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The Latest Classification of Epilepsy and Clinical 
Significance of Electroencephalography 
Yong Won Cho, Keun Tae Kim 
Department of Neurology, Keimyung University School of Medicine, Daegu, Korea 

The classification of epilepsy is revised in 2017, of which framework supports detailed semiol-
ogy of seizure as well as etiology of epilepsy. Accordingly, there are terms used previously have 
changed, and new terms that did not exist before. Electroencephalography is indispensable in 
the diagnosis of epilepsy, and it is also an important way to investigate cerebral activity. In this 
review, we summarize the classification of epilepsy and discuss the clinical significance of elec-
troencephalography. 

Keywords: Epilepsy; Seizure; Classification; Electroencephalography

INTRODUCTION 

Epilepsy is a disease with a history of thousands of years, and it 
is a functional brain disease that shows various aspects. So far, 
various efforts have been made to classify epilepsy, and a new 
classification was announced in 20175,8). In the diagnosis and 
classification of epilepsy, electroencephalography occupies a very 
important position. Also, electroencephalography is an essential 
tool for evaluating the state of the brain due to the nature of the 
organ (i.e., the brain is ever-changing and it is hard to see its pa-
renchyma with the naked eye). 

THE DEFINITION OF EPILESPY AND 
SEIZURE 

The definition of epilepsy is ‘a group of neurological disorders 
characterized by epileptic seizures’4). An epileptic seizure is ‘a 
transient occurrence of signs and/or symptoms due to abnormal 
synchronous neuronal activity in the brain’6). According to the 
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International League Against Epilepsy (ILAE) official report in 
2014, epilepsy should be considered in any of the following con-
ditions: two or more seizures occurring > 24 hours apart, one 
unprovoked seizure and a probability of recurrent seizure risk 
over 60%, and diagnosis of an epilepsy syndrome (Table 1)4). If 
there is any epileptiform discharge on electroencephalography, 
or a potential epileptogenic structure on brain imaging, the prob-
ability of recurrent epileptic seizure exceeds 60%2). In addition, 
the ILAE official report in 2014 re-defined epilepsy as a disease, 
and suggested a concept of resolved epilepsy. Epilepsy is consid-
ered to be resolved if the epileptic is now past the applicable age, 
or has remained seizure-free over a decade despite a 5-year inter-
ruption of anticonvulsant treatment. However, ‘resolved’ and ‘re-
mission or cure’ are not entirely equivalent. 

ELECTROENCEPHALOGRAPHY 

The diagnosis of epilepsy is unpalatable, and not straightfor-
ward. In addition, misdiagnosis is not entirely avoidable7). Al-
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though a detailed witness account of the paroxysmal event by a 
witness is the most important factor for diagnosis, but these testi-
monies cannot be heard or witnessed in many cases. Thus, elec-
troencephalography is the most important diagnostic test in eval-
uating a patient with possible epilepsy. It can provide support for 
the diagnosis of epilepsy and also assists in classifying the under-
lying epileptic syndrome. As neuro-imaging is advanced for sev-
eral decades, there is an opinion which underestimates the im-
portance of electroencephalography. However, electroencepha-
lography is highly valuable not only for diagnosis of epilepsy but 
also for various clinical situations including evaluation of altered 
mentality, managing patients in neuro-intensive care unit, and in-
traoperative monitoring. Electroencephalography consists of 
spatial and temporal summations of postsynaptic potentials gen-
erated from a large population of pyramidal cells. The rhythm of 
electroencephalogram can be defined as the regular appearance 
of waveforms with similar shapes and comparable periods. Elec-
troencephalography exhibits continuous waves with changing 
frequency, and it is in good agreement with the patient’s con-
sciousness state. The interpretation of EEG requires the analysis 
and judgment of the followings: waveform, frequency, amplitude, 
distribution, rhythmicity, phase relation, timing, persistence (or 
amount), and reactivity3). It is important that a normal EEG can-
not exclude epilepsy. It is also important to note that most abnor-
mal EEG findings are non-specific. Interictal epileptiform dis-
charges are specific finding for diagnosis of epilepsy; rare in nor-
mal subjects, but it can sometimes appear. An electroencephalog-
raphy without abnormal findings are read as normal, however, 
normal electroencephalography do not necessarily mean ‘the 
brain is normal’. Electroencephalography reflects the activities 
and functions of brain cells with high temporal resolution, but it 
varies greatly depending on the patient’s level of consciousness, 
sleepiness, the level of sleep, and the drugs used. It is necessary to 
know the pros and cons of the electroencephalography itself, and 
to maintain the reading ability by steady efforts. 

THE CLASSIFICATION OF EPILEPSY 

Classification of the epilepsies has evolved since 1960s1). The 

latest classification of epilepsy provides a framework for classifi-
cation of epilepsies8). The framework consists of seizure types, 
epilepsy types, epilepsy syndromes, and etiology. 

The Types of seizure 
Seizure type is classified by the initial manifestation: general-

ized, focal, and unknown. ‘Unknown’ stands for a situation when 
the onset is unknown but other manifestations are known. The 
term ‘partial’ is replaced by ‘focal’ and is no longer used. As the 
level of ‘consciousness’ is a vague term, it is replaced by level of 
‘awareness’. It is classified by aware (old term simple), and im-
pared awareness (old term complex). Thus, the ‘complex partial 
seizure’ of the old classification has now replaced by ‘focal im-
pared awareness seizure’. The awareness may not be assessed, 
then, the mention of awareness can be omitted. Since awareness 
is impared in most generalized seizures, ‘aware’ vs. ‘impaired’ is 
omitted. The term ‘focal to bilateral tonic-clonic’ is used to re-
place ‘secondary generalization’. Table 2 presents the examples of 
changes in the classification of 2017. 

The Types of epilespy 
The 1989 classification categorized epilepsies as either focal or 

generalized. Now, this epilepsy classification become broader in 
scope than it was and integrate the information including imag-
ing, genetics, laboratory tests, prognoses and comorbidities. The 
2017 classification retains the concept of focal and generalized 
epilepsy, but acknowledges that not all epilepsies can be dichoto-
mized into these two categories. Thus, two additional categories 
have been added: ‘generalized and focal epilepsy’ and ‘unknown’ 
if generalized or focal epilepsy. The new group of ‘Combined 
Generalized and Focal Epilepsy’ has been devised in recognition 
that there are epilepsy syndromes, e.g., Lennox-Gastaut syn-
drome. The term ‘unknown if generalized or focal epilepsy’ 
stands for epilepsies with seizures in which it cannot be clearly 
determined whether onset is focal or generalized, also be used in 
an individual who presents with a generalized tonic-clonic sei-
zure and normal examination but whose electroencephalography 
as well as neuroimaging is non-informative. 

Table 2. Examples of the terms that changed in 2017

Used in the past Revised in 2017
Partial Focal
Not applicable Unknown onset
Simple Aware
Complex Impared awareness
Secondary generalization Focal to bilateral tonic-clonic
Aura Focal aware seizure

Table 1. The operative definition of epilepsy

1. At least two unprovoked (or reflex) seizures occurring greater than 24 
hours apart

2. One unprovoked (or reflex) seizure and a probability of further 
seizures similar to the general recurrence risk after two unprovoked 
seizures, occurring over the next 10 years

3. Diagnosis of an epilepsy syndrome

www.e-jnic.org2
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signed to cover items not previously classified. The task force of 
ILAE hope to provide a more practical framework for the classi-
fication of epilepsy types, to improve the understanding of sei-
zure and epilepsy. 
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Table 3. The examples of recognized epilepsy syndromes
In neonatal period
 Benign neonatal seizure (Fifth day fit)
 Benign familial neonatal epilepsy
 Early infantile epileptic encephalopathy with suppression burst 

(Ohtahara syndrome)
In infancy
 Benign infantile epilepsy
 West syndrome
 Dravet syndrome
In childhood
 Panyiotopoulos syndrome
 Lennox-Gastaut syndrome
 Landau-Kleffner syndrome
 Benign epilepsy of childhood with centro-temporal spikes
In adolescent
 Juvenile myoclonic epilepsy
 Generalized tonic-clonic seizure on awakening

Epilepsy syndromes 
Epilepsy syndromes refer to clusters of features including sei-

zure types, electroencephalographic findings, neuroimaging find-
ings, triggers, and sometimes prognosis. The ILAE has never for-
mally approved or defined a list of epilepsy syndromes, although 
there have been various well known epilepsy syndromes (Table 3). 
Epilepsy syndromes tend to be identified in childhood and ado-
lescence. The diagnoses of epilepsy syndrome imply specific in-
formation on natural history, comorbidities, intellectual and psy-
chiatric features, applicable management, and prognosis. 

Etiology of epilepsy 
Not all patients with a specific etiologic diagnosis will have an 

identifiable epilepsy syndrome. For example, tuberous sclerosis 
may can manifest as various spectrum of epilepsy. Six etiologies 
have been defined by the ILAE: structural, genetic, infectious, 
metabolic, immune, and unknown. These are not hierarchical 
and more than one might apply. 

CONCLUSION 

The new classification enable an intuitive grasp, and is trans-
parent for non-clinicians as well. The new classification is de-
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Neurointensive Care for Spinal Injuries; Perspective on Its 
Role in Early Stage 
Woo-Keun Kwon1,3, Dong-Hyuk Park2, Jong-Keon Oh3,4, Jang Hun Kim5, Haewon Roh1,3, Hong Joo Moon1, 
Joo Han Kim1, Youn-Kwan Park1

1Department of Neurosurgery, Korea University Guro Hospital, Korea University College of Medicine, Seoul, Korea 
2Department of Neurosurgery, Korea University Medical Center, Anam Hospital, Korea University College of Medicine, Seoul, Korea 
3Focused Training Center for Trauma, Korea University Guro Hospital, Korea University College of Medicine, Seoul, Korea 
4Department of Orthopedic Surgery, Korea University Guro Hospital, Korea University College of Medicine, Seoul, Korea 
5Department of Neurosurgery, Korean Armed Forces Capital Hospital, Seongnam, Korea 

Multimodal approach to the patient is essential in neurocritical care for spinal cord injury (SCI) 
patients. This article highlights the issues regarding early stage neurointensive care for SCI. Al-
though there are still some debate regarding the optimal neurointensive care in SCI patients, it is 
clear by previous literature that proper medical and surgical management play important role for 
neurocritical care in SCI patients. Not only neurologica problems but also several life threatening 
medical issues such as DVT, PE, respiration problems or pressure sores should also be considered 
during the early neurointensive care in order to optimize treatment for SCI patients. By under-
standing the early role of neurointensive care in SCI, we believe we can better treat these patients. 

Keywords: Spinal cord injury; Neurointensive care; Spine  

INTRODUCTION 

Spinal cord injury (SCI) is a devastating state following high 
energy trauma, which results in devastating burden to the patient 
and to the society as well, and the prevalence is known to be 
more than 700 per million5). As SCIs mostly lead to irreversible 
sequalae and neurologic deficits, it finally results in great social 
costs as well as heart-aching personal loss. The functional impair-
ment and the socioeconomic burden induced by SCI is already 
well documented1,11). On the papyrus from ancient Egypt 4000 
years ago, the Egyptians state SCI as “The disease that cannot be 
cured”9). In the modern era, SCI is not considered as a disease 
that cannot be cured, but it is true that it is still a disease that is 
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difficult to deal with for both the clinicians and the patients 
themselves. Although many studies have been taken to the field 
regarding the treatment for spinal cord injury, many of SCI pa-
tients still finally remain with remnant neurologic deficits. Con-
sidering the impact of this injury on each patients, and also con-
sidering its socioeconomic burden, proper approach to the SCI 
patients and good selection of treatment modalities are of great 
interest. Especially, the early stage of treatment is of importance. 
During last several decades, there have been dramatic develop-
ment and evolutionary improvement in the treatment for SCI 
with or without spinal vertebral injuries. Not to mention the 
great progression on acute care and neurointensive care in the 
early stage of SCI. In this article, the focus is on the role of neuro-
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critical care for SCI patients with a emphasis on its role in early 
stage of the patient evaluation. 

NEUROINTENSIVE CARE AT THE 
EMERGENCY ROOM 

Thorough inspection as well as further evaluation is essential 
for multiple trauma patients in the emergency room (ER) setting 
is mandatory, especially more when the patient has accompanied 
mental deterioration or neck injuries. These patients are at great 
risk for further neurologic deterioration because they are vulner-
able to secondary injuries to the neural structures due to in-
creased risk of muscle spasm, aggravating pain or uncontrolled 
instability of injured structures. Proper evaluation and manage-
ment for the airway, breathing and circulation (ABC) is essential 
as they are the hallmark of vital stability, and afterwards neuro-
logical examinations are undertaken. The physician should pal-
pate the whole spectrum of spinal bony structures, trying not to 
induce any further secondary injuries, and the alignment of the 
spinal column might be checked here at the same time. Through-
out this physical examination process, the patient should be con-
sidered as he or she has instability and maximal carefulness 
should be taken. 

If the patient has accompanied severe traumatic brain injury 
(TBI) of Glasgow Coma Scale (GCS) 8 or less, the patient 
should be promptly intubated to secure the airway, and this is the 
same in case of suspected high cervical spine injuries. Spinal cord 
injuries at the level of C5 or above are at great risk of alteration of 
respiratory function and are vulnerable to risk of dyspnea, fatigue 
of breathing muscles or even pulmonary functions12,13,17). There-
fore, tracheal intubation should be promptly considered in case 
of suspicious high cervical injuries. And when performing endo-
tracheal intubation, minimizing the motion of cervical spine is 
important to avoid any further injuries to the unstable segment7). 

The next step would be detailed neurologic examination. As 
emphasized in the previous paragraphs, proper evaluation of the 
ABC and the presence of TBI should be done prior to the neuro-
logic exam. Thorough examination evaluating the function of the 
central and peripheral nervous system should be done, and in 
cases of SCI, the American Spinal Injury Association (ASIA) 
scale is frequently used as a classification tool. According to the 
SCI patients’ neurological status, proper selection for the next 
imaging study can be done. Under ER setting, anterior-posterior 
(AP) and lateral (LAT) plain radiograph images of the cervical, 
thoracic and lumbosacral area are taken as well as the open 
mouth view of high cervical spine. It is important to include the 
whole spine in evaluation. 10-15% of multiple trauma patients 

have non-contiguous spinal injuries15), and therefore the whole 
spine must all be taken into initial evaluation. During evaluation 
of the spinal alignments, the cervico-thoracic junction (CTJ) can 
be difficult as they are easily hidden by the shoulder on X ray. 
Therefore, oblique images or swimmer’s view images could be 
helpful for proper evaluation of the CTJ in trauma patients. 
Computer tomography (CT) including reconstruction of axial, 
sagittal and coronal images are greatly useful in evaluating the pa-
tient in the ER, and as the medical circumstances developed 
most trauma centers have immediate access to CT scans and they 
are considered as one of the mandatory initial evaluation tools. 
Magnetic resonance images (MRIs) are useful evaluating the in-
juries of soft tissue, intervertebral discs, ligaments and of course 
neural structures. Although the access to MRI is much limited 
compared to plain radiographs and CT scans, the role of MRI in 
early evaluation of SCI is greatly growing. 

OPTIMAL TIMING FOR EARLY 
NEUROINTENSIVE CARE IN SCI 

SCI after high energy impact to the spinal cord is a result of a 
primary spinal cord trauma followed by a subsequent secondary 
injury. Understanding this injury mechanism of SCI is a import-
ant step to understand SCI, and it also provides a basis for SCI 
management for both medical and surgical treatment modalities. 
Primary injury of the spinal cord is a change that occurs due to 
the direct insult to the spine. It is usually accompanied with 
breakage of the normal bony and ligamentous structural integrity 
of the spine, which results in compressive injury to the spinal 
cord. Consequently, neuronal axons, blood vessels and cell struc-
tures of the spinal cord gets injured12,17). By this primary step the 
vicious cascade of SCI is started and secondary injuries start to 
happen as well. Shortly after the primary injury, a focal intramed-
ullary hemorrhage occurs as well as edematous change12), and 
this is the start of secondary injury. Then the micro blood circu-
lation of the spinal cord gets affected by these changes, and for-
mation of thrombus happens in conjunction with vasospasm, fi-
nally leading to a vicious cycle of spinal cord necrosis13). The pri-
mary and secondary injury after SCI affects the final outcome of 
SCI patients whom undergo neurocritical care after trauma. 

Then when is the optimal timing for neurointensive treatment 
of SCI. Although most studies recommend early initiation of 
neurointensive care, there is still no widely accepted global guide-
lines regarding the treatment of SCI or neuroregeneration after 
these injuries8,14). However, in general, the goal of early initiation 
of medical neurointensive care is minimizing secondary injury of 
SCI. And proper early decompression is suggested as the treat-
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ment of choice in cases of neural compressive injuries to opti-
mize the neurointensive care for SCI. Many medical trials includ-
ing the use of methylprednisolone, tirilazard mesylate, naloxone, 
nimodipine, other calcium channel blockers or GM1 ganglio-
sides have been introduced but none of them have been brought 
to the clinical field as a standard treatment yet4,12,17). Optimal tim-
ing of surgical decompression is under debate yet as well4,5,10). But 
the general consensus is that when the SCI patient has marked 
instability as well as compressive injury of the spinal cord, early 
decompression within 24 hours might benefit the patient in 
terms of favorable outcome after neurointensive care for SCI. 

ADDITIONAL CONSIDERATIONS FOR 
EARLY NEUROINTENSIVE CARE IN SCI 

Medical and surgical neurointensive care for SCI are not the 
only points physicians should take care of. There are several im-
portant medical points that we should give emphasis to when 
dealing with SCI patients in the early phase. Deep vein thrombo-
sis (DVT) and pulmonary embolism (PE) are important com-
plications that SCI patients easily experience in the early neuro-
intensive care period3). Acute SCI patients have significantly 
higher risk of developing DVT or PE, and if proper preventions 
treatments are not done the risk gets up to 47-100% of these pa-
tients6). PE itself is a devastating complication which can lead to 
mortality during neurointensive care for SCI. In order to avoid 
any possible risk of DVT or PE, injection of low molecular 
weight heparin (LMWH) is recommended as a preventive mo-
dality. In case of complete neurologic injury after SCI 40mg of 
LMWH or a twice injection of 30mgs a day are recommended. 
Use of mechanical compression devices also helps reducing the 
risk of DVT or PE during neurointensive care. Some trauma cen-
ters use inferior vena cava (IVC) filters empirically, but there are 
not enough evidence for its routine use6). 

Pulmonary complications are the most common problems 
that occur during early neurointensive care for SCI3). The phren-
ic nerve which innervates the diaphragm originates from the 
C3-5 nerves, so more proximal injury to the spinal cord can re-
sult as impairment of breathing. Although there are great variabil-
ity case by case, and it is extremely unpredictable, a large portion 
of high cervical spine injury patients cannot get rid of ventilation 
support even after the acute phase of neurointensive care16). 
Proper and intensive pulmonary care including the mechanical 
ventilation support, and also proper frequent suction of endotra-
cheal materials are mandatory for these patients. As pneumonia 
are also very easily accompanied to these group of patients, ex-
tensive chest physiotherapy as well as proper selection of antibi-

otics are important as well. 
Furthermore, pressure sore of SCI patients should be consid-

ered as an important part even from the very early phase of neu-
rointensive care. If proper care has not been taken for the SCI pa-
tient, up to 45% are known to develop pressure sores during their 
neurointensive care2). In order to avoid this problem, position 
change every 2 hours are recommended, with especially more 
caring for prominent sites that are fragile to pressure sores. Good 
nutrition during this early period is important not only for the 
nutrition itself but it also prevents the development of pressure 
sores2). 

SUMMARY 

SCI usually results in devastating clinical outcomes, and prop-
er neurocritical care is essential while managing these patients. 
Although there are still some debate regarding the optimal neu-
rointensive care for SCI patients, it is clear by previous literature 
that proper medical and surgery care has a benefit for SCI pa-
tients in the early phase. Not only neurologica problems but also 
several life threatening medical issues such as DVT, PE, respira-
tion problems or pressure sores should also be considered during 
the early neurointensive care in order to optimize treatment for 
SCI patients. 
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Early In-hospital Management of Acute Ischemic Stroke 
Sang-Hoon Lee, Kyung-Jae Park, Dong-Hyuk Park, Shin-Hyuk Kang, Yong-Gu Jung, Jung-Yul Park 
Department of Neurosurgery, Korea University Medical Center, Korea University College of Medicine, Seoul, Korea 

Acute ischemic stroke is one of leading causes of disability worldwide. Current therapeutic mo-
dalities have very narrow time window, therefore adequate diagnosis and therapeutic modality 
choice is very important. This article highlights the issues regarding current recommendation of 
early in-hospital management of acute ischemic stroke. By understanding current recommenda-
tion of treatment, we can better access and treat patients with acute ischemic stroke. 

Keywords: Ischemic stroke; Alteplase; Thrombectomy 

INTRODUCTION 

Acute ischemic stroke(AIS) is one of the most frequent causes 
of disability and death worldwide6,16), and enormous social and 
financial cost due to rehabilitation, long-term care, and loss of 
productivity17) . Leading-therapeutic modalities, include intrave-
nous(IV) thrombolysis and mechanical thrombectomy is ex-
tremely time-dependent. Therefore, proper early diagnosis and 
management is very important. As the reason above, pre-hospital 
stroke service is one of major concerns of treatment, includes 
emergency medical services(EMS) and pre-stroke educa-
tion13,18). Distance and travel time to the nearest stroke center is a 
crucial issue for time-sensitive stroke treatment5,13). 

As mentioned above, current therapeutic modalities have very 
narrow time window. The phrase “time is brain”8) presents the 
importance of urgent medical service for patients with stroke. 
However, as clinical data accumulated, this narrow time window 
has been expanded and therapeutic modalities have been 
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changed over periods1,15,22,28), although primary “time is brain” 
motto remains unchanged. In this article, the focus is on the cur-
rent in-hospital management recommendation of diagnosis of 
AIS and early therapeutic modalities with review of modification 
from previous guidelines, helps improving clinical outcomes of 
stroke patients. 

EARLY IN-HOSPITAL MANAGEMENT 
OF ACUTE ISCHEMIC STROKE 

Evaluation 
After patient’s arrival on emergency room, use of standardized 

scale quantifies the degree of neurological deficit, facilitates com-
munication, helps identify patients for thrombolytic intervention is 
required18). Most preferred rating scale is National Institutes of 
Health Stroke Scale12) (NIHSS, Table 1). Score represents severity 
of stoke; 0 : no stroke symptom ; 1-4 : minor stroke ; 5-15 : moder-
ate stroke ; 16-20 : moderate to severe stroke ; 21 -42 : severe stroke. 
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After exam of NIHSS, proper brain imaging should be fol-
lowed. All patients admitted to hospital with suspected acute 
stroke should receive brain imaging evaluation on arrival18). In 
most cases, non-contrast computed tomography(NCCT) is rec-
ommended2,18,21). Although diffusion-weighted magnetic reso-
nance imaging(DW-MRI) is more sensitive than NCCT for de-
tecting AIS3,11), routine use of DW-MRI is not recommended 
due to the matter of cost-effectiveness18,24). In many cases, diag-
nosis of AIS is confirmed basis of clinical presentation either a 
negative NCCT (or show early ischemic change). DW-MRI is 
recommended when NCCT is negative and patients shows puz-
zling clinical presentation or uncertain clinical stroke localiza-
tion18). Powers et al. recommends imaging study should be per-
formed within 20 minutes14,18) of arrival in ER. In some institu-
tions, DW-MRI is routinely performed before IV alteplase ad-
ministration even if diagnosis of acute stroke was established 
with NCCT and clinical presentation. This overlapped imaging 
study is no longer recommended. Also, multi-modal CT and 
MRI, including perfusion imaging, should not delay followed 
treatment. 

About laboratory data obtaining from blood test, only the as-
sessment of blood glucose is essential18). Other tests include in-
ternational normalized ratio(INR), activated partial thrombo-
plastin time(aPTT), and platelet count, may be necessary in 
some circumstances if there is suspicion of coagulopathy. Given 
the extremely low risk of unsuspected abnormal platelet counts 
or coagulation studies in a population, IV alteplase treatment 
should not be delayed while waiting for hematologic or coagula-
tion testing result if there is no reason to suspect an abnormal 
test. Baseline troponin and electrocardiogram assessment is rec-
ommended, but should not delay administration of IV alteplase. 

General medical supportive care 
Proper airway support and ventilator assistance are recom-

mended for the patients have decreased consciousness. The goal 
of airway support is supplement of oxygen > 94%18,19) of oxygen 
saturation. But, supplement of oxygen in non-hypoxic patients 
and any hyperbaric oxygen is not required19). 

Optimal blood pressure level ensure best outcome is uncer-
tain23,25). However, Powers et al.18) recommends hypotension and 
hypovolemia should be corrected to maintain systemic perfusion. 
Patients who have elevated BP and eligible for treatment with IV 
alteplase, should their BP carefully lowered to systolic BP < 185 
mmHg and diastolic BP < 110 before IV fibrinolytic therapy is ini-
tiated, because the risk of hemorrhage after administration of al-
teplase is greater in patients with higher BP and in patients with 
more BP variability. Current recommendation includes maintain 

Table 1. National institutes of health stroke scale (NIHSS)

Tested 
Item Title Responses and Scores

1A Level of consciousness 0 - Alert
1 - Drowsy
2 - Obtunded
3 – Coma / Unresponsive

1B Orientation question (2) 0 – Answers both correctly
1 – Answers 1 correctly
2 – Answers neither correctly

1C Response to command 
(2)

0 – Performs both tasks correctly

1 – Performs 1 task correctly
2 – Performs neither

2 Gaze 0 – Normal / Horizontal movement
1 – Partial gaze palsy
2 – Complete gaze palsy

3 Visual fields 0 – No visual field defect
1 – Partial hemianopia
2 – Complete hemianopia
3 – Bilateral hemianopia

4 Facial movement 0 – Normal
1 – Minor facial weakness
2 – Partial facial weakness
3 – Complete unilateral palsy

5 Motor function (arm) 0 – No drift
a.    Left 1 – Drift before 10 seconds
b.    Right 2 – Falls before 10 seconds

3 – No effort against gravity
4 – No movement

6 Motor function (leg) 0 – No drift
a.    Left 1 – Drift before 10 seconds
b.    Right 2 – Falls before 10 seconds

3 – No effort against gravity
4 – No movement

7 Limb ataxia 0 – No ataxia
1 – Ataxia in 1 limb
2 – Ataxia in 2 limbs

8 Sensory 0 – No sensory loss
1 – Mild sensory loss
2 – Severe sensory loss

9 Language 0 – Normal
1 – Mild aphasia
2 – Severe aphasia
3 – Mute or global aphasia

10 Articulation 0 – Normal
1 – Mild dysarthria
2 – Severe dysarthria

11 Extinction or inattention 0 – Absent
1 – Mild loss (1 sensory modality lost)
2 – Severe loss (2 modalities lost)
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BP < 180/105 mmHg after 24 hours of treatment. 
Source of hyperthermia (temperature > 38°C) should be iden-

tified and treated20). Hypoglycemia (blood glucose < 60 mg/dL) 
should be treated in patients with acute stroke18). 

Intravenous alteplase 
After the introduction of IV thrombolysis for the treatment of 

acute stroke in the 1990s10,28), IV thrombolysis is medical treat-
ment of choice of AIS. IV alteplase (0.9 mg/kg, maximum dose 
90 mg over 60 minutes with initial 10% of dose given as bolus 
over 1 minute) is recommended for standard treatment of AIS. 
Patients treated with IV alteplase should admit to stroke unit or 
intensive care unit for close monitoring. Measuring BP and per-
form neurological exam every 15 minutes during and after IV al-
teplase administration for 2 hours, then every 30 minutes for 6 
hours, then hourly until 24 hours after IV alteplase treatment. 
During and after IV alteplase administration, delaying placement 
of nasogastric tube or indwelling bladder catheter is recommend-
ed if possible. Patients who treated within 3 hours of symptom 
onset or last known well time and medically eligible should be 
treated with IV alteplase. More importantly, exclusion criteria are 
strictly applied to patients. Contraindications of IV alteplase 
treatment18); (1) patients who have an unclear time and/or un-
witnessed symptom onset and whom the time last known well is 
>  3 hours or 4.5 hours (2) CT image reveals intracranial hemor-
rhage (3) prior ischmic stroke within 3 months (4) severe head 
trauma within 3 months (5) intracranial/spinal surgery within 3 
months (6) history of intracranial hemorrhage (7) GI malignan-
cy or GI bleed within 21 days (8) coagulopathy (9) treatment 
with low-molecular-weight heparin(LMWH) within previous 24 
hours (10) infective endocarditis (11) aortic arch dissection. Pa-
tients with other medical status including treatment with throm-
bin inhibitor, glycoprotein IIb/IIIa receptor inhibitor, intra-axial 
intracranial neoplasm is also potentially harmful to treat with IV 
alteplase. 

In patients eligible for IV alteplase, benefit of therapy is time 
dependent, and treatment should be initiated as quickly as possi-
ble. Even if endovascular thrombectomy is considered, patients 

should receive IV alteplase therapy if eligible for criteria18). 
In former times, IV alterplase administration is applied to pa-

tients who treated within 3 hours of onset of stroke symptom or 
last known well time, because it’s benefit and safety is not well es-
tablished for patients treated over 3 hours of onset9,27). However, 
Hacke et al.9) describes benefit of IV alteplase administration to 
patients treated between 3 to 4.5 hours after onset. Current rec-
ommends IV alterplase treatment for selective patients who 
treated within 3 to 4.5-hour-window18). Resultingly, more pa-
tients should be treated with IV alterplase. The benefit of IV al-
teplase between 3 and 4.5 hours from symptom onset for pa-
tients with very severe stroke symptoms (NIHSS >  25) is uncer-
tain, other patients with NIHSS <  25 should treat with IV al-
teplase in the concern of risks against possible benefits. 

The most feared complication of this therapy is symptomatic 
intracerebral hemorrhage, which occurs up to 7% of treated pa-
tients7). Therefore, physician should be prepared for such com-
plication. Management of symptomatic intracranial bleeding 
during or after IV alteplase is18); (1) stop alteplase infusion (2) 
hematologic evaluation includes complete blood cell clount(C-
BC), prothrombin time(PT), INR, aPTT, fibrinogen level, type 
and cross-match (3) emergent head NCCT (4) cryoprecipitate 
10 unit infused over 10-30minutes (5) tranexamic acid 1000mg 
IV infused over 10 minutes (6) hematology and neurosurgery 
consultation (6) general supportive therapy. 

Mechanical thrombectomy 
Endovascular treatment(EVT) could provide recanalization of 

occlusion, and likely to improve clinical outcome28). There are 
many techniques to achieve removal of clot, mechanical throm-
bectomy with stent retriever is recommended as the first-
choice18). Mechanical thrombectomy is recommended when pa-
tients meet all of following; (1) pre-stroke modified Rankin 
Scale4) (mRS, Table 2) score of 0 to 1; (2) causative occlusion of 
the internal carotid artery or MCA segment 1 (M1); (3) age 
≥ 18 years; (4) NIHSS score of ≥ 6; (5) Alberta stroke program 
early CT score2) (ASPECTS, Fig. 1, Table 3) of ≥ 6; and (6) 
treatment can be initiated within 6 hours of symptom onset. Goal 

Table 2. Modified rankin scale (mRS)

Level Description
0 No symptoms
1 No significant disability, despite symptoms ; able to perform all usual activity
2 Slight disability; unable to perform all previous activities but able to look after own affairs without assistance
3 Moderate disability; requires some help, but able to walk without assistance
4 Moderate to severe disability; unable to walk without assistance and unable to attend to own bodily needs without assistance
5 Severe disability; bedridden, incontinent and requires nursing care and attention
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of mechanical thrombectomy should be reperfusion to modified 
Thrombolysis in Cerebral Infarction26) (mTICI, Table 4) grade 
2b/3 angiographic result. 

Recent two randomized-controlled studies(RCTs) suggest 
that further expanded time window for mechanical thrombecto-
my1,15). These RCTs demonstrate usefulness of newer imaging 
techniques (i.e. CT perfusion) for finding potentially salvageable 
region(penumbra)28). Eligibility of DEFUSE 3 trial1); (1) initial 
infarct volume (ischemic core) of less than 70ml; (2) ratio of vol-
ume of ischemic tissue to initial infarct volume of 1.8 or more; 

(3) absolute volume of potentially reversible ischemia (penum-
bra) of 15 ml or more, and eligibility of DAWN trial15); (1) age ≥  
80, NIHSS ≥  10, infarct volume <  21 ml; (2) age <  80, NIHSS 
≥  10, infarct volume <  31 ml; (3) age <  80, NIHSS ≥  20, in-
farct volume 31ml to <  51 ml. If patients meet these criteria, me-
chanical thrombectomy is recommended to patients with AIS 
within 6 to 16 or 24 hours18). 

Antiplatelet agent 
Administration of antiplatelet agent (i.e. Aspirin) is recom-

Table 4. Modified treatment in cerebral infarction (mTICI) grade

Modified treatment in cerebral ischemia (mTICI) scale
Grade 0 No perfusion
Grade 1 Antegrade reperfusion past the initial occlusion, but limited 

distal branch filling with little or slow distal reperfusion
Grade 2a Antegrade reperfusion of less than half of the occluded target 

artery previously ischemic territory (eg, in 1 major division 
of the MCA and its territory)

Grade 2b Antegrade reperfusion of more than half of the previously 
occluded target artery ischemic territory (eg, in 2 major 
divisions of the MCA and their territories)

Grade 3 Complete antegrade reperfusion of the previously occluded 
target artery ischemic territory, with absence of visualized 
occlusion in all distal branches

Table 3. Alberta stroke program early CT score

Alberta Stroke Program Early CT Score (ASPECTS)
Subcortical structure C, L, IC
MCA territory I, M1, M2, M3, M4, M5, M6
Territory allotted 10 points, 1 points is subtracted for an area of early 
ischemic change(i.e. focal swelling, parenchymal hypoattenuation) for each 
defined regions.
Normal CT scan : ASPECTS value of 10 points
Score of 0 indicates diffuse cerebral ischemia throught the territory of 
MCA

C: caudate; L: lentiform; IC: internal capsule; MCA: middle cerebral 
artery; I: insula ribbon; M1–6: middle cerebral artery territory.

Fig. 1. Alberta stroke program early CT score (ASPECTS). 
C: caudate; I: insula ribbon; L: lentiform; IC: internal capsule; A: anterior circulation; P: posterior circulation; M1–6: middle cerebral artery 
territory.

11www.e-jnic.org

Review of current managment guideline Sang-Hoon Lee et al.



mended in patients with AIS within 24 to 48 hours after onset. In 
former times, initial dose of 325 mg of aspirin is recommended. 
However, Powers et al. recommends 160 to 300 mg of dosage 
currently18). 

SUMMARY 

AIS is one of leading causes of disability and death, and pa-
tients suffer long-term care and rehabilitation. As described in ar-
ticle, although therapeutic time window has been expanded 
through decades, therapeutic time window is still narrow, and 
benefit from treatment is extremely time dependent. Adequate 
patient selection and urgent initiation of treatments are essential. 
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The cauda equina syndrome (CES) is an urgent situation which needs immediate surgery. How-
ever, proper diagnosis is often confused. There are some clinical check points; bilateral radicu-
lopathy, impaired perineal sensation, impaired anal tone, and urinary retention. In addition, mag-
netic resonance image should match the clinical symptom. With these clinical and radiographic 
evidences, we can classify CES as CES suspected or suspicious (CESS), incomplete CES (CESI), 
and CES with neurogenic retention of urine (CESR). All these situations may need surgery, 
however, the timing of surgery and neurologic outcomes are various. Herein we prescribe the 
guideline for proper treatment strategy of CES. 

Keywords: Cauda equine syndrome; surgery; radiculopathy; urinary retention
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INTRODUCTION 

Cauda equina is a bundle of spinal nerves which begins at the 
end of spinal cord, the conus medullaris. At birth, conus medul-
laris locates at L3 level, however as the vertebra grow, it shift to 
cranial portion around L1 to 2 approximately. When mechanical 
or chemical neural bundle damage occur between L1 to S1 level, 
multiple lumbosacral symptoms may develop, and we call this 
cauda equina syndrome (CES). This is an urgent situation and 
mostly needs direct decompression. However, CES symptoms 
range diverse so that diagnosis are often uncertain. Therefor 
many clinicians sub-classified the CES as CES suspected or sus-
picious (CESS), incomplete CES (CESI), and CES with neuro-
genic retention of urine (CESR). Despite these efforts, precise 
treatment planning for CES is not clarified. 

Etiology of CES 
Disc herniation 

Disc herniation is the most common cause of CES and often 
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requires acute surgical decompression1,8,9). Most common site is 
L4/5 where the disc herniation is most frequent. Acute and mas-
sive nucleus pulposus herniation occur chemical irritation and 
mechanical compression to neural tissue. In majority cases of 
disc herniation, conservative treatments are performed previous-
ly. However, in definite CES, immediate removal of disc fragment 
is mandatory. 

Spinal stenosis 
Spinal stenosis is most common etiology for thecal sac com-

pression in elderly. However, the symptomatic CES appears only 
in minor group. It is because the progress of spinal stenosis is 
slow, the neural tissue has chance for compensation in such con-
dition. Nevertheless, progressive symptomatic spinal stenosis 
could occur CES so it should be treated in appropriate time. 
Spondylolisthesis is associated with stenosis in clinical view and 
also risk factor of CES. 
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Trauma 
Vertebral fracture could lead to CES. Vertebral body fracture 

with canal encroachment, laminar fracture, disc rupture, hemato-
ma can compress thecal sac and cause CES. Immediate correc-
tion is needed7). 

Spinal tumor 
Primary or metastatic spinal tumor could compress thecal sac 

and generate CES. Incidence widely, metastasis are more fre-
quent than primary tumor. In this case, patient life expectancy, 
operation acceptability, primary cancer origin, medical comor-
bidity should be concerned precisely. Accurate evaluation and 
fast decision making are necessary for the operation. 

Spondylitis 
Tuberculous spondylitis and pyogenic spondylitis often ac-

company epidural abscess and pathologic fracture. These condi-
tions could compress thecal sac and lead to CES. Appropriate an-
ti-tuberculous or anti-biotic treatment should be performed par-
allel with surgical treatment. 

Neuro-inflammatory disease 
Autoimmune disease as ankylosing spondylitis, lumbosacral 

plexopathy, demyelinating polyneuropathy, and acute transverse 
myelitis could occur symptom mimicking CES. These are not an 
operative conditions but a medical treatment should be per-
formed10). 

Chemical neuritis 
After epidural block or spinal anesthesia, CES like symptom 

could occur. This is not a surgical situation. Conservative man-
agements are recommended. 

Clinical manifestation of CES 
Low back pain 

Usually, pathogen is developed suddenly at lumbar spine. 
Therefore, low back pain is frequent symptom in CES. However, 
it is not considered as critical sign of CES, because back pain is a 
common symptom in various situations and it is not a direct evi-
dence of severe neural damage. 

Radiculopathy 
Bilateral low extremities radiculopathy is one of the most im-

portant symptoms of CES. The sensitivity of bilateral radiculop-
athy for CES diagnosis is very high, however the specificity is not 
valuable. Unilateral radiculopathy is less common in true CES2,4). 

Impaired perineal sensation 
Impaired perineal sensation is so called saddle anesthesia. It is 

representative CES symptom with high sensitivity and specifici-
ty. However, as the symptom is sensory impairment, physicians 
have to rely upon patient’s subjective reply. Therefore, the objec-
tive reliability of saddle anesthesia is often controversial2). 

Decreased anal tone 
Impaired anal tone is one of the most objective symptoms of 

CES. If the fecal incontinence is accompanied, extreme alertness 
is needed6). 

Urinary retention 
Urinary retention or incontinence is the most reliable clinical 

symptom of CES. This is the red flag sign of CES and immediate 
decompression is necessary. This is also a risk factor of bad out-
come and in most cases, neurologic impairment remains even 
though immediate decompression has been held12). 

Radiographic evaluation 
Magnetic resonance image (MRI) 

MRI is the single most reliable image study for CES diagnosis. 
If there is reliable clinical symptoms of CES and a lesion of thecal 
sac compression with no cerebrospinal fluid (CSF) space, CES is 
strongly suggested and immediate surgical decompression 
should be performed3). 

Computed tomography (CT) 
Single CT scan is not recommended for CES diagnosis. Howev-

er, in situation who cannot receive MRI scan, CT could be an alter-
nate. In this case, CT myelography could give better information. 

X-rays 
X-rays could give only indirect information. Diagnosis of CES 

with X-ray only is not recommended. 

Electrophysiology test 
Electromyography has excellent specificity. The test should in-

clude S2-3 myotome, which indicates anal tone impairment. 
However, in majority cases of CES, the symptom onset is abrupt. 
Approximately, EMG is sensitive after 2 or 3 weeks after clinical 
onset. Therefore, there could be no time to wait for EMG test in 
many cases of CES5). 

Classification of CES 
In case of chemical irritation or inflammatory condition, direct 

surgical decompression is unnecessary. Therefore we consider as 
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definite CES only in both clinical symptoms and MRI diagnosis 
are satisfactory. Thecal sac compression with bilateral radiculop-
athy and/or subjective sphincteric problems and/or subjective 
perineal sensory changes with no objective evidence of CES is 
CESS (CES suspected). Thecal sac compression with subjective 
symptoms and objective signs of CES is CESI (incomplete 
CES). Thecal sac compression with neurogenic urinary retention 
is considered as CESR (CES with retention)12). 

Surgical timing and outcome of CES 
CESS 

Elective surgery is preferred rather than emergency surgery. 
The diagnosis could be wrong and even though it was true CES, 
radicular pain mostly recover up to 85% with normal bladder 
function after surgery. EMG could be helpful in such cases11). 

CESI 
Majority of patients with CESI have normal or socially normal 

bladder and bowel after surgery. Sexual function may decrease. If 
the MRI findings are positive and clinical symptoms indicate CESI, 
surgical procedure should be performed as soon as possible11). 

CESR 
There should be no delay for surgical decompression. Direct 

surgery is the only option in this situation. The patients are often 
paralysed, have insensate bladder/bowel, and usually no sexual 
function are remained11). 

CONCLUSION 

The CES is an urgent situation which needs direct decompres-
sion and has various etiology, representatively, disc herniation. 
Meticulous diagnosis is most important for the treatment plan-
ning. Clinical symptoms should be concerned for the first step 
and then, MRI finding should match the symptoms. EMG could 
be helpful in CESS or CESI. In definite CES as CERS, surgery 
should be performed immediately. 
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Objective 

To determine whether optic nerve sheath diameter (ONSD) could be used to predict neurologi-
cal outcomes in patients after extracorporeal cardiopulmonary resuscitation (ECPR). 
Methods 

This was a retrospective and observational study of adult unconscious patients who were evaluat-
ed by brain computed tomography (CT) scan within 48 hours after ECPR between May 2010 
and December 2016. ONSDs were estimated on initial brain CT. The primary outcome was neu-
rological status upon hospital discharge assessed with Cerebral Performance Categories (CPC) 
scale. CPC scores of 1 and 2 indicated good neurological outcome while CPC scores of 3, 4, and 5 
indicated poor neurological outcome. 
Results 

Among 52 unconscious patients, survival to discharge was identified in 19 (36.5%) patients. Of 
these 19 survivors, 13 (25.0%) had good neurological outcome (CPC score of 1 or 2). ONSDs 
and their modification in the poor neurological outcome group were significantly greater than 
those in the good neurological outcome group (all p≤0.003). However, eyeball transverse diame-
ter was not significantly different between the two groups (p=0.770). Analysis of the receiver op-
erating characteristic curves for predicting poor neurological outcome showed that ONSDs had 
considerable predictive value (C-statistics: 0.735 to 0.812). In addition, ONSDs and their modifi-
cation had similar performances for predicting poor neurological outcome. 
Conclusion 

ONSDs measured with CT may be used to predict neurological outcomes of ECPR survivors. 

Keywords: Brain computed tomography; Optic nerve sheath diameter; ardiopulmonary resusci-
tation; Extracorporeal membrane oxygenation 
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INTRODUCTION 

Recently, extracorporeal cardiopulmonary resuscitation 
(ECPR) has been increasingly utilized to supply oxygenated 
blood and hemodynamic support in the absence of spontaneous 
cardiac circulation15). Neurological outcome is an important is-
sue in patients who have survived cardiac arrest. In these survi-
vors, several predictors of neurological outcomes such as physical 
examination, several biomarkers, and electrophysiologic studies 
have been reported19,25). Similar to studies on conventional car-
diopulmonary resuscitation (CPR), there have been several stud-
ies on neurological prognosis of patients receiving ECPR11,12,18). 
However, there are limited data on prognostic imaging markers 
of neurological outcomes after ECPR15). 

After cardiac arrest, primary and secondary brain injuries are 
associated with intracranial hypertension21). Therefore, early 
monitoring of intracranial hypertension is important as it may al-
low prediction of neurological outcomes in these patients. Optic 
nerve sheath diameter (ONSD) has been proposed as an alterna-
tive measure for the detection of intracranial hypertension6,22). In 
addition, ONSD on initial brain computed tomography (CT) 
may be correlated with neurologic outcomes in conventional 
CPR setting6,9). However, whether ONSD may facilitate systemic 
evaluation of neurological outcomes of survivors after ECPR has 
not been reported yet. Therefore, the objective of this study was 
to investigate if ONSD with some modifications could be used to 
predict neurological outcomes of patients who underwent 
ECPR. 

METHODS 

Study population 
This was a retrospective and observational study of adult pa-

tients who underwent ECPR during hospitalization at Samsung 
Medical Center between May 2010 and December 2016. This 
study was approved by the Institutional Review Board of Samsung 
Medical Center (SMC 2017-11-088-002). The requirement for 
informed consent was waived due to its retrospective nature. Clini-
cal and laboratory data were collected by a trained study coordina-
tor using a standardized case report form. Patients who underwent 
ECPR during the study period were included. Those who were 
unconscious (a score of < 9 on Glasgow Coma Scale)16) on admis-
sion to the hospital after cardiac arrest and those who were given 
brain CT scan within 48 hours after ECPR were selected. Of these 
patients, we excluded patients who were under 18 years of age, 
those who had malignancy whose expected life span was less than 
one year, those who had insufficient medical records, and those 

who had a history of head trauma, neurosurgery, or chronic neuro-
logical abnormality on ICU admission. 

Definitions and outcomes 
In this study, ECPR was defined as both successful veno-arteri-

al extracorporeal membrane oxygenation (ECMO) implantation 
and pump-on with cardiac massage during index procedure in 
patients with cardiac arrest. When a return of spontaneous circu-
lation (ROSC) occurred during ECMO cannulation, practi-
tioners typically did not remove the cannula or stop the ECMO 
pump-on process2,13). ECMO pump-on was defined by stopping 
chest compressions following successful ECMO implantation 
and activation. ECMO flow was then gradually increased until 
the patient was hemodynamically stable. Resuscitation was per-
formed in the same way as described in our previous study16,17). 
Arrest to ECMO pump-on time was defined as the time from 
cardiac arrest to the time at which the ECMO pump was turned 
on. Targeted temperature management (TTM) was performed 
with surface cooling devices. A commercial temperature regula-
tion system consisting of a hydrogel pad (Arctic Sun®; Medivance 
Corp, Louisville, CO, USA) or a cooling blanket was used. Sur-
face cooling and the degree of targeted temperature were deter-
mined by each intensivist in the ICU according to the therapeu-
tic hypothermia protocol7). The primary outcome was neurolog-
ical status upon hospital discharge assessed with Glasgow-Pitts-
burgh Cerebral Performance Categories (CPC) scale (score of 1 
to 5)4). CPC scores of 1 and 2 indicated good neurological out-
come while CPC scores of 3, 4, and 5 indicated poor neurologi-
cal outcome. Medical records were thoroughly reviewed. Patients 
were graded on the CPC scale by two independent neurologists. 

All recorded brain CT scans were taken within 48 hours after 
ROSC in this study. After successful ECPR, for patients who had 
a rapid recovery of mentality and neurological deficits, brain CT 
scan was not performed. Otherwise, brain CT scan was per-
formed to determine whether control was needed for increased 
intracranial pressure (ICP). Brain CT scan was also used to ex-
clude intracranial hemorrhage before therapeutic hypothermia 
by an intensivist. For all CT studies, 64-channel scanners (Light 
Speed VCT; GE Healthcare, Milwaukee, WI, USA) with a 5-mm 
slice width were used. Brain CT images were reviewed by two in-
dependent neurologists. Investigators who were blinded to clini-
cal information opened these CT scans for each patient using 
commercial image-viewing software (Centricity RA1000 PACS 
Viewer; GE Healthcare, Milwaukee, WI, USA). ONSD and eye-
ball transverse diameter (ETD) were measured using the same 
initial CT and subsequent scans. The ONSD was measured at a 
distance of 3 mm behind the eyeball, immediately below the 
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sclera in a perpendicular vector with reference to the linear axis 
of the nerve (Fig. 1A)6,9,22). Images were changed to the “chest/
abdomen” window (window width 300 & window level 10) and 
magnified four-fold on the particular image slice that demon-
strated the largest diameter of the optic nerve sheath22). The 
ONSD was measured from one side of the optic nerve sheath to 
the other as a section through the center of the optic nerve9). The 
transverse diameter of the eyeball was chosen because the ONSD 
was usually measured in the transverse plane24). ETD was defined 
as the maximal transverse diameter of the eyeball measured from 
one side of the retina to the other (in-to-in, Fig. 1B)1,24). ONSDav-

erage and the ETDaverage measured for the patient’s left and right 
eyes were averaged to yield mean values9). ONSDindex was defined 
as median ETD (23.0 mm) multiplied by the average value of bi-
lateral ONSDs divided by the average value of bilateral ETDs 
(23.0 × ONSDaverage/ETDaverage). 

Resuscitation procedure 
CPR was led by the hospital’s CPR team. All data related to the 

CPR scene were recorded by a bedside nurse according to the 
Utstein-style guidelines3). The on-call ECMO team leader was 
called when CPR was performed for longer than 10 minutes or 
in the event of unstable vital signs or recurrent cardiac arrest. The 
ECMO team leader along with the CPR leader assessed the pa-
tient and decided whether to institute ECPR. ECPR was per-
formed when a witnessed arrest was confirmed, the arrest per-

sisted despite at least 10 minutes of conventional CPR, and the 
underlying cause of the arrest was considered reversible15). Cases 
in which ECPR was deferred included a short life expectancy 
( < 6 months), terminal malignancy, an unwitnessed collapse, 
limited physical activity, an unprotected airway, or CPR under-
taken for longer than 60 minutes at the time of initial contact. 
Age alone did not constitute a contraindication of ECPR15). The 
ECMO team at our institution consisted of cardiologists, cardio-
vascular surgeons, intensivists, specialized nurses, and perfusion-
ists. Either a Capiox Emergency Bypass System (Terumo, Tokyo, 
Japan) or a Prolonged Life Support System (Maquet Cardiopul-
monary, Hirrlingen, Germany) was used in these cases. A crystal-
loid solution such as normal saline or balanced solution was used 
for priming. No patient in this study underwent blood-primed 
ECMO. A percutaneous vascular approach was tried initially in 
all cases using the Seldinger technique. If percutaneous cannula-
tion failed, a surgical cutdown exposure was performed15). Femo-
ral vessels were the most common sites of vascular access and 14 
to 17 French arterial cannulas and 20 to 24 French venous can-
nulas were placed13). Cardiac compression was stopped once 
ECMO initiation was deemed successful. Anticoagulation was 
accomplished with a bolus injection of unfractionated heparin 
followed by a continuous intravenous heparin infusion to main-
tain an activated clotting time between 150 and 180 seconds. 
The initial number of revolutions per minute of the ECMO de-
vice was adjusted to achieve an ideal cardiac index greater than 

Fig. 1. A: Measurement of optic nerve sheath diameter. B: Eyeball transverse diameter on brain computed tomography scan. 

A B
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2.2 L/min/m2 of body surface area, a central mixed venous oxy-
gen saturation above 70%, and a mean arterial pressure above 65 
mmHg13). Blood pressure was monitored continuously through 
an arterial catheter and an artery in the right arm was used for ar-
terial blood gas analysis to estimate cerebral oxygenation. After 
ECMO was established, necessary steps were taken to treat the 
underlying cause of cardiac arrest, including percutaneous coro-
nary intervention, coronary artery bypass grafting, heart trans-
plantation, and non-cardiopulmonary surgery13). 

Statistical analyses 
All data are presented as medians and interquartile ranges 

(IQRs) for continuous variables and numbers (percentages) for 
categorical variables. Data were compared using Mann-Whitney 
U test for continuous variables and Chi-square test or Fisher’s ex-
act test for categorical variables. Predictive performances of 
ONSDs and their modification were assessed using area under 
the curve (AUC) of the receiver operating characteristic (ROC) 
curves for sensitivity vs. 1-specificity. AUCs were compared us-
ing the nonparametric approach published by DeLong et al.5) for 
two correlated AUCs. Optimal cut-off values of ONSDs for pre-
dicting poor neurological outcome were obtained by ROC curve 
and Youden index14,20). All tests were two-sided and p-values 
< 0.05 were considered statistically significant. Data were ana-

lyzed using IBM SPSS statistics version 20 (IBM, Armonk, NY, 
USA). 

RESULTS 

Baseline characteristics and clinical outcomes 
A total of 52 patients with cardiac arrest who were rescued by 

veno-arterial ECMO were analyzed. Their median age was 53.0 
years (IQR: 40.5–64.5 years). Of 52 patients, 39 (75.0%) were 
males. A cardiac cause of arrest was verified in 46 (88.5%) pa-
tients. Thirty-nine (75.0%) patients experienced cardiac arrest in 
the hospital while 13 (25.0%) patients had cardiac arrest in an 
out-of-hospital setting. The median time from arrest to ECMO 
pump-on was 43.0 minutes (IQR: 27.0–53.0 minutes). TTM 
was performed in 25 (48.1%) patients using surface cooling de-
vices. Baseline characteristics of ECPR patients are presented in 
Table 1. Characteristics of cardiac arrest are shown in Table 2. 
There were no significant differences in baseline or arrest-related 
characteristics between the two neurological outcome groups ex-
cept hemoglobin level before ECMO. Successful ECMO wean-
ing was achieved in 29 (55.8%) patients. Survival to discharge 
was identified in 19 (36.5%) patients. Of these 19 survivors, 13 
(25.0%) had good neurological outcomes (CPC score of 1 or 2). 

Table 1. Baseline characteristics of patients

Good neurological outcome (n=13) Poor neurological outcome (n=39) p-value
Age (yr) — median (IQR) 50.0 (34.0–54.0) 54.0 (46.0–64.5) 0.224
Gender, male — no. of patients (%) 11.0 (84.6) 28.0 (71.8) 0.579
Body mass index (kg/m2) 23.1 (21.3 – 25.7) 25.4 (23.4–28.4) 0.053
Medical history — no. of patients (%)
 Hypertension 3.0 (23.1) 15.0 (38.5) 0.501
 Current smoker 5.0 (38.5) 12.0 (30.8) 0.864
 Diabetes mellitus 2.0 (15.4) 8.0 (20.5) 0.999
 Malignancy 1.0 (7.7) 9.0 (23.1) 0.416
 Previous myocardial infarction 0.0 (0.0) 4.0 (10.3) 0.548
Target temperature management — no. of 
patients (%)
 Arctic Sun 6.0 (46.2) 13.0 (33.3) 0.531
 Cooling pad 2.0 (15.4) 4.0 (10.3)
Initial Glasgow Coma Scale — median (IQR) 3.0 (3.0–6.0) 3.0 (3.0–4.0) 0.834
Laboratory data on admission
 Initial lactate (mmol/L) 12.3 (8.8–14.5) 8.7 (6.2–12.8) 0.266
 Hemoglobin before ECMO (g/dL) 15.5 (14.4–15.7) 12.8 (10.9–14.1) 0.016
 Hemoglobin after ECMO (g/dL) 11.9 (10.5–12.8) 10.5 (8.8–12.9) 0.631
 Total bilirubin (mg/dL) 0.8 (0.4–0.8) 0.8 (0.6–1.1) 0.270
 Blood urea nitrogen (mg/dL) 15.6 (13.6–16.9) 15.5 (12.4–23.3) 0.695
 Creatinine (mg/dL) 1.1 (0.9–1.4) 1.1 (1.0–1.5) 0.769
 Bicarbonate (IU/L) 11.7 (10.3–17.9) 17.8 (13.0–20.7) 0.089
IQR: interquartile range; ECMO: extracorporeal membrane oxygenation.
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Optic nerve sheath diameters and their modifications 
In this study, ONSDs and ONSDindex in the poor neurologi-

cal outcome group were significantly greater than those in the 
good neurological outcome group (Table 3). However, ETD was 
not significantly different between the two groups (p = 0.770). In 
ROC curve analysis for predicting poor neurological outcome 
(Fig. 2), the C-statistic of ONSDaverage was 0.856 (95% CI: 0.731 
to 0.938). A cut-off > 5.79 mm had a sensitivity of 71.8% (95% 
CI: 55.1% to 85.0%) and a specificity of 92.3% (95% CI: 64.0% 
to 99.8%). The C-statistic of ONSDmax was 0.778 (95% CI: 0.641 
to 0.882). A cut-off > 6.24 mm had a sensitivity of 51.3% (95% 
CI: 34.8% to 67.6%) and a specificity of 100% (95% CI: 75.3% 
to 100%). The C-statistic of ONSDindex was 0.860 (95% CI: 
0.736 to 0.941). A cut-off > 5.91 had a sensitivity of 71.8% (95% 
CI: 55.1% to 85.0%) and a specificity of 100% (95% CI: 75.3% 
to 100%). However, ONSDs and their modification showed sim-

Table 2. Characteristics of patients with cardiac arrest and procedures

Good neurological outcome (n=13) Poor neurological outcome (n=39) p-value
Type of cardiac arrest — no. of patients (%) 0.999
 Out of hospital cardiac arrest 3.0 (23.1) 10.0 (25.6)
 In hospital cardiac arrest 10.0 (76.9) 29.0 (74.4)
Bystander witnessed cardiac arrest — no. of patients (%) 13.0 (100.0) 39.0 (100.0)
Bystander performed CPR — no. of patients (%) 11.0 (84.6) 38.0 (97.4) 0.303
First monitored rhythm — no. of patients (%) 0.177
 Asystole 1.0 (9.1) 11.0 (29.7)
 Pulseless electrical activity 4.0 (36.4) 16.0 (43.2)
 Shockable rhythm (VT or VF) 6.0 (54.5) 10.0 (27.0)
Defibrillation — no. of patients (%) 7.0 (58.3) 17.0 (45.9) 0.679
Arrest to ECMO pump-on time — median (IQR) 43.0 (17.0–51.0) 42.5 (30.0–53.0) 0.502
Location of ECMO insertion — no. of patients (%) 0.718
 Emergency room 7.0 (53.8) 18.0 (46.2)
 Intensive care unit 3.0 (23.1) 11.0 (28.2)
 Cath room 3.0 (23.1) 7.0 (17.9)
 Other 0.0 (0.0) 3.0 (7.7)
Cardiac cause of arrest — no. of patients (%) 0.516
 Ischemic 3.0 (25.0) 14.0 (41.2)
 Non-ischemic 9.0 (75.0) 20.0 (58.8)

CPR: cardiopulmonary resuscitation; VT: ventricular tachycardia; VF: ventricular fibrillation; ECMO: extracorporeal membrane oxygenation; IQR: 
interquartile range.

Table 3. Optic nerve sheath diameters and their modifications according to neurological outcomes

Good neurological outcome (n=13) Poor neurological outcome (n=39) p-value
ONSDaverage 5.43 (5.20–5.70) 6.14 (5.80–6.65) <0.001
ONSDmax 5.68 (5.39–6.10) 6.41 (5.85–6.83) 0.003
ETDaverage 22.50 (21.80–24.00) 23.10 (22.1–23.40) 0.770
ONSDindex 5.62 (5.34–5.87) 6.29 (5.86–6.54) <0.001

ONSD: optic nerve sheath diameter; ETD: eyeball transverse diameter.

ilar performances for predicting poor neurological outcome. The 
predictive performance of ONSDindex for poor neurological out-
come was not significantly different from that of ONSDaverage or 
ONSDmax (p = 0.913 and p = 0.138, respectively). 

DISCUSSION 

In the present study, we evaluated whether ONSD with their 
modification could be used to predict neurological outcomes in 
patients after ECPR. Major findings of this study were as follows: 
1) ONSDs and ONSDindex in the poor neurological outcome 
group were significantly greater than those in the good neurolog-
ical outcome group. These markers might predict neurological 
outcomes of patients after ECPR; 2) ETD was not significantly 
different between the two groups with different neurological 
outcomes; 3) Analysis of ROC curves for prediction of poor 
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neurological outcome showed that ONSDs and ONSDindex had 
considerable predictive values and similar predictive performanc-
es for poor neurological outcome. 

Primary cerebral injury is caused by immediate cessation of ce-
rebral blood flow following cardiac arrest that results in neuron 
ischemia and brain cell death21). In addition, secondary cerebral 
injury can occur and cause additive cerebral injury characterized 
by an imbalance in post-resuscitation cerebral oxygen delivery 
and use, ultimately culminating in neuronal death21). This injury 
begins immediately after ROSC, including reperfusion injury, 
microcirculatory dysfunction, impaired cerebral autoregulation, 
refractory intracranial hypertension, hypoxemia, hyperoxia, hy-
perthermia, fluctuations in arterial carbon dioxide, and concomi-
tant anemia21). Several pathophysiologic mechanisms involved in 
the increased risk of intracranial hypertension after cardiac arrest 
has been suggested. Blood brain barrier alterations have been 
demonstrated after global ischemia6). Impaired autoregulation 
and post-ischemic hyperperfusion associated with global isch-
emia may also increase the risk of ICP elevation6). Eventually, pri-
mary and secondary injuries are associated with intracranial hy-
pertension. 

ONSD has been proposed as an alternative parameter for de-

tection of increased ICP6). The optic nerve is surrounded by ce-
rebrospinal fluid because it is a part of the central nervous system. 
Therefore, increased ICP is transmitted through the subarach-
noid space surrounding the optic nerve within the nerve sheath, 
especially the retrobulbar segment, unless circulation of cerebro-
spinal fluid is not blocked6). ONSD measured during the initial 
brain CT may be correlated with neurologic outcomes after trau-
matic brain injury22,23). Simultaneous measurement of ONSD 
with initial CT and ICP are correlated and ONSD is indicative of 
intracranial hypertension in patients with severe traumatic brain 
injury22,23). 

Although ONSD is considered an indirect marker for ICP, its 
optimal cut-off for an abnormal ONSD indicating elevated ICP 
and its associated factors have been unclear8). In addition, there 
are limited studies reporting the role of ONSD modifications or 
indices in detecting intracranial hypertension compared with ab-
solute ONSD1,24). ONSD correlates strongly with ETD in healthy 
people. ONSD/ETD ratio may provide highly reliable data than 
absolute ONSD as a marker of ICP8). However, in this study, 
there were no significant differences between ONSD/ETD ratio 
and absolute ONSD for predicting poor neurological outcomes. 
Therefore, future studies with larger cohorts are needed to con-
firm these findings. 

This study has several limitations. First, the CPC scale was ret-
rospectively determined based on medical records. Second, the 
nonrandomized nature of the registry data might have resulted in 
selection bias. Although brain CT scans were performed within 
48 hours following ECPR, a major limitation of this study might 
be that CT scans were performed at different time settings. 
Third, ONSD measurement requires high image resolution and 
specific CT settings such as optimal slice thickness and slice an-
gle with the skull base. The heterogeneity of CT scan protocols 
might have led to the relatively weak correlation between ONSD 
and ICP in this study10). Fourth, a limited number of patients re-
ceived targeted temperature management. Methods used were 
decided by each intensivist. They varied according to conditions 
and situations. Finally, our study had limited statistical power due 
to its small sample size. Although it still provides valuable insight, 
prospective large-scale studies are needed to evaluate the useful-
ness of ONSD based on brain CT for predicting neurological 
outcomes of patients after ECPR to obtain evidence-based con-
clusions. 

CONCLUSION 

In this study, ONSDs measured with CT may be used to pre-
dict neurological outcomes of ECPR survivors. 

Fig. 2. Receiver operating characteristic curves for prediction of poor 
outcomes using optic nerve sheath diameters and their modifications. 
ONSDindex was defined as median ETD (23.0 mm) multiplied by 
the average value of bilateral ONSDs divided by the average value of 
bilateral ETDs (23.0×ONSDaverage/ETDaverage). AUC: area under the 
curve; CI: confidence interval; ONSD: optic nerve sheath diameter; 
ETD: eyeball transverse diameter. 
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Do Statins Help Prevent VTE After Hemorrhagic Stroke 
During the Acute Period? 
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Objectives 

The effect of statins on venous thromboembolism (VTE) especially pulmonary embolism (PE) 
is debatable. This study investigated whether statin medication can decrease the occurrence of 
VTE in patients with hemorrhagic stroke during the acute period. 

Methods 

This is a retrospective study of patients with hemorrhagic stroke between March 2011 and De-
cember 2013. Patients with newly diagnosed hemorrhagic stroke were observed during 6 weeks 
of hospitalisation. Occurrence determined using Doppler ultrasound and computed angiography 
was used to assess risk factors of VTE in patients with hemorrhagic stroke during the acute period. 
The difference and incidence of the VTE among acute hemorrhagic stroke was analysed in pa-
tients who did not receive no statin medication, who received statin medication after the current 
hemorrhagic stroke, and who received statin medication after previous hemorrhagic stroke. 

Results 

Among 98 patients, 9 (9.2%) patients representing 3 from each group had VTE (6 for deep vein 
thrombosis and 3 for PE) during the follow-up. Each incidence of VTE was 6.4%, 13.6%, and 
10.3% in patients who did not receive statins, who received statin medication after the current 
hemorrhagic stroke, and who received statin medication after previous hemorrhagic stroke, re-
spectively (p>0.05). 

Conclusions 

Moderate instensity dose of statin use was not associated with a reduced risk of VTE in patients 
with hemorrhagic stroke, especially in the acute period. Randomized, placebo-controlled trials are 
needed to evaluate the potential benefits of lipid-lowering statin in the prevention of venous 
thromboembolisn in patients with heamorrhagic stroke. 
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INTRODUCTION 

Venous thromboembolism (VTE) is a common disease affect-
ing more than one per 1000 persons each year17). Patients with 
hemorrhagic stroke have a relatively high risk of VTE because of 
immobility and increased prothrombotic activity11). Current 
guidelines recommend pharmacologic prophylaxis using heparin 
or low-molecular heparin (LMWH). However many neurosur-
geon and neurologist worried about intracerabral hematoma ex-
pansion when. 

Statins represent a mainstay in the prevention of arterial events. 
However, two recent meta-analyses suggested that statins may 
also reduce the incidence of VTE by 10-20%8,13). The ability to 
decrease tissue factor expression offers a biological rational for 
statin’s anti-thrombotic effect15). These studies showed that statin 
medication for more than 3 months helps prevent VTE13,15). 

The influence of statins in preventing deep vein thrombosis 
(DVT) in the acute period could not be explained by these stud-
ies since DVT typically develops 2 to 7 days after stroke onset, 
with about 80% of all DVTs occurring within the first 10 days 
following a stroke3,16). In cochrane database systematic review in 
2014, rosuvastatin was associated with a reduced incidence of 
VTE although the available date were limited. 

The incidence of deep vein thrombosis (DVT) during the first 
two weeks after stroke ranges from 10% to 75% in untreated pa-
tients19,21). Pulmonary embolism (PE) is the most common cause 
of death between the first two and four weeks after AIS20). 

We hypothesised that statin therapy may have a role in VTE 
prevention in patients with hemorrhagic stroke. We conducted 
this study to explore the association between moderate intensity 
statin use and VTE in patients with hemorrhagic stroke during 
the acute period. 

METHODS 

Study population and data collection 
This retrospective cohort study was at a university-affiliated 

hospital. The study protocol was approved by the Institutional 
Review Board of Bucheon St. Mary’s Hospital at the Catholic 
University of Korea (No. HC13RISE0120). Patients with acute 
hemorrhagic stroke between March 2011 and December 2013 
were enrolled. 

Demographic characteristics, risk factors, baseline laboratory 
results on the day of admission [blood cell count, blood urea ni-
trogen (BUN)-creatinine (Cr) ratio, osmolarity and C-reactive 
protein (CRP)], and treatment method data were obtained from 
the stroke database. The severity of the neurological deficit was 

evaluated according to the National Institutes of Health Stroke 
Scale (NIHSSS) in the emergency room. Volume of the intrace-
rebral haematoma was calculated using the formula: ABC/2, 
where A, B, and C represent the largest dimensions of the haema-
toma measured at perpendicular angles to one another. Experi-
enced rehabilitation staff checked the severity of weakness by 
manual muscle test (MMT). MMT results were classified as 
grade 5 (movement against gravity plus full resistance), grade 4 
(movement against gravity plus some resistance), grade 3 (com-
plete range of motion against gravity with no resistance), grade 2 
(full or partial range of motion with no gravity), grade 1 (slight 
contractility without any movement), and grade 0 (no evidence 
of contractility; complete paralysis). 

Inclusion criteria and exclusion criteria 
Inclusion criteria were age > 18 years, hemorrhagic stroke as 

confirmed by computed tomography (CT) or magnetic reso-
nance imaging (MRI), onset hemorrhagic stroke within the prior 
3 days, and availability for 6 weeks closed observation during 
hospitalisation. Exclusion criteria were ischaemic stroke; age 
< 18 years; hemorrhagic stroke with vascular anomalies includ-
ing intracranial aneurysmal rupture, haemorrhage from arterio-
venous malformation, or tumorous bleeding; use of anti-platelet 
medication; discharge or death within 6 week; comorbidities in-
fluencing the neurological status, such as seizures or acute respi-
ratory distress; severe stroke (NISSS score ≥ 20); immobility be-
fore stroke onset; and use of hormone replacement therapy. 

Diagnosis of VTE and treatment 
Doppler ultrasound with the criterion of venous compress-

ibility with transducer and computed DVT angiography were 
used to diagnose DVT of femoral and popliteal veins. Comput-
ed pulmonary angiography with the presence of pulmonary em-
boli or high probability on ventilation-perfusion scan was used 
to diagnose pulmonary embolism (PE). All of these diagnostic 
tools were only used for patients who complained of VTE-sus-
picious symptoms including pain, tenderness, swelling, warmth, 
distension of surface veins, Luck’s sign in one or both legs, cya-
nosis, chest pain, and respiratory distress. Prophylactic use of 
heparin was not routinely used during the admission period be-
cause of concern about hematoma expansion. Thromboembolic 
deterrent stockings were applied. Early exercise was done 3 days 
after admission. Patients diagnosed with DVT were treated with 
full doses of low-molecular-weight heparin. An inferior vena 
cava filter was also placed, if needed. 
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Identification of statin use and patient classification 
The patients were asked about their current medication in-

cluding the information on the use of statins. Additionally, med-
ical reports of patients were reviewed to verify the information 
on the use of statin. Patients were classified into three groups: 1) 
no statin medication 2) moderate intensity statin use after hem-
orrhagic stroke, and 3) moderate intensity statin use prior to 
hemorrhagic stroke. 

Moderate stains were defined as atrovastatin 10 mg or 20 mg, 
rosuvastatin 10 mg and pravastatin 40 mg. 

Statistical analyses 
Statistical analyses used the Statistical Package for Social Sci-

ences version 18 (SPSS, Chicago, Illinois, USA). Characteristics 
of hemorrhagic stroke patients with and without VTE were ana-
lysed. Variable characteristics were expressed numerically and as 
percentages. The Mann-Whitney test was used to compare con-
tinuous variables like age and body mass index. Fisher’s exact 
test and chi-squared test were used to compare dichotomous 
variables including gender, smoking, alcohol, diabetes, hyper-
tension, characteristics of hemorrhage, initial national institute 
of health stroke scale (NIHSS), severity of muscle weakness, 
and statin medication. A p value < 0.05 was considered statisti-
cally significant. 

RESULTS 

Patients and radiologic findings 
There were 167 patients with acute hemorrhagic stroke. Among 

them, 98 (40 female and 58 male) patients were included in this 
study. Of these 98 patients, 9 (9.2%) patients had VTE (6 for 
DVT and 3 for PE) during the follow-up period. Overall mean 
age was 59.6 years (range, 19 to 89 years). The mean age of pa-
tients with VTE and without VTE was 64 and 59.1 years, respec-
tively (p = 0.322). Medical and social conditions such as smoking, 
alcohol consumption,diabetes and hypertension were evaluated 
relationship of VTE and PE. There were no relationships. Radio-
logic finding such as amount of hematoma and location also was 
not associated development of VTE and PE. Inflammatory mark-
er and dehydration status on admission were no correlation with 
VTE and PE. The baseline clinical and demographic characteris-
tic of the patients were summarized in Table 1. 

Moderate statin use and VTE 
Atrovastatin 10 mg (18 patients), atrovastatin 20 mg (5 pa-

tients), rosuvastatin 10 mg (14 patinets) and pravastatin 40 mg 
(14 patinents) were used. Twenty nine patients were taking these 
statin to hemorrhagic stroke, 22 patients were taken statin after 
hemorrhagic stroke. The other patients (47 patients) were not 
taken before and after hemorrhagic stroke. The numbers of pa-
tients who had VTE was the same (n = 3) in each of the three 

Table 1. Baseline clinical and demographic characteristics

No VTE (n=89) VTE (n=9) p-value Odds ratio 95% Confidence interval
Female 52 (89.7%) 6 (10.3%) 0.73 0.27 0.01-11.22
Smoking 24 (96.0%) 1 (4.0%) 0.44 7.09 0.21-235.09
Alcohol consumption 53 (91.4%) 5 (8.6%) 0.05 0.36 0.04-3.54
Diabetes 14 (100.0%) 0 (0.0%) 0.35
Hypertension 43 (91.5%) 4 (8.5%) 1.00 3.24 0.28-38.20
Location of haemorrhage
 Deep brain* 60 (88.2%) 8 (11.8%) 0.58
 Cerebellum 6 (100.0%) 0 (0.0%)
 Others† 23 (95.8%) 1 (4.2%)
Amount of haemorrhage‡

 Over 50 cc 75 (91.5%) 7 (8.5%) 0.64 2.33 0.01-485.40
Laboratory values (g/dL)
 Haemoglobin less than 12 20 (95.2%) 1 (4.8%) 0.68 0.39 0.01-20.02
 ESR, less than 20 58 (89.2%) 7 (10.8%) 0.71 0.45 0.03-7.06
 CRP, less than 5 60 (89.6%) 7 (10.4%) 0.72 3.09 0.14-66.34
 BUN/creatinine, less than 15 52 (88.1%) 7 (11.9%) 0.31 0.78 0.07-9.10
 Osmolality, less than 300 40 (93.0%) 3 (7.0%) 0.73 2.26 0.22-23.48
VTE: venous thromboembolism; ESR: erythrocyte sedimentation rate; CRP: c-reactive protein; BUN: blood urea nitrogen.
*Thalamus, basal ganglia, and brain stem were involved in this criterion.
†Pure ventricular hemorrhage and cortical hemorrhage were involved.
‡The formula ABC/2 was used, where A is the greatest hemorrhage diameter by CT, B is the diameter 90 degree to A, and C is the number of CT slices.
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groups. Moderate intensity statin use was not significantly associ-
ated with VTE reduction (Table 2; p = 0.539). Also, there was no 
significant relationship (p = 1.000), when patients with acute 
hemorrhagic stroke were grouped as statin medication and no 
medication group. 

Severity of muscle weakness, active physical therapy 
Table 3 shows how severity of muscle weakness influenced 

prevention of VTE. Thirty three patients had their lower extrem-
ities weakness less than grade 2, and 4 (12.1%) patients had 
VTE, while 5 (7.7%) patients had VTE among 65 patients 
whose weakness were more than grade 3. These differences were 
not significant (p = 0.480). Also, among 9 patients who had 
VTE, 7 participated in active physical therapy 2 weeks following 
hemorrhagic stroke. Only 2 (6.5%) patients had VTE among 31 
patients who had received active physical therapy within 2 weeks 
of hemorrhagic stroke. These differences were not significant 
(p = 0.831). Length of stay in the neuro-intensive care unit was 
not significant. 

DISCUSSION 

DVT develops most often between days 2 and 7 after stroke 
onset; about 80% of all DVTs occur within the first 10 days3,16). 
DVT was reported in 0.74% patients with ischemic stroke and 
1.37% of those with hemorrhagic stroke11). In the International 
Stroke Trial (IST), 0.8% of patients who did not receive throm-
bosis prophylaxis developed a clinically apparent PE within 2 
weeks after stroke onset7). In one study, PE occurred in 0.51% of 
ischemic stroke patients and 0.68% of hemorrhagic stroke pa-

tients from private hospitals in the United States11). There are few 
reports on the incidence of PE among Asian stroke patients. The 
1997 Chinese Acute Stroke Trial reported PE in 12 (0.1%) of 
10,335 ischemic stroke patients who took aspirin for 4 weeks1). 
Little data concerning hemorrhagic stroke in Asia have been 
published subsequent to this trial. In our study, 9 (9.2%) patients 
had VTE (6 for DVT and 3 for PE) during the follow-up period. 
This incidence was relative low compared with previous study 
because our study was included only symptomatic patients20). 
The difference between ischemic and hemorrhagic stroke is the 
result of less preventive management. DVT can occur about 
twice as often after hemorrhagic stroke then after ischemic 
stroke2). 

Risk factors of VTE such as older age, obesity, cigarette smok-
ing, hormonal replacement, pregnancy, previous medical illness 
(such as cancer, COPD, congestive heart failure, thrombophilia, 
smoking, and hypertension), stroke with limb paresis, and recent 
surgery were generally accepted22). In recent study, Kim et al pro-
posed that dehydration status in patients with ischemic stroke 
might be a significant independent risk factor for VTE. In this 
study, dehydration status, limb weakness and other medical ill-
ness were not associated with VTE or PE. 

Statins are currently considered the most effective cholester-
ol-lowering drugs. In addition to lipid-lowering effects, statins 
have anti-inflammatory effects, reduce serum inflammatory 
markers, and enhance vascular endothelial function5,14,15). Statins 
have cholesterol-independent pleiotropic effects that exert vascu-
lar protection by improving endothelial function, regulating an-
giogenesis, stabilising arteriosclerotic plaques, and reducing 
thrombogenic and inflammatory responses15). Statins also have 

Table 2. Influence of moderate intensity statins on prevention of VTE

No VTE group(n=89) VTE group (n=9) p-value
Statin medication prior to hemorrhagic stroke 26 (89.7%) 3 (10.3%) 0.54
Statin medication after hemorrhagic stroke 19 (86.4%) 3 (13.6%)
No statin medication 44 (93.6%) 3 (6.4%)
VTE: venous thromboembolism.

Table 3. Influence of muscle weakness and active ambulation on prevention of VTE

No VTE group (n=89) VTE group (n=9) p-value
Severity of muscle weakness*
Weakness 0-2 29 (87.9%) 4 (12.1%) 0.48
Weakness 3-5 60 (92.3%) 5 (7.7%)
Active physical therapy within 2 weeks 29 (93.5%) 2 (6.5%) 0.83
Length of stay neuro-intensive care unit over 2 weeks 34 (89.5%) 4 (10.5%) 0.36
VTE: venous thromboembolism.
*Grade 0: No muscle movement, Grade 1: Trace of contraction, but no movement at the joint, Grade 2: Movement at the joint with gravity eliminated, Grade 3: 
Movement against gravity, but not against added resistance, Grade 4: Movement against external resistance, but less than normal, Grade 5: Normal strength.
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an antic-coagulation effect by decreasing tissue factor expression, 
which reduces thrombin generation and attenuates fibrinogen 
cleavage and factor V/XIII activation5). Thus, statins improve en-
dothelial thromboembolism expression, resulting in increased 
protein C activation and factor Va inactivation15). Although 
statins have been associated with a reduced risk of VTE in the 
general population and ischaemic stroke patients6,8,12,18), their ef-
fect on the incidence of VTE in patients with hemorrhagic stroke 
has not been studied. Presently, the evidence of use of statins in 
hemorrhagic stroke was not significant. Although all patients 
were taking an average dose of statins ( < 80 mg of fluvastatin; 
< 40 mg of lovastatin, simvastatin, or atrovastatin; and < 10 mg 
of rosuvastatin), statin use was not associated with a lowered risk 
of developing VTE (p = 0.539). A recent study reported that sta-
tin use was associated with developing VTE and high-dose statin 
use appeared related to lower occurrence of VTE compared with 
standard-dose statin use4). However, the latter study concerned 
the relationship between atherosclerosis and VTE, not hemor-
rhagic stroke. In our study, only moderate intensity statin (atro-
vastatin 10 mg or 20 mg, rosuvastatin 10 mg, pravastatin 40 mg) 
users were included for decreasing side effect of statin. Our study 
showed that moderate instensity dose of statin use was not asso-
ciated with a reduced risk of VTE in patients with hemorrhagic 
stroke, especially in the acute period. 

Our study has several limitations. First, the sample size was 
small and the control group was retrospectively selected only 
with suspicious symptoms and excluded patients with severe 
stroke (NIHSS ≥ 20) or a short hospital stay, regardless of the 
reason. These reasons lead to inaccurate incidence of VTE and 
PE in patients with heamorrhagic stroke. Second there was a lack 
of uniformity in the thromboprophylaxis administered to the pa-
tients. Lastly, we could not study the relationship between VTE 
and statin dosage since all patients receiving an average dose. We 
did not consider high doses. These limitations should be taken 
into consideration and need to be addressed in future studies. 
Nonetheless, the present findings suggest that statin use, espe-
cially moderate intensity doses, in patients with hemorrhagic 
stroke does not decrease the occurrence and risk of VTE. 

Many patients after hemorrhagic stroke had permanat neuro-
logic deficits especially limb weakness because limb weakness 
and immobilization were powerful risk factors22). Also currently 
recommended pharmacologic prophylaxis by LMWH or hepa-
rin could not use after discharge daily. So we need other pharma-
cologic prophylaxis in these patients. Information about an-
ti-platelet therapy for the prevention of VTE is scarce. A Co-
chrane review of two small trials including 133 patients (fewer 
than 0.3% of the participants included in the overall review) 

showed that anti-platelet therapy did not reduce the risk of 
VTE9). However, aspirin in the acute stage of ischaemic stroke is 
associated with a reduction in recurrent stroke and is not associ-
ated with an excess of intracerebral hemorrhage7). Statin plus as-
pirin can reduce risk of VTE in patients with ovarian cancer10). 
However, anti-platelet medication to patients with acute hemor-
rhagic stroke would be criticized for risk of rebleeding. So, we 
should consider whether we could use anti-platelet medication 
to patients with acute hemorrhagic stroke for preventing VTE. 

CONCLUSION 

Moderate-intensity dose of statin use is not associated with a 
reduced risk of VTE in patients with hemorrhagic stroke in the 
acute period. Randomized, placebo-controlled trials are needed 
to evaluate the potential benefits of lipid-lowering statin in the 
prevention of venous thromboembolisn in patients with heamor-
rhagic stroke. 
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Blood Blister-like Aneurysm Treated with Coil Embolization 
without Stent Assistance 
Seongwoo Lee, Kyung-Jae Park, Shin-Hyuk Kang, Dong-Hyuk Park 
Department of Neurosurgery, Korea University Medical Center, Anam Hospital, Korea University College of Medicine, Seoul, Korea 

We report a case of blood blister-like aneurysm treated with coil embolization without stent assis-
tance. A 34-year-old man with a medical history of hypertension presented with subarachnoid 
hemorrhage. Initial digital subtraction and computed tomography angiography did not demon-
strate definite vascular pathologies. Two weeks later, follow-up angiography showed a wide neck 
aneurysm on the dorsal wall of left distal internal carotid artery, which was not found on the first 
angiograms. This blood blister-like aneurysm was successfully treated with coil embolization 
without stent assistance, and the regrowth or recanalization has not been identified for 6 months. 
While both surgical and endovascular procedures are quite challenging, endovascular coiling with 
stent assistance for this aneurysm is generally recommended. But endovascular coiling without 
stent assistance may be attempted for instances such as relatively narrow neck and young age. 

Keywords: Blood blister-like aneurysm; Internal carotid artery; Subarachnoid hemorrhage; En-
dovascular treatment; Saccular embolization 

INTRODUCTION 

“Blood Blister-like aneurysm” arises on the dorsal wall of inter-
nal carotid artery (ICA), and uniquely occurs at non-branching 
sites1,3). It has thin and fragile wall that requires special care to 
prevent premature rupture1,3). The characteristic of weak wall 
and broad neck makes both surgical and endovascular proce-
dures quite challenging3). For an endovascular procedure, 
stent-assisted coil embolization is usually performed, because 
blood blister-like aneurysms usually have a wide neck, which in-
creases the risk of coil herniation into the parent artery5). The 
stent before endovascular coil deployment prevents unwanted 
movements of the microcatheter4). But, in some cases, endovas-
cular coiling may be performed without stent or balloon assis-
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tance6). Here, we present a case of blood blister-like aneurysm 
treated with endovascular coiling without stent assistance. 

CASE REPORT 

A 34-year-old man with hypertension medical history came to 
the emergency room of our hospital with severe headache in left 
temporal region. On arrival, the patient displayed an alert mentali-
ty on neurologic examination. Computed tomography (CT) 
showed diffuse subarachnoid hemorrhage (SAH) on basal cistern 
and bilateral sylvian fissure (Fig. 1). However, on initial cerebral 
angiography, there was no abnormal finding related with SAH (Fig. 
2). We decided on a strategy of conservative management in the 
intensive care unit and follow-up angiography several days later. 
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Two days later, the patient underwent CT angiography, which 
showed no demonstrable aneurysm. On the hospitalization day 4, 
the patient was transferred to the general ward from intensive care 
unit and conservative management was maintained. After transfer 
to the general ward, the patient’s headache gradually subsided, but 
on hospitalization day 13, relapse of the headache occurred. We 
performed a second conventional angiography on hospitalization 
day 15. The follow-up angiography revealed a ruptured aneurysm 
with a wide neck at the supraclinoid segment of left internal carotid 
artery (ICA) (Fig. 3). The aneurysm was on a non-branching site 

Fig. 1. Brain CT scans showing a diffuse subarachnoid hemorrhage 
on the basal cistern and bilateral sylvian fissure.

Fig. 2. Initial conventional angiography did not demonstrate definite vascular abnormality.

Fig. 3. Fifteen days later, second angiography revealed a ruptured 
aneurysm with a wide neck at the dorsal wall of supraclinoid segment 
of left internal carotid artery, the so-called blood blister-like aneurysm.

and measured 4.3 × 4.3 × 3.2 mm wide in the antero-superior di-
rection. The aneurysm was considered to be a blood blister-like 
aneurysm due to its location of dorsal wall of ICA and non-branch-
ing site, and rapid progression in size in just fifteen days. 

We performed endovascular coiling without stent assistance 
(Fig. 4). Generally, stent assistance is recommended for the treat-
ment of blood blister-like aneurysms with endovascular coiling. In 
this case, the patient was young and a repeat angiography showed a 
relatively narrow aneurysm neck to prevent the coils from hernia-
tion into the parent artery. After placement of a 6 French introduc-

www.e-jnic.org32

Blister aneurysm treated with coil embolization Seongwoo Lee et al.



Fig. 4. The patient underwent an endovascular coiling without 
stent assistance. (A)After a microcatheter was positioned in blister 
aneurysm, (B)the first Guglielmi detachable coil was deployed. (C)
Then, a second coil was followed. (D)Post-procedural angiography 
showed near complete coil embolization without compromising the 
parent artery.

ing sheath on the right femoral artery, a 6 French guiding catheter 
(Envoy; Cordis Endovascular Systems, Miami Lakes, FL, USA) 
was placed at the distal cervical segment of the left ICA. First, care-
ful deployment of a Guglielmi Detachable Coil (GDC) (microplex 
10, 5 × 15 cm cosmos complex) was attempted in the aneurysm 
sac. A second GDC (target 360 soft 3 × 6 cm) was followed. These 
coils were placed successfully within the aneurysm sac without 
compromising the parent artery. The post-procedural angiography 
showed near complete coil embolization, and no evidence of 
thrombo-embolic complications. 

The post-coiling course was uneventful. The patient was dis-
charged on day 20 the after procedure without neurological defi-
cit. We performed repeated angiography 6 months after endovas-
cular coiling, and the regrowth of coiled aneurysm has not been 
identified yet. 

DISCUSSION

Aneurysms located at the non-branching site on the dorsal 
wall of the supraclinoid segment of ICA were first reported in 
1969 by Sundt et al5). They are rare, comprising 0.9% ~ 6.5% of 
all intracranial aneurysms5). Various surgical and endovascular 
treatments have been suggested for the treatments of blood blis-
ter-like aneurysms, including direct clipping, wrapping, clipping 
with wrapping material, clipping with Sundt encircling graft clips, 
proximal occlusion of the ICA, and proximal endovascular occlu-
sion of the ICA followed by surgical clipping of the ICA distal to 
the aneurysm2,4,5). But, despite of these diverse endeavors to treat, 
blister aneurysm is quite challenging for both surgical and endo-
vascular treatments3). 

Few pathologic examinations have been performed for blood 
blister-like aneurysms, and it has been reported as focal wall de-
fects covered by a thin layer of fibrous tissue and adventitia and 
lack of usual collagenous layer2,5). This unique nature of aneu-
rysm wall leads to a marked weakness and high risk of premature 
rupture during surgical and endovascular procedures1,3). 

Although the lesion of this case displayed a relatively larger size 
than those described in other reports, it is considered as a blood 
blister-like aneurysm, because the location of aneurysm in our 
case corresponds to the unique feature of blister-like aneurysms. 
Furthermore, the size and morphology of the aneurysm changed 
rapidly in just 15 days. Blood blister-like aneurysm may show 
rapid progression in size and morphology in repeated angiogra-
phy2,4). In our case, the initial conventional digital subtraction an-
giography and CT angiography did not show a definite vascular 
pathology including aneurysm. But on repeated angiography 
performed on hospitalization day 15, a definite sizable dorsal 
wall aneurysm was identified on the ICA. The rapid growth in 
size and morphology in short intervals was probably related with 
the weak wall of the blister-like aneurysm and hemodynamic 
stress coming from their location at non-branching site and dor-
sal portion of supraclinoid ICA3). 

This marked weakness of aneurysm wall is associated with the 
difference of treatment and prognosis from saccular aneurysms. 
Besides, the location of blister-like aneurysm and the nature of 
adhesion to brain tissue lead to high risk of premature rupture1). 
Standard surgical exploration and micro-dissection around the 
aneurysm may be more dangerous than saccular aneurysm. The 
difficulty of surgical procedure results in high mortality of blood 
blister-like aneurysms. The mortality of SAH with ruptured blis-
ter-like aneurysm is 57%, and overall mortality of ruptured and 
unruptured blister-like aneurysm is 20%1). 

Endovascular treatment has been studied for an alternative 
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method for obliteration of blood blister-like aneurysms. The 
unique feature of broad neck and weak wall of blister-like aneu-
rysms makes endovascular procedures technically challenging, 
too. Stent assistance is usually recommended because of the 
broad neck of blood blister-like aneurysms. Without stent assis-
tance, not only the probability of coil herniation into the parent 
artery may increase5), but also the deployment of detachable coil 
in blister aneurysm itself can be very difficult technically. In our 
case, we considered to perform endovascular coiling with stent 
assistance. But, on the angiography, somewhat narrow portion of 
aneurysm neck was identified and anticipated to support the 
packed coils from herniation into the parent artery. Moreover, 
the relatively large size of blister-like aneurysm was favorable for 
holding the packed coils in the aneurysm. In general, it is usually 
accepted that the positioning of stent before endovascular coiling 
is safe to avoid unexpected movements of the microcatheter. But, 
we could not rule out the possibility of failure to super-select the 
aneurysm with GDC due to the pre-positioned stent and the lo-
cation of blister-like aneurysm. Furthermore pre- and post-coil-
ing anti-platelet agents are necessary for intracranial stent due to 
high tendency of stimulating platelet aggregation, and this disad-
vantage leads to risk of blister-like aneurysm rebleeding. The 
“jailing technique” may be considered to perform in the unstable 
condition such as blister-like aneurysms. In the jailing technique, 
a stent is deployed across the aneurysm neck after the first micro-
catheter has been placed in the aneurysm. This procedure effec-
tively “jails” the first microcatheter between the stent and the ar-
terial wall so that access to the aneurysm is not lost after stent 
placement. The jailing technique has an advantage in comparison 
with formal stent-assisted coiling, that the access to the aneurysm 
is not lost after stent placement. But jailing technique also re-
quires long-term use of anti-platelet agents. 

Recurrence or regrowth is quite common after endovascular 
coiling for blister-like aneurysms3). Repeated post-coiling evalua-
tion including conventional angiography is necessary, and our 
patient is scheduled to regular follow-up conventional angiogra-
phy. 

CONCLUSION 

SAH with normal conventional angiography needs to be con-
sidered the possibility of blood blister-like aneurysm, and careful 
examination with repeated angiography is required to prevent 
misdiagnosis. Various surgical and endovascular treatments have 
been documented for blister-like aneurysms. Stent assistance is 
generally recommended for the treatment of blister-like aneu-
rysms with coil embolization. But, endovascular coiling without 
stent assistance may be attempted for some instances such as rel-
atively narrow neck and young age. 
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Central Pontine Myelinolysis After Non-Aneurysmal 
Perimesencephalic Subarachnoid Hemorrhage 
Soon-Tae You1, Jai-Hyuck Han2, Young Gyu Kim1, Young Seok Park1 

1Department of Neurosurgery, Chungbuk National University Hospital, College of Medicine, Chungbuk National University, Cheongju, Korea. 
2Department of Neurosurgery, Nanoori Hospital, Inchoen, Korea

Central pontine myelinolysis (CPM) is one of the encephalopathy that results from extreme fluc-
tuations in serum sodium concentration and plasma osmolality. CPM after non aneurysmal per-
imesencephalic subarachnoid hemorrhage (NPSAH) is very rare. A 53-year-old female patient ag-
gravated her instabilty 3 weeks after treatment of after NPSAH. Brain CT showed a prominent 
low-density lesion in the central pons. Vasospasm, pontine infarct, multiple sclerosis must be ex-
cluded after subarachnoid hemorrhage. Her brain magnetic resonance imaging (MRI) of the 
brainstem revealed CPM. The peripheral fiber sparing, central trident appearance was observed. 
Peripheral fiber sparing is more prominent, but central trident is disappearing at long-term fol-
low-up MRI. CPM can develop even after NPSAH as well as aneurysmal subarachnoid hemor-
rhage. Trident pattern in pons area and peripheral fiber sparing is differential diagnosis with vaso-
spasm, cerebral infarct and multiple sclerosis after NPSAH. 

Keywords: Subarachnoid hemorrhage; Hyponatremia; Central pontine demyelination; Demy-
elination

INTRODUCTION 

Central pontine myelinolysis (CPM) was first described in 
1959 by Adams and colleagues as a disease affecting alcoholics 
and malnourished people11). It is characterized by a loss of oligo-
dendrocytes and myelin with relatively well preserved neuronal 
cell bodies and axons in the central pons9). CPM following after 
subarhanoid hemorrhage (SAH) caused by extreme fluctuations 
in serum sodium. However, CPM due to non-aneurysmal per-
imesencephalic SAH (NPSAH) is very rare. Here, we report 
and describe CPM after NPSAH. 
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CASE REPORT 

A 53-year-old woman known to have asthma and hyperten-
sion was admitted to our emergency department with confused 
mentality. Initial brain computed tomography (CT) revealed 
SAH at the bilateral sylvian cisterns, basal cistern, and cortical 
sulci (Fig. 1A). Computed tomography angiography and trans-
femoral cerebral angiography were performed to rule out cere-
bral aneurysm. Neither aneurysmal dilatation nor vascular mal-
formation was found even after repeated angiography (Fig. 1B). 

The patient had severe hyponatremia (113 mmol/l) with low 
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plasma osmolality (248 mOsm/kg). Urine sodium (25 mEq/l) 
and urine osmolality (201 mOsm/kg) were high. She was diag-
nosed with cerebral salt wasting (CSW) and was administered 
3% hypertonic saline, which caused her serum sodium level to 
rise to 134 mmol/l within 48 hours. 

When she was discharged from the hospital 3 weeks later, fol-
low-up brain CT revealed that the SAH had resolved without 
CPM (Fig. 1C) and the patient was mentally alert without any 
neurologic symptoms. On clinical examination, her pulse rate 
was 72 beats/min, and her blood pressure was normal (110/70 
mmHg). Her blood parameter including oxygenation, liver and 
renal tests were within normal limits. Her serum sodium was 136 
mmol/L. She exhibited normal power in all four limbs, and her 
touch and pain sensation was normal. 

Three weeks after discharge, however, the patient had a ten-
dency to sway to one side when walking. She did not present 
dysphagia, but she had dysarthria. Brain CT showed a prominent 
low-density lesion in the central pons (Fig. 1D). Magnetic reso-
nance imaging (MRI) of the brainstem revealed CPM, with a hy-
perintense lesion in the central pons on T2-weighted MRI and 

hypointensity on the T1-weighted image (Fig. 1E, 1F). 
The patient was managed conservatively in outpatient care. Fol-

low up one-year brain MRI showed some recovery brain stem le-
sion (Fig. 1G, 1H). Follow up one-year brain MRI showed some 
recovery brain stem lesion. Her clinical status was much im-
proved; she can walk independently and returned to her daily job. 

DISCUSSION 

CPM after NPSAH is a very rare complication, with only a few 
reported cases to date. Hyponatremia is a common finding in 
acute brain disease, occurring in approximately 30% of neurosur-
gical patients with SAH, equal frequency after non-aneurysmal 
SAH and aneurismal SAH13). In our case, the hemorrhage was 
located at the bilateral sylvian cisterns, basal cistern, and cortical 
sulci. We have not found any aneurysmal dilatation. A falling so-
dium level can progressively lead to neurological problems such 
as confusion, lethargy, seizures, and coma2). CPM has tradition-
ally been associated with rapid correction of hyponatremia, allco-
holism, chronic malnutrition, and sodium imbalance are the pri-

Fig. 1. A) Initial brain CT revealed SAH at the bilateral sylvian cisterns, basal cistern, and cortical sulci. B) No evidence of aneurysm, vascular 
malformation, or vasospasm was detected by CTA or transfemoral cerebral angiography. C) SAH at the bilateral sylvian cisterms, basal cistern, 
and cortical sulci resolved by the time of hospital discharge 3 weeks later. D) However, follow-up brain CT 3 weeks after discharge showed a 
prominent low-density lesion in the central pons. E) and F) Symmetric hyperintense lesion in the central pons with sparing of the periphery on 
T2-weighted MRI and hypointensity on the T1-weighted image, suggesting central pontine demyelination. G) and H) Follow-up MRI one year 
later showed improvement in central pontine demyelination. Peripheral fiber sparing is more prominent at long-term follow-up MRI.
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mary conditions associated with CPM1). Although early case re-
ports described CPM associated with alcoholism10), more re-
cent studies have implicated rapid corrections of hyponatremia 
and hypernatremia as a cause of CPM or Osmotic demyelination 
syndrome (ODS)7). Reported cases in central pontine demylina-
tion after aneurysamal or non aneurysmal subarachnoid hemor-
rhage shown in Table 1. 

Specifically, clinical studies suggest that rapid correction of hy-
ponatremia, especially a large magnitude of correction (i.e., > 25 
meq/l in the first 24-48 hours) is associated with CPM18). As ex-
cessive natriuresis has been observed, the term CSW was coined 
for this syndrome. However, the proposed natriuretic factor was 
not identified, and after the discovery of antidiuretic hormone 
(ADH), the syndrome of inappropriate ADH secretion was fa-
vored as the causal mechanism2). 

The preferential localization of myelinolysis to the central pons 
is thought to result from the grid arrangement of oligodendro-
cytes, which limits their mechanical flexibility and capacity to 
swell. Oligodendroglial cells are vulnerable to cellular dehydra-
tion, which may enhance apoptosis4). During hyponatremia, 
these cells can only adapt by losing more ions instead of swelling, 
making them prone to damage when sodium is replaced. Central 
trident sign and peripheral fiber sparing was observed at initial 
MRI, and peripheral sparing more prominent at long-term follow 
up MRI in this case. 

ODS, which includes CPM and extrapontine myelinolysis, is ev-
ident on CT. However, MRI is the imaging technique of choice 
due to its greater sensitivity and superior capacity to detect the le-
sions. The typical radiologic feature of CPM is a trident-shaped, 
symmetric, hyperintense lesion in the central pons with sparing of 
the periphery on T2-weighted MRI and hypointensity on the 
T1-weighted image15). Diffusion-weighted imaging (DWI) with 
apparent diffusion coefficient mapping yields higher specificity for 
ODS lesions with early signal changes after the onset of neurologic 

symptoms14). 
When osmotic demyelination occurs, it is usually irreversible 

and has no definitive management. Thus, prevention is more im-
portant. Indeed, the slow correction of hyponatremia does not 
appear to be associated with ODS either clinically or experimen-
tally. Reports of individual cases or small case series suggest that 
treatments including steroids, intravenous immunoglobulin, and 
thyrotrophin-releasing hormone may have good outcomes, but 
these results have been difficult to interpret. 

CONCLUSION 

In conclusion, CPM can develop not only after aneurysmal 
SAH with thick subarachnoid hemorrhage but also after NPSAH. 
Brain MRI image showing brain stem lesion, and peripheral spar-
ing can be detected after CPM at follow up MRI. Trident pattern 
in pons area and peripheral fiber sparing is differential diagnosis 
with vasospasm, cerebral infarct and multiple sclerosis after 
non-aneurysmal perimesencephalic subarachnoid hemorrhage. 

CONFLICT OF INTEREST 

No potential conflict of interest relevant to this article was 
reported. 

REFERENCES 

1. Adams RD, Victor M, Mancall EL. Central pontine myelino-
lysis: a hitherto undescribed disease occurring in alcoholic 
and malnourished patients. AMA Arch Neurol Psychiatry 
1959;81:154–172. 

2. Betjes MG. Hyponatremia in acute brain disease: the cerebral 
salt wasting syndrome. Eur J Intern Med 2002;13:9–14.  

3. Chandy D, Sy R, Aronow WS, Lee WN, Maguire G, Murali 

Table 1. Reported cases in central pontine demylination after subarachnoid hemorrhage

Study Cause Hyponatremia Metabolic cause
Maimaitili et al., 20138) Aneurysm Y SIADH
Saramma et al., 201316) Aneurysm Y CSW
Hannon et al., 20125) Aneurysm Y SIADH
Kubo et al., 20086) Aneurysm Y CSW
Sherlock et al., 200617) Aneurysm Y SIADH
Vrsajkov et al., 201219) Aneurysm Y CSW
Nakagawa et al., 201012) Aneurysm Y CSW
Wartenberg et al., 200620) Non- Aneurysm Y SIADH
Chandy et al., 20063) Aneurysm Y CSW

CSW: cerebral salt wasting; SIADH: Syndrome of inappropriate antidiuretic hormone secretion.

37www.e-jnic.org

Central pontine myelinolysis after subarachnoid hemorrhage Soon-Tae You et al.

https://doi.org/10.1001/archneurpsyc.1959.02340140020004
https://doi.org/10.1001/archneurpsyc.1959.02340140020004
https://doi.org/10.1001/archneurpsyc.1959.02340140020004
https://doi.org/10.1001/archneurpsyc.1959.02340140020004
https://doi.org/10.1016/S0953-6205(01)00192-3
https://doi.org/10.1016/S0953-6205(01)00192-3
https://doi.org/10.4103/0028-3886.27151


R. Hyponatremia and cerebrovascular spasm in aneurysmal 
subarachnoid hemorrhage. Neurol India 2006;54:273–275. 

4. DeLuca GC, Nagy Z, Esiri MM, Davey P. Evidence for a role 
for apoptosis in central pontine myelinolysis. Acta Neuro-
pathol 2002;103:590–598. 

5. Hannon MJ, Behan LA, O’Brien MM, Tormey W, Ball SG, 
Javadpour M, et al. Hyponatremia following mild/moderate 
subarachnoid hemorrhage is due to SIAD and glucocorticoid 
deficiency and not cerebral salt wasting. J Clin Endocrinol 
Metab 2014;99:291–298. 

6. Kubo Y, Ogasawara K, Kakino S, Kashimura H, Yoshida K, 
Ogawa A. Cerebrospinal fluid adrenomedullin concentration 
correlates with hyponatremia and delayed ischemic neuro-
logical deficits after subarachnoid hemorrhage. Cerebrovasc 
Dis 2008;25:164–169.  

7. Laureno R, Karp BI. Myelinolysis after correction of hypona-
tremia. Ann Intern Med 1997;126:57–62. 

8. Maimaitili A, Maimaitili M, Rexidan A, Lu J, Ajimu K, Cheng 
X, et al. Pituitary hormone level changes and hypxonatremia 
in aneurysmal subarachnoid hemorrhage. Exp Ther Med 
2013;5:1657–1662. 

9. McCormick WF, Danneel CM. Central pontine myelinolysis. 
Arch Intern Med 1967;119:444–478. 

10. Messert B, Orrison WW, Hawkins MJ, Quaglieri CE. Central 
pontine myelinolysis. Considerations on etiology, diagnosis, 
and treatment. Neurology 1979;29:147–160. 

11. Musana AK, Yale SH. Central pontine myelinolysis: case se-
ries and review. WMJ 2005;104:56–60. 

12. Nakagawa I, Kurokawa S, Nakase H. Hyponatremia is pre-
dictable in patients with aneurysmal subarachnoid hemor-
rhage--clinical significance of serum atrial natriuretic peptide. 

Acta Neurochir (Wien) 2010;152:2147–2152. 
13. Rinkel GJ, Wijdicks EF, Vermeulen M, Hasan D, Brouwers 

PJ, van Gijn J. The clinical course of perimesencephalic 
nonaneurysmal subarachnoid hemorrhage. Ann Neurol 
1991;29:463–468. 

14. Ruzek KA, Campeau NG, Miller GM. Early diagnosis of cen-
tral pontine myelinolysis with diffusion-weighted imaging. 
AJNR Am J Neuroradiol 2004;25:210–213. 

15. Sakamoto E, Hagiwara D, Morishita Y, Tsukiyama K, Kondo 
K, Yamamoto M. [Complete recovery of central pontine my-
elinolysis by high dose pulse therapy with methylpredniso-
lone]. Nihon Naika Gakkai Zasshi 2007;96:2291–2293. 

16. Saramma P, Menon RG, Srivastava A, Sarma PS. Hyponatre-
mia after aneurysmal subarachnoid hemorrhage: Implica-
tions and outcomes. J Neurosci Rural Pract 2013;4:24–28. 

17. Sherlock M, O’Sullivan E, Agha A, Behan LA, Owens D, Finu-
cane F, et al. Incidence and pathophysiology of severe hypona-
traemia in neurosurgical patients. Postgrad Med J 2009;85:171–
175. 

18. Sterns RH. Severe symptomatic hyponatremia: treatment and 
outcome. A study of 64 cases. Ann Intern Med 1987;107:656–
664. 

19. Vrsajkov V, Javanovic G, Stanisavljevic S, Uvelin A, Vrsajkov 
JP. Clinical and predictive significance of hyponatremia after 
aneurysmal subarachnoid hemorrhage. Balkan Med J 
2012;29:243–246. 

20. Wartenberg KE, Schmidt JM, Claassen J, Temes RE, Frontera 
JA, Ostapkovich N, et al. Impact of medical complications on 
outcome after subarachnoid hemorrhage. Crit Care Med 
2006;34:617–623; quiz 624. 

www.e-jnic.org38

Central pontine myelinolysis after subarachnoid hemorrhage Soon-Tae You et al.

https://doi.org/10.4103/0028-3886.27151
https://doi.org/10.4103/0028-3886.27151
https://doi.org/10.1007/s00401-001-0508-2
https://doi.org/10.1007/s00401-001-0508-2
https://doi.org/10.1007/s00401-001-0508-2
https://doi.org/10.1210/jc.2013-3032
https://doi.org/10.1210/jc.2013-3032
https://doi.org/10.1210/jc.2013-3032
https://doi.org/10.1210/jc.2013-3032
https://doi.org/10.1210/jc.2013-3032
https://doi.org/10.1159/000113734
https://doi.org/10.1159/000113734
https://doi.org/10.1159/000113734
https://doi.org/10.1159/000113734
https://doi.org/10.1159/000113734
https://doi.org/10.7326/0003-4819-126-1-199701010-00008
https://doi.org/10.7326/0003-4819-126-1-199701010-00008
https://doi.org/10.3892/etm.2013.1068
https://doi.org/10.3892/etm.2013.1068
https://doi.org/10.3892/etm.2013.1068
https://doi.org/10.3892/etm.2013.1068
https://doi.org/10.1001/archinte.1967.00290230082002
https://doi.org/10.1001/archinte.1967.00290230082002
https://doi.org/10.1212/WNL.29.2.147
https://doi.org/10.1212/WNL.29.2.147
https://doi.org/10.1212/WNL.29.2.147
https://doi.org/10.1007/s00701-010-0735-1
https://doi.org/10.1007/s00701-010-0735-1
https://doi.org/10.1007/s00701-010-0735-1
https://doi.org/10.1007/s00701-010-0735-1
https://doi.org/10.1002/ana.410290503
https://doi.org/10.1002/ana.410290503
https://doi.org/10.1002/ana.410290503
https://doi.org/10.1002/ana.410290503
https://doi.org/10.2169/naika.96.2291
https://doi.org/10.2169/naika.96.2291
https://doi.org/10.2169/naika.96.2291
https://doi.org/10.2169/naika.96.2291
https://doi.org/10.4103/0976-3147.105605
https://doi.org/10.4103/0976-3147.105605
https://doi.org/10.4103/0976-3147.105605
https://doi.org/10.1136/pgmj.2008.072819
https://doi.org/10.1136/pgmj.2008.072819
https://doi.org/10.1136/pgmj.2008.072819
https://doi.org/10.1136/pgmj.2008.072819
https://doi.org/10.7326/0003-4819-107-5-656
https://doi.org/10.7326/0003-4819-107-5-656
https://doi.org/10.7326/0003-4819-107-5-656
https://doi.org/10.5152/balkanmedj.2012.037
https://doi.org/10.5152/balkanmedj.2012.037
https://doi.org/10.5152/balkanmedj.2012.037
https://doi.org/10.5152/balkanmedj.2012.037
https://doi.org/10.1097/01.CCM.0000201903.46435.35
https://doi.org/10.1097/01.CCM.0000201903.46435.35
https://doi.org/10.1097/01.CCM.0000201903.46435.35
https://doi.org/10.1097/01.CCM.0000201903.46435.35


iwww.e-jnic.org

General Information

1. Journal of Neurointensive Care ( JNIC) is the official 
journal of the Korean Neurointensive Care Society and 
published biannually ((the last day of April and October). 
This Journal publishes important papers covering the whole 
field of neurosurgical intensive care unit, including studies 
in neuroscience, neurology, and molecular biology. Studies 
on rare cases and technical notes of special instruments or 
equipment that might be useful to the field of neurosurgical 
intensive care are also acceptable. Drawing upon the 
expertise of an interdisciplinary team of physicians from 
neurosurgery, neurology, anesthesiology, critical care, and 
nursing backgrounds, ( JNIC) covers all aspects neurosurgical 
intensivists need to be aware of in order to provide optimal 
patient care.

2. It should be assured that authors must not simultaneously 
submit an identical or similar paper for publication elsewhere. 
Multiple publication is acceptable only in the case of meeting the 
criteria of Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals (Ann Intern Med 108: 258-265, 1988). 
Manuscripts must be prepared in accordance with Uniform 
requirements for Manuscripts submitted to Biomedical Journal 
developed by International Committee of Medical Journal 
Editors (February 2006).

3.All manuscripts must be written in English. Authors 
should minimize the use of English abbreviations. Spell out 
all abbreviations at first occurrence, and then introduce them 
by placing the abbreviation in parenthesis after the term being 
abbreviated. Abbreviation should be avoided as possible as 
one can. When it is used, full expression of the abbreviation 
following abbreviated word in parentheses should be given 
at first use. All units should be given in metric system (The 
International System of Units: SI units).

Submission of Manuscript

1. Authors are requested to submit their papers electronically 
by using online manuscript submission system(http://submit.
e-jnic.org). This site will guide authors stepwise through the 
submission process.

Instructions for Authors

2. Upon submission of a manuscript, authors should upload 
author checklist and copyright transfer agreement form (http://
e-jnic.org/authors/authors.php).

3. The list of the authors in the manuscript should include 
only those who were directly involved in the process of the 
work. Authors can refer to the guideline by Harvard University 
in 1999 to find details on authorship(http://www.hms.harvard.
edu/integrity/authorship.html).

4. The editorial board will make a decision on the approval for 
publication of the submitted manuscripts, and can request any 
further corrections, revisions, and deletions to the article text if 
necessary.

5. The price for all work requiring review, publishing, and re-
printing of the paper will be determined by the editorial board.

Manuscript Preparation

All manuscripts should be written in English using in 11 points 
Arial font and double-spaced.

1. Publication type
JNIC publishes editorials, reviews, original articles including 

clinical and laboratory research, case reports, letters to the 
editor and etc.Please review the below article type specifications 
including the required article lengths, illustrations, table 
limits and reference counts. The word count excludes the title 
page, abstract, tables, acknowledgements, contributions and 
references. Manuscripts should be as succinct as possible.Any 
article longer than these limits should be discussed with the 
editor.

a) Editorials
Editorials are invited perspectives dealing with very active fields 
of research, hot interest, fresh insights, and debates.

Word count: up to 1,000 words
Tables and figures: at editorial discretion
References: up to 10, ideally 5

b) Review articles
The authors and topics for review articles will be selected by 



the editorial board and review articles should also undergo the 
review process. Manuscripts include titlepage, unstructured 
abstract and keyword, main text (introduction, manuscript 
body, conclusion), conflict of interest, acknowledgements (if 
necessary), references, tables, figurelegends, and figures.

Abstract: 200 words
Word count: up to 3,000 words
Tables and figures: up to 7
References: 40

c) Original articles
Original articles should contain the results of clinical or basic 
research and should be sufficiently well documented to be 
acceptable to critical readers. The manuscript for an original 
article should be organized in the following sequence: title page, 
structured abstract and keywords, main text (introduction, 
methods, results, discussion, conclusion), conflict of interest, 
acknowledgements (if necessary), references, tables, figure 
legends, figures, and supplementary data.

Abstract: Structured, 250 words
Word count: up to 3,500 words
Tables and figures: up to 7
References: 30

d) Case reports
Case repor ts  w i l l  be published only in exceptional 
circumstances, when they illustrate a rare occurrence of clinical 
importance. These manuscripts should be organized in the 
following sequence: title page, unstructuredabstract and 
keywords, introduction, case report(s), discussion, conclusion, 
acknowledgments, references, tables, figure legends, and figures.

Abstract: 150 words
Word count: 1,500 words
Tables and figures: up to 5
References: 10

e) Letters to the editor
Authors can submit a sound critic or opinion for the specific 
article published in the journal, topic of general interest 
regarding neurosurgical intensive care, personal view on a 
specific scientific issue, departmental announcements or 
changes, or other information of the clinical fields.

Word count: 1,000 words
Tables and figures: up to 2

References: 10

f) Special article
Special articles are devoted to providing updated reports by 
specialists in various fields or significant issues (e.g., history 
of the field) for the members of the society. The authors and 
topics of special drafts will be assigned and specially requested 
by the editorial board.The authors’ views in special drafts will be 
respected as much as possible.

g) Other Publication Types
Other publication types may be accepted. The recommended 
format should be discussed with the Editorial Board.

2. Manuscript format
Authors should refer to “Uniform Requirements for 

Manuscripts Submitted to Biomedical Journals” (http://
www.icmje.org/about-icmje/faqs/icmje-recommendations/). 
The article should be organized in the order of title, abstract 
(Objective, Methods, Results, and Conclusion sections should 
be included in laboratory investigation or clinical article but are 
not necessary in other types of studies), key words,introduction, 
materials and methods, results, discussion, conclusions, 
references, tables, and figures or illustrations. In case reports, 
materials and methods and results can be replaced with cases.

1) Title page
The title page should be composed of external and internal title 
pages.
a) The external title page should contain the article title, and 

full names of all authorswith their institutional affiliations in 
English. The type of manuscript (Original Article, Case Report 
or Case series, Technical report, Letter to editor, etc.) should 
be also addressed. When the work includes multiple authors 
with different affiliations, the institution where the research 
was mainly conducted should be spelled out first, then be 
followed by foot notes in superscript Arabic numerals beside 
the authors’ names to describe their affiliation in a consecutive 
order of the numbers. Then, mark the running head as not to 
exceed 50 characters in English. The external title page should 
also contain the address, TEL. and FAX. numbers, and e-mail 
address of the corresponding author at the bottom of the page, 
as well as information on the previous presentation of the 
manuscript in conferences and funding resources, if necessary.

b) The internal title page should only contain the article title 
in English. The internal title page must not contain any 
information on the names and affiliations of the authors.

2) Abstract and Keywords

www.e-jnic.orgii

Instructions for AuthorsJNIC  Journal of Neurointensive Care

http://dx.doi.org/10.32587/jnic.2018.00017


All manuscripts must contain an abstract. A list of Key Words, 
with a maximum of six items, should be included at the end of 
the abstract. The selection of Key Words should be based on 
Medical Subject Heading (MeSH) of Index Medicus and the 
Web site (http://www.nlm.nih.gov/mesh/MBrowser.html). 
The abstract should include brief descriptions on the objective, 
methods, results, and conclusion as well as a detailed description 
of the data. An abstract containing 250 words or less is required 
for original articles, 200 words for review articles and 150 words 
for case. Abstracts for LaboratoryInvestigation and Clinical 
Article should begin with the statement of the paper’s purpose 
and end with conclusions. Abstracts for other types of papers 
should begin with a brief and clear statement of the paper’s 
purposeand be followed by appropriate details that support the 
conclusions of the paper.

3) Introduction
The introduction should address the purpose of the article 
concisely and include background reports mainly relevant to the 
purpose of the paper (detailed review of the literature should be 
addressed in the discussion section).

4) Materials and Methods
Materials and Methods section should include sufficient 
details of the design, objects, and methods of the article in 
order, as well as the data analysis strategies and control of 
bias in the study. Enough details need to be addressed in the 
methodology section of an experimental study so that it can 
be further replicated by others. When reporting experiments 
with human subjects, the authors should indicate whether they 
received an approval from the Institutional Review Board for 
the study. When reporting experiments with animal subjects, 
the authors should indicate whether the handling of the animals 
was supervised by the research board of the affiliated institution 
or a similar one. Photographs disclosing patients must be 
accompanied by a signed release form from the patient or family 
permitting publication. We endorse the principles embodied in 
the ‘Declaration of Helsinki’ and expect that all investigations 
involving human materials have been performed in accordance 
with these principles. For animal experiment, ‘the Guiding 
Principles in the Care and Use of Animals’ approved by the 
American Physiological Society must be observed. Explanation 
of the experimental methods should be concise and sufficient 
for repetition by other qualified investigators. Procedures that 
have been published previously should not be described in 
detail. However, new or significant modifications of previously 
published procedures need full descriptions. The sources of 
special chemicals or preparations should be given along with 

their location (name of company, city and state, and country). 
Method of statistical analyses and criteria of significance level 
should be described. In Case Reports, case history or case 
description replace the Materials and Methods section as well as 
Results section.
Please inform us the approved number of IRB when you submit 
the manuscript.

5) Results
The authors should describe logically their results of 
observations and analyses performed using methodology given 
in the previous section and provide actual data. For biometric 
measurements in which considerable amount of stochastic 
variation exists a statistical treatment should be used in principle. 
The result section should include sorely the findings of the 
current study, and not refer to previous reports. While an effort 
should be made to avoid overlapping descriptions by Tables and 
by main text, important trends and points in the Table should be 
described in the text. Experimental results should be described 
using Arabic numbers and the SI unit system.

6) Discussion
Discussions about the f indings of  the research and 
interpretations in relation to other studies are made. It is 
necessary to emphasize the new and critical findings of the 
study, not to repeat the results of the study presented in the 
previous sections. The meaning and limitation of observed facts 
should be described, and the conclusion should be related to the 
objective of the study only when it is supported by the results of 
the research. It is encouraged for the authors to use subheadings 
in the discussion section so that the readers can follow the 
logical flow of the authors’ thought.

7) Conclusion
The conclusion section should include a concise statement of 
the major findings of the study in accordance with the study 
purpose.

8) References
a) Only references cited in text must appear in the reference 

list and marked in the form of superscript at the end of the 
sentences they were used in text (example: reference11,15,18)).

b) All references should bealphabetized by the first author’s 
last name.

c) When a work has six or less authors, cite the names of all 
authors. When a work has over six authors, cite the first six 
authors’ name followed by “et al.”Abbreviations for journal 
titles should be congruent with the style of IndexMedicus. A 

iiiwww.e-jnic.org

Journal of Neurointensive Care JNICInstructions for Authors



journal title with one word does not need to be written out in 
abbreviation. The styles of references are as follows:

Journal
1. Dávalos A, Pereira VM, Chapot R, BonaféA, Andersson T, 
Gralla J, et al. Retrospective multicenter study of solitaire FR 
for revascularization in the treatment of acute ischemic stroke. 
Stroke 2012;43:2699–2705.

Website
1. World Health Organization, The International Spinal Cord 
Society. International perspectives on spinal cord injury. Geneva, 
CH: World Health Organization, 2013(http://apps.who.int/
iris/bitstream/10665/94192/1/WHO_NMH_VIP_13.03_
eng.pdf?ua=1) [Accessed October 1, 2018]

Book
1. Conover WJ: Practical Nonparametric Statistics, ed 2. New 
York: Jon Wiley & Sons; 1971. p. 216-218.

Article in a Book
1. Ojemann RG: Surgical management of bacterial intracranial 
aneurysms in Schmideck HH, Sweet HH (eds): Operative 
Neurosurgical Techniques. Indications, Methods and Results, 
ed 2. Orlando: Grune& Stratton; 1988. p. 997-1001

9) Tables, figures, and illustrations
Tables and figure legends should be included below the 
references pages at the end of the paper, but figures should be 
submitted separately fromthe text of paper. Table should be 
simple and should not duplicate information in figures. Title all 
tables and number them with Arabic numerals in the order of 
their citation. Type each table on a separate sheet. Describe all 
abbreviations. Each column should have an appropriate heading, 
and if numerical measurements are given, the unit should be 
added to column heading. The significance of results should 
be indicated by appropriate statistical analysis. Table footnotes 
should be indicated with superscript markings. When remarks 
are used to explain items of the table, the markers should be 
given in the order of *, †, ‡, §, ||.
Each figure should be submitted as a separate file, with the 
figure number as the file name (i.e. Fig1.jpg). When a figure 
is composed of more than 2 parts, authors should combine 
the figure in the correct orientation. Separate files without 
embedded labels should be submitted only if the Editorial board 
requests them after the peer review. Authors should submit 
figures in black and white if they want them to be printed in 
black and white. Authors are responsible for any additional costs 

of producing color figures.
The files should have following resolutions for printing: line art 
at 300 dpi, combination half-tones at 300 dpi, and half-tones 
(gray scale or color without type or lettering) at 300 dpi. If the 
quality of the photographs is considered as inappropriate for 
printing, re-submission of them can be requested by the journal. 
Tables, graphs, figures, and photographs should be used only 
when necessary.

Publication

Once a manuscript is accepted for publication by the journal, 
it will be sent to the press, and page proofs will be sent to 
authors. Authors must respond to the page proofs as soon as 
possible after making necessary corrections ofmisspellings, and 
the location of the photographs, figures or tables. Authors can 
make corrections for only typing errorsand are not allowed to 
make any author alteration or substantive changes of the text. 
Proofs must be returned to the press within 72 hours of receipt. 
No response from the authors within this time frame will lead 
the publication of the proof read without corrections, and the 
editorial board is not responsible for any mistakes or errors 
occurring in this process.

Post-Publication Discussion and 
Corrections

The post-publication discussion is available through letter to the 
editor. If any readers have a concern on any articles published, 
they can submit letter to the editor on the articles. If there 
founds any errors or mistakes in the article, it can be corrected 
through errata, corrigenda, or retraction.
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Author Checklist

1. Mandatory components of a manuscript
1) Manuscript layouts
2) Manuscript should be prepared in following sequences;

a) Original Article: title page, inner title page, abstract and keywords, introduction, materials and 
 methods,results, discussion,conclusion, conflicts of interest*, acknowledgment, references, tables,   
 figure legends, figures and supplementary data.

b) Case Report: title page, inner title page, abstract andkeywords,introduction, case report, discussion, 
conclusion, references, tables, figure legends and figures.

c) Review Article: title page, inner title page, abstract and key words, introduction, manuscript body, 
conclusion, conflict of interest*, acknowledgment, references, tables, figure legends and figures.
*If applicable

2. Word count
1) The word count of abstract and manuscript are within limits for the publication type.
2) Please indicate the total word number at the title page.
3) All pages are numbered in sequence, starting with the title page.

3. Title page
The title page must contain all of the followings; clear title, name and affiliation of all authors, information 
of the corresponding author (address, telephone number, fax number, and e-mail address), type of article 
and running head.

4. Inner title page
Only title of the manuscript is listed. Any information on the authors and corresponding author is not 
shown on the inner title page

5. Abstract
1)Abstract should have four parts, which are objective, methods, results, and conclusion. Please indicate 

the word number after Key words.   
2)Recommended words from Medical Subject Heading Terms database at 

http://www.ncbi.nlm.nih.gov/mesh/MBrowser.html are used for Key word and the words are written 
within a maximum of six.

6. Text
1) Text is written in 11 points Arial fonts with double line spacing and 3 cm as bottom and left and right 

margins on A4 paper
2) Every word except name of a place, a personal name, and a proper noun is written in lower case. Also, 

some words such as names of virus, Latin and p values are written in italics. Comma as thousand 
separators must be placed for indicating numbers.
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□ Yes / □ No
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Title of article:                                                                                                                                                                                                                                                                                               

Author(s):                                                                                                                                                                                                                                                                                                  

Author(s) should check the following items under the heading of ‘Authors’. The spaces under the heading of ‘Editorial Staff ’ are 
reserved for editorial office. Please leave no marking at the spaces under the heading of ‘Editorial Staff ’.



7. Figures and tables
Cite in numerical order as they are first mentioned in the text

8. References
1) References are described followed by the rules of the Journal of JNIC
2) It is recommended that references may contain at least one of the articles of JNIC. If it may not, please 

specify the reason in the cover letter.

9. Tables
1) Table style should follow the conventional rules as suggested in Instructions to Authors.
2) Tables should be self-explanatory, and the data must not be duplicated in the text or figures

10. Figures and Figure legends
Each figure should be submitted as a separate file, with the figure number as the file name (i.e. Fig1.
jpg). When a figure is composed of more than 2 parts, authors should combine the figure in the correct 
orientation. Separate files without embedded labels should be submitted only if the Editorial board 
requests them after the peer review. Authors should submit figures in black and white if they want them to 
be printed in black and white. Authors are responsible for any additional costs of producing color figures.

11. Figure resolution
Author must guarantee the quality of figures. It should be noted that the manuscript could be rejected if 
print-suitable high-quality figures are not provided at the initial phase of submission.

12. Figure legend
Figure legend should be self-explanatory. Abbreviations should not be used, and the present tense must 
be used for the description. Appropriate description of dyeing method and magnification for histological 
figure should be provided

13. Submission
All authors should sign on the transfer of copyright and agreement and corresponding author should 
indicate that he (she) takes full responsibility of authorship from all authors.

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No
□ Yes / □ No

□ Yes / □ No

□ Yes / □ No
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Editorial office use only
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