %CH (Rt: 31.48 vs. 25.72, P<0.001; Lt: 31.42 vs. 
24.98, P<0.001), CV (Rt: 1.97 vs. 1.68 mm/sec, P<0.001; Lt: 1.98 vs. 1.65 mm/sec, P<0.001), and DV (Rt: 0.97 vs. 0.84 mm/sec, P<0.001; 
Lt: 0.94 vs. 0.82 mm/sec, P=0.001). However, no significant diurnal variations were observed in the NPi values. 
Conclusion: Pupillary dynamics based on quantitative pupillometer parameters, including the NPi, demonstrated diurnal variations 
over 24 hours in large hemispheric stroke patients without neurological worsening. However, all changes in the pupillometer parame-
ters were within normal ranges. 
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PLR. Therefore, it is widely accepted as a reliable and standard 
tool for assessing the PLR during neurological examination in the 
neurological intensive care unit (neuroICU) [1-4]. An acute 
change in the PLR based on the pupillometer is an early indicator 
of increased intracranial pressure (ICP) or worsening intracranial 
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pathology. Additionally, significant deterioration in the pupillom-
eter parameters, including the neurological pupil index (NPi), has 
been linked to worsening ICP or midline shift [5-7]. 

Pupillary reactivity, including pupil size, is influenced by the 
sleep cycle, circadian rhythm, changes in autonomic nervous sys-
tem status, and ambient light levels, which could show diurnal 
variations [8-13]. Therefore, changes in the PLR or pupil size 
could be due to the time-of-day effect. However, the extent of the 
effects of the diurnal factors on the interpretation of PLR remains 
unclear in patients with large stroke in the neuroICU. The time-
of-day effect has rarely been considered on the PLR based on 
the pupillometer parameters assessed over 24 hours in patients 
with large hemispheric stroke and stable neurological symp-
toms. Therefore, this study aimed to investigate the variations in 
pupillometer parameters at different time points over 24 hours 
in large hemispheric stroke patients without neurological deteri-
oration. 

METHODS 

Study population 
This retrospective study initially screened 65 patients, who were 
admitted to the neuroICU between April 2017 and November 
2021 for large hemispheric stroke (ischemic or hemorrhagic) and 
were evaluated using a pupillometer. The exclusion criteria were 
as follows: (1) neurological worsening during monitoring 
(n = 18), (2) posterior circulation stroke (n = 5), and (3) missing 
values in the serial PLR data (n = 7), depending on the neurologi-
cal condition and time interval of neurological assessment. Finally, 
35 patients with anterior circulation stroke were included in the 
analyses and evaluated using an automated pupillometer during 
monitoring. 

Baseline characteristics and clinical information 
We analyzed the clinical information and demographic variables, 
including age, sex, and vascular risk factors such as hypertension, 
diabetes mellitus, dyslipidemia, coronary artery disease, atrial 
fibrillation, history of stroke, and pre-stroke functional status. The 
patients’ diagnoses and lesion sites were assessed during admis-
sion. Neurological severity was evaluated using the Glasgow 
Coma Scale (GCS) at admission and every 4 hours during moni-
toring. Moreover, information regarding sedation therapy was col-
lected during the monitoring period. 

Measurement of quantitative pupillary reactivity 
When the neurological symptoms were stable, quantitative pupil 
assessment was performed using NPi-100 Pupillometer (Neu-

rOptics Inc.) every 4 hours by neurointensivists or neuroICU 
nurses in charge of the standard care of patients. The pupillometer 
parameters of maximum pupil size, percentage of constriction 
(%CH), constriction velocity (CV), maximum constriction ve-
locity (MCV), dilation velocity (DV), latency (LAT), and NPi in 
the right and left eyes were recorded at 0:00, 4:00, 8:00, 12:00, 
16:00, and 20:00 [1,2,4]. The values recorded at 20:00 were con-
sidered as the baseline, as the lights were turned off at 00:30 in the 
neuroICU. The pupillometer parameters were then paired with 
the GCS scores at each time point. 

Statistical analysis 
Baseline characteristics and clinical information were used for de-
scriptive analysis. Nominal data are presented as frequencies (%), 
normally distributed continuous variables as means ± standard 
deviations, and non-normally distributed continuous variables as 
medians and interquartile ranges (IQRs). We compared the pup-
illometer parameters according to the lesion side of the stroke (ip-
silateral side or contralateral side). Additionally, the change in the 
pupillometer parameters at different times during monitoring was 
analyzed using a linear mixed model with a random intercept 
model for repeated measures analysis, adjusting the GCS score at 
each time point of pupillary reactivity measurement as the fixed 
factor. Statistical significance was set at P-value < 0.05. All statisti-
cal analyses were conducted using IBM SPSS ver. 25.0 (IBM 
Corp.), Statistical Analysis Software 9.4 (SAS Institute Inc.), and 
GraphPad Prism (version 9, GraphPad Software). 

RESULTS 

Among the 35 included patients (mean age, 69.5 years; 62.9% 
men), 951 measurements of quantitative bilateral pupillary assess-
ment were performed and analyzed. The baseline characteristics 
and clinical information are described in Table 1. Regarding diag-
nosis, 62.9% (n = 22) of the patients had ischemic stroke, and the 
rest had hemorrhagic stroke. The median initial GCS score at ad-
mission was 10 (IQR, 9–12). Functional independence before 
the index stroke was observed in 60.0% of the patients (modified 
Rankin Scale score = 0) (Table 1). 

For the automated pupillometer parameters, the median num-
ber of pupillary measurements was 25 (IQR, 14–26) during the 
monitoring period. When comparing the pupillometer parame-
ters between the lesion and contralateral sides, none of the param-
eters differed significantly, except the maximum pupil size. The 
maximum pupil size was significantly larger on the contralateral 
side than on the ipsilateral side at all times, although the difference 
was within 0.3 mm (Table 2). Table 3 shows the pupillometer 

https://doi.org/10.18700/jnc.23003070

Tae Jung Kim, et al. • Diurnal variation in pupil reactivity in stroke



variables over 24 hours. Regarding the maximum pupil size, the 
baseline pupil size at 20:00 did not differ between the right and 
left pupils. At all monitoring times over 24 hours, the change in 
the maximum pupil size showed a significant diurnal variation (P 
for linear trend; right [Rt]: P < 0.001, left [Lt]: P = 0.001). The 
maximum pupil size bilaterally was significantly larger at 0:00 and 
4:00 (Rt: 3.56±1.09 mm and 3.59±1.03 mm; Lt: 3.40± 1.10 mm 
and 3.51 ±1.02 mm, respectively) than at 20:00 (Rt: 3.21 ±0.93 
mm; Lt: 3.18±0.89 mm) (Table 3, Fig. 1). The baseline %CH val-
ues were similar in the bilateral pupils. As observed in the maximum 
pupil size, the %CH values were higher at 0:00 and 4:00 (Rt: 
27.48± 10.00 and 31.48±8.65; Lt: 27.56 ±10.51 and 31.42±9.45, 
respectively) than at 20:00 (Rt: 25.72 ± 9.86, Lt: 24.98 ± 10.45), 
with a significant diurnal variation observed (P for linear trend; Rt: 
P < 0.001, Lt: P < 0.001) (Table 3, Fig. 1). The LAT did not differ 
at any time point, regardless of the side. No significant differences 
in the baseline bilateral CV and MCV were observed at 20:00. 
The CV and MCV at 0:00 and 4:00 were significantly higher than 
the baseline values at 20:00, whereas those during the daytime did 
not change significantly. There were significant diurnal variations 
in the CV (P for linear trend; Rt: P < 0.001, Lt: P = 0.001) and 
MCV (P for linear trend; Rt: P < 0.001, Lt: P < 0.001) over 24 
hours (Table 3, Fig. 1). The DV at baseline did not differ signifi-
cantly between the right and left sides. Moreover, it showed a sim-
ilar time trend as observed for the aforementioned parameters. 

Table 1. Baseline characteristics of the patients 
Variable Value (n=35)
Age (yr) 69.5±15.0
Male 22 (62.9)
Stroke type
  Ischemic stroke 22 (62.9)
  Hemorrhagic stroke 13 (37.1)
Lesion side
  Right 14 (40.0)
  Left 16 (45.7)
  Bilateral 5 (14.3)
Initial GCS score 10 (9-12)
Hypertension 18 (51.4)
Diabetes mellitus 13 (37.1)
Dyslipidemia 8 (22.9)
Atrial fibrillation 13 (37.1)
Previous stroke 15 (42.9)
Coronary artery disease 4 (11.4)
Previous mRS score=0 21 (60.0)
Sedation during monitoring 5 (14.3)
Number of pupillometer assessments 25 (14–36)

Values are presented as mean±standard deviation, number (%), or median 
(interquartile range).
GCS, Glasgow Coma Scale; mRS, modified Rankin Scale.

Table 2. Pupillometer parameters during the 24-hour monitoring 
period according to the lesion side 
Time points Ipsilateral side Contralateral side P-value
Maximum pupil size (mm)
  0:00 3.35±1.05 3.60±1.13 0.043
  4:00 3.42±0.97 3.69±1.06 0.012
  8:00 3.13±0.82 3.42±0.90 0.005
  12:00 3.12±0.84 3.38±0.96 0.017
  16:00 3.15±0.80 3.43±0.89 0.003
  20:00 3.08±0.82 3.31±0.98 0.030
CH (%)
  0:00 27.19±9.88 27.73±10.63 0.629
  4:00 31.12±8.53 31.72±9.48 0.520
  8:00 25.32±9.42 27.40±10.00 0.066
  12:00 25.47±9.45 27.32±9.84 0.111
  16:00 26.35±9.20 27.01±10.54 0.545
  20:00 25.13±9.98 25.54±10.32 0.729
LAT (sec)
  0:00 0.26±0.05 0.27±0.05 0.080
  4:00 0.26±0.06 0.26±0.05 0.939
  8:00 0.27±0.05 0.27±0.04 0.565
  12:00 0.27±0.05 0.27±0.06 0.954
  16:00 0.27±0.05 0.27±0.06 0.879
  20:00 0.27±0.05 0.27±0.05 0.545
CV (mm/sec)
  0:00 1.77±0.89 1.85±0.95 0.422
  4:00 1.93±0.82 2.01±0.84 0.355
  8:00 1.66±0.94 1.83±0.98 0.129
  12:00 1.68±0.89 1.83±0.90 0.172
  16:00 1.73±0.87 1.84±0.97 0.289
  20:00 1.62±0.93 1.71±0.98 0.441
MCV (mm/sec)
  0:00 3.00±1.28 3.10±1.34 0.460
  4:00 3.32±1.18 3.46±1.31 0.304
  8:00 2.71±1.30 2.99±1.39 0.082
  12:00 2.76±1.25 2.97±1.26 0.177
  16:00 2.78±1.23 2.89±1.42 0.452
  20:00 2.66±1.40 2.78±1.49 0.469
DV (mm/sec)
  0:00 0.90±0.39 0.92±0.40 0.549
  4:00 0.93±0.40 0.98±0.49 0.266
  8:00 0.83±0.39 0.86±0.39 0.538
  12:00 0.81±0.34 0.89±0.40 0.082
  16:00 0.88±0.36 0.92±0.38 0.324
  20:00 0.82±0.40 0.84±0.40 0.700
NPi score
  0:00 4.32±0.57 4.22±0.60 0.140
  4:00 4.49±0.38 4.40±0.51 0.051
  8:00 4.44±0.36 4.36±0.42 0.061
  12:00 4.40±0.44 4.33±0.52 0.223
  16:00 4.42±0.44 4.33±0.45 0.063
  20:00 4.40±0.44 4.30±0.52 0.084

Values are presented as mean±standard deviation.
CH, constriction; LAT, latency; CV, constriction velocity; MCV, maximum 
constriction velocity; DV, dilation velocity; NPi, neurological pupil index.
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Table 3. Change in the pupillometer parameters of acute stroke patients during 24 hours 
Time points Right eye P-valuea) Left eye P-valuea)

Maximum pupil size (mm)
  20:00 (Baseline) 3.21±0.93 (ref) 3.18±0.89 (ref)
  0:00 3.56±1.09 0.001 3.40±1.10 0.024
  4:00 3.59±1.03 <0.001 3.51±1.02 <0.001
  8:00 3.35±0.88 0.313 3.21±0.86 0.794
  12:00 3.26±0.89 0.433 3.24±0.92 0.757
  16:00 3.37±0.86 0.115 3.21±0.86 0.502
  P for linear trend <0.001 0.001
CH (%)
  20:00 (Baseline) 25.72±9.86 (ref) 24.98±10.45 (ref)
  0:00 27.48±10.00 0.001 27.56±10.51 <0.001
  4:00 31.48±8.65 <0.001 31.42±9.45 <0.001
  8:00 26.67±9.13 0.122 25.80±10.16 0.340
  12:00 26.42±9.61 0.349 26.47±9.81 0.461
  16:00 27.13±9.60 0.282 26.24±10.18 0.391
  P for linear trend <0.001 <0.001
LAT (sec)
  20:00 (Baseline) 0.26±0.04 (ref) 0.27±0.05 (ref)
  0:00 0.26±0.05 0.557 0.26±0.05 0.814
  4:00 0.26±0.04 0.355 0.26±0.07 0.327
  8:00 0.27±0.04 0.310 0.27±0.05 0.630
  12:00 0.27±0.05 0.078 0.27±0.06 0.559
  16:00 0.27±0.05 0.134 0.27±0.05 0.795
  P for linear trend 0.062 0.400
CV (mm/sec)
  20:00 (Baseline) 1.68±0.94 (ref) 1.65±0.97 (ref)
  0:00 1.83±0.89 0.007 1.80±0.95 0.023
  4:00 1.97±0.80 <0.001 1.98±0.85 <0.001
  8:00 1.78±0.93 0.234 1.70±1.00 0.805
  12:00 1.73±0.85 0.311 1.78±0.94 0.397
  16:00 1.82±0.91 0.129 1.75±0.94 0.437
  P for linear trend <0.001 0.001
MCV (mm/sec)
  20:00 (Baseline) 2.81±1.42 (ref) 2.65±1.50 (ref)
  0:00 3.00±1.32 0.016 2.98±1.42 0.007
  4:00 3.36±1.22 <0.001 3.35±1.36 <0.001
  8:00 2.91±1.29 0.492 2.78±1.43 0.469
  12:00 2.84±1.21 0.800 2.88±1.36 0.350
  16:00 2.89±1.31 0.787 2.80±1.41 0.455
  P for linear trend <0.001 <0.001
DV (mm/sec)
  20:00 (Baseline) 0.84±0.41 (ref) 0.82±0.40 (ref)
  0:00 0.90±0.42 0.026 0.88±0.42 0.143
  4:00 0.97±0.50 <0.001 0.94±0.40 0.010
  8:00 0.87±0.40 0.264 0.84±0.38 0.669
  12:00 0.82±0.37 0.882 0.85±0.41 0.865
  16:00 0.91±0.37 0.100 0.87±0.40 0.318
  P for linear trend 0.002 0.038
NPi score
  20:00 (Baseline) 4.36±0.46 (ref) 4.33±0.53 (ref)
  0:00 4.22±0.60 0.070 4.32±0.56 0.473
  4:00 4.44±0.43 0.017 4.45±0.48 0.003
  8:00 4.37±0.39 0.716 4.40±0.40 0.145
  12:00 4.36±0.47 0.573 4.38±0.50 0.459
  16:00 4.33±0.50 0.277 4.37±0.48 0.766
  P for linear trend 0.718 0.040

Values are presented as mean±standard deviation.
ref, reference; CH, constriction; LAT, latency; CV, constriction velocity; MCV, maximum constriction velocity; DV, dilation velocity; NPi, neurological pupil 
index.
All P-values are calculated using a linear mixed-effect model with a random intercept model for repeated measures analysis. a)P-value for mean difference 
between 20:00 (baseline) time and each time point in 24 hours.
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The DV at 0:00 and 4:00 was higher than that at 20:00, with a sig-
nificant diurnal variation (P for linear trend; Rt: P = 0.002, Lt: 
P = 0.038) (Table 3, Fig. 1). The baseline NPi scores were similar 
on the right (4.36 ± 0.46) and left (4.33 ± 0.53) sides (P = 0.564). 
No significant diurnal variations were observed in the right NPi 
score, although the left NPi score changed significantly over time; 
the left NPi score at 4:00 was higher than that at 20:00. Among 
the patients, five (14.3%) were administered dexmedetomidine 
during the monitoring period. We found that the trend of the PLR 
changes (largest pupil size at 04:00 and smallest size at 20:00) did 
not differ between the patients with and without dexmedetomidine 
treatment, suggesting that the dynamics of the pupillary variables 
were not affected by the use of dexmedetomidine (Supplementary 
Table 1). 

DISCUSSION 

This study identified the time-of-day effect on pupillary parame-
ters in large hemispheric stroke patients with stable neurological 
conditions. The maximum pupil size, %CH, CV, MCV, and DV 
were significantly higher during the night than during the day or 
evening; however, no sudden drop or significant change was iden-
tified in the pupillary parameters during the 24-hour monitoring. 

Serial pupil examination is a basic but critical neurological ex-
amination performed in the neuroICU. In particular, quantitative 
assessment of the PLR using an automated pupillometer is a reli-
able and objective method for monitoring pupillary reactivity. 
Pupillometer assessment parameters, such as the NPi and CV, are 
reportedly sensitive to changes in neurological deterioration, 

Fig. 1. Variations in the pupillometer parameters over 24 hours: (A) maximum pupil size, (B) percentage of constriction (%CH), (C) latency 
(LAT), (D) constriction velocity (CV), (E) maximum constriction velocity (MCV), (F) dilation velocity (DV), (G) neurological pupil index (NPi). 
Quantitative pupillometry was performed every 4 hours using the NPi-100 pupillometer. Significant diurnal variations are observed in the 
maximum pupil size, %CH, CV, MCV, and DV during the 24-hour period. The pupillometer parameters, including maximum pupil size, %CH, 
CV, MCV, and DV show a gradual increase after 20:00 (baseline); the values recorded at 04:00 AM are the highest, whereas those recorded 
at 20:00 are the lowest. P-value in right (Rt) and left (Lt): P for linear trend. *P<0.05.
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which allows rapid diagnosis and evaluation of intracranial pathol-
ogy and outcomes that assist in clinical decision-making following 
acute brain injuries [1-4,6,7,14-16]. Pupillometer parameters on 
the ipsilateral and contralateral sides were similar. However, the 
maximum pupil size was larger on the contralateral side than on 
the ipsilateral side. The maximum pupil size was within the nor-
mal range, and the observed difference between the contralateral 
and ipsilateral sides (less than 0.3 mm) was within the range of 
physiological anisocoria [17]. Changes in the PLR over 24 hours 
are influenced by lighting, circadian phase, balance in sympathetic 
and parasympathetic pathways, and sleepiness in everyday envi-
ronments [13,18,19]. Previous studies investigating pupillary re-
activity and pupil size over time have shown that pupil size in-
creases at night, possibly due to alterations in the amount of light 
or changes in the circadian rhythm [8-10,19-21]. In contrast, oth-
er studies revealed that pupil size is dependent on the degree of 
sleepiness rather than the circadian phase [10,20,21]. Similarly, 
the relationship between pupillary dynamics and the time-of-day 
effect remains unclear, and no studies have investigated the diur-
nal variation in the pupillary parameters based on the pupillome-
ter assessment of neurologically stable patients with large hemi-
spheric stroke. This study revealed that pupil size was significantly 
larger at night, especially at 04:00, than during the day or evening 
(baseline value at 20:00), which corroborates the results of previ-
ous studies [8,9]. The pupillary parameters, including %CH, CV, 
MCV, and DV, gradually increased after 20:00; the highest values 
were recorded at 4:00 and the lowest at 20:00 over 24 hours, and 
these values could be associated with changes in pupil size. How-
ever, all pupillometer parameters had symmetric normative values 
with small oscillations over 24 hours. 

Pupillary reactivity over 24 hours in large hemispheric stroke 
patients could be affected by modified circadian rhythms, light, 
and stimuli secondary to the environment in the neuroICU 
[18,19,22,23]. The circadian rhythm is affected by external stimu-
li, and critically ill patients commonly experience disrupted physi-
ological circadian rhythms. Potential factors contributing to alter-
ations in circadian rhythmicity in neuroICU patients include noc-
turnal light exposure, noise, altered feeding schedules, disease se-
verity, scheduled nursing care, and sedative medications [22-24]. 
Therefore, pupil dynamics in the neuroICU may have been affect-
ed by the neuroICU environment influencing the patients’ circa-
dian rhythms [18,19,22-25]. Additionally, pupil dynamics during 
the 24-hour cycle could be influenced by ambient light levels in 
the neuroICU. Ambient light levels in the neuroICU are usually 
controlled using artificial light with minimal sunlight impact [26]. 
Therefore, the schedule for turning lights on and off should be 
considered when interpreting the results. At our center, the lights 

were dimmed from 0:30 to 6:00 and switched on and maintained 
at the same level for the remaining time. The changes in the light 
level during the night might have affected the maximum pupil size 
and robust pupillary constriction response at 4:00. However, the 
trend of %CH showed an increase at 0:00 compared to the base-
line value at 20:00 before the light level decreased, which suggests 
that the pupillary changes were not merely due to alterations in 
ambient light. Furthermore, the amount of sedative medication 
should be considered when interpreting changes in the PLR in 
the neuroICU [1,23]. In this study, the trends of the pupillometer 
parameters over time were similar in patients treated with and 
without sedative drugs. 

This study has several limitations. First, this was a retrospec-
tive study with a small number of patients; therefore, an unmea-
sured bias may exist. Second, we did not evaluate the actual cir-
cadian rhythms in individual patients by assessing the melatonin 
levels. However, all patients were subjected to the same light and 
dark cycles in the same neuroICU environment. Third, we did 
not evaluate the intensity of ambient light in the neuroICU, 
which may have affected the pupillary reactivity. However, the 
light-on/light-off timings were regular and similar for all the pa-
tients. Therefore, the time-of-day effect related to light intensity 
on the changes in the PLR was similar for all included patients. 
Fourth, the level of consciousness and sedative drugs may have 
affected the PLR dynamics during the monitoring period. 
Therefore, we adjusted the GCS score at each time point for 
PLR monitoring using a linear mixed model analysis to mini-
mize these effects.  

Moreover, treatment with sedation demonstrated similar time 
trends in the PLR of patients over 24 hours. Fifth, medical condi-
tions and underlying diseases, such as retinopathy associated with 
diabetes mellitus, have the potential to affect the pupillometer pa-
rameters. Finally, the results were based on neurocritically ill pa-
tients who required repetitive pupillary assessments. Changes in 
pupillary dynamics may differ among healthy individuals. Addi-
tionally, most patients had a large hemispheric stroke, which may 
have affected the results. However, we do not think that the 
changes in pupillary values were merely due to alterations in neu-
rological conditions because none of the patients experienced 
neurological worsening over the monitoring period, and the NPi 
scores did not deteriorate even with larger pupil sizes. 

In conclusion, diurnal variations occurred in the pupillometer 
parameters over 24 hours in large hemispheric stroke patients 
who were in a stable neurological condition. However, all changes 
were within the normal ranges, with small oscillations. Therefore, 
transient changes in the PLR and physiological changes within 
normal ranges may be acceptable during neurological monitoring 
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in neurologically critical patients. Additionally, serial monitoring 
of the PLR, regardless of the development of significant changes, 
could be a helpful tool for the neurological monitoring of large 
hemispheric stroke patients. Further large-scale studies are re-
quired to elucidate the relationship between the PLR parameters 
and time over 24 hours. 
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Background: Cardiocerebral infarction (CCI) is the simultaneous occurrence of acute ischemic stroke (AIS) and myocardial infarction 
(MI) at the same time (synchronous), or one after another (metachronous). This study aimed to investigate the differences in the un-
derlying mechanisms between synchronous and metachronous CCI. 
Methods: This study analyzed patients with AIS registered in the Clinical Research Collaboration for Stroke in Korea Prospective Reg-
istry at a single Stroke Center from January 2019 to December 2022. Patients with synchronous and metachronous CCI (MI within 72 
hours after AIS) were included. Severity at admission and modified Rankin Scale scores 3 months after treatment were assessed. 
Results: Among 3,319 AIS patients, 12 (0.36%) were diagnosed with acute CCI (male, 8; mean age, 69.6±14.0 years). Of these, six 
(0.18%) had synchronous CCI, while the other six had metachronous CCI. The synchronous CCI group exhibited lower neurological se-
verity at admission than the metachronous CCI group (median National Institutes of Health Stroke Scale, 3.5 vs. 12.5). Among the 12 
patients, seven (58%) had ST-elevation myocardial infarction (STEMI), with five (83%) of the synchronous CCI cases presenting as 
STEMI. Two cases of new-onset atrial fibrillation occurred exclusively in patients with synchronous CCI. Also, one case with synchro-
nous CCI had a thrombus in the left ventricle. 
Conclusion: Acute CCI is rare and manifests with varying degrees of severity. Our study suggests that AIS in synchronous CCI may be 
secondary to embolism caused by a preceding MI. In contrast, metachronous CCI exhibits diverse mechanisms, including secondary 
myocardial injury resulting from a preceding severe AIS. 

Keywords: Cardiocerebral infarction; Ischemic stroke; Myocardial infarction; Management
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INTRODUCTION 

Acute cardiocerebral infarction (CCI) is a rare, life-threatening 
condition in which both acute ischemic stroke (AIS) and myocar-
dial infarction (MI) occur simultaneously [1,2]. Recently, re-

searchers categorized acute CCI into two subtypes based on the 
timing of its occurrence: synchronous CCI and metachronous 
CCI [3]. Synchronous CCI is a simultaneous infarction in the ce-
rebral and coronary vascular territories, whereas metachronous 
CCI occurs when one event precedes the other, regardless of the 
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order of AIS and MI [2]. Metachronous CCI has been document-
ed to occur in a range of 0.9% to 12.7% [4,5], whereas synchro-
nous CCI is extremely rare, with a prevalence rate of 0.9% [6]. In 
particular, in a 3-year prospective study of patients with acute 
cerebrovascular accidents admitted to a geriatric unit within 72 
hours of onset, 12.7% were found to have what was considered to 
be associated with acute MI [7]. 

Prompt intervention and revascularization are essential for op-
timal treatment of both AIS and MI. However, there are currently 
no definitive guidelines for determining the priority of treating 
one condition over another. Although there are similarities in the 
treatment approaches for AIS and MI, slight variations in reperfu-
sion treatment indications, medications, and dosage selection can 
add complexity to the emergency physician’s decision-making 
process and hinder prompt decision making [3]. 

For these reasons, the mortality rate associated with acute CCI 
is high. However, comprehensive studies regarding this condition 
are lacking [8]. Furthermore, despite the distinct differences in the 
timing of occurrence between synchronous and metachronous 
CCI, it remains unclear whether there is a difference in the underly-
ing mechanisms between these two forms of CCI. To address these 
uncertainties, we aimed to determine the underlying mechanisms 
of the two distinct forms of acute CCI, synchronous CCI and meta-
chronous CCI, by analyzing the clinical characteristics, patterns of 
MI occurrence, mechanisms of AIS, and outcomes of acute CCI pa-
tients enrolled in the Clinical Research Collaboration for Stroke in 
Korea (CRCS-K) registry [9] at a single Stroke Center. 

METHODS 

This study focused on patients with AIS who were prospectively 
registered in the CRCS-K registry at a single Stroke Center be-
tween January 1, 2019, and December 31, 2022. This study com-
plied with the principles of the Declaration of Helsinki. 

We included adults aged 18 and above, who were diagnosed 
with AIS and MI. The times of occurrence and hospital admission 
for AIS and MI were recorded. The timing of AIS occurrence was 
determined based on the onset time of neurological symptoms or 
the last normal time, whereas the timing of MI occurrence was es-
tablished using clinical symptoms, cardiac enzyme elevation, or 
evidence of MI on electrocardiography or echocardiography. 

The participants were categorized into two groups based on the 
timing of occurrence. Patients who exhibited both AIS and MI si-
multaneously upon arrival at the emergency room were grouped 
as having synchronous CCI. In contrast, patients who developed 
MI within 72 hours of admission for AIS were grouped as having 
metachronous CCI. The interval between AIS and MI in meta-

chronous CCI was determined as described by Chin et al. [7]. 
Demographic data, vascular risk factors, medical history, includ-

ing atrial fibrillation, coronary heart disease, and prior antithrom-
botic use were investigated. The severity of stroke upon admission 
in patients with AIS was assessed using the National Institutes of 
Health Stroke Scale (NIHSS). Stroke type was classified according 
to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) 
classification with certain modifications. The TOAST classification 
was applied using a magnetic resonance imaging-based algorithm 
for AIS subtype classification (MAGIC) [10]. All patients with 
CCI experienced recent MI, which could be regarded as a major 
source of cardioembolism. However, only cases that met the dif-
ferential criteria outlined by MAGIC were considered to have car-
dioembolic mechanisms. 

We collected laboratory test results, including cardiac troponin 
I levels, which were within the normal range ( < 0.034 ng/mL). 
The type of MI (ST elevation and non-ST-segment elevation) 
was noted. Ejection fraction (EF) was classified into preserved 
(EF ≥ 50%), mid-range (40%–49% EF), and reduced ( < 40% 
EF), and presence of thrombus was confirmed on echocardio-
gram in the emergency room. 

We reviewed the implementation of reperfusion therapies such 
as intravenous thrombolysis, mechanical thrombectomy, and per-
cutaneous coronary intervention. We also investigated whether 
craniectomy could be performed due to the progression of brain 
edema in patients with malignant cerebral infarction. The func-
tional and mortality outcomes of the participants were analyzed 
using the modified Rankin Scale (mRS) score at the 3-month fol-
low-up after hospital admission. A poor functional outcome was 
defined as an mRS of 3–6. The cause of death was determined 
and documented in the deceased patients. 

Variables were summarized as frequency and percentage for 
categorical data and mean ± standard deviation and median 
(range) for numeric data. Group differences were tested using 
Fisher’s exact test for categorical data and the Mann-Whitney 
U-test for numeric data, as appropriate. Outcome incidence rates 
according to the CCI group were analyzed using Exact Poisson 
Regression. All statistical analyses were performed using STATA 
18.0, statistical software (StataCorp.), and a P-value less than 0.05 
was considered statistically significant. 

RESULTS 

During the study period, 3,319 patients with AIS were registered 
in the CRCS-K registry at a single Stroke Center. Among these, 12 
(0.36%) were diagnosed with acute CCI. Of these, six patients 
(0.18%) were classified into the simultaneous CCI group, and the 
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remaining six patients (0.18%) were classified into the metachro-
nous CCI group (Table 1). Among the 12 patients with acute CCI, 
7 had ST-elevation myocardial infarction (STEMI), while the re-
maining 5 had non–ST-elevation myocardial infarction 
(NSTEMI). The mean age of the 12 patients with acute CCI was 
69.6±14.0 years, and the initial median NIHSS was 5, ranging from 
0 to 18. The average time from onset-to-door for these patients was 
531.7± 511.8 minutes, ranging from 57 to 1,440 minutes. 

When comparing basic demographics, clinical characteristics, 
and laboratory findings between patients with synchronous and 
metachronous CCI, no statistically significant differences were 
observed. However, patients with metachronous CCI had a high-
er prevalence of advanced age, greater burden of vascular risk fac-
tors, and a higher incidence of previous antithrombotic medica-
tion use than those with synchronous CCI. Additionally, synchro-

nous CCI patients, with an initial median NIHSS score of 3.5, 
tended to have lower neurological severity at admission than 
metachronous CCI patients, whose initial median NIHSS score 
was 12.5. According to the MAGIC classification, synchronous 
CCI is more often associated with cardioembolism than with oth-
er mechanisms. Furthermore, the synchronous CCI group exhib-
ited a higher incidence of STEMI than the metachronous CCI 
group. In our study, both cases of new-onset atrial fibrillation oc-
curred in patients with synchronous CCI. Additionally, a left ven-
tricular thrombus was observed in one patient with synchronous 
CCI on echocardiography. We also detailed the clinical character-
istics of the 12 patients diagnosed with CCI (Table 2). 

Reperfusion therapy for AIS was administered to six individuals 
(50%), four of whom had metachronous CCI (Table 3). Craniec-
tomy was performed in one patient with metachronous CCI. All 

Table 1. Clinical profile of patients with cardiocerebral infarction 
Variable Overall (n=12) Synchronous (n=6) Metachronous (n=6) P-value
Age (yr) 69.6±14 62.3±13 76.8±12 0.09a)

Male 8 (67) 5 (83) 3 (50) 0.55b)

Hypertension 9 (75) 3 (50) 6 (100) 0.18b)

Diabetes mellitus 5 (42) 2 (33) 3 (50) 1.00b)

Dyslipidemia 6 (50) 2 (33) 4 (67) 0.57b)

Smoking 5 (42) 3 (50) 2 (33) 1.00b)

Pre-existing atrial fibrillation 0 0 0 -
History of coronary artery disease 3 (25) 0 3 (50) 0.18b)

Prior use of antithrombotics 0.18b)

  None 9 (75) 6 (100) 3 (50)
  Single antiplatelet 2 (17) 0 2 (33)
  Dual antiplatelet 1 (8) 0 1 (17)
Acute ischemic stroke onset-to-door time 1.00b)

  ≤6 hr 5 (42) 3 (50) 2 (33)
  >6 hr 7 (58) 3 (50) 4 (67)
NIHSS on admission 5 (0–18) 3.5 (0–18) 12.5 (2–17) 0.26a)

TOAST classification 0.26b)

  Large artery atherosclerosis 4 (33) 2(33) 2 (33)
  Small vessel occlusion 1 (8) 0 1 (17)
  Cardioembolism 5 (42) 4(66) 1 (17)
  Other determined 1 (8) 0 1 (17)
  Undetermined 1 (8) 0 1 (17)
Type of MI 0.24b)

  ST elevation MI 7 (58) 5 (83) 2 (33)
  Non-ST elevation MI 5 (42) 1 (17) 4 (67)
Ejection fraction in echocardiogram 1.00b)

  Reduced (<40%) 5 (42) 3 (50) 2 (33)
  Mid-range (40%–50%) 3 (25) 1 (17) 2 (33)
  Preserved (≥50%) 4 (33) 2 (33) 2 (33)
New-onset atrial fibrillation 2 (17) 2 (33) 0 0.46b)

Presence of thrombus 1 (8) 1 (17) 0 1.00b)

Values are presented as mean±standard deviation, number (%), or median (range).
NIHSS, National Institutes of Health Stroke Scale; TOAST, the Trial of Org 10172 in Acute Stroke Treatment; MI, myocardial infarction.
P-values were derived using a)Mann-Whitney’s U-test and b)Fisher’s exact test.
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patients with acute CCI underwent percutaneous coronary inter-
vention. No statistically significant differences were observed 
when comparing reperfusion therapy between synchronous and 
metachronous CCI. 

In the assessment of the functional outcome of 12 cases of acute 
CCI at 3 months, six patients (50%) experienced a poor outcome, 
as indicated by an mRS score of 3 to 6 (Table 4). Notably, the rate 
of poor functional outcomes at three months was higher in the 
metachronous CCI group (83%) than in the synchronous CCI 
group (17%). Mortality occurred in three cases, all of which were 
observed in patients with metachronous CCI. One of these three 
patients died from cardiovascular causes, while the other two pa-
tients died from sepsis. There were no statistically significant dif-
ferences according to Fisher’s exact test. We conducted exact Pois-
son regression analysis to further evaluate the outcomes. The inci-
dence of poor functional outcome at discharge was higher in 
metachronous CCI group compared with synchronous CCI 
group (relative risk [RR], 2.00; 95% confidence interval [CI], 
0.29–22.11; P = 0.69) Also, the incidence of poor functional out-
come at 3 months was higher in metachronous CCI group com-
pared with synchronous CCI group. (RR, 5.00; 95% CI, 0.56–
236.49; P = 0.22) Finally, the incidence of all-cause mortality was 
higher in metachronous CCI group compared with synchronous 
CCI group. (RR, 3.85; 95% CI, 0.41–infinite; P = 0.25) Although 
there were no statistically significant results, it was confirmed that 

the metachronous CCI group had a higher incidence of poor 
functional outcomes. 

DISCUSSION 

Our study showed that the incidence of acute CCI was 0.36%, 
with synchronous CCI accounting for 0.18% of the cases, indicat-
ing a relatively rare occurrence. While the previously reported fre-
quency of synchronous CCI is cited as 0.009% based on Yeo's 
publication, upon reviewing Yeo's report [6], it is evident that out 
of 555 patients with AIS, five cases of synchronous CCI were ob-
served, resulting in an accurate figure of 0.9%. 

In this study, several distinct differences were observed between 
synchronous and metachronous CCI beyond the timing of occur-
rence. First, patients with synchronous CCI were younger than 
those with metachronous CCI and exhibited lower neurological 
severity at the time of AIS occurrence. Second, the incidence rate 
of STEMI was higher in the synchronous CCI group (83%) than 
in the metachronous CCI group (33%). Third, new-onset atrial 
fibrillation and intraventricular thrombosis on echocardiography 
were only found in patients with synchronous CCI. 

According to a previous report by Wang et al. [1], the patho-
genesis of acute CCI can be categorized into two main mecha-
nisms. First, it can be attributed to cardiac causes such as atrial 
fibrillation. Secondly, this may have resulted from brain causes. 

Table 3. Management of cardiocerebral infarction 
Variable Overall (n=12) Synchronous (n=6) Metachronous (n=6) P-value
Reperfusion therapy
  Intravenous thrombolysis 3 (25) 1 (17) 2 (33) 1.00
  Mechanical thrombectomy 2 (17) 1 (17) 1 (17) 1.00
  Intravenous thrombolysis + mechanical thrombectomy 1 (8) 0 1 (17) 1.00
Craniectomy 1 (8) 0 1 (17) 1.00
Percutaneous coronary intervention 12 (100) 6 (100) 6 (100) -

Values are presented as number (%). P-values were derived using the Fisher’s exact test.

Table 4. Outcomes of patients with cardiocerebral infarction 
Variable Overall (n=12) Synchronous (n=6) Metachronous (n=6) P-value
Functional outcome
  Poor functional outcome at discharge (mRS 3–6) 6 (50) 2 (33) 4 (67) 0.57
  Poor functional outcome at 3 month (mRS 3–6) 6 (50) 1 (17) 5 (83) 0.08
Mortality outcome
  All-cause mortality 3 (25) 0 3 (50) 0.18
  Cardiovascular 1 (8) 0 1 (17) 1.00
  Stroke death 0 0 0 -
  Others 2 (17) 0 2 (33) 0.46

Values are presented as number (%). P-values were derived using the Fisher’s exact test. 
mRS, modified Rankin Scale.
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Specifically, in cases of brain damage, neurological damage caused 
by AIS is involved, and there is an interplay known as stroke-heart 
crosstalk, which includes the hypothalamic-pituitary-adrenal axis, 
immune and inflammatory responses, and various risk factors 
(such as age, sex, race, hypertension, smoking, diet, and physical 
inactivity) primarily involved in the pathogenesis of AIS [11,12]. 
Ultimately, these reactions act as cardiac burdens, leading to cardi-
ac arrhythmias and potentially triggering MI. Indeed, myocardial 
damage following AIS is associated with specific brain regions 
such as the insular cortex. However, it is mostly observed in pa-
tients with moderate-to-severe AIS and typically occurs approxi-
mately 24 hours after stroke onset [13,14]. This suggests that 
metachronous CCI is associated with a higher risk of MI follow-
ing a preceding stroke. 

In this study, it was observed that the cardiac troponin-I levels 
were elevated in all acute CCI patients tested in the emergency 
room. Specifically, even in patients with metachronous CCI, these 
levels were elevated. Therefore, in patients with AIS presenting to 
the emergency room with an increase in cardiac troponin I levels, 
it is important to consider intensive cardiac evaluations, even in 
the absence of other findings suggestive of MI. 

In this study, all three cases of new-onset atrial fibrillation oc-
curred in patients with synchronous CCI. Atrial fibrillation has 
been reported as a potential cause of simultaneous CCI because it 
is a common source of both cerebral and coronary embolisms 
[4,6]. Furthermore, in synchronous CCI, echocardiography per-
formed in the emergency room revealed the presence of a left 
ventricular thrombus in one patient. Additionally, the frequency 
of STEMI was significantly higher in the synchronous CCI group 
than in the metachronous CCI group. 

When blood clots form at the site of cardiac muscle damage, 
they may cause left ventricular stenosis or a left ventricular throm-
bus. The incidence of left ventricular thrombus following acute 
MI is reported to be 20%–40%. In particular, patients with 
STEMI have been reported to be more likely to have a left ventric-
ular thrombus than patients with NSTEMI (43.1% vs. 5.0%) 
[15]. Also, a left ventricular thrombus may be a potential risk fac-
tor for an embolic source. These findings suggest the possibility 
that synchronous CCI is caused by cardiac factors. However, 
more detailed research is required to clearly demonstrate this se-
quential relationship.  

In this study, the mean age of patients with synchronous CCI 
was lower than that of patients with metachronous CCI. Consid-
ering the general fact that the average age of the patients with MI 
was lower than that of the patients with AIS, this suggests the pos-
sibility of a closer association between synchronous CCI and car-
diac causes. Interestingly, despite the higher likelihood of synchro-

nous CCI patients having conditions caused by cardiac factors, 
their neurological severity is comparatively lower, and most pa-
tients primarily complain of stroke symptoms, such as hemipare-
sis, rather than symptoms suggestive of MI. Symptoms such as 
chest pain, commonly associated with MI, may go unnoticed in 
stroke patients and can be attributed to the following factors. (1) 
Stroke-related brain damage can affect the central nervous system, 
leading to impaired transmission of sensory signals related to car-
diac pain. (2) Stroke-induced changes in consciousness or a state 
of confusion can prevent the perception of cardiac pain [3,16]. 

In this study, 41.7% of patients with acute CCI received reper-
fusion therapy, such as intravenous thrombolysis or mechanical 
thrombectomy. This percentage was higher than that of the ap-
proximately 16% of patients who received reperfusion therapy 
based on the 2020 CRCS-K registry data [17]. This difference 
can be attributed to the fact that in this study, the average onset-
to-door time for acute CCI patients was approximately 8 hours, 
which is significantly shorter than the average of 42 hours for all 
registered AIS patients in the CRCS-K registry. In a meta-analysis 
of Acute CCI [18], similar results were found, with over 50% of 
the patients with acute CCI receiving reperfusion therapy, as ob-
served in our study. 

Similar to previous studies, the frequency of poor outcomes at 90 
days in patients with acute CCI in this study was >50% [3,6,18], 
which is higher than the 38.2% reported in the CRCS-K registry. 
The mortality rate was 25%, which is significantly higher than the 
2.8% reported in the CRCS-K registry [17]. The high mortality rate 
in acute CCI can be attributed not only to the initial high severity 
upon admission and the higher frequency of reperfusion therapy 
but also to the delayed diagnosis of concomitant MI and a potential 
lack of comprehensive treatment guidelines for acute CCI. This de-
lay in appropriate management could contribute to the higher mor-
tality rates observed in patients with acute CCI. 

In the present study, metachronous CCI was associated with 
poor functional outcomes and higher mortality rates. These re-
sults may be related to the neurological burden of the high NIHSS 
score and large size of the cerebral infarction in the metachronous 
CCI group. When the level of consciousness decreases, the airway 
is not protected, which increases the risk of aspiration pneumonia. 
In addition, severe neurological symptoms can aggravate underly-
ing cardiac problems, resulting in death. 

Our study has several limitations. First, we only included pa-
tients enrolled in the CRCS-K registry and there were no data on 
patients who developed AIS after MI. Second, the actual onset 
times of AIS and MI may differ even among the synchronous CCI 
groups because we classified CCI based on tests performed in the 
emergency room. Therefore, even if AIS and MI occur > 12 hours 
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apart, they can be classified as synchronous CCI. 
This study reports a relatively rare case series of acute CCI pro-

spectively tracked in a single-institution registry. In contrast to 
previous reports, MI can occur in AIS cases of varying severity 
and underlying mechanisms. Despite these findings, the progno-
sis of patients with acute CCI remains poor, with a high mortality 
rate. Therefore, there is a need to gather fundamental data through 
multicenter studies to develop response manuals and guidelines 
for acute CCI. 

ARTICLE INFORMATION 

Ethics statement 
The study protocol was reviewed and approved by the Institution-
al Review Board of Dong-A University on July 26, 2023 (No. 23-
135). Written informed consent was obtained from all the partici-
pants. 

Conflict of interest  
Jin-Heon Jeong is an editorial board member of the journal but he 
was not involved in the peer reviewer selection, evaluation, or de-
cision process of this article. No other potential conflict of interest 
relevant to this article was reported.  

ORCID 
Seonjeong Kim� https://orcid.org/0000-0001-9251-2932 
Hyein Chung� https://orcid.org/0009-0008-9763-7708 
Yoonkyung Lee� https://orcid.org/0000-0003-2602-6623 
Byeol-A Yoon� https://orcid.org/0000-0002-4350-3551 
Dae Hyun Kim� https://orcid.org/0000-0001-9761-7792 
Jin-Heon Jeong� https://orcid.org/0000-0002-5878-9206 
Jae-Kwan Cha� https://orcid.org/0000-0002-1049-5196

Author contributions  
Conceptualization: JKC. Methodology: SK, JHJ. Formal analysis: 
SK, HC. Data curation: DHK, BAY, YL. Visualization: SK, YL. 
Project administration: JKC. Writing–original draft: SK, JKC. 
Writing–review & editing: SK, JKC.

REFERENCES 

1. Wang X, Li Q, Wang Y, Zhao Y, Zhou S, Luo Z, et al. A case re-
port of acute simultaneous cardiocerebral infarction: possible 
pathophysiology. Ann Palliat Med 2021;10:5887-90. 

2. Omar HR, Fathy A, Rashad R, Helal E. Concomitant acute 
right ventricular infarction and ischemic cerebrovascular stroke; 
possible explanations. Int Arch Med 2010;3:25. 

3. de Castillo LL, Diestro JD, Tuazon CA, Sy MC, Añonuevo JC, 
San Jose MC. Cardiocerebral infarction: a single institutional se-
ries. J Stroke Cerebrovasc Dis 2021;30:105831. 

4. Akinseye OA, Shahreyar M, Heckle MR, Khouzam RN. Simul-
taneous acute cardio-cerebral infarction: is there a consensus for 
management? Ann Transl Med 2018;6:7. 

5. Sakuta K, Mukai T, Fujii A, Makita K, Yaguchi H. Endovascular 
therapy for concurrent cardio-cerebral infarction in a patient 
with Trousseau syndrome. Front Neurol 2019;10:965. 

6. Yeo LL, Andersson T, Yee KW, Tan BY, Paliwal P, Gopinathan A, 
et al. Synchronous cardiocerebral infarction in the era of endo-
vascular therapy: which to treat first? J Thromb Thrombolysis 
2017;44:104-11. 

7. Chin PL, Kaminski J, Rout M. Myocardial infarction coincident 
with cerebrovascular accidents in the elderly. Age Ageing 
1977;6:29-37. 

8. Lee K, Park W, Seo KD, Kim H. Which one to do first?: a case 
report of simultaneous acute ischemic stroke and myocardial 
infarction. J Neurocrit Care 2021;14:109-12. 

9. Park HK, Kim BJ, Han MK, Park JM, Kang K, Lee SJ, et al. 
One-year outcomes after minor stroke or high-risk transient 
ischemic attack: Korean multicenter stroke registry analysis. 
Stroke 2017;48:2991-8. 

10. Ko Y, Lee S, Chung JW, Han MK, Park JM, Kang K, et al. MRI-
based algorithm for acute ischemic stroke subtype classification. 
J Stroke 2014;16:161-72. 

11. Tahsili-Fahadan P, Geocadin RG. Heart-brain axis: effects of 
neurologic injury on cardiovascular function. Circ Res 2017; 
120:559-72. 

12. Scheitz JF, Nolte CH, Doehner W, Hachinski V, Endres M. 
Stroke-heart syndrome: clinical presentation and underlying 
mechanisms. Lancet Neurol 2018;17:1109-20. 

13. Battaglini D, Robba C, Lopes da Silva A, Dos Santos Samary C, 
Leme Silva P, Dal Pizzol F, et al. Brain-heart interaction after 
acute ischemic stroke. Crit Care 2020;24:163. 

14. Alkhachroum AM, Miller B, Chami T, Tatsuoka C, Sila C. A tro-
ponin study on patients with ischemic stroke, intracerebral 
hemorrhage and subarachnoid hemorrhage: type II myocardial 
infarction is significantly associated with stroke severity, dis-
charge disposition and mortality. J Clin Neurosci 2019;64: 
83-8. 

15. Cruz Rodriguez JB, Okajima K, Greenberg BH. Management 
of left ventricular thrombus: a narrative review. Ann Transl Med 
2021;9:520. 

16. Park JK, Lee SH, Choi S, Jung JH, Lee N. Two patients with 
acute myocardial infarction presenting with simultaneous acute 
ischemic stroke. Korean J Med 2008;74:672-5. 

83https://doi.org/10.18700/jnc.230029

https://doi.org/10.21037/apm-21-808
https://doi.org/10.21037/apm-21-808
https://doi.org/10.21037/apm-21-808
https://doi.org/10.1186/1755-7682-3-25
https://doi.org/10.1186/1755-7682-3-25
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105831
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105831
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105831
https://doi.org/10.21037/atm.2017.11.06
https://doi.org/10.21037/atm.2017.11.06
https://doi.org/10.21037/atm.2017.11.06
https://doi.org/10.3389/fneur.2019.00965
https://doi.org/10.3389/fneur.2019.00965
https://doi.org/10.3389/fneur.2019.00965
https://doi.org/10.1007/s11239-017-1484-2
https://doi.org/10.1007/s11239-017-1484-2
https://doi.org/10.1007/s11239-017-1484-2
https://doi.org/10.1007/s11239-017-1484-2
https://doi.org/10.1093/ageing/6.1.29
https://doi.org/10.1093/ageing/6.1.29
https://doi.org/10.1093/ageing/6.1.29
https://doi.org/10.18700/jnc.210030
https://doi.org/10.18700/jnc.210030
https://doi.org/10.18700/jnc.210030
https://doi.org/10.1161/STROKEAHA.117.018045
https://doi.org/10.5853/jos.2014.16.3.161
https://doi.org/10.5853/jos.2014.16.3.161
https://doi.org/10.5853/jos.2014.16.3.161
https://doi.org/10.1161/circresaha.116.308446
https://doi.org/10.1161/circresaha.116.308446
https://doi.org/10.1161/circresaha.116.308446
https://doi.org/10.1016/s1474-4422(18)30336-3
https://doi.org/10.1016/s1474-4422(18)30336-3
https://doi.org/10.1016/s1474-4422(18)30336-3
https://doi.org/10.1186/s13054-020-02885-8
https://doi.org/10.1186/s13054-020-02885-8
https://doi.org/10.1186/s13054-020-02885-8
https://doi.org/10.1016/j.jocn.2019.04.005
https://doi.org/10.1016/j.jocn.2019.04.005
https://doi.org/10.1016/j.jocn.2019.04.005
https://doi.org/10.1016/j.jocn.2019.04.005
https://doi.org/10.1016/j.jocn.2019.04.005
https://doi.org/10.21037/atm-20-7839
https://doi.org/10.21037/atm-20-7839
https://doi.org/10.21037/atm-20-7839


17. Clinical Research Collaboration for Stroke in Korea. CRCS-K 
statistics 2020 report. Clinical Research Collaboration for 
Stroke in Korea; 2021.  

18. Ng TP, Wong C, Leong EL, Tan BY, Chan MY, Yeo LL, et al. Si-
multaneous cardio-cerebral infarction: a meta-analysis. QJM 
2022;115:374-80.  

https://doi.org/10.18700/jnc.23002984

Seonjeong Kim, et al. • Mechanism of synchronous and metachronous CCI

https://doi.org/10.1093/qjmed/hcab158
https://doi.org/10.1093/qjmed/hcab158
https://doi.org/10.1093/qjmed/hcab158


Background: Acute ischemic stroke is a disease with multiple etiologies. Therefore, identifying the mechanism of acute ischemic 
stroke is fundamental to its treatment and secondary prevention. The Trial of Org 10172 in Acute Stroke Treatment classification is 
currently the most widely used system, but it often has a limitations of classifying unknown causes and inadequate inter-rater reli-
ability. Therefore, we attempted to develop a three-dimensional (3D)-convolutional neural network (CNN)-based algorithm for stroke 
lesion segmentation and subtype classification using only the diffusion and apparent diffusion coefficient information of patients with 
acute ischemic stroke. 
Methods: This study included 2,251 patients with acute ischemic stroke who visited our hospital between February 2013 and July 
2019. 
Results: The segmentation model for lesion segmentation in the training set achieved a Dice score of 0.843±0.009. The subtype classi-
fication model achieved an average accuracy of 81.9%, with accuracies of 81.6% for large artery atherosclerosis, 86.8% for cardioem-
bolism, 72.9% for small vessel occlusion, and 86.3% for control.
Conclusion: We developed a model to predict the mechanism of cerebral infarction using diffusion magnetic resonance imaging, 
which has great potential for identifying diffusion lesion segmentation and stroke subtype classification. As deep learning systems are 
gradually developing, they are becoming useful in clinical practice and applications. 

Keywords: Deep learning; Ischemic stroke; Etiology; Diffusion magnetic resonance imaging  
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INTRODUCTION 

Acute ischemic stroke has various causes based on the causative 
mechanism, consisting of large artery atherosclerosis (LAA), car-

dioembolism (CE), small vessel disease, stroke of other deter-
mined etiologies, or stroke of undetermined etiology. Classifica-
tion of acute ischemic stroke based on the cause is important for 
treatment and secondary prevention. The most widely used clas-
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sification system is the Trial of Org 10172 in Acute Stroke Treat-
ment (TOAST) classification [1,2]. However, this classification 
method shows moderate inter-rater reliability in classifying acute 
ischemic stroke and has a limitation of frequently classifying 
strokes as having an undetermined etiology [3]. To overcome this 
limitation, efforts are underway to develop a computerized algo-
rithm for acute stroke diagnosis; however, these have not shown 
sufficient results [4,5]. 

Various diagnostic methods such as brain imaging and heart 
tests are required to determine the causative mechanisms of acute 
ischemic stroke. Early diagnosis of the stroke subtype using this 
classification system can positively affect treatment, prognosis, 
and secondary prevention [1]. Diffusion-weighted magnetic reso-
nance imaging (MRI) is widely used to diagnose acute stroke. It 
has superior performance in detecting hyperacute lesions and 
very small ischemic lesions and in distinguishing chronic and 
acute lesions [6] compared to brain computed tomography (CT) 
and conventional MRI. Furthermore, simultaneous use of the ap-
parent diffusion coefficient (ADC) map and diffusion-weighted 
imaging (DWI) allow for more accurate distinction of the lesion 
of acute ischemic stroke, providing important information about 
the time window of the lesion [7]. The diffusion imaging lesion 
pattern, which provides useful information for the early diagnosis 
of acute ischemic stroke, has been reported to be closely related to 
the stroke subtype [8,9]. 

Various deep learning algorithms based on convolutional neural 
networks (CNNs) have been proposed for diagnosing acute isch-
emic stroke in brain MRI images [10-21]. These studies have 
shown that deep learning can detect stroke lesions more accurate-
ly than traditional machine-learning techniques and can extract 
meaningful features for severity evaluation or prognosis predic-
tion. Researchers have proposed lesion segmentation techniques 
for patients with acute ischemic stroke based on the U-Net archi-
tecture [16,17]. To efficiently exploit the contextual information 
of volumetric MRI data, Zhang et al. [18] proposed a stroke le-
sion segmentation technique using a three-dimensional (3D) ful-
ly connected-DenseNet. Although the aforementioned studies 
demonstrated that deep learning can classify patients with acute 
ischemic stroke via lesion segmentation, a classification technique 
for predicting the treatment mechanism of acute ischemic stroke 
has yet to be reported. In this study, we presented a 3D CNN-
based model for stroke lesion segmentation and subtype classifi-
cation using only DWI and ADC images from patients with acute 
ischemic stroke. 

METHODS 

Study population 
The participants were 2,251 patients with acute ischemic stroke 
who visited our hospital between February 2013 and July 2019. 
Information on acute ischemic stroke was compiled from a regis-
try. All patients with acute ischemic stroke were reviewed by at 
least three stroke specialists and classified according to the 
TOAST classification. There were 1,789 patients with LAA, CE, 
and small vessel occlusion (SVO), excluding stroke of other deter-
mined etiologies or stroke of undetermined etiology. Among 
them, 1,396 patients underwent DWI and ADC (Fig. 1). There 
were 608 patients with LAA, 441 with CE, and 359 with SVO. 
Among the healthy patients who visited the hospital during the 
same period, 400 who showed normal MRI findings at our clinic 
were included as controls. The patients’ sex, age, National Insti-
tutes of Health Stroke Scale score, and medical history, including 
stroke, hypertension, diabetes mellitus, and atrial fibrillation, are 
listed in Table 1. In the control group, brain images without clini-
cal information were used. Baseline characteristics were presented 
as frequencies (percentages). Continuous variables with normal 
distributions are presented as means ± standard deviation, where-
as variables with non-normal distributions are presented as medi-
ans (interquartile ranges).  

Imaging acquisition  
MRI was performed using various machines including 1.5 T 
(Achieva, Philips Healthcare) and 3.0 T (Ingenia CX, Philips 
Healthcare; Achieva, Philips Healthcare) scanners. The parame-
ters of the DWI sequence were as follows: repetition time, 2,500–
3,000 ms; echo time, 80 ms; slice thickness, 3–5 mm; intersection 
gap, 1 mm; field of view, 220 × 220 mm; matrix size, 256 × 256 

2,251 Patients registered in the Stroke 
Registry from 2013 to 2019

1,789 Patients classified as LAA or SVO 
or CE

393 Excluded
No DWI/ADC acquisition

LAA  
601 cases

CE  
437 cases

SVO
358 cases

Fig. 1. Study profile. LAA, large artery atherosclerosis; SVO, small 
vessel occlusion; CE, cardioembolism; DWI, diffusion-weighted 
imaging; ADC, apparent diffusion coefficient.
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(approximately 2 × 2 mm in-plane resolution); and b values, 0 and 
1,000 sec/mm2. Each apparent ADC map was generated auto-
matically using the manufacturer’s software. 

Data preparation 
To produce a “ground truth” reference standard for training and 
evaluating the subtype classification model, each patient was clas-
sified into four classes (LAA, SVO, CE, and Control) according 
to the TOAST classification system. Lesion areas in each DWI 
slide were manually annotated by two experienced neurologists 
using in-house annotation software. Finally, each lesion was 
cross-validated and labelled, with a final decision agreed upon by 
both raters. To address the data distribution and validation meth-
odology in our study, we adopted a 5-fold Stratified Cross-Valida-
tion approach. This ensures the proportionality of the class distri-
bution across each fold, which is crucial for maintaining the integ-
rity of the validation process given the imbalanced nature of our 
dataset. The preprocessing pipeline was meticulously designed to 
normalize and standardize the MRI images obtained from various 
vendors with different acquisition parameters. Each patient's MRI 
data comprising varying numbers of slices were resampled to a 
uniform 3D voxel size of 256 (H) ×  256 (W) ×  128 (D). This 
resampling is pivotal for aligning the spatial dimensions across all 
the datasets. To address the intensity variations due to different 
magnetic resonance (MR) parameters and scanner calibrations, 
we performed intensity normalization using the window center 
and width values provided in the digital Imaging and communica-
tion in medicine (DICOM) file metadata. This step adjusts the 
pixel intensity values to a standard scale, thereby enhancing the 
image comparability. Additionally, DWI, which inherently have 
varying numbers of slices owing to different scanning protocols, 
were standardized by selecting a fixed number of slices that best 

represented the essential features required for accurate segmenta-
tion. This uniform pre-processing approach ensures that subse-
quent segmentation algorithms operate on data that reflect con-
sistent anatomical structures and tissue characteristics, thereby 
enabling a more reliable and valid comparative analysis across all 
images. Practically, for each of the five folds, we allocated 60% of 
the data for training purposes, 20% for validation, and 20% for 
testing. This division was performed independently within each 
fold to confirm the generalizability and reliability of the model's 
performance. 

Lesion segmentation mode 
Our segmentation model, based on a 3D CNN called V-Net [22] 
is illustrated in Fig. 2. The model consists of an encoder that ex-
tracts feature maps from local 3D volumes and a decoder that pre-
dicts stroke lesions using feature maps. Because our model has a 
very deep architecture, we employed a residual block to alleviate 
the gradient vanishing and exploding problems. The residual 
block contains (1) a 3D convolutional layer with kernel size 
3 × 3 × 3 and (2) a residual skip connection and two 3D convolu-
tional layers with kernel size 3 × 3 × 3, each follo wing batch nor-
malization and a rectified linear unit, respectively. In the network 
encoder, residual blocks were utilized for feature extraction and 
max-pooling layers, with a stride of two to reduce spectral dimen-
sionality. In contrast, the decoder consists of up-convolutional 
layers with strides of two, followed by residual blocks after fea-
ture-map concatenation. Skip connections from the layers of 
equal resolution in the encoder provide high-resolution features 
to the decoder. A sigmoid activation layer was connected to the 
last layer of the decoder to calculate a probability map of the 
stroke lesions. 

The model was trained over 200 epochs with an Adam optimiz-

Table 1. Baseline characteristics of the study population according to stroke mechanism 
Variable Total LAA SVO CE
Number 1,396 601 358 437
Female 591 (42.3) 250 (41.6) 136 (38.0) 205 (46.9)
Male 805 (57.7) 351 (58.4) 222 (62.0) 232 (53.1)
Age (yr) 70±12 69±12 66±13 73±11
Delayed time (min) 101 (57–198) 118 (57–213) 152 (63.25–296) 85 (55–154)
Medical history
  Stroke 276 (19.8) 113 (18.8) 64 (17.9) 99 (22.7)
  Hypertension 895 (64.1) 416 (69.2) 214 (59.8) 265 (60.6)
  Diabetes mellitus 475 (34.0) 222 (36.9) 131 (36.6) 122 (37.9)
  Dyslipidemia 178 (12.8) 84 (14.0) 52 (14.5) 42 (9.6)
  Atrial fibrillation 327 (23.4) 9 (1.5) 2 (0.6) 316 (72.3)
NIHSS 5.67±5.72 4.96±4.99 3.02±2.13 8.81±7.11

Values are presented as number (%), mean±standard deviation, or median (interquartile range).
LAA, large artery atherosclerosis; SVO, small vessel occlusion; CE, cardioembolism; NIHSS, National Institutes of Health Stroke Scale Rating.
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Fig. 2. Our network architecture for stroke lesion segmentation. Based on three-dimensional (3D) U-Net, the network learns the features 
based on a hierarchy framework starting from simple features such as edges and shapes to high-level features in the deeper levels. ADC, 
apparent diffusion coefficient; DWI, diffusion-weighted imaging; Conv, convolution; BN, batch normalization; ReLU, rectified linear unit;  
Up-conv, up-convolutional.

er, an initial learning rate of 1e-5, and a batch size of 8. The model 
was trained from scratch without using pretrained weights. We 
tested various loss functions such as weighted cross-entropy loss, 
L1 loss, and Dice loss; Dice loss achieved the best performance. 
Furthermore, to address the data scarcity problem, data augmen-
tation techniques such as rigid transformation, horizontal/vertical 
flip, Gaussian noise, and gamma correction were randomly trig-
gered in each training session. 

Subtype classification model 
As illustrated in Fig. 3, our classification model predicted the 
probabilities of the four classes: LAA, SVO, CE, and Control. For 
feature extraction, we adopted a residual block in the lesion-seg-
mentation model. In addition, to guide the network to focus on 
the lesions, feature maps were enhanced using the lesion predic-
tion results provided by the segmentation model. Specifically, the 
enhanced feature map Fenh is obtained by 

Fenh =  F ×  (1 + h(A)), � (1) 

where F and A are the feature maps extracted by each residual 
block and lesion segmentation result, respectively. h(·) is a bilinear 

interpolation to match the spatial resolutions between F and A. 
This attention mechanism significantly improves the classification 
performance of the model by guiding the network to focus on le-
sion areas to predict stroke subtypes. The model was trained over 
400 epochs with an Adam optimizer, an initial learning rate of 1e-
5, and a batch size of 4. Categorical cross-entropy loss was utilized, 
and the model was trained from scratch. We used a data-augmen-
tation technique to train the classification model. 

RESULTS 

Lesion segmentation model 
Our segmentation model for lesion segmentation in the training 
set achieved a Dice score of 0.891± 0.034. For the test set, our model 
resulted in a Dice score, precision, and recall of 0.843 ±0.009, 
0.842±0.012, and 0.844±0.017, respectively. Fig. 4 shows some ex-
amples of lesion prediction results compared with assessments by 
neurologists. Our segmentation model accurately predicted extreme-
ly small lesions. Most cases of failure occurred when the lesions 
had very poor contrast in the diffusion images, as shown in Fig. 5. 

3D volume
(ADC+DWI)

Segmentation
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Fig. 3. Our network architecture for stroke subtype classification. To guide the network towards the lesion areas, we adopted the attention 
mechanism using the lesion segmentation result. ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging; LAA, large artery 
atherosclerosis; SVO, small vessel occlusion; CE, cardioembolism.

Stroke subtype classification model 
To underscore the benefits of leveraging segmentation data, we 
integrated an enhanced feature map into our stroke-subtype clas-
sification model. By applying an enhanced feature map informed 
by the segmentation results, the model obtains the spatial context 
that the raw images lack. This context allows the model to “see” 
beyond mere pixel intensity, recognizing patterns and structures 
pertinent to stroke subtype. 

This strategic modification led to a notable improvement in the 
performance metrics. Before integrating the segmentation infor-
mation, the average classification accuracy of the model is 71.1%. 
However, with the incorporation of an enhanced feature map, the 
accuracy significantly increased to 81.9%. This effect was evident 
across all subtypes, with accuracies of 81.6% for LAA, 86.8% for 
CE, 72.9% for SVO, and 86.3% for control. The enhanced feature 
map sharpens the model's ability to concentrate on lesion-specific 

areas, thereby refining the differentiation process between various 
stroke subtypes. 

Fig. 6 shows the confusion matrix obtained using the subtype 
classification model. Our model showed lower accuracy for SVO 
than for other subtypes, indicating that the model confused SVO 
with control cases owing to its poor analysis performance for 
small lesions. 

DISCUSSION 

This is the first study to perform subtype classification of stroke 
mechanisms by analyzing the patterns of acute ischemic stroke le-
sions through deep learning based on a 3D-CNN using DWI and 
ADC in patients with acute ischemic stroke. The main findings of 
this study are as follows. First, the 3D-CNN-based segmentation 
accuracy for acute ischemic stroke lesions was 0.843 based on the 

3D volume
(ADC+DWI)

Probability for  
each subtype

Residual block

Max pooling 1×2×2

Max pooling 2×2×2

Global average pooling

Fully connected layer

Attention mechanism

Segmentation
results

24×224×224×32

24×112×112×64

12×56×56×128

12×28×28×256
6×14×14×512

512 1,024 512 Softmax
LAA
SVO

CE
Control
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Fig. 4. Prediction outcomes using our lesion segmentation model. In each panel, the images in the first and second rows are diffu-
sion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) slices, respectively. The third-row images are the “ground truth” 
labels annotated by two neurologists, while the fourth-row images show lesion areas predicted by our model. AI, artificial intelligence.

Fig. 5. Failure cases of our lesion segmentation model. Most cases 
have occurred when the lesions have extremely poor contrast. 
DWI, diffusion-weighted imaging; ADC, apparent diffusion coeffi-
cient; AI, artificial intelligence.

Dice score. Second, in terms of subtyping to classify the cause of 
acute ischemic stroke, the predicted degree of cause classification 
according to the TOAST classification, which is the “ground 
truth,” was confirmed to be 81.3% for LAA, 84.6% for SVO, and 
73.0% for CE. 

With technological advances, brain imaging plays a crucial role 
in diagnosing and identifying mechanisms underlying the devel-
opment of acute ischemic stroke according to technological ad-
vances [23]. Among the various MR sequences, DWI and ADC 
maps are useful tools for the early detection of acute ischemic le-
sions and for differentiating between stroke mimics and acute 
ischemic stroke [24]. Several previous studies have attempted to 
segment the infarction volume in acute ischemic stroke using arti-
ficial intelligence (AI). Various imaging patterns of acute ischemic 
stroke in DWI lesions correlate with pathogenic mechanisms. In 
the case of cardiac embolic stroke, acute stroke lesions on DWI 
often show single cortical/subcortical lesions or occur multiple 
times in various vascular branches. Multiple unilateral lesions in 
the anterior circulation are characteristic findings of arteriogenic 
embolism. Meanwhile, small infarction (2–20 mm in diameter) 
lesions observed in the deep acute ischemic white matter, basal 
ganglia, thalamus, and pons were highly associated with SVO 
[8,25]. We attempted to apply a doctor’s diagnostic process to de-
termine the cause of acute ischemic stroke based on the character-
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istic findings of brain MRI using AI. 
However, there are many limitations in predicting the patho-

genesis of acute ischemic stroke using only DWI/ADC maps. 
The TOAST classification system is the most widely used system 
for classifying acute ischemic stroke based on its pathogenesis. 
Clinical findings and the results of ancillary diagnostic studies, in-
cluding brain imaging and cardiac evaluation, were used to classify 
patients’ acute ischemic stroke mechanism [1]. Although widely 
use and popular, its overall inter-rater agreement is moderate. Its 
reliability is notably lower for small-vessel occlusion and strokes of 
undetermined causes, especially when compared to LAA and CE 
[3]. To overcome this, an improved classification method that ap-
plies a new diagnostic technique was used; nevertheless, it still has 
limitations [4,5,26,27]. In particular, acute ischemic stroke with 
unknown mechanisms, such as LAA, CE, SVO, and stroke of oth-
er determined etiologies, is known as cryptogenic stroke. It is ob-
served in approximately all the patients with acute ischemic stroke 
[28]. These cryptogenic strokes are often observed as embolic 
strokes, and are called embolic strokes of undetermined source 
(ESUS) [29]. There is a need to determine the mechanism of 
ESUS and provide proper treatment; however, a definitive meth-
od for achieving this objective remains elusive [30]. We conduct-
ed this study to diagnose acute ischemic stroke using a deep learn-
ing algorithm. To the best of our knowledge, this model is the first 
algorithm for identifying the mechanism of cerebral infarction in 

patients with ESUS. In the future, it will be necessary to create a 
multimodal algorithm that includes cerebrovascular imaging, lab-
oratory data, and cardiac tests, such as transthoracic echocardiog-
raphy, transesophageal echocardiography, and electrocardiogra-
phy. We expect to improve the model in this study. 

Our study introduces a novel approach to lesion segmentation 
and stroke subtype classification that significantly advances tech-
nology beyond previous methodologies [10-21]. Unlike tradi-
tional techniques [16,17] which process individual slides and 
therefore cannot utilize contextual information from adjacent 
slides, often resulting in diminished accuracy, our technique lever-
ages a 3D CNN with a deep residual network architecture. This 
allowed for stable learning and improved recognition of complex 
patterns across multiple slides, culminating in a high Dice score of 
0.845 in the test set. 

Moreover, our subtype classification model exhibited an aver-
age accuracy of 81.9%, which is a notable improvement over the 
existing models. This is achieved through an attention mechanism 
that utilizes the lesion information predicted by the segmentation 
model, focusing on key areas for accurate prediction. This not 
only identified the stroke subtype but also highlighted the specific 
regions the model analyzed to arrive at its conclusion.  

The integration of these advanced segmentation and classifica-
tion models is expected to have a substantial impact on medical 
AI applications that rely on 3D volumetric data, such as CT and 
MRI scans. Our approach sets a new precedent for accuracy and 
reliability in medical diagnostics, offering a comprehensive solu-
tion that outperforms previous single-slice-based techniques. 

This study has several limitations. First, the labeling of subtypes 
in the stroke prediction is unclear. Despite our meticulous process 
of employing the TOAST classification system and expert anno-
tations by two experienced neurologists, the subjective nature of 
clinical diagnoses presents the potential for inconsistency. The 
difficulty in standardizing labels across different raters and cases is 
an inherent limitation not only in our study, but also in the broad-
er context of machine learning applications in stroke subtype clas-
sification. This could result in variability, affecting the reliability of 
our model. Recognizing this limitation, we emphasize the need 
for continuous improvement in annotation methodologies and 
exploration of more objective measures in future studies to mini-
mize such discrepancies. Second, this study lacks external valida-
tion. Therefore, there may be a bias in this model, and it is neces-
sary to improve it by performing external validation in future 
studies. Third, this algorithm does not include images of cerebral 
infarction caused by causes other than LAA, CE, or SVO. To pre-
dict and diagnose these mechanisms, additional clinical data, such 
as cerebrovascular imaging, laboratory studies, and cardiological 

Fig. 6. Confusion matrix of our subtype classification model. Val-
ues are presented as number (ratio). 3D, three-dimensional; CNN, 
convolutional neural network; LAA, large artery atherosclerosis; 
CE, cardioembolism; SVO, small vessel occlusion.
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evaluation, are required in addition to DWI/ADC. In this study, 
the algorithm was only trained on three mechanisms that are 
known to be diagnosable or predictable by DWI patterns. There-
fore, it is limited in classifying cerebral infarction caused by other 
mechanisms. In our follow-up study, we plan to improve the algo-
rithm by including various types of clinical data. Fourth, this study 
is a case-control study. The study was based on a stroke database 
from a single center; hence, there is a possibility of selection bias 
in the selection of subjects. Therefore, it is necessary to overcome 
this limitation using multicenter data in subsequent studies. Final-
ly, this study was conducted using data collected from a single co-
hort, which limited our consideration of variations in the MR pa-
rameters. Therefore, the generalizability of our findings to datasets 
with different MR parameters may be limited. Specifically, our 
normalization approach based on Window Center and Window-
Width may not be applicable to other datasets with varying imag-
ing protocols. This limitation highlights the need for further re-
search using diverse MRI datasets to validate and refine our meth-
odology. Future studies should aim to incorporate data from mul-
tiple sources with varying MR parameters to ensure broader ap-
plicability and robustness of the findings. 

In summary, this study aimed to predict the pathogenesis of ce-
rebral infarction using only brain diffusion MRI and apply it clini-
cally. Using only the initial diffusion MRI information, we present 
a feasible model that predicts the mechanism of occurrence by ap-
plying an algorithm based on a 3D-CNN through deep learning. 
The diffusion lesion volume measurement and stroke subtype 
classification using our proposed method showed a strong cor-
relation with those performed by manual segmentation and sub-
type classification by professional neurologists. This study is sig-
nificant because it is the first to predict the mechanism of acute 
ischemic stroke by using diffusion MRI alone. In future studies, it 
will be necessary to develop a multimodal algorithm that includes 
not only diffusion MRI, but also other brain imaging modalities 
and clinical data to predict the exact pathogenesis of cerebral in-
farction. 
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INTRODUCTION 

Atrial fibrillation (AF) is an important risk factor for ischemic 
stroke, and 10%–15% of all ischemic strokes occur in patients 
with AF [1]. Previous studies have demonstrated that optimal an-

Background: Optimal anticoagulation therapy reduces the risk of ischemic stroke in patients with nonvalvular atrial fibrillation (AF). 
Therefore, we aimed to evaluate the effects of prior anticoagulation therapy with vitamin K antagonists (VKAs) and direct oral antico-
agulants (DOACs) on ischemic stroke outcomes in patients with nonvalvular AF. 
Methods: We enrolled 487 patients with ischemic stroke and nonvalvular AF between January 2013 and August 2020. The infarct vol-
ume was semi-automatically evaluated using diffusion-weighted magnetic resonance imaging. Patients were categorized into no an-
ticoagulation, undertreated anticoagulation, and sufficient anticoagulation (with VKA or DOAC) groups based on their pre-admission 
anticoagulant use, and the clinical characteristics were compared between the groups. 
Results: Among the included patients, 374 (76.8%), 50 (10.3%), 10 (2.1%), and 53 (10.9%) patients received no anticoagulants, were 
undertreated with a VKA, were sufficiently treated with a VKA, and received DOACs, respectively, before stroke. Multivariate analysis 
revealed that optimal anticoagulation was independently associated with a low risk of severe stroke (odds ratio, 0.553; 95% confi-
dence interval, 0.308–0.992; P=0.047). Additionally, the DOAC group had a significantly smaller mean infarct volume than the other 
groups (45.8±73.2, 45.0±69.1, 30.9±24.7, and 12.6±24.9 mL in the no anticoagulation, insufficient VKA, sufficient VKA, and DOAC 
groups, respectively; P=0.011). 
Conclusion: Sufficient pre-stroke anticoagulation is associated with mild stroke severity and good outcomes at 3 months post-stroke. 
Additionally, pre-stroke DOAC treatment is associated with smaller infarct volume in patients with ischemic stroke and nonvalvular AF. 
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ticoagulation using vitamin K antagonists (VKAs), warfarin,  and 
direct oral anticoagulants (DOACs) reduces the risk of ischemic 
stroke in patients with AF [2-7]. Therefore, international guide-
lines recommend sufficient anticoagulation with VKAs and DO-
ACs for primary and secondary prevention, respectively, of cardi-
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oembolic ischemic stroke in patients with nonvalvular AF [8,9]. 
Moreover, compared to no anticoagulation therapy, sufficient 
VKA and DOAC therapy reportedly reduced ischemic stroke se-
verity and improved clinical outcomes in patients with AF [10-
14]. Furthermore, previous studies reported that DOAC therapy 
reduced the initial severity of ischemic stroke similar to sufficient 
VKA treatment [15,16]. However, the clinical impact of optimal 
anticoagulation with different treatment modalities, such as VKAs 
and DOACs, on initial stroke severity, infarct volume, and short-
term outcomes in patients with acute cardioembolic ischemic 
stroke and nonvalvular AF remains unknown. Therefore, we 
aimed to investigate the association of pre-stroke anticoagulation 
therapy with VKAs and DOACs as well as stroke severity and out-
comes in patients with ischemic stroke and non-valvular AF. 

METHODS 

Study population 
We retrospectively included patients who were admitted to our 
hospital with acute ischemic stroke within 7 days of symptom on-
set, between January 2013 and August 2020. Of the 603 patients 
with cardioembolic ischemic stroke and AF who were initially en-
rolled, those with valvular AF (n = 69) and those who did not un-
dergo diffusion-weighted imaging (DWI) during hospitalization 
after ischemic stroke (n = 37) were excluded. Finally, 487 patients 
with ischemic stroke and nonvalvular AF were included. 

Baseline characteristics and clinical information 
Clinical data regarding patient demographics, vascular risk factors, 
location of vessel occlusion, lesion location, reperfusion therapy, 
medication history, and laboratory findings were retrieved from 
the electronic medical records. All patients underwent laboratory 
examinations, including glucose and lipid profiling, blood cell 
counts, high-sensitivity C-reactive protein analysis, prothrombin 
time-international normalized ratio (PT-INR), and activated par-
tial thromboplastin time, at admission. For the purpose of this 
study, pre-admission anticoagulation treatments were categorized 
into four groups: (1) no anticoagulation therapy, (2) undertreat-
ed anticoagulation (subtherapeutic dose of VKA with a PT-INR 
of < 2 at admission), (3) sufficient VKA therapy (therapeutic 
dose of VKA with a PT-INR of ≥ 2 at admission) [8,9], or those 
on DOACs. Sufficient anticoagulation therapy was classified as 
sufficient VKA and sufficient DOAC. The National Institutes of 
Health Stroke Scale (NIHSS) score, which was the primary out-
come at discharge, was used to measure stroke severity at admis-
sion, which was the primary outcome, and at discharge. Patients 
with an NIHSS score of ≥ 5 were classified as having moderate to 

severe stroke [17]. The functional outcome at 3 months post-
stroke, which was the secondary outcome, was evaluated using 
the modified Rankin Scale (mRS). Patients were assigned to ei-
ther the “good outcome” (mRS score ≤ 2) or “poor outcome” 
(mRS score ≥ 3) group. Additionally, infarct volume was analyzed 
according to the pre-admission anticoagulation therapy received 
by the patients. 

Radiological assessment 
Brain magnetic resonance (MR) images were obtained using a 1.5 
T (Signa HDxt, GE Healthcare [n = 114]) or 3.0 T (Verio, Sie-
mens [n = 91]; Discovery 750, GE Healthcare [n = 158]; Magne-
tom Skyra, Siemens [n = 51]; Ingenia CX, Philips [n = 73]) ma-
chine. Moreover, we extensively acquired MR images using DWI 
(repetition time/echo time: 6,000–10,000/65–80 for 3.0 T and 
5,000–9,000/65–75 for 1.5 T) [18-20]. The lesion locations were 
classified as anterior circulation, posterior circulation, or multiple 
territories. The cerebral infarct volumes of the lesions were ana-
lyzed on DWI using Medical Imaging Processing,  Analysis, and 
Visualization (MIPAV, ver. 10.0.0; National Institutes of Health) 
[21], by an investigator blinded to the clinical information. 
Large-vessel occlusion was evaluated using brain computed to-
mography angiography or MR angiography. 

Statistical analysis 
Baseline characteristics are presented as frequencies (percentag-
es). Continuous variables with normal distributions are presented 
as means ± standard deviations, whereas variables with non-nor-
mal distributions are presented as medians (interquartile ranges). 
In the univariate analysis, the proportions of categorical variables 
were compared using Pearson chi-square test or Fisher’s exact test, 
as appropriate. The relationships between continuous variables 
and anticoagulation therapies were analyzed using the Krus-
kal-Wallis test or one-way analysis of variance. Associations be-
tween outcomes and the levels of anticoagulation therapy were 
analyzed using logistic regression analysis. Covariates with a sig-
nificance level of P < 0.05 in the univariate analyses or clinically 
important variables were used for adjusting the multivariate analy-
sis. Statistical significance was set at P < 0.05. All statistical analy-
ses were performed using IBM SPSS ver. 25.0 (IBM Corp.) and 
GraphPad Prism ver. 9 (GraphPad Software). 

RESULTS 

Of the 487 patients included in this study, 374 (76.8%) received 
no anticoagulant medication, 50 (10.3%) were undertreated with 
VKA, and 63 (12.9%) received sufficient anticoagulation (10 
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[2.1%] received VKAs and 53 [10.9%] received DOACs). Table 
1 presents the clinical characteristics of the included patients. 
Their mean age was 73.8 ± 9.9 years, and 294 (60.4%) of them 
were men. There were significantly more patients with a history 
of stroke/transient ischemic attack and dyslipidemia in the under-
treated and sufficient anticoagulation groups than that in the no 
anticoagulation group (P < 0.001). Patients who received pre-
stroke anticoagulation therapy were less likely to undergo intrave-
nous thrombolysis upon admission (P = 0.002). There were no 
significant differences in lesion location or vessel occlusion among 
the four groups (Table 1). The sufficient anticoagulation group 
had a lower initial NIHSS score, better outcomes at 3 months 

post-stroke, and lower infarct volume than the no anticoagulation 
and undertreated VKA groups (no anticoagulation vs. undertreat-
ed VKA vs. sufficient anticoagulation: NIHSS score: 6.0 [2.0–
15.0] vs. 5.5 [1.0–16.3] vs. 4.0 [1.0–9.0], P = 0.008; good out-
comes at 3 months: 52.7% vs. 50.0% vs. 73.0%, P = 0.008; infarct 
volume: 45.8 ± 73.2 vs. 45.0 ± 69.1 vs. 15.5 ± 25.6 mL, P = 0.005 
(Table 1). Additionally, the DOAC group had a lower initial NI-
HSS score (P = 0.018) and better outcomes at 3 months post-
stroke (P = 0.015) than the VKA group (Table 2). Furthermore, 
the DOAC group had the lowest infarct volume among the four 
treatment groups (no anticoagulation vs. undertreated VKA vs. 
sufficient VKA vs. DOAC: 45.8 ± 73.2 mL vs. 45.0 ± 69.1 mL vs. 

Table 1. Baseline characteristics of the included patients

Variable Total (n=487)
No anticoagulant 
(n=374, 76.8%)

Undertreated anticoagulation 
(n=50, 10.3%)

Sufficient anticoagulation 
(n=63, 12.9%) P-value

Age (yr) 73.8±9.9 74.2±9.9 72.3±11.6 72.6±7.9 0.244
Male 294 (60.4) 220 (58.8) 30 (60.0) 44 (69.8) 0.254
Hypertension 353 (72.5) 270 (72.2) 35 (70.0) 48 (76.2) 0.739
Diabetes mellitus 164 (33.7) 123 (32.9) 14 (28.0) 27 (42.9) 0.202
Dyslipidemia 184 (37.8) 137 (36.6) 15 (30.0) 32 (50.8) 0.049
Previous stroke 135 (27.7) 84 (22.5) 23 (46.0) 28 (44.4) <0.001
Coronary artery disease 88 (18.1) 72 (19.3) 10 (20.0) 6 (8.5) 0.166
Smoking 142 (29.2) 110 (29.4) 15 (30.0) 17 (27.0) 0.917
Initial NIHSS 5.0 (2.0–15.0) 6.0 (2.0–15.0) 5.5 (1.0–16.3) 4.0 (1.0–9.0) 0.008
Initial moderate to severe stroke 

(NIHSS ≥5)
243 (49.9) 195 (52.1) 25 (50.0) 23 (36.5) 0.072

Discharge NIHSS 2.5 (1.0–9.0) 3.0 (1.0–10.0) 3.0 (0.8–9.0) 2.0 (0.0–5.0) 0.074
Prestroke mRS=0 375 (77.0) 294 (78.6) 312 (64.0) 49 (77.8) 0.069
Lesion locations 0.638
  Anterior 327 (67.1) 257 (68.7) 33 (66.0) 37 (58.7)
  Posterior 99 (20.3) 72 (19.3) 11 (22.0) 16 (25.4)
  Multiple 61 (12.5) 45 (12.0) 6 (12.0) 10 (15.9)
Vessel occlusion 0.668
  None 259 (53.2) 192 (51.3) 28 (56.0) 39 (61.9)
  Anterior 181 (37.2) 146 (39.0) 17 (34.0) 18 (28.6)
  Posterior 42 (8.6) 31 (8.3) 5 (10.0) 6 (9.5)
  Multiple 5 (1.0) 5 (1.3) 0 0
Intravenous thrombolysis 65 (13.3) 61 (16.3) 2 (4.0) 2 (3.2) 0.002
Endovascular reperfusion therapy 99 (20.3) 79 (21.1) 10 (20.0) 10 (15.9) 0.631
Fasting glucose level (mg/dL) 109.8±38.5 111.4±41.4 102.4±28.0 106.9±24.9 0.266
Good outcome at 3 months 268 (55.0) 197 (52.7) 25 (50.0) 46 (73.0) 0.008
Laboratory information
  Hemoglobin (g/dL) 13.4±2.1 13.4±2.1 13.1±2.3 13.8±1.9 0.159
  Platelet (×1,000/μL) 206.4±65.2 207.3±66.6 203.0±62.6 204.2±59.6 0.873
  Creatinine (mg/dL) 1.15±0.94 1.14±0.95 1.32±1.30 1.10±0.43 0.389
  Total cholesterol (mg/dL) 158.4±36.8 159.6±37.3 154.4±34.5 154.5±36.1 0.444
  hs-CRP (mg/dL) 1.39±2.98 1.45±3.03 1.93±3.91 0.62±1.27 0.052
  PT-INR 1.13±0.35 1.04±0.11 1.33±0.28 1.50±0.76 <0.001
  aPTT (sec) 32.2±17.9 31.4±19.9 33.6±6.4 35.7±8.3 0.179
  Infarct volume (mL) 41.8±69.2 45.8±73.2 45.0±69.1 15.5±25.6 0.005

Values are prsesented as mean±standard deviation, number (%), or median (interquartile range).
NIHSS, National Institute of Health Stroke Scale; mRS, modified Rankin Scale; hs-CRP, high-sensitivity C-reactive protein; PT-INR, prothrombin time-in-
ternational normalized ratio; aPTT, activated partial thromboplastin time.
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Table 2. Baseline characteristics according to anticoagulation 

Variable Total (n=487)
No anticoagulant 
(n=374, 76.8%)

Undertreated VKA 
(n=50, 10.3%)

Sufficient VKA 
(n=10, 2.1%)

DOAC  
(n=53, 10.9%) P-value

Age (yr) 73.8±9.9 74.2±9.9 72.3±11.6 75.0±9.3 72.2±7.6 0.318
Male 294 (60.4) 220 (58.8) 30 (60.0) 8 (80.0) 36 (67.9) 0.357
Hypertension 353 (72.5) 270 (72.2) 35 (70.0) 8 (80.0) 40 (75.5) 0.884
Diabetes mellitus 164 (33.7) 123 (32.9) 14 (28.0) 4 (40.0) 23 (43.4) 0.368
Dyslipidemia 184 (37.8) 137 (36.6) 15 (30.0) 3 (30.0) 29 (54.7) 0.040
Previous stroke 135 (27.7) 84 (22.5) 23 (46.0) 4 (40.0) 24 (45.3) <0.001
Coronary artery disease 88 (18.1) 72 (19.3) 10 (20.0) 0 6 (11.3) 0.223
Smoking 142 (29.2) 110 (29.4) 15 (30.0) 3 (30.0) 14 (26.4) 0.982
Initial NIHSS 5.0 (2.0–15.0) 6.0 (2.0–15.0) 5.5 (1.0–16.3) 5.0 (1.0–14.5) 4.0 (1.0–8.0) 0.018
Initial moderate to severe stroke 

(NIHSS ≥ 5)
243 (49.9) 195 (52.1) 25 (50.0) 5 (50.0) 18 (34.0) 0.105

Discharge NIHSS 2.5 (1.0-9.0) 3.0 (1.0–10.0) 2.0 (0.0–11.0) 2.0 (0.0–4.5) 2.0 (0.0–5.0) 0.150
Prestroke mRS=0 375 (77.0) 294 (78.6) 312 (64.0) 8 (80.0) 41 (77.4) 0.143
Lesion locations 0.821
  Anterior 327 (67.1) 257 (68.7) 33 (66.0) 6 (60.0) 31 (58.5)
  Posterior 99 (20.3) 72 (19.3) 11 (22.0) 3 (30.0) 13 (24.5)
  Multiple 61 (12.5) 45 (12.0) 6 (12.0) 1 (10.0) 9 (17.0)
Vessel occlusion 0.851
  None 259 (53.2) 192 (51.3) 28 (56.0) 6 (60.0) 33 (62.3)
  Anterior 181 (37.2) 146 (39.0) 17 (34.0) 3 (30.0) 15 (28.3)
  Posterior 42 (8.6) 31 (8.3) 5 (10.0) 1 (10.0) 5 (9.4)
  Multiple 5 (1.0) 5 (1.3) 0 0 0
Intravenous thrombolysis 65 (13.3) 61 (16.3) 2 (4.0) 1 (10.0) 1 (1.9) 0.005
Endovascular reperfusion therapy 99 (20.3) 79 (21.1) 10 (20.0) 1 (10.0) 9 (17.0) 0.763
Fasting glucose level (mg/dL) 109.8±38.5 111.4±41.4 102.4±28.0 107.6±23.5 106.8±25.5 0.449
Good outcome at 3 months 268 (55.0) 197 (52.7) 25 (50.0) 6 (60.0) 40 (75.5) 0.015
Laboratory information
  Hemoglobin (g/dL) 13.4±2.1 13.4±2.1 13.1±2.3 14.1±1.3 13.8±2.0 0.265
  Platelet (×1,000/μL) 206.4±65.2 207.3±66.6 203.0±62.6 214.0±55.0 202.3±60.7 0.910
  Creatinine (mg/dL) 1.15±0.94 1.14±0.95 1.32±1.30 1.18±0.35 1.09±0.44 0.578
  Total cholesterol (mg/dL) 158.4±36.8 159.6±37.3 154.4±34.5 168.2±30.1 152.0±36.8 0.376
  hs-CRP (mg/dL) 1.39±2.98 1.45±3.03 1.93±3.91 0.42±0.64 0.66±1.36 0.113
  PT-INR 1.13±0.35 1.04±0.11 1.33±0.28 2.84±0.87 1.25±0.38 <0.001
  aPTT (sec) 32.2±17.9 31.4±19.9 33.6±6.4 42.1±12.2 34.5±6.8 0.175
  Infarct volume (mL) 41.8±69.2 45.8±73.2 45.0±69.1 30.9±24.7 12.6±24.9 0.011

Values are prsesented as mean±standard deviation, number (%), or median (interquartile range).
VKA, vitamin K antagonist; DOAC, direct oral anticoagulant; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; hs-CRP, 
high-sensitivity C-reactive protein; PT-INR, prothrombin time-international normalized ratio; aPTT, activated partial thromboplastin time.

30.9±24.7 mL vs. 12.6±24.9 mL, P=0.011) (Table 2, Fig. 1). How-
ever, sufficient anticoagulation was negatively associated with ini-
tial stroke severity (NIHSS score ≥ 5) and poor outcome in uni-
variate analysis (Table 3), and was independently negatively cor-
related with initial moderate to severe stroke (odds ratio [OR], 
0.467; 95% confidence interval [CI], 0.236–0.888; P = 0.021) and 
poor outcome at 3 months post-stroke (OR, 0.377; 95% CI, 
0.155–0.920; P = 0.032) (Table 3) in multivariate analysis. 

DISCUSSION 

This study showed that compared to no or undertreated anticoag-
ulation, sufficient pre-stroke anticoagulation with VKA and 

DOAC was associated with milder stroke and was independently 
related to a better outcome at 3 months post-stroke in patients 
with nonvalvular AF. Additionally, the DOAC group had the low-
est initial NIHSS score and smallest infarct volume among the 
four anticoagulation therapy groups. 

Patients with AF who receive sufficient pre-stroke VKA therapy 
have a lower risk and severity of stroke, and better outcomes than 
those who do not receive anticoagulation [10-14]. Moreover, 
DOAC therapy was more effective than other anticoagulant ther-
apies in reducing infarct volume, arterial occlusion, and stroke se-
verity in patients with AF who experienced anterior circulation 
ischemic stroke [15,16]. Although previous studies have reported 
the occurrence of major  artery occlusion leading to ischemic 
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Table 3. Association between anticoagulation and short-term outcome in ischemic stroke patients with nonvalvular atrial fibrillation 
Variable Crude odds ratio (95% CI) P-value Adjusted odds ratio (95% CI) P-value
Initial NIHSS ≥5a)

  Age 1.040 (1.020–1.060) <0.001 1.032 (1.008–1.056) 0.009
  Sufficient anticoagulation 0.463 (0.269-0.797) 0.005 0.457 (0.236–0.888) 0.021
Poor outcome at 3 monthsb)

  Initial NIHSS 1.244 (1.197–1.293) <0.001 1.340 (1.256–1.143) <0.001
  Sufficient anticoagulation 0.406 (0.226–0.731) 0.003 0.377 (0.155–0.920) 0.032

CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale. 
a)Adjusted for previous stroke, age, hypertension, diabetes mellitus, prestroke modified Rankin Scale, locations of lesions, vessel occlusion, sufficient an-
ticoagulation; b)Adjusted for initial NIHSS, endovascular reperfusion therapy, intravenous thrombolysis, previous stroke, hypertension, diabetes mellitus, 
dyslipidemia, vessel occlusion, fasting glucose level, prestroke modified Rankin Scale, locations of lesions, anticoagulation.

Fig. 1. Comparison of infarct volume according to pre-stroke anticoagulation. The sufficient anticoagulation group (sufficient vitamin 
K antagonist [VKA] and direct oral anticoagulants [DOACs]) had a lower infarct volume than no anticoagulation and undertreated VKA 
groups. Furthermore, the DOAC group had the lowest infarct volume by a significant margin among the four treatment groups. 
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stroke in patients with AF and negative associations between 
VKA or DOAC therapy and initial stroke volume, few studies 
have evaluated the relationship between sufficient anticoagulation 
and initial stroke severity, functional outcome, and infarct volume 
according to the type of pre-stroke anticoagulation therapy in pa-
tients with AF and ischemic stroke in different vascular territories. 
In our study, sufficient pre-stroke anticoagulation reduced stroke 
severity and infarct volume, and improved functional outcomes in 
patients with nonvalvular AF, regardless of the vascular territory 
involved. Moreover, DOAC therapy resulted in decreased stroke 
severity and improved functional outcomes, consistent with the 
findings of previous studies [15,16]. 

Sufficient anticoagulation therapy leads to a decrease in the size 
of thrombi and emboli, thereby preventing large artery occlusion 
and decreasing the infarct volume, resulting in mild initial symp-
toms of acute ischemic stroke [13,22,23]. Small thrombi, which 
occur in patients consistently receiving sufficient anticoagulation, 
are indirectly related to the ultra-early recanalization of vulnerable 
thrombi, thereby preventing large artery occlusion. Owing to 
minimal fluctuations in its anticoagulation effect, DOAC therapy 
consistently provides optimal anticoagulation therapy compared 
to VKA therapy. Therefore, DOAC therapy is at least as effective 
as VKA therapy in preventing stroke occurrence and reducing ini-
tial stroke severity [15,16]. Consequently, the recommended an-

https://doi.org/10.18700/jnc.23003198

Tae Jung Kim, et al. • Optimal anticoagulation and ischemic stroke



ticoagulation strategy for the secondary prevention of ischemic 
stroke in patients with AF has been changed from VKA to DOAC, 
and additional indications for DOAC use have been suggested [4-
9]. Sufficient anticoagulation can be attributed to the inhibition of 
the thrombotic system through the acceleration of thrombolysis, 
which may lead to gradual fibrinolysis in the thrombi. Therefore, 
therapeutic anticoagulation can reduce infarct size by preventing 
microvascular thrombosis after ischemic stroke [24], which may 
explain the lower stroke severity and better outcomes in the 
DOAC group than that in the VKA group. 

In our study, stroke severity, infarct volume, and outcomes of 
the insufficient anticoagulation group were similar to those of the 
no anticoagulation group. In contrast, subtherapeutic anticoagula-
tion with VKA was associated with poor medication adherence. A 
PT-INR in the subtherapeutic range in patients receiving VKAs 
may lead to a transient hypercoagulable state due to the difference 
in plasma half-life between procoagulation factors II and X and 
anticoagulant proteins C and S [25,26]. Therefore, it is pharma-
cokinetically possible that, compared to the no anticoagulation 
group, the subtherapeutic group had similarly sized or larger 
thrombi, which may have resulted in an increased infarct volume 
[27]. Hence, well-managed oral anticoagulant treatment may re-
duce stroke severity and improve functional outcomes of ischemic 
stroke in patients with nonvalvular AF. 

However, this study had some limitations. First, this was a retro-
spective study; therefore, there is a possibility of selection bias and 
uncontrolled factors in the clinical scenario. Second, pre-stroke 
anticoagulant status was defined based on prescription informa-
tion, whereas drug adherence data for DOACs were not systemat-
ically collected. Third, we did not measure the DOAC plasma lev-
els using calibrated Xa activity or hemoclot assays, which may 
have affected the findings in the DOAC treatment group. Finally, 
we did not differentiate between paroxysmal, persistent, or per-
manent AF. However, all AF types are high-risk factors for embol-
ic vascular events. 

In conclusion, sufficient anticoagulation therapy is associated 
with decreased stroke severity and infarct volume, and improved 
functional outcomes. Patients with valvular AF who received 
DOAC treatment prior to ischemic stroke onset showed small in-
farct volumes and good functional outcomes at 3 months post-
stroke. Therefore, sufficient anticoagulation with VKAs and DO-
ACs could improve ischemic stroke outcomes in patients with 
nonvalvular AF. However, further large-scale clinical studies are 
required to determine what constitutes sufficient anticoagulation 
and to evaluate stroke severity and outcomes after ischemic stroke 
caused by nonvalvular AF. 
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INTRODUCTION 

Cerebral malaria is a rare symptom of Plasmodium falciparum [1]. 
This disease destroys the integrity of the blood-brain barrier 
through various mechanisms [2]. Cerebral malaria occurs mainly 
in children in endemic areas or in adult travelers who have not de-
veloped immunity. Therefore, clinicians should consider diagnos-
ing cerebral malaria in patients with neurological symptoms and a 
history of travel to malaria-endemic areas [3]. Moreover, cerebral 
malaria is associated with severe neurological complications and a 
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high mortality rate of approximately 15% [3]. The incidence of 
cerebral malaria is high in pediatric populations, particularly in 
those younger than 5 years, in sub-Saharan Africa, whereas cere-
bral malaria is relatively rare in adults [1]. Given the potential for 
sequelae, particularly in adults, early diagnosis and prompt treat-
ment are critical for reducing the disease burden. In this report, 
we describe a case of decreased consciousness caused by P. falci-
parum infection in a patient who was transferred to the intensive 
care unit (ICU). 

pISSN 2005-0348 • eISSN 2508-1349

101www.e-jnc.org

© 2023 The Korean Neurocritical Care Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://doi.org/10.18700/jnc.230034


CASE REPORT 

A 61-year-old man was admitted to the hospital with a fever of 
38.9 °C, progressive headache, and altered mental status. The pa-
tient had resided in the Democratic Republic of the Congo for 
business for 6 months before his admission and had recently re-
turned to Korea. The patient received doxycycline for malarial 
prophylaxis along with vaccinations for yellow fever and typhoid 
disease. 

Two days before the emergency room visit, he was confused, 
disoriented, and unable to recognize his house. His symptoms 
were intermittent and worsened upon awakening. The patient be-
came increasingly delirious, and his violent behavior made it diffi-
cult for him to provide a comprehensive medical history. He had 
minimal oral intake for 4 days. His wife said that his symptoms 
started 2 weeks before presentation while he was in the Demo-
cratic Republic of the Congo. He experienced diarrhea but did 
not have any hematochezia or black stools. In addition, he had a 
cough without experiencing dyspnea or chest pain. The patient 
experienced nausea and vomiting, however, did not complain of 
visual disturbances, numbness, or focal weakness. 

Upon arriving at the hospital, his vital signs revealed significant 
hypotension (blood pressure of 102/63 mm Hg), tachycardia 
(123 beats/min), a fever (38.9 °C), and an oxygen saturation level 
of 94% while breathing room air. The initial electrocardiogram 

(ECG) revealed sinus tachycardia with a QTc interval of 454 ms. 
He was admitted to the neuro-ICU for the management and con-
tinuous monitoring of his mental status, which included regular 
laboratory tests and ECGs. Several evaluations were performed 
for the diagnosis, and tropical infections were considered. Labora-
tory tests revealed pancytopenia, elevated C-reactive protein lev-
els, and hyperlactatemia. Evaluation of cerebrospinal fluid (CSF) 
revealed no evidence of meningitis with elevated CSF protein lev-
el (103.2 mg/dL; normal range, 15.0–40.0 mg/dL) and normal 
adenosine deaminase (ADA) level (10 IU/L; normal range, 5.0–
20.0 IU/L). 

Further examination revealed no evidence of meningitis, enter-
ic fever, Ebola virus disease, schistosomiasis, tick-borne Rickettsi-
ae, filariasis, yellow fever, dengue, or chikungunya. Two days after 
admission, he developed continuous drowsiness (Glasgow Coma 
Scale [GCS] score, E3V4M6) and confusion (Fig. 1). Neurocog-
nitive assessment yielded a score of 14/30 on the Mini-Mental 
State Examination (MMSE), 13/30 on the Montreal Cognitive 
Assessment (MoCA), and poor visuospatial and executive skills 
(Fig. 1). Phonemic and semantic paraphrasic fluency errors were 
present with mild ideomotor apraxia when following commands 
in motor tasks. No evidence of cerebellar dysfunction, frontal re-
lease signs, or depression was observed. Electroencephalography 
(EEG) was used to differentiate seizures, and EEG was per-
formed. The EEG displayed background slowing activity (Fig. 2). 

Fig. 1. Timeline of malaria burden and symptoms progression. The measured malaria burden (black line), level of consciousness (blue line), 
and cognitive function test results (green line) are related to the treatment. GCS, Glasgow Coma Scale; MMSE, Mini-Mental State Exam-
ination; MoCA, Montreal Cognitive Assessment.
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Fig. 2. Patient’s electroencephalography (EEG). EEG displays background slowing activity.

Brain magnetic resonance imaging (MRI) revealed subtle changes 
with high signal intensity on the diffusion-weighted image (DWI) 
and swelling of the hippocampal, limbic, and parieto-occipital 
cortical lesions (Fig. 3). A peripheral blood smear isolated malari-
al parasites and confirmed P. falciparum infection (initial parasite 
load, 760,800/μL; ring form, 100%) under a microscope with 
multiple invasions of ring form in red blood cells (RBCs). Finally, 
cerebral malaria was diagnosed based on the patient’s clinical 
course and laboratory results. 

The patient was treated for cerebral malaria with doxycycline 
and intravenous quinidine. Clinicians monitored drug toxicity. As 
intravenous quinidine can evoke hyperinsulinemia due to hypo-
glycemia, hourly blood glucose levels were assessed. Quinidine 
may also prolong the QT interval. Consequently, continuous 
ECG monitoring was required. In addition, clinicians consider 
discontinuing quinidine if QTc prolongs over 50% of the patient’s 
initial QTc and holding it until the QTc falls below 25% of the ini-
tial baseline value.  

His consciousness continued to worsen and eventually de-
clined. Following 6 days of intravenous quinidine treatment, a pe-
ripheral blood smear indicated a malarial load of 60,775/μL. His 
mental status improved (GCS, E4V4M6) as the malarial load de-
creased (250/μL) (Fig. 1). The patient's violent tendencies also 
disappeared. 

Ten days later, the patient was transferred to the general ward. 
His MMSE and MoCA scores improved to 28/30 and 27/30, re-
spectively, with good visuospatial and executive skills (Fig. 4). His 

phonemic and semantic fluencies also improved. The patient was 
discharged on the 14th day of admission with no detectable para-
site load (0/μL). His mental status and follow-up EEG findings 
were normal, and he could perform activities of daily living inde-
pendently after discharge. 

DISCUSSION 

Here, we report an uncommon case of cerebral malaria in a pa-
tient with various neurological symptoms in Korea. In this case, 
the patient was properly diagnosed and treated, but when the 
medical staff initially met the patient, his symptoms were not spe-
cific. Therefore, we almost missed the first time and did not in-
clude the diagnostic criteria for cerebral malaria by P. falciparum. 

Cerebral malaria poses a diagnostic challenge because of the 
nonspecific clinical features that may overlap with those of other 
conditions, leading to altered consciousness. Only P. falciparum, 
and no other malaria-causing pathogens, can cause cerebral ma-
laria. The World Health Organization defines cerebral malaria as a 
clinical syndrome characterized by altered consciousness resulting 
from malarial infection that cannot be attributed to non-malarial 
causes [1]. As a result, cerebral malaria exhibits a heterogeneous 
array of symptoms rather than a homogenous syndrome [2]. 

Cerebral malaria caused by P. falciparum is a severe form that af-
fects the brain and results in altered consciousness, neurological 
deficits, and death [3]. This condition is highly prevalent in en-
demic regions of Africa and has a significant impact on young 
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Fig. 3. Brain magnetic resonance imaging. Diffusion-weighted image (A) displaying high signal intensities in the right hippocampal, limbic, 
and parieto-occipital cortices (white arrows). The fluid attenuated inversion recovery (B) exhibits high signal intensity in the same region 
(yellow arrows).
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Fig. 4. Results of visuospatial and executive function test. The result of visuospatial and executive function improved after malaria treat-
ment (B) compared before (A). On the 10th hospital day, the patient could write complete sentences (C).

Hospital day 10Hospital day 4Hospital day 2AA BB CC

https://doi.org/10.18700/jnc.230034104

Soo-Hyun Park, et al. • Cerebral malaria due to Plasmodium falciparum



children, with an estimated incidence of 1,120 per 100,000 per 
year and a peak incidence in preschool children [4]. Moreover, an 
estimated 575,000 children in Africa develop cerebral malaria an-
nually [5]. 

Cerebral malaria presents with symptoms such as fever, head-
ache, and body aches and can progress to altered consciousness 
(coma). Although neurological deficits, including blindness, atax-
ia, and hypotonia, have demonstrated improvement over time in 
some patients, approximately 25% of individuals have long-term 
impairments, including cognitive, motor, and behavioral dysfunc-
tions, and a 10% incidence of epilepsy [3]. Contrary to its name, 
cerebral malaria does not involve P. falciparum invading the brain 
tissue. Other commonly observed systemic complications include 
anemia, metabolic acidosis, electrolyte imbalance, hypoglycemia, 
and shock. Evidence suggests that cerebral malaria is associated 
with multiple organ involvement [3]. 

The pathophysiology of cerebral malaria involves the sequestra-
tion of parasitized RBCs (pRBCs) in the cerebral microcircula-
tion, leading to hypoxia and inadequate tissue perfusion. The se-
questration of pRBCs in the cerebral microvasculature causes en-
dothelial damage, cell apoptosis, and brain-blood-barrier dysfunc-
tion [6]. These events are associated with intracranial hyperten-
sion and brain swelling [7]. Cortical infarction and cerebral ve-
nous thrombosis can also occur due to disordered coagulation 
[8]. Severe metabolic factors, such as inflammatory cytokines and 
chemokines (tumor necrosis factor [TNF], interleukin [IL]-1b, 
IL-6, and IL-10) and mediators (quinolinic and kynurenic acid), 
may also exacerbate injury [9]. 

In addition, CSF examinations should exclude other causes of 
central nervous system infection. Furthermore, CSF results for 
cerebral malaria are generally within the normal range. Mild pleo-
cytosis (10–50 cells/mm3), increased protein (up to 200 mg/dL), 
and/or ADA levels may sometimes be observed during CSF ex-
amination [10]. Our patient also demonstrated elevated CSF pro-
tein levels without central nervous system infection.  

General conditions such as fever, nutritional status, diarrhea, 
mood, and medical conditions can affect a patient’s cognitive 
function [11]. Unlike in our case, the evaluation of cognitive func-
tion tests presents challenges in cases of cerebral malaria. There-
fore, brain MRI can reveal additional information to determine 
the disease severity and brain injury in patients with cerebral ma-
laria [12]. Brain MRI abnormalities are present in 78% of the pa-
tients with cerebral malaria and include signs of cerebral edema, 
infarcts, and subcortical white matter changes [13]. Brain swelling 
is related to venous congestion of sequestered pRBCs, causing in-
creased cerebral blood volume [14]. Additionally, DWI abnor-

malities were few due to cytotoxic edema. In particular, fatal cases 
are associated with increased brain volume, leading to elevated ce-
rebral pressure. In addition, predominant posterior cerebral swell-
ing, such as in posterior reversible encephalopathy syndrome, has 
been reported [9]. Changes in MRI were related to the observed 
neurological symptoms. Compared to computed tomography, 
MRI is more sensitive for detecting brain abnormalities in patients 
with cerebral malaria. In addition, EEG findings have been associ-
ated with long-term neurocognitive morbidity in cerebral malaria 
[13]. Moreover, EEG findings suggest neurocognitive outcomes. 
A high average background voltage, fast dominant rhythm fre-
quency, and vertex sharp waves are associated with better cogni-
tive function [15]. 

Most patients regained consciousness within 48–72 hours of 
treatment initiation (median time, 32.3 hours) [1]. Therefore, ce-
rebral malaria treatment aims to lower the malaria burden and re-
duce brain injury. Additionally, the signs of edema disappeared re-
markably after antimalarial treatment within 72 hours in the brain 
MRI [9,14]. The clinical outcome of cerebral malaria may depend 
on the appropriate treatment of the disease mechanism to reduce 
complications. Recommended treatments for malaria include 
doxycycline and quinidine [2]. However, quinidine is requied 
caution when treating, because it can lead to torsades de pointes 
due to a prolonged QT interval and can also result in hypoglyce-
mia due to hyperinsulinemia [2]. 

Several studies have investigated methods for preventing endo-
thelial damage and improving blood flow. These include interven-
tions targeting the pathogenesis and risk factors for brain injury 
[1]. Trials have been conducted on steroids, immunoglobulins, 
anti-TNF agents, micronutrients, and prophylactic anticonvul-
sants. Combining these adjuvant therapies may enhance neuro-
cognitive outcomes [1]. 

This was a rare case of an adult with cerebral malaria who pre-
sented with altered mental status, behavioral changes, cognitive 
impairment, and decreased fluency. To diagnose this condition 
early, clinicians should be vigilant of neurocognitive deficits and 
neuropsychiatric symptoms. Moreover, individuals returning 
from malaria-endemic regions should undergo screening when 
they exhibit changes in their levels of consciousness. The pa-
tient’s symptoms improved with immediate and appropriate ce-
rebral malaria treatment. For cerebral malaria identification, a 
travel history to endemic areas, including sub-Saharan Africa, 
and observation of the peripheral blood smear under a micro-
scope is essential. We also attempted to identify the P. falciparum 
parasite, ring form (multiple invasions), or banana-shaped ga-
metocytes in the blood smear. 
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INTRODUCTION

Nocardiosis is an infectious disease that can be either localized or 
disseminated. Nocardiosis typically occurs in adults aged 30–50 
years, with male predominance, and primarily affects individuals 
with severe immune dysfunction [1,2]. Because the symptoms of 

Background: As nocardiosis presents with nonspecific symptoms, its diagnosis is often difficult, resulting in high mortality. Here, we 
report a rare case of disseminated Nocardia farcinica infection that was successfully managed with a combination of antibiotic thera-
pies. 
Case Report: A 71-year-old man with idiopathic thrombocytopenia purpura presented with sudden-onset motor aphasia, motor 
weakness of the right limb, and fever. Brain magnetic resonance imaging revealed multiple scattered diffusion-restricted lesions. Mul-
tiple cutaneous and peritoneal nodules were also identified. We performed full-length 16S ribosomal ribonucleic acid (rRNA) sequenc-
ing and obtained basic local alignment search tool results against the National Center for Biotechnology Information 16S rRNA data-
base, which showed the best match to be N. farcinica. After maintaining the antibiotics for approximately 56 days, the patient recov-
ered full consciousness, and the motor weakness of the right limb improved. 
Conclusion: Timely diagnosis of disseminated or cerebral nocardiosis and treatment with appropriate antibiotics are crucial for a de-
sirable clinical outcome. 

Keywords: Nocardiosis; Brain abscess; 16S rRNA; Sequence analysis

Disseminated nocardiosis including 
cerebral nocardiosis caused by Nocardia 
farcinica: a case report
Baeseoup Song, MD1,*; Dong Youn Kim, MD, PhD2,*; Young Jin Kim, MD, PhD3; 
Ho Geol Woo, MD, PhD1

1Department of Neurology, College of Medicine, Kyung Hee University, Seoul, Korea
2Division of Infectious Diseases, Department of Internal Medicine, College of Medicine, Kyung 
Hee University, Seoul, Korea
3Department of Laboratory Medicine, College of Medicine, Kyung Hee University, Seoul, Korea

CASE REPORT

Received: October 5, 2023
Revised: October 16, 2023 
Accepted:  October 27, 2023 

Corresponding Author: 
Ho Geol Woo, MD, PhD 
Department of Neurology, Kyung Hee 
University Hospital, College of 
Medicine, Kyung Hee University, 23 
Kyungheedae-ro, Dongdaemun-gu, 
Seoul 02447, Korea
Tel: +82-2-958-8491
Fax: +82-2-958-8490
Email: nr85plasma@naver.com

*These authors contributed equally to 
this work.

J Neurocrit Care 2023;16(2):107-110
https://doi.org/10.18700/jnc.230035

nocardiosis are nonspecific, diagnosis is often challenging and 
easily missed, with high mortality ( > 50%) in patients with dis-
seminated or cerebral nocardiosis [1]. The infection is usually 
confined to the lungs and disseminated or cerebral nocardiosis is 
relatively rare. Here, we report a rare case of disseminated Nocar-
dia farcinica infection, including cerebral nocardiosis, in an immu-
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nosuppressed man, who was successfully managed with a combi-
nation of antibiotics. 

CASE REPORT 

A 71-year-old man presented with sudden-onset motor aphasia, 
motor weakness of the right limb, and fever (38.3 °C). The patient 
had a history of hypertension and idiopathic thrombocytopenia 
purpura (ITP) 5 years prior to admission and was taking 7.5 mg 
prednisolone per day and 50 mg azathioprine per day for ITP. 
One month before the onset of the present illness, chest radiogra-
phy revealed heterogeneous opacities with consolidation in both 
the lower lobes. A wedge resection was performed to exclude the 
possibility of lung cancer. Cytomegalovirus pneumonia was con-
firmed and the patient was treated accordingly. Initial brain mag-
netic resonance imaging revealed multiple scattered diffusion-re-
stricted lesions, which were present in both hemispheres, thalami, 

cerebella, and right basal ganglia (Fig. 1A-C). The lesions demon-
strated central hypointense signals on T1 weighted imaging with 
corresponding hyperintense signals on T2 weighted imaging with 
ring enhancement (Fig. 1D-F). 

Initial blood tests showed leukocytosis (19,170/mm3), includ-
ing 89% polymorphonuclear cells, and elevated C-reactive protein 
(16.10 mg/dL). A white blood cell count of 580/mm3 (80% neu-
trophils) and protein level of 152 mg/dL were observed in the ini-
tial cerebrospinal fluid test. The brain lesions were thought to be 
brain abscesses with meningitis and treatment was initiated with 
ceftriaxone, vancomycin, and metronidazole. One week later, his 
condition rapidly deteriorated with altered consciousness. Second 
cerebrospinal fluid analysis confirmed white blood cell count of 
684/mm3 and protein level of 107 mg/dL. Abdominopelvic and 
chest computed tomography revealed multiple cutaneous and 
peritoneal nodules resulting from hematogenous spread (Supple-
mentary Fig. 1). We made an incision and drained the nodules on 

Fig. 1. Magnetic resonance imaging of the patient. (A-C) Multiple scattered diffusion-restricted lesions in both hemispheres, thalami, cer-
ebella, and right basal ganglia are observed on the initial diffusion-weighted image. (D-F) Rim-enhancing lesions (arrows and arrowheads) 
with associated edema on T1 weighted imaging and a dark signal on T2 weighted imaging and consistent wall thickness suggest a brain 
abscess.
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the skin. Initially, filamentous acid-fast bacilli (AFB) were not ob-
served in the AFB stains. Moreover, the AdvanSure tuberculosis/ 
nontuberculous mycobacteria real-time PCR kit (AdvanSure; LG 
Life Science) yielded negative results. However, for suspected no-
cardiosis, we rechecked the tuberculosis culture media obtained 
during a previous hospitalization and found growing species in 
the tuberculosis culture media. Additional testing was required, 
and filamentous AFB were observed in the modified AFB stains 
of the specimens (Supplementary Fig. 2). Attempts to identify the 
organism using matrix-associated laser desorption ionization-time 
of flight mass spectrometry (MALDI-TOF MS, Bruker Dalton-
ics) in the in vitro diagnostic mode yielded no results. However, N. 
farcinica was identified only in the research use only (RUO) 
mode. To confirm the results obtained in the RUO mode, we im-
mediately performed full-length 16S ribosomal ribonucleic acid 
(rRNA) sequencing and obtained basic local alignment search 
tool (BLAST) results against the National Center for Biotechnol-
ogy Information 16S rRNA database, which showed the best 
match to be N. farcinica (1,389/1,389, 100%). We re-evaluated 
the previously resected lung specimens and confirmed the pres-
ence of N. farcinica. As the guardian refused a brain biopsy, stereo-
tactic cerebral biopsy could not be performed. We changed the 
antibiotics to imipenem and trimethoprim-sulfamethoxazole 
(TMP/SMX) to treat the disseminated nocardiosis, including ce-
rebral nocardiosis. We identified antimicrobial susceptibility to 
TMP/SMX. After maintaining the antibiotics for approximately 
56 days, the patient recovered full consciousness, and the motor 
weakness of the right limb improved. 

DISCUSSION 

Nocardiosis is a rare infection caused by weakly acid-fast 
gram-positive bacteria belonging to the Mycobacteriaceae family 
[3]. Although 54 species of Nocardia have been implicated in hu-
man infections, N. farcinica is one of the six most common species 
[4]. Cerebral abscesses caused by N. farcinica have been increas-
ingly diagnosed because of the growing population of immuno-
suppressed hosts and improvements in diagnostic capabilities [3]. 
However, cerebral abscesses are relatively rare and account for ap-
proximately 2% of all cerebral abscesses [5]. Retroperitoneal ab-
scesses are also rare [6]. To detect Nocardia, the culture identifica-
tion of Nocardia is traditionally carried out through biochemical 
tests and phenotypic methods including Gram staining, modified 
acid-fast staining, and chromatography. However, these methods 
are limited in terms of species-level identification. Using MAL-
DI-TOF MS, it is possible to rapidly and accurately identify mi-
croorganisms in a database. However, for relatively rare microor-

ganisms, the results may not be definitive owing to the possible 
absence of a reference spectrum in the database. According to pre-
vious studies, species-level identification has been reported in 
only 14.9%–80.4% of Nocardia isolates [7,8]. Therefore, we iden-
tified Nocardia, a relatively rare microorganism, using 16S rRNA 
sequencing in conjunction with MALDI-TOF MS. Although re-
quiring more time and cost, 16S rRNA sequencing and BLAST 
analysis can provide additional information for the identification 
of detailed differences between species. A previous study showed 
that stereotactic cerebral biopsy should be considered early in the 
diagnostic workup of immunocompromised  patients owing to 
the aggressive course of cerebral nocardiosis [9]. However, be-
cause the patient’s guardian refused a cerebral biopsy, stereotactic 
cerebral biopsy could not be performed. N. farcinica is usually re-
sistant to multiple antimicrobial agents, particularly broad-spec-
trum cephalosporins, which makes treatment difficult [10]. 
TMP/SMX is the most effective treatment for central nervous 
system infections caused by Nocardia [10]. Numerous agents, in-
cluding imipenem, are considered acceptable second-line treat-
ments. Combination therapy should be considered for patients 
with severe disseminated central nervous system infections. Prog-
nosis is related to the severity of the underlying disease, site of in-
fection, patient immune function, and presence of drug resistance. 
The present study had several limitations. First, this was a sin-
gle-patient single-center study. Additionally, no microorganisms 
were detected in the brain. Another important limitation is the 
lack of understanding of the molecular and cellular mechanisms 
that lead to disseminated infection. 

As the use of immunosuppressants increases, the accurate iden-
tification of N. farcinica is important. 
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INTRODUCTION 

Bacterial meningitis is a life-threatening disease with high mortali-
ty and morbidity [1]. Of the potential etiologies of bacterial men-
ingitis, Streptococcus agalactiae is most common in neonates and 
rare in adults [2]. In adult patients (older than 16 years) subarach-
noid hemorrhage (SAH) was diagnosed in < 1% of cases in the 
setting of bacterial meningitis [3]. Unfortunately, SAH in patients 
with bacterial meningitis is associated with high case fatality and 
morbidity, with significant complications, including impaired lev-
el of consciousness, respiratory failure, circulatory shock, and sei-
zures [3]. Well known risk factors for Group B Streptococcus (GBS) 

Background: Bacterial meningitis is a life-threatening disease associated with high morbidity and mortality. Subarachnoid hemor-
rhage (SAH) can accompany bacterial meningitis in adult patients in <1% of cases and significantly worsens the patient’s prognosis. 
Case Report: A 58-year-old man presented to the emergency department complaining of a 5-day history of progressive abdominal 
pain, when he suddenly developed “the worst headache of his life” and suffered a 4-minute seizure. Computed tomography head 
showed SAH. An emergent cerebral angiogram was negative for any bleeding source, and attention shifted to meningoencephalitis. 
Ultimately, the patient was found to have Group B Streptococcus (GBS) meningitis on cerebrospinal fluid polymerase chain reaction.
Conclusion: To the best of our knowledge, this patient’s presentation of GBS meningitis, masked by a classic aneurysmal SAH presen-
tation, represents a rare and acute presentation of an underlying disease complication. Increasing awareness of this presentation can 
support more rapid diagnosis, earlier treatment, and improved outcomes for affected patients. 

Keywords: Group B Streptococcus; Subarachnoid hemorrhage; Neurocritical care; Meningitis; Intensive care  
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meningitis include previous occurrence, older age ( > 65 years), 
diatetes mellitus, heart disease, obesity, immunodeficiencies, and 
cancer. In one study, patients with GBS meningitis and concur-
rent SAH were over three times more likely to die (54% vs. 16%) 
than patients without SAH [3]. The mechanisms behind the de-
velopment of SAH secondary to bacterial meningitis are not fully 
understood but leading theories suggest the inflammatory milieu 
of the vascular system can lead to breakdown of blood vessels. 
There have been associations identified between the presence of 
saccular or mycotic aneurysms and concurrent bacterial meningi-
tis with SAH [3]. There is suspicion that the aneurysms are a risk 
factor for the development of both bacterial meningitis and the 
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potential sequelae of SAH [4]. Deliran et al. [3] have produced a 
nation-wide cohort study in the Netherlands with a sample of 22 
patients experiencing concurrent SAH with GBS. Notably, their 
study found that while only one third of these patients were diag-
nosed with SAH on admission, none of the patients presented 
with headache. In addition, the neuroimaging associated with 
each patient, when available, was unable to significantly correlate 
to the symptoms each patient presented with. Mook-Kanamori et 
al. [5] found the increased risk of SAH secondary to any bacterial 
meningitis increased five-fold when patients were on anticoagu-
lants. Both Deliran et al. [3] and Mook-Kanamori et al. [5] were 
unable to identify any significantly different clinical presentations 
when patients had both SAH and GBS meningitis. This is the first 
published case of GBS meningitis identified following classic SAH 
presentation. 

CASE REPORT 

A 58-year-old man presented with a 5-day history of abdominal 
pain, myalgias, arthralgias, fever, diffuse headache, nausea, vomit-
ing, diarrhea, and poor oral intake. The patient had a medical his-
tory of end-stage renal disease requiring hemodialysis, coronary 
artery disease status post coronary artery bypass grafting and mul-
tiple stents (most recently 3 weeks prior), previous stroke with re-
sidual blindness bilaterally, diabetes mellitus, and hypertension 
While in the emergency department (ED), he suddenly devel-
oped “the worst headache of his life,” followed by a 4-minute ton-
ic-clonic convulsion. His presentation was notable for somno-
lence without focal neurological deficits, consistent with Hunt 
Hess grade IV SAH. He was subsequently intubated, and head 
computed tomography (CT) demonstrated findings consistent 

Fig. 1. Non-contrast head computed tomography demonstrating 
increased enhancement throughout most of the subarachnoid 
space, suggestive of meningoencephalitis or subarachnoid hemor-
rhage.

Fig. 2. Digital subtraction angiography performed the day of presentation. (A) Right internal carotid artery shows absence of vascular mal-
formations including aneurysms. (B) Left internal carotid artery shows absence of vascular malformations including aneurysms. (C) Posteri-
or circulation as seen also found to have no vascular malformations including aneurysms.

AA BB CC

with SAH (Fig. 1). Neurosurgery was consulted and he was 
promptly transported for urgent diagnostic cerebral angiography. 
Digital subtraction angiography (DSA) was performed and was 
notable for a normal cerebral angiogram without any evidence of 
mycotic or saccular aneurysms, dural arteriovenous fistulas, or 
other etiologies for the patient’s SAH (Fig. 2). The patient was 
subsequently admitted to the neurocritical care unit, and urine 
culture was positive for GBS bacteriuria. 

Lumbar puncture was performed on hospital day 2 (HD 2), 
and results were suggestive of bacterial meningitis (Table 1). The 
electroencephalogram was abnormal, with a slow and low ampli-
tude background, but no seizures. Magnetic resonance imaging 
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Table 1. CSF data sampled during hospitalization
CSF study HD 2 HD 6
Opening pressure (cm H2O; normal: 6–25 cm H2O) 40 53
Cell count with differential RBC (cells/mm3; normal: 0–5 cells/mm3) 2,308 92
Cell count with differential PMN (cells/mm3; normal: 0–2 cells/mm3) 96 51
Cell count with differential total nucleated count (cells/mm3; normal: 

0–5 cells/mm3)
6,166 85

Culture results Gram stain: no microorganisms seen Gram stain: no microorganisms seen
Glucose (mg/dL; normal: 50–80 mg/dL) 90 129
Lactate (mmol/L; normal: 1.1–2.7 mmol/L) 12.7 3.2
Protein (mg/dL; normal: 15–45 mg/dL) 679 79

CSF, cerebrospinal fluid; HD, hospital day; RBC, red blood cell; PMN, polymorphonuclear cell.

performed on HD 2 provided evidence of scattered areas of in-
creased fluid-attenuated inversion recovery signal with associated 
enhancement and foci of restriction diffusion in the bilateral cere-
bral sulci, sylvian fissures and fourth ventricular outflow tract, sug-
gestive of diffuse meningitis with associated encephalitis (Fig. 3). 
There was additional suspected pus material with restriction effu-
sion layering at the posterior horns of the lateral ventricles. A re-
peat head CT was performed for slight decline in mental status 
with imaging negative for worsening bleed and overall was stable 
with slightly worsening edema. Urine culture was positive for 
GBS, and the patient continued to have intermittent fevers. Lum-
bar puncture was repeated on HD 6 and cerebrospinal fluid (CSF) 
samples continued to not grow any colonies on our in-house labo-
ratory testing. A CSF sample was then sent to Mayo Clinic for fur-
ther culturing and susceptibility analysis. Their laboratory was 
able to determine the presence of S. agalactiae in the patient’s CSF, 
providing culture-proven evidence of GBS meningitis. The pa-
tient was continued on antibiotics and on HD 7 the patient's neu-
rological exam was significantly improved with eyes opening 
spontaneously, and the patient beginning to follow commands. 
He was successfully extubated the following day. His transthoracic 
and transesophageal echocardiograms were negative for the pres-
ence of vegetations, and he continued clinical improvement until 
his hospital discharge on HD 15. As S. agalactiae was detected in 
the CSF by polymerase chain reaction (PCR), our broad workup 
for potential bacteremia was negative, making bacteremia a less 
likely diagnosis. 

On admission, our patient was started on vancomycin and am-
picillin for 7 days, amphotericin B and metronidazole for 3 days, 
acyclovir for 4 days, and cefepime for 5 days. The final antibiotic 
plan was to continue ceftriaxone to fulfill a 4-week period of treat-
ment. At the time of discharge, we transitioned his antibiotic regi-
men to cefazolin with dialysis, to avoid the need for a peripheral-
ly-inserted central catheter.  

Patient was discharged home HD 15 and received follow-up 

with neurology 8 months later. The patient was then referred for 
an outpatient sleep study, with no concerns at that time. The pa-
tient is currently doing well and was last seen on December 2, 
2022, following up with sleep medicine. 

DISCUSSION 

Bacterial meningitis in adults is rare, and confers significant mor-
bidity and mortality. Its clinical presentation has been generally 
well-characterized in the literature. The question of utility emerg-
es when presented with a classical presentation of another condi-
tion and the need to reject confirmation bias to explore other pos-
sible differentials. Our patient’s presentation would most com-
monly be associated with SAH, that would typically follow with 
confirmation by DSA and microorganisms seen with CSF sam-
ples that appear to be cloudy would have been expected. 

In the case we present, our patient described “the worst head-
ache of his life” and had CT findings consistent with SAH. DSA 
found no obvious source of bleeding and subsequently another 
differential diagnosis became more likely; meningoencephalitis. 
No bacteria were identified under microscopy despite repeated at-
tempts with new samples. Fortunately, we were able to contact the 
Mayo Clinic and through their BioFire Panel PCR, determined 
the presence of S. agalactiae. When our CSF samples were unre-
markable for bacteria, we did not pursue culture and antibiotic 
susceptibility testing. Without having confirmatory PCR evi-
dence, the patient initially continued to receive empiric broad 
spectrum antibiotic treatment. 

There are few case studies exploring the care of patients with S. 
agalactiae bacterial meningitis, and even fewer collections of re-
ported atypical presentations. As such, we felt it was important to 
illustrate and reiterate the key principles of care when presented 
with such an uncommon clinical constellation. Improving aware-
ness of this presentation of GBS meningitis, in combination with 
the negative in-house CSF samples, calls to attention the value of 
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treating empirically based on clinical suspicion. Furthermore, this 
raises awareness of the importance of correctly evaluating the re-
sources available for laboratory testing. 

With such significant morbidity and mortality associated with 
this specific presentation of bacterial meningitis, the benefits of 
earlier diagnosis and treatment are supported in this case report 
and can contribute to the improvements in outcomes for such pa-
tients [2,3]. These clinical interventions can be best practiced, 
and are more readily apparent, to better informed clinicians. 
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Fig. 3. Magnetic resonance imaging with and without intravenous contrast. (A) Evidence of diffusion restriction indicative of ischemia 
from EP2D sequence. Additional pus material with restriction effusion layering at the posterior horns of lateral ventricles. (B) Apparent dif-
fusion coefficient (ADC) correlate of the same level as panel (A) demonstrating persistent diffusion restriction from EP2D ADC sequence. (C) 
Evidence of increased fluid-attenuated inversion recovery signal with association enhancement suggestive of diffuse meningitis.
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INTRODUCTION 

Moyamoya disease (MMD) is a rare cerebrovascular disease that 
is radiologically and clinically characterized by slowly progressive 
occlusion of the supraclinoid internal carotid artery (ICA) and 
the circle of Willis, with the simultaneous appearance of natural 
intracranial and extracranial collaterals [1]. Initial presentation of 
MMD is generally caused by cerebrovascular events such as cere-
bral infarction, hemorrhage, transient ischemic attack, epileptic 

Background: Moyamoya disease (MMD) is a rare cerebrovascular disease radiologically characterized by progressive bilateral occlu-
sion of the distal portion of the internal carotid artery and compensating collaterals. Herein, we report a case of medullary infarction 
in a patient with MMD. 
Case Report: We present the case of a 54-year-old male with hypertension, hyperlipidemia, and unstable angina with sudden onset 
dysarthria and ataxia. Diffusion-weighted and T2-weighted images of magnetic resonance imaging showed a high-signal intensity le-
sion on the right lateral medulla, suggestive of acute infarction. Transfemoral cerebral angiography also demonstrated bilateral middle 
cerebral artery (MCA) occlusion. Testing of the ring finger protein 213 (RNF213) gene revealed a homozygous p.R4810K variant that 
was possibly associated with posterior circulation involvement.  
Conclusion: When the MCA is occluded in MMD, there is a possibility that medullary infarction may occur due to the mechanism of 
increased hemodynamic stress on the anastomotic posterior vessels. 
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seizures, and sometimes cognitive impairment [2]. 
While typical symptoms are primarily anterior circulation-relat-

ed problems, the prevalence of posterior cerebral artery (PCA) 
involvement has been reported to range from 21.2% to 43.4% in 
adults and tends to be positively correlated with the ipsilateral 
ICA stage [3,4]. However, cases of brainstem involvement in 
MMD have rarely been reported. Here, we report a case of lateral 
medullary infarction with MMD and multiple vascular risk fac-
tors.  
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CASE REPORT 

A 54-year-old right-handed male visited the emergency room 
with the sudden onset of dysarthria and ataxia. He had hyperten-
sion, hyperlipidemia, and a history of coronary angioplasty and 
stent insertion for unstable angina. Because of these underlying 
diseases, aspirin, clopidogrel, rosuvastatin, ramipril, trimetazidine, 
carvedilol, and nifedipine were prescribed. 

Neurological examination revealed dysarthria and truncal atax-
ia. He also experienced pain and thermal sensory impairment in 
the left limbs, trunk, and right side of the face. The initial National 
Institutes of Health Stroke Scale score was 4. His vital signs were 
stable, with high blood pressure (blood pressure 167/92 mm Hg, 
pulse rate 75 beats/min, body temperature 36.8 °C, and respirato-
ry rate 16/min). Electrocardiography revealed a normal sinus 
rhythm, and chest radiography findings were normal. The fasting 
blood glucose level was 105 mg/dL, and the HbA1c level was 
6.0%. Additional laboratory tests revealed normal cholesterol 
(155 mg/dL), total triglyceride (127 mg/dL), and low-density li-
poprotein cholesterol (95 mg/dL) levels. Laboratory test results 
for hypercoagulation causes were negative. Other serological pa-

rameters, including erythrocyte sedimentation rate and C-reactive 
protein levels, were within normal limits. 

Diffusion-weighted and T2-weighted magnetic resonance im-
aging (MRI) revealed a high-signal intensity lesion in the right lat-
eral portion of the medulla, suggestive of acute infarction (Fig. 1). 
Transfemoral cerebral angiography (TFCA) showed bilateral M1 
occlusion, and distal middle cerebral artery (MCA) flow was sup-
plied by the collaterals (Fig. 2). The TFCA also showed that the 
vertebral artery supplied a portion of the right temporal and left 
temporo-occipital regions (Fig. 3). Transcranial Doppler (TCD) 
showed increased blood flow velocities in both the anterior cere-
bral arteries (ACA; 108.8 cm/sec in the left ACA and 93.3 cm/
sec in the right ACA) and the right MCA (121.4 cm/sec). MMD 
was suggested, and subsequent genetic testing for ring finger pro-
tein 213 (RNF213) revealed a homozygous p.R4810K variant. 

The patient was prescribed cilostazol, clopidogrel, and 40 mg of 
atorvastatin. At discharge, a maintenance regimen of dual anti-
platelet therapy and atorvastatin was prescribed, which was ad-
ministered upon admission. One month after symptom onset, his 
condition remained stable except for mild residual dysarthria. 

Fig. 1. Magnetic resonance imaging of the brain. (A, B) Diffusion-weighted imaging showed high-signal intensities in the right lateral me-
dulla. (C, D) Apparent diffusion coefficient imaging showed low signal intensities in the corresponding area.

Fig. 2. (A-D) Transfemoral cerebral angiography revealed bilateral middle cerebral artery (MCA) occlusion and distal MCA flow was sup-
plied by collaterals.
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DISCUSSION 

As the distinction and diagnostic criteria between MMD and 
moyamoya syndrome have been revised, radiological diagnostic 
criteria have been emphasized [5]. TFCA should demonstrate ar-
terial stenosis or occlusion centered at the distal ends of the bilat-
eral or unilateral intracranial carotid arteries, arterial phase occlu-
sion, or moyamoya vessels near the stenotic lesion, suggesting an 
abnormal vascular network. 

Several monogenic moyamoya syndromes present with the ra-
diological features of MMD and are associated with several path-
ways involved in the development of moyamoya angiopathy [6]. 
Among several MMD susceptibility genes, RNF213 14429G→A 
(rs112735431; resulting in p.R4810K) was identified as a major 
susceptibility gene for MMD and a major founder variant in East 
Asian countries, especially in Japan and South Korea [7]. The 
RNF213 p.R4810K variant is not common in the general Korean 
population, and these genetic polymorphisms are present in only 
0.5% to 2% of the general East Asian population [7,8]. 

RNF213 may play an important role in the progressive stages of 
MMD as well as in vascular pathology, such as angiogenesis and 
collateral vessel development in PCA involvement [9,10]. Fur-
thermore, a study on Korean subjects showed that patients with 
RNF213 mutations had fewer collateral flow patterns from the 
PCA to the anterior circulation and more PCA involvement than 
patients with MMD without RNF213 mutations [9]. 

MMD-associated lateral medullary infarction and/or vertebral 
artery occlusion have rarely been reported in the past, and its 
mechanisms remain unclear [11,12]. As mentioned above, the in-
volvement of the posterior circulation in MMD is relatively rare, 
and even when involved, it is usually present in PCA. Additional-
ly, although symptoms occur because of the vertebrobasilar artery, 
most cases are caused by hemorrhage or total vertebrobasilar oc-
clusion, which is different from the present case, which is believed 

to be caused by hemodynamic stress. From an embryological per-
spective, because the distal part of the PCA originates from the 
primitive ICA, most MMD associated with the posterior circula-
tion are considered to be of the primitive ICA system-related type, 
the primitive vertebrobasilar artery system [13]. 

Although genetic testing for RNF213 in our patient showed a 
homozygous p.R4810K variant, he also had multiple vascular risk 
factors such as hypertension, hyperlipidemia, and smoking. This 
case did not meet the 2021 criteria for MMD because there was 
no distal ICA stenosis or occlusion, despite TFCA demonstrating 
bilateral MCA occlusion. Additionally, atherosclerotic changes re-
lated to traditional risk factors may cause lateral medullary infarc-
tions. However, the small, abnormal, and reticular collateral ves-
sels typically observed in MMD, including the posterior collater-
als, were observed at multiple sites. TCD also demonstrated in-
creased flow velocity in both the ACA and MCA, consistent with 
MMD. Furthermore, since the RNF 213 mutation appeared in 
this case, it is reasonable to consider the possibility that MMD is 
progressing. 

The possibility of occlusion of the MCA, which may increase 
the hemodynamic stress on the anastomotic posterior vessels due 
to MMD, may also be considered the cause in this case. Although 
MMD requires accurate recognition and application of the diagnos-
tic criteria and clinical features, it is necessary to suspect and consid-
er MMD because of its potential to cause various symptoms. 
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Fig. 3. (A-D) Transfemoral cerebral angiography revealed vertebral artery supplied some portion of right temporal and left temporo-occipi-
tal regions.

AA BB CC DD

117https://doi.org/10.18700/jnc.230043



Conflict of interest 
No potential conflict of interest relevant to this article. 

ORCID 
Yoo Jeong Roh� https://orcid.org/0000-0001-8966-824X 
Kee Ook Lee� https://orcid.org/0000-0002-6105-1085
Hyun Sook Kim� https://orcid.org/0000-0003-4227-7983

Author contributions 
Conceptualization: YJR, HSK. Methodology: all authors. Formal 
analysis: all authors. Data curation: YJR, HSK. Visualization: all 
authors. Project administration: YJR, HSK. Writing–original 
draft: YJR. Writing–review & editing: all authors. 

REFERENCES 

1. Suzuki J, Kodama N. Moyamoya disease: a review. Stroke 
1983;14:104-9. 

2. Scott RM, Smith ER. Moyamoya disease and moyamoya syn-
drome. N Engl J Med 2009;360:1226-37. 

3. Mugikura S, Higano S, Shirane R, Fujimura M, Shimanuki Y, 
Takahashi S. Posterior circulation and high prevalence of isch-
emic stroke among young pediatric patients with Moyamoya 
disease: evidence of angiography-based differences by age at di-
agnosis. AJNR Am J Neuroradiol 2011;32:192-8. 

4. Funaki T, Takahashi JC, Takagi Y, Yoshida K, Araki Y, Kikuchi T, 
et al. Impact of posterior cerebral artery involvement on long-
term clinical and social outcome of pediatric moyamoya dis-
ease. J Neurosurg Pediatr 2013;12:626-32. 

5. Kuroda S, Fujimura M, Takahashi J, Kataoka H, Ogasawara K, 
Iwama T, et al. Diagnostic criteria for Moyamoya disease: 2021 

revised version. Neurol Med Chir (Tokyo) 2022;62:307-12. 
6. Ihara M, Yamamoto Y, Hattori Y, Liu W, Kobayashi H, Ishiyama 

H, et al. Moyamoya disease: diagnosis and interventions. Lan-
cet Neurol 2022;21:747-58. 

7. Jang MA, Shin S, Yoon JH, Ki CS. Frequency of the moyam-
oya-related RNF213 p.Arg4810Lys variant in 1,516 Korean in-
dividuals. BMC Med Genet 2015;16:109. 

8. Kim JE, Jeon JS. An update on the diagnosis and treatment of 
adult Moyamoya disease taking into consideration controversial 
issues. Neurol Res 2014;36:407-16. 

9. Kim WH, Kim SD, Nam MH, Jung JM, Jin SW, Ha SK, et al. 
Posterior circulation involvement and collateral flow pattern in 
moyamoya disease with the RNF213 polymorphism. Childs 
Nerv Syst 2019;35:309-14.  

10. Miyatake S, Miyake N, Touho H, Nishimura-Tadaki A, Kondo Y, 
Okada I, et al. Homozygous c.14576G > A variant of RNF213 
predicts early-onset and severe form of moyamoya disease. 
Neurology 2012;78:803-10. 

11. Kim JS, Lee JH, Choi CG. Patterns of lateral medullary infarc-
tion: vascular lesion-magnetic resonance imaging correlation of 
34 cases. Stroke 1998;29:645-52.  

12. Kinoshita Y, Kohshi K, Yokota A. Moyamoya disease of adult 
onset brain stem haemorrhage associated with bilateral occlu-
sion of the vertebral arteries: case report. Acta Neurochir 
(Wien) 1998;140:181-4.  

13. Tan C, Duan R, Ye X, Zhang D, Wang R. Posterior circulation 
Moyamoya disease versus primitive vertebral-basilar artery sys-
tem Moyamoya disease: new classification of Moyamoya dis-
ease from the perspective of embryology. World Neurosurg 
2016;96:222-9.  

https://doi.org/10.18700/jnc.230043118

Yoo Jeong Roh, et al. • Lateral medullary infarction in Moyamoya disease

https://doi.org/10.1161/01.str.14.1.104
https://doi.org/10.1161/01.str.14.1.104
https://doi.org/10.1056/nejmra0804622
https://doi.org/10.1056/nejmra0804622
https://doi.org/10.3174/ajnr.a2216
https://doi.org/10.3174/ajnr.a2216
https://doi.org/10.3174/ajnr.a2216
https://doi.org/10.3174/ajnr.a2216
https://doi.org/10.3174/ajnr.a2216
https://doi.org/10.3171/2013.9.peds13111
https://doi.org/10.3171/2013.9.peds13111
https://doi.org/10.3171/2013.9.peds13111
https://doi.org/10.3171/2013.9.peds13111
https://doi.org/10.2176/jns-nmc.2022-0072
https://doi.org/10.2176/jns-nmc.2022-0072
https://doi.org/10.2176/jns-nmc.2022-0072
https://doi.org/10.1016/s1474-4422(22)00165-x
https://doi.org/10.1016/s1474-4422(22)00165-x
https://doi.org/10.1016/s1474-4422(22)00165-x
https://doi.org/10.1186/s12881-015-0252-4
https://doi.org/10.1186/s12881-015-0252-4
https://doi.org/10.1186/s12881-015-0252-4
https://doi.org/10.1179/1743132814y.0000000351
https://doi.org/10.1179/1743132814y.0000000351
https://doi.org/10.1179/1743132814y.0000000351
https://doi.org/10.1007/s00381-018-3985-5
https://doi.org/10.1007/s00381-018-3985-5
https://doi.org/10.1007/s00381-018-3985-5
https://doi.org/10.1007/s00381-018-3985-5
https://doi.org/10.1212/wnl.0b013e318249f71f
https://doi.org/10.1212/wnl.0b013e318249f71f
https://doi.org/10.1212/wnl.0b013e318249f71f
https://doi.org/10.1212/wnl.0b013e318249f71f
https://doi.org/10.1161/01.str.29.3.645
https://doi.org/10.1161/01.str.29.3.645
https://doi.org/10.1161/01.str.29.3.645
https://doi.org/10.1007/s007010050081
https://doi.org/10.1007/s007010050081
https://doi.org/10.1007/s007010050081
https://doi.org/10.1007/s007010050081
https://doi.org/10.1016/j.wneu.2016.08.099
https://doi.org/10.1016/j.wneu.2016.08.099
https://doi.org/10.1016/j.wneu.2016.08.099
https://doi.org/10.1016/j.wneu.2016.08.099
https://doi.org/10.1016/j.wneu.2016.08.099


INTRODUCTION 

In general, blood coagulation tests are not necessary in patients 
using non-vitamin K-dependent oral anticoagulants (NOACs) 
[1,2]. If the patient follows the prescribed indications for NOACs, 
adjusting the dosage or administration interval of the medication 
according to the changes in coagulation tests is not necessary [3]. 
Here, we present the case of a patient with nonvalvular atrial fibril-
lation (NVAF) who was taking dabigatran and showed an ex-
tremely elevated prothrombin time-international normalized ratio 
(PT-INR). 

Background: We present the case of a patient who was administered dabigatran and showed an extremely elevated prothrombin 
time-international normalized ratio (PT-INR). 
Case Report: A 79-year-old man was referred due to PT-INR 12.6. The patient was taking 110 mg of dabigatran twice daily in capsule 
form. On admission, blood urea nitrogen level was 23 mg/dL, creatinine was 1.51 mg/dL, and the estimated glomerular filtration rate 
was 44.8 mL/min/1.73 m2. Coagulation tests revealed PT 96.8 seconds, PT-INR 12.46, and activated partial thromboplastin time 125.5 
seconds. Dabigatran was discontinued, PT-INR on the day after admission was 8.96. PT-INR recovered to 1.61 on the fourth day with-
out any treatment. 
Conclusion: The PT-INR was not directly correlated with dabigatran activity. Regular monitoring of coagulation was not necessary in 
all patients taking dabigatran. However, it may be useful to regularly perform coagulation tests in patients with renal impairment or in 
those at a high risk of bleeding. 
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CASE REPORT 

A 79-year-old man living in a nursing home visited the primary 
hospital with fever and an oxygen saturation level of 70%. Chest 
computed tomography findings were suggestive of pneumonia, 
and laboratory findings revealed PT-INR 12.6. The patient was 
transferred to our hospital with cerebral infarction, persistent 
NVAF, congestive heart failure, dementia, benign prostatic hyper-
plasia, and hypothyroidism. At admission, his vital signs were as 
follows: blood pressure 110/73 mm Hg, heart rate 93/min, oxy-
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gen saturation 98%, and body temperature 36.3 °C. The physical 
examination results were normal. There were no focal neurologi-
cal abnormalities, except for decreased memory function. The pa-
tient was on the following medications: levothyroxine sodium, fu-
rosemide, spironolactone, isosorbide dinitrate, atorvastatin, done-
pezil, tamsulosin, and dabigatran 110 mg twice daily in capsule 
form without a nasogastric tube. 

Blood tests in emergency room revealed a hemoglobin level of 
13.3 g/dL, hematocrit 39.7%, white blood cell count 19,680/mm3, 
platelet count 161,000/μL and C-reactive protein 2.9 mg/dL (Ta-
ble 1). Blood urea nitrogen (BUN) was 23 mg/dL (normal range, 
7–25 mg/dL), serum creatinine (Cr) was 1.51 mg/dL (normal 
range, 0.5–1.2 mg/dL), and estimated glomerular filtration rate 
(eGFR) was 44.8 mL/min/1.73 m2. Coagulation tests showed that 
PT was 96.8 seconds (normal range, 11–15 seconds), PT-INR was 
12.46 (normal range, 0.8–1.2), and activated partial thromboplas-
tin time (aPTT) was 125.5 seconds (normal range, 28–45 sec-
onds), which were exceptionally increased. Thrombin time (TT) 
could not be measured because clot formation did not occur, and 
ecarin clotting time (ECT) could not be performed. Serum albu-
min levels and liver function test results were normal. Blood tests 
performed three months prior showed BUN 14.7 mg/dL, Cr 0.93 
mg/dL, and eGFR 78.4 mL/min/1.73 m2. PT and aPTT were not 
measured at that time. Comparison with the previous laboratory 
results revealed a rapid decline in renal function during this visit. 
No signs of sepsis or liver dysfunction were observed, and a 
patchy opacity was observed in the left lower lobe on chest radi-
ography, suggesting pneumonia. Piperacillin-tazobactam intrave-
nous (IV) injection was initiated. 

Although coagulation tests revealed abnormalities, no bleed-
ing-related symptoms or signs were observed. Therefore, vitamin 
K and fresh frozen plasma were not used, and dabigatran was dis-
continued. Idarucizumab was not administered because it was un-
available at our hospital. The patient remained clinically stable, 

and the PT-INR measurement conducted on the day following 
admission yielded a result of 8.96. PT-INR recovered to 1.61 on 
the fourth day without any special treatment. The patient was dis-
charged with an oral administration of 100 mg aspirin instead of 
dabigatran. Fourteen weeks later, blood tests showed PT 17.3 sec-
onds, PT-INR 1.42, aPTT 58.4 seconds, BUN 23.4 mg/dL, Cr 
0.99 mg/dL, eGFR 72.2 mL/min/1.73 m2, and there were no 
bleeding-related symptoms. 

DISCUSSION 

NOACs are primarily used to prevent ischemic stroke or transient 
ischemic attacks in patients with NVAF. Currently, dabigatran, ri-
varoxaban, apixaban, and edoxaban are available [4]. Among 
them, dabigatran was the first NOAC approved for stroke preven-
tion in patients with NVAF and acts as a direct thrombin inhibi-
tor. Thrombin is a multifunctional enzyme that converts fibrino-
gen to fibrin and activates platelets. Dabigatran etexilate is the 
prodrug of dabigatran, a potent, nonpeptidic small molecule that 
specifically and reversibly inhibits both free and clot-bound 
thrombin by binding to the active site of the thrombin molecule 
[5]. It competitively inhibits thrombin in a concentration-depen-
dent manner. 

Dabigatran etexilate has a mean absolute bioavailability of 6.5%, 
which is independent of the dose and is not influenced by co-ad-
ministration with food. It is present in capsules containing multi-
ple pellets with a tartaric acid core to facilitate gastrointestinal ab-
sorption. This generated an acidic environment that favored drug 
dissolution and absorption. After oral administration, dabigatran 
etexilate is rapidly hydrolyzed to its active form by ubiquitous es-
terases. Given that cytochrome P450 enzymes and other oxidore-
ductases are not involved in the proteolytic reactions that convert 
dabigatran etexilate to dabigatran, the risk of drug-drug interac-
tions is low. 

Table 1. Serial changes in blood coagulation and kidney function tests during the treatment
Variable Jul 22, 2022 Jan 10, 2023 Mar 28, 2023a) Mar 29, 2023 Mar 30, 2023 Mar 31, 2023 Apr 10, 2023 May 9, 2023 Jul 18, 2023
Hb (g/dL) 12.3 12.4 13.3 13.0 NA 13.0 11.9 11.1 12.6
PLT (1,000/µL) 178 197 161 158 NA 156 201 375 149
PT (sec) NA NA 96.8 74.5 36.3 19.1 15 19.6 17.3
PT-INR NA NA 12.46 8.96 3.62 1.61 1.19 1.67 1.42
aPTT (sec) NA NA 125.5 123.5 95.1 72.7 41.8 41.3 58.4
BUN (mg/dL) 15.5 14.7 23.0 NA NA NA NA 18.8 23.4
Cr (mg/dL) 1.03 0.93 1.51 NA NA NA NA 1.30 0.99
eGFR (mL/min/1.73 m2) 69.8 78.4 44.8 NA NA NA NA 53.3 72.2

Hb, hemoglobin (normal range, 13–17 g/dL); PLT, platelet (normal range, 150–400 1,000/μL); PT, prothrombin time (normal range, 11–15 sec); PT-INR, 
PT-international normalized ratio (normal range, 0.8–1.2); aPTT, activated partial thromboplastin time (normal range, 28–45 sec); BUN, blood urea nitro-
gen (normal range, 7–25 mg/dL); Cr, creatinine (normal range, 0.5–1.2 mg/dL); eGFR, estimated glomerular filtration rate; NA, not available.
a)Admission date.
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Peak plasma concentrations (Cmax) and anticoagulant effects 
are achieved within 1.5 to 3 hours after oral dosing. Plasma con-
centrations show biphasic decline. The first phase is characterized 
by a rapid distribution phase. This is followed by a prolonged ter-
minal elimination phase, resulting in a mean plasma terminal half-
life of 12–14 hours, independent of the dose. Consequently, ther-
apeutic concentrations are maintained for 24-hour periods, while 
retaining sufficient reversibility. The renal excretion of unchanged 
dabigatran is the predominant elimination pathway, with approxi-
mately 80% of the IV dose excreted unchanged in the urine. The 
remainder is conjugated with glucuronic acid to form acyl glucu-
ronides, which are predominantly excreted via bile, with only very 
small amounts of conjugates found in urine.  

In our patient, there were no bleeding symptoms during dabig-
atran administration; however, an exceptional abnormality in the 
coagulation tests was observed. To date, no laboratory studies are 
available to confirm dabigatran-induced coagulopathy in a general 
hospital setting. The most sensitive clotting assays were the TT 
and ECT, followed by the aPTT and PT-INR. Normally, the PT-
INR is not directly correlated with dabigatran activity. Several 
conditions can induce abnormalities in coagulation test results 
during dabigatran use. First, kidneys play a major role in NOAC 
excretion. Approximately 80% of dabigatran is excreted by the 
kidneys, and dosage adjustments should be considered based on 
renal function [6,7]. According to the Korean Arrhythmia Society 
guidelines, for patients with a creatinine clearance rate of 30–50 mL/
min, dabigatran administered twice daily at a dose of 110 mg is rec-
ommended [8]. In our case, the eGFR value at the time of admission 
was 44.8 mL/min/1.73 m2 compared to 78.4 mL/min/1.73 m2 three 
months ago, indicating progressive renal failure. However, he was 
taking 110 mg of dabigatran twice daily before admission and 
did not overdose. Second, while our patient took all medications 
without crushing them into powder form, it is not recommend-
ed to remove capsules before administration because it increases 
the bioavailability of dabigatran by more than 75%, and powerful 
P-glycoprotein inhibitors can increase NOAC plasma concentra-
tions owing to drug interactions related to dabigatran. However, 
no relevant drugs were administered. Despite extensive literature 
reviews, the exact mechanisms underlying the extremely elevated 
coagulation test results in our patient could not be explained. 
Only a few cases have reported that PT-INR decreased after man-
agement with idarucizumab, suggesting a possible relationship 
between dabigatran use and PT-INR [9,10]. 

Our patient showed an elevated PT-INR on the 40th day after 
the discontinuation of dabigatran. Although there are reports that 
doses of aspirin 2–3 g/day can prolong PT-INR, low-dose aspirin 
does not usually affect PT-INR [11]. Multiple factors can inter-

fere with PT-INR, such as antibiotics, antifungals, chemothera-
peutics, amiodarone, allopurinol, serotonin reuptake inhibitors, 
acute illness, chronic liver disease, coagulation homeostasis [3]. 
Even if there was an unidentified coagulopathy in our patient, we 
believe that the recruitment of similar patients may be essential to 
determine a safe dose of dabigatran and to monitor drug activity. 

In conclusion, regular monitoring of coagulation tests, includ-
ing PT and aPTT, is not necessary for all patients taking dabiga-
tran. However, it may be useful to regularly perform blood coagu-
lation tests in patients with renal impairment or in those at a high 
risk of bleeding. 
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A 22-year-old man with a history of homozygous sickle cell dis-
ease was admitted to the intensive care unit for acute chest syn-
drome defined with radiodensity on chest imaging, fever, and re-
spiratory symptoms. Within a few hours, the patient developed al-
tered consciousness, necessitating intubation. 

Hematological testing revealed pancytopenia (white blood cell 
count, 2 × 109/L; hemoglobin, 8 g/dL; platelet count, 40 × 109/
L; reticulocyte count, < 100 × 109/L), likely caused by bone mar-
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row necrosis. Cerebral magnetic resonance imaging (MRI) per-
formed on day 1 of admission revealed bilateral punctate foci of 
restricted diffusion in the supratentorial white matter on diffu-
sion-weighted imaging without vascular systematization or evi-
dence of collateral flow on fluid- attenuated inversion recovery se-
quence (Fig. 1A-C). Computed tomography and MR angiogra-
phy of the supra-aortic trunk and intracranial vessels yielded nor-
mal findings. Without an alternative diagnosis, cerebral fat embo-

Fig. 1. Initial axial brain magnetic resonance imaging performed 24 hours after admission. (A) Diffusion-weighted imaging (b=1,000 sec/
mm2) and (B) the corresponding apparent diffusion coefficient map revealing bilateral scattered punctate foci of restricted diffusion of the 
supratentorial white matter (arrows). (C) Fluid-attenuated inversion recovery sequence showing hyperintensity of a left putamenal lesion 
without evidence of collateral flow (circle). (D) Susceptibility-weighted imaging sequence showing no hypointense area in the brain.
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ty-weighted imaging (Fig. 1D). 
A second MRI performed on day 26 due to persistent coma re-

vealed countless microbleeds of the entire white matter displaying 
a “walnut kernel microbleed pattern” predominant in the posterior 
arms of the internal capsules, and in the splenium of the corpus cal-
losum, suggestive of an extensive CFES. Moreover, bilateral hyper-
intensity with restricted diffusion in the head of the caudate and 
putamen suggested secondary hypoxic-ischemic encephalopathy 
(Fig. 2A-D) due to fat embolism in the absence of a cardiac origin. 

Echocardiography revealed normal findings, and the cardiac 
rhythm remained sinus on multiple electrocardiograms. MRI and 
computed tomography angiography revealed no abnormalities 
(Fig. 2E and F). Although rare, CFES should be considered in 
SCD patients with altered consciousness [1-3].  
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Fig. 2. Second axial brain magnetic resonance imaging performed 
26 days after admission. (A) Diffusion-weighted imaging and (B) 
the corresponding apparent diffusion coefficient map showing 
bilateral hyperintensity with restricted diffusion of the head of 
caudate (arrows) and putamen (arrowheads), and left occipital 
subcortical white matter (asterisks) suggesting additional hy-
poxic-ischemic encephalopathy. (C) Fluid-attenuated inversion 
recovery sequence showing hyperintensity of a left occipital white 
matter lesion (circle) without evidence of collateral flow. (D) The 
susceptibility-weighted Imaging sequence reveals widespread 
and consistent pinpoint susceptibilities within the gray matter, 
gray-white junction, posterior arms of the internal capsules, the 
splenium of the corpus callosum, basal ganglia, and thalami. This 
presentation is characteristic of the "walnut kernel microbleed 
pattern," which strongly indicates cerebral fat embolism. (E, F) The 
corresponding three-dimensional time-of-flight angiography and 
computed tomography angiography revealing no abnormalities of 
intracranial vessels.
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lism syndrome (CFES) following bone marrow necrosis was sus-
pected despite the absence of hyperintensity on susceptibili-
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A 61-year-old man presented to the emergency room with left 
hemiparesis and dysarthria. Brain magnetic resonance imaging 
showed right middle cerebral artery territory infarction with prox-
imal internal carotid artery stenosis. Carotid endarterectomy 
(CEA) was performed on the 8th day of admission. After 3 hours 
of CEA, the patient complained of dyspnea, and stridor was de-

veloped. Chest X-ray was performed immediately (Fig. 1), and 
emergent endotracheal intubation was performed under suspi-
cion of airway obstruction due to hematoma. Neck computed to-
mography (CT) confirmed hematoma formation around the ca-
rotid vessels (Fig. 2). Blood pressure was strictly controlled with-
out discontinuation of clopidogrel, and hematoma was noted to 

Fig. 1. (A) Chest X-ray taken before carotid endarterectomy (CEA) shows normal findings. (B) Chest X-ray taken during dyspnea after CEA 
shows soft tissue swelling (black arrow) with tracheal deviation (white arrow). (C) Chest X-ray taken the day after intubation shows aggra-
vation of soft tissue swelling (black arrow).
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be reduced on a CT scan 10 days after intubation. The patient was 
extubated without airway problems. 

CEA is the standard treatment for symptomatic carotid stenosis 
[1,2]. A previous study reported that perioperative hematoma oc-
curred in 7.1% of patients after CEA and was associated with in-
creased perioperative stroke and mortality [3]. Neck hematoma is 
potentially life-threatening because it can cause respiratory failure 
and often requires airway management [2]. Suspicion of neck he-
matoma is crucial if the patient complains of respiratory discom-
fort after CEA, and airway management should be performed im-
mediately [2]. Checking the chest X-ray can provide guidance in 
the differential diagnosis of respiratory discomfort after CEA. 
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Fig. 2. (A) Neck computed tomography (CT) taken after intubation shows tracheal deviation (white arrows) due to hematoma formation 
(yellow arrowheads) around the carotid vessels. (B) Neck CT taken 10 days later shows resorption of hematoma and improvement in tra-
cheal deviation.
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tion of Medical Editors [WAME, https://www.wame.org], and 
Open Access Scholarly Publishers Association [OASPA, https://
oaspa.org]; https://doaj.org/bestpractice). Further, all processes of 
handling research and publication misconduct shall follow the ap-
plicable COPE flowchart (https://publicationethics.org/resourc-
es/flowcharts).

Institutional and Ethical Approval
Clinical research should be conducted in accordance with the World 
Medical Association’s Declaration of Helsinki (https://www.wma.
net/what-we-do/medical-ethics/declaration-of-helsinki/). Clinical 
studies that are not in accordance with the Helsinki Declaration will 
not be considered for publication. For human subjects, identifiable in-
formation, such as patient names, initials, hospital numbers, dates of 
birth, and other confidential health care information should not be 
disclosed. Details regarding the Institutional Review Board (IRB) ap-
proval for clinical research should be included in the Methods section 
of the manuscript. For animal subjects, the authors should adhere to 
the local or national requirements for the care and use of laboratory 
animals in research. All animal experiments should be reviewed by the 
Institutional Animal Care and Use Committee (IACUC) of the orga-
nization where the experiments are performed. The Methods section 
of the manuscript must include a statement regarding IACUC com-
pliance. If necessary, the editor or reviewers may request a copy of the 
document for clarifications about IRB/IACUC approval and related 
issues. JNC retains the right to reject any manuscript on the basis of 
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unethical methodology or misconduct of research.  

Patient Privacy and Consent
Some article types (such as clinical research or case reports) may con-
tain descriptions of individual patients. In such cases, a signed consent 
form must be obtained from each patient described in the manuscript 
and retained by the authors. The same rule applies to images of pa-
tients appearing (in part or whole) in a photograph or video. It is pref-
erable to provide patients with the opportunity to read the manuscript 
and/or view the images or videos containing their images. A signed 
informed consent must also be obtained from non-patients (e.g., a 
physician or nurse) who are exposed to photographs or videos includ-
ed in the manuscript. Authors should state in the cover letter submit-
ted along with the manuscript that they have obtained a signed con-
sent form and that this form will be retained with their records. This 
must also be stated in the Methods section. If the need for an in-
formed consent is waived by the IRB for a study, this should be stated 
in the manuscript.

Conflict of Interest Statement
The author is responsible for disclosing any financial support or 
benefit that might affect the content of the manuscript or might 
cause a conflict of interest. When submitting the manuscript, the 
author must attach the letter of conflict of interest statement 
(https://www.e-jnc.org/authors/copyright_transfer_COI_
statement.php). Examples of potential conflicts of interest are fi-
nancial support from or connections to companies, political pres-
sure from interest groups, and academically related issues. In par-
ticular, all sources of funding applicable to the study should be ex-
plicitly stated.

Originality, Plagiarism, and Duplicate Publication
Redundant or duplicate publication refers to the publication of a 
paper that overlaps substantially with one already published. 
Upon receipt, submitted manuscripts are screened for possible 
plagiarism or duplicate publication using Crossref Similarity 
Check. If a paper that might be regarded as duplicate or redundant 
had already been published in another journal or submitted for 
publication, the author should notify the fact in advance at the 
time of submission. Under these conditions, any such work 
should be referred to and referenced in the new paper. The new 
manuscript should be submitted together with copies of the du-
plicate or redundant material to the editorial committee. If redun-
dant or duplicate publication is attempted or occurs without such 
notification, the submitted manuscript will be rejected immedi-
ately. If the editor was not aware of the violations and of the fact 
that the article had already been published, the editor will an-

nounce in the journal that the submitted manuscript had already 
been published in a duplicate or redundant manner, without seek-
ing the author’s explanation or approval.

Secondary Publication
It is possible to republish manuscripts if the manuscripts satisfy 
the conditions for secondary publication of the ICMJE Recom-
mendations (http://www.icmje.org/recommendations). 

Authorship and Author’s Responsibility
Authorship credit should be based on (1) substantial contributions 
to conception and design, acquisition of data, and analysis and in-
terpretation of data; (2) drafting the article or revising it critically 
for important intellectual content; (3) final approval of the version 
to be published; and (4) agreement to be accountable for all aspects 
of the work in ensuring that questions related to the accuracy or in-
tegrity of any part of the work are appropriately investigated and re-
solved. Authors should meet these four conditions. 
• A list of each author’s role should accompany the submitted paper.
• Correction of authorship: Any requests for such changes in au-

thorship (adding author(s), removing author(s), or re-arrang-
ing the order of authors) after the initial manuscript submission 
and before publication should be explained in writing to the ed-
itor in a letter or e-mail from all authors. This letter must be 
signed by all authors of the paper. A copyright assignment must 
be completed by every author.

• Role of corresponding author: The corresponding author takes 
primary responsibility for communication with the journal 
during the manuscript submission, peer review, and publication 
process. The corresponding author typically ensures that all of 
the journal’s administrative requirements, such as providing the 
details of authorship, ethics committee approval, clinical trial 
registration documentation, and conflict of interest forms and 
statements, are properly completed, although these duties may 
be delegated to one or more coauthors. The corresponding au-
thor should be available throughout the submission and peer 
review process to respond to editorial queries in a timely man-
ner, and after publication, should be available to respond to cri-
tiques of the work and cooperate with any requests from the 
journal for data or additional information or questions about 
the article. 

• Contributors: Any researcher who does not meet all four ICM-
JE criteria for authorship discussed above but contribute sub-
stantively to the study in terms of idea development, manu-
script writing, conducting research, data analysis, and financial 
support should have their contributions listed in the Acknowl-
edgments section of the article.
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Process for Managing Research and Publication Misconduct
When the journal faces suspected cases of research and publica-
tion misconduct, such as redundant (duplicate) publication, pla-
giarism, fraudulent or fabricated data, changes in authorship, un-
disclosed conflict of interest, ethical problems with a submitted 
manuscript, appropriation by a reviewer of an author’s idea or 
data, and complaints against editors, the resolution process will 
follow the flowchart provided by COPE (http://publicationeth-
ics.org/resources/flowcharts). The discussion and decision on 
the suspected cases are carried out by the Editorial Board.

Editorial Responsibilities
The Editorial Board will continuously work to monitor and safe-
guard publication ethics: guidelines for retracting articles; mainte-
nance of the integrity of academic records; preclusion of business 
needs from compromising intellectual and ethical standards; pub-
lishing corrections, clarifications, retractions, and apologies when 
needed; and excluding plagiarized and fraudulent data. The edi-
tors maintain the following responsibilities: responsibility and au-
thority to reject and accept articles; avoid any conflict of interest 
with respect to articles they reject or accept; promote the publica-
tion of corrections or retractions when errors are found; and pre-
serve the anonymity of reviewers.

EDITORIAL POLICY

Copyright
Copyright in all published material is owned by the Korean Neur-
ocritical Care Society. Authors must agree to transfer copyright 
(https://www.e-jnc.org/authors/copyright_transfer_COI_
statement.php) during the submission process. The correspond-
ing author is responsible for submitting the copyright transfer 
agreement to the publisher.

Open Access Policy
JNC is an open-access journal. Articles are distributed under the 
terms of the Creative Commons Attribution License (http:// 
creativecommons.org/licenses/by-nc/4.0/), which permits unre-
stricted non-commercial use, distribution, and reproduction in 
any medium, provided the original work is properly cited. Au-
thor(s) do not need to permission to use tables or figures pub-
lished in JNC in other journals, books, or media for scholarly and 
educational purposes. This policy is in accordance with the Buda-
pest Open Access Initiative definition of open access.

For any commercial use of material from this open-access jour-
nal, permission must be obtained from Korean Neurocritical Care 
Society (E-mail: office@e-jnc.org).

Article Sharing (Author Self-Archiving) Policy
JNC is an open-access journal, and authors who submit manu-
scripts to JNC can share their research in several ways, including 
on preprint servers, social media platforms, at conferences, and in 
educational materials, in accordance with our open-access policy. 
However, it should be noted that submitting the same manuscript 
to multiple journals is strictly prohibited.

Registration of Clinical Trial Research
It is recommended that any research that deals with a clinical  
trial be registered with a clinical trial registration site, such as 
http://cris.nih.go.kr, http://www.who.int/ictrp, and http://clini-
caltria.gov.

Data Sharing
JNC encourages data sharing wherever possible, unless this is pre-
vented by ethical, privacy, or confidentiality matters. Authors wish-
ing to do so may deposit their data in a publicly accessible repository 
and include a link to the DOI within the text of the manuscript.
• Clinical Trials: JNC accepts the ICMJE Recommendations for 

data sharing statement policy. Authors may refer to the editori-
al, “Data Sharing statements for Clinical Trials: A Requirement 
of the International Committee of Medical Journal Editors,” in 
the Journal of Korean Medical Science (https://dx.doi.
org/10.3346/jkms.2017.32.7.1051).

Archiving Policy
JNC provides electronic archiving and preservation of access to 
the journal content in the event the journal is no longer published, 
by archiving in the National Library of Korea (https://www.nl.go.
kr).

Preprint Policy
A preprint can be defined as a version of a scholarly paper that 
precedes formal peer review and publication in a peer-reviewed 
scholarly journal. JNC allows authors to submit the preprint to the 
journal. It is not treated as duplicate submission or duplicate pub-
lication. JNC recommend authors to disclose it with DOI in the 
letter to the editor during the submission process. Otherwise, it 
may be screened from the plagiarism check program — Similarity 
Check (Crosscheck) or Copy Killer. Preprint submission will be 
processed through the same peer-review process with a usual sub-
mission. If the preprint is accepted for publication, authors are 
recommended to update the info at the preprint with a link to the 
published article in JNC, including DOI at JNC It is strongly rec-
ommended that authors cite the article in JNC instead of the pre-
print at their next submission to journals.
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SUBMISSION AND PEER-REVIEW PROCESS

Submission
All manuscripts should be submitted online via the journal’s web-
site (https://submit.e-jnc.org) by the corresponding author. 
Once you have logged into your account, the online system will 
lead you through the submission process in a stepwise orderly 
process. Submission instructions are available at the website. All 
articles submitted to the journal must comply with these instruc-
tions. Failure to do so will result in the return of the manuscript 
and possible delay in publication.

Peer-Review Process
• A submitted manuscript will be evaluated by editors and review-

ers. All manuscripts submitted to JNC undergo screening by the 
Editorial Board, who then determines whether a manuscript 
undergoes external review. Peer review is conducted by at least 
two reviewers with relevant expertise.

• The journal uses a double-blind peer review process: the re-
viewers do not know the identity of the authors, and vice versa.

• Reviewers can request authors to revise the content. The corre-
sponding author must indicate the modifications made in their 
item-by-item response to the reviewers’ comments. Failure to 
resubmit the revised manuscript within 2 months of the edito-
rial decision is regarded as a withdrawal. 

• The editorial committee has the right to revise the manuscript 
without the authors’ consent, unless the revision substantially 
affects the original content.

• After review, the editorial board determines whether the manu-
script is accepted for publication or not. Once rejected, the 
manuscript does not undergo another round of review.

• After a manuscript is received by the editorial committee, an 
e-mail confirmation thereof will be sent to the author within 7 
days. The author will be notified of any possible delay that is 
due to evaluation difficulty. The authors can make an inquiry to 
the editorial committee on the current evaluation phase of the 
manuscript. The Board will notify the author on the status of 
the board review process. 

Submission by Editors
Final decisions regarding manuscript publication are made by the 
editor-in-chief or a designated editor who does not have any rele-
vant conflicts of interest. In the event that an editor has a conflict 
of interest with a submitted manuscript or with the authors, the 
manuscript will be handled by one of the other editors who does 
not have a conflict with the review and who is not at the same in-
stitution as the submitting editor. In such circumstances, full 

masking of the process will be ensured so that the anonymity of 
the peer reviewers is maintained.

Appeals of Decisions
Any appeal against an editorial decision must be made within 2 
weeks of the date of the decision letter. Authors who wish to ap-
peal a decision should contact the Editor-in-Chief, explaining in 
detail the reasons for the appeal. All appeals will be discussed with 
at least one other associate editor. If consensus cannot be reached 
thereby, an appeal will be discussed at a full editorial meeting. The 
process of handling complaints and appeals follows the guidelines 
of COPE available from (https://publicationethics.org/appeals). 
JNC does not consider second appeals.

MANUSCRIPT PREPARATION

JNC focuses on clinical and experimental studies, reviews, case re-
ports, and images in neurocritical care. Any researcher throughout 
the world can submit a manuscript if the scope of the manuscript 
is appropriate. Manuscripts should be submitted in English. 

General Requirements
• The manuscript must be written using Microsoft Word and 

saved as “.doc” or “.docx” file format. Authors should search for 
reporting guidelines relevant to their study design and submit 
the completed checklist as part of the initial submission.

• The page numbers must be indicated in Arabic numerals in the 
middle of the bottom margin, starting from the title page. 

• Neither the authors’ names nor their affiliations should appear 
on the manuscript pages.

• Use only standard abbreviations; the use of non-standard abbre-
viations can be confusing to readers. Avoid abbreviations in the 
title of the manuscript. The full form of a term followed by the 
abbreviation in parentheses should be used at the first mention, 
unless the abbreviation is a standard (e.g., DNA).

• The names of manufacturers of equipment and non-generic drugs 
should be given.

• Authors should express all measurements in conventional units 
using International System (SI) units.

Reporting Guidelines for Specific Study Designs
For specific study designs, such as randomized controlled trials, 
studies of diagnostic accuracy, meta-analyses, observational studies, 
and non-randomized studies, we strongly recommend that authors 
follow and adhere to the reporting guidelines relevant to their spe-
cific research design. For case reports, authors should follow the 
CARE guidelines (https://www.care-statement.org). Authors 
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should upload a completed checklist for the appropriate reporting 
guidelines during initial submission. Some reliable sources of re-
porting guidelines are EQUATOR Network (https://www.equa-
tor-network.org/) and NLM (https://www.nlm.nih.gov/services/
research_report_guide.html).

Composition of Manuscripts
• The manuscript types are divided into Original Article, Review 

Article, Case Report, and Images in Neurocritical Care. There 
is no limit to the length of each manuscript; however, if unnec-
essarily long, the author may be penalized during the review 
process.

• Original Articles should be written in the following order: title 
page, abstract, keywords, main body (introduction, methods, 
results, discussion), acknowledgments (if necessary), referenc-
es, tables, figure legends, and figures. The number of references 
is limited to 45. Authors should select their study design of the 
reporting guidelines on the submission system and complete 
the checklist accordingly. The checklist should be submitted as 
part of the initial submission. The examples of the study designs 
are as follows: Randomized trials, Observational studies, Sys-
tematic reviews, Study protocols, Diagnostic/prognostic stud-
ies, Clinical practice guidelines, Qualitative research, Animal 
pre-clinical studies, Quality improvement studies, Economic 
evaluations, and others.

• Review Articles should be written in the following order: title 
page, abstract, keywords, and main body (introduction, main 
text, and conclusion), acknowledgments (if necessary), refer-
ences, tables, figure legends, and figures. There is no limit to the 
length of the main text as well as the number of references.

• Case Reports should be written in the following order: title 
page, abstract, keywords, main body (introduction, case report, 
and discussion), acknowledgments (if necessary), references, 
tables, figure legends, and figures. The total number of referenc-
es is limited to 15. We recommend the use of the template pro-
vided at https://www.e-jnc.org/authors/authors.php for for-
matting the manuscript.

• Images in Neurocritical Care should be written in the following 
order and should not include an abstract and keywords: title 
page, main body, acknowledgments (if necessary), references, 
figure legends, and figures. The main body can be written freely 
without any constraints but should be within 200 words. The 
total number of references is limited to 4. A maximum of four 
authors is permitted.

• The requirements for the number of references and length of the 
main text can be consulted with the Editorial Office.

Title Page
• The title page must include a title, the authors’ names and aca-

demic degrees (include ORCID*), affiliations, and correspond-
ing authors’ names and contact information. In addition, a run-
ning title must be written within up to 50 characters including 
spaces. The corresponding authors’ contact information must 
include a name, addresses, e-mails, telephone numbers, and fax 
numbers.

* ORCID: We recommend that the open researcher and contrib-
utor ID (ORCID) of all authors be provided. To have an OR-
CID, authors should register in the ORCID website: http://or-
cid.org/. Registration is free to every researcher in the world.

• The contributions of all authors must be described using the 
CRediT (https://credit.niso.org) Taxonomy of author roles.

• All persons who have made substantial contributions, but who 
have not met the criteria for authorship, are acknowledged here. 
All sources of funding applicable to the study should be stated 
here explicitly.

Abstract and Keywords
• For Original Articles, the abstract must be written by dividing it 

into background, methods, results, and conclusion; the abstract 
should be within 250 words. For Case Reports, the abstract 
must be written by dividing it into background, case report, and 
conclusion, and should be within 150 words. For Review Arti-
cles, the main body as well as the abstract can be written freely 
without any constraints. 

• At the end of the abstract, three to six keywords should be listed. 
For the selection of keywords, refer to Medical Subject Heading 
(MeSH, http://www.ncbi.nlm.nih.gov/mesh).

Main Body
• For abbreviations, when first introduced, they should be fully 

explained and then inserted within parentheses. Thereafter, 
only the abbreviations should be used. 

• In the abstract and main body, authors should use an italicized 
capital letter “P” for “P value” or the significance probability. 

• All articles using clinical samples or data and those involving an-
imals must include information on the IRB/IACUC approval 
and waiver or informed consent. An example is shown below. 
“We conducted this study in compliance with the principles of 
the Declaration of Helsinki. The study’s protocol was reviewed 
and approved by the Institutional Review Board of OO (IRB 
no. OO). Written informed consent was obtained / Informed 
consent was waived.”

• Description of participants: Ensure the correct use of the terms 
“sex” (when reporting biological factors) and “gender” (identity, 
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psychosocial, or cultural factors), and, unless inappropriate, re-
port the sex and/or gender of study participants, the sex of ani-
mals or cells, and describe the methods used to determine sex 
and gender. If the study was done involving an exclusive popu-
lation, for example, in only one sex, authors should justify why, 
except in obvious cases (e.g., ovarian cancer). Authors should 
define how they determined race or ethnicity and justify their 
relevance.

• References must be numbered according to their quotation or-
der. When more than two quotations of the same authors are 
indicated in the main body, a comma must be placed between a 
discontinuous set of numbers, whereas a dash must be placed 
between the first and last numerals of a continuous set of num-
bers: “Kim et al. [2,8,9] insisted…” and “However, Park et al. 
[11−14] showed opposing research results.”

• Figures and tables used in the main body must be indicated as 
“Fig.” and “Table.” For example, “Magnetic resonance imaging 
of the brain revealed… (Figs. 1-3).

Figure
• Figures must be prepared in digital image files, and each figure 

must be submitted as a separate file.
• If one figure includes more than two pictures, they must be dis-

tinguished by adding alphabet labeling in capital letters, such as 
A, B, and C (e.g., Fig. 1A).

• Patterns are used instead of or in addition to colors for convey-
ing information (colorblind users would then be able to distin-
guish the visual elements).

• Digital images
- Each figure has to be prepared as a separate file and should not 

be inserted in the main body.
- Remove the margins as much as possible when preparing pic-

tures (especially CT or MRI images). Moreover, medical his-
tory reference numbers and names or other personal informa-
tion must not be included.

- When submitting photos of patients, the patients should not 
be recognizable. In case that the face of a patient is visibly 
recognizable, the patient’s consent must be obtained.

- The name of each file must correspond to its respective figure 
number.

- If one figure contains more than two pictures (for example, A, 
B, and C), the figure must be prepared to be printed as a single 
image and submitted as a single file.

• File size and resolution
- The digital image file of each figure must be of an adequate size 

and resolution so as not to compromise the quality of the 
printed output.

- Line art (e.g., graphs, charts, family trees) must not exceed 800 
dpi, whereas halftone (CT, MRI) or color pictures must be 
prepared in no less than 300 dpi.

- When determining the size of a digital image file, the photo or 
image size must be greater than the print size, even when 
downscaled for insertion in the main body.

• File types
- All file types (tiff, gif, jpeg, and ppt) may be submitted for eval-

uation by reviewers. However, if an article receives approval 
for publication, files must be submitted as .tiff or .pdf.

- In the case of color photos, they must be saved and submitted 
in CMYK formats. Black-and-white pictures, such as CT and 
MRI images, must be submitted in grayscale mode.

• Figure legends
- Figure legends must be precise and written in English on a sep-

arate page.
- All abbreviations introduced in the figure legends must be de-

fined as their first use.
- If a figure contains more than two pictures, they must be la-

beled as A, B, C, and so on. The description of the entire fig-
ure as well as the individual explanation of A, B, and C must 
be included.

Table
• Tables must be embedded in the main body of the Microsoft 

Word file and include their respective title.
• One page must not include more than two tables. 
• Footnotes are followed by the source notes, other general notes, 

abbreviation, notes on specific parts of the table (a), b), c), 
d)…), and notes on level of probability (*, **, *** for P-values). 

• A single unified decimal point must be applied in the same table.

References
• All references must be indicated in English.
• Every reference in the Reference section should be cited in the 

text. The number assigned to the reference citation is according 
to the first appearance in the manuscript. References in tables 
or figures are also numbered according to the appearance order. 
Reference number in the text, tables, and figures should in a 
bracket ([ ]). 

• If there are more than six authors, the names of the first six au-
thors must be specified, followed by “et al.”

• The journals should be abbreviated according to the style used 
in the list of journals indexed in the NLM Journal Catalog 
(http://www.ncbi.nlm.nih.gov/nlmcatalog/journals).

• The overlapped numerals between the first page and the last 
page must be omitted (e.g., 2025-6).
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• References to unpublished material, such as personal communi-
cations and unpublished data, should be noted within the text 
and not cited in the References. Personal communications and 
unpublished data must include the individual’s name, location, 
and date of communication.

• Other types of references not described below should follow IC-
MJE Recommendations (https://www.nlm.nih.gov/bsd/uniform 
_requirements.html). 

• We recommend using the EndNote or Papers citation style 
available on the journal homepage. 
Please refer to the following examples.
- Articles in academic journals
1. Kang J, Kang CH, Roh J, Yeom JA, Shim DH, Kim YS, et al. 

Feasibility, safety, and follow-up angiographic results of endo-
vascular treatment for non-selected ruptured intracranial an-
eurysms under local anesthesia with conscious sedation. J 
Neurocrit Care 2018;11:93-101.

2. van den Bent MJ, Keime-Guibert F, Brandes AA, Taphoorn MJ, 
Eskens FA, Delattre JY. Temozolomide chemotherapy in recur-
rent oligodendroglioma [abstract]. Neurology 2000;54(suppl 
3):12. 

3. Di Luca DG, Mohney NJ, Kottapally M. Paroxysmal sympa-
thetic hyperactivity with dystonia following non-traumatic 
bilateral thalamic and cerebellar hemorrhage. Neurocrit Care 
2019 Feb 6 [Epub]. https://doi.org/10.1007/s12028-019-
00677-9

- Book & book chapter
4. Layon A. Textbook of neurointensive care. 1st ed. Elsevier; 

2003. p. 10-7.
5. Rincon F, Mayer SA. Intracerebral hemorrhage. In: Lee K, 

editor. NeuroICU book. 2nd ed. McGraw-Hill; 2018. p. 36-
51.

- Online source
6. Weinhouse GL, Young GB. Hypoxic-ischemic brain injury in 

adults: evaluation and prognosis [Internet]. UpToDate; c2019 
[cited 2019 Feb 10]. Available from: https://www.uptodate.
com/contents/hypoxic-ischemic-brain-injury-in-adults-evalua-
tion-and-prognosis

Supplemental Data
Additional data, including Methods, Results, References, Tables, 
Figures, and video, that are difficult to be inserted in the main 
body can be submitted in the form of Supplemental Data. Supple-
mental Data submitted by the author will be published online to-
gether with the main body without going through a separate edit-
ing procedure. All supplemental data, except video materials, are 
to be submitted in a single file, and the manuscript title, authors’ 

title, organization, and corresponding author’s contact informa-
tion must be specified in the first page.

FINAL PREPARATION FOR PUBLICATION

Final Version
After the paper has been accepted for publication, the author(s) 
should submit the final version of the manuscript. The names and 
affiliations of the authors should be double-checked, and if the 
originally submitted image files were of poor resolution, higher 
resolution image files should be submitted at this time. Symbols 
(e.g., circles, triangles, squares), letters (e.g., words, abbreviations), 
and numbers should be large enough to be legible on reduction to 
the journal’s column widths. All symbols must be defined in the 
figure caption. If references, tables, or figures are moved, added, or 
deleted during the revision process, renumber them to reflect 
such changes so that all tables, references, and figures are cited in 
numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the manu-
script such that it meets the standard publication format. The au-
thor(s) must respond within 2 days when the manuscript editor 
contacts the corresponding author for revisions. If the response is 
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