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Objective
Pneumonia is a very serious medical complication in patients with hemorrhagic stroke such as
spontaneous intracerebral hemorrhage and subarachnoid hemorrhage. In the case of hemorrhagic
stroke patients, hospital-acquired pneumonia increases morbidity, mortality and medical costs in
addition to the already poor prognosis of hemorrhagic stroke. The purpose of this study was to
identify risk factors for hospital-acquired pneumonia in hemorrhagic stroke patients treated in the
intensive care unit.
Methods
Our study was a retrospective review of 112 hemorrhagic stroke patients treated in an intensive care
unit who were hospitalized in the neurosurgery department of Gyeonsang National University
Hospital from August 2019 to July 2020. The data included basic demographic data, the underlying
disease, lifestyle factors, neurological evaluation results, severity of the condition and other characteristics. The radiological data and medical records of the patients were retrospectively analyzed.
Results
A total of 97 patients were included in the study, and 10 of them met the diagnostic criteria for
hospital-acquired pneumonia. Diabetes mellitus, a high simplified acute physiology score 3
(SAPS3), a low glasgow coma scale (GCS) score, mechanical ventilation, tracheostomy, dysphagia and nasogastric tube feeding were identified as risk factors for the development of hospital-acquired pneumonia (p<0.05). Six of 10 bacterial pathogens isolated from sputum were identified
as multidrug-resistant pathogens. Hospital-acquired pneumonia led to further antibiotic treatment
and general deterioration, which in turn increased the intensive care unit length of stay (p<0.001).
Conclusion
We found that mechanical ventilation, tracheostomy, dysphagia, tube feeding, a high SAPS3, and
a low GCS score were risk factors for hospital-acquired pneumonia (HAP) in hemorrhagic stroke
patients. Efforts will be needed to prevent pneumonia by understanding the risk factors for HAP
identified in our study.
Keywords: Hospital - acquired pneumonia; Hemorrhagic stroke; Cerebral hemorrhage; Subarachnoid hemorrhage

Copyright © 2021 The Korean Neurointensive Care Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.e-jnic.org

47

Retrospective study of Hospital-Acquired Pneumonia in hemorrahgic stroke patients

INTRODUCTION
Hemorrhagic stroke, including spontaneous intracerebral hemorrhage and subarachnoid hemorrhage, accounts for 10 to 20% of
all strokes1,2). The mortality risk is highest in the first week after a
hemorrhagic stroke, and the overall patient mortality rate for the
first month is reported to be approximately 40% for intracerebral
hemorrhage and approximately 30% for subarachnoid hemorrhage1). For this reason, it is essential that patients with hemorrhagic stroke are treated in the intensive care unit (ICU), and it is important to understand the associated medical complications and
focus on prevention and treatment. Of the many complications,
chest infection is the most common medical complication of acute
stroke. Hospital-acquired pneumonia (HAP) is the most common
infection in the ICU. This infection encompasses two different entities: pneumonia associated with mechanical ventilation and severe pneumonia developed during a hospital stay3,4).
Patients with hemorrhagic stroke are generally exposed to the
risk of nosocomial infection, and respiratory infections account for
30 to 60% of all infections in the ICU. The incidence of pneumonia in the ICU was reported to range from 10% to 60%5,6). The occurrence of pneumonia increases the duration of the ICU stay,
mortality rate, and associated health care costs. In addition, the risk
of delayed neurological deficits in patients is increased by the fever
that accompanies the infection and aggravates functional disability
and cognitive impairments7,8).
In hemorrhagic stroke patients, pneumonia can be seen as an extension of the treatment of hemorrhagic stroke that is probably unavoidable, and the control of pneumonia is closely related to patient prognosis. Several studies have been conducted to identify
risk factors that increase the incidence of pneumonia in hemorrhagic stroke patients. Accurately recognizing these risk factors and
focusing on treatment will be helpful in patient treatment and
prognosis assessment.
To understand the risk factors associated with hospital-acquired
pneumonia after hemorrhagic stroke and benefit from more active
treatment of at-risk patients, we retrospectively evaluated 112 hemorrhagic stroke patients in the ICU.
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tion, seven people died of brain herniation and other causes within
three days of hospitalization, and three people were transferred to
other hospitals (Fig. 1).
The diagnosis of pneumonia was based on American Thoracic
Society Guidelines, which are as follows. HAP is nosocomial pneumonia that occurs 48 hours after admission, and ventilator-associated pneumonia (VAP) is pneumonia that occurs 48 hours to 72
hours after intubation. Regardless of the presence of progressive
hypoxemia, patients with two or more clinical signs of lung infection, such as fever, purulent sputum, and leukocytosis, can be diagnosed with HAPif new or progressive radiographic infiltrates are
seen on chest X-ray9).

Variables and Data Collection

The radiological data and medical records of the patients were
retrospectively analyzed. In addition to basic demographic data
(age and sex), the following categories of data were collected for
each patient: underlying disease (hypertension, diabetes mellitus,
and dyslipidemia), lifestyle factors (smoking and alcohol use), neurological evaluation and severity of condition at the time of the patient’s hospitalization and upon discharge from the ICU [Glasgow
Coma Scale (GCS), Glasgow Outcome Scale (GOS), the Simplified Acute Physiology Score 3 (SAPS3), and ICU stay period], and
invasive treatments and procedures (ventilator application and tracheostomy). Finally, we collected data on dysphagia and tube feeding, which are thought to be common complications of hemorrhagic stroke patients.

Statistical Analysis

Categorical variables are presented as the number, and continuous variables are presented as the mean ± SD. Comparisons of
continuous variables between groups were made by independent
sample t-tests. For the comparison of categorical variables between
groups, the chi-square test or Fisher’s exact test was used when ap-

112 patients were admitted
(2019/08/01 – 2020/07/31)
Patients were excluded

MATERIALS AND METHODS
Patient Selection and Study Design

Our study was conducted through retrospective chart reviews of
112 hemorrhagic stroke patients who were admitted to the Gyeongsang National University Hospital between August 2019 and
July 2020. Fifteen of the 112 patients were excluded for the following reasons: five people had pneumonia at the time of hospitaliza48

1 > Pneumonia in admission: 5
2 > Death: 7
3 > Transfer to another hospital: 3
97 patients were involved in this study
HAP: 10

Non HAP: 87

Fig. 1. Patient selection of the study.
HAP: Hospital-acquired pneumonia
www.e-jnic.org
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propriate. The significance level was set at p = 0.05. The statistical
software used for analyses was SPSS for Windows software (SPSS
21.0, IBM, Inc., NY).

RESULTS
Patient Characteristics

A total of 97 patients were included in the study, and 10 of them
met the diagnostic criteria for hospital-acquired pneumonia. All 10
patients were diagnosed with pneumonia by pulmonology specialists at Gyeongsang National University Hospital; 6 of the patients
were male, and 4 were female. The mean age of the patients with
pneumonia was 62.9 ± 12.8, compared to 57.9 ± 13.3 for those
who did not experience pneumonia.
Among the patients without pneumonia, 48 patients had hypertension, 20 patients had diabetes mellitus, and 10 patients had a
history of dyslipidemia. Of 26 diabetes mellitus patients, 6 patients
had pneumonia (p= 0.02). There were 26 smokers in the study, of
whom 3 had pneumonia. Of the 87 patients without pneumonia,
29.8% (26) consumed alcohol compared to 20% (2) of the patients with pneumonia.
In this study, we describe the severity of the condition of each
patient with the SAPS3, GCS, GOS, and length of ICU stay. The
SAPS3 of patients with and without pneumonia were 48 ± 12.7
and 36.9 ± 10.9, respectively. Patients with pneumonia had lower
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GCS scores at admission and lower GOS scores at discharge. Patients with pneumonia showed an average GCS score of 7.2 ± 3.52
and GOS score of 2.8 ± 0.9, and patients without pneumonia
showed an average GCS score of 12.88 ± 2.48 and 3.9 ± 0.9. As a
result, the length of ICU stay of patients with pneumonia was 28 ±
10.2 days, which is 2 times longer than that of patients who did not
have pneumonia (10.0 ± 9.1). All parameters of the severity of the
patient’s neurologic condition that we set were significantly correlated with pneumonia (p < 0.05).
A total of 32 patients underwent mechanical ventilation, including 9 of the 10 patients with pneumonia (90%) and 23 of the 87
patients without pneumonia (26.4%). Additionally, 9 tracheostomies were performed in the pneumonia group, compared to 12
tracheostomies in the group of patients without pneumonia. Factors associated with the risk of pneumonia were tube feeding (9 of
10 patients with pneumonia, 31 of 87 patients without pneumonia) and dysphagia (9 of 10 patients with pneumonia, 27 of 87 patients without pneumonia). All of the factors are described in
Table 1.

DISCUSSION
HAP is the most common infection in the intensive care unit.
This infection comprises two different entities: pneumonia related to mechanical ventilation and severe pneumonia devel-

Table 1. Characteristics of the patients with pneumonia and without pneumonia
Characters
Patients with pneumonia (n=10)
Patients without pneumonia (n=87)
Basic demographic data
M
6
28
F
4
54
Age (years)
57.9 ± 13.3
62.9 ± 12.8
Underlying disease
Hypertension
9
48
Diabetes mellitus
6
20
Dyslipidemia
1
10
Life style
Smoking
3
23
Alcohol use
2
26
Neurological evaluation & severity of condition
SAPS3
48 ± 12.7
39.6 ± 10.9
GCS
7.2 ± 3.52
12.88 ± 2.48
GOS
2.8 ± 0.9
3.9 ± 0.9
ICU length of stay
28 ± 10.2
10.0 ± 9.1
Other characteristics
Mechanical ventilator
9
23
Tracheostomy
9
12
Tube feeding
9
31
Dysphagia
9
27
SAPS3: Simplified acute physiology score 3, GCS: Glasgow coma scale, GOS: Glasgow outcome score.
*Calculated using Fisher’s exact test; the chi-square test was used for other calculations to compare the categorical variables between groups.
www.e-jnic.org

pvalue
0.13*
0.22*
0.87
0.92*
0.02*
0.84*
0.89*
0.49*
0.02
< 0.001
< 0.001
< 0.001
< 0.001*
< 0.001*
0.002*
< 0.001*
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oped during the hospital stay. VAP continues to complicate the
course of 8 to 28% of patients receiving mechanical ventilation.
In the ICU, HAP is associated with an approximate mortality
rate of 20%. Hemorrhagic stroke is a severe disease that requires
intensive care and causes several medical complications, the
most common of which is pneumonia10,11). We conducted a retrospective study on pneumonia that occurred during ICU care
and its risk factors in hemorrhagic stroke patients and identified
several significant factors.
Patients treated with a ventilator due to respiratory failure or hyperventilation to control increasing intracranial pressure had a high
risk of airway bacterial colonization and lung infection. The mechanism suggested by LaForce was colonization of the lower respiratory tract with microorganisms, continuous microaspiration, and
overcoming of lung defense mechanisms. For this reason, VAP is
strongly associated with the duration of mechanical ventilation12,13). The subsequent need for tracheostomy in some patients
who require prolonged use of mechanical ventilation significantly
increases the risk of pneumonia. Patients with a tracheostomy are
at increased risk of ventilator-associated tracheobronchitis, which
is usually a precursor to VAP. Bronchial colonization by bacteria in
the upper airways during the tracheostomy procedure represents a
reservoir for lower airway colonization and increases the risk of
pneumonia14).
Dysphagia is a common complication of stroke, but estimates
of its frequency vary considerably. It is a significant cause of
pneumonia on the first day after stroke, and previous studies
have reported an increased risk of mortality in the acute phase. In
addition, dysphagia has been shown to be associated with malnutrition, dehydration and an increased length of hospital stay15).
Patients with dysphagia had a much higher risk for pneumonia
than those with normal swallowing, which could lead to higher
hospitalization costs. This finding is consistent with a review that
showed a 3-fold increased risk of pneumonia among patients
with dysphagia and an 11-fold increased risk among those with
aspiration16). In addition, the use of tube feeding was associated
with an increased risk of pneumonia in our study. Whether the
placement of a nasogastric tube further increases the risk of
pneumonia by promoting colonization of the oropharynx with
pathogenic bacteria is still controversial, as most aspiration pneumonia has a bacterial origin. However, one important problem is
that the feeding tube does not prevent the aspiration of gastroesophageal reflux17). A retrospective review indicated nasogastric
tubes and immobility to be stronger predictors for respiratory infections than dysphagia in acute stroke18).
Diabetic subjects may have increased susceptibility to pneumonia for several reasons. They are at increased risk of aspiration, hy50
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perglycemia, decreased immunity, impaired lung function, pulmonary microangiopathy, and coexisting morbidities19). Microvascular
changes in the basement membranes of pulmonary blood vessels
and the respiratory epithelium in diabetic patients increase the risk
of pneumonia-related hospitalization20). Therefore, strict glycemic
control is important for diabetic subjects to prevent pneumonia. In
addition, the worse the neurologic status was, the more frequent
the occurrence of HAP, which resulted in a longer ICU length of
stay. Thus, HAP increases the duration of hospital stay and affects
morbidity and outcomes. For this reason, early antibiotics for treating HAP should be selected carefully, because HAP increases ICU
mortality and costs.
In patients at high risk of infection caused by multidrug-resistant
bacteria, combined antibiotic therapy is performed from the beginning. Empirical antibiotics should be adjusted after antibiotic
resistance evaluation based on the results of the sputum culture. In
one prospective study, 45% of patients with HAP presented with
multidrug-resistant organisms21). Our study also found that six of
the 10 microorganisms identified in the sputum culture showed
multidrug resistance (Table 2). The knowledge of local bacterial
flora and resistance patterns is of crucial importance and is strongly
recommended. This evidence increases the probability of success
of empiric antibiotic therapy.
Like any retrospective study, our study has several limitations.
Selection bias can exist, as this was a retrospective study in a single
center. The variables did not include the size and location of the
hemorrhage. In addition, our study is limited in that it is a small
case study and the results may not be generalized.

CONCLUSION
ICU care is essential for patients with hemorrhagic stroke. A
major medical complication of hemorrhagic stroke is hospital-acquired pneumonia. We analyzed the risk factors for HAP
Table 2. Bacterial pathogens isolated from sputum
Hospital day with ventilator
Casel. Do not apply ventilator
Case2. 11th day of hospitalization
Case3. 4th day of hospitalization
Case4, 4th day of hospitalization
Case5. 4th day of hospitalization
Case6. 4th day of hospitalization
Case7. 6th day of hospitalization
Case8. 14th day of hospitalization
Case9. 9th day of hospitalization
Case 10, 4th day of hospitalization
*MDR: Multidrug resistance
†
Extended-spectrum beta-lactamase

Sputum Culture Findings
K.Pneumoniae ESBL†*
K.Pneumoniae ESBL†*
Acinetobacter nosocomialis*
Streptococcus pneumoniae
Haemophilus influenza
Enterobacter cloacae complex
Haemophilus influenza
Pseudomonas. Aeruginosa*
Pseudomonas. Aeruginosa*
K. Pneumoniae ESBL†*

www.e-jnic.org
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in hemorrhagic stroke patients and found that mechanical ventilation, tracheostomy, dysphagia, tube feeding, a high SAPS3
score, and a low GCS score were risk factors for HAP.
In addition, multidrug-resistant pathogen infection is common,
so caution is required during antibiotic selection by referring to
sputum culture results and antibiotic sensitivity tests. Efforts are
needed to prevent pneumonia by understanding the risk factors for
HAP identified in our study.
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Objective
To analyze the outcomes of using a customized artificial skull bone flap made
with a three-dimensional (3D) printing technique for cranioplasty and compare them with those
of the autobone technique.
Method
Between December 2018 and February 2020, 24 cranioplasties were performed for 24 hemispheres using a customized artificial bone flap made by 3D printing. Simultaneously, 19 cranioplasties for 19 hemispheres were performed using an autobone. Three patients underwent cranioplasty using both a customized artificial bone flap and autobone for each hemisphere. Patient’s demographics, reason for craniectomy, interval between craniectomy and cranioplasty, surface area
of the skull defect and bone flap, bone flap coverage of the defect, cranioplasty-related factors, and
clinical outcome were assessed.
Results
Forty patients who underwent cranioplasty (bone flap, 21; autobone flap, 16; and artificial bone/
autobone flaps, 3) were enrolled. The artificial bone flap covered more skull defects than the autobone flap (98.6% vs. 90.9%, p=0.000). There were two and six operation-related complications in
the artificial bone flap and autobone flap groups, respectively (P=0.061). The subtemporal area
was completely covered in the artificial bone flap group. Two patients had an infection of the autobone flap and had it replaced by a 3D printing flap. No patient showed a reduction in the modified
Rankin Scale score after surgery, and the clinical course was confirmed to have improved.
Conclusions
Cranioplasty using customized artificial bone flap made by 3D printing technique was effective for
covering the skull defect and tends to have a low complication rate compared to the autobone.
Keywords: Autobone; Bone flap; Cranioplasty; Craniotomy; Printing; Three-dimensional

INTRODUCTION
Cranioplasty is required to restore the appearance of the skull,

protect intracranial tissue, and improve neurological function1,2).
Autologous bone flaps are usually the first choice at most institutions, as they are readily available at no additional cost and yield ex-

Copyright © 2021 The Korean Neurointensive Care Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

52

www.e-jnic.org

Cranioplasty using an artificial bone flap

cellent outcomes3,4).
Although autologous bone remains the first choice for repair, it
is not always used because of infection, fragmentation, bone resorption, or other causes5,6), which has led to the use of synthetic
alternatives7). The ideal cranioplasty material is nonmagnetic, radiolucent, light, sterilizable, and easily affixed to the skull. Currently, the three most popular nonbiological materials used for this
purpose are polymethylmethacrylate (PMMA), hydroxyapatite,
and titanium meshes or plates. However, trials using materials such
as polyether ether ketone and porous polyethylene are also being
conducted8).The procedures for using these materials vary between
centers, with some preferring to shape the implant intraoperatively,
while others choose to create custom-made plates preoperatively
using computed tomography (CT) or stereolithography data8,9,10).
Three-dimensional (3D) printing techniques are evolving, and
their application in medical technology, such as utilizing it to make
artificial bone flaps for various surgeries is increasing,11,12). This
study aimed to analyze the outcomes of using a customized artificial skull bone flap made by a 3D printing technique for cranioplasty, compared with autobone. Significant results were confirmed as
statistical differences between the results of cases.

MATERIALS AND METHODS
This study was a retrospective study of medical records, including a survey of satisfaction after 3D cranioplasty (3DC). All procedures performed in studies involving human participants were in
accordance with the ethical standards of the Ethical Committee of
Busan Paik Hospital of Inje Medical University and with the Helsinki Declaration. Since this study was conducted retrospectively, it
was exempted from that criterion.

Patient data

The data of 40 patients who underwent cranioplasty between
December 2018 and February 2020 were included in the study. All
patients in this study were included in accordance with criteria. No
patients were excluded. A total of 24 cranioplasties for 24 hemispheres using a customized artificial bone flap made by 3D printing technique were performed. Simultaneously, 19 cranioplasties
were performed for 19 hemispheres using autobone. Among them,
three patients underwent cranioplasty using both customized artificial bone flap and autobone for each hemisphere.
We assessed the patients’ demographics, reason for craniectomy,
interval between craniectomy and cranioplasty, operation time,
bleeding volume, surface area of the skull defect and bone flap,
bone flap coverage of the defect, cranioplasty-related factor, comparison between the two groups, and 6-month clinical outcome inwww.e-jnic.org
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cluding telephone survey of satisfaction after 3DC.

Cranioplasty style and material

All customized artificial 3D printing bone flaps were made by
PRYMARY. (CUSMEDI, South Korea), which is a patient-specific
implant using titanium alloy (Ti6Al4V ELI in accordance with
ASTM F136&F3001-14) produced via selective laser melting additive manufacturing/3D printing. Preoperative CT scan data (1
mm slice thickness) were converted to 3D images (Aview Modeler,
CORELINE, South Korea), and the implant was designed using a
mirror-imaging process of the normal site of the cranium using
Materialize Magics (3D Systems, USA). The surface of the 3D implant model was processed using a smoothing technique by the
Meshmixer (Ver. 3.5, Autodesk, United States of America).
The operation procedure was as follows. Under general endotracheal anesthesia, the patient was placed on the operating table in
the supine position and the head was positioned. The whole scalp
was prepared with scrub-povidone, povidone, and draped. A scalp
incision was made along the previous surgical scar, and bleeding
was controlled with a bovi and bipolar coagulator. The scalp flap
was reflected, and the adhesied part of the scalp was adhesiolized
with a No. 15 blade and bovi monopolar coagulator. Bleeding from
the inner surface of the scalp and muscle was controlled with a bipolar coagulator.
The soft tissue overlying the dura was separated from the dura.
The 3D printing flap was fixed with screws, and the autobone flap
was fixed with miniplates and screws. After central tagging and meticulous bleeding control, the wound was closed in layers. The patients tolerated the procedure described above. (Fig. 1)

Measurement of craniectomy lesions and defects

In the case of 3DC, the defect values and flap surface area were
measured using Mimics Research Version 19.0 and 3-matic Research 11.0 made by Materialize. (Leuven, Belgium) After obtaining the craniectomy area and autobone flap area using Materialise
Mimics and 3-matic, respectively, the subtraced area was defined as
the defect area. The average circumference of the craniectomy area
and autobone flap was calculated, and the average defect width was
calculated using the formula described below.
verageydefectyofycranioplasty =

				

Fig. 2 illustrates the defects of craniectomy and bone flap and the
parameters of the formula.

Statistical analysis

Statistical analyses were performed using SPSS for Windows
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RESULTS

A

B

Fig. 1. Illustration of 3D cranioplasty. 3D reconstruction of a skull
with a large cranial defect (A) customized artificial 3D printing flap
covered on skull defect (B).
3D: Three-dimensional.

Fig. 2. The formula of a skull defect, bone flap, and parameters of the
formula. The external bold-lined oval is a skull defect, and the internal bold-lined oval is a bone flap. The dotted lined oval between two
bold-lined ovals is the average length of the circumstance of the bone
flap and skull defect. The bidirectional arrow indicates the average of
the defect in cranioplasty.

(version 26; SPSS, Chicago, IL, USA). Univariate analysis was performed with the time interval between craniectomy and cranioplasty, hemisphere (right/left/both), operation time, blood loss,
complications, circumstance of the autobone flap, circumstance of
craniectomy, surface area of the skull defect, surface area of the
bone flap, bone-flap coverage of the skull defect, area of defect
(mm2), and average of defect (mm) as factors using the Student’s
t-test, chi-square test, or Fisher’s exact test due to the expected frequency.
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Forty patients were included in this study (average age, 51.1
years; 21 male). 3DC was performed in 24 patients (average age,
49.5 years; 16 male) and autobone cranioplasty (AC) was performed in 19 patients (average age 49.7 years; 8 male). Among
them, 26 patients had cerebrovascular accidents (cerebral infarction, aneurysmal spontaneous subarachnoid hemorrhage, spontaneous intracranial hemorrhage (ICH), one brain abscess, and 13
head traumas. The mean interval between craniectomy and cranioplasty was 5.6 months (3DC group, 6.6 months; AC group, 4.3
months; p= 0.123). The affected hemispheres were 27 on the right
and 17 on the left (p = 0.096; in one case, AC for both frontal craniectomies were performed in one step. The average operation
time was 167.3 min (3DC group, 168.5 min; AC group, 165.8
min; p = 0.889). The average blood loss during operations was 172
mL (3DC group, 184 mL; AC group, 156 156 mL; p= 0456). Cranioplasty-related complications occurred in eight cases (3DC
group, two; AC group, six; p = 0.061). There were no statistically
significant differences in age, sex, interval between craniectomy
and cranioplasty, operation time, and blood loss between the two
groups. In four patients in the AC group, cranioplasty was accompanied by bone cement. (Table 1)
The average of circumference of craniectomy was 403 mm
(3DC group, 399 mm; AC group, 408 mm; p = 0.730) and surface
area of skull defect was 103.93 cm2 (3DC, 106.74 cm2; AC, 100.39
cm2; p = 0.503). The average bone flap circumference was 363
mm. (3DC, 366 mm; AC, 359 mm; p = 0.687), and average of surface area of the bone flap was 98.95 cm2 (3DC, 105 cm2, AC, 90
cm2; p = 0.112). However, bone flap coverage of the skull defect
was 95.2% (3DC, 98.6%, AC, 90.9%; p = 0.000), and the area of
defect was 498 mm2 (3DC, 146 mm2, AC, 943 mm2; P-value
0.000). In addition, the average size of defect was 1.23 mm (3DC,
0.35 mm, AC, 2.35 mm; p = 0.000). In this data, bone flap coverage, area of defect, and average of defect showed statistically significant differences (p < 0.000), and are summarized in Table 2. Supplementary Fig. 1 shows the high skull defect coverage of the 3DC.
In the case of cranioplasty-related complications, there were two
operation-related complications (one case of cosmetic issues and
one case of ICH after cranioplasty) in the 3DC group, and six (one
episode of extradural hematoma after cranioplasty, one case of cosmetic issue, two cases of bone floating, and two cases of infection
requiring bone-flap removal) in the AC group. (p = 0.061) Table 3
summarizes the data. Temporal muscle atrophy was inevitable
even with 3DC. (Supplementary Fig. 2) Regarding AC, bone flap
floating occurred in two cases. (Fig. 3)
In the 3DC group, the preoperative modified Rankin Scale
www.e-jnic.org
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Table 1. Basic characteristics of the 3D cranioplasty and autobone cranioplasty groups*
Age (SD)
Sex Male (Female)
Cause of craniectomy
Head trauma
Cerebral infarction
Aneurysmal SAH
Spontaneous ICH
Brain abscess
Interval between craniectomy and cranioplasty, months (SD)
Hemisphere(R/L/Both)
Operation time, mins (SD)
Blood loss, mL (SD)
Complication cases

Total
51.1(15.07)
21(19)

3D cranioplasty (n=24)
49.5(15.75)
16(8)

13
4
12
10
1
5.6(5.39)

Autobone cranioplasty (n=19)**
49.7(16.40)
8(11)

p-value
0.955†
0.107‡

5
3
7
4
0
4.3(2.18)
11/7/1***
165.8(74.7)
156(140.3)
6

0.123†
0.096§
0.889†
0.456†
0.061§

10
1
6
6
1
6.6(6.85)
15/9/0
168.5(54.4)
184(109.6)
2

167.3(63.3)
172(123.4)
8

*Three patients underwent both 3D cranioplasty and autobone cranioplasty in a stepwise manner.
**Three patients underwent both 3D cranioplasty and autobone cranioplasty in a stepwise manner.
***In one case, autobone cranioplasty for both frontal craniectomy was performed in one step.
†
Student T-Test.
‡
Chi-square.
§
Fisher’s exact test.
3D: Three-dimensional, ICH: Intracranial hemorrhage, SAH: Subarachnoid hemorrhage, SD: Standard deviation.

Table 2. Parameters about craniectomy and bone flap
Circumstance of craniectomy, mm (SD)
Surface area of the skull defect, cm2 (SD)
Circumstance of bone flap, mm (SD)
Surface area of the bone flap, cm2 (SD)
Bone flap coverage of the skull defect (%)
Area of defect, mm2, (SD)
Average of defect, mm (SD)

Total
403 (81)
103.93 (30.4)
363 (61)
98.95 (29.33)
95.2% (7.1)
498 (756)
1.23 (1.85)

3D cranioplasty (n=24)
399 (46)
106.74 (25.3)
366 (42)
105.285 (25.2)
98.6% (1.0)
146 (593)
0.35 (1.44)

Autobone cranioplasty (n=19)*
408 (113)
100.39 (36.3)
359 (80)
90.95 (32.7)
90.9% (1.5)
943 (715)
2.35 (1.74)

p-value
0.73
0.503
0.687
0.112
0.000
0.000
0.000

*In four patients bone cement was used along with autobone
3D: Three-dimensional; SD: Standard deviation.

Table 3. Detailed information on cranioplasty-related complications
Complications

Total
8

3D cranioplasty (n =24)
2
Cosmetic issue (1)
ICH (1)

Autobone cranioplasty (n=19)
6
EDH (1)
Cosmetic issue (1)
Bone floating (2)
Infection (2)

p-value
0.061

3D: Three-dimensional, EDH: Extradural hematoma, ICH: Intracranial hemorrhage.

(mRS) scores were as follows: (4 points, 6 patients; 5 points, 6 patients). The postoperative scores were as follows: (4 points, 7 patients; 5 points, 0 patients). In addition, preoperative mRS scores
of the AC group were as follows: (4 points, 5 patients; 5 points, 1
patient). The postoperative scores were as follows: (4 point, 3 patients; 5 point, 0 patients). There was no patient with a lowering of
mRS after the operation in any group, and the clinical course was
www.e-jnic.org
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DISCUSSION
A large format (i.e., > 25 cm2) cranioplasty is a challenging procedure not only from a cosmetic standpoint, but also in terms of
ensuring that the patient's brain is well protected from direct trau55
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Fig. 3. Temporal bone floating after autobone cranioplasty. This may
have occurred because of incomplete temporal muscle dissection.
Table 4. Clinical status in pre and post cranioplasty
Modified
Rankin Scale
0
1
2
3
4
5

3D cranioplasty (n=24)
Pre
Post
1
6
6
2
3
3
2
6
6
7
6
0

Autobone cranioplasty (n=19)
Pre
Post
0
4
4
3
4
4
4
5
5
3
1
0

3D: Three-dimensional.

ma, sinking flap syndrome, and syndrome of the trephined. Until
recently, when a patient's cranial flap was unavailable, it was difficult to achieve these goals. It is now possible to 3-D-print patient-specific implants from a variety of polymer, ceramic, or metal
components. A 3D printing design may be used to imitate the previous external shape of the skull that will become well integrated
into the skull while providing beneficial distribution of mechanical
force in the event of trauma13). Recently, 3D printing flaps have
been increasingly used in patients undergoing cranioplasty14,15).
If 3D printing flaps are used, there would be advantages in the
infection ratio and cosmetic area16). In this study, we evaluated and
compared the defects between the autobone flap and 3D printing
flap for cosmetic points. In general, craniectomy is focused on the
temporal area to achieve maximal decompression. With the increase in subtemporal decompression, the prognosis of the patient
would improve if the shape of the midbrain is restored and the cerebrospinal fluid flow is smooth17). However, the removed skull
bone can remain as temporal bone defects that are not well covered
in AC. In the case of the 3D printing flaps, the temporal defect can
be solved by imitating the unaffected skull.
There are multiple holes in the 3D printing flap. Using these
multiple holes, sufficient dural tenting can be performed to reduce
additional manipulation. When using an autobone, a suture hole
for tenting must be made using a drill, hand manipulation is in56

volved, and the number of holes is limited. In a 3D printing flap,
dural tenting can be performed more easily because of multiple
holes. However, epidural fluid collection occurred in both groups
in this study. Such complications vary depending on the surgeon.
There was a difference in the dissection of the adhesion site and
epidural space control. To prevent epidural fluid collection, it is important to meticulously check the leakage point and perform duroplasty. In the case of autobone complications that were not seen in
3D printing cranioplasty, calcified deposits were found in the soft
tissue. In the case of AC, cement is used as a complementary method for the defect. Forming cement for cranioplasty can increase the
infection risk by using hand manipulation and develop complications in which a fragment of cement is found in soft tissue, as in the
case of a patient in this study.
Additional treatment caused by a cranioplasty defect may increase the risk of infection due to an increase in operation time and
hand manipulation. However, in the case of 3DC, all defects were
designed to be covered, and this might have been better than the
autobone flap in this regard. Postoperative infection was not observed in the 3DC group. If an infection develops after AC, it is impossible to reuse the autobone because it may provide bacterial
culture. Conversely, a 3D printing flap is formed using titanium,
which has a lower infection rate. In cases of infection caused by using an autologous skull bone flap, the infection must be overcome
through revision surgery using a 3D printed bone flap. In addition,
resorption may occur due to apoptosis of the bone flap in the
AC18). In such cases, the defect at the cranioplasty site could increase, resulting in a decrease in bone density19).
There was no statistical difference in the operation time and
blood loss between the AC and 3DC groups. In all patient
groups, operation time and blood loss were required during adhesiolysis of the dura mater from the scalp. In the case of 3D
printing flap cranioplasty, multiple holes can be tented with the
screw fixation site, and the procedure required during operation
has been shortened. In terms of patient satisfaction, all the patients were generally satisfied. In the case of a 3D printing flap,
additional manufacturing is possible according to the patient. As
it is manufactured based on muscle atrophy and according to the
opposite side of the skull, it can be customized to a shape that
suits the skull defect. However, in 3D bone flaps, a 1 mm thin-cut
CT examination must be additionally performed for preoperative production, and it has the disadvantages of extra cost and radiation exposure risk.
In this study, we evaluated cranioplasty using a 3D printed bone
flap and an autobone flap. The 3DC group had a high skull defect
coverage rate and a low complication rate.
This was a retrospective medical record study with few cases.
www.e-jnic.org
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However, many artificial materials made by 3D printing techniques
are currently used in surgery, and we expect this technique to develop rapidly. Therefore, future studies are essential to 3D-printing
medical materials.

CONCLUSION
Cranioplasty using a customized artificial bone flap made by a
3D printing technique was effective for covering skull defects with
lower complication rates than the autobone technique.
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Objective
Considering the advancement of bone graft substitution, the authors aimed to achieve clinical
safety by simultaneously using one bioactive ceramic spacer (NovoMax) and a conventional polyetheretherketone (PEEK) cage at first use. We compared the results between different cages, even
in the same disc space and to the control group using only conventional PEEK cages.
Methods
This retrospective analysis included data from patients who underwent posterior lumbar interbody fusion surgery between 2015 and 2017. The hybrid group (H group) included 19 patients
with 21 lumbar disc levels, and the control group was defined as the PEEK group (P group),
which included 16 patients with 18 disc levels. The degree of fusion was confirmed on computed
tomography based on the fusion grade system and dynamic X-rays. We analyzed the fusion rate
between the two groups using Cox proportional hazard model.
Results
There were 14 cases (72.2%) in Group P and 15 cases (71.4%) in Group H with confirmed complete union during the observation period (p=0.62). The relative hazard of incomplete fusion
with osteolysis in both the P and H groups was increased by 5.41 times (p=0.004, confidence interval 1.704–17.204). In the H group, significant instrument-related complications, such as fragmentation, slippage, subsidence, and osteolysis were observed in the Novomax cage.
Conclusions
Using NovoMax could result in osteolysis, cage migration, fragmentation, or subsidence. The use
of NovoMax is expected to be compatible for bone fusion surgery, but close attention should be
paid to some problems that may accompany it.
Keywords: Posterior lumbar fusion; Bioactive glass ceramics spacer; Polyetheretherketone cage;
Fusion rate
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INTRODUCTION
Posterior lumbar interbody fusion (PLIF) is commonly used to
prevent posterior column instability or nerve compression, related
to spondylolisthesis, spinal stenosis, or traumatic injury. Compared
with the posterior or posterolateral fusion method, PLIF is a biomechanical method that disperses the working load to the anterior
column of the vertebral body1-3). The inserted cage plays an important role as a spacer to expand disc height and prevent intervertebral foraminal stenosis4). Weight can be dispersed to the anteriorly positioned interbody cage, and it is the most potent method for
augmenting intervertebral disc space.
A degenerative disc can cause severe back pain, and interbody
fusion can eliminate axial pain. Previously, an implant filled with
autologous bone graft was used to facilitate intervertebral fusion
and maintain disc height4,5). However, because harvesting autologous bone grafts causes several complications, various cages, comprised of carbon poly-ether-ether-ketone (PEEK) and titanium alloy, and intervertebral spacer substitutes, such as bioactive glass-ceramics, have been studied6,7), and artificial implantation of the intervertebral disc space has become the more conventional PLIF
method4,5). Since the first experimental use of titanium or PEEK
cages for human lumbar interbody fusion in the 1990s8,9), various
interbody fusion cages have been used to promote fusion and
maintain spinal alignment in lumbar interbody fusion surgeries9-11).
This method has many advantages for recovering intervertebral
disc height, improving impaired lumbar lordosis, and indirect decompression of the neural structure, and also allows the anterior
column to transmit weight effectively4,8). In elderly individuals, failure of instruments, such as cage subsidence and screw loosening,
and nonunion because of poor bone quality of autologous bone
graft due to osteoporosis are great concerns after PLIF10). Biological approaches to enhance bone quality and strength, including
pharmacological, cell, and gene therapies, have been used12), and
various improvements in implant materials and shapes have also
been made10). The mechanical strength of ceramic spacers is twice
that of hydroxyapatite13). Previous in vitro and in vivo studies
showed that bioactive ceramic spacers possess high bioactivity and
chemical bonding ability14) and have found that the fusion rates
and clinical results of bioactive ceramic spacers spacers were similar
to those of titanium cages, implying their safety15-17). The most
conventionally used interbody fusion cage is a PEEK cage filled
with autogenous bone into the disc space10 because the supporting force of the PEEK cage is more similar to that of cortical bone
than a titanium cage18). and the titanium cage can cause subsidence
because it has a stress shielding effect and elasticity differences18).
Many scientists are working on new material fusion cage spacers,
www.e-jnic.org
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which can replace autologous bone spacers. Ideal interbody fusion
cages have satisfactory mechanical hardness, accelerate bony fusion, and are biologically harmless15), bone grafts. This autografted
bone is typically obtained from the patient’s iliac crest or local bone
found at the fusion site. However, since the autograft is taken from
the patient, it is limited in volume and has the potential for associated donor site morbidity. Owing to these limitations, a variety of
alternatives to autogenous grafts have been developed.
For lumbar interbody fusion, intervertebral cages are commonly
used with a bone graft, including autologous bone, allogenic bone,
or bone graft extenders. Calcium phosphate ceramics, such as hydroxyapatite, beta-tricalcium phosphate, and beta-calcium pyrophosphate, have been considered bone graft extenders that accelerate spinal bony fusion13,17,19). However, the bioactive bone graft expanders are limitated due to their weak mechanical characteristics,
including brittleness, poor fatigue resistance, and anisotropy13,19).
Using only bioactive materials for lumbar interbody fusion generates severe weaknesses in the load-bearing features of the intervertebral space. To overcome these limitations, intervertebral spacer-coated bioactive ceramics can improve the mechanical strength.
These bioactive glass-ceramics build apatite layers with the physiological conditions of the bone. They chemically bond directly to
the bone, which can enhance the bone-bonding strength16,19,20).
Bioactive glass-ceramics are known to chemically bind to the bone,
forming a carbohydroxy apatite layer. The CaO-SiO2-P2O5-B2O3
(NovoMax, CGBio Inc., Seoul, Korea) bioactive glass-ceramic
spacer improves the osteoblastic differentiation of human mesenchymal stem cells16) and enhances the osseointegration of implants
when coating the surface21,22). Previous studies have shown that
bioactive glass-ceramics could replace conventional titanium cages.
NovoMax cages demonstrated similar lumbar fusion rates and clinical outcomes compared to conventional cages5,15). Furthermore,
some articles showed that NovoMax cages could be considered a
novel intervertebral spacer to achieve successful spinal fusion without safety concerns for long-term use5,15). As PEEK cages are more
physiologically similar to natural bone than titanium cages18), we
considered the control group as the one using peek cages. The authors want to compare CaO-SiO2-P2O5-B2O3 (NovoMax) with
the PEEK cage in terms of clinical efficacy and safety in patients
that are widely used for PLIF surgery in the clinical field. For clinical safety and considering the advancement of NovoMax, the authors simulataneously used one bioactive ceramic cage and one
conventional PEEK cage at the time of first use. This study compared the results between different cages, even in the same disc
space of the spine, and between patients receiving this hybrid model with those receiving only conventional PEEK cages.
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Surgical Procedure

Patient Selection

The institutional review board approved this study, which was
conducted at the Armed Forces Capital Hospital (AFCH-19IRB-033). This retrospective analysis included data from patients
who underwent PLIF surgery in our hospital from 2015 to 2017.
Informed consent was obtained from all patients who underwent
PLIF surgery who agreed to use either a hybrid of one PEEK cage
and one bioactive cage or PEEK cages prior to PLIF surgery. A total of 188 patients who underwent lumbar fusion surgery were enrolled in this study. The experimental group was defined as the hybrid group (H group), and was composed of patients who received
a PEEK cage and a bioactive ceramic interbody spacer. The H
group included 19 patients with 21 lumbar disc levels. The control
group was defined as the PEEK group (P group); composed of patients who received only PEEK cages, and included 16 patients
with 18 disc levels (Fig. 1). The patients who underwent PLIF surgery in the hybrid group were treated with the bioactive ceramic
interbody spacer, NovoMax (CGBio Inc., Seoul, Korea) and LP
PEEK cages (Medyssey Inc., Chungcheongbuk-do, Korea). The
patients in the P group were treated with two PEEK cages at the
disc level. The indications for fusion surgery were as follows: (1)
patients who had severe back pain due to severe degenerative disc
change; (2) patients who had intractable radiculopathy due to herniated disc or severe foraminal stenosis; (3) instability caused by
spondylolisthesis or traumatic burst fracture; and (4) postlaminectomy syndrome. Exclusion criteria were anterior or lateral lumbar
fusion surgery, circumferential fusion surgery, fusion due to malignancy, or a follow-up period of less than three months. Patients
with liver, kidney, or metabolic disease were also excluded.

For the conventional PLIF approach, patients were placed in the
supine position, and PLIF was performed using a pedicle screw Iliad screw system (Medyssey Inc., Chungcheongbuk-do, Korea) and
implantations. The surgery was performed by a single surgeon (SH
Yoon) in the AFCH. After the midline incision and periosteal dissection, bilateral hemilaminectomy and removal of the superior
auricular process at the target level were performed. Total discectomy was also performed. Only two PEEK cages were used in the P
group. On the other hand, the H group used one PEEK cage and
one NovoMax cage, one on each side of the fusion level. Implantation cage packing with an autologous bone chip and allograft bone
was inserted. Pedicle screws and rods were inserted and assembled.

Clinical and Radiologic Outcome Measurement
At the outpatient clinical follow-up, the visual analogue scale
(VAS) pain assessment was evaluated. Patients who underwent
PLIF surgery underwent a serial radiologic follow-up at 1, 3, 6, 9,
and 12 months with dynamic L-spine X-ray and L-spine CT every
three months. The authors observed and analyzed the area of fusion with the vertebral endplate by means of osteolysis and subsidence of the implant cage. After one year of follow-up, radiologic assessments were performed every six months. The patients were
followed-up until complete fusion was achieved.
To confirm bone union at the surgical site, the degree of fusion
was confirmed on CT based on the fusion grade system proposed
by Tan et al.23) As all CT scans were performed in 3D, confirmation
of bone bridges in all coronal and sagittal directions was possible24).
In this study, lumbar lateral dynamic radiography was performed
to determine complete fusion when the Cobb's angle25) at the fusion level was less than 3° and the change in the distance of the in-

◆ Lumbar Fusion surgery (n = 188) (2015-2017)
• Degenerative Lumbar Disease (herniated disc disease,
stenosis Spondylolisthesis, etc)
• Postlaminectomy syndrome
• Lumbar Vertebral Fracture
• Inclusion
✓ Posterior interbody fusion
✓ Below L2 level
✓ Follow up >3 months
✓ With CT and dynamic X ray image

• Exclusion
✓ Anterior & Lateral fusion surgery
✓A
 nterior and posterior fusion
surgery
✓ FU loss
39 cases enrolled

Inserted with 2 PEEK cages
P group
(N = 16, 18 levels)

60

Inserted with 1 NovoMax® & PEEK cage
H group
(N = 19, 21 levels)

Fig. 1. Study flow diagram. Inclusion and exclusion criteria are shown.
FU: Follow-up, PEEK:
Poly-ether-ether-ketone,
CT: Computed tomography
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terspinous ligament was < 3 mm.
CT images were used to monitor the extent of bone union, osteolysis, osteosclerosis, NovoMax fragmentation, cage slippage, and
instrument failure around the union segment (Fig. 2).

derwent PLIF surgery at the L4-5 and L5-S1 levels. The most
common underlying diagnosis for PLIF surgery was postlaminectomy syndrome in 20 cases (51.3%), followed by spondylolisthesis
in 11 cases (28.2%), and spinal stenosis in 8 cases.

Statistical Analysis

Clinical and Radiologic Outcome

Statistical analysis was performed using IBM SPSS Statistics version 21 (IBM, Armonk, NY, USA). The Kolmogorov-Smirnov test
was performed for normality testing. Based on this result, the
paired t-test was used for the parameter test to compare the two
groups. The Mann–Whitney U test was performed to compare
non-parametric continuous variables, and Fisher’s exact probability test was used to compare categorical variables between the P
and H groups. For the evaluation of clinical outcomes, the Wilcoxon signed-rank test was performed to compare the two groups.
Since the fusion was determined through regular observation,
Kaplan-Meier survival analysis was performed to analyze the
time-series change, and the relative risk of the fusion of risk factors
was evaluated using the Cox proportional hazard model. The significance level was set at p< 0.05.

Result
General Aspects

This retrospective study was conducted from January 1, 2015,
to December 31, 2017, on 39 (20.7%) of the 188 patients who
met the inclusion criteria in a single institution (Fig. 1). The patients’ demographic and operative data for each group are shown
in Table 1. The H and P groups demonstrated similar ages, premedical history, and smoking history (Table 1). All patients in this
study were male soldiers. There was a statistically significant difference in the mean age between the two groups (P group: 45.22 ±
9.15 vs H group: 50.71 ± 4.78; p = 0.032) There was no significant difference in the mean follow-up duration between the H
group (31.25 ± 14.84 months) and the P group (24.56 ± 11.89
months) (p = 0.118). Most patients (84.6%) in both groups un-

A

B

Clinical outcome
Patients pre- and postoperative low back pain level according to
the VAS was 5.36 ± 1.04 and 1.62 ± 1.82, respectively. The preand postoperative VAS level of leg pain were 7.13 ± 1.10 and 2.00
± 1.67, respectively. There were no postoperative deaths. One case
in the H group experienced a postoperative infection; the screw
was removed after complete fusion, and antibiotics were administered intravenously and orally for 52 weeks. In groups P and H,
worsening of lower extremity pain due to degenerative changes adTable 1. Demographic data
Category
Age(year)
Sex
Male
Follow up Period(month)
Height(cm)
Weight(kg)
Level of surgery
L3/4
L4/5
L5/S1
Smoking
Smoker
Ex-smoker
Current Nonsmoker
Comorbidity
DM
HTN

P group
45.22 ± 9.15

H group
50.71 ± 4.78

p value
0.032

18
25.61 ± 12.30
175.06 ± 4.57
82.28 ± 9.23

21
31.19 ± 15.39
171.67 ± 5.01
78.48 ± 13.30

0.185
0.048
0.297

1
10
7

5
10
6

12
5
1

10
3
8

4
6

1
10

DM: Diabetes mellitus, HTN: Hypertension.

C

D

Fig. 2. Computed Tomograph images showing osteolysis (A), osteosclerosis (B), cage fragmentation (C), and slippage (D).
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jacent to the fusion site was observed 2 and 2.5 years after the operation, and symptoms were improved by decompression and fusion
surgery through fusion segment extension.

Radiologic outcome
The degree of fusion of each group was compared and analyzed
according to the fusion fycriteria presented in the methodology.
According to this analysis, there were 14 cases (72.2%) in group P
and 15 cases (71.4%) in group H with confirmed complete union
during the observation period. There was no statistical difference
between the two groups when Fisher’s exact probability test was
used (p= 0.62). During the observation period, osteolysis showing
cystic changes in the endplate was observed in 9 cases (81.8%) in
the P group and 21 cases (75%) in the H group; there was no statistical difference between the two groups when Fisher’s exact
probability test was used (p= 0.153). Osteosclerosis, a change observed as a high-density change on CT, occurred in most of the
subjects (94.87%, 37/39), and cage subsidence occurred in eight
cases in each of the two groups, but there was no difference in incidence between the groups (p= 0.752).
According to the Kaplan-Meier life table, the occurrence of complete fusion was higher in Group H until approximately 22
months, but was higher in Group P after 22 months (Fig. 3A). Using the occurrence of osteolysis as a covariate in the Cox proportional hazard model, the relative risk of incomplete fusion in both
P and H groups was increased by 5.41 times (p = 0.004, 95% CI
1.704–17.204) (Fig. 3B, C).
Complication related to instrument
Implant-related complications occurred in both groups. Especially in the H group, significant failures were observed, such as
cage subsidence, fragmentation and slippage. However, implant
failure did not cause severe neurological deficits or instability of the
fusion site. In addition, there were no revision surgeries related to
the implant-related complications.
During the long-term follow-up period, there were four instrument failures related to screw and rod fixation. In the H group, two
patients underwent revision surgery for posterior screw fixation
because of screw or rod breakage at the fusion level. In the P group,
a patient underwent a second operation due to screw breakage.

Discussion
This study comparing fusion outcomes between conventional
PEEK and hybrid models revealed comparable outcomes. Some
studies using bioactive ceramic cages have revealed a more complete fusion outcome compared with that found in this study5,15).
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Chan Hee Shin et al.

This difference in fusion outcome could be due to various reasons
related to the PLIF surgery. The patients in this study used a bioac-

A

B

C
Fig. 3. Kaplan-Meier life table (A) showing complete fusion as survival rate through time course between Groups P and H. In the Cox
proportional hazard model, complete fusion rate concerning occurrence of osteolysis between P group (B) and H group (C).
www.e-jnic.org
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tive ceramic cage on one side of the fusion level and a conventional
PEEK cage on the other. This strategy may have a less potent effect
on fusion. However, there is no strong evidence that hybrid cage
usage is inferior to conventional ages because osteolytic or osteosclerosis lesions were not found in the NovoMax cage side. As
mentioned in previous studies5,15), if the bioactive cage accelerates
bone fusion, the affected endplate margin near the bioactive ceramic cage side could have more bony signal changes. However,
there was no significant difference in the endplate change.
Previous studies have shown that bioactive materials can accelerate bony fusion in nearby cages; however, there was no significant
complete fusion rate and period difference during the follow-up
20,23)
. In our study, bioactive ceramic cages had more implant complications, such as spacer migration, fragmentation, and subsidence. Although this complication did not change the patient’s hospital course, it could lead to critical complications, including fusion
failure and compression of the thecal sac. Therefore, if a bioactive
ceramic cage is used, careful serial image follow-up should be performed.
There are limitations inherent in this study. The total number of
patients was smaller than that in the previous studies, and the follow-up period was too short to confirm fusion in some of the patients. To overcome this pitfall, we analyzed this result with the Kaplan-Meier life table and Cox proportional hazard model to show
the relative risk and probability of fusion over time.
When NovoMax was used, bony fusion tended to progress
more rapidly the first 22 months after surgery than with conventional PEEK cages without a statistical difference; otherwise, after 22 months, the fusion was delayed. It is feared that the possibility of non-union is somewhat higher after after 22 months.
When accompanied by osteolysis, the probability of nonunion
increased by more than 5.4 times in the Cox proportional hazard
model. In this study, NovoMax and PEEK cages were used together at the same level, which was not very helpful when comparing superiority.
Previous literature5,15) related to NovoMax did not mention the
occurrence of osteolysis, osteosclerosis, cage slippage, and fragmentation. There is a lack of evidence on what to pay attention to.
Through this study, some of the limitations and complications of
this method were observed, which could enhance the surgical decision process and perioperative care.
It should be noted that owing to NovoMax’s material and morphological properties, (ie., smooth and low-resistance surface) patients may experience breakage and pull out during the operative
and follow-up periods.
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Conclusion
In PLIF surgery, a bioactive glass spacer showed a fusion rate
similar to that of PEEK cages. Using NovoMax could result in osteolysis, cage migration, fragmentation, or subsidence. However, it is
worth remembering that these abnormal findings were not clearly
reported in previous clinical trials. The use of NovoMax is expected to be an alternative to conventional interbody fusion with
PEEK cages, but close attention should be paid to the problems
that may accompany it as retardation of accomplishing complete
fusion goes on.
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Clinical features seen in patients with sporadic Creutzfeldt-Jakob disease (sCJD) may be diverse
symptoms. Due to diverse clinical features, it may be necessary to differentiate from cerebrovascular disease or psychotic symptoms during initial evaluation. In this case, we discuss the clinical case
of a 57-year-old female patient with multiple neurological symptoms. The patient showed clinical
features of alice in Wonderland syndrome during evaluation and conservative care, and was diagnosed with sCJD. In this regard, it is considered that evaluation and management are required
along with recognition of the possibility of non-specific neurological symptoms such as AIWS in
sCJD patients in the future.
Keywords: Creutzfeldt–Jakob disease; Alice in Wonderland syndrome; Neuropsychotic symptoms

INTRODUCTION
Initially described in 1921, Creutzfeldt-Jakob disease (CJD) is a
rare, transmissible prion disease1). There are four types of CJD
known. Sporadic, familial, iatrogenic and variant, of which sporadic
Creutzfeldt-Jakob disease (sCJD) is the most common, and sCJD
has characteristic clinical and diagnostic features2-4). It is a rapidly
progressive, deadly infectious disease that usually results in death
within a year of onset3,4).
The disease is thought to be caused by an abnormal isoform of a
cellular glycoprotein known as prion protein, and is found in about
1 in 1 million people4-6). Sporadic Creutzfeldt-Jakob disease, like
other prion diseases, is classified as a transmissible spongiform encephalopathy and occurs as a sporadic disease without a recognizable transmission pattern in approximately 85% of patients6). Current criteria for diagnosis include a distinct phenotype, periodic
sharp and slow-wave complexes at electroencephalography (EEG),

and a positive 14-3-3-protein assay in the cerebrospinal fluid
(CSF). But the definitive diagnostic method for sCJD is neuropathologic or immunodiagnostic testing of brain tissue through biopsy or autopsy5-7).
Neuropsychiatric symptoms are relatively common in the early
stage of variant Creutzfeldt-Jakob disease (vCJD), but psychiatric
manifestations are reported to be rare in the clinical features of
sCJD8,9).
In this case report, we would like to report a case in which a patient with unusual visual hallucination was diagnosed with CJD.

CASE REPORT
A 57-year-old female patient visited the emergency room with
seizure, visual Hallucination, cognitive decline, left limb weakness,
and gait disturbance that occurred 2 days before admission.
She had a history of being admitted to a psychiatric hospital for
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heavy alcohol use. The patient showed signs of recovery in consciousness and limb weakness during treatment in the intensive
care unit for several days, but disorientation of places and people
and hallucinations and illusions continued intermittently. In particular, she showed a continuous virtual conversation with family
members who did not reside next to her, and When the medical
staff asked about this, she mistakenly thought it was her son and
continued talking. Sometimes, when the medical staff talked to her
during the examination, she was excessively afraid, saying that she
looked like a blank face when seeing the medical staff and she also
was aggressive in accusing the medical staff of appearing too big a
monster.
We performed brain magnetic resonance imaging (MRI) after
admission, on the diffusion weighted and T2 FLAIR image, high
signal intensity lesions were observed in the medial frontal cortex,
right hippocampus, right insular cortex, right temporal cortex, and
right thalamus including the right cingulate gyrus. (Figs. 1, 2) For
further evaluation, cerebrospinal fluid (CSF) analysis was performed through lumbar, we checked positive findings of 14-3-3
protein test.
We were finally diagnosed with sCJD, and after about 2 weeks of
treatment in the neurosurgery intensive care unit (NCU), the patient's symptoms improved. After fully explaining to the patient's
family that there is no treatment for the disease and the poor prognosis, she was discharged on the 13th day of hostital day. We
planned follow-up through outpatient treatment.

chosis, depressive, and behavioral dyscontrol anxiety are rarely reported in sCJD10,11). Among them, there was a case that reported
visual hallucination as in this case12,13).
The mechanism by which these symptoms occur in sCJD is
not known, but it is thought to be related to the limbic system.
Limbic system damage was also observed in some cases we investigated, and in this case, limbic system damage is also suspected. In some cases, medication was needed, but in most cases
it improved12-14).

DISCUSSION

Fig. 2. MRI T2 FLAIR image. High signal intensity lesions were observed in the medial frontal cortex, right hippocampus, right insular
cortex, right temporal cortex, and right thalamus including the right
cingulate gyrus.

Various psychiatric symptoms such as sleep disturbance, psy-

CONCLUSIONS
Although rare in sCJD, visual hallucination may also be present.
Visual hallucination is expected to have a good prognosis.

Fig. 1. MRI diffusion weighted image. High signal intensity lesions were observed in the medial frontal cortex, right hippocampus, right insular
cortex, right temporal cortex, and right thalamus including the right cingulate gyrus.
66
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A negative-pressure hydrocephalus (NePH) is a rare type of hydrocephalus that is symptomatic
despite the negative intracranial pressure (ICP). Because of the shortcomings of the existing shunt
system that could not produce the necessary gradient for an effective cerebrospinal fluid (CSF)
drainage in NePH patients, a refined method for CSF drainage is needed. We combined the traditional low-pressure valve with a distal catheter, which has no end hole and only has side slits, to
prevent the CSF backflow and facilitate the siphon effect.
Simultaneously, the active pumping of the shunt reservoir was also conducted to remove the excess CSF from the ventricular system. The treatment of NePH requires an appropriate reduction
of excessive CSF until the CSF dynamics and brain compliance are restored. We suggest the use of
this modified shunt system for NePH treatment, as it is easily modifiable and has sufficient effects.
Keywords: Hydrocephalus; Ventriculoperitoneal Shunt

INTRODUCTION

CASE REPORT

A negative-pressure hydrocephalus (NePH) is a rare type of hydrocephalus characterized by the presence of negative intracranial
pressure (ICP) and ventriculomegaly. Despite the low or negative
ICP, patients with NePH often develop symptoms consistent with
high ICP, and they frequently deteriorate. Several hypotheses have
been proposed to demonstrate the underlying pathophysiology in
NePH, but the exact mechanism still remains unclear. Multiple
treatment options have been suggested, including the identification and repair of cerebrospinal fluid (CSF) leak, subatmospheric
external ventricular drains (EVD), neck wrapping, or placement of
CSF shunts. In this study, we present a case of a NePH patient refractory to the standard CSF shunt procedure and successfully
treated with a modified ventriculoperitoneal shunt system.

A 55-year-old man with a history of anaplastic oligodendroglioma, for which the patient underwent surgical tumor resections followed by radiotherapy and chemotherapy, presented with a local
tumor recurrence at the left medial frontal lobe. He underwent
gross total resection of the tumor via trans-ventricular approach
through the previous surgical defect (Fig. 1A, B). After the surgery,
the patient had no postoperative complications, except for mild
cognitive impairment, and he was discharged after a week of routine hospital care.
After two months, the patient showed progressive gait disturbance and cognitive impairment, and his follow-up magnetic
resonance imaging (MRI) revealed significant hydrocephalus
(Fig. 1C). Ventriculoperitoneal shunt (VPS) with a programma-
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ble valve (Miethke ProGAV Programmable Shunt System; Aesculap, Inc.) was implanted and programmed at the lowest pressure
setting (0 cmH2O) based on low opening pressure (Fig. 2A).
The patient temporarily improved; however, after two days, he
worsened again. He became drowsy and could not communicate
verbally. His head computed tomography (CT) scan revealed the
increased size of ventricles, suggesting that the shunt was not working properly (Fig. 2B). After tapping the shunt reservoir and draining 50 cc of CSF, his symptoms improved quickly. The VPS was
removed, and EVD was inserted instead. The EVD was lowered to
−10 to −5 cmH2O to achieve CSF drainage, and the patient responded to subatmospheric CSF drainage.
The removal of CSF by > 200 mL per day significantly improved his neurological status, and the CT scan finding showed
the decreased size of ventricle (Fig. 3). To restore the brain compliance, the subatmospheric CSF drainage was kept for more than
two weeks. However, his ICP was constantly negative, and we tried
to wean him several times from CSF drainage but failed. The patient remained incapacitated in supine and head-flat position and
unable to be discharged from the intensive care unit. After three
weeks, another ventriculoperitoneal shunting was tried. Considering the limitations of the previous “traditional” shunt system, a
modified shunt system was devised. The shunt system consisted of
1) a 5M (10.5 Fr) EVD catheter as the proximal catheter, which
had a larger diameter than the usual proximal VPS catheter that
could prevent the occlusion; 2) a non-programmable Medtronic
valve (CSF-flow control valve, low-pressure type, valve opening
pressure of 3 cmH2O), which had the largest dome of reservoir

A
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pump in our center, for an active pumping to reduce a larger CSF
volume; and 3) a distal peritoneal catheter tied at the end tip,
which only had side slits and no open end to prevent reflux from
an insufficient pressure gradient and facilitate the siphon effect.
The ventricular (proximal) catheter was inserted through the right
Frazier’s point.
Postoperatively, we instructed the nursing staff to actively pump
the reservoirs, and the patient showed remarkable clinical improvement. The patient had the best neurological condition when about
100 mL of CSF was drained per day. A single compression of the
pump removes about 0.5 mL of CSF (based on the reservoir volume); an average of 12 pumps/h for 16 h per day, excluding the
sleeping time, was recommended. The follow-up CT scan findings

A

B

Fig. 2. (A) Immediate postoperative computer tomography (CT)
scan after ventriculoperitoneal shunt implantation. (B) Two days later, the CT scan shows the increased ventricle size.

B

C

Fig. 1. (A) The preoperative magnetic resonance imaging (MRI) shows an enhancing mass in the left medial frontal lobe. (B) The postoperative
MRI shows the gross total resection of the tumor. (C) Two months later, the follow-up MRI shows the marked interval progression of hydrocephalus.
www.e-jnic.org
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were consistent with the clinical improvement (Fig. 4B), and the
patient was able to ambulate on his own. After being discharged to
the general ward, the patient and his caregiver were educated with
proper instructions for the active pump. Eventually, he became independent in performing simple activities of daily living (mRS 2),
and he was discharged after a week of shunting.
After a month, he returned to our emergency room with altered
mental status, and the CT scan revealed a slit ventricle, suggesting
over-drainage (Fig. 4C). Based on history taking, it was found that

his caregiver did an excessive reservoir pumping, leading to the development of slit ventricle syndrome. As the patient got worse, the
caregiver performed even more pumping. By being in a supine
position with his head flat and inhibiting the reservoir pumping,
the patient recovered from being drowsy. After a week without
pumping, he did not experience another neurological deterioration, and the ventricle size was consistent in the follow-up CT
scan (Fig. 4D). He was free from the active pumping and discharged for regular follow-ups. He remained asymptomatic, and
six months later, his follow-up MRI findings showed no interval
changes in the ventricle sizes (Fig. 5).

DISCUSSION

Fig. 3. After the external ventricular drains insertion, followed by a
subatmospheric cerebrospinal fluid drainage for two days, the computer tomography scan shows the improvement of hydrocephalus.

A

B

A hydrocephalic state without an elevated ICP has been widely
described after the introduction of a clinical condition known as
normal pressure hydrocephalus (NPH)1). Recently, symptomatic
hydrocephalus with low or negative ICP has been attempted to be
identified as a subgroup of hydrocephalus, described as low-pressure hydrocephalus (LPH), very low-pressure hydrocephalus, or
NePH. Previous studies have described multiple cases of these
rare, complex clinical conditions and proposed several pathogeneses. Fillipidis et al. proposed a theory that emphasized the role of
transmantle pressure in developing NePH or LPH, that the blockage of the CSF pathways between the ventricles and cortical subarachnoid space with CSF leak may establish a pressure gradient,
leading to ventriculomegaly with negative ICP2). Moreover, they
proposed another theory suggesting the role of brain turgor, which
was demonstrated as the alteration in brain compliance may lead to
ventriculomegaly when the negative ICP persists, as previously described by Pang and Altschuler3).
Recognizing the complex pathophysiology of NePH, several
treatment options different from the classical “CSF diversion” were

C

D

Fig. 4. (A) Computer tomography (CT) finding after a month of external, subatmospheric cerebrospinal fluid drainage. (B) A proximal shunt
catheter was inserted through the right Frazier’s point. (C) CT scan after the clinical deterioration from an excessive pumping, showing a marked
decrease in ventricle size. (D) Despite not being pumped for a week, the ventricle size did not change.
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nipulating the existing apparatus for practical reasons, and it
worked properly. By this maneuver, the patient recovered from his
hydrocephalic symptoms and did not require further external
drainage.
Although he suffered from slit ventricle syndrome after the immoderate pumping, eventually, he no longer needed an active
pumping without the recurrence of hydrocephalus. Thus, this
modified shunt system can be considered successful in “resetting”
the brain parenchymal compliance, in accordance with the theory
of elastic hysteresis provided by Lesniak et al.7) In NePH patients
with constantly negative ICP that could not be restored to equilibrium after a prolonged EVD, a shunt system with an active pumping method can be helpful.

CONCLUSION

Fig. 5. At the sixth month of follow-up in an outpatient clinic, the
magnetic resonance imaging finding shows no recurrence of hydrocephalus.

attempted. Identifying and repairing the CSF leak has been advocated to eliminate the transmantle pressure2). In addition, a titrated subatmospheric EVD has also been applied to reestablish the
CSF communication and change the brain viscoelasticity4,5).
However, in certain cases, the mentioned treatment strategies
may be limited or insufficient. EVD should be prolonged, as
enough time is needed for the brain to regain its viscoelasticity, but
it becomes more susceptible to infection. Moreover, a prolonged
external drainage is inconvenient and keeps the patients incapacitated. In a previous case report, Kalani et al. attempted the active
pumping negative-pressure shunt system in patients who were refractory to routine treatment options6). With an active pumping
shunt, which had a reservoir system on the patient’s sternum, actively compressing the reservoir pump allowed the patients to improve.
In this case, the patient also underwent subatmospheric external
CSF drain for several days. Although he had significant clinical
improvement during this period, the prolonged EVD resulted in
immobilization and incapacitation. His ICP was constantly negative, and weaning off EVD failed repeatedly. A conventional shunt
system already failed once in the patient, for it could not establish
a low-pressure gradient enough to remove the CSF from his ventricular system. Thus, a modified shunt system was tried by mawww.e-jnic.org

In this case, we have described a successful treatment for a
NePH patient using a modified ventriculoperitoneal shunt system.
However, the pathophysiology of NePH still remains unclear, and
more studies are required to provide the evidence to propose treatment strategies.
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A patient who ate peaches and developed urticaria complained of left sided weakness within minutes. Upon admission, the vital signs and breathing pattern became stable without evidence of
anaphylaxis. After magnetic resonance imaging evaluation, the patient was diagnosed with acute
ischemic stroke in the right pons, and cerebral angiography revealed moyamoya disease. Reports
regarding an allergic reaction without anaphylaxis causing a stroke were extremely limited; however, no study has reported that allergy can cause a stroke in patients with moyamoya to date. Therefore, an ischemic stroke may occur in a patient with moyamoya only with an allergic reaction considered and reported as something that should be considered significant in the daily routine and
medication for a patient with moyamoya.
Keywords: Hypersensitivity; Ischemic stroke; Moyamoya disease; Anaphylaxis

INTRODUCTION
Moyamoya disease is characterized by progressive peripheral
stenosis of the internal carotid artery (ICA) and its proximal
branches and can cause both ischemic and hemorrhagic strokes1).
However, its underlying pathophysiology has not yet been fully
elucidated, and this poor knowledge reflects the uncertainty and
heterogeneity of patient management2). To date, no pharmacological treatment has been found to reverse the gradual loss in the ICA.
Antiplatelet agents are commonly prescribed for ischemic moyamoya disease, although the coexistence of bleeding risk should be
considered3).
Allergy-induced anaphylactic reactions can result in vasodilation,
hypotension, bronchospasm, and angioedema, and are characterized by a rapid onset of respiratory and circulatory disturbances4).
This can lead to cerebrovascular collapse; however, such cases are
rarely reported5). In this case report, an allergic reaction was found

to result in an ischemic brainstem stroke in patients with moyamoya disease and poor cerebrovascular conditions, although they are
not anaphylactic conditions.

CASE REPORT
This 69-year-old patient, despite knowing her peach allergy, developed urticaria on her back and left sided weakness after eating
peaches, and presented to the emergency room. On admission, the
blood pressure and pulse rate were 136/86 mmHg and 79 beats
per min, respectively. On the first arterial blood gas analysis, the
partial pressures of oxygen and carbon dioxide were 78.0 mmHg
and 38.0 mmHg, respectively. Although the patient had diabetes as
an underlying disease, the blood glucose level was 154 mg/dL.
The skin had urticaria in the form of red rashes on the back, which
were neither pale nor cold. The Glasgow coma scale score was 14
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and hemiparesis was found on the left side of grade IV.
Brain computed tomography scan showed no hemorrhagic findings, and brain magnetic resonance imaging scan showed acute
ischemic stroke with high-signal intensity in diffuse-weighted images and low-signal intensity in apparent diffusion coefficient in
the right pons (Fig. 1).
On the magnetic resonance angiography image, both middle cerebral arteries were occluded (Fig. 2), and moyamoya disease with
bilateral distal ICA occlusion and collateral circulation from the
neovascular structure and external carotid artery branch was confirmed through conventional angiography (Fig. 3).
The patient was treated with dual antiplatelet therapy with aspirin and clopidogrel and is undergoing physical rehabilitation
therapy.

anaphylaxis, but a few such cases have been reported5,6). However,
the cause of ischemic stroke can be easily predicted based on a simple allergic reaction without anaphylactic shock due to a poor cerebrovascular supply caused by moyamoya disease. Despite posterior
circulation involvement in moyamoya disease has not been well
studied, it is likely an extension of the stenotic process from the anterior circulation7). The allergic reaction may be caused by transient broad peripheral vasodilatation and collapsed fragile cerebrovascular network.

DISCUSSION
Ischemic stroke rarely occurs after a bee sting or drug-induced

A

B

Fig. 1. (A) Diffusion-weighted magnetic resonance image shows
high signal intensity on the right pons. (B) Apparent diffusion coefficient shows low signal in the same area.

A

Fig. 2. In the magnetic resonance angiography, both distal ICAs were
occluded. Also both anterior cerebral arteries and middle cerebral
arteries were disappeared.

B

C

Fig. 3. (A, B) In the cerebral angiography, the moyamoya blood vessels in the form of “puff of smoke” are visible in the both middle cerebral artery territories. (C) Both posterior cerebral arteries form collateral circulation to the both cerebral hemisphere.
74
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Additionally, an allergic reaction possibly causes autonomic dysfunction8), which result in transient hypotension and ischemic
stroke and can also be a means to rationally explain the developmental process9).
The prognosis of moyamoya disease can lead to contradictory
results of hemorrhagic or ischemic stroke; however, no methods
have been able to predict it yet3).

CONCLUSIONS
This case report intended to provide evidence that an allergic reaction without anaphylaxis can cause ischemic stroke in patients
with moyamoya disease, which is considered to be a significant
point for both patients and neurologists.

NOTES
Conflict of interest

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

REFERENCES
1. Fukui M. Guidelines for the diagnosis and treatment of spontaneous occlusion of the circle of Willis (“moyamoya” disease).
Research committee on spontaneous occlusion of the circle of

www.e-jnic.org

Si Hyun Rho et al.

willis (moyamoya disease) of the ministry of health and welfare,
Japan. Clin Neurol Neurosurg 1997;99(Suppl 2):105–118.
2. Bersano A, Guey S, Bedini G, Nava S, Hervé D, Vajkoczy P, et al.
Research progresses in understanding the pathophysiology of
moyamoya disease. Cerebrovasc Dis 2016;41:105–118.
3. Canavero I, Vetrano IG, Zedde M, Pascarella R, Gatti L, Acerbi
F, et al. Clinical management of moyamoya patients. J Clin Med
2021;10:3628.
4. Reber LL, Hernandez JD, Galli SJ. The pathophysiology of anaphylaxis. J Allergy Clin Immunol 2017;140:335–348.
5. Robles LA, Matilla AF. Brain stem ischemic stroke associated
with anaphylaxis. Cureus 2018;10:e2289.
6. Brown AF, McKinnon D, Chu K. Emergency department anaphylaxis: a review of 142 patients in a single year. J Allergy Clin
Immunol 2001;108:861–866.
7. Fox BM, Lawton MT, Wanebo JE. Pathophysiology of vascular
stenosis and remodeling in moyamoya disease. Front Neurol
2021;12:661578.
8. Loehrl TA. Autonomic dysfunction, allergy and the upper airway. Curr Opin Otolaryngol Head Neck Surg 2007;15:264–
267.
9. Machida T, Higuchi Y, Nakano S, Ishige S, Shimada J, Honma K.
Postoperative cerebral ischemia due to hypotension in moyamoya patient with autonomic dysfunction. World Neurosurg
2018;109:204–208.

75

eISSN 2635-5280

Case Report
J Neurointensive Care 2021;4(2):76-80
https://doi.org/10.32587/jnic.2021.00395

Pituitary Adenoma Confined Within the Pituitary Stalk:
A Case Report and Literature Review
Jae Hyun Park1, Tae Hoon Roh1, Jang-Hee Kim2, Se-Hyuk Kim1
1

Department of Neurosurgery, Ajou University Hospital, Ajou University College of Medicine, Suwon, Korea
Department of Pathology, Ajou University Hospital, Ajou University College of Medicine, Suwon, Korea

2

Received: September 23, 2021
Accepted: September 27, 2021
Corresponding Author:
Author Tae Hoon Roh, M.D., Ph.D.
Department of Neurosurgery,
Ajou University College of
Medicine 164, World cup-ro,
Yeongtong-gu, Suwon 16499,
Korea
Tel: +82-31-219-5230
Fax: +82-31-219-5238
E-mail: throh@ajou.ac.kr

Pituitary adenomas within the pituitary stalk, without pituitary gland involvement, are extremely
rare. To date, only six cases of pituitary adenomas confined to the pituitary stalk have been reported in English publications; all of which were functional tumors suspected to originate from the
pars tuberalis. Herein, we report a case of a non-functioning pituitary adenoma thought to originate from and confined within the pituitary stalk. The patients had normal hormone levels during
the initial evaluation and underwent surgery using the endonasal trans-sphenoidal approach. Histopathological examination was performed to confirm the diagnosis. A careful review of the literature was also performed.
Keywords: Pituitary neoplasms; Adenoma; Pituitary gland; Hormone; Surgery

INTRODUCTION
Pituitary adenomas are among the most common intracranial
tumors, accounting for 10–15% of all intracranial tumors1). Nonfunctioning pituitary adenomas require surgical management
when they are expected to show symptoms attributed to mass effect2). The majority of pituitary adenomas originate from the anterior pituitary gland; that is, majority of pituitary adenomas grow
within the sella turcica. Furthermore, pituitary adenomas may dilate the diaphragm and extend beyond the suprasellar area3). On
rare occasions, they may be present in extra-sellar sites not continuous with the pituitary gland, with or without an adenoma in the
pituitary gland. First described by Erdheim in 1909 and predominantly described in case reports, such cases may be referred to as
ectopic pituitary adenomas (EPAs)4).
Though most pituitary adenomas are found in continuity with
the gland, such ectopic forms of pituitary adenomas are usually

found in the sphenoid sinus, clivus, suprasellar space, nasopharynx,
and cavernous sinus. Pituitary adenomas strictly confined to the
pituitary stalk are extremely rare5,6). Herein, we report a case of a
nonfunctioning pituitary adenoma strictly confined to the pituitary stalk.

CASE REPORT
A 57-year-old woman was referred to our clinic with an incidental finding of a suprasellar mass. The patient was asymptomatic,
with blood tests and hormone levels within normal ranges. Computed tomography revealed an 8-mm, high-density, contrast-enhanced mass in the pituitary stalk. Additionally, magnetic resonance imaging showed a mass of heterogeneous signal intensity on
both T1WI and T2WI within the pituitary stalk, protruding toward the 3rd ventricle. The MR image also showed suspected intratumoral hemorrhage and prominent heterogeneous enhance-
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ment under contrast. (Fig. 1)
A tumor of pituitary origin was suspected; differential diagnoses
of lymphoma, craniopharyngioma, germ cell tumor, and granular
cell tumor were considered. For pathologic confirmation, extended
endoscopic endonasal trans-sphenoidal surgery was planned for
the approach.
The operative findings confirmed the absence of pituitary
gland involvement. The surgical field extended to the supra-diaphragm area, which revealed a thickened pituitary stalk. The lesion was curetted by a vertical incision and subsequently sucked
out, preserving the anatomy of the pituitary gland and stalk. The

A

B

tumor was well confined within the stalk and was completely removed. (Fig. 2) Postoperative MRI showed no residual tumor.
The pathologic study confirmed a non-functioning pituitary adenoma.
Tumor cells were negative for immunolabelling for growth hormone, adrenocorticotropic hormone (ACTH), prolactin, thyroid-stimulating hormone (TSH), luteinizing hormone, and follicle-stimulating hormone. On the other hand, neuroendocrine
markers, CK8, CK18, and synaptophysin, were positive. (Fig. 3)
After postoperative care, the patient was discharged without any
neurological complications. Upon discharge, hydrocortisone (10

C

D

Fig. 1. Preoperative computed tomography (CT) and magnetic resonance image (MRI). (A) A high-density mass of 8 mm in diameter was
shown in the pituitary stalk. (B) T1-weighted image showed a mass with moderate-intensity signals within the pituitary stalk. (C, D) The tumor
was heterogeneously enhanced and bulging into the third ventricle.

A

B

C

D

Fig. 2. Endoscopic operative view. (A) The pituitary stalk was thickened in diameter. (B) A vertical incision was made on the pituitary stalk. (C)
Through the opening, the tumor was curetted and sucked out. (D) Structure of the pituitary stalk was preserved.

A

B

C

D

Fig. 3. Pathologic diagnosis confirmed pituitary adenoma. (A) Hematoxylin-eosin stain of the specimen (×400). (B) Immunohistochemistry markers for growth hormone (GH), adrenocorticotropic hormone (ACTH), Prolactin, thyroid-stimulating hormone (TSH), luteinizing
hormone (LH), follicle-stimulating hormone (FSH) were negative. (C) Synaptophysin, CK8 &18 showed positive. (D)MIB-1 labeling index
showed around 4%.
www.e-jnic.org
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mg/5 mg), levothyroxine (0.75 mg), and desmopressin (0.1 mg
BID) were administered for hormone replacement. Hydrocortisone was discontinued after maintenance for six months. Levothyroxine was maintained for one year. (Fig. 4)
The patient is currently undergoing regular outpatient follow-up
with preserved anterior pituitary function.

DISCUSSION
We report a case of pituitary adenoma confined in the pituitary
stalk of a patient. Pituitary adenomas usually originate inside the
sella turcica and extend to the suprasellar area. Rarely, it may
originate from the stalk, but the majority of the masses protrude
to the suprasellar area as it progresses. Thus, pituitary adenomas
strictly confined to the pituitary stalk are extremely rare. An extensive literature review of PubMed revealed only six reported
cases of pituitary adenomas within the pituitary stalk; all of
which were functioning tumors. Tal reported a case of an
ACTH-secreting tumor in the stalk in 19937). In 1997, Mason et
al. reported 10 cases of ACTH-secreting ectopic pituitary adenomas that arose in the pituitary stalk; four of which originated and
remained confined within the pituitary stalk8). The most recent
case of prolactinoma in the pituitary stalk was published in 2005
by Peker et al6) (Table 1).
To the best of our knowledge, this is the first reported case of a
non-functioning, pituitary stalk-confined adenoma without pituitary gland involvement. We did not initially aim for complete removal, but for biopsy. Through vertical incision on the stalk, we
succeeded in completely removing the tumor while preserving the
anatomy of the pituitary stalk.

Anatomy

The pituitary gland is anatomically divided into the anterior
and posterior pituitary glands, also termed adenohypophysis and

neurohypophysis, respectively. The neurohypophysis is formed
by the pars nervosa and the infundibular stalk. The pars nervosa
acts as a repository for oxytocin and vasopressin, accounting for
most of the volume of the posterior pituitary. The infundibular
stalk connects the hypophyseal and hypothalamic systems. The
anterior and posterior pituitary lobes are divided by a thin boundary, termed the pars intermedia. Most adenohypophysis cases are
caused by the pars distalis, which stores ACTH, TSH, FSH, GH,
LH, and prolactin. The pars tuberalis is an extension of the pars
distalis, encircling the infundibular stalk of the neurohypophysis9,10).

Embryonic origin

Embryologically, the neurohypophysis and adenohypophysis
originate from the neuroectoderm and ectoderm, respectively. At
the 4th week of gestation, the extracranial ectoderm of the primitive oral cavity is invaginated upward, forming the Rathke’s
pouch. The neuroectoderm forms an infundibular process that
extends downward in contact with the invaginating ectoderm. At
weeks 6–8, the Rathke’s pouch pinches off, giving rise to the pars
distalis, pars intermedia, and pars tuberalis. The pituitary formed
resides within the mesoderm-derived sella turcica. The majority
of pituitary adenomas, ectopic to the pituitary, originate from the
remnant rest of the craniopharyngeal duct during the embryonic
period11). Pituitary adenomas in the pituitary stalk not continuous to the gland are mostly considered to originate from the pars
tuberalis12,13).

Imaging study

Pituitary adenomas on CT are usually iso-dense to gray matter
and moderately enhanced by contrast dye. On MRI, the pituitary
shows a low signal on T1WI and a high signal on T2WI. MRI with
gadolinium shows mild-to-moderate enhancement11,14); however,
it is sometimes difficult to distinguish the ectopic form of pituitary
adenoma from other juxta-sellar lesions such as craniopharyngioTable 1. Reported cases of ectopic pituitary adenoma in the pituitary
stalk
Case

A

B

Fig. 4. The 2-year follow-up magnetic resonance images show completely resected tumor with no evidence of recurrence and anatomically preserved pituitary stalk in the (A) coronal and (B) sagittal
section.
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1
2
3
4
5
6

Author, Year

Size

7)

5 mm
7 mm
5 mm
7 mm
1 cm

Tal A, 1993
Mason RB et al., 19978)

Peker S et al, 20056)

Secretory
function
ACTH
ACTH
ACTH
ACTH
ACTH
Prolactin

Surgery
T.S.A.
T.S.A.
T.S.A.
T.S.A.
Pterional approach

T.S.A: Endonasal transsphenoidal approach, ACTH: Adrenocorticotropic
hormone.
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ma, germ cell tumors, or neuro-epithelial tumors, even with a longterm follow-up of imaging studies12).
As for our circumstance, there are several reported cases that
mimicked other kinds of intracranial tumors on imaging and were
later proven otherwise by pathologic confirmation15,16). It has been
debated that weighing hormone levels earlier could avoid unnecessary biopsy and/or surgical interventions11,17). However, deeming
surgery unnecessary may just be a conclusion by hindsight5). In a
comprehensive review published in 2019, Shuman et al. reviewed
85 cases of EPAs from 64 eligible publications out of 116 publications searched to date. According to the review, EPAs tend to be
more active. Approximately 85% of tumors (72 out of 85 cases)
were secretory; 50 cases were clinically functional and 35 were
non-functional. This is a significantly higher ratio than that of pituitary adenomas. More importantly, in contrast to most pituitary tumors being considered benign, six out of 85 EPAs were reported to
be malignant5). Furthermore, Mason et al. reported 10 cases of
ACTH-secreting EPAs and found that only six cases showed corresponding MR with operative findings8).
Considering that ectopic pituitary adenomas and pituitary adenomas in general have a slightly different pathophysiology, and that
imaging studies can only provide a limited amount of information,
the need for tissue confirmation is crucial for diagnosis. In our case
of asymptomatic and ectopic pituitary adenoma, although follow-up observation was considered as an option, consequent
growth to a symptomatic mass was one of the concerns. Furthermore, an initial imaging study suggested multiple differential diagnoses. Thus, preservation of the pituitary stalk, surgical biopsy, and
removal were decided.
The transcranial approach is often considered when managing
suprasellar lesions, in addition to trans-sellar, transdiaphragmatic,
pterional, and trans-sphenoidal approaches11,18-19). In our case, the
trans-sphenoidal endonasal approach was selected.

CONCLUSIONS
Ectopic pituitary adenomas are rare, especially those that are
nonfunctioning and confined within the pituitary stalk. Pituitary
adenomas found in the suprasellar region sometimes require differential diagnoses of craniopharyngioma, germ cell tumors, or
neuroepithelial tumors. When diagnosing juxta-sellar tumors, pituitary adenomas should be considered as a possibility; hormone
profiles must be evaluated to avoid unnecessary surgery. Suprasellar lesions of EPAs may be safely removed via the endonasal route.
When removing tumors within the pituitary stalk, if possible, the
pituitary stalk and gland should be preserved.
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Worldwide, traumatic brain injury (TBI) comprises a combined incidence rate for all ages of approximately 350 per 100,000 person-years and is a leading cause of death and disability in trauma patients1,2). The presentation of TBI varies from mild alterations of consciousness to a comatose state and
death3). However, despite the existence of many classification systems, the simplest includes mild,
moderate, and severe TBI, in which the nature of the injury and the impact on the patient's clinical
condition is considered4). In the last decade, a clear trend has been demonstrated towards deterioration
in patients with severe TBI, in which the whole brain is affected precisely because of the characteristics
and degree of injury. This deterioration may be associated with a loss of autoregulation due to the lack
of reactivity of cerebral vascular pressure, resulting in hyperemia, interstitial edema and subsequent intracranial hypertension (ICH)5,6).
Normal intracranial pressure in adults is less than 15 mm Hg, values that remain above 20 mm Hg
are considered pathological and are an indication for intensified treatment in patients with TBI7). It is
important to consider that ICH can result from primary injury (hematoma expansion) or secondary
damage (water accumulation, impaired autoregulation, ischemia, and contusion expansion). This is
associated with high mortality rates, so multiple early, stepwise, and rescue management strategies
have been proposed for its control, which is aimed at preventing secondary injury by avoiding hypotension, hypoxia and maintaining adequate cerebral perfusion pressure (CPP). Targeted treatment is
essential and may include cerebrospinal fluid (CSF) drainage, use of hyperosmolar therapies, induction of hypothermia, hyperventilation, administration of barbiturates, or performance of decompressive surgery2,8).
Therapeutic hypothermia (TH) is one of the few neuroprotectants that has moved from preclinical
work to clinical use. For example, it was previously used to prevent brain damage during cardiac surgical procedures, but more recently it has also been used to improve both neurological and physical out-
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December 2010-May 2018
- Age ≥ 18 and <60 years
- Blunt trauma with clinical diagnosis of severe TBI and GCS <9
- Actual or imminent endotracheal intubation
Selection period
Inclusion criteria

Countries involved

Eurotherm 3235
Andrews et al., 201512) (n=387)
47 centers in 18 countries (United Kingdom, Belgium, Germany, Greece, Estonia,
Hungary, India, Ireland, Italy, Portugal, Russia, Saudi Arabia, Spain, Netherlands,
United Arab Emirates)
November 2009-October 2014
-Age >18 years
-Closed primary TBI
- ICP> 20 mmHg for at least 5 min after stage 1 treatments, without an obvious
reversible cause
- TBI occurred no more than 10 days before
- Availability of a cooling device or technique > 48 hours
- Central temperature ≥36 °C (at the time of randomization)
- Abnormal CT of the brain
Study

Table 1. Main characteristics of the studies analyzed

comes after sudden cardiac arrest9). Based on rodent studies, it has
been found that angiogenesis and neurogenesis are stimulated by
brain cooling, significantly attenuating brain infarction induced especially in the context of TBI10). Likewise, multiple analyses have
led to consider TH as an attractive treatment strategy for severe
TBI as it confers several theoretical benefits, including the ability
to reduce ICP and increase CPP11). TH has been widely investigated as neuroprotection and treatment of ICH, however, in the setting of severe TBI it has had mixed results. Two large studies (POLAR and Eurotherm 3235) represent strong scientific evidence
against its use12,13). But should it be completely discarded? Temperature changes play a critical role in neuronal vulnerability after
TBI, and relatively small reductions in temperature may be effective in controlling ICH. Early therapeutic hypothermia can reduce
histopathological damage by attenuating the severity of diffuse axonal injury, decreasing brain metabolism and oxygen consumption, reducing edema, stabilizing the blood-brain barrier (BBB),
and promoting the survival rate in the acute stage of TBI14,15). In
addition, it reduces susceptibility to post-traumatic seizures and
decreases the inflammatory response to injury14). A meta-analysis
reported that compared with adults who remained normothermic,
those who underwent TH were associated with reduced mortality
and improved neurological outcome16). However, since the central
nervous system (CNS) is a complex circuit, the use of hypothermia as a management strategy may impact outcomes 6 months after the event. The Eurotherm3235 and POLAR studies have attempted to improve the available scientific evidence and constitute
two major tools against the use of prophylactic and therapeutic hypothermia in patients with severe TBI, respectively (Table 1).
Eurotherm3235 evaluated the efficacy of TH plus standard care
versus standard care alone and, during the first 4 days after randomization, the TH group significantly reduced elevated ICP levels, with less requirement for second or third level therapies. However, there was no significant difference in ICP in both groups on
day 7 after randomization. Regarding the outcomes evaluated at 6
months, TH showed a lower percentage of favorable results and
higher mortality12). There is currently controversy as to the period
of hypothermia that should be used, and in this study, it may not
have been long enough ( > 48h) to show any benefit in improving
the outcome of patients with severe TBI. A recent randomized
multicenter trial using a longer period of hypothermia (up to 5
days) reported a higher percentage of favorable outcomes and a
lower proportion of mortality at 6 months in the intervention
group (TH) compared to the normothermia group17). Although
these results were not statistically significant, not all patients in the
hypothermia group were able to cool to the target temperature of
34-35°C. Higher quality studies with longer TH periods may rep-
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The POLAR randomized clinical trial
Cooper et al., 201813) (n=511)
Five out-of-hospital or paramedic agencies and 14 emergency departments in 6
countries (Australia, New Zealand, France, Switzerland, Saudi Arabia, Qatar)
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Eurotherm 3235
Andrews et al., 201512) (n=387)
- Patient already receiving treatment with induced hypothermia
- Administration of barbiturate infusion prior to randomization

GCS: Glasgow come score, GOS-E: The glasgow outcome scale extended, TBI: Traumatic brain injury.

Study

The POLAR randomized clinical trial
Cooper et al., 201813) (n=511)
Exclusion criteria in out-of-hospital setting
Exclusion criteria
- Clinical diagnosis of drug or alcohol intoxication as the predominant cause of
coma
- Low probability of survival during the next 24 hours (e.g., bilateral fixed dilated - Non-randomization within 3 hours after the estimated time of injury
pupils)
- Temperature <34 °C at hospital admission
- Estimated transport time to the study hospital> 2.5 hours
- Pregnancy
- Suitable for intubation without drugs
- Systolic blood pressure <90 mm Hg
- Heart rate> 120 bpm
- Cardiac arrest
- GCS score = 3 + non-reactive pupils
- Penetrating neck/torso injury
- Known or obvious pregnancy
- Receiving hospital is not a study site
- Evidence of anticoagulant therapy
- Caregiver dependent due to a pre-existing neurological condition
Exclusion criteria in the emergency department
- Presence of previous criteria
- Clinically significant bleeding likely to require intervention
- Positive pregnancy test in urine or blood
- In the opinion of the treating physician, "cooling" is not the best option
Therapeutic hypothermia plus standard care vs. standard care
Early prophylactic hypothermia vs. normothermia
Randomization
Hypothermia definition
32 to 35 °C
33 to 35 °C
Time (TBI - onset of hypothermia) Up to 10 days after injury
Up to 3 hours after injury.
Duration of intervention
48 hours - until needed to control intracranial pressure
≥72 hours -maximum period of 7 days.
If the intracranial pressure was less than 20 mm Hg, it was increased 0.25 °C / hour If the intracranial pressure was less than 20 mm Hg, it was increased 0.25 °C / hour
Reheating
Primary untie at 6 months
Hypothermia vs. control:
Hypothermia vs. control:
Favorable results (GOS-E of 5 to 8) 25.7% vs. 36.5%
Favorable results (GOS-E of 5 to 8) 48.8% vs. 49.1%
Secondary results
Hypothermia vs. control:
Hypothermia vs. control:
Mortality at 6 months: 32.2% vs. 25.2%
Mortality at 6 months: 21.1% vs. 18.4.5%

Table 1. Continued
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resent an important consideration for future evaluation, as some
hypotheses suggest that cytotoxic edema and intracellular neurotoxicity cascades may be attenuated at the peak which is around
day 5 in TBI patients11,17).
Regarding the use of TH as a rescue strategy in severe and refractory ICH, it has been very little evaluated, however, some analyses
by subgroups of patients with an initial ICP ≥ 30 mm Hg, found
that long-term mild TH significantly increased the favorable outcome at 6 months without raising the incidence of severe complications such as pneumonia, hypokalemia, thrombocytopenia and,
arrhythmias17). Likewise, the rewarming time at Eurotherm
(0.25°C /hour), which is equivalent to 3°C in only 12 hours, could
have influenced the results. One analysis found that slow rewarming at a rate of < 1 °C/day with a rewarming time of ≥ 48 hours
significantly improved neurological outcomes at 6 months after
mild TH in patients with severe TBI and evacuated hematoma18).
So a slower rewarming period than that used in Eurotherm would
form a critical element when using TH in patients with TBI
On the other hand, the POLAR-RT study did not evaluate hypothermia as a therapeutic strategy for ICH, but rather as an early
prophylactic utility for TBI. This study compared prophylactic hypothermia (PH) vs. normothermia and reported good ICP control
during the first 4 days post-randomization, however, is found at 6
months a lower percentage of favorable outcomes and a higher
proportion of mortality in the hypothermia group13). A recently
published review that included the POLAR study in its meta-analysis19) represents valuable evidence. This analysis demonstrates
the importance of specific cooling parameters such as cooling temperature, cooling duration, and rewarming rate, and considers that
these were a major limitation of the POLAR study, as they were
only achieved in less than half of the patients who received PH,
achieving a moderate level of cooling19) (Table 2).
This review builds on a previous meta-analysis evaluating the effect of cooling parameters in TBI patients, which found that for trials that accurately reported the cooling protocol, there was a reduction in the odds ratio of death in the TH group compared to no
Table 2. Comparison between the Eurotherm 3235 and POLARRCT studies regarding the use of hypothermia in the management of
intracranial hypertension in traumatic brain injury
Variables studied
Cooling duration
Body cooling temperature
Overheating rate
No. of patients (%)
COIN Subgroup
COIN: Cooling index.
84

Results
72,2 hours
33-35 °C
≤0,25°C/hour
124 (48%)
Moderate

Ariana Alejandra Chacón-Aponte et al.

cooling, concluding that TH was beneficial only if the cooling index (COIN) was sufficiently high (longer cooling and at temperature ≤ 0.25°C/h)20). Likewise, when data from the POLAR study
were included in a new meta-analysis published recently, the results
were similar to the previous study and indicated that the use of hypothermia significantly decreased mortality in severe TBI only in
cases where COIN was high19). Thus, it is possible that the decrease in COIN masks some of the outcomes evaluated in the POLAR study (favorable PH and 6-month mortality outcomes).
Taking into account the effect of hypothermia in reducing brain
metabolism, considering it in the management of ICH in patients
with TBI could play an important role. A clinical trial evaluating
patients with severe TBI found that inducing TH aimed at achieving a 50-60% reduction in cerebral metabolic rate significantly reduced patient mortality21). This was not considered in the Eurotherm and POLAR studies and could constitute the missing gap to
evaluate the benefit of TH in patients with severe TBI and their
6-month outcomes
The Eurotherm 3225 and POLAR studies show that TH and
PH control ICP, but without an impact on outcomes. This leads to
the idea that TBI is a changing and very diverse entity, where ICP
control is important but not sufficient to improve outcomes. It is
still premature to abandon the use of TH and PH in patients with
severe TBI as questions and controversies remain. An evaluation of
methods to induce hypothermia, as well as of multiple combinations of treatments used in the management of ICH, is needed to
determine possible synergistic effects with maximal benefits. Considering the available evidence, TH should not be considered a
treatment in all patients with ICH, but in our opinion, it is a very
good option in selected cases (ICH > 30 mm Hg) or as a rescue
strategy In addition, to have a wider field of application for its therapeutic and prophylactic use, there is a clear need for more studies
that consider prolonged mild hypothermia ( > 5 days), slow rewarming ( < 1°C/day) and adequate cooling rate (high) or establish situations that may influence mortality and medium-long term
outcomes.
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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).
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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
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figure number as the file name (i.e. Fig1.jpg). When a figure
is composed of more than 2 parts, authors should combine
the figure in the correct orientation. Separate files without
embedded labels should be submitted only if the Editorial board
requests them after the peer review. Authors should submit
figures in black and white if they want them to be printed in
black and white. Authors are responsible for any additional costs
of producing color figures.
The files should have following resolutions for printing: line art
at 300 dpi, combination half-tones at 300 dpi, and half-tones
(gray scale or color without type or lettering) at 300 dpi. If the
quality of the photographs is considered as inappropriate for
printing, re-submission of them can be requested by the journal.
Tables, graphs, figures, and photographs should be used only
when necessary.

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

Post-Publication Discussion and
Corrections
The post-publication discussion is available through letter to the
editor. If any readers have a concern on any articles published,
they can submit letter to the editor on the articles. If there
founds any errors or mistakes in the article, it can be corrected
through errata, corrigenda, or retraction.
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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,
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c) Review Article: title page, inner title page, abstract and key words, introduction, manuscript body,
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□ Yes / □ No
□ Yes / □ No
□ Yes / □ No
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4. Inner title page
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□ Yes / □ No

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
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within a maximum of six.
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11. Figure resolution
Author must guarantee the quality of figures. It should be noted that the manuscript could be rejected if
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□ Yes / □ No

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
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