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INTRODUCTION 

Among central nervous system (CNS) metastases, brain me-
tastasis accounts majority cases compare to intramedullary spi-
nal cord metastases (ISCM). Brain metastases remain the com-
monest type of brain tumor, being four times more common 
than primary brain tumors23). The management of patients with 
multiple brain metastases remains a difficult challenge for neu-
rosurgeons. Treatment strategies for brain metastases depend on 
several factors. Some patients may be candidates for whole brain 
radiotherapy (WBRT), while others may require surgical resec-
tion followed by WBRT or local radiation therapy. Stereotactic 
radiosurgery (SRS) has added another dimension to the man-
agement of these lesions. The patient with metastatic brain tu-
mor has a poor prognosis, and historically, treatment has gener-
ally consisted of administering WBRT after the diagnosis of 
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Central nervous system (CNS) metastases are divided into brain metastasis and intramedullary 
spinal cord metastasis (ISCM). Although the blood-brain barrier (BBB) and blood-spinal barrier 
(BSB) protect the brain and spinal cord, metastases occur when these barriers break under ab-
normal conditions. Brain metastasis accounts for the largest number of brain tumors, however, 
ISCM rarely occurs. For brain metastasis, whole brain radiotherapy (WBRT), stereotactic radio-
surgery (SRS), surgery, and chemotherapy can be considered, and for ISCM, radiotherapy (RT), 
surgery, Cyberknife SRS, and chemotherapy can be considered. As treatment options vary de-
pending on the patient’s life expectancy, performance status (PF), extent and number of metas-
tases, and the type of primary cancer, careful patient evaluation should be performed prior to 
treatment of CNS metastases. 
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multiple brain metastases is confirmed. However, nowadays, 
surgery has an important role in management for carefully se-
lected cases. Surgery provides definite and accurate diagnosis, 
reduces intracranial mass effect, improves neurological symp-
toms, and may also improve overall survival (OS), all with low 
morbidity and mortality rates29). It is generally accepted that to 
benefit from surgery, a patient with brain metastases must have 
reasonable medical fitness, with a systemic disease process 
amenable to benefit from local tumor control30). Unlike brain 
metastasis, the role of surgical treatment in ISCM is controver-
sial. Chemotherapy is usually considered by the type of primary 
cancer and applied for systemic control, however, the efficacy 
for the ISCM is unclear. The RT is generally considered as a pal-
liative treatment for ISCM treatment16,20). 
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EPIDEMIOLOGY 

The majority of brain metastases originate from one of three 
primary malignancies; lung cancer (40%–50%), breast cancer 
(15%–25%), and melanoma (5%–20%). Among these, melano-
ma has the highest propensity to metastasize to the brain, with a 
50% rate of brain involvement reported in patients dying of mel-
anoma2). The frequency of metastatic brain tumors appears to 
be rising as a result of superior imaging modalities and earlier 
detection as well as longer survival after a primary cancer diag-
nosis because of more effective treatment of systemic disease11). 
In the case of ISCM, lung cancer metastases (54%) is the most 
common cause, followed by breast cancer metastases (11%)19). 
ISCM is a rare systemic cancer that autopsy studies have con-
firmed that ISCM is present in 0.9% to 2.1% of cancer patients. 
However, almost 95% of these lesions are clinically silent and re-
main undiagnosed before death, so they are actually less fre-
quently encountered in practice7,9,10,18,31,36). 

PATHOPHYSIOLOGY 

Under physiologic condition, CNS metastases hardly occur 
because of the firm blood-brain barrier (BBB) and blood-spinal 
barrier (BSB). However, in pathologic condition, inflammatory 
mediators cause increased permeability of the BBB/BSB. In this 
environment, cancer cells can attach to microvascular endothe-
lial cells and invade the BBB/BSB, cause CNS metastases1,14). A 
typical CNS metastases route is hematogeneous spreading. In 
brain metastasis, arterial spreading is known as a major cause, 
and venous spreading through Batson plexus is also considered 
as an important route for ISCM10,13,17,18,31,34). Leptomeningeal 
dissemination by the cerebrospinal fluid (CSF) is also an im-
portant metastasis mechanism. In particular, it explains why the 
brain and ISCM often appear simultaneously9,31). Direct inva-
sion is also known as a case of metastasis, however, this is mainly 
limited in the case of ISCM9,37). 

CLINICAL ASSESSMENTS 

The management of brain metastases can be divided into 
symptomatic and therapeutic strategies. Symptomatic therapy 
often includes corticosteroids to reduce peritumoral edema and 
anticonvulsants to prevent recurrent seizures. In addition, there 
is accumulating data to suggest that medications such as methyl-
phenidate and donepezil can improve cognition, mood, and 
quality of life in patients with brain tumors26,35). Therapeutic ap-
proaches to brain metastases include surgery, WBRT, SRS, and 

chemotherapy. Many patients are treated with a combination of 
these, and treatment decisions must take concern about factors 
such as patient age, functional status, primary tumor type, extent 
of extracranial disease, prior therapies, and number of intracrani-
al lesions. Most ISCM patients are diagnosed with a neurological 
deficit. Ninety-three % of the patients showed motor dysfunc-
tion, 78% of the patients showed sensory abnormalities, and 62% 
of the patients showed urinogenital dysfunction16). For patients 
who previously diagnosed with primary cancer, ISCM can be 
considered, but if an intramedullary spinal cord tumor is diag-
nosed without knowing the primary cancer, it is highly likely to 
be mistaken for a primary tumor. While the surgery is the treat-
ment of choice for primary intramedullary tumor, in contrast, 
surgery is performed in highly selective cases for ISCM. Careful 
diagnosis is needed prior to the treatment. 

TREATMENT MODALITIES – BRAIN 
METASTASIS 

Systemic chemotherapy 
Chemotherapy has traditionally played a limited role in the 

treatment of brain metastases, and has been reserved for patients 
who have failed other treatment modalities or for diseases known 
to be “chemo-sensitive,” such as lymphoma, small-cell lung can-
cer, germ-cell tumor and breast cancer11). Incredulous stance re-
garding the usefulness of chemotherapy for brain metastases 
arises from the reason that most agents cannot cross the BBB, be-
cause of their large molecular weight or hydrophilic property. 
The degree to which a given agent is believed to penetrate the 
BBB is usually based on pharmacokinetic animal and/or human 
studies comparing plasma with CSF drug concentrations after 
intravenous or oral administration. This method may underesti-
mate the concentration of drug delivered to the tumor, however, 
because brain metastases are known to have local BBB break-
down (demonstrated on magnetic resonance imaging (MRI) by 
contrast enhancement and peritumoral edema). This is corrobo-
rated by studies showing roughly equivalent intracranial and ex-
tracranial response rates to chemotherapeutic agents assumed to 
have little BBB penetration, particularly when first-line agents for 
the systemic cancer are chosen4,6,33). The success of an agent may 
therefore rest more heavily upon its inherent activity against the 
systemic tumor than its putative ability to cross the BBB. 

Radiotherapy 
The mainstay of treatment for brain metastases over the past 

five decades has been corticosteroids and WBRT. Nonrandom-
ized studies suggest that WBRT increases the median survival 
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time by 3–4 months over approximately 1 month without treat-
ment and 2 months with corticosteroids alone. Although reports 
of the response rate after WBRT alone vary, complete responses 
(CRs) or partial responses (PRs) have been documented in ap-
proximately 60% of patients in randomized controlled studies 
conducted by the radiation-therapy oncology group21). Stasis or 
Improvement of neurologic symptoms occurs nearly the same 
proportion, even though symptom response defined separately 
in studies5). 

SRS 
Although there is controversy exists, particularly those with a 

limited number of brain metastases, can be treated effectively 
with SRS alone11). The assumed rationale for exclusion of WBRT 
is to spare patients the risk for late neurotoxicity from WBRT. Pa-
tients who were not treated upfront WBRT are typically moni-
tored closely with serial MRI scans and treated with WBRT or 
additional SRS at recurrence11). 

Surgery 
Management of patients with brain metastases has been evolv-

ing over time, with a general tendency towards a more aggressive 
treatment approach22). Benefits of surgical resection include the 
provision of an accurate and definite diagnosis, immediate relief 
of neurological symptoms caused by extensive perilesional ede-
ma or mass effect, and local control of disease. Advances in surgi-
cal technique have led to lower rates of morbidity and mortality3). 
Muacevic et al., demonstrate in their retrospective review of 
management of solitary metastasis of less than 3.5 cm of diame-
ter concluded that result of surgery with WBRT is comparable to 
SRS in local tumor control rate27). 

TREATMENT MODALITIES – ISCM 

Radiotherapy 
The RT is considered as standard therapy for palliative treat-

ment for ISCM8,10,13,18,38). However, the efficacy is limited to ra-
diosensitive tumor as small cell carcinoma, breast carcinoma, 
or lymphoma8,13,15,28,38). Furthermore, radiation myelitis due to 
radiotoxicity should be considered. 

Surgery 
Surgery should be performed in highly selective patients. They 

should have good performance status, single CNS metastasis, 
and long enough life expectancy. In surgical technical aspect, as 
the microscopic surgical skill has been advanced and neurophysi-
ologic intraoperative monitoring (IOM) has been developed, 
surgical outcome gradually improved. Some groups claim that 
the ISCM shows fair borderline that normal neural structure is 
well preserved along surgery, however, some groups assert the 
opposite12,25). There is little evidence that surgical resection could 
improve OS, however, neurologic improvement has been 
achieved in some reports12,40).

Chemotherapy  
As the BSB block the chemical, chemotherapy has little effect 

for ISCM treatment20). However, if the primary cancer is suit-
able for specific chemotherapy, it could be applied as adjuvant 
therapy for RT or surgery19). 

Steroid 
Steroid can reduce spinal cord edema and stabilize BSB, which 

helps relieving pain and delay neurologic deterioration. Even 

Table 1. Management recommendation for brain metastases (adopted from Lin et al.)24)

Consider systemic therapy Consider WBRT Consider SRS Consider surgical resection No treatment is reasonable
BM from highly chemotherapy-

sensitive primary tumor
CNS and systemic progression 

of disease, with few systemic 
treatment options and poor 
PS

OM (1-3) or multiple BMs, 
especially if PT is known to  
be radiotherapy resistant

Uncertain diagnosis of  
CNS lesion(s)

Systemic progression of disease, 
with few treatment options 
and poor PS

BM found on screening MRI 
with planned systemic 
treatment

Multiple (> 3-10) BMs, 
especially if PT known to be 
radiotherapy sensitive

Postsurgical resection of a single 
BM, especially if ≥ 3 cm and in 
the posterior fossa

1-2 BMs, especially when 
associated with extensive 
cerebral edema

BM from primary tumor 
with identified molecular 
alteration amenable to 
targeted therapy

Postsurgical resection of a 
dominant BM with multiple 
(> 3-10) remaining BMs

Local relapse after surgical 
resection of a single BM

Dominant BM in a critical 
location

Other therapeutic options have 
been exhausted and there is a 
reasonable drug available

Salvage therapy for recurrent 
BM after SRS or WBRT 
failure

Salvage therapy for recurrent  
OM (1-3) after WBRT

BM: brain metastases; CNS: central nervous system; MRI: Magnetic-resonance imaging; OM: oligometastases; PS: performance status; SRS: stereotactic 
radiosurgery; WBRT: whole brain radiotherapy.
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though steroid cannot prolong survival, it is commonly used 
with other treatment modalities19,20). 

Cyberknife Stereotactic Radiosurgery (SRS) 
Some groups reported ISCM were treated safely with Cy-

berknife SRS without severe complication32,39). However, the to-
tal population is too small for the conclusion. Additional studies 
are essential to build stronger evidence. 

CONCLUSION 

Recommendation of clinical decision making in treatment of 
brain metastasis is below (Table 1)24). Many factors such as che-
mosensitivity of primary tumor, number and size of brain metas-
tases (BM), clinical course such as local relapse or recurrence of 
BM, and patient factors such as KPS should be considered. For 
ISCM, golden standard is still controversial. RT is generally per-
formed and surgery is applied in selective patients. Cyberknife 
SRS could be considered as well. Due to the variety of treatment 
options, meticulous clinical assessment of patients and disease is 
mandatory. 
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Objective 
To evaluate the relationship of early hyperglycemia and neurological prognosis in neurocritically 
ill patients. 

Methods 
This was a retrospective study of adult patients admitted to the neurosurgical intensive care unit 
(ICU) from January 2010 to July 2019. Primary outcome was neurological status at 6-month fol-
low-up assessed with the Glasgow Outcome Scale (GOS, 1 to 5). 

Results 
A total of 202 patients were analyzed in this study. Of them, 70 (34.7%) patients had early hyper-
glycemia (≥200 mg/dL within 48 hours after ICU admission). Brain tumor (39.6%) and sub-
arachnoid hemorrhage (17.8%) were the most common reasons for ICU admission. Nine-
ty-three (46.0%) patients had favorable neurological outcomes (GOS of 4 or 5). Poor neurologi-
cal outcome was more common in the early hyperglycemia group than in the non-hypoglycemia 
group (71.4% vs. 44.7%, p<0.001). In addition, 90-day mortality rate was significantly higher for 
patients with early hyperglycemia than that for patients without hyperglycemia (17.1% vs. 8.3%, 
p=0.011). Multivariable logistic regression analysis revealed that age (adjusted odd ratio [OR]: 
1.04, 95% confidence interval (CI): 1.020–1.066), Acute Physiology and Chronic Health Evalu-
ation II score on ICU admission (adjusted OR: 1.06, 95% CI: 1.003–1.113), and early hypergly-
cemia (adjusted OR: 2.32, 95% CI: 1.188–4.528) were significantly associated with poor neuro-
logical outcomes in neurocritically ill patients (Hosmer-Lemeshow Chi-squared = 5.43, df=8, 
p=0.711). 

Conclusions 
In this study, early hyperglycemia could be a significant predictor for neurological outcome in 
neurocritically ill patients. 
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INTRODUCTION 

Hyperglycemia is common in critically ill patients. It could be 
associated with poor prognosis of these patients2,7). Similarly, hy-
perglycemia is frequently accompanied in neurocritically ill pa-
tients6,7). Hyperglycemia is a significantly prognostic marker of 
poor neurological outcome of patients with ischemic stroke or in-
tracerebral hemorrhage1,5,13,16). However, there are limited reports 
of neurological prognosis according to hyperglycemia in neurocri-
tially ill patients12,17). 

Acute stress-related hyperglycemia can be develop in patients 
with stroke or myocardial infarction1,11,15). Hyperglycemia may be 
caused by a complex interplay between counteracting regulatory 
hormones such as cortisol, glucagon, growth hormone, and cyto-
kines in these patients17). Especially, early hyperglycemia is associ-
ated with mortality in patients with ST-segment elevation myo-
cardial infarction only without diabetes mellitus (DM)17). Howev-
er, it is unclear whether early hyperglycemia is closely linked to 
prognosis in patients in neurocritically ill patients only without 
DM6). 

Glycerin and corticosteroid are commonly used in neurocriti-
cally ill patients with severe brain edema12). These medications 
can raise serum glucose levels. However, the relationship between 
neurological prognosis and medication-related hyperglycemia has 
not been reported yet. Therefore, the purpose of this study was to 
investigate the relationship of early hyperglycemia and neurologi-
cal prognosis in neurocritically ill patients. Whether their progno-
sis was related to hyperglycemia itself or whether it depended on 
causes of hyperglycemia such as comorbidities, stress, and drugs 
was also investigated. 

METHODS 

Study population and design 
This was a retrospective, single-center, observational study of 

adult patients admitted to the neurosurgical intensive care unit 
(ICU) at Samsung Medical Center from January 2010 to July 
2019. This study was approved by the Institutional Review Board 
of Samsung Medical Center (approval number: SMC 2020-02-
113). The requirement for informed consent was waived due to 
its retrospective nature. We included adult patients admitted to 
the neurosurgical ICU during the study period. Of those who 
were hospitalized in the neurosurgical ICU for more than 7 days, 
we excluded patients under age 18, those who did not have brain 
injury or spinal injury, those who did not have serum glucose lev-
els within 48 hours after the neurosurgical ICU admission, and 
those who had insufficient medical records. Additionally, patients 

were excluded if they were admitted to departments other than 
neurosurgery. 

Definitions and outcomes 
We retrospectively reviewed all neurocritcally ill patients who 

were hospitalized in the neurosurgical ICU for more than 7 days. 
Serum glucose levels were measured after the neurosurgical ICU 
admission. Baseline glucose levels was defined as peak level within 
48 hours. Minimum glucose level was determined as minimal lev-
el within 48 hours. Fluctuation of glucose level was expressed as 
the difference between baseline glucose level and minimal glucose 
level. Subjects were classified into three groups based on their 
baseline glucose levels (96–150 mg/dL, 151–199 mg/dL and ≥  
200 mg/dL). Early hyperglycemia was defined as ≥ 200 mg/dL 
of baseline glucose level. The primary endpoint was poor neuro-
logical outcome at six months after the admission. This neurolog-
ical status was accessed with the Glasgow Outcome Scale (GOS, 
1 to 5)14). In this study, GOSs of 4 and 5 were classified as good 
neurological outcomes whereas GOSs of 1, 2, and 3 were consid-
ered as poor neurological outcomes. Medical records of patients 
were thoroughly reviewed. Two independent intensivists (YIL 
and JAR) measured patients’ GOSs. If the GOS did not match 
between these two intensivists, an agreement was reached 
through their discussion. 

Statistical analyses 
Our center has constructed the “Clinical Data Warehouse Dar-

win-C” designed for investigators to search and retrieve de-identi-
fied medical records from the electronic archive system. After fi-
nalizing the patient list for this study, clinical data and laboratory 
data were extracted from the Clinical Data Warehouse Darwin-C. 
All data are presented as means ± standard deviations (SD) for 
continuous variables and numbers (percentages) for categorical 
variables. Data were compared using one-way analysis of variance 
with Tukey’s honestly significant difference post-hoc test for con-
tinuous variables and Chi-square test or Fisher’s exact test for cat-
egorical variables. Variables with P-values of less than 0.05 in uni-
variate analyses and clinically relevant variables were subjected to 
a stepwise multiple logistic regression model to obtain statistically 
meaningful predictor variables. These clinically relevant variables 
were age, gender, DM, hypertension, early hyperglycemia, Acute 
Physiology and Chronic Health Evaluation (APACHE) II score 
on ICU admission, and the use of mannitol, glycerin or dexa-
methasone. Adequacy of the prediction model was also deter-
mined using the Hosmer-Lemeshow test. The Kaplan-Meier 
method was used to generate survival curves, which were com-
pared using log-rank test. All tests were two-sided and P-values of 
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less than 0.05 were considered statistically significant. Data were 
analyzed using IBM SPSS statistics version 20 (IBM, Armonk, 
NY, USA). 

RESULTS 

Baseline characteristics 
A total of 202 patients were analyzed in this study. Among these 

patients, 70 patients (34.7%) had early hyperglycemia. Mean age 
of all patients was 57.7 ± 16.0 years. There were 97 (48.0%) male 
patients. Malignancy (56.4%) and hypertension (45.5%) were the 
most common comorbidities. Brain tumor (39.6%) and subarach-
noid hemorrhage (17.8%) were the most common reasons for 
ICU admission. There was no significant difference in gender, co-
morbidities, reason for admission, use of mannitol, or Glasgow 
Coma Scale among the three groups except for age, DM, use of 
glycerin and dexamethasone, and APACHE II score on ICU ad-

mission among baseline characteristics (Table 1). 

Clinical outcomes 
Among 202 neurocritically ill patients, 180 (89.1%) patients 

survived until discharge from the hospital and 172 (85.1%) pa-
tients survived until 6 months. Of these 172 survivors, 93 (46.0%) 
patients had favorable neurological outcomes (GOS of 4 or 5). 
The entire distribution of GOS is shown in Fig. 1. Poor neurologi-
cal outcome was more common in the early hyperglycemia group 
than that in the non-hypoglycemia group (71.4% vs. 44.7%, p <  
0.001). In addition, in-hospital mortality was higher in the early 
hyperglycemia group than that in the non-hypoglycemia group 
(18.6% vs. 6.8%, p = 0.011). However, in patients with early hyper-
glycemia, poor neurological outcome was not significantly differ-
ent according to the presence of DM (31.4% vs. 40.0%, p = 0.649). 
In addition, in patients with early hyperglycemia, in-hospital mor-
tality was not significantly different according to the presence of 

Table 1. Baseline characteristics

Variables
Baseline glucose level (mg/dL)

96-150 (n = 61) 151-199 (n = 71) ≥ 200 (n = 70) p-value
Age (yr) — mean ± SD 51.0 ± 18.0 59.1 ± 14.7* 62.0 ± 13.5* <0.001
Gender, male — no. of patients (%) 27 (44.3) 38 (53.5) 32 (45.7) 0.508
Comorbidities — no. of patients (%)
 Malignancy 32 (52.5) 38 (53.5) 44 (62.9) 0.404
 Hypertension 24 (39.3) 33 (46.5) 35 (50.0) 0.465
 Diabetes mellitus 3 (4.9) 8 (11.3) 32 (45.7) 0.001
 Current smoker 10 (16.4) 11 (15.5) 10 (14.3) 0.945
 Ischemic heart disease 2 (3.3) 5 (7.0) 7 (10.0) 0.322
 Chronic kidney disease 1 (1.6) 7 (9.9) 5 (7.1) 0.130
Cause of ICU admission — no. of patients (%) 0.091
 Brain tumor 24 (39.3) 27 (38.0) 29 (41.4)
 Subarachnoid hemorrhage 11 (18.0) 16 (22.5) 9 (12.9)
 Intracranial hemorrhage 10 (16.4) 15 (21.1) 7 (10.0)
 Traumatic brain injury 4 (6.6) 7 (9.9) 15 (21.4)
 Cerebral infarction 1 (1.6) 2 (2.8) 3 (4.3)
 Central nerve system infection 2 (3.3) 0 (0) 3 (4.3)
 Other 9 (14.8) 4 (5.6) 4 (5.7)
Use of drugs — no. of patients (%)
 Mannitol 49 (80.3) 63 (88.7) 51 (72.9) 0.058
 Glycerin 14 (23.0) 24 (33.8) 31 (44.3) 0.037
 Dexamethasone 8 (13.1) 28 (39.4) 24 (34.3) 0.003
 Glycerin and dexamethasone 2 (3.3) 9 (12.7) 13 (18.6) 0.025
GCS on ICU admission — mean ± SD 7.7 ± 4.6 7.7 ± 4.2 6.6 ± 4.1 0.136
APACHE II score on ICU admission — mean ± SD 19.6 ± 6.9* 19.4 ± 6.2* 22.3 ± 6.0 0.015

Data are expressed as mean±standard deviation (SD) or frequencies (%). Statistical significances of continuous variables among groups were tested with one-
way analysis of variance. The same letters indicate non-significant differences between groups base on the Tukey’s honestly significant difference post-hoc test.
APACHE: Acute Physiology and Chronic Health Evaluation; GCS: Glasgow Coma Scale; ICU: intensive care unit.
*The same letters indicate non-significant differences between groups base on the Tukey’s honestly significant difference post-hoc test.
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DM (4.3% vs. 14.3%, p = 0.069, Table 2). 
Minimum glucose level was higher in patients with poor neuro-

logical outcome than those with good neurological outcome 
(154.7 ± 46.0 mg/dL vs. 139.5 ± 30.6 mg/dL, p = 0.006). Fluctua-
tion of glucose level did not show significant difference between 
patients with poor neurological outcome and those with good 
neurological outcome (56.1 ± 70.8 mg/dL vs. 39.8 ± 46.3 mg/dL, 
p = 0.052). 

Multivariable logistic regression analysis revealed that age (ad-
justed odd ratio [OR]: 1.04, 95% confidence interval (CI): 

1.020–1.066), APACHE II score on ICU admission (adjusted 
OR: 1.06, 95% CI: 1.003–1.113), and early hyperglycemia (ad-
justed OR: 2.32, 95% CI: 1.188–4.528) were significantly associ-
ated with poor neurological outcomes in neurocritically ill pa-
tients (Hosmer-Lemeshow Chi-squared = 5.43, df = 8, p = 0.711, 
Table 3). In addition, the 90-day mortality rate was significantly 
lower in patients without early hyperglycemia compared to those 
with early hyperglycemia (8.3% vs 17.1%, log-rank test, p = 0.011, 
Fig. 2). 

DISCUSSION 

In this study, we investigated the relationship of early hypergly-
cemia and neurological prognosis in neurocritically ill patients. 
This study had the following major findings. First, poor neurolog-
ical outcome was more common in the early hyperglycemia group 
than that in the non-hypoglycemia group. In-hospital mortality 

Fig. 1. Entire distribution of Glasgow Outcome Scale (GOS) after 6 
months according to diabetes mellitus (DM).

Table 2. Clinical outcomes

Variables
Baseline glucose level (mg/dL)

96-150 (n=61) 151-199 (n=71) ≥ 200 (n=70) p-value
Poor neurological outcome — no. of patients (%) 25 (41.0) 34 (47.9) 50 (71.4) 0.001
 DM patients 1 (1.6) 6 (8.5) 22 (31.4)
 Non-DM patients 24 (39.3) 28 (39.4) 28 (40.0)
ICU mortality — no. of patients (%) 1 (1.6) 6 (8.5) 9 (12.9) 0.059
 DM patients 0 (0) 0 (0) 2 (2.9)
 Non-DM patients 1 (1.6) 6 (8.5) 7 (10.0)
Hospital mortality — no. of patients (%) 2 (3.3) 7 (9.9) 13 (18.6) 0.019
 DM patients 0 (0) 0 (0) 3 (4.3)
 Non-DM patients 2 (3.3) 7 (9.9) 10 (14.3)
Length of stay in ICU (days) — mean ± SD 14.0 ± 16.2 10.5 ± 6.3 14.8 ± 11.3 0.068
Length of stay in hospital (days) — mean ± SD 48.6 ± 33.9 58.6 ± 138.7 66.1 ± 86.9 0.597

DM: diabetes mellitus; ICU: intensive care unit; SD: standard deviation.

Table 3. Multivariable logistic regression for the relationship of 
clinically relevant variables associated with poor neurological outcome

Variables B Adjusted OR (95% CI) p-value
Age 0.042 1.04 (1.020–1.066) <0.001
APACHE II score on ICU 

admission
0.055 1.06 (1.003–1.113) 0.037

Hyperglycemia 0.841 2.32 (1.188–4.528) 0.014

Variables with p-values under 0.05 in univariate analyses and clinically 
relevant variables were subjected to a stepwise multiple logistic regression 
model to obtain statistically meaningful predictor variables. They were age, 
gender, diabetes mellitus, hypertension, hyperglycemia, Acute Physiology 
and Chronic Health Evaluation (APACHE) II score on intensive care unit 
(ICU) admission, and the use of mannitol, glycerin or dexamethasone.
CI: confidence interval; OR: odd ratio.
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sis of critically ill patients. A few studies have shown that the rela-
tionship between hyperglycemia and poor prognosis is unclear in 
DM patients17). Although stress-related hyperglycemia could be 
important to predict the prognosis of critically ill patients, it might 
be confused with DM-related hyperglycemia. In this study, regard-
less of DM or use of drugs, early hyperglycemia itself was associat-
ed with poor neurological outcome in neurocritically ill patients. 
This relationship might be due to a neurotoxic effect of hypergly-
cemia itself in patients with brain injuries. 

In this study, early hyperglycemia occurred more frequently in 
patients who used glycerine or dexamethasone than in those who 
did not. Corticosteroid and multiple osmotic agents might be used 
in patients with severe brain damages. Therefore, hyperglycemia 
might arise from these medications in more sick patients. However, 
in multivariable variable analysis, the use of glycerine or dexameth-
asone was not associated with poor neurological outcomes. Neu-
rological prognosis was more associated with early hyperglycemia 
itself compared to the use of glycerine or dexamethasone in this 
study. Therefore, it is necessary to consider drug-related hypergly-
cemia when treating neurocritically ill patients. 

In this study, early hyperglycemia associated with poor neuro-
logical outcome in neurocritically ill patients. Especially, early hy-
perglycemia itself could elevate risk of poor neurological outcome 
in these patients. Therefore, aggressively hyperglycemic control 
could be important to protect their brain from hyperglycemia in-
ducing brain damage in patients with early hyperglycemia. In addi-
tion, management of these patients needs to be aware of drugs that 
are at risk for inducing hyperglycemia, such as glycerin and dexa-
methasone. 

This study has several limitations. First, it was a retrospective re-
view of medical records. Second, administration of corticosteroid 
or multiple osmotic agents was determined by a neurointensivist 
or a neurosurgeon. It was not protocol-based. Therefore, the 
non-randomized nature of registry data might have resulted in se-
lection bias. Third, in a few patients, causes of hyperglycemia were 
difficult to distinguish between hyperglycemia caused by stress or 
DM if DM was not diagnosed on admission. Finally, our study had 
limited statistical power due to its small sample size. Although this 
study provides valuable insight, prospective large-scale studies are 
needed to evaluate the relationship of early hyperglycemia and 
neurological prognosis in neurocritically ill patients to obtain evi-
dence-based conclusions. 

CONCLUSION 

In this study, poor neurological outcome in neurocritcally ill pa-
tients was associated with early hyperglycemia. In addition, DM, 

was also higher in the early hyperglycemia group than that in the 
non-hypoglycemia group. Second, in patients with early hypergly-
cemia, clinical prognoses were similar between DM group and 
non-DM group. Third, multivariable logistic regression analysis 
revealed that age, APACHE II score on ICU admission, and early 
hyperglycemia were significantly associated with poor neurologi-
cal outcomes in neurocritically ill patients. Fourth, early hypergly-
cemia itself could be a significant predictor for poor neurological 
outcome in neurocritically ill patients regardless of comorbidities 
or drugs. 

Hyperglycemia is associated with poor prognosis in various ICU 
patients2,3,8,10). Hyperglycemia is a predictor associated with poor 
neurological prognosis in patients with neurological diseases such 
as ischemic stroke, intracerebral hemorrhage, and aneurysmal sub-
arachnoid hemorrhage5,9,13,16). Indeed, hyperglycemia itself could 
be harmful to the brain7). Complex factors such as free radical for-
mation and oxidative injury, activation of N-methyl-D-aspartate 
receptors, raised intracellular calcium, triggering of inflammatory 
and apoptotic pathways, and alterations in lactate metabolism are 
associated with primary toxic-ischemic injury and secondary1,4,7). 
In addition, ischemic penumbra could be injured due to direct 
neurotoxic effect arising from hyperglycemia1). 

In critically ill patients, hyperglycemia could be caused by vari-
ous factors2,7). Especially, stress-related hyperglycemia mainly re-
sults from the release of stress hormones caused by acute illness6). 
In addition, stress-related hyperglycemia might be associated with 
the extent and severity of ischemic damage in patients with stroke 
or ST-segment elevation myocardial infarction1,17). Therefore, 
stress-related hyperglycemia might be associated with the progno-

Fig. 2. Kaplan-Meier 90-day survival analysis comparing early 
hyperglycemia and nonhyperglycemia groups of neurocritically ill 
patients. Red solid line, non-hyperglycemia; blue dotted line, early 
hyperglycemia. p=0.011, based on log-rank tests.
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the use of corticosteroid, or the use of multiple osmotic agents was 
not associated with neurological prognosis. Therefore, early hyper-
glycemia itself could be a significant predictor associated with neu-
rological outcome in neurocritically ill patients. 
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Objective 
Brain metastasis (BM) was a common complication of patient with non-small cell lung cancer 
(NSCLC) and associated with a poor prognosis. The study was to evaluate the effect of cerebral 
infarction (CI) which was originated from cancer emboli on the risk of BM in NSCLC for preven-
tive therapy strategy.
Methods 
Three hundred seven patients with newly diagnosed NSCLC in our institute from July 2013 to 
July 2018 were retrospectively analyzed. The diagnostic criteria of CI refereed to Updated Criteria 
for Population-Based Stroke and Transient Ischemic Attack Incidence Studies for the 21st Centu-
ry. Depending on magnetic resonance imaging (MRI), the patients were divided into the BM 
group and control group (without BM). Then, the prevalence of CI and baseline clinicopatholog-
ical parameters were evaluated and compared between the two groups.
Results 
Of the 307 patients, 204 patients (66.4%) had CI and 52 patients (16.9%) had BM. Especially, the 
prevalence of CI in the NSCLC patients with BM was 84.6%, which was significantly higher than 
that of 62.7% in the NSCLC patients without BM (p = 0.002). Following univariate logistic re-
gression analysis and the multivariate model, the results demonstrated that CI was a significant in-
dependent risk factor for BM in NSCLC (odds rate, 3.303; 95% confidence interval, 1.437-7.593; 
p = 0.005). What’s more, CI contributed to a worse prognosis in NSCLC patients with BM. Dy-
namical trace confirmed CI could promote BM in NSCLC patient.
Conclusions 
CI could be associated with a metastatic tropism to the brain and then with an increased risk of 
BM in NSCLC patient. Therefore, targeted intervention of the metastatic core of CI could offer 
promising approach for the prevention, prognostic evaluation, and therapy of BM in NSCLC pa-
tients for better clinical outcome.

Keywords: Cancer emboli; Metastatic core; Non-small cell lung cancer; Brain metastasis; Cere-
bral infarction
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INTRODUCTION 

Lung cancer remains one of the most frequently diagnosed can-
cers as well as the leading cause of cancer-related mortality world-
wide, in which non-small cell lung cancer (NSCLC) constitutes 
85% cases2,20). Unfortunately, in nearly 20% of NSCLC patients, 
brain metastasis (BM) is already present at diagnosis, with up to 
50% of patients developing BM throughout the disease course12,28). 
BM in NSCLC complicates the clinical picture and portends a 
poor prognosis with median survival of 3-7 months12,28). However, 
risk factors and underlying mechanisms that the most common 
site of distant metastasis of lung cancer is the brain remain the mys-
tery and have not been well addressed. Thus, to best improve the 
overall survival (OS) and quality of life for NSCLC patients, it is 
highly significant to illustrate the clinical risk factors of target BM 
in NSCLC for prevention strategies and specific therapies. 

The tumor metastases are formed by a complex interaction be-
tween cancer cells and microenvironment, which is the "seed-soil" 
hypothesis26,29). The "seed-soil" hypothesis sets forth the concept 
that a conducive microenvironment, or metastatic core, is neces-
sary for disseminating cancer cells to engraft distant sites17,23). The 
common functions of metastatic core include anchorage, survival 
support, protection from external insults, licensing proliferation 
and outgrowth3). Long-term since, much attention has focused on 
the molecular and genetic factors of cancer cells as “seed” endowed 
metastatic advantage. Meanwhile, the metastatic core creating a 
fertile “soil” for cancer cell to lodge and grow has been largely ne-
glected. Therefore, the microenvironment of organs as the risk fac-
tors to determine metastatic colonization are particularly import-
ant for exploration, which might be most amenable to therapeutic 
interventions. 

A very interesting one appears in several studies which demon-
strated that patients with lung cancer were prone to induce cerebral 
infarction (CI) when compared with non-cancer control4). What’s 
more, CI occurrence could worse patient’s prognosis in advanced or 
post-operative recurrent NSCLC14). These achievements inspire us 
from the perspective of “soil” to draw attention to the effect of CI as 
metastatic core on the risk of target-specific BM in NSCLC patients 
in the study, which may lead to detect therapeutic strategies and 
prevent metastasis at its earliest inception. The aim of this study is 
to evaluate the effect of CI which was originated from cancer embo-
li on the risk of BM in NSCLC for preventive therapy strategy. 

PATIENTS AND METHODS 

Study population 
We conducted a retrospective study of all newly diagnosed NS-

CLC patients who were continuously admitted to Sungkyunkwan 
University Samsung Changwon Hospital from July 2013 to July 
2018. The inclusion criteria were as follows: 1) all patients with 
histologically confirmed NSCLC, 2) did not receive any surgery, 
chemotherapy, radiotherapy, molecular targeted therapy, or immu-
notherapy in other hospitals before admission, 3) for the purpose 
of detecting distant organ metastasis, all patients accepted brain, 
chest, abdominal and pelvic imaging, such as ultrasound, comput-
ed tomography (CT), magnetic resonance imaging (MRI) and 
positron emission computed tomography/computed tomography 
(PET/CT), 4) complete medical records. The exclusion criteria 
were as follows: 1) NSCLC patients with synchronous distant me-
tastases except for brain, 2) patients with NSCLC accompanied by 
malignant tumors in other parts of the body, 3) patients with CI 
caused by other pathogenic factors. In total, 307 patients were en-
rolled in this study. 

Data collection 
Data collected included age, gender, body mass index (BMI), 

histological type, and primary tumor size and location. In addition, 
laboratory tests were also covered, including D-Dimer (D-D) and 
the tumor markers of carcinoembryonic antigen (CEA) and car-
bohydrate antigen 125 (CA125). The survival time from the onset 
of BM were evaluated. The follow-up duration lasted until the 
death or July 31, 2019. OS from diagnosis of BM was evaluated. 

The Institutional Review Board (IRB) of our hospital approved 
the study protocol (IRB number: SCMC 2019-02-015). All stud-
ies were conducted according to guidelines of the Declaration of 
Helsinki for biomedical research. Informed consent was waived 
due to its retrospective nature. 

The diagnosis of cerebral infarction 
The diagnostic criteria of CI refer to Updated Criteria for Popu-

lation-Based Stroke and Transient Ischemic Attack Incidence Stud-
ies for the 21st Century8), which points out that CI can be diag-
nosed regardless of the duration of nervous symptoms/ signs 
when there are neuroimaging findings of responsible ischemic le-
sion. However, when no evidence of imaging evidence of responsi-
ble lesion can be obtained, the duration of symptoms and signs ex-
ceeding 24h is still the time limit for diagnosis of ischemic stroke8). 

Imaging evaluation of BM in NSCLC 
The patients had undergone a brain computed tomography 

(CT) scan. When brain lesion(s) could not be excluded, patients 
would undergo a magnetic resonance imaging (MRI). The diag-
nosis of BM on MRI was determined by two different neuroradiol-
ogists (YM Kim and MO Sunwoo) who were blinded to the clini-
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cal and pathological findings. Depending on the imaging examina-
tion results of CI and BM, NSCLC patients were divided into the 
BM group and control group (without BM). Then, the prevalence 
of CI and baseline clinicopathological parameters were evaluated 
and compared between the two groups. 

Statistical analysis 
The prevalence of CI in the two groups was compared by the chi 

square test, other patient characteristics were compared either the 
chi square test, Fisher's exact test, or Wilcoxon two-sample test. 
Univariate and multivariate analyses were performed using logistic 
regression to assess the risk factors for BM. OS was plotted using 
the Kaplan Meier method. Differences in OS were analyzed using 
the log-rank test. p <  0.05 was considered to be statistically signifi-
cant. All statistical analyses were performed using SPSS version 
25.0 software. 

RESULTS 

Characteristics of NSCLC patient 
A total of 307 NSCLC patients (185 men and 122 women) with 

a median age of 64 years (range of 25–83 years) were confirmed 
for the analysis in our study. Among them, 52 patients (16.9%) had 
BM, and they were then divided into BM group. NSCLC patients 
without BM were regarded as the control group. In the 52 NSCLC 
patients with BM, 22 patients (42.3%) underwent a brain CT or 

MRI without any brain symptom, while other patients took the ex-
amination due to some symptoms, such as headache, hemiplegia 
and psychiatrical disorder. The summary of patients’ characteris-
tics of BM group and control group are shown in Table 1. The re-
sult demonstrated that patients with NSCLC are prone to induce 
CI with the prevalence of 66.45 %. Especially, the prevalence of CI 
in the NSCLC patients with BM was 84.6%, which was significant-
ly higher than that of 62.7% in the NSCLC patients without BM (p 
=  0.002, χ 2 test). In addition, there were significantly differences 
in primary tumor location (lobe), histology (type), D-D, CEA, 
and CA125 between BM group and control group. By contrast, 
there were no significant differences in age, BMI, sex, and primary 
tumor size between the two groups Table 1.  

Risk factors for BM in NSCLC patient 
Following univariate logistic regression analysis, CI, primary tu-

mor location (lobe), histology (type), D-D, CEA, and CA125 
were chosen as risk factors for BM in NSCLC. The results illustrat-
ed that BM was significantly associated with CI (odds rate [OR], 
3.266; 95% confidence interval [CoI], 1.475-7.231; p =  0.004). 
Besides, adenocarcinoma (p =  0.011), middle region tumor loca-
tion (p =  0.005), increased CEA level (p =  0.002), increased 
CA125 level (p <  0.001) and higher D-D level (p =  0.027) were 
also linked with increased risks of BM in NSCLC Table 2. 

Next, we assessed the significance of CI with respect to BM by 
using the multivariate model according to the factors that are prov-

Table 1. Baseline characteristics of NSCLC patients with/without BM

BM (-) BM (+)
p-value

(N=255) (N=52)
Age (year) Median (range) 62 (25-83) 62.5 (43-78) 0.920
BMI kg/m² Median (range) 23.18(16-34) 22.85 (14-30) 0.088
Sex, Male (%) 154 (60.4) 31 (59.6) 0.920
Primary tumor size (cm) Median (range) 3 (0.4-14) 3.6 (0.8-11) 0.912
Primary tumor location 0.020
 Upper lobe (%) 152 (59.6) 26 (50.0)
 Lower lobe (%) 89 (34.9) 17 (32.7)
 Middle (%) 14 (5.5) 9 (17.3)
Histological type 0.028
 Adenocarcinoma (%) 180 (70.6) 46 (88.5)
 Squamous carcinoma (%) 58 (22.7) 5 (9.6)
 Other (%) 17 (6.7) 1 (1.9)
Presence of CI (%) 160 (62.7) 44 (84.6) 0.002
D-D (ng/ml >500) 182 (0.11-14612) 304.5 (52-7640) <0.001
CEA (ng/ml) >5 4.11 (0.1-746.7) 9.675 (1.28-1068) <0.001
CA125 (U/ml) >35 19.44 (3.1-2846) 49.15 (6.61-796.7) <0.001

BM, brain metastasis; BMI, body mass index; CA125, carbohydrate antigen 125; CEA, carcinoembryonic antigen; CI, cerebral infarction; D-D, D-Dimer; 
NSCLC, non-small cell lung cancer.
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en to be meaningful in the above univariate analysis. We could find 
that CI (OR, 3.303; 95% CoI, 1.437-7.593; p =  0.005) was a signif-
icant independent risk factor for BM in NSCLC Table 3. Besides, 
adenocarcinoma, middle region tumor location and increased 
CA125 level also remained as the risk factors for BM, whereas D-D, 
and tumor markers of CEA was no longer significant. 

Effect of cerebral infarction on survival of NSCLC 
patient with BM 

To assess effect of CI on survival of NSCLC patients with BM, 
OS was measured and compared according to presence or absence 
of CI. The OS from diagnosis of BM was significantly shorter in 
NSCLC patients with CI than that in NSCLC patients with BM 

Table 3. Multivariate analysis of risk factors associated with BM in NSCLC

Variable OR 95% CI p-value
Cerebral Infarction (Yes vs No） 3.303 1.437-7.593 0.005
Location (lobe) (Middle vs Not middle ） 3.105 1.153-8.364 0.025
Histology (Adenocarcinoma vs others） 3.228 1.257-8.288 0.015
D-D (ng/ml) (>500 vs ≤500） 1.217 0.568-2.605 0.613
CEA (ng/ml) (>5 vs ≤5） 1.842 0.921-3.686 0.084
CA125 (U/ml) (>35 vs ≤35） 2.332 1.165-4.668 0.017

BM, brain metastasis; CA125, carbohydrate antigen 125; CEA, carcinoembryonic antigen; CI, confidence interval; D-D, D-Dimer; NSCLC, non-small cell 
lung cancer, OR, odd ratio.

without CI (p =  0.024) Fig. 1. 

Dynamically tracing of CI as metastatic core to 
promote BM of NSCLC 

A typical case with NSCLC who developed BM due to CI was 
illustrated in Fig. 2. In this case, when diagnosed with lung adeno-
carcinoma, one 79-year-old male patient underwent radical resec-
tion of the upper right lung cancer on November 24, 2015. Regular 
examination and follow-up were conducted in the outpatient de-
partment after the surgery. More than one year, a new patchy isch-
emic lesion was revealed at the right basal ganglia, which showed 
iso- or hypo-intense signal on T1weighted image (T1WI) of mag-
netic resonance (MR) on March 16, 2017 Fig. 2A. As time went 

Table 2. Univariate analysis of risk factors associated with BM in NSCLC patient

BM (-) BM (+)
OR 95% CI p-value

(N=255) (N=52)
Cerebral Infarction 3.266 1.475-7.231 0.004
 Yes 160 44
 No 95 8
Primary tumor location
 Middle lobe 14 9 3.603 1.468-8.845 0.005
 Upper or Lower lobe 241 43
Histology (type)
 Adenocarcinoma 180 46 3.194 1.309-7.797 0.011
 Others 75 6
D-D (ng/ml) 2.131 1.088-4.176 0.027
 >500 44 16
 ≤500 211 36
CEA (ng/ml) 2.783 1.470-5.270 0.002
 >5 114 36
 ≤5 141 16
CA125 (U/ml) 2.983 1.620-5.492 <0.001
 >35 80 30
 ≤35 175 22

BM, brain metastasis; CA125, carbohydrate antigen 125; CEA, carcinoembryonic antigen; CI, confidence interval; D-D, D-Dimer; NSCLC, non-small cell 
lung cancer, OR, odd ratio.
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by, the lesion at the same site was significantly larger, which showed 
low signal on T1WI Fig. 2B when follow-up on November 10, 
2017. Combined with the medical history, BM could not be ex-
cluded in the patient. Unfortunately, on March 16, 2018, the lesion 
obviously progressed, which showed an abnormal nodular en-
hancement lesion Fig. 2C. Thus, BM was confirmed in the NS-
CLC patient. The dynamic establishment of CI as metastatic 
core to promote BM of NSCLC was schemed in Fig. 2D. In brief, 
CI Fig. 2D creates a fertile “soil” for cancer cell as “seed” to lodge 
Fig. 2E and grow Fig. 2F. 

DISCUSSION 

Our study indicated that a higher prevalence of BM in NSCLC 
patients with CI compared to that in those without CI, and CI was 
a dependent risk factor for BM in patients with NSCLC. Mean-
while, in NSCLC patients with BM, CI contributed to a worse 
prognosis in NSCLC patients with BM with shorter OS than that 
in those without CI. 

Cancer cells that disseminate from primary tumors are depen-

Follow up time (months)

Fig. 1. Overall survival from diagnosis of BM in NSCLS patient.
CI, cerebral infarction; BM, brain metastasis; NSCLC, non-small cell 
lung cancer.
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dent on the microenvironment they encounter at secondary sites 
which determine their fate. Metastatic core is the "soil" of the spe-
cific microenvironment established within the target organ to en-
courage the outgrowth of incoming the "seed" of cancer cells17,23). It 
is very important to explore which microenvironment as metastat-
ic core for BM in NSCLC due to its significant mortality. 

It's a remarkable that the rate of cancer incidence is higher among 
ischemic stroke patients than the general population9,13,21,22,25), and 
cancer itself may increase a risk of CI occurrence10,11,16,30). Once CI 
occurs in patients with cancer, neurological outcomes significantly 
worsen, and prognosis tends to be poor in addition to stroke-associ-
ated morbidity/mortality5,15,19). Among all cancer types, patients 
with lung cancer have the highest incidence of CI4). Motoyasu et al. 
reported that development of CI contributed to a worse prognosis 
in patients with advanced and recurrent NSCLC20). In our study, 
we found that the incidence of synchronous BM was 16.9% in NS-
CLC, which was also in line with recent studies12,28). Our study also 
demonstrated a higher prevalence of BM in patients with CI at 
84.6% compared to a prevalence of 62.7% in those without CI. All 
these findings shed us a light to explore a potential risk of CI to BM 
in patients with NSCLC. 

To date, there have been few studies that focused on the rela-
tionship between CI and BM. A case report performed by Niel-
sen SL, et al.19) showed that a patient with adenosquamous carci-
noma of cervix developed BM limited to an area of evolving in-
farction. In another report, Sun YP, et al.27) described a case that 
the patient complicated with CI and subsequent BM sarcoma af-
ter the initial cardiac tumor resection, which was confirmed by 
brain tissue pathology. In our study, we conducted a retrospective 
study of all newly diagnosed 307 NSCLC patients, and our re-
sults demonstrated that CI was a dependent risk factor for BM in 
patients with NSCLC. 

CI accounts for 80% of cerebrovascular diseases8). The microen-
vironment of CI as metastatic core thus might be a crucial pillar to 
explain the specificity that applies to seeding and outgrowth of BM 
in NSCLC. CI causes the opening of the blood-brain barrier 
(BBB), active inflammation and edema formation1,6,18). Under 
pathological condition of CI, the BBB can be disrupted, followed 
by the extravasation of blood components into the brain parenchy-
ma. So, metastasizing NSCLC cancer cells could be arrest in brain 
due to the BBB leakage. Furthermore, after initial cell death in CI, 
the clearance of debris in the lesion leaves a compartmentalized 
cavity that can accept a large volume transplant. Inflammation is an 
important driver of tumor development and metastasis24). The in-
flammatory response also plays an important role in the pathologi-
cal process of CI, which is usually accompanied with the release of 
pro-inflammatory cytokines, such as tumor necrosis factor-α 

(TNF), interleukin 6 [IL-6], IL-1β, monocyte chemotactic pro-
tein 1, macrophage inflammatory protein 1α), microglial activa-
tion, and adhesion molecules17). The establishment of an inflam-
matory microenvironment in CI brain, either prior to or at the 
same time as the arrival of circulating tumor cells, is helpful in the 
seeding, survival, and proliferation of tumor cells in the metastatic 
core. Therefore, the roles of the microenvironment of CI are basi-
cally consistent with the common functions of different metastatic 
cores: anchorage, survival support, protection from external in-
sults, licensing proliferation and outgrowth. In our study, dynami-
cally tracing of CI as metastatic core to promote BM was con-
firmed in NSCLC patient. 

Although our presenting study suggested interesting results of 
the metastatic core making cerebral infarction and its clinical roles, 
the major limitation of this study is the absence of histological anal-
ysis of the brain lesions. The diagnosis of CI was just performed in 
the radiological analysis with MRI without histological examina-
tion. In fact, we tried to reduce the bias on the diagnosis of CI by 
the individual 2 radiologists who did not have any information of 
the patients. In order to give a general practice in the clinic, the fur-
ther comprehensive study such as randomized clinical trial is es-
sential. Additionally, the precise figures of cancer emboli were not 
examined scientifically. For example, the circulating tumor cell can 
be the answer of the question for the cancer emboli as the cause of 
the cerebral infarction in the NSCLC patients. In the case of acute 
cerebral infarction, the thrombus which was obtained by the me-
chanical thrombectomy using endovascular intervention tech-
nique can be good method to provide the sample to analysis of the 
cancer emboli in the NSCLC patients. 

Briefly, metastases account for the majority of cancer deaths, and 
BM are the most lethal complication of NSCLC. Host factors de-
termining metastatic colonization to secondary organs are particu-
larly important for exploration. In our study, the results of the effect 
of CI on survival in NSCLC patients with BM demonstrated that 
OS was significantly shorter than that in those without CI, suggest-
ing that CI may contribute to a worse prognosis. Thus, in clinical 
practice, targeting the metastatic cores of CI may evolve into a 
promising avenue for therapy of BM in NSCLC, such as certain 
agent preventing the cancer cells from forming the embolus in the 
systemic circulations.  

CONCLUSION 

Cerebral infarction could act as metastatic core to promote BM in 
patients with NSCLC. Therefore, targeted intervention of cerebral 
infarction could open up new strategies for the prevention, prognos-
tic evaluation, and therapy of in NSCLC patients with BM. 
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Objective 

To determine prognostic factors of clinical outcome after surgical clipping in elderly patients 65 
years old and over with unruptured intracranial aneurysms (UIAs). 

Methods 

A total of 50 patients with UIAs who underwent surgical clipping between January 2006 and De-
cember 2016 were included in this study. These patients were divided into two groups according 
to Glasgow Outcome Scale (GOS) scores: good outcome group (GOS of 5) and poor outcome 
group (GOS of 1 to 4). Aneurysmal characteristics and clinical outcomes of patients were retro-
spectively reviewed for both groups. 

Results 

Among 50 patients, 38 showed good outcome while 12 had poor outcome. A multivariate study 
revealed that wide aneurysms neck (OR: 3.467, p = 0.023), small width (OR: 0.511, p = 0.048), 
large aspect ratio (OR: 9.050, p = 0.007), diabetes mellitus (OR: 1.048, p = 0.023), and smoke 
(OR: 1.091, p = 0.05) were significantly associated with poor outcome after surgical clipping. 

Conclusion 

Wide neck, small width, large aspect ratio, diabetes mellitus, and smoking were found to be inde-
pendent prognostic factors associated with poor outcome in elderly patients after surgical clipping 
of aneurysms. Therefore, these factors in elderly patients should be taken into consideration be-
fore make a decision on treatment of unruptured aneurysm surgery. 

Keywords: Predisposing factors; Unruptured intracranial aneurysms; Clipping; Outcome; Old age 
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INTRODUCTION 

Unruptured intracranial aneurysms (UIAs) are commonly diag-
nosed due to improved imaging techniques. The rupture risk is in-
creased almost linearly with increasing age of patients with intra-
cranial aneurysms6,13). The mortality rate due to rupture of aneu-
rysm ranges from 26% to 45%1,15). Therefore, it is important for 
neurosurgeons to decide whether to treat UIAs found in elderly 
patients. Surgical clipping of UIAs is considered to be more inva-
sive than endovascular embolization. 

However, some conditions such as middle cerebral artery aneu-
rysms or wide neck aneurysms need surgical clipping rather than 
endovascular coiling. Clinical outcomes of surgical clipping of UIA 
would be associated with various patient’ and aneurysmal factors. 
For example, the risk of postoperative complications may be higher 
in elderly patients than that in younger patients because elderly pa-
tients are more likely to have various underlying diseases such as 
heart disease, renal disease, and cerebrovascular disease than 
younger patients14,22). However, it is still unclear which factors 
more affect the clinical outcome after surgical clipping of UIAs 
among older population. Thus, the objective of this study was to 
determine prognostic factors of clinical outcome after surgical clip-
ping in elderly patients 65 years old and over with UIAs. 

MATERIALS AND METHODS 

Patient selection and inclusion criteria 
A total of fifty patients 65 years old and over with UIAs who un-

derwent surgical neck clipping between January 2006 and Decem-
ber 2016 were included in this study. Patients were excluded if they 
had any of the following: 1) prior subarachnoid hemorrhage 
(SAH) and 2) fusiform aneurysm. Clinical outcomes, aneurysmal 
characteristics (location, size, and morphological characteristics), 
and patients characteristics (age, sex, and underlying diseases) 
were evaluated. 

Analysis of aneurysmal characteristics 
Aneurysms were classified into the following categories based 

on location, size, and shape: 1, middle cerebral artery (MCA); 2, 
anterior communicating artery (ACoA) including distal anterior 
cerebral artery; 3, internal carotid artery (ICA); and 4, posterior 
communicating artery (PCoA). ICA included the location be-
tween the cavernous portion of ICA and the internal carotid artery 
bifurcation. It also included the origin of the anterior choroidal ar-
tery, excluding those located at the origin of the posterior commu-
nication. There was no clipping case for cavernous ICA, basilar 
top, or vertebrobasilar artery aneurysm. Aneurysmal factors in-

cluded height, neck, and width of aneurysm. These factors were 
measured through transfemoral cerebral angiography (TFCA) im-
ages. The maximum diameter was defined as the longest diameter 
of UIA. Aspect ratio was the ratio of height to neck. 

Analysis of patient factors 
The following factors of patients over 65 years were analyzed: 

sex, underlying diseases such as hypertension (previously known 
patient being treated with antihypertensive medications or blood 
pressure over 140/90 mm Hg during nonacute phase) and diabe-
tes mellitus (DM) (fasting glucose >  7 mmol/L or patient being 
treated with antidiabetic medication), smoking history (current or 
past), alcohol history, and other diseases such as history of isch-
emic stroke and cardiac diseases (heart failure, arrhythmia). 

Analysis of post-operative state and follow up 
Clinical outcome of each patient at 1 month after surgical clip-

ping was assessed using Glasgow Outcome Scale (GOS) based on 
the following: GOS score of 5, no disability; GOS score of 4, mod-
erate disability (i.e., no need for assistance in everyday life, employ-
ment is possible although it may require special equipment); GOS 
score of 3, severe disability (i.e., severe injury with permanent need 
for help with daily living); GOS score of 2, persistent vegetative 
state; and GOS score of 1, death. Patients were divided into two 
groups according to their GOS scores: good outcome group (GOS 
score of 5) and poor outcome group (GOS score of 1 to 4). Small 
disability after surgical clipping of UIAs was considered unaccept-
able in this study. Therefore, GOS 4 was also considered a poor 
outcome after clipping of unruptured aneurysm. 

Statistical analysis 
All statistical analyses were performed with SPSS ver. 23.0 (IBM 

corporation, Armonk, NY, USA). Binary logistic regression analy-
sis was performed to examine any independent association be-
tween groups. Odds ratio (ORs) and their 95% confidence inter-
vals (CIs) were estimated. Both multivariate and univariate analysis 
were performed. Data are expressed as mean ±  standard deviation 
(SD). Statistical significance was considered at P ≤  0.05. Be-
tween-cohort comparisons for distributions of baseline character-
istics were performed with Chi-squared test for categorical vari-
ables and Mann-Whitney test for continuous variables. 

RESULTS 

Comparison of risk factors between the good outcome 
group and the poor outcome group 

Results of comparison for patient and aneurysmal characteristics 
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between the good outcome group and the poor outcome groups 
are summarized in Table 1. 

Postoperative mortality and morbidity 
A total of 38 (76%) patients achieved good outcome (GOS 

score of 5) at 1 month follow up. However, 12 (24%) patients had 
poor outcome. Overall mortality rate was 1% and overall surgical 
morbidity rate was 24%. One of 50 patients died after the opera-
tion within one month. The death was due to sepsis. Nine patients 
had GOS score of 4 at 1 month postoperatively. These patients 
showed third nerve palsy diplopia and short term memorial im-
pairment. Two patients had GOS score of 2 or 3. They showed 
hemiparesis and severe cognitive dysfunction. 

Patient characteristics 
A total of 50 patients with newly diagnosed aneurysms who un-

derwent treatment for aneurysms were reviewed over a period of 
10 years. Of the 38 patients in the good outcome group, 8 (21%) 
were males while 30 (79%) were females. Their average age was 
69.5 ±  3.8 years. (65 to 78 year) Of the 12 patients in the poor 
outcome group, two (16%) were males and 10 (84%) were fe-

males. Their mean age was 68.9 ±  3.4 years. (65 to 75 year) Age 
was not significantly (p =  0.846) associated with surgical out-
come. Sex did not show significant (p =  0.076) difference be-
tween the two groups either. A total of 40 patients had hyperten-
sion. However, the distribution of hypertension was not signifi-
cantly (p =  0.174) different between the good outcome group 
and the poor outcome group. Nine patients had DM. The distribu-
tion of DM was significantly (p =  0.023) different between the 
two groups. The number of patients with history of drinking alco-
hol showed no significant (p =  0.070) difference between the 
two groups. Smoking history also showed statistically 
significant (p =  0.050) difference between the two groups. 

Aneurysms characteristics 
Mean neck size was 3.90 ±  1.49 mm in the good outcome 

group, which was not significant (p =  0.512) different from that 
(4.47 ±  2.00 mm) of the poor outcome group. Mean height was 
not significantly different either between the two groups (5.15 ±  
3.01 mm in the good outcome group vs. 6.70 ±  4.12 mm in the 
poor outcome group, p =  0.113). Mean width in the good out-
come group group (5.93 ±  4.01 mm) was higher than that in the 

Table 1. Comparison of patient characteristics and aneurysmal characteristics between the good outcome group and the poor outcome group

Good outcome group (GOS 5) (38 patients) Poor outcome Group (GOS 1-4) (12 patients) p-value
Age
Mean - yr 69.5 ± 3.8 68.9 ± 3.4 0.846
No. of females (%) 30(79) 10(84) 0.076
Hypertension (%) 30(79) 10(84) 0.174
Diabetes mellitus (%) 6(15) 3(25) 0.023
Ischemic stroke (%) 4(10) 1(8) 0.548
Cardiac disease (%) 3(7) 3(25) 0.914
Smoke history (%) 4(10) 3(25) 0.050
Alcohol (%) 4(10) 1(8) 0.070
Others 6(15) 4(33) 0.412
Size of aneurysms
 Mean ± SD – mm
  Neck 3.90±1.49 4.47±2.00 0.512
  Height 5.15±.3.01 6.70±4.12 0.113
  Width 5.93±4.01 5.73±2.54 0.880
  Maximum diameter 6.32±3.93 7.34±3.95 0.254
  Aspect ratio 1.37±0.64 1.59±0.90 0.474
Location of aneurysms (%)
Anterior communicating artery (%) 13(33) 5(41) 1.000
Posterior communicating artery (%) 3(7) 3(25) 0.323
Middle cerebral artery (%) 20(51) 4(33) 0.213
Internal carotid artery(%) 2(5) 0(0) 1.000
Daughter sac (%) 7(17) 5(41) 0.263

Bold Indicates statistically significant difference of p<0.05. 
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poor outcome group (5.73 ±  2.54 mm). However, the difference 
was not statistically significant (p =  0.880). The maximum diame-
ter (6.32 ±  3.93 mm in the good outcome group vs. 7.34 ±  3.95 
mm in the poor outcome group, p =  0.254) or aspect ratio (1.37 
±  0.64 in the good outcome group vs. 1.59 ±  0.90 in the poor 
outcome group, p =  0.474) was not also significantly different be-
tween the two groups either. The most common location of aneu-
rysms in the good outcome group was MCA (51%, 20 patients). It 
was ACoA (35%, 5 patients) in the poor outcome group. The dis-
tribution of UIA was not significantly different in any location. A to-
tal of 12 patients had daughter sac, including 7 patients in the good 

outcome group and 5 patients in the poor outcome group. The ratio 
of patients with daughter sac was not significantly (p =  0.263) dif-
ferent between the two groups. 

Association between risk factors and poor outcome 
after aneurysmal clipping 

Results of logistic regression analysis of associations between 
risk factors and surgical outcome are shown in Table 2, 3. No statis-
tically significant factors were found in univariate analysis. Known 
risk factors for surgical outcome for the elderly such as smoking 
(OR:1.419, p =  0.300), hypertension (OR: 1.333, p =  0.682), 

Table 2. Univariate analysis between the good outcome group and the poor outcome group

Clinical characteristics
Univariate analysis

OR 95% CI for OR (Lower-upper) p-value
Age 0.954 0.802–1.135 0.594
No. of females 1.548 0.287–8.364 0.611
Hypertension(Positive) 1.333 0.336–5.290 0.682
Diabetes mellitus(Positive) 1.667 0.142–3.125 0.607
Smoke history(Positive) 1.419 0.081–2.167 0.3
Alcohol user(Positive) 1.486 0.152–14.553 0.734
Size of aneurysms
 Mean ± SD (mm)
  Neck 1.228 0.854–1.766 0.267
  Height 1.136 0.953–1.354 0.156
  Width 0.984 0.824–1.175 0.858
  Maximum diameter 1.062 0.919–1.228 0.414
  Aspect ratio (%) 1.527 0.670–3.478 0.313
Location of aneurysms(Positive)
 Anterior communicating artery 0.9 0.250–3.237 0.872
 Posterior communicating artery 0.306 0.054–1.736 0.181
 Middle cerebral artery bifurcation 2.632 0.704–9.838 0.15
 Internal carotid artery 6.112 0.000–99.99 0.999
 Daughter sac(Positive) 2.54 0.684–9.947 0.181

OR: Odds ratio, CI: Confidence interval.

Table 3. Multivariate analysis between the good outcome group and the poor outcome group

Clinical characteristics
Multivariate analysis

OR 95% CI for OR (Lower-upper) p-value
Neck 3.467 1.183–10.161 0.023
Width 0.511 0.262–0.994 0.048
Diabetes mellitus 1.048 1.004–1.655 0.023
Smoke 1.091 1.008–1.997 0.050
Alcohol 92.97 0.695–12443.9 0.070
Aspect ratio 9.050 1.831–44.736 0.007
Shape(Daughter sac; (Positive) 6.788 0.805–57.232 0.078
Posterior communicating artery 0.107 0.009–1.272 0.077

OR: Odds ratio, CI: Confidence interval, Bold Indicates statistically significant difference of p<0.05. 
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posterior circulation (OR: 0.306, p =  0.181), daughter sac (OR: 
2.540, p = 0.181), and large size aneurysms (height, OR: 1.136, p = 
0.156; width, OR: 0.984, p = 0.858) showed no significant associa-
tion with surgical outcome. However, multivariate analysis revealed 
that large neck size of aneurysm (OR: 3.467, p = 0.023), small width 
(OR: 0.511, p = 0.024), large aspect ratio (OR: 9.050, p = 0.007), 
DM (OR: 1.048, p = 0.023), and smoking history (OR: 1.091, p = 
0.050) were significantly associated with poor outcome. 

DISCUSSION 

Results of this study revealed that smoke history and DM were 
significantly different between the good outcome group and the 
poor outcome group. This is because patients with a smoking and 
DM history account for more ratio in poor outcome group than 
good outcome group (smoking history: 4 (10%) patients in the 
good outcome group vs. 3 (21%) patients in the poor outcome 
group, p =  0.050; DM: 6 (15%) patients in the good outcome 
group vs. 3 (21%) patients in the poor outcome group, p =  0.023). 
Both smoking and DM had significant association with poor prog-
nosis after surgery. 

In multivariate analysis, large neck size, small width, large aspect 
ratio, DM, and smoking were independently associated with poor 
outcome group. Smoking is generally known as a a risk factor of 
poor outcome17,21). Smoking can cause inflammatory reaction and 
increase the risk of aneurysms rupture11,16). Pneumonia is very 
common in postoperative elderly patients. It occurs more frequent-
ly in smokers than that in non-smokers. It is difficult to treat pneu-
monia in smokers. In addition, nicotine can impair vascular elastic-
ity and increase its fragility. It reduces adaptation to circulation 
changes, thus complicating certain procedures such as catheter in-
sertion24). In our study, smokers had worse prognosis than 
non-smokers. DM is a controversial risk factor for poor outcome. 
Some studies have found that DM is a risk factor of poor out-
come2,8). On the contrary, it is a statistically insignificant factor in 
other studies20). In our study, people with DM were found to have 
worse prognosis after aneurysmal clipping than those without DM. 

When treating aneurysms in elderly patients, multiple factors in-
cluding the presence of hypertension, stroke, congestive heart dis-
ease, size and ruptured aneurysms have been found to contribute 
to poor outcome18,23). Hypertension is a controversial risk factor 
for poor outcome of elderly patients. It is a significant risk factor in 
one study, but an insignificant risk factor in other studies7,10,12). In 
our study, the effect of hypertension on prognosis was not statisti-
cally significant. 

Previous studies have revealed that the rupture risk is increased 
almost linearly with increasing age of patients with intracranial an-

eurysms6,13). However, there was no increasing poor outcome ratio 
according to age in the present study. 

Alcohol has been reported to be a risk factor for poor outcome 
in the elderly5). However, it was not a risk factor for poor outcome 
in the present study. It has been reported that aneurysm size plays 
an important role in determining the outcome of SAH patients. 
Large aneurysms are usually accompanied by broad neck, perforat-
ing vessels, and intraluminal thrombosis, thereby increasing opera-
tive risk2,24). It has been reported that an aneurysm of about 7 mm 
or more than 4 mm will increases the risk of rupture9,4). Our results 
also showed that large neck size and small width had significant as-
sociation with poor outcome. However, height was not a signifi-
cant risk factor for poor outcome in our study. In addition, our re-
sults revealed that higher aspect ratio had significant association 
with poor outcome. It is also known that the risk of rupture is high 
when there is a daughter sac4). However, our study revealed that 
the existence of daughter sac did not have significant difference be-
tween the two groups. 

Our study has some limitations. First, the data were retrospec-
tively collected at a single center whereas surgical clipping was per-
formed by multiple surgeons. Surgical skill might be different 
among the surgeons. Second, the number of patients enrolled in 
this study was relatively small. Thus, there might be statistical error 
in some analysis. Third, although surgical approach for the posteri-
or circulation is known to be more difficult than the anterior circu-
lation, there was no surgical case of posterior circulation in this 
study. Thus, future prospective studies should be performed with 
larger sample sizes and more concise evaluation to make better de-
cisions on treatment for elderly patients with UIAs. 

CONCLUSION 

The decision to treat an UIA in an elderly patient is difficult be-
cause there are many considerations before surgery. Treatment 
strategy should consider not only the risk of rupture but also ex-
pected patient status after the surgery. In this study, patient factors 
as well as aneurysmal characteristics were associated with poor 
outcome after aneurysm clipping in elderly patients. 
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Acute mesenteric ischemia may be defined as a sudden interruption of the blood supply to a seg-
ment of the small intestine. The overall incidence is low but mortality is high(50-80%). These 
cases show a very rare case that the patient with intracerebral hemorrhage was combined AMI. 
The patient is finally undergoing emergency surgery and is being treated. We report that multiple 
complications should be considered during treatment of cerebral hemorrhage. 

Keywords: Acute Mesenteric Ischemia; Cerebral Infarction; Intracerebral Hemorrhage  

INTRODUCTION 

Acute mesenteric ischemia (AMI) is caused by insufficient 
blood supply to a part of the small intestine. This causes ischemia, 
cellular damage, intestinal necrosis, and sometimes leads to death1). 
The primary etiology of AMI was found to mesenteric arterial em-
bolism (50%), mesenteric arterial thrombosis (15–25%), or mes-
enteric venous thrombosis (5–15%) ,3). Half of AMI are related to  
cardiac dysrhythmias such as atrial  fibrillation, myocardial dys-
function, poor ejection fraction, or cardiac valves dysfunction. Ear-
ly diagnosis is possible with CT4). Appropriate diagnosis and treat-
ment increases survival rates5,6). 

CASE REPORT 

A 82-year-old female visited emergency center(Korea University 
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Anam Hospital) with sudden onset of left hemiparesis after her  
awakening. She has been managed for arterial fibrillation and stable  
angina, and mitral valve disease, and anti-coagulation treatment 
warfarin was done since the day before visit. Initial GCS score was 
14(E3-V5-M6), and motor grade of left side was grade III. Facial 
asymmetry was observed, and mild dysarthria was comorbid. Ini-
tial NIHSS score was 21, and modified Rankin scale was 5. 

Initial bran CT scan revealed ICH on right parietal lobe, and 
peri-regional low attenuation was observed. Presentation on CT 
was not usual ICH pattern, so CT angiography for evaluation for 
ruled out acute infarction with hemorrhagic transformation was 
followed. CT angiography revealed embolic infarction of left MCA 
territory (Fig. 1). Due to ICH, intravenous t-PA was absolutely 
contraindicated, so general conservative management was done. 
Anticoagulant was stopped due to ICH. 

During admission to ICU, she presented consistant arterial  
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fibrillation. Cardiology consultation was done, and rate and blood 
pressure was controlled with calcium-channel blocker. Although 
CCB administration, her rate and arterial fibrillation was not con-
trolled. So, digitalization with digoxin was started at hospital day 3. 
Despite all general care, patients underwent neurologic deteriora-
tion. Initially she presented nearly alert mentality, but about hospi-
tal day 3, she presented confused mentality. Hemiparesis of left 
side was worsened to grade I. Follow-up brain imaging was per-
formed, but no significant change  was  observed. Until then, we  
presumed neurologic deterioration was due to cerebral infarction,  
so generalized heart management and ICP control was done. 

From hospital day 5, she presented high fever. Due to her men-
tality, no other complaint was observed. Routine fever study was 
performed, and empirical antibiotics was started ampicillin-sulbac-
tam) for HAP. But fever was not subsided, and further evaluation 
was needed. At hospital day 8, abdominal CT was performed for 
fever study. 

Abdominal CT revealed extensive small bowel infarction. Infarc-
tion was extended to mid-jejunal loop to terminal ileum with large 
amount of complicated fluid collection and peritonitis. CT re-
vealed multifocal low-attenuating lesions on spleen and right kid-
ney, suggesting splenic and renal infarction (Fig. 2). The day after 
diagnosis of small bowel infarction, emergent surgery was per-
formed by CRS doctor. Small bowel was resected, and end jejunos-
tomy was performed. Small intestine was resected about 182 centi-
meters long, and remnant small bowel was only upper jejunum for 
80 centimeters long. Pathology report confirmed multiple thrombi 
in mesenteric blood vessel. For management of small bowel infarc-
tion due to embolic event, anticoagulation was re-started with 
LMWH, and 3 days after surgery, warfarin was restarted. Despite 
anticoagulation treatment, parietal ICH on right side was not  
worsened, and patient underwent post-operative management  in 
CRS department. 

DISCUSSION 

In our case, patient cannot present abdominal symptoms due to  
her mentality. Furthermore, around the time she presented fever,  
her chest X-ray revealed diffuse haziness, so empirically selected  
antibiotics was administrated. If emergent abdominal evaluation 
was performed, we could seize the chance of early diagnosis. 

Retrospectively reviewed, the patient presented with a cerebral 
infarction that had a stable angina history due to arterial fibrillation 
and was thought to be due to an embolic event. After hospitaliza-
tion, arterial fibrillation continued, and histories were consistent 
with known etiology of the AMI7). It is not wrong to think of brain 
etiology as primary for the situation where the patient's conscious-
ness is deteriorated during hospitalization due to cerebral infarc-
tion. It is also important to note that worsening on chest X-rays was 

Fig. 1. Initial CT scan revealed ICH on right parietal lobe, and 
CT angiography revealed acute embolic infarction on right MCA 
territory.

Fig. 2. Abdominal CT scan revealed extensive small bowel infarction with complicated fluid and peritonitis. Multiple low-attenuated lesions on 
right kidney and spleen was noted.
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observed and that many patients with cerebral infarction show 
similar progression and therefore do not require additional testing 
in most cases. Of course, fasting state was maintained for a long 
time after hospitalization and the patient was not aware of the  ab-
dominal symptoms due to decreased consciousness, but more me-
ticulous observations and examinations should be performed. 

CONCLUSION 

We presented a rare case of AMI during admission due to cere-
bral infarction. AMI is rare but devastating condition so called true 
surgical emergency. It is relatively rare, but in patients with arterial 
fibrillation, meticulous clinical assessment should be needed. 
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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.

2. Upon submission of a manuscript, authors should upload 
author checklist and copyright transfer agreement form 

Instructions for Authors

(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
All manuscripts must contain an abstract. A list of Key Words, 
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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 findings 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 journal title with 
one word does not need to be written out in abbreviation. The 
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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.

www.e-jnic.orgiv

Instructions for AuthorsJNIC  Journal of Neurointensive Care



vwww.e-jnic.org

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.

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No
□ Yes / □ No
□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

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

□ Yes / □ No

□ Yes / □ No

Date:                                                                                      

Editorial office use only

□ suitable for review process     □ a qualified consent for submission acceptance     □ needs author’s correction

Date:                                                                                      
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Copyright Transfer Agreement

The author(s) submit my/our manuscript with the following title

                                                                                                                                                                                                                                                                                                            

                                                                                                                                                                                                                                                                                                           

I/we hereby transfer, assign and otherwise convey to the Korean Neurointensive Care Society upon acceptance of the manuscript 
for publication by the Journal of Neurointensive Care all copyright. I/we have all rights except copyright. I/we can use part or all of 
the contents of the manuscript under written agreement of the Korean Neurointensive Care Society. In case that I/we use materials 
from the manuscript I/we will clarify the reference.

I/we certify that the contents of the manuscript, in all or in part, has not been published and is not being considered for publication 
elsewhere, unless otherwise specified herein.
I certify that I have made a substantial contribution to the medical/scientific/intellectual content of the manuscript and on that 
basis agree to be named as an author.
I approve the manuscript for publication and will take public responsibility for its content.
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