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INTRODUCTION 

Recent research has found a substantial link between ill-

nesses including pneumonia, urinary tract infections, dental 

infections and sudden myocardial infarction (acute myocar-
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Objective: The goal of this nationally matched longitudinal study was to investigate the rela-
tionship between acute myocardial infarction (AMI) and pyogenic spondylitis (PS) in Korea. 
Methods: We collected patient data from the National Health Insurance Service Health 
Screening cohort from January 1, 2004 to December 31, 2015. PS was classified using the In-
ternational Classification of Diseases codes M46.2 (osteomyelitis), M46.8 (inflammatory spon-
dylopathy), M49.2 (enterobacterial spondylitis), and M49.3 (enterobacterial spondylitis) (spon-
dylopathy in other infectious and parasitic diseases). The PS group had a total of 628 patients. 
The control group included 3,140 people. Utilizing the Kaplan-Meier technique, the groups’ 
AMI rates were estimated. A Cox proportional-hazards regression analysis was used to com-
pute the hazard ratio for AMI. 
Results: After controlling for age and sex, the hazard ratio for AMI in the PS group was 2.241 
(95% confidence interval [CI], 1.112–4.516). The adjusted hazard ratio in the PS group was 
2.138 after controlling for demographics and concomitant medical conditions (95% CI, 1.056–
4.318). In a subgroup analysis, the AMI percentages were substantially greater in the PS group 
in women over 65, those with diabetes, and in non-hypertension and non-dyslipidemia sub-
groups. 
Conclusion: This nationwide longitudinal study found that PS patients had an elevated risk of 
AMI. 

Keywords: Epidemiology; Myocardial infarction; Population; Spondylitis  

dial infarction [AMI])4,6,11,17,20,26-27). Infectious spinal illnesses 

tend to be on the rise in older people as a result of chronic 

disabling diseases, more non-surgical treatments, and in-

creased spine surgery8,21). There are some studies that show 

pyogenic spondylodiscitis patients have high long-term 
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mortality due to cardiovascular diseases such as ischemic 

heart diseases1,2). Given the paucity of studies demonstrating 

a link between infectious spinal illnesses and AMI, we un-

dertook countrywide longitudinal research to inquire into 

how common AMI is in individuals with pyogenic spondyli-

tis (PS). 

MATERIALS AND METHODS 

1. Data Source 
For this investigation, results from the National Health In-

surance Service-Health Screening Cohort (NHIS-HEALS) 

data were gathered from 2004 to 2015. The NHIS is in charge 

of running a single-payer healthcare system3,18). The NHIS 

performs health checks on non-employees and office work-

ers over 40 once a year or every 2 years, respectively. The 

information gathered (for example, national health check-

up results) is kept in the National Health Information Data-

base (NHID)9,13). The NHIS data is accessible to the public 

for research purposes. The Institutional Review Board (IRB) 

authorized our study (IRB No. 2020-01-011). 

2. Study Design and Subjects 
This sex- and age-matched research was aimed at determin-

ing the potential chances of AMI in individuals with PS. A PS 

and a control group were included in the research popula-

tion. PS group participants were diagnosed using the Inter-

national Classification of Diseases, Tenth Revision (ICD-10) 

codes M46.2-M46.8 and M49.2-M49.3. The NIHSS database 

contained 515,547 patients (about 10% of Koreans above age 

40 who had national health check-ups between January 1, 

2002 and December 31, 2003). The patients were followed 

for 12 years, ending in December 2015. The following crite-

ria were used to identify AMI patients: 1) ICD-10 codes (I21, 

I22), 2) hospitalization18,19). The NIHSS database was used 

to obtain information regarding pre-existing comorbidities. 

The patients in this research were tracked from the time of 

their first AMI until they died or reached the end of their fol-

low-up period. Duration refers to the time period from the 

first diagnosis of AMI to the death of the patient or reaching 

the end of the follow-up period. The duration of Table 1 

shows the sum of follow-up period of all patients. 

3. Establishment of the Study Cohort 
From 515,547 diagnosed individuals in the NIHSS database, 

we retrieved 10,890 PS individuals. The 653 individuals 

hospitalized at least once a year were chosen to represent 

patients with higher disease activity. After excluding the 25 

individuals with preexisting PS, 628 patients who have been 

newly diagnosed with PS stayed. The greedy matching algo-

rithm of the 'Match IT' R package was used to choose 3,140 

individuals as controls using 1:5 age- and gender-stratified 

matching (without replacement)12,14). The batches were 

monitored until December 31, 2015 (Fig. 1). 

4. Statistical Analysis 
The distinctions in the means of demographic variables 

amid the PS and control batches were examined using the 

χ2 and the Student's t-test. The Kaplan-Meier technique was 

used to evaluate the likelihood of survival without AMI in 

both groups. The differences in the rates of surviving dis-

ease-free between the batches were compared with the Wil-

coxon's log-rank test. Multivariate studies employing a Cox 

proportional hazard regression model were used to evaluate 

the impact of PS on the following incidence of incidents. 

There were two Cox proportional-hazards regression mod-

els employed. Model 1 was modified to account for gender 

and age. Model 2 was adjusted for gender, age, DM, Hyper-

tension, and Dyslipidemia. To adjust covariates, we con-

ducted subgroup analyses. R software was used to conduct 

the analysis. (version 3.3.3; The R Foundation for Statistical 

Computing, Vienna, Austria). 

Table 1. Adjusted hazard ratios for AMI in the PS and control groups

Group Events Duration (days) Incidence rate (%)
HR (95% CI)

Model 1* Model 2†

AMI
 Control (n = 3,140) 53 12,896,218 1.500 1 1
 PS (n = 628) 10 931,034 3.920 2.241 (1.112, 4.516) 2.138 (1.056, 4.318)

AMI: acute myocardial infarction; PS: pyogenic spondylitis; HR: hazard ratio; CI: confidence interval.
*Model 1: adjusted for age and sex.
†Model 2: adjusted for age, sex, low income, diabetes, hypertension, and dyslipidemia.
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RESULTS 

1. Characteristics of the PS and Control Groups 
There were 628 newly diagnosed PS patients. The average 

age was 59.09 ± 9.35 years, and most of the following were 

men (51.43 percent). Diabetes mellitus prevalence differed 

substantially between the two groups (p < 0.01; Table 2). 

2. AMI in the PS and Control Groups 
The PS group had a substantially greater incidence rate 

of AMI than the control batch (p = 0.003; Fig. 2). The Ka-

plan-Meier curves with accumulative AMI risks revealed 

that the PS batch was more likely than the control to develop 

AMI. A multivariate analysis of the Cox proportional-haz-

ards regression model 1 revealed that the AMI hazard ratio 

in the PS group was 2.241 when juxtaposed with the control 

batch (95% confidence interval [CI], 1.112–4.516; Table 1). 

The hazard ratio of AMI in the PS batch was 2.138 in a multi-

variate analysis of model 2. (95% CI, 1.056–4.318; Table 1). 

3. Subgroup Analysis of AMI Incidence Rate 
The AMI rate in females differed substantially in both the PS 

and control batches (95% CI, 1.292–8.928; Table 3). AMI rate 

was substantially divergent amid the PS and control batches 

in the age <65 subgroup (95% CI, 1.549–9.166; Table 3), the 

diabetic subgroup (95% CI, 1.096–14.590), the non-hyper-

tensive subgroup (95% CI, 1.024–9.827), and the non-dyslip-

idemia subgroup (95% CI, 1.006–4.795). 

DISCUSSION 

After controlling for age and gender, our countrywide longi-

tudinal follow-up research found that the exposure to AMI 

was 2.241-fold greater in the PS group. After controlling for 

age, gender, wealth, and other comorbidities, the incidence 

of AMI rose by 2.138-fold in the PS batch. In female, age >65, 

Fig. 1. The cohort formation process is depicted in a flow diagram. The National Health Insurance Service-Health Screening Cohort (NIHSS 
database) was used in this 12-year longitudinal cohort study.

Korea NIHSS database (N = 515,547)

Pyogenic Spondylitis with 
ICD-10 Code 'M46.2'-'M46.8'

and 'M49.2'-'M49.3'
(N = 10,890)

After 2004.01.01

Pyogenic Spondylitis with
hospitalization ≥1

(N = 653)

Newly diagnosed Pyogenic
Spondylitis after 2004.01.01

(N = 628)

Control group
enorlled after 2004.01.01

(N = 3,140)

1:5 age- and sex-stratified matching

10,237 Subject without hospitalization 
during 1 year excluded

25 Subject diagnosed 
before 2004.01.01 excluded

Table 2. Characteristics of the PS and control groups
Variables PS (n = 628) Control (n = 3,140) p-value
Sex (male) 323 (51.43%) 1,615 (51.43%) 1
Age 59.09 ± 9.35 59.09 ± 9.35 1
Age ≥ 65 199 (31.69%) 995 (31.69%) 1
Low income 161 (25.64%) 840 (26.75%) 0.6
Diabetes 83 (13.22%) 289 (9.20%) <0.01*
Hypertension 268 (42.68%) 1,241 (39.52%) 0.15
Dyslipidemia 99 (15.76%) 486 (15.48%) 0.9

The data is presented as number (%) or mean ± standard deviation.
PS: pyogenic spondylitis.
*Statistical significance.
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diabetic, non-hypertensive, and categories, the incidence of 

AMI was substantially greater in PS patients than in controls. 

Similar to our study, there have been several studies that the 

risk of cardiovascular disease was increased in PS1,2). 

Previous research has indicated an association between 

infection and heart-related events. Corrales-Medina et al.5) 

Table 3. Acute myocardial infarction incidence rate in subgroup analyses between the PS and control groups

Variables
PS Control

HR (95% CI) p-value for 
differencen Incidence rate (%) n Incidence rate (%)

Sex
 Male 7 5.727 16 0.951 1.509 (0.522, 4.363) 0.456
 Female 9 6.774 27 1.458 3.397 (1.292, 8.928) 0.013
Age
 <65 6 6.081 5 0.202 3.767 (1.549, 9.166) 0.004
 ≥65 10 12.130 38 3.640 1.133 (0.337, 3.805) 0.851
Diabetes
 N 3 5.900 9 0.973 1.681 (0.700, 4.034) 0.248
 Y 13 6.827 34 1.600 3.999 (1.096, 14.590) 0.035
Hypertension
 N 9 1.370 21 0.280 3.172 (1.024, 9.827) 0.045
 Y 7 36.087 22 10.724 1.808 (0.739, 4.423) 0.196
Dyslipidemia
 N 3 1.379 10 0.335 2.197 (1.006, 4.795) 0.048
 Y 13 34.712 33 6.045 2.451 (0.499, 12.040)

PS: pyogenic spondylitis; HR: hazard ratio; CI: confidence interval.

Fig. 2. The increasing incidence of acute myocardial infarction 
(AMI) in the pyogenic spondylitis (PS) and control groups was 
compared. The Kaplan-Meier curves for increasing AMI risk were 
contrasted between the PS and control groups.
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reported a 7.8-fold increase in the odds of severe coronary 

conditions in patients with acute bacterial pneumonia. 

Kwong et al.11) reported that AMI incidence ratios within 

7 days after influenza B, influenza A, respiratory syncytial 

virus, and other virus infections were 10.11 (95% CI, 4.37–

23.38), 5.17 (95% CI, 3.02–8.84), 3.51 (95% CI, 1.11–11.12), 

and 2.77 (95% CI, 1.23–6.24), respectively. 

Several potential explanations for the connection between 

AMI and infection have been proposed. Atherosclerotic 

plaques contain inflammatory cells. Infections in other 

parts of the body release inflammatory cytokines into the 

bloodstream, which can trigger the inflammatory cells in 

atherosclerotic plaques15,17). The coagulation-promoting 

state associated with acute infection raises the likelihood 

of coronary artery thrombosis at the site of plaque break-

down even more17,22,24). Factors that contribute to coronary 

thrombosis include increased platelet activity, increased 

production of procoagulants, hypercoagulability, and en-

dothelial dysfunction10,17,28-30). AMI can also occur when the 

metabolic demands of myocardial cells exceed the capacity 

of the blood to supply oxygen. Fever and inflammation raise 

the metabolic requirements of outer tissues and organs. As 

a result of the increased heart rate, the filling time during 

diastole is shortened, limiting coronary perfusion7,17).  

There are a few imperfections to this study that should be 

mentioned. First, the pathogenesis of atherosclerosis and 
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AMI can be associated with elevated inflammatory markers 

and chronic infectious burden16,23,25). However, the NIHSS 

database is insufficient data on inflammatory markers. As 

a result, it is complicated to examine the possible impact of 

inflammatory markers on the relationship between PS and 

AMI. Second, variables of medical claims data may not ac-

curately reflect a patient's health status13,14).  

Nonetheless, this is the first statewide longitudinal cohort 

research to indicate that PS patients have an elevated risk of 

AMI.  

CONCLUSION 

Our countrywide longitudinal cohort analysis showed an 

increased tendency of AMI in PS patients. 
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Objective: Cranioplasty (CP) following decompressive craniectomy (DC) is of low complexity 
surgically. However, even this “simple” procedure may have a high complication rate, especial-
ly for the reconstruction of bilateral craniectomy compared to the reconstruction of unilateral 
craniectomy. This study aimed to assess and compare the rate of complications between si-
multaneous and staged CP for the reconstruction of bilateral craniectomy. 
Methods: All patients who underwent CP at our institution following DC for stroke or trau-
matic brain injury between 2008 and 2017 were reviewed. A total of 139 patients were iden-
tified, of whom 17 underwent bilateral CP. Simultaneous and staged CP was performed in 6 
and 11 patients, respectively. The median time from craniectomy until CP was 94 days (range, 
25-220 days). In patients with staged CP, the interval between the first CP and the second CP 
was 15 days (range, 6-43 days). The overall rate of complications, such as postoperative bleed-
ing, seizures, postoperative infection, and hydrocephalus, was 16%. 
Results: There were no statistically significant differences in outcome variables between si-
multaneous CP and staged CP for the reconstruction of bilateral craniectomy, except for esti-
mated blood loss. The estimated blood loss was lower in patients who underwent staged CP 
than in those who underwent simultaneous CP. The length of hospital stay was naturally lon-
ger when staged CP was performed. 
Conclusion: No significant differences were found in outcome variables between simultane-
ous and staged CP for the reconstruction of bilateral craniectomy, except for estimated blood 
loss and the length of hospital stay. Therefore, simultaneous CP might be more beneficial for 
economic reasons than staged CP. 

Keywords: Craniotomy; Decompressive craniectomy; Reconstructive surgical procedures

INTRODUCTION 

Decompressive craniectomy (DC) is a crucial procedure 

for elevated intracranial pressure refractory to medical 

treatment followed by traumatic brain injury, intracranial 

hemorrhage, brain infarction, and so on5,14,21,24). Skull defect 
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following DC can be restored by performing cranioplasty 

(CP)1,3,6,8,10,11). CP has multiple positive effects such as im-

proving cerebral hemodynamics, restoring outward appear-

ance, enhancing protection, reducing epileptic seizures, and 

helping patient’s rehabilitation8,10,11,15,20,22,23,25,28). CP is a rela-

tively simple neurosurgical procedure with many benefits. 

However, when, how, and by what it is performed can make 

many differences1,2,4,7,14,16,19,20,23,27-29). 

Although CP has many benefits, CP also has many side 

effects like blood loss, increased hospital stay, infection, the 

risk of hydrocephalus, and the possibility of developing “tre-

phined” syndrome1,3,9,13,17,26,29). Although the mortality rate 

after CP is low, complications occur more than expected12,29). 

Matters of when, how, and by what CP is performed has 

been discussed in many studies. For some reason, bilateral 

CP is performed at the same time or the initial DC and se-

quentially after the initial DC by time. The objective of this 

retrospective study was to determine whether bilateral CP 

performed after the initial DC might be better than bilateral 

CP done simultaneously with the initial DC. 

MATERIALS AND METHODS 

This retrospective study was reviewed and approved by the 

Ethics Committee (IRB No. 2022-0661-0001). 

1. Patient Population 
The 139 patients who underwent CP from 2008 to 2017 were 

analyzed. Of them, 17 met the inclusion criteria. Inclusion 

criteria were: bilateral CPs were done less than six months 

after initial DC; all staged CPs were done less than one 

month in the interval; all CPs were done using autologous 

bone; and all DCs were done after traumatic brain injuries. 

These inclusion criteria were used to minimize the bias of 

analysis. All operations were performed by two skillful brain 

surgeons. 

Demographic characteristics and other variables are sum-

marized in Tables 1 to 3 and Fig. 1. For bilateral CPs, six were 

done simultaneously (simultaneous group) and 11 were 

done by time (staged group). The mean age of patients was 

43.5 years (range, 23–53 years) for the simultaneous group 

and 45.3 years (range, 17–77 years) for the staged group. 

2. Cranioplasty 
All CPs were done in a standard fashion. Incisions were 

made following the incision of the previous operation. The 

scalp and muscle flap was reflected to reveal the defect. 

Coagulation was done by the sight of active bleeding. If any 

tissues were present at the edge or over the defect, they were 

removed and cleaned. Autologous bone was placed and 

fixed to the skull with a titanium plate and screws. Several 

small holes were made by drilling into the bone to prevent 

accumulation of any fluid. Muscles and scalp were then su-

tured in a counter fashion after applying subgaleal drains. 

When bilateral DC was done, every flap was made using a 

bi-frontal double flap instead of a bi-coronal flap. For ev-

ery patient, subgaleal drains were applied and left for 1 to 

3 days. Autologous bone was used for every patient. It was 

Table 1. Patients’ demographic and clinical characteristics
Variables Median (range)
Age (years)
Simultaneous 43.5 (23–53)
Staged 45.3 (17–77)
Time to cranioplasty (days)
Simultaneous 96 (38–257)
Staged 64 (15–160)
Blood loss (cc)
Simultaneous 450 (250–1,500)
Staged 300 (50–700)

Table 2. Patients’ demographic characteristics and comorbidities
Simultaneous 

(n = 6)
Staged 
(n = 11)

Sex
 Male 4 (66.7%) 8 (72.7%)
 Female 2 (33.3%) 3 (27.3%)
Patients’ comorbidities
Diabetes mellitus 0 0
Hypertension 0 1
Nicotine abuse 1 0
Anticoagulant medication 0 0
Alcohol abuse 2 1

Table 3. Length of hospital stay and postoperative complications
Simultaneous 

(n = 6)
Staged 
(n = 11)

Hospital stay (days, median/mean) 24/31.67 72/80.09
Seizure 1 (16.7%) 2 (18.2%)
Hydrocephalus 1 (16.7%) 5 (45.5%)
Postoperative infections 0 (0.0%) 3 (27.3%)
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stored at –80°C in the fridge immediately after DC. Prophy-

lactic antibiotics were used for one day. 

3. Statistical Analysis 
All statistical analyses were conducted using SPSS statistics 

version 27 (IBM Corp., Armonk, NY, USA). Most analyses in 

this study were done using a non-parametric test. Demo-

graphic characteristics, patient comorbidities, and blood 

loss during operation were analyzed using the Mann-Whit-

ney U test. Complications such as seizure, hydrocephalus, 

and postoperative infection were analyzed using Pearson’s 

χ2 test and Fisher’s exact test. Duration of hospital stay was 

analyzed with an independent t-test which was a parametric 

statistics technique. A significance threshold of p < 0.1 was 

used throughout. 

RESULTS 

Within 10 years of the study period, 139 patients had DC fol-

lowed by CP. A total of 17 patients who underwent bilateral 

DC and bilateral CP were included in this study. Only those 

who had DC after traumatic brain injury were included to 

reduce bias. Six out of 17 patients had bilateral CP simulta-

neously and 11 had bilateral CP done by time (staged CP). 

All CPs were done less than 6 months after the initial DC. 

All staged CPs were done with an interval of less than one 

month. 

Fig. 1. Stem & Leaf plots between two groups (Simultaneous group, staged group) for the reconstruction of bilateral craniectomy com-
paring hospital days (days), time to plasty, age, blood loss, respectively. Only two variables for hospital days, blood loss area are p<0.1 for 
statistical equivalence.
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Complications and Hospital Stay 
Regarding complications, seizure, hydrocephalus within 

three months, infection after surgery, and blood loss during 

surgery were analyzed. In order of their frequency, hydro-

cephalus (n = 6 patients, 1 in simultaneous group/16.7%, 5 

in staged group/45.5%), seizures (n = 3 patients, 1 in simulta-

neous group/16.7%, 2 in staged group/18.2%), and infection 

after surgery (n = 3 patients, 0 in simultaneous group/0%, 

3 in staged group/27.3%) occurred (Table 3). Resorption 

occurred in two patients. However, it was not counted as a 

variable for analysis. Blood loss during surgery was obtained 

by searching operation record and double-checked with an-

esthesia record. Blood loss during staged cranioplasties was 

calculated by adding up both operational results. Blood loss 

during operation was statistically higher in the simultaneous 

group than in the staged group. There was no statistically 

significant difference in complications except for blood loss 

(Table 4). The duration of hospital stay was naturally longer 

when staged CP was done (Table 5). 

DISCUSSION 

Although CP is a simple procedure, it has a relatively high 

complication rate. Reducing complications and hospital stay 

can be beneficial for both patients and surgeons17-19,23,27,28). 

In some cases, bilateral craniectomies are done. However, 

bilateral craniectomies can have more complications than 

unilateral craniectomies. Bilateral craniectomies can be 

done simultaneously or sequentially after the initial DC. 

Due to the higher chance of complications of bilateral CP 

than unilateral CP, efforts are needed to reduce complica-

tions and improve outcomes. The aim of this retrospective 

study was to determine whether bilateral CP performed af-

ter the initial DC (staged one) might be better than bilateral 

CP done simultaneously with the initial DC (simultaneous 

one). 

Whether doing it simultaneously or on time depends on 

many conditions. Surgeon’s preferences, patient’s condition, 

operation room capability, existence of prior postoperative 

infection, patient’s positioning during surgery, possibility 

of infection when changing position during operation, and 

so on should be considered when deciding when or how to 

perform bilateral CP. 

Our data suggest that other than differences in blood loss 

and duration of hospital stay, there was no significant sta-

tistical difference between the two ways of CP. According to 

our data, simultaneous CP might be more beneficial for out-

come and economic reasons than staged CP. 

This is the only study on whether simultaneous CP is more 

beneficial than staged CP. However, our study had some lim-

itations. We tried our best to reduce bias for better outcomes 

as much as we could by simplifying and unifying variables. 

In addition, every craniectomy was recruited due to a trau-

matic brain injury. Moreover, all cranioplasties were done 

using autologous bones. However, a such effort led to an in-

sufficient number of targeted patients. Because of the small 

sample size, we had to use patients operated by two different 

surgeons. Thus, surgeon capability might be another bias. 

In addition, due to its retrospective and non-randomized 

nature, this study had a potential selection bias. Due to the 

small number of patients, statistics might lack reliability. 

Thus, further trials on a larger scale with multiple cases are 

needed in the future. If possible, multi-center or multiple 

doctor involvement is needed to analyze surgeon capability 

factors. 

CONCLUSION 

There were no significant differences in outcome variables 

between simultaneous and staged CP for the reconstruction 

of bilateral craniectomy except for estimated blood loss or 

duration of hospital stays. Performing bilateral CP at once 

can be beneficial for patients and surgeons. 

Table 4. Between-group comparisons of variables
Simultaneous 

(n = 6)
Staged 
(n = 11) p-value

Age (years, median) 43.5 45.3 0.733
Time to cranioplasty (days, median) 96 64 0.462
Sex 1.000
 Male 4 8
 Female 2 3
Blood loss (cc, median) 450 300 0.073
Seizure 1 2 1.000
Hydrocephalus 1 5 0.333
Postoperative infections 0 3 0.515

Table 5. Statistical analysis of the length of hospital stay
Simultaneous Staged p-value

Hospital stay (days, mean) 31.67 80.09 0.015
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INTRODUCTION 

Delayed cerebral ischemia (DCI) and cerebral vasospasm 

(CVS) following aneurysmal subarachnoid hemorrhage 

(SAH) are serious complications occurring within the first 2 

weeks after ictus and lead to significant disabilities, worsen-

ing quality of life and even death. CVS is the phenomenon 

of arterial narrowing observed on angiography. The term 
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Objective: This study aimed to investigate the role of antiplatelet agents (APAs) in preventing 
cerebral vasospasm (CVS) and delayed cerebral ischemia (DCI) in aneurysmal subarachnoid 
hemorrhage (SAH) patients treated with coil embolization. 
Methods: We reviewced data from 131 consecutive patients who underwent coil emboliza-
tion following aneurysmal SAH from January 2011 to May 2021. We finally recruited 108 pa-
tients and analyzed the occurrence of CVS and DCI, as well as the modified Rankin Scale (mRS) 
score at discharge according to the use of APA (APA group [n=32] vs. non-APA group [n=76]). 
Results: The baseline characteristics, except patient age, were not significantly different be-
tween the APA and the non-APA groups. DCI (p=0.846), transcranial Doppler ultrasonographic 
vasospasm (p=0.449), angiographic vasospasm (p=0.176), and mRS scores at discharge 
(p=0.194) were also not significantly different between the groups. Newly developed cerebral 
infarction was significantly more frequent in the APA group (p=0.027). 
Conclusion: APA use did not reduce the occurrence of CVS and DCI in aneurysmal SAH pa-
tients treated with coil embolization, indicating that the effect of APAs on clinical outcomes 
may be trivial compared with other risk factors. 

Keywords: Aneurysm; Platelet aggregation inhibitors; Subarachnoid hemorrhage; Vasospasm

“symptomatic vasospasm” is commonly used when clinical 

deterioration is related to CVS. Meanwhile, DCI is character-

ized by a new neurological deficit or decreased conscious-

ness that should not have been apparent immediately after 

aneurysm occlusion and should not be attributable to other 

causes19).  

Recently, an increasing body of evidence has demon-

strated that DCI does not always correlate with the vascular 
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distribution of CVS, and DCI could occur without CVS6,9,17,18). 

The pathophysiological mechanism of DCI is unclear, but 

inflammatory cascade, cortical spreading depolarization, 

microthrombi formation, and vasospasm have been pro-

posed4,6,9). Along with the pathophysiology of DCI, it is 

presumed that increased platelet activity is contributed to 

the development of DCI. Several studies have investigated 

the role of antiplatelet agents (APAs) in preventing the de-

velopment of CVS and DCI. Some studies have suggested 

that APA has a beneficial effect in preventing CVS and DCI 

after aneurysmal SAH, but others showed contrary re-

sults1,3,5,7,8,12,14-16,20). 

With the advent of endovascular aneurysm treatment, a 

growing number of SAH patients require APA medication 

following intervention due to stent or thromboembolic risk. 

The purpose of this study was to determine whether APA 

reduces the incidence of CVS or DCI in aneurysmal SAH pa-

tients treated using an endovascular tool. 

MATERIALS AND METHODS 

1. Study Population 
The study protocol was approved by the Institutional Review 

Board (IRB). The requirement of obtain written informed 

consent to participate in this study was waived by IRB. We 

reviewed 131 consecutive patients who underwent coil em-

bolization following aneurysmal SAH from January 2011 to 

May 2021. We divided the patients into two groups accord-

ing to the use of APA following endovascular treatment. The 

use of APA was decided by the attending interventionist de-

pending on the use of stent and the risk of thromboembolic 

event (coil protrusion into parent vessel). Patients receiving 

APA after coil embolization were assigned to the APA group 

and patients who were managed without APA were included 

in the non-APA group. 

The exclusion criteria for this study were no transcranial 

Doppler ultrasonography (TCD) data, early death within 7 

days after ictus, and insufficient clinical data. We eventually 

recruited 108 patients. We retrospectively collected the fol-

lowing data: age, sex, history of hypertension and diabetes 

mellitus, Hunt–Hess grade, modified Fisher grade, aneu-

rysm location, newly developed cerebral infarction, newly 

developed hemorrhage, and the occurrence of DCI, TCD 

vasospasm, and angiographic vasospasm. First, we analyzed 

the clinical parameters associated with the clinical outcome 

(modified Rankin Scale [mRS] scores); then, we analyzed 

the occurrence of TCD vasospasm and DCI and the mRS 

score at discharge according to the use of APA. 

All patients underwent TCD every other day for 14 days 

and TCD vasospasm was defined as a mean velocity of the 

middle cerebral artery >120 cm. Angiographic vasospasm 

was defined as the narrowing of the vessel lumen by greater 

than 25% of the original vessel diameter on digital subtrac-

tion angiography (DSA). We only performed DSA when 

TCD vasospasm with clinical deterioration was identified. 

DCI was defined as the occurrence of clinical deterioration, 

such as aphasia or hemiparesis, and a decrease in the level 

of consciousness that were not apparent immediately after 

aneurysm embolization and were not attributed to other 

causes in radiological and laboratory studies19). Newly devel-

oped cerebral infarction and hemorrhage (not hemorrhagic 

infarction) were defined as the presence of new cerebral 

infarction and hemorrhage in follow-up radiological studies 

not present in radiological studies within 48 hr after aneu-

rysm embolization. The infarction associated with initial 

brain damage and hypodense lesions surrounding the cere-

bral hematoma was not regarded as a newly developed in-

farction. A favorable outcome was defined as an mRS score 

of 0 to 2. We dichotomized other variables as follows: age at 

60 years, Hunt–Hess grade 1–3 vs. 4–5, modified Fisher grade 

1–2 vs. 3–4, and aneurysm location as anterior (anterior 

cerebral artery, internal carotid artery, and middle cerebral 

artery) vs. posterior (vertebrobasilar and posterior cerebral 

artery).  

2. Antiplatelet Medication Protocol  
Before coil embolization, we evaluated 3-dimensional com-

puted tomographic angiography and predicted the possible 

use of a stent. Those patients were administered 400 mg of 

aspirin as a loading dose. Heparin (2,000 IU) was adminis-

tered as a bolus after angiography and intermittently 1,000 

IU bolus per hr until the end of the procedure. In the case of 

stent-assisted coil embolization and coil protrusion into the 

parent vessel, aspirin 100 mg and clopidogrel 75 mg were 

administered daily for at least 12 weeks and aspirin was 

maintained lifelong after the procedure. The platelet func-

tion test was not routinely used. 

3. Statistical Analysis 
Continuous variables are presented as the mean (with 
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standard deviation) and categorical variables are present-

ed as the number of cases. For the comparison of baseline 

variables, the χ2 test and Fisher’s exact test were used for 

categorical variables, and Student’s t-test was used for con-

tinuous variables. We considered differences significant at 

p=0.05 in the univariate analysis and entered into a binary 

logistic regression analysis. A probability value of less than 

0.05 was considered statistically significant. 

RESULTS 

Among 108 patients (70 women, 64.8%) with a mean age 

of 57.6 ± 13.4 years (range, 23–91 years), 32 patients were 

allocated to the APA group and 76 patients to the non-APA 

group. 

Unfavorable clinical outcome (mRS scores at discharge 

Characteristic mRS score 
0–2 (n = 80)

mRS score 
3–6 (n = 28) p-value

Sex 0.323
 Male 26 (32.5) 12 (42.9)
 Female 54 (67.5) 16 (57.1)
Age (year) 54.5 ± 11.5 66.6 ± 14.6 0.000
Age (year) 0.001
 <60 57 (71.2) 10 (35.7)
 ≥60 23 (28.8) 18 (64.3)
Hypertension 0.213
 Yes 32 (40.0) 15 (53.6)
 No 48 (60.0) 13 (46.4)
Diabetes mellitus 0.049
 Yes 4 (5.0) 5 (17.9)
 No 76 (95.0) 23 (82.1)
Hunt-Hess grade 0.000
 1 1 (1.3) 0 (0.0)
 2 51 (63.8) 7 (25.0)
 3 26 (32.5) 13 (46.4)
 4 2 (2.5) 8 (28.6)
 5 0 (0.0) 0 (0.0)
Hunt-Hess grade 0.000
 Grade 1-3 78 (97.5) 20 (71.4)
 Grade 4-5 2 (2.5) 8 (28.6)
Modified Fisher grade 0.100
 1 8 (10.0) 0 (0.0)
 2 4 (5.0) 0 (0.0)
 3 32 (40.0) 9 (32.1)
 4 36 (45.0) 19 (67.9)

Characteristic mRS score 
0–2 (n = 80)

mRS score 
3–6 (n = 28) p-value

Modified Fisher grade 0.034
 Grade 1-2 12 (15.0) 0 (0.0)
 Grade 3-4 68 (85.0) 28 (100.0)
Location of the aneurysm 0.048
 ACA 16 (20.0) 13 (46.4)
 ICA 53 (66.3) 12 (42.9)
 MCA 1 (1.3) 0 (0.0)
 VBS 10 (12.5) 3 (10.7)
Location of the aneurysm 1.000
 Anterior circulation 70 (87.5) 25 (89.3)
 Posterior circulation 10 (12.5) 3 (10.7)
TCD vasospasm 0.811
 Yes 21 (26.3) 8 (28.6)
 No 59 (73.8) 20 (71.4)
Angiographic vasospasm 0.648
 Yes 4 (5.0) 2 (7.1)
 No 76 (95.0) 26 (92.9)
DCI 0.000
 Yes 8 (10.0) 21 (75.0)
 No 72 (90.0) 7 (25.0)
New cerebral infarction 0.000
 Yes 5 (6.3) 15 (53.6)
 No 75 (93.8) 13 (46.4)
New hemorrhage 0.000
 Yes 1 (1.3) 7 (25.0)
 No 79 (98.8) 21 (75.0)

Table 1. Baseline characteristics of the study population related to clinical outcomes at discharge

The data is presented as number (%) or mean ± standard deviation.
mRS: modified Rankin Scale; ACA: anterior cerebral artery; ICA: internal carotid artery; MCA: middle cerebral artery; VBS: vertebrobasilar system; TCD: tran-
scranial doppler; DCI: delayed cerebral ischemia.

0–2) was significantly associated with old age (p=0.000), 

diabetes mellitus (p=0.049), Hunt–Hess grade (p=0.000), 

modified Fisher grade (p=0.034), location of the aneurysm 

(p=0.048), newly developed cerebral infarction (p=0.000), 

newly developed hemorrhage (p=0.000), and DCI (p=0.000) 

(Table 1). Old age (odds ratio [OR], 14.173; confidence inter-

val [CI], 1.644–122.176; p=0.016), newly developed cerebral 

infarction (OR, 6.376; CI, 1.209–33.637; p=0.029), and DCI 

(OR, 57.593; CI, 6.071–546.356; p=0.000) were significantly 

associated with unfavorable clinical outcome in binary lo-

gistic regression analysis (Table 2). 

Baseline characteristics, except patient age were not 

significantly different between the APA and the non-APA 

groups (Table 3). DCI (p=0.846), TCD vasospasm (p=0.449), 

angiographic vasospasm (p=0.176), and mRS scores at dis-

charge (p=0.194) were not significantly associated with the 
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Table 2. Risk factors for unfavorable clinical outcomes
Parameter OR (95% CI) p-value
Age ≥ 60 years 14.173 (1.644–112.176) 0.016
Newly developed CI 6.376 (1.209–33.637) 0.029
DCI 57.593 (6.071–546.356) 0.000

OR: odds ratio; CI: confidence interval; CI: cerebral infarction; DCI: delayed 
cerebral ischemia.

Table 3. Baseline characteristics of patients in the APA and nAPA 
groups

Characteristic APA group 
(n = 32)

non-APA group
(n = 76) p-value

Sex 0.442
 Male 13 (40.6) 25 (32.9)
 Female 19 (59.4) 51 (67.1)
Age (year) 62.4 ± 14.4 55.6 ± 12.6 0.017
Age (year) 0.035
 <60 15 (46.9) 52 (68.4)
 ≥60 17 (53.1) 24 (31.6)
Hypertension 0.191
 Yes 17 (53.1) 30 (39.5)
 No 15 (46.9) 46 (60.5)
Diabetes mellitus 1.000
 Yes 2 (6.3) 7 (9.2)
 No 30 (93.8) 69 (90.8)
Hunt-Hess grade 0.766
 1 0 (0.0) 1 (1.3)
 2 16 (50.0) 42 (55.3)
 3 12 (37.5) 27 (35.5)
 4 4 (12.5) 6 (7.9)
 5 0 (0.0) 0 (0.0)
Hunt-Hess grade 0.478
 Grade 1-3 28 (87.5) 70 (92.1)
 Grade 4-5 4 (12.5) 6 (7.9)
Modified Fisher grade 0.113
 1 3 (9.4) 5 (6.6)
 2 1 (3.1) 3 (3.9)
 3 7 (21.9) 34 (44.7)
 4 21 (65.6) 34 (44.7)
Modified Fisher grade 0.747
 Grade 1-2 4 (12.5) 8 (10.5)
 Grade 3-4 28 (87.5) 68 (89.5)
Location of the aneurysm 0.096
 ACA 4 (12.5) 25 (32.9)
 ICA 23 (71.9) 42 (55.3)
 MCA 0 (0.0) 1 (1.3)
 VBS 5 (15.6) 13 (17.1)
Location of the aneurysm 0.521
 Anterior circulation 27 (84.4) 68 (89.5)
 Posterior circulation 5 (15.6) 8 (10.5)
The data is presented as number (%) or mean ± standard deviation.
APA: antiplatelet agent; ACA: anterior cerebral artery; ICA: internal carotid 
artery; MCA: middle cerebral artery; VBS: vertebrobasilar system.

Table 4. Clinical characteristics of patients in the APA and nAPA 
groups

Characteristic APA group 
(n = 32)

non-APA group 
(n = 76) p-value

TCD vasospasm 0.449
 Yes 7 (21.9) 22 (28.9)
 No 25 (78.1) 54 (71.1)
Angiographic vasospasm 0.176
 Yes 0 (0.0) 6 (7.9)
 No 32 (100.0) 70 (92.1)
DCI 0.846
 Yes 9 (28.1) 20 (26.3)
 No 23 (71.9) 56 (73.7)
New cerebral infarction 0.027
 Yes 10 (31.3) 10 (13.2)
 No 22 (68.8) 66 (86.8)
New hemorrhage 0.432
 Yes 1 (3.1) 7 (9.2)
 No 31 (96.9) 69 (90.8)
mRS score at discharge 0.512
 0 8 (25.0) 27 (35.5)
 1 12 (37.5) 23 (30.3)
 2 1 (3.1) 9 (11.8)
 3 3 (9.4) 5 (6.6)
 4 3 (9.4) 4 (5.3)
 5 2 (6.3) 5 (6.6)
 6 3 (9.4) 3 (3.9)
mRS score at discharge 0.194
 Favorable (mRS 0–2) 3 (9.4) 4 (5.3)
 Unfavorable (mRS 3–6) 29 (90.6) 72 (94.7)
Mortality 0.358
 Yes 3 (9.4) 3 (3.9)
 No 29 (90.6) 73 (96.1)

APA: antiplatelet agent; TCD: transcranial doppler; DCI: delayed cerebral 
ischemia; mRS: modified Rankin Scale.

use of APA. Newly developed cerebral infarction was signifi-

cantly higher in the APA group (p=0.027) (Table 4). 

DISCUSSION 

This study did not show a beneficial effect of APA on the oc-

currence of TCD vasospasm, angiographic vasospasm, and 

DCI; rather it showed a significantly negative effect. Also, 

clinical outcomes in patients who received APA were signifi-

cantly worse. However, risk factors for unfavorable clinical 

outcomes (old age, newly developed infarction, and DCI) 
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were consistent with those of previous studies. Therefore, it 

is presumed that the baseline characteristics of study popu-

lation were not different from those of previous studies. 

To date, the beneficial effect of APA on the occurrence of 

CVS and DCI in aneurysmal SAH patients is controversial. 

This discrepancy is attributed to heterogenous study designs 

and inconsistency of the definition of DCI. An internation-

al ad hoc panel of experts proposed a definition of DCI be 

used as an outcome measure and recommended restrict-

ing the use of “vasospasm” in descriptions of radiological 

tests17,18). We have no clear explanations for our findings, but 

some possible factors should be discussed. First, the dosage 

and kinds of APA used may not be enough to prevent CVS 

or DCI. We prescribed a daily dose of 100 mg aspirin and 

75 mg clopidogrel, but this dosage might not be sufficient. 

Nagahama et al.12) reported the beneficial effect of dual an-

tiplatelet therapy on clinical vasospasm and DCI without 

an increased risk of hemorrhagic complications. However, 

the patients received 600 mg of clopidogrel and 325 mg of 

aspirin daily. On the contrary, a retrospective study of 166 

patients showed the beneficial effect of dual antiplatelet 

therapy (aspirin 100 mg and clopidogrel 75 mg daily) on 

symptomatic vasospasm and DCI14). In this study, posterior 

circulation aneurysms were 44.6% in the control group and 

35.4% in the antiplatelet group, limiting the generalizability 

of the results of this study. The kinds of APA may also be im-

portant. In 2013, a prospective study demonstrated that oral 

cilostazol 100 mg twice daily effectively prevented CVS13). 

A second explanation may be the use of a stent. Although 

we preoperatively administered 400 mg aspirin to prevent 

thromboembolic complications in the case of stent-assisted 

coiling, stent insertion in the acute stage of SAH had a signif-

icant influence on the inflammatory response of the vessel 

wall and the formation of microthrombi, resulting in the de-

velopment of DCI. A third explanation may be the difference 

in patient’s age. The APA group was older than the non-APA 

group. Severe atherosclerotic change in old age combined 

with the use of a stent may attribute to the development of 

vasospasm and DCI in the APA group. Finally, a significant 

proportion of patients do not respond to antiplatelet thera-

py: up to 25% of patients are resistant to clopidogrel and 10% 

to aspirin10,11). Because we did not routinely perform platelet 

function tests preoperatively, this resistance to APAs may 

affect the results. 

The main limitation of this study is its retrospective design 

and small sample size. In addition, we excluded the patients 

treated by surgical clipping. Therefore, the results could 

not be generalized to all aneurysmal SAH patients. More-

over, it is difficult to detect CVS or DCI in poor-grade SAH 

patients. Although TCD is a simple, non-invasive, bedside 

test, and increased blood flow velocity on TCD is useful as a 

surrogated tool, it has a lower power to diagnose CVS than 

angiography2). Finally, the decision on treatment type might 

influence clinical outcomes, possibly resulting in selection 

bias. A prospective study on the comparison of the group 

with and without APA in patients who underwent coil em-

bolization without using a stent will be helpful in elucidating 

the role of APA on CVS and DCI in aneurysmal SAH. 

CONCLUSION 

In this study, there was no evidence that the use of APA de-

creased the occurrence of CVS and DCI in aneurysmal SAH 

patients treated by endovascular tools, indicating that the 

effect of APA on clinical outcomes may be trivial compared 

with other risk factors. Future studies should focus on the 

dosage and kinds of APA to elucidate the role of APA in the 

management of aneurysmal SAH. 
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INTRODUCTION 

Nerve transfer to restore nerve function following traumatic 

avulsion injuries has been described previously. However, 

there is still a paucity of literature regarding the technique 

and long-term outcomes of these procedures. Double fascic-

ular nerve transfer (DFNT) involves ulnar and median fas-

cicular transfers to the musculocutaneous nerve to restore 

elbow flexion. This technique was introduced by Liverneaux 

et al. in 2006 using double donor fascicles, which are flexor 

carpi ulnaris (FCU) and flexor digitorum superficialis (FDS); 
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Double fascicular nerve transfer (DFNT) involves transferring fascicles from the median and ul-
nar nerves to the musculocutaneous nerve to restore elbow flexion. We performed this proce-
dure on a patient who was diagnosed with neuralgic amyotrophy (NA) 2 years previously. We 
aimed to investigate the short-term outcomes and feasibility of DFNT applied to non-traumat-
ic neuropathy. A 63-year-old, right-handed man presented to us with persistent right elbow 
flexion weakness 24 months after receiving the diagnosis of NA. On examination, biceps 
strength was 0/5, and shoulder abduction strength was 3/5. Magnetic resonance neurography 
demonstrated muscle atrophy in the upper trunk. DFNT was considered to restore elbow flex-
ion. The donor and recipient fascicles were then coapted (flexor digitorum superficialis to bi-
ceps brachii, flexor carpi ulnaris to brachialis). Postoperatively, paresthesia was reported in the 
area of ulnar innervation, and the patient complained of hand clumsiness. From postoperative 
day 10 onward, biceps muscle contracture was identified and on the 14th day, grade 3 elbow 
flexion strength was observed. We suggest that DFNT may be a safe and effective method to 
restore elbow flexion in patients with NA. 

Keywords: Musculocutaneous nerve; Median nerve; Ulnar nerve

the procedure now used is called the Oberlin technique 2, 

and is performed in patients with traumatic nerve injury 

without motor improvement. 

Neuralgic amyotrophy (NA) is a distinct clinical syndrome 

of unknown etiology involving the brachial plexus, which 

is characterized by the acute onset of shoulder and arm 

pain followed by weakness and sensory loss. NA, known 

as Parsonage-Turner syndrome, is a rare immunologic or 

inflammatory disorder characterized by paresthesia and 

sporadic non-dermatomal motor weakness. To date, there 

is no unified treatment paradigm. Patients with NA usually 
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recover spontaneously without sequelae. However, motor 

weakness may not be completely restored in some cases. 

The authors performed DFNT in a patient with NA to restore 

elbow flexion. This study aimed to investigate the short-term 

outcomes and feasibility of DFNT applied to non-traumatic 

neuropathy.  

CASE REPORT 

A 63-year-old male, right-handed, presented to us with a 

1-month history of monoparesis of the right upper extrem-

ity. This was preceded by acute sharp pain in the periscap-

ular area lasting for three days. The patient had no history 

of trauma or known musculoskeletal conditions. On neuro-

logic examination, the patient had a prominent weakness 

with atrophy of the right shoulder. On the Medical Research 

Council (MRC) scale, shoulder abduction had a grade of 1/5; 

elbow flexion, 0/5; elbow extension, 3/5; wrist flexion, 2/5; 

wrist extension, 3/5; and hand grasping, 2/5. 

Electromyography was suggestive of pan-brachial plexop-

athy. Magnetic resonance neurogram of the brachial plexus 

demonstrated swelling at the post-ganglionic level of the C5 

and C6 nerve roots with high signal intensity and muscle at-

rophy (Fig. 1). The patient was diagnosed with NA. 

The pain resolved spontaneously without intervention. 

The patient was discharged with recommendations for 

active physiotherapy to restore muscle strength. However, 

the patient was lost to follow-up because of economic con-

straints. He was seen again 23 months later for persistent 

elbow flexion weakness. On examination, shoulder abduc-

tion had a grade of 3/5 but elbow flexion had a grade of 0/5. 

Elbow extension, wrist flexion/extension, and hand grasping 

were restored to normal strength (Supplementary Video 1). 

DFNT was performed. An incision was made along the 

brachial sulcus. The medial intermuscular septum was dis-

sected to identify the musculocutaneous nerve. The brachi-

alis and distal biceps brachii motor branches were selected 

as the recipient nerves. Moving inferiorly, we identified the 

median nerve, performed internal neurolysis, and selected 

the motor branch of the FDS as a donor fascicle. The ulnar 

nerve was similarly separated, and the motor branch of the 

FCU was selected as a donor fascicle. We used an intraop-

erative nerve stimulator (ISIS IOM system; inomed Mediz-

intechnik GmbH, Emmendingen, Germany) to confirm 

the FDS and FCU. After individual fascicular mapping, the 

donor fascicles were coapted on the recipient fascicles: the 

FDS to biceps brachii; FCU to brachialis (Fig. 2). 

Postoperatively, he complained of paresthesia in the ulnar 

distribution and difficulty with right-hand clumsiness. Ten 

days later, biceps muscle contraction was revealed, and on 

the fourteenth day, grade 3 elbow flexion strength was iden-

tified (Supplementary Video 2). 

Fig. 1. Magnetic resonance neurogram (MRN) shows swelling with 
high-intensity signal changes due to inflammation at the right C5 
(white arrow) and C6 (white arrowhead) nerve roots.

Fig. 2. Intraoperative nerve transfer at the medial brachium. Trans-
fer of the flexor digitorum superficialis (white arrow) fascicle of 
the median nerve to the biceps branch (white arrowhead) and the 
flexor carpi ulnaris (black arrow) fascicle of ulnar nerve to the bra-
chialis branch (black arrowhead) of the musculocutaneous nerve 
(white asterisk).
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DISCUSSION 

Restoration of elbow flexion is the main goal of treatment 

in patients with brachial plexus palsy involving the upper 

trunk7,8). Nerve grafts and repair were historically performed 

by direct exploration of the injury site at the level of the 

brachial plexus. Recently, a nerve transfer technique was 

introduced, in which a healthy nerve was connected to a 

damaged nerve for regeneration. The main focus was on the 

area adjacent to the affected muscle innervated by the target 

nerve to be restored. In 1994, Oberlin et al.9) introduced a 

nerve transfer method, the Oberlin 1 technique, that con-

nects the motor branch of the ulnar nerve to the biceps 

branch. Improvement of elbow flexion was document in his 

first report. 

A recent paper reported only modest improvements with 

this method. Out of 11 patients with brachial plexus injury 

(BPI) during childbirth, only 4 patients showed improve-

ment with MRC grade 3 or higher compared to Oberlin’s 

initial results; the follow-up period was up to 10 years4). In 

2006, Liverneaux et al.5) introduced the DFNT, named Ober-

lin 2, for elbow flexion restoration, adding a synergistic fasci-

cle to the donor nerve. In this technique, donor nerves from 

the motor fascicles of the median and ulnar nerves were 

connected to the motor branch of the biceps brachii and the 

motor branch of the brachialis from the musculocutaneous 

nerve. DFNT was performed in 10 of 15 patients with BPI 

who had not improved for 6 months. All 10 patients showed 

improvement in muscle strength with an MRC grade 4. The 

surgical method of nerve transfer for elbow flexors is com-

monly referred to as Oberlin 1 or 2, with clinical improve-

ment reported at 6 months to 12 months postoperatively. 

One case report described improvement 6 months after 

DFNT in a patient with radiation-induced brachial plex-

opathy. The patient had external beam radiation for breast 

cancer 12 years prior to biceps weakness13). Case reports of 

DFNT in patients with NA are rare. 

In our case, the patient had complete paralysis of elbow 

flexion secondary to NA, and was treated with the Oberlin 

2 DFNT. Muscle contraction of the brachialis was observed 

from day 10 after surgery, and recovery of MRC grade 3 of 

elbow flexion was observed from day 14 after surgery. 

In general, nerve transfers recover relatively quickly com-

pared to nerve grafts, which is reported to be one of the most 

important factors in the number of viable motor axons1,10,12). 

This technique allows the transfer of regenerating motor 

axons very close to the neuromuscular junction of the elbow 

flexors, minimizing the distance and time required for the 

regenerating front to reach the target muscle2,10-12,14). There-

fore, patients with prolonged onset of disease can also be 

candidates for this procedure. 

Although the musculocutaneous nerve also regenerated 

to some extent in our case, it is believed that the number of 

motor axons was insufficient to reach a functional state. Im-

mediately after surgery, the paresthesias in the ulnar distri-

bution and hand clumsiness reported could be attributed to 

traction of the ulnar nerve. The patient recovered gradually 

and spontaneously recovered without further intervention. 

DFNT surgery would not have been attempted in this pa-

tient if the median and ulnar nerve functions would have 

restored to only MRC grade 4 or lower. 

In addition, the therapeutic benefit of nerve transfer in 

trauma-related BPI is often time-dependent. Hence, tendon 

transfer is recommended when muscle atrophy is already 

advanced. Although spontaneous recovery is related to the 

mechanism of injury, it is more common in low-energy 

trauma than in high-energy3,6,11,13). This is believed to be 

determined by a sufficiency of viable axons in the musculo-

cutaneous nerve required for elbow flexion. Although this 

was not enough to flex the elbow, the recipient nerve was 

relatively healthy, leading to good short-term outcomes. 

In conclusion, we suggest that the DFNT may be a safe 

and effective method to restore elbow flexion in patients 

with NA. 
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INTRODUCTION 

Atypical teratoid/rhabdoid tumors (AT/RTs) are rare em-

bryonal tumors found in patients <3 years old15). There is 

no standard treatment regimen for AT/RT to date1). Accord-

ing to a study, 91%, 74%, and 42.4% of patients underwent 

surgery, chemotherapy, and radiation therapy respec-

tively. The overall survival (OS) is 14.3 months (11.9–16.6 

months), and the 5-year OS rate is 29.9%4). We present an 

unusual case of a patient that showed rapid regrowth at 1 

month after gross total resection (GTR), and the patient 

died a month later. 
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Atypical teratoid/rhabdoid tumors (AT/RTs) are rare embryonal tumors. Herein, we present an 
unusual case of an AT/RT showing rapid regrowth to more than its original size approximately 
1 month after gross total resection (GTR). A 22-year-old man presented with a severe head-
ache. On magnetic resonance imaging (MRI), a tumor was found in the left cerebellopontine 
angle (2.8 × 3.7 × 3.7 cm; 38.3 cm3). GTR was performed, and biopsy confirmed AT/RT. On day 
38 after surgery, a follow-up MRI due to abrupt mental deterioration to coma was performed, 
showing that the tumor had regrown to be even larger than its original size (3.6 × 3.5 × 5.3 
cm; 66.78 cm3). After 1 month, the patient died. The median survival of AT/RT patients who 
undergo GTR is 20 months. In our case, the patient died much earlier than the previously re-
ported overall survival duration after GTR. Therefore, physicians should always be wary of the 
possibility of rapid regrowth of AT/RTs when establishing the treatment plan. 

Keywords: Adult; Brain neoplasms; Rhabdoid tumor; Teratoma

CASE REPORT 

A 22-year-old man was admitted with a severe headache, 

left ear fullness with hypoacusis, dysphagia, left facial pal-

sy (House-Brackmann grade III), left sternocleidomastoid 

muscle weakness (Medical Research Council [MRC] grade 

4), right-side deviated uvula, decreased left anterior taste 

and left trapezius muscle weakness (MRC grade 4). 

Magnetic resonance imaging (MRI) represented, a 

well-marginated, 2.8 × 3.7 × 3.7 cm (38.3 cm3) sized tumor 

in left cerebellopontine angle, which had both solid and 

cystic portions (Fig. 1A-C). Magnetic resonance spectros-
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copy showed a choline peak, decreased N-acetyl aspartate 

(Cho/NAA: 2.01), and creatine, and increased lactate/lipid, 

suggesting malignant nature (Fig. 1D). The tumor was then 

removed via a retromastoid approach, but cerebellar intra-

cranial hemorrhage occurred. So decompression by sub-

occipital craniectomy with navigation-assisted hematoma 

removal was performed and operation was successful (Fig. 

2A-C). After GTR, the patient’s gag reflex mildly decreased, 

but the headache improved, and no additional neurologic 

symptoms were observed. And AT/RT was histologically 

confirmed (Fig. 3A-G).  

While planning the treatment regimen including chemo-

therapy and radiation therapy with oncologists, the patient 

experienced abrupt mental deterioration to comatose. On 

follow-up MRI, the tumor was found to have regrown to size 

3.6 × 3.5 × 5.3 cm (66.78 cm3), which was even larger than 

its original size (Fig. 4A, B). This was only a month after the 

surgery. Hence chemotherapy and radiation therapy could 

not be considered. Subsequently, secondary tumor removal 

with external ventricular drainage was performed because 

of obstructive hydrocephalus. However, hypoxic brain injury 

progressed with severe brain swelling, and the patient died 1 

month after the event.  

Fig. 1. Preoperative magnetic resonance imaging. (A) T1, (B) T2, and (C) contrast-enhanced T1. A well-marginated, 2.8 × 3.7 × 3.7 cm (38.3 
cm3) tumor in the left cerebellopontine angle, which had both solid and cystic portions. (D) Magnetic resonance spectroscopy shows a 
choline (Cho) peak, decreased N-acetyl aspartate (NAA) (Cho/NAA: 2.01) and creatinine, and increased lactate/lipid levels.
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DISCUSSION 

AT/RTs mainly occur in children under 3 years of age and 

are very rare embryonal tumors, accounting for 1% to 2% 

of all pediatric central nervous system tumors, classified as 

World Health Organization grade IV11,16). They commonly 

occur in the posterior fossa in children; however, they mani-

fest supratentorially in adults17). According to Ostrom et al.12), 

incidence rates do not significantly differ by gender, race, or 

ethnicity. However, age has an effect on incidence. The in-

cidence was highest at <1 year, and it decreased with age12). 

The median age at the time of diagnosis was 37 months14). 

Patients whose ages were less than 6 months had the worst 

prognosis14). Moreover, it is known that the prognosis for AT/

RT is better in childhood than in adulthood2). 

In diagnosing AR/RTs, there are key genes in addition to 

biopsy and imaging studies: SMARCB1 and SMARCA410). 

Bi-allelic mutations in SMARCB1 (INI1) at 22q11.2 are com-

Fig. 2. Postoperative magnetic resonance imaging (MRI). (A) T1, (B) T2, and (C) contrast-enhanced T1. Postoperative MRI on day 1 after 
surgery. The tumor had been successfully removed.

Fig. 3. Histology and immunohistochemistry. Histology of the atypical teratoid rhabdoid tumor shows areas with a rhabdoid phenotype, 
containing rhabdoid cells with eccentric nuclei, prominent nucleoli, and abundant eosinophilic cytoplasm (hematoxylin and eosin stain) 
(A), primitive undifferentiated components (B), mesenchymal components with spindle cells and collagen deposition (C), and reticulin 
surrounding the tumor cells (D). Characteristic immunohistochemical expression patterns reveal partial loss of integrase interactor 1 (E), 
negative cytokeratin (F), and strongly positive Brahma-related gene-1 cells (G).
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mon, whereas SMARCA4 (BRG1) mutation at 19p13.2 is 

rare16). The SMARCB1 gene acts as a tumor suppressor gene 

and inactivation of both copies of this gene causes loss of 

protein expression in the nucleus in immunohistochemistry 

(IHC)13). These genes affect the prognosis. The age of onset 

of SMARCA4 mutated AT/RT is lower than that of SMARCB1 

mutated AT/RT, and the survival period is 3 months. How-

ever, survival period of SMARCB1 mutated AT/RT is approx-

imately 24 months6,8). 

There is no standard regimen for AT/RT treatment; there-

fore, radiation therapy, chemotherapy, and surgical resec-

tion have been attempted7). It usually takes approximately 

50 days to start chemotherapy3). Furthermore, radiation 

therapy takes an average of 93 days4). Table 1 summarizes 

some articles on AT/RT OS. 

In addition, many studies on the survival period and rate 

of AT/RTs related to therapeutic modality. The AT/RT post-

operative median survival is 20 months, and the disease-free 

survival is 14 months7). Lafay-Cousin et al.9) reported event-

free survival of 14 months and median survival of 20 months 

in 20 patients who underwent GTR9). Schrey et al.14) demon-

strated that the median recurrence-free survival and OS of 

patients who received radiotherapy were statistically higher 

than that of patients who did not receive radiotherapy 12.1 

(5.216–7.034) and 23 (12.39–17.61) vs. 4 (3.314–4.686) and 

10 (7.803–12.197), respectively14). According to Fossey et 

al.5), high-dose chemotherapy exhibits better outcomes than 

conventional chemotherapy (5-year survival rate of 52.0% 

and 10.7%, respectively5). 

In our case, it was an adult-onset AT/RT, and the surgery 

was successful. Although genetic testing was not performed, 

SMARCB1 mutation was suspected based on IHC results. 

However, within 1 month after GTR, the tumor regrew to ap-

proximately twice the original size, and the patient died be-

fore chemotherapy or radiation therapy could be initiated. 

In our experience, AT/RT can progress rapidly even in pa-

tients with good prognosis factors. Physicians should always 

consider the possibility of rapid regrowth of AT/RT. 
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INTRODUCTION 

Meningiomas are the most prevalent primary brain tu-

mors; however, primary extracranial meningioma (PEM) 

is uncommon5). PEM is an extracranial meningioma not 

connected to a meningioma in the neuraxis. Therefore, in 

the diagnosis of PEM, the extension of central meningio-

ma should be excluded. PEMs most commonly occur in 

the skin, especially the scalp and middle ear, followed by 

the nasal cavity14). They have also been found in the neck, 

intra-abdominal pelvis, and orbit. Despite being found in 

various locations, their morphology and histological char-

acteristics are similar to those of their intracranial counter-
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Primary extracranial meningioma (PEM) is a very rare disease that arises outside the dural 
covering of the brain or spinal cord. It is essentially an extracranial tumor and can mimic mus-
culoskeletal malignancies. A 74-year-old woman presented with a mass on the right fronto-
temporal scalp that had been present for 2 years. Magnetic resonance imaging revealed oste-
olysis in the right frontal, temporal, and sphenoid bone and involvement of the right tempora-
lis muscle, mimicking a musculoskeletal malignancy. The mass was resected, and the con-
firmed histological diagnosis was primary extracranial meningothelial meningioma (World 
Health Organization grade I). The patient was discharged without complications, and no evi-
dence of tumor recurrence was apparent 48 months after surgery. This case supports complete 
surgical excision without adjuvant therapy as the modality of choice for PEM since meningio-
ma is radioresistant and recurrence is very rare after adequate surgical resection. 
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parts. Although surgical treatment is considered the priority 

for PEM, radiation therapy may also be considered in the 

case of a recurrence. The primary goal of surgical treatment 

is total resection of the tumor5). We have experienced a case 

of PEM in the scalp with invasion of the skull, and here we 

describe our unique case. 

CASE REPORT 

A 74-year-old woman was admitted to our department 

with a 2-year history of a right frontotemporal lesion on the 

scalp and right periorbital swelling which rapidly progressed 

within three months. On physical examination, the mass 
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was hard and fixed without tenderness or redness, and there 

were no neurological symptoms. 

A soft tissue mass of about 4.5 cm in maximum diameter 

with homogeneous attenuation and mild enhancement in 

the right infratemporal fossa area was identified (Fig. 1A), 

and diffuse cortical thickening of the adjacent skull was 

identified on the computed tomography scan (Fig. 1B). An 

magnetic resonance imaging revealed a homogeneously 

enhanced mass involving the right frontotemporal scalp, 

temporalis muscle, and right frontal and temporal bone. An 

osteolytic lesion was seen in the sphenoid bone and diffuse 

dural thickening and enhancement were found just under 

the osteolytic site (Fig. 2).  

A curvilinear scalp incision was made in the right fron-

totemporal area. Under the scalp flap with the temporalis 

muscle, a tumor mass was identified, and gross total remov-

al of the scalp tumor was performed. The bone invasion was 

checked and removed with a 1 cm tumor-free margin. The 

internal surface of the craniotomy flap was not involved with 

the tumorous lesions. Also, there was no visual abnormality 

of dura after craniotomy was performed. It was judged that 

additional measures such as dura excision would not be 

necessary. The defect of the skull was covered with artificial 

bone cement (Fig. 3). The tumor mass was sent to the pa-

thologist for sectioning and was determined to be myosar-

coma. 

The resected soft tissue mass was 5.0 x 3.6 cm in size, 

grossly. The pathologist confirmed that the scalp mass was 

meningothelial meningioma with increased cellularity. 

A cranium bone biopsy was also done at the craniectomy 

site, and involvement of meningothelial meningioma was 

demonstrated. Microscopically, skeletal muscle and fat tis-

Fig. 1. (A) A large soft tissue mass with homogeneous attenuation in the right infratemporal fossa area (2 × 4 × 5 cm). (B) Diffuse corti-
cal thickening of the adjacent skull is observed.

Fig. 2. Well-defined, homogeneously enhanced mass involving the 
right frontotemporal scalp. Osteolysis, cortical thickening, osseous 
expansion of the adjacent bone, and diffuse dural thickening and 
enhancement of the right frontotemporal area can be seen.
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with no cytologic atypia and rare mitosis (less than 1 per 10 

high power fields) (Fig. 4B) revealed the diagnosis of menin-

gothelial meningioma, World Health Organization (WHO) 

grade I. The tumor involved the bone marrow of the tempo-

ral cranium (Fig. 4C). Epithelial membrane antigen (EMA) 

immunohistochemical staining revealed diffuse positivity 

(Fig. 4D). The proliferation index confirmed by the Ki-67 

antibody was under 2% (Fig. 4E). There was no sign of tumor 

recurrence and complications after four years of follow-up. 

(Fig. 5) This case report was approved by the Institutional 

Review Board (IRB) of Inje University Busan Paik Hospital 

(IRB No. 2021-10-020). 

DISCUSSION 

We have described a woman with a meningioma located ex-

tradurally, presenting with a scalp mass in the right fronto-

temporal area. The tumor was diagnosed initially as a myo-

Fig. 4. Microscopic findings of the tumor. (A) Soft tissue-centered meningioma in the skeletal muscle and adipose tissue (hematoxylin 
and eosin stain [H&E], ×10 magnification). (B) Meningothelial meningioma showing classic whorls and sparse psammoma bodies with 
tumor-associated stromal fibrosis (H&E, ×200 magnification). (C) Involvement of meningioma in the temporal bone (H&E, ×200 mag-
nification). (D) Immunohistochemical staining for epithelial membrane antigen shows intense positivity (×100 magnification). (E) Low 
proliferation index verified by Ki-67 staining (×100 magnification).

Fig. 3. Removal of the soft tissue mass with craniectomy and cra-
nioplasty.
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sarcoma arising from the temporalis muscle because of an 

osteolytic lesion and diffuse dural thickening. However, as 

a result of permanent pathology, it was confirmed as WHO 

grade 1 meningothelial meningioma. 

Meningiomas are the most common primary brain tumors 

that arise from the meninges12). The four most common lo-

cations are the parasagittal regions, the tuberculum sellae, 

the convexity, and the sphenoid ridge4). They originate from 

arachnoid cap cells which make up the outer membrane of 

the arachnoid mater13). In a recent study, it was found that 

they constitute approximately 30% of all intracranial tumors 

in adults. Their incidence increases with age, where they 

are relatively rare in children and adolescents (0.4%–4.6%)9). 

However, PEMs have rarely been reported and are frequent-

ly misdiagnosed due to their infrequent occurrence14). In the 

head and neck area, PEM has been found in the facial bone, 

orbit, middle ear cavity, nasal cavity, temporal bone, and pa-

ranasal sinuses8). The incidence of meningioma in the head 

and neck area was in the order of the scalp, temporal bone 

and ear, nasal and paranasal area, and orbital structure15). 

Epithelial tumors, melanoma, olfactory neuroblastoma, an-

giofibroma, paraganglioma, and ossifying fibroma must be 

distinguished from PEMs2). 

Hoye et al.7) proposed the following classification system 

for extracranial meningiomas: Type A, extracranial exten-

sions of a meningioma with an intracranial origin (second-

Fig. 5. No definite evidence of tumor recurrence on the right 
frontotemporal scalp and no significant interval change of diffuse 
dural thickening with enhancement involving the right frontotem-
poral area.

ary); Type B, extracranial extensions of a meningioma aris-

ing in a neural foramen (primary); Type C, ectopic without 

any connection either to a foramen of a cranial nerve or to 

intracranial structures (primary); and Type D, extracranial 

metastasis from an intracranial meningioma (secondary) 

(Table 1). Most extracranial meningiomas are secondary to a 

primary intracranial tumor. Primary meningioma without a 

connection to an intracranial component or a cranial nerve 

is extremely rare (0.9%), similar to the present case1). 

Various theories explain the rise of extradural meningi-

omas. Firstly, abnormal migration of arachnoid cells is a 

possible option, whereby migration could occur during em-

bryologic development or birth, during fusion of the suture 

line, or at the time of head trauma6). Secondly, meningio-

mas may arise from the dura penetration points of cranial 

nerves, which would explain the development of paranasal 

sinus and orbit extradural meningiomas. Arachnoid cells 

form clusters surrounding the dura exiting point of cranial 

nerves 3, 7, and 9 to 1210). Lastly, because meningiomas are 

mesenchymal tumors, multipotential mesenchymal cells 

which locate extradural might differentiate into extradural 

meningiomas3,10). 

For the diagnosis of PEM, immunohistochemical investi-

gations are necessary. Most extracranial meningiomas have 

a varied immunohistochemical profile for vimentin, EMA, 

cytokeratin, S-100, desmoplakin, and desmin. EMA and vi-

mentin are immunopositive in more than 95% of all menin-

giomas11). 

In our case, the patient underwent total tumor resection, 

and the bone flap was also widely resected. Because of an 

osteolytic lesion and involvement of the temporalis muscle, 

malignancy such as osteogenic sarcoma or myosarcoma 

was suspected before the operation. Meningothelial menin-

gioma, WHO grade I, was diagnosed, and without adjuvant 

Table 1. The Hoye classification system for extracranial menin-
giomas
Type Classification
Type A Extracranial extension of a meningioma with an intracranial 

origin
Type B Extracranial extension of a meningioma arising in a neural 

foramen
Type C Ectopic, without any connection either to a foramen of a 

cranial nerve or to intracranial structures
Type D Extracranial metastasis from an intracranial meningioma
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therapy, there has been no recurrence of the tumor in four 

years of follow-up. According to the classification of Hoye 

et al.7), Type C, ectopic without any connection either to a 

foramen of a cranial nerve or to intracranial structures, is 

the type of this case. Because there is no meningioma in the 

intracranium, it can be considered a primary type first, and 

there is no connection with the above structures. 

Since recurrence of meningioma, WHO grade I is rare fol-

lowing adequate surgical resection, this case supports the 

notion that total surgical excision without adjuvant therapy 

is the treatment of choice for primary EM. 

CONCLUSION 

PEM is a very rare disease that is easy to mistake for other 

tumors. In patients with slow growth of tumors in the head 

and neck, PEM needs to be considered. Meningioma, WHO 

grade I rarely recurs after proper surgical resection, so com-

plete surgical resection without adjuvant therapy is a good 

treatment option for PEM. 
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INTRODUCTION 

Metastatic spinal tumors can cause back pain and paralysis 

by invading the spinal canal, which can result in pathologic 

fractures. Such fractures require spondylectomy with recon-
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Harms mesh cages are commonly used in the treatment of metastatic spinal tumors by spon-
dylectomy with cage insertion and posterior screw fixation. These cages are even useful for 
the surgical reconstruction of spinal deformities with mesh-cage replacement after vertebral 
column resection (VCR). Mesh cages can be customized by 3-dimensional (3D) printing based 
on the angle between the endplates for the requisite weight-bearing capacity and fit. This 
study reports two cases wherein a 75-year-old man and a 63-year-old woman were treated 
with reconstructive spondylectomy and mesh-cage replacement, followed by posterior screw 
fixation. The 75-year-old man was initially diagnosed with an L4 metastatic non–small cell 
lung carcinoma accompanied by a pathologic fracture and severe paralysis. The 63-year-old 
woman had slipped 13 years before and sustained a T11-L1 compression fracture that was ag-
gravated 6 months before this admission, with back pain and numbness in both soles. Herein, 
we describe the treatment approach with instrumentation using a customized 3D-printed 
mesh cage after total spondylectomy for the metastatic spinal tumor and after VCR for defor-
mity repair surgery in the respective cases. Our application of a 3D-printed mesh cage in sur-
gery for a metastatic tumor is the first report of such treatment in Korea. Although the use of 
customized 3D-printed cages for a metastatic spinal tumor and a severe compression fracture 
was effective, challenges remain regarding fitting, manufacturing time, and costs. 

Keywords: Compression fractures; Spontaneous fractures; Three-dimensional printing; Spinal 
neoplasms

struction using mesh cages1). However, thus far, no reports 

have described the use of customized instrumentation for 

treating metastatic spinal tumors. 

Traumatic compression fractures can cause back pain 

and limb numbness, specifically when the spinal canal is 
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involved. When a compression fracture progresses, spinal 

stenosis and kyphosis can occur, and surgery for deformity 

correction is often required. In such cases, a mesh cage can 

support the reconstruction of the compressed vertebra after 

vertebral column resection (VCR) has been completed.  

This study reports two cases wherein 3-dimensional (3D) 

mesh cages were constructed and used to treat a 75-year-old 

man with a metastatic pathologic fracture and severe pa-

ralysis and a 63-year-old woman with severe kyphosis and 

T11-L1 compression fracture. Herein, we document the ap-

proach to the treatment of these two cases using 3D-printed 

mesh cage. This is the first case of a patient with a metastatic 

spinal tumor receiving such treatment in Korea. The accu-

mulation of similar case reports is required to increase the 

uptake of 3D-printed mesh cages in this context. 

CASE REPORT 

Case 1 
The patient was a 75-year-old man without any relevant 

medical history. He presented with low back pain and bi-

lateral buttock pain (numeric rating scale [NRS] score of 4 

points; wherein 0 to 10 points denoted no pain to extreme 

pain, respectively), which had persisted since July 2021. 

Magnetic resonance imaging (MRI) at another hospital 

revealed an L4-compression fracture (Fig. 1A) followed by 

sudden weakness and pain in his right leg and L3-L4 der-

matome (NRS 7 points) after 6 weeks; subsequently, he 

presented at our emergency department. The patient had 

a walking disability and grade IV motor weakness in his 

right hip, which was otherwise intact. He was admitted to 

Fig. 1. Preoperative imaging studies in case 1. (A) Initial magnetic resonance image (MRI) showing an L4-compression fracture (T2, T1 
signal). (B) Contrast-enhanced computed tomography (CT) scan and plain radiograph of the chest, showing a mass in the left upper lobe 
(LUL). (C) Contrast-enhanced MRI, obtained on the day after admission, showing strong enhancement in L4 with spinal canal stenosis 
and a pathologic compression fracture, and (D) a positron emission tomography-CT scan showing uptake in the LUL, L4 body, and T1 
body.

AA

CC DD

BB

www.thenerve.net

Rim J, et al. The 3D Mesh-Cage for Vertebral Replacement

104



our hospital after plain radiography and contrast-enhanced 

computed tomography (CT) scans showed a mass-like le-

sion in the left upper lobe (LUL) (Fig. 1B). The following 

tumor markers showed elevated levels: carcinoembryonic 

antigen, 112 ng/mL; carbohydrate antigen 19-9, 53.9 U/mL; 

and cytokeratin fragment 21-1, 10.6 ng/mL. Contrast-en-

hanced MRI scanning performed the day after admission 

showed extraosseous extension, spinal canal stenosis, and a 

pathologic compression fracture (Fig. 1C) by enhancement 

at the L4 level. CT-guided bone biopsy at the L4 level re-

vealed a metastatic lesion of non–small cell lung carcinoma 

(NSCLC). Positron emission tomography-CT scan showed 

uptake in the LUL, L4 body, and T1 body (Fig. 1D). CT-guid-

ed needle aspiration biopsy of the LUL and subsequent 

histopathologic evaluation confirmed the lesion as a grade 

IV, B-type Raf kinase-negative, and epidermal growth factor 

receptor-negative NSCLC. Considering the patient’s lung 

cancer stage and poor general condition (Eastern Coopera-

tive Oncology Group grade 3), palliative, L4-limited decom-

pression was performed using the posterior approach under 

general anesthesia. His leg pain reduced (NRS 3 points), and 

he resumed walker-assisted ambulation. His cancer treat-

ment was continued with once-daily radiotherapy (600 Gy 

each time) sessions. On the day after the first radiation ther-

apy session, worsening leg pain (NRS 6 points) occurred, 

which was visualized as an exacerbation of L4 metastasis 

with severe stenosis (Fig. 2A) on MRI scans. Chemotherapy 

with Alimta (810 mg) and cisplatin (121.5 mg) was initiated 

while contemplating the need for additional surgery. 

Six days later, which was 2 days after the embolization of 

Fig. 2. Postoperative imaging studies and a three-dimensional (3D)-printed cage model in case 1. (A) Contrast-enhanced magnetic res-
onance imaging (MRI) taken after decompression surgery and one radiotherapy session showing aggravation of L4 metastasis. (B) Cus-
tomized mesh for the 3D-printed cage and 3D modeling of the product. (C) Postoperative plain radiography taken after instrumentation 
showing stable cage insertion. (D) One-month postoperative plain radiography showing slight forward displacement of the 3D-printed 
cage.
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L3-L4 spinal arteries, L4-spondylectomy and L3-S1 posterior 

screw fixation were performed using a customized 3D-print-

ed mesh cage (Fig. 2B) for efficient weight-bearing and 

lordotic-curve preservation. The leg pain improved (NRS 3 

points), and the patient resumed walker ambulation. The 

second chemotherapy treatment was performed 2 weeks lat-

er, followed by additional radiotherapy performed daily on 

the T1-T2 spine (500 Gy each time). The patient underwent 

the third chemotherapy session three weeks later (Decem-

ber 15), and his leg pain improved further (NRS 2 points). 

He remains under general hospital care (February 2022) to 

drain wound fluid, manage leukopenia, and undergo further 

chemotherapy. 

Case 2 
The patient was a 63-year-old woman without any docu-

mented medical history. Approximately 13 years ago, she 

slipped and experienced aggravating back pain 3 months 

later. Subsequently, T11-L1 compression fracture was di-

agnosed and managed with conservative care, and her 

pain subsided. Her back pain resurfaced 6 months be-

fore presentation, when she lifted a heavy object and had 

numbness in both soles of the feet and a cold sensation 

in the legs, resulting in gait disturbance. She visited the 

emergency room and received conservative care through 

the outpatient clinic. No motor deficit was observed, but 

hypoesthesia was present in both feet. No abnormal deep 

tendon reflex was observed. Plain radiography (Fig. 3A), CT 

(Fig. 4A, B), and MRI (Fig. 3B-D) findings revealed severe 

compression fracture at the T11-L1 level that caused severe 

kyphosis and stenosis in the thoracolumbar junction. Her 

symptoms worsened and she was admitted for surgical re-

pair of the spinal deformity. After screw insertion from T9 

to L2, total laminectomy of T11 was performed with VCR 

(grade V osteotomy) following the pedicles. In the empty 

space after VCR, a 3D-printed titanium mesh cage (Fig. 4C) 

was inserted. Rods were connected using a domino and a 

T8 hook, and the surgery was completed without changes 

in the motor evoked potentials. There was severe post-

operative pain, which required pain control medications 

followed by a slow walking ability. Postoperative plain radi-

ography (Fig. 4D, E) showed a stable cage position. She was 

discharged on postoperative day 15. During follow-up visits 

at 1, 4, and 7 months, she showed stability while walking 

without evidence of dislocations or mechanical failure on 

her X-rays. Written informed consent was obtained from 

the patients for the publication of the case report and ac-

companying images. The study adhered to the Declaration 

of Helsinki and was approved by the appropriate Institu-

tional Review Board (redacted for peer review). 

DISCUSSION 

Metastatic spinal tumors can cause pain and lower-limb 

weakness. Surgery, radiotherapy, or chemotherapy is re-

quired independently or in combination to treat such tu-

Fig. 3. Preoperative imaging studies in case 2. (A) Initial radiography showing a severe compression fracture at the T11-L1 level with se-
vere kyphosis. (B) Initial magnetic resonance T2-signal sagittal imaging showing a severe compression fracture at the T11-L1 level with 
severe kyphosis. (C) T1-signal sagittal image. (D) T2-signal axial image.
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mors. Spondylectomy with cage insertion and posterior 

screw fixation using a Harms cage is common1). However, 

the cylindrical structure of the cage causes problems in its 

fitting between the non-parallel endplates, resulting in mis-

alignments or dislocation4). 

A previous report presented successful outcomes of the 

application of 3D-printed custom implants for severe bone 

loss, limb and joint arthrodesis, and spine surgery3). Our 

case experiences showed that a 3D-printed mesh cage was 

useful as a replacement after spondylectomy for a metastatic 

spinal tumor and after VCR for a severe compression frac-

ture. To the best of our knowledge, our experience of such 

a treatment approach for a patient with metastatic spinal 

tumor is the first in Korea, wherein a customized titanium 

3D-printed mesh cage was used. A 3D rendering model was 

made based on the patients’ CT scans. After removing the 

defect region, two 3D planes were formed between the end-

plates. The rendering model was reduced, as required (in 

case 2). The modeling of the 3D implant was performed be-

tween two planes. Pyramid-shaped spikes were added to the 

surface meeting the endplate to increase the fixation force. 

The angle of the cage surface could be customized in the 

intervertebral space, given the angle between endplates re-

quired for efficient weight-bearing, a strength of a 3D-print-

ed cage. The use of 3D-printed implants can be expanded 

for indications in spinal oncology, helping achieve tailored/

precise treatment. 

Furthermore, we concluded that a 3D-printed mesh cage 

is useful as a vertebral body replacement in severe com-

pression fractures that can cause kyphosis. In our patient, 

the vertebral body had nearly collapsed due to severe com-

pression fracture, losing its original structure. After the VCR 

of T11, the mesh cage was needed to compensate for the 

residual gap and correct the kyphosis. The 3D-printed mesh 

cage was constructed after considering the height between 

adjacent vertebral bodies and the angle between two adja-

cent endplates, and to ensure a tight fit for kyphosis correc-

tion. Given the good fit and no observed displacement, the 

3D-printed mesh cage may be a good option for deformity 

surgeries. 

The 3D-printed mesh cage device had certain limitations. 

Although the cage was customized, there were residual 

fitting issues, and the cage was slightly dislocated in the for-

ward direction over time (Fig. 2C, D), indicating the need for 

reimplantation and firm fixation. Expandable cages are ad-

vantageous in contexts with fitting challenges5); 3D-printed 

expandable implants may offer a next-generation solution. 

However, the production of such cages is less cost-effective 

and requires more time than the use of readymade cages2). 

Developments in 3D-printing technology are likely to re-

solve these limitations in the future.  

Reconstruction of metastatic spinal tumors and severe 

compression fracture using a customized 3D-printed cage 

showed acceptable results, although fitting problems, man-

Fig. 4. Imaging studies and three-dimensional (3D)-printed cage model in case 2. (A) Computed tomography (CT) scan of the T11-L1 ver-
tebral compression fracture with severe kyphosis. (B) 3D reconstruction image on CT. (C) Customized mesh-type 3D-printed cage and 3D 
modeling of the product. (D, E) Postoperative plain radiographs of the 3D-printed mesh-cage and posterior screws inserted in the verte-
bral column after T11 total vertebral column resection.
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ufacturing time, and high costs remain to be managed. 
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INTRODUCTION

The pathophysiology of traumatic SDG remains somewhat 

unclear. This case shows a rare etiology of traumatic SDG 

and demonstrates the usefulness of CT cisternography to 

determine cerebrospinal fluid leakage from an implant.

CASE REPORT 

A 68-year-old male patient visited the emergency depart-

ment after a passerby found him lying on the road with a 

bicycle. His initial mental status was a stupor mentality 
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A 68-year-old male patient was transferred to the emergency department after a passerby 
found him lying on the road with a bicycle. He had been diagnosed with neurolymphomatosis 
in 2006 and had an Ommaya reservoir targeted to the right lateral ventricle via the right 
Kocher’s point for chemotherapy. His initial mental status was stuporous. Brain computed to-
mography (CT) showed multiple traumatic injuries. Seven days after admission, bilateral sub-
dural hygroma (SDG) developed. We performed CT cisternography. The contrast was directly 
injected into the Ommaya reservoir and CT images were obtained. On cisternography, contrast 
leakage points were identified from the Ommaya reservoir. The patient underwent surgery for 
Ommaya reservoir removal and occlusion of the permanent tract of the Ommaya reservoir. 
This case shows a rare etiology of traumatic SDG and demonstrates the usefulness of CT cis-
ternography to determine cerebrospinal fluid leakage from an implant. 

Keywords: Craniocerebral trauma; Subdural effusion; Tomography, X-ray computed

(Glasgow Coma Scale [GCS] score, GCS score 10). He was 

diagnosed with neurolymphomatosis in 2006. For chemo-

therapy, he had an Ommaya reservoir targeted to the right 

lateral ventricle via the right Kocher’s point. 

To identify the cause of his altered mentality, a brain-com-

puted tomography (CT) was performed. Multiple traumatic 

injuries were identified. There was a hemorrhagic contusion 

at the left temporal lobe, an epidural hematoma at the right 

parietal area, a left tentorial subdural hematoma, and a right 

frontoparietal skull fracture (Fig. 1). 

Seven days after admission to the intensive care unit, a 

bilateral subdural hygroma (SDG) was identified on brain 
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CT (Fig. 2A). The amount of hygroma was dominant on the 

right side. Considering cerebrospinal fluid (CSF) leakage at 

the spine level due to trauma, a magnetic resonance (MR) 

myelography was performed, but there was no evidence of 

CSF leakage. 

We focused on the Ommaya reservoir as the etiology of 

rapid SDG formation because of the adjacent skull fracture. 

We assumed that CSF leakage could develop from the dam-

aged Ommaya reservoir by trauma. Therefore, we performed 

CT cisternography. The contrast was directly injected into 

the Ommaya reservoir and CT images were obtained. In the 

cisternography, the contrast leakage points were identified 

from the Ommaya reservoir (Fig. 2B). 

We decided to remove the Ommaya reservoir and perform 

external drainage of the SDG by burr hole trephination si-

multaneously. After the procedure, the SDG seemed to be 

decreased slightly. However, a follow-up CT image showed 

that there was no significant improvement.  

Finally, the case underwent surgical exploration with cra-

niotomy. In the surgical field, there was a permanent tract 

Fig. 1. Initial brain computed tomography. There was hemorrhagic 
contusion in the left temporal lobe, an epidural hematoma at the 
right parietal area, a left tentorial subdural hematoma, and a right 
frontoparietal skull fracture.

Fig. 2. Follow-up brain computed tomography and cisternography. 
(A) Bilateral subdural hygroma and an increase in the hemorrhag-
ic contusion were identified. (B) On cisternography, the contrast 
leakage points were identified from the Ommaya reservoir (arrow).

Fig. 3. Brain computed tomography (CT) images before and after 
craniotomy with occlusion of the permanent tract of the Omma-
ya reservoir. (A) Brain CT image before surgery, showing a large 
amount of remnant subdural hygroma. (B) Brain CT image 1 
month after surgery, showing that the subdural hygroma had de-
creased significantly.
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from the ventricle to the subdural space, which was the 

remnant of the previous Ommaya reservoir. We occluded it 

with Absorbable Gelatin Sponge (Gelfoam; Pfizer, New York, 

USA) and fibrin sealant patch (TachoSil; Baxter, Deerfield, 

IL, USA). One month after surgery, the SDG decreased sig-

nificantly (Fig. 3). 

DISCUSSION 

A SDG is defined as an acute or chronic accumulation in the 

subdural space of the CSF, often of altered composition. A 

major cause of SDGs is trauma2). 

The pathophysiology of traumatic SDG remains some-

what unclear. The current theory relates to the tearing or 

destruction of the arachnoid membrane resulting in a one-

way flap, which causes CSF leakage that accumulates into 

the subdural space and prevents reabsorption3,6). Therefore, 

we generally cannot find the exact focus of SDG macroscop-

ically. The treatment of SDG is also controversial due to the 

uncertain pathophysiology and difficulty identifying the 

leakage point1). 

In this case, we identified the exact origin of SDG forma-

tion. The first was the damage to the Ommaya reservoir and 

the second was the permanent tract from the ventricle to the 

subdural space due to the Ommaya reservoir. Furthermore, 

we demonstrated the leakage focus of CSF visually with CT 

cisternography. 

CT cisternography is usually used to find CSF otorrhea 

or rhinorrhea4). Its CT cisternography is usually used to 

find CSF otorrhea or rhinorrhea4). Images are obtained by 

injecting contrast after a lumbar puncture, but it can be 

implemented through another accessible route to the sub-

arachnoid space or ventricle. We injected the contrast di-

rectly into the Ommaya reservoir and obtained a CT image 

to determine whether the CSF leakage was present in the 

Ommaya reservoir. Also, compared to MR myelography or 

radionuclide cisternography, this procedure obtains more 

precise images5). Therefore, if it is difficult to identify a clear 

CSF leakage point using a different modality. CT cisternog-

raphy using high-resolution CT is of great help. 

CONCLUSION 

SDG can develop from a damaged brain implant such as the 

Ommaya reservoir. CT cisternography could be helpful to 

determine the focus of CSF leakage from the damaged im-

plant. 
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INTRODUCTION 

Arachnoid cyst is a congenital cerebrospinal fluid (CSF) 

collection between arachnoid membranes. The fluid is not 

communicated with adjacent spaces, such as ventricles and 

subarachnoid space. The prevalence of cysts is 1.1% to 2.6% 

in the general population13). The most common location 

of an arachnoid cyst is a Sylvian fissure, followed by hemi-

sphere convexity, cerebellopontine angle, and suprasellar 

cistern1,6). Quadrigeminal cistern arachnoid cyst originates 

in the tectal or pineal region and may extend to surrounding 

areas such as the trigone, supracerebellar area, third ventri-
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Quadrigeminal cistern arachnoid cyst is rare and not usually located in the tectal plate region. 
Such a cyst may extend to the surrounding area and compress adjacent structures due to cys-
tic expansion. Arachnoid cysts occasionally are associated with hydrocephalus and produce 
related symptoms. In our case, a 20-month-old boy presented with developmental regression 
and macrocephaly. Image study of the brain demonstrated a large cyst on the superior portion 
of the posterior fossa with extension to the supratentorial space and a compressed cerebellum 
inferiorly and brain stem anteriorly. Lateral and third ventricles were enlarged severely. We 
performed lateral ventriculo-cystostomy by neuroendoscope via a precoronal approach. Addi-
tional third ventriculostomy was performed on the floor of the third ventricle. At 9 months af-
ter surgery, the patient showed restored development, and postoperative image showed a re-
duction of arachnoid cysts and lateral and third ventricles. 

Keywords: Arachnoid cysts; Cystostomy; Endoscopy; Ventriculostomy

cle, and ambient cistern7). Quadrigeminal cistern arachnoid 

cyst is rare and accounts for 5% to 10% of all intracranial 

arachnoid cyst12). Though arachnoid cysts are generally 

asymptomatic, they can produce symptoms with growth 

and lead to hydrocephalus and compressed adjacent brain 

structures due to fluid secretion from the cyst wall or entrap-

ment of CSF through a valve-like mechanism11). Children 

with quadrigeminal cistern arachnoid cysts present with 

hydrocephalus symptoms, macrocephaly, ocular symptoms, 

and rare developmental delay2,16). Treatments of quadri-

geminal cistern arachnoid cysts are numerous and include 

open craniotomy with cyst excision and shunting between 
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cyst and cistern. Recently, endoscopic fenestration of cysts 

and cistern has been used for the treatment of symptomatic 

quadrigeminal arachnoid cyst. We present an interesting 

case of quadrigeminal arachnoid cyst-producing develop-

mental delay that is resolved by endoscopic treatment. 

CASE REPORT 

A 20-month-old child was admitted to our institute with 

developmental regression, bilateral leg rigidity, and mac-

rocephaly. The child showed normal development until 12 

months of age. He could stand up and walk by himself and 

was able to babble and say small words such as ‘mama and 

papa.’ However, he had not shown developmental or ver-

bal progress since 15 months of age and had lost the ability 

to walk. The patient’s leg revealed hypertonia and rigidity. 

The head circumference was 99th percentile by age. There 

was no medical history such as infectious disease and head 

injury and was no cranial nerve palsy or sensory change 

on neurological examination. There was no increased in-

tracranial hypertension. Computed tomography (CT) scan 

and magnetic resonance image of the brain demonstrated a 

large cyst on the superior portion of the posterior fossa (Fig. 

1). The cyst compressed the cerebellum inferiorly and the 

brain stem anteriorly, and the lateral and third ventricles 

were enlarged severely. 

Surgery of endoscopic fenestration between the lateral 

ventricle and cyst and third ventriculostomy was planned. 

A paramedian and semicircular incision was created, and 

burr hole trephination was performed at the right Kocher’s 

point. After the dura mater was opened, a 0° rigid endoscope 

(Karl Storz, Tuttlingen, Germany) was inserted and preced-

ed to the lateral ventricle by neuronavigation (Fig. 2A, B). 

First, lateral ventriculo-cystostomy (right lateral ventricle to 

quadrigeminal cistern arachnoid cyst) was performed at a 

size of 10 mm at the trigone and medial to choroid plexus in 

an avascular region. The ventricle and cyst wall were fenes-

trated using a unipolar coagulator and widened by forceps 

and 3 Fr Fogarty balloon catheter (Fig. 2C). The endoscope 

was inserted into the third ventricle through the foramen of 

Monro (Fig. 2D). Third ventriculostomy (third ventricle to 

interpeduncular cistern) was performed at a size of 5 mm 

at the floor of the third ventricle (tuber cinereum) using the 

same armamentarium as above (Fig. 2E). 

Fig. 1. Magnetic resonance imaging demonstrated a large cyst on the superior portion of the posterior fossa with enlarged the third and 
lateral ventricles. The cerebellum and brain stem were compressed severely.
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The rigidity of both legs was relieved one day after surgery. 

One-week postoperative CT showed a reduction in the size 

of the ventricles and cysts accompanied by bilateral subdu-

ral hygroma. The patient was able to stand unassisted and 

could walk with two-hand assistance. At nine months after 

surgery at 29 months of age, the patient was able to run and 

speak in sentences. A CT image showed further reduction of 

the arachnoid cyst, lateral and third ventricles, and hygroma 

(Fig. 3). 

DISCUSSION 

Quadrigeminal cistern arachnoid cyst develops in the tectal 

plate region along the midline, supracerebellar, and infra-

tentorial cisternal space9). Because of the arachnoid cyst 

increase caused by CSF formation from the cyst wall or en-

trapment of CSF, there are many possible extensions to ad-

jacent brain structures. An arachnoid cyst may extend to the 

trigone cranially, supracerebellar cistern caudally, the third 

ventricle anteriorly, and ambient cistern laterally7). Cinalli 

et al.7) classified quadrigeminal cistern arachnoid cysts into 

three types: type I, cyst with supratentorial and infratentori-

al extension; type II, infratentorial extension; type III, lateral 

extension. In anterior extension, the Sylvius aqueduct and 

fourth ventricle can be compressed and displaced down-

ward, and the third ventricle can be distorted and displaced 

anteriorly3). A quadrigeminal cistern arachnoid cyst is usual-

ly associated with obstructive hydrocephalus. 

Because an arachnoid cyst is located in a deep location 

and near important neural structures, many different and 

critical symptoms can be created by compression. Usually, 

an arachnoid cyst compresses the tectal plate of the mid-

brain and leads to obstructive hydrocephalus by compres-

sion of the Sylvius aqueduct. The associated symptoms 

Fig. 2. Endoscopic view of the right lateral ventricle (A, B). The fenestration was made on trigone of the lateral ventricle and arachnoid 
cyst wall (C). Third ventriculostomy was performed at the floor of the third ventricle (tuber cinereum) (D, E).
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are mainly related to hydrocephalus, such as headache, 

nausea, vomiting, lethargy, and ataxic gait. Due to direct 

compression of the tectal plate, visual symptoms may occur. 

In children, macrocephaly can result from obstructive hy-

drocephalus and developmental regression can develop but 

is rare2). In our case, though the patient had rare symptoms, 

such as bilateral leg rigidity and developmental regression, 

the symptoms resolved after treatment. 

Optimal treatment of quadrigeminal cistern arachnoid 

cyst is not obvious. Traditional treatment is open craniotomy 

with cyst wall removal or fenestration and cysto-peritoneal 

shunting. However, open craniotomy can produce many 

complications in children, such as meningitis, oculomotor 

palsy, subdural hematoma, and seizure4,8). Arachnoid cysts 

can recur occasionally, and additional shunt replacement 

is needed for the treatment of hydrocephalus after surgery. 

Shunt procedure of cysto-peritoneal shunting or ventricu-

lo-peritoneal shunting for hydrocephalus has many com-

plications, such as infection, CSF leakage, disconnection, 

shunt malfunction, over-drainage, and skin breakdown over 

the shunt device5). Recently, neuroendoscopic fenestration 

has been performed to treat intracranial arachnoid cysts. It 

is minimally invasive and effective, with a high success rate 

of 71% to 81%10,14). There are two approaches to neuroen-

doscopic surgery to treat quadrigeminal cistern arachnoid 

cysts. One is a direct approach through the infratentorial 

and supracerebellar route15). This approach involves para-

median burr hole drilling and neuroendoscope insertion 

into the cyst after removal of the posterior wall. The anterior 

wall of the arachnoid cyst is fenestrated carefully, avoiding 

the vein of Galen and other important vascular structures. 

The other is precoronal approach of ventriculo-cystostomy. 

Because quadrigeminal cistern arachnoid cyst is usually 

associated with hydrocephalus and an enlarged lateral ven-

tricle, an endoscopic can be used in the large working space. 

Because the trigone of the lateral ventricle is attached to the 

enlarged cyst wall, ventriculo-cystostomy can be performed 

through the lateral ventricle. 

The limitation of neuroendoscopic fenestration is an in-

sufficient opening lead that results in a recurrence of cyst 

re-expansion. Many authors have reported additional third 

ventriculostomy to prevent a recurrence. In cases of simple 

fenestration between arachnoid cyst and lateral ventricle, 

the CSF circulation remains complex, and turbulent flow at 

the cyst level can lead to fenestration closure. With the third 

ventriculostomy, direct flow from the third ventricle to the 

prebular cistern decreases the turbulent flow, maintaining 

the fenestration of cysto-ventriculostomy. Ventriculo-cys-

Fig. 3. Computed tomography scan showed a reduction of the arachnoid cyst, lateral and third ventricles.
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tostomy and third ventriculostomy could be performed with 

one trajectory in the precoronal approach. Also, in cases of 

anterior extension of the arachnoid cyst to the third ventri-

cle, ventriculo-cystostomy can be performed through the 

third ventricle via the foramen of Monro. In our case, ventri-

culo-cystostomy and third ventriculostomy were performed 

by neuroendoscope, and there was no complication or re-

currence over nine months. 

CONCLUSION 

Quadrigeminal cistern arachnoid cyst is rare and is usually 

associated with hydrocephalus. Neuroendoscopic fenes-

tration of arachnoid cysts with the third ventriculostomy 

is a safe and effective treatment for quadrigeminal cistern 

arachnoid cysts associated with hydrocephalus. 

CONFLICTS OF INTEREST 

No potential conflict of interest relevant to this article was 

reported. 

REFERENCES 

1. Abbott R: The endoscopic management of arachnoidal cysts. 

Neurosurg Clin N Am 15:9–17, 2004 

2. Akutagawa K, Tamura G, Tsurubuchi T, Ishikawa E, Matsumura 

A, Inagaki T: Quadrigeminal arachnoid cyst with perinatal en-

cephalocele. Childs Nerv Syst 36:1393–1397, 2020 

3. Almeida JP, Quinino S, Faquini IV, Silva DO, Albuquerque LA, 

Mendes JC, et al.: Neuroendoscopic treatment of quadrigemi-

nal arachnoid cyst in a two-year-old child. Arq Neuropsiquiatr 

66:758–760, 2008 

4. Choi JU, Kim DS, Huh R: Endoscopic approach to arachnoid 

cyst. Childs Nerv Syst 15:285–291, 1999 

5. Cinalli G: Alternatives to shunting. Childs Nerv Syst 15:718–731, 

1999 

6. Cinalli G, Cappabianca P, de Falco R, Spennato P, Cianciulli E, 

Cavallo LM, et al.: Current state and future development of in-

tracranial neuroendoscopic surgery. Expert Rev Med Devices 

2:351–373, 2005 

7. Cinalli G, Spennato P, Columbano L, Ruggiero C, Aliberti F, 

Trischitta V, et al.: Neuroendoscopic treatment of arachnoid 

cysts of the quadrigeminal cistern: a series of 14 cases. J Neuro-

surg Pediatr 6:489–497, 2010 

8. Ciricillo SF, Cogen PH, Harsh GR, Edwards MS: Intracranial 

arachnoid cysts in children. A comparison of the effects of fen-

estration and shunting. J Neurosurg 74:230–235, 1991 

9. di Rocco C, Caldarelli M, di Trapani G: Infratentorial arachnoid 

cysts in children. Childs Brain 8:119–133, 1981 

10. Hopf NJ, Perneczky A: Endoscopic neurosurgery and endo-

scope-assisted microneurosurgery for the treatment of intracra-

nial cysts. Neurosurgery 43:1330–1336, 1998  

11. Hornig GW, Zervas NT: Slit defect of the diaphragma sellae with 

valve effect: observation of a "slit valve". Neurosurgery 30:265–

267, 1992  

12. Inamasu J, Ohira T, Nakamura Y, Saito R, Kuroshima Y, Mayanagi 

K, et al.: Endoscopic ventriculo-cystomy for non-communicat-

ing hydrocephalus secondary to quadrigeminal cistern arach-

noid cyst. Acta Neurol Scand 107:67–71, 2003 

13. Muhlestein WE, Maher CO: Incidental intracranial cysts in chil-

dren. Pediatr Clin North Am 68:775–782, 2021 

14. Pierre-Kahn A, Capelle L, Brauner R, Sainte-Rose C, Renier D, 

Rappaport R, et al.: Presentation and management of suprasel-

lar arachnoid cysts. Review of 20 cases. J Neurosurg 73:355–359, 

1990 

15. Ruge JR, Johnson RF, Bauer J: Burr hole neuroendoscopic fenes-

tration of quadrigeminal cistern arachnoid cyst: technical case 

report. Neurosurgery 38:830–837, 1996 

16. Yu L, Qi S, Peng Y, Fan J: Endoscopic approach for quadrigemi-

nal cistern arachnoid cyst. Br J Neurosurg 30:429–437, 2016 

www.thenerve.net

Kim SH, et al. Endoscopic Fenestration of Quadrigeminal Cistern Arachnoid Cyst

116

https://doi.org/10.1016/s1042-3680(03)00071-8
https://doi.org/10.1016/s1042-3680(03)00071-8
https://doi.org/10.1007/s00381-020-04626-2
https://doi.org/10.1007/s00381-020-04626-2
https://doi.org/10.1007/s00381-020-04626-2
https://doi.org/10.1590/s0004-282x2008000500032
https://doi.org/10.1590/s0004-282x2008000500032
https://doi.org/10.1590/s0004-282x2008000500032
https://doi.org/10.1590/s0004-282x2008000500032
https://doi.org/10.1007/s003810050396
https://doi.org/10.1007/s003810050396
https://doi.org/10.1007/s003810050461
https://doi.org/10.1007/s003810050461
https://doi.org/10.1586/17434440.2.3.351
https://doi.org/10.1586/17434440.2.3.351
https://doi.org/10.1586/17434440.2.3.351
https://doi.org/10.1586/17434440.2.3.351
https://doi.org/10.3171/2010.8.peds08491
https://doi.org/10.3171/2010.8.peds08491
https://doi.org/10.3171/2010.8.peds08491
https://doi.org/10.3171/2010.8.peds08491
https://doi.org/10.3171/jns.1991.74.2.0230
https://doi.org/10.3171/jns.1991.74.2.0230
https://doi.org/10.3171/jns.1991.74.2.0230
https://doi.org/10.1159/000119973
https://doi.org/10.1159/000119973
https://doi.org/10.1227/00006123-199812000-00037
https://doi.org/10.1227/00006123-199812000-00037
https://doi.org/10.1227/00006123-199812000-00037
https://www.ncbi.nlm.nih.gov/pubmed/1545899
https://www.ncbi.nlm.nih.gov/pubmed/1545899
https://www.ncbi.nlm.nih.gov/pubmed/1545899
https://doi.org/10.1034/j.1600-0404.2003.02044.x
https://doi.org/10.1034/j.1600-0404.2003.02044.x
https://doi.org/10.1034/j.1600-0404.2003.02044.x
https://doi.org/10.1034/j.1600-0404.2003.02044.x
https://doi.org/10.1016/j.pcl.2021.04.005
https://doi.org/10.1016/j.pcl.2021.04.005
https://doi.org/10.3171/jns.1990.73.3.0355
https://doi.org/10.3171/jns.1990.73.3.0355
https://doi.org/10.3171/jns.1990.73.3.0355
https://doi.org/10.3171/jns.1990.73.3.0355
https://doi.org/10.1097/00006123-199604000-00039
https://doi.org/10.1097/00006123-199604000-00039
https://doi.org/10.1097/00006123-199604000-00039
https://doi.org/10.3109/02688697.2015.1119236
https://doi.org/10.3109/02688697.2015.1119236


© 2022 The Korean Society of Peripheral Nervous System
     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.

INTRODUCTION 

Schwannomas, also known as neurilemmomas and axonal 

intraneural Schwann cell tumors, are benign neoplasms of 

the nerve sheath originating from Schwann cells6). The most 

common schwannoma is acoustic neuroma. Schwannomas 

arise from the nerve sheath of large peripheral or cranial 

nerves and occur at the subcutaneous tissue level or in the 

deeper layers2). These tumors can arise from any nerve cov-

ered with a Schwann cell sheath, which includes the cranial 

nerves (except for the optic and olfactory nerves), spinal 

nerve, and autonomic nervous system7). 

Ancient schwannomas are rare benign encapsulated tu-

mors of protracted indolent growth; “ancient schwannoma” 
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Schwannomas are common, slow-growing benign tumors derived from Schwann cells lining 
the nerve sheath which are rarely developed from the scalp. There are several types of 
schwannoma; however, ancient schwannoma is a rare benign tumor. We present a case of a 
36-year-old man with an approximately 3 × 2-cm palpable mass on the left parietal ar ea of 
his scalp that slowly grew over 5 years. The tumor was surgically excised and confirmed by 
immunohistochemistry, indicating an “ancient schwannoma” different from a trichilemmal or 
dermoid cyst. 

Keywords: Neurilemmoma; Schwannoma; Schwann cells  

denotes extracranial schwannomas, which are usually sol-

itary and grow to a large size. The term may also describe 

schwannomas that underwent pronounced cystic changes 

(e.g., relative loss of Antoni type A, perivascular hyaliniza-

tion, calcification, and cystic necrosis). Cystic growth over 

the scalp can be easily misidentified as common tumors, 

such as dermoid cysts and trichilemmal cysts. 

We present a rare case of an asymptomatic mass over the 

scalp; excision biopsy revealed this to be an ancient schwan-

noma. 

CASE REPORT 

A 36-year-old male patient presented to the department of 
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neurosurgery at our institute complaining of a 3 × 2-cm pal-

pable mass on the parietal area of the scalp that grew slowly 

over 5 years. The patient did not take any medications and 

had no relevant familial history. 

Physical examination revealed a solitary, round mass 

in the left parietal area of the scalp, which was soft and 

non-tender (Fig. 1).  

On February 3, 2022, we excised the mass under local 

anesthesia. Gross examination of the specimen revealed a 

well-encapsulated mass measuring 3 × 1-cm, with a grayish 

surface (Fig. 2). 

Thereafter, the specimen was sent for histopathological 

examination, which revealed a well-circumscribed mass 

with degenerative and cystic changes, as well as hemor-

rhage. The tumor cells were spindle-shaped without cyto-

logic atypia and were positive for S-100 on immunostaining 

(Fig. 3). The histological features and immunohistochemical 

results were indicative of ancient schwannoma. 

DISCUSSION 

Schwannomas are among the most common benign nerve 

sheath tumors. However, the development of schwannoma 

on the scalp is rare and is easily mistaken for a tumor of hair. 

Especially trichilemmal cysts are common over the scalp 

and present as dermal or subcutaneous growths over scalp5). 

Radiographic features of ancient schwannoma are calcifi-

cation, hyalinization, and cystic cavitation. 

Differed from ancient schwannoma, radiographic feature 

of trichilemmal cysts is nodules are small, ovoid, circum-

scribed subcutaneous masses without overlying skin ulcer-

ation or underlying bone erosion, and dermoid cysts which 

radiographically featured do not enhance after contrast ad-

ministration. 

Schwannomas can be divided into subtypes based on 

histological findings, such as ancient, microcystic/reticu-

lar, epithelioid, cellular, psammomatous, and melanotic 

schwannomas4). Ancient schwannoma is a rare subtype; it 

was first described by Ackerman and Taylor in 19511) and is 

characterized by increased cellularity and cystic necrosis. 

Additional histological characteristics include areas of dif-

fuse fibrosis and hyalinization with nuclear pleomorphism 

and hyperchromasia but without nuclear atypia. 

Our patient presented with an asymptomatic growth on 

the scalp for 5 years, confirmed to be an “ancient schwanno-

ma,” different from a trichilemmal or dermoid cyst. 

Trichilemmal cysts, common among middle-aged indi-

viduals, are smooth, mobile, and filled with keratin, a pro-

tein component found in hair, nails, skin, and horns. His-

topathologically, trichilemmal cysts are lined by epidermal 

cells and contain homogeneous keratinous material (Fig. 

4)3). 

Dermoid cysts that develop from epithelium are often as-

ymptomatic and are soft or rubbery, round, and subcutane-

Fig. 1. Solitary round mass on the left parietal scalp. Fig. 2. Excised specimen, measuring approximately 3 × 2-cm.
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Fig. 4. Histologic findings of proliferating trichilemmal tumor. (A) In a low-power image, the tumor appears smooth-bordered and 
well-circumscribed. (B, C) The tumor is composed of bland squamous epithelium and shows cystic change and keratinization. (D) In a 
high-power image, trichilemmal keratinization with abrupt keratinization without a granular layer is evident. Original magnification: (A) 
× 20, (B) × 100, (C) × 200, and (D) × 400.

Fig. 3. Histologic findings of ancient schwannoma. (A, B) The tumor is well-circumscribed and shows degenerative change, cystic change, 
and hemorrhage. (C) In high-power images, the tumor cells appear spindle-shaped without cytologic atypia. (D) Tumor cells are positive 
for S-100 immunostaining. Original magnification: (A) × 20, (B) × 200, (C, D) × 400.
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ous nodule5). 

When we first identified the patient’s lesion, trichilemmal 

cyst or dermoid cyst were the possible diagnoses. This was 

because these are commonly noted; thus, surgical treatment 

was accordingly planned. However, the result of immuno-

histochemistry revealed the tumor to be an ancient schwan-

noma, contrary to our expectations. 

Although there was no major difference in the direction 

of treatment, the fact that histological results pointing to an 

uncommon disease are a possibility should be remembered. 

CONCLUSION 

In conclusion, an ancient schwannoma on the scalp is rarely 

encountered. However, it should be considered in the differ-

ential diagnosis of asymptomatic masses on the scalp. 
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INTRODUCTION 

Non-traumatic spontaneous spinal epidural hematoma 

(SSEH) represents an extremely rare cause of spinal cord 

compression1,16). Some researchers believe that venous 

bleeding leads to SSEH formation. However, others have 

observed some vascular malformations in patients with 

non-traumatic SSEH14,18). Spinal arteriovenous malforma-

tion (AVM) is rare and accounts for 5% to 10% of all spinal 

cord lesions19). An accurate diagnosis of spinal AVM is hard-
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Spinal arteriovenous malformation (AVM) can cause spontaneous spinal hemorrhage. It is a 
rare disease that is difficult to diagnose because of technical difficulties in performing angiog-
raphy and the small lesion size. To date, the most appropriate method of treating and diagnos-
ing spontaneous spinal hemorrhage due to spinal AVMs with neurological deficits remains un-
clear. Herein, we present a rare case of spontaneous vertebral hemorrhage due to a thoracic 
epidural spinal AVM, which was removed surgically and accurately diagnosed based on a his-
topathological examination of the lesion. This case emphasizes that an accurate diagnosis and 
neurological recovery could be achieved in patients with spontaneous spinal epidural hemato-
ma through biopsy and surgical removal of the hematoma and AVM. 

Keywords: Biopsy; Spine; Vascular malformations  

er than that of cerebral AVM. Because of the very small size 

of the spinal lesion, its detection using spinal angiography is 

technically difficult. Moreover, the vasculature varies greatly 

depending on the location, type, and spinal level of the le-

sion. Regarding the treatment of spinal AVM, despite many 

reports on various analyses of various treatment modalities, 

including surgery, embolization, or a combination of the 

two, currently, no criteria for accurate diagnosis and treat-

ment of spinal AVM exist4,10,13). 

Herein, we report a rare case of thoracic epidural spinal 
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AVM that caused SSEH and was associated with neurologi-

cal impairment. This case emphasizes that accurate diagno-

sis and neurological recovery could be achieved in patients 

with SSEH through biopsy and surgical removal of the he-

matoma and AVM. 

CASE REPORT 

A 34-year-old man without underlying medical condi-

tions presented with complaints of sudden tearing chest 

pain that radiated to the backside. He was admitted to the 

emergency room. After the patient was administered an 

analgesic, his chest pain gradually decreased, and he was 

about to be discharged. However, 3 hr after his admission to 

the emergency room, he complained of progressive motor 

weakness in the lower extremities (motor grade 4, which 

worsened to motor grade 1). Thoracic spine magnetic reso-

nance imaging (MRI) showed a slightly elevated T2 signal at 

the T5–6 level, an epidural hematoma compressing the spi-

nal cord, and suspicious findings of an AVM in the center of 

the hematoma (Fig. 1). 

An emergent operation with a posterior approach was 

performed because of a neurologic deficit. T5 and T6 lami-

notomies were performed, following which the epidural 

hematoma was identified and removed mainly from the T5 

level. An engorged vein and a small artery were identified 

on the dural surface at the T5 level (Fig. 2). The vessels were 

coagulated and ligated with clips. Laminae were attached 

to the detached site. Microscopic examination revealed an 

area of angiomatous structures containing highly packed 

red blood cells in the endothelial layer and collagen fibers 

(Fig. 3A). Immunohistochemical staining for smooth muscle 

Fig. 1. Sagittal (A) and axial (B) thoracic spine magnetic resonance 
images show an epidural mass with a slightly elevated T2 signal at 
the T5-6 level.

Fig. 3. Histologic sections. (A) Representative area of the angioma-
tous structure (hematoxylin and eosin stain, ×20 magnification). 
(B) Immunohistochemical staining for smooth muscle actin (×20). 
(C) Immunohistochemical staining for elastic fibers (elastic stain, 
×20).Fig. 2. An engorged vein (A) and a small artery (B) are shown.

AA

AA

BB

BB

www.thenerve.net

Lim JW, et al. SCI Due to Epidural Spinal Arteriovenous Malformation Rupture

122

AA

BB

CC



actin revealed fibrous tissue filled with red blood cells (Fig. 

3B). Further, immunohistochemical staining (elastic stain) 

for collagen revealed collagen fibers and occasional smooth 

muscle fibers, consistent with AVM (Fig. 3C). 

Postoperative thoracic spine MRI suggested gross total 

removal of hematoma (Fig. 4). After surgery, the patient was 

administered methylprednisolone 1000 mg (250 mg qid), 

which was gradually reduced for 6 days. Spinal angiography 

was performed 2 days after surgery, and the angiography 

showed no evidence of vascular malformations (Fig. 5). 

The patient’s neurological status improved postoperative-

ly. Sensory disturbance disappeared, and motor weakness 

improved rapidly. After 7 days of operation, the patient was 

discharged without any special treatment other than analge-

sic (tridol, aceclofenac). On a postoperative day 8, the neu-

rological status showed improvement except for weakness 

in the left lower extremity (motor grade 4–). At outpatient 

follow-up 2 years postoperatively, further improvement was 

observed with a motor grade of 4+. 

DISCUSSION 

SSEH is a rare disease, usually seen in the lower and dorsal 

regions of the cervical spine in children and adolescents and 

the thoracic or thoracic lumbar region in adults17,20). 

The usual clinical symptom of SSEH is acute severe back 

pain, which may be distributed in the skin, and is followed 

by clinical signs and symptoms of spinal cord dysfunction. 

Symptoms may be atypical and non-specific, which may de-

Fig. 4. Postoperative magnetic resonance image showing the de-
compressed spinal cord and no evidence of a hematoma.

Fig. 5. A spinal angiographic image showing no remaining vascular 
anomaly.

lay the diagnosis15,20). Moreover, SSEH is difficult to diagnose 

because it can be associated with anticoagulant therapy, 

blood disorders, vascular malformations, or neoplasia. 

In the present case, the spinal epidural AVM was observed 

intraoperatively, and accurate diagnosis and spinal cord de-

compression were performed through surgery. 

Most spinal AVMs are dural arteriovenous fistulas with 

a single intradural venous drainage from the epidural ni-

dus, and the most common clinically epidural spinal AVM 

is a vertebral body (cavernous) hemangioma, which is an 

epidural vertebral canal, with almost no observed inva-

sion. Symptomatic epidural spinal AVM of the spinal canal 

without vertebral (cavernous) hemangioma has been rarely 

reported2,8,9,12). Therefore, the diagnosis and treatment were 

considerably difficult in the present case. 

A common treatment goal for spinal AVM is to eliminate 
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venous congestion, blood theft, or venous hypertension, 

and there are three treatment options—endovascular em-

bolization (using balloons, particles, or coils), surgical exci-

sion, or both. However, the period between symptom onset 

and surgical intervention is important. In particular, surgery 

performed 12 hr after symptom onset is less likely to be suc-

cessful7,11). 

In the present case, progressively worsening neurological 

symptoms were present, and the hematoma was observed 

on MRI. During the operation, AVM was diagnosed and 

treated simultaneously. The intervention of neurosurgery 

seemed incontrovertible given that the patient’s worsening 

paralysis was resolved after the operation. The hemorrhagic 

lesion that was not accurately diagnosed even on MRI could 

be diagnosed during surgery, and it was confirmed that the 

lesion could be completely removed only with surgery. 

Furthermore, complications of embolization have been 

observed in past studies. Berenstein and Choi3) reported 

that in patients with intracranial AVM, hemorrhagic com-

plications occurring during embolization were associated 

with either iatrogenic rupture of a cerebral vessel or rupture 

of a blood flow-induced aneurysm or the AVM itself. Addi-

tionally, Djindjian5) had warned of the risk of acute bleeding 

after embolization. Thus, the present case indicates that sur-

gical diagnosis and treatment are most effective in patients 

with spinal epidural AVM associated with bleeding, where 

the diagnosis is difficult and rapid neurological recovery is 

required. However, a study by Forbes et al.6) reported a neu-

rological deficit rate of only 2%, and the neurological deficits 

resolved completely within 24 hr in 2 patients and within 1 

week in 1 patient. 

In this case, the patient’s weakness was due to spinal cord 

compression, and the AVM was finally diagnosed and suc-

cessfully removed through surgery. However, unless it is an 

emergency, we should be considered that AVM should be 

a factor to consider before surgery, and its exact location 

should be assessed by angiography to prevent incomplete 

removal and recurrence. 

CONCLUSION 

Our case demonstrated that even when the cause of SSEH 

is difficult to diagnose by MRI, rapid neurological recovery 

is possible through accurate diagnosis and prompt surgical 

treatment of an AVM. Endovascular angiography and em-

bolization can also be considered; however, in the case of 

severe neurological disorders due to massive hematoma, 

immediate surgical treatment and histopathological diagno-

sis of the lesion should be considered. 
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INTRODUCTION 

A traumatic intracranial pseudoaneurysm (TIPA) is a rare 

disease in approximately 1% of patients with intracranial 

aneurysms3,8,13,15). Furthermore, the diagnosis and treatment 

of a TIPA may be difficult, and the disease is associated with 

high mortality and morbidity8,10). 

Previous studies on vascular surgical approaches for the 

treatment of TIPA mostly included stents and coils. Tan et 

al.12) reported the results of 12 cases of stent-assisted coil em-

bolization using a low-profile visualized intraluminal sup-
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Traumatic intracranial pseudoaneurysm (TIPA) is a very rare disease that is difficult to diagnose 
and treat and has high mortality and morbidity. Various treatment methods, such as microsur-
gery and endovascular treatment, have been proposed because TIPA accompanies traumatic 
brain injury. It is necessary to consider the location and characteristics of the TIPA and the pa-
tient's condition. According to previous reports regarding the endovascular treatment of TIPA, 
most cases were treated with stent-assisted coil embolization. Unlike previous studies, howev-
er, we would like to share our experience of two cases successfully treated by overlapping 
three closed-cell self-expandable stents without coils. 
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Traumatic pseudoaneurysm; Triple overlapping stents

port stent (LVIS). All cases were successfully treated. There 

were two cases of multiple cerebral infarctions due to the 

complication from vasospasm, and another two from the re-

maining ten cases underwent retreatment due to recanaliza-

tion of the pseudoaneurysm. Mortality and morbidity rates 

were reported as 25% and 8.3%, respectively, and it showed 

that LVIS stent-assisted coiling is feasible for the treatment 

of traumatic internal carotid artery (ICA) pseudoaneurysms. 

We hope to share the successful experiences of using tri-

pled overlapping stents (TOS) for supraclinoid ICA traumat-

ic aneurysms, without coils, in two cases of head trauma. 
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The hematoma was successfully removed, and the patient 

stabilized. To check for the presence of a pseudoaneurysm, 

at postoperative day (POD) 14, follow-up CT angiography 

was performed (Fig. 2B). Because there was a change in the 

shape of the aneurysm compared with than on the previous 

scan, a pseudoaneurysm was diagnosed (Fig. 2A), and the 

following findings were obtained by transfemoral cerebral 

angiography (TFCA) regarding the treatment (Fig. 2C). 

Dual antiplatelet therapy was administered for 3 days, 

which was loaded on the day of the procedure. The pro-

cedure was performed under general anesthesia. A 6 Fr 

guiding catheter was placed in the ICA, and stenting was 

performed with the closed cell stent Enterprise 4 mm/23 

mm to include the proximal and distal healthy segments 

of the lesion, using a Prowler plus 45-degree microcatheter 

and synchro soft microwire. Using the wire where the stent 

was loaded, the microcatheter was placed (Fig. 3A), and two 

additional Enterprise 4 mm/23 mm stents were deployed by 

repeating the steps to perform the stent-in-a-stent technique 

for a total of three stents (Fig. 3B). The procedure was suc-

cessful (Fig. 3C), and the pseudoaneurysm on the left ICA 

angiogram was stagnated in a delay phase. The patient con-

tinued to receive dual antiplatelet therapy and was stable. 

Follow-up TFCA was performed 2 weeks, 1 month, and 6 

months after the procedure. The 2-week follow-up three-di-

mensional reconstruction image showed a change in the 

shape of the pseudoaneurysm, but with a decreased neck 

CASE REPORT 

1. Ethics Approval 
The study conformed to the ethical guidelines of the World 

Medical Association Declaration of Helsinki and was ap-

proved by the Institutional Review Board (IRB) of the rele-

vant institution. (IRB no. 2022-07-053)  

2. Case 1  
A 50-year-old patient suffered head trauma after a collision 

traffic accident from the posterior with an excavator. His 

Glasgow Coma Scale grading was E4, V4, and M6. Brain 

computed tomography (CT) in the emergency room showed 

subarachnoid hemorrhage (SAH), pneumocephalus, frac-

tures of the left orbital roof, left posterior ethmoid sinus roof, 

and sphenoid sinus roof, and a facial bone fracture. A left 

temporal bone fracture was also present 

The patient was treated in the intensive care unit, and 

he continued to be in a confused and irritable state. A vas-

cular evaluation was performed, and CT angiography was 

conducted on hospital day 1 (Fig. 1A-C). The left temporal 

contusion increased, and a left supraclinoid ICA aneurysm 

was found. There was no sign of herniation and coup injury 

was definitive, as a left temporal bone fracture was present. 

There was uncertainty regarding the left ICA pseudoaneu-

rysm on the scan; therefore, minimal invasive surgery for the 

catheterization of the hematoma was performed initially. 

Fig. 1. Computed tomography (CT) angiography was performed on hospital day 1. (A) On CT angiography (bone setting), air-fluid level is 
observed in the nasal sinus, and soft tissue swelling is observed in the left face (arrow). A temporal bone fracture is also observed (arrow-
head). (B) CT angiography shows suspected temporal lobe contusion. (C) On CT angiography (3-dimensional reconstruction view), a left 
supraclinoid internal carotid artery aneurysm (arrow) is found.
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(Fig. 4A), the 1-month follow-up scan showed a decreased 

size of pseudoaneurysm (Fig. 4B), and complete healing was 

confirmed on the 6-month follow-up scan (Fig. 4C). The pa-

tient was discharged at 3 months after surgery with a modi-

fied Rankin Scale (mRS) score of 1, and the patient returned 

to a normal lifestyle with a mRS score of 0 at the 6-month 

follow-up. 

3. Case 2 
A 57-year-old male individual with decreased consciousness 

was found next to a motorcycle and was admitted to the 

emergency room. His mental status was drowsy, and there 

was a contusion on the left part of the face. Brain CT showed 

diffuse SAH and intraventricular hemorrhage (Fig. 5A), as 

well as a left lateral orbital wall fracture (Fig. 5B), accom-

panied by multiple rib fractures. CT angiography showed a 

suspicious lesion (Fig. 5C); therefore, TFCA was performed 

(Fig. 6A, B). 

A supraclioid ICA dorsolateral area pseudoaneurysm was 

confirmed (Fig. 6A, B), and endovascular treatment was per-

formed. A 6 Fr Envoy catheter was placed in the ICA. Using 

a Prowler plus 45-degree microcatheter and synchro 2 mi-

Fig. 2. (A) On computed tomography (CT) angiography performed on the day of the injury, a saccular aneurysm is observed in the posteri-
or direction of the supraclinoid internal carotid artery (ICA) segment (arrow). (B) CT angiography performed 2 weeks after the injury. The 
aneurysm in the supraclinoid ICA segment has changed. It appears to present more of a broad base, and the height is lower (arrow). (C) 
On the left ICA on a transfemoral cerebral angiogram, a lateral posterior direction pseudoaneurysm is confirmed (arrow).

Fig. 3. Under general anesthesia, endovascular treatment was performed for the left supraclinoid internal carotid artery (ICA) pseudo-
aneurysm. (A) Using the wire where the stent was loaded, a microcatheter was placed through the deployed stent. (B) A native working 
projection shows the deployment of three stents, using the stent-in-a-stent technique. (C) Left ICA angiogram shows that the procedure 
was successful.
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crowire, the microcatheter was placed with the wire where 

the Enterprise stent 4 mm/16 mm, 4 mm/20 mm, 4 mm/30 

mm, which is a closed cell stent, was loaded. Then, by de-

ploying a stent within a stent, three stents were deployed 

together. 

There were no complications from the surgery. Dual anti-

platelet drugs were administered loading dose(clopidogrel 

300 mg and aspirin 300 mg) on the day of the procedure, 

followed by clopidogrel 75 mg and aspirin 100 mg daily.  

TFCA performed on a POD #24 showed only a very small 

sac (Fig. 7A), and total obliteration was confirmed on TFCA 

performed on POD #65 (Fig. 7B). 

DISCUSSION 

A traumatic brain aneurysm is a rare disease3,8,13,15). The 

prognosis of a traumatic aneurysm is determined by the se-

verity of the initial brain injury, treatment of the aneurysm, 

and the timing of the treatment. There are primarily two 

treatment methods reported, which are the surgical ap-

proach and endovascular treatment. 

Surgical treatments include direct clipping and parent 

artery occlusion with or without bypass. However, appropri-

ate treatment should be determined for each case, as direct 

clipping of pseudoaneurysms may not be feasible due to 

Fig. 4. (A) A 3-dimensional (3D) reconstruction image at a 2-week follow-up after the procedure shows a change in the shape and size of 
the pseudoaneurysm, although the neck is narrower (arrow). (B) A 1-month follow-up 3D reconstruction image shows a slight decrease 
in the size of the pseudoaneurysm (arrow). (C) A 6-month follow-up 3D reconstruction image shows complete healing (arrow).

Fig. 5. (A) Non-contrast brain computed tomography (CT) shows diffuse subarachnoid hemorrhage and intraventricular hemorrhage, and 
there is swelling of the left facial soft tissue. (B) Bone setting brain CT shows a left lateral orbital wall fracture (arrow). (C) CT angiogra-
phy performed for the suspected vascular injury shows a questionable lesion in the left distal internal carotid artery (arrow).
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the absence of a vascular wall1,4). Bleeding may occur during 

surgery from the vulnerability of the pseudowall6), which 

may involve surgical repair with microsurgical suturing4), 

and wrapping and clipping are sometimes performed4). 

Trapping is a definitive treatment for removing pseudoan-

eurysms, although to prevent issues with hypoperfusion, 

low-flow bypass is recommended for distal pseudoaneu-

rysm13) and high-flow bypass is recommended for ICA pseu-

doaneurysms7). However, for a traumatic injury, it is difficult 

to be certain that bypass treatments are appropriate due to 

the edema from traumatic brain injury itself. We reviewed 21 

cases of microsurgeries for intracranial pseudoaneurysms, 

excluding middle cerebral artery pseudoaneurysm cases, 

from the literature review by Zheng et al.16). Of these, four 

cases involved the supraclinoid ICA, one case had a mRS 

score of 3, and the rest had good outcomes. Among all the 

microsurgery cases, seven had mRS scores of 3 to 6 (33.33%), 

and there was one case of mortality (4.76%)16). 

Zheng et al.16) summarized a total of 63 cases of endovas-

cular treatment. Treatments included internal trapping or 

reconstructive treatment. Twenty-four cases were treated 

with coils, 14 with covered stents, and 14 with flow diverters. 

Of these, there was only one case treated with an overlap-

ping stent without a coil, similar to the two we have de-

scribed. There has been an increasing number of cases be-

ing treated with flow diverters after the introduction of this 

method, although its limitations include a rather short histo-

ry of use and an increased burden for the use of antiplatelet 

agents compared with the use of a typical stent. Moreover, a 

flow diverter is being used only for an unruptured aneurysm 

in South Korea, and therefore, it is unlikely to be used in cas-

es where bleeding is occurring. 

What is the treatment approach rationale for not using 

a coil in our cases? When assessing the category of a trau-

matic aneurysm, a pseudoaneurysm is the most common 

histologically5); this occurs when all three vascular walls are 

defective and form a hematoma2,5,8). Next is a mixed type, 

which starts as a true aneurysm but forms a false lumen 

from a rupture2,5,14). Therefore, the microcatheter used to 

place a coil or the coil itself may cause a rupture during the 

procedure due to the vulnerability of the pseudoaneurysm 

wall. Moreover, recurrence may occur from the flow pulsa-

tility that induces forces through the gap of the coil mass9). 

When using a coil, due to the characteristics of the disease, 

recurrence was common with reconstructive treatment. 

We believe that the absence of the immediate obliteration 

of the pseudoaneurysm, which is the limitation, can offset 

the advantage of not using a coil. An overlapped stent can 

change the blood flow in pseudoaneurysms and accelerate 

thrombosis within the aneurysm, thereby reconstructing the 

parent artery by inducing the development of a new interior 

following the stent. Unlike the flow diverter, where the artery 

is immediately occluded, there is a risk of re-hemorrhage for 

several weeks until complete occlusion2, and its limitation 

includes necessitating dual antiplatelet therapy. Therefore, 

the overlapped stent should be used with caution in cases of 

hemorrhagic pseudoaneurysms. 

The treatment strategy for case 1 was delayed treatment. 

First, the possibility of a traumatic aneurysm was high, al-

though there was an injury that could cause direct temporal 

Fig. 6. (A) Transfemoral cerebral angiography. A left internal carot-
id artery (ICA) angiogram (lateral projection) shows the pseudoan-
eurysm in the dorsal wall of the supraclinoid segment of the ICA 
(arrow). (B) Findings are observed in a 3-dimensional reconstruc-
tion (arrow).

Fig. 7. (A) A very small sac is observed (arrow) on 3-dimensional 
reconstruction transfemoral cerebral angiography (TFCA, per-
formed on day 24 after the procedure) of the left internal carotid 
artery. (B) Complete obliteration of the pseudoaneurysm is ob-
served (arrow) on TFCA performed on day 65 of the procedure.
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lobe contusion, and bleeding was also increasing. Therefore, 

it was difficult to take the risk of the immediate treatment 

and initiating antiplatelet therapy. It was also difficult to pre-

dict the impact of the brain edema from the trauma during 

craniotomy. If bleeding from the pseudoaneurysm was to 

be suppressed using a tamponade, there was a possibility 

for uncontrolled bleeding from a rapid reduction in pres-

sure during craniotomy. Therefore, craniotomy could not 

be considered. Hence, a burr hole catheter was inserted, 

and when more evidence for a traumatic pseudoaneurysm 

was obtained from follow-up tests and intracerebral hemor-

rhage had improved, treatment was initiated. There was no 

re-bleeding up to this time, bleeding from the brain contu-

sion was reduced, and the peak for brain edema had passed. 

Therefore, we believed this was a safe time point. We also 

found evidence that the patient had a traumatic pseudo-

aneurysm, as the form of the aneurysm changed across the 

treatment period. The pseudoaneurysm shape changed 

during the follow-up period, and while it appeared larger at 

2 weeks, the neck area was smaller and we determined that 

it was improving (Fig. 4A). The patient was stable, and there-

fore, we did not take the risk of performing additional pro-

cedures and followed up closely. At 6 months, we confirmed 

that pseudoaenurysm had healed 

(Fig. 4C). 

For untreated pseudoaneurysms, the rate of delayed rup-

ture is very high, at approximately 50%1), and it is important 

to follow up closely. The average time from the initial trau-

ma to aneurysm hemorrhage is approximately 21 days, and 

it is reported that the mortality rate is 50%8,11,14). We treated 

the first case within 21 days of the initial trauma. 

Unlike the first case, the treatment strategy for the second 

case was immediate treatment. This was because the trau-

ma was obvious and the characteristics of SAH suggested 

damage to the vessels. Therefore, we performed cerebral 

angiography and confirmed the lesion very early. Fortunate-

ly, hemorrhage in the intracerebral parenchyma was mini-

mal and the follow-up tests across several hours suggested 

that hemorrhage did not increase. Therefore, treatment 

was needed at the current status. Antiplatelet loading was 

initiated immediately, and while bleeding did not increase, 

vasospasm and infarction of the left frontal lobe and basal 

ganglia occurred from diffuse SAH on day 20 post-injury. 

Cane gait was possible through rehabilitation treatment. 

The patient was alert and while there was reduced cognitive 

function, it was improved such that communication was 

possible. 

CONCLUSION 

We report two cases of TIPA that were treated with TOS 

without coils. We chose delayed or immediate treatment 

based on the patient’s status, the treatments were successful 

and the prognoses were satisfactory. While these treatment 

methods are limited by delayed occlusion of the aneurysm, 

treatment with a coil may also not result in complete oblit-

eration of pseudoaneurysms or could frequently cause 

recurrence. Taking these into consideration, we believe the 

outcomes of our cases to be acceptable. Thus, when treating 

traumatic pseudoaneurysms with TOS, complete oblitera-

tion was achieved after from 2 to 6 months. 
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INTRODUCTION 

Herpes zoster (HZ) commonly presents with vesicular erup-

tion due to the reactivation of varicella-zoster virus (VZV), 

especially in elderly patients1-5,9). Approximately 50% of HZ 

in the United States occurs in people 50 or older. VZV can 

become latent in the dorsal sensory ganglia without causing 

any symptoms. Several years after a VZV infection, however, 

the virus may cause viral infection of the skin when the im-
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Segmental zoster paresis (SZP) of the limbs, characterized by focal weakness of the extremity, 
is recognized as a rare complication of herpes zoster that can lead to a misdiagnosis of other 
radiculopathies or musculoskeletal problems. Here, we present a rare case where the patient 
experienced severe pain and weakness of the right upper extremity caused by SZP. A 58-year-
old man came to the hospital with severe right upper extremity radicular pain. Cervical mag-
netic resonance imaging of the spinal cord showed disc protrusion at the C5-6 level with a 
high signal change. Anterior cervical discectomy and fusion was performed. On the first and 
second postoperative days, the patient’s symptoms showed slight improvements. However, on 
the fourth postoperative day, the patient experienced a right shoulder drop along with exacer-
bated radicular pain and presented a herpetic rash on the right extremity. The patient showed 
a dramatic improvement in pain and weakness after taking antiviral medication and undergo-
ing a fluoroscopic-guided right C6 selective nerve root block. He fully recovered from his 
symptoms after 12 weeks of rehabilitation and physical therapy. This rare case involved SZP 
which was misunderstood as a herniated cervical disc. If a patient complains of severe pain 
with motor weakness inconsistent with radiologic findings, SZP should be discriminated from 
other possible diagnosis. 

Keywords: Herpes zoster; Herpesvirus 3; Radiculopathy; Paresis

mune system is compromised1,5). 

Segmental zoster paresis (SZP) of the limbs, characterized 

by focal and asymmetric weakness of the extremity, is re-

ported as a rare complication (0.5%-5% of patients with HZ) 

of HZ that can lead to the misdiagnosis of other radiculopa-

thy or musculoskeletal problems3). SZP typically occurs two 

to three weeks after the herpetic skin rash and affects the 

myotome corresponding to the rash distribution regions1,3). 

Therefore, any motor involvement by SZP may be difficult to 
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diagnose during the first clinical examination. 

Here, we introduce a rare case with severe pain and weak-

ness caused by SZP mimicking cervical disc herniation. 

CASE REPORT 

A 58-year-old male was admitted to our hospital with con-

stant, sharp, right-sided neck pain and tingling sensation 

with radiation to the right lateral arm, forearm, thumb, and 

index finger that had first occurred seven days earlier. The 

pain intensity was 7 out of 10 on the visual analog scale. On 

physical examination, he showed decreased hand grasping 

power (manual motor testing [MMT] 3/5). The power was 

MMT 5/5 in all other muscle groups of the right upper limb, 

even the shoulder muscles, and in all muscle groups of the 

left upper limb. No skin lesions were observed at the first 

visit to our hospital. 

A plain X-ray showed degenerative change with decreased 

disc height at the C5-6 level (Fig. 1). Magnetic resonance im-

aging (MRI) showed foraminal stenosis with disc protrusion 

between the 5th and 6th cervical spine (C5/6) level and a 

high signal change at the same level of the spinal cord (Fig. 

2). There were no abnormalities in his vital signs or lab tests. 

Thus, we diagnosed the patient with radiculopathy induced 

by cervical disc herniation with cord injury. 

We first treated the patient with oral non-steroidal an-

ti-inflammatory drugs and a computed tomography-guided 

cervical nerve root block using a mixture of lidocaine and 

steroid. The next day, however, the patient came back to 

our emergency room with exacerbated pain. Therefore, we 

Fig. 1. Preoperative cervical spine X-ray showing decreased disc 
height at C5-6 level (white arrow).

Fig. 2. Cervical magnetic resonance imaging (T2 sagittal and axial views) showing spinal cord signal change (white arrow).
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considered anterior cervical discectomy and fusion (ACDF) 

for the C5/6 level. Still, no skin lesions were found on the 

patient. 

Surgery was performed using the typical ACDF method. 

The postoperative X-ray confirmed that the disc height 

increased and was well-fixed by the cage and plate. After 

surgery, the patient reported a 50% improvement in preop-

erative pain. 

On the second postoperative day, the patient complained 

of a sudden shoulder drop (Fig. 3A, B). An MRI scan was 

performed, showing a well-removed disc and decompressed 

spinal cord and foramen, with no other abnormal findings 

(Fig. 4). 

Motor weakness became worse on the fourth postoper-

ative day, and skin rashes began to appear. On the seventh 

day, the patient showed complete shoulder drop (MMT 

grade 1), elbow extension weakness (MMT grade 3), and 

skin lesions spread throughout the right arm (Fig. 5). 

A dermatology consultation was carried out. The patient 

was diagnosed with HZ in the right C6 dermatome based on 

clinical findings, including the features of pain (along the 

C6 area), vesicular rash, and erythema. Antiviral medication 

was administered and the patient’s symptoms gradually im-

Fig. 3. Patient suddenly showing shoulder drop. (A) Postoperative cervical X-ray confirming the increasing disc height and well-fixed 
plate. (B) Patient showing right shoulder drop.

Fig. 4. Postoperative magnetic resonance imaging showing the 
well-decompressed cervical cord and nerve root.

proved. 

The patient was discharged from the hospital a month af-

ter the surgery, at which time, motor weakness had not fully 
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recovered (MMT grade 3). 

On follow-up, the patient still showed persistent neuro-

pathic pain and weakness. Antiviral drugs were given to the 

patient after his discharge from the hospital. The patient was 

also treated with a nerve block to control his pain and reha-

bilitative therapies for his motor symptoms. Eventually, he 

was fully recovered six months after surgery (Fig. 6). 

DISCUSSION 

Varicella-zoster has a high prevalence in people over age 

40s, with the highest incidence from ages 60 to 707,8,10). Pre-

vious studies reported that the VZV rarely causes SZP, which 

can involve either nerve roots, the brachial or lumbar plex-

us, and peripheral nerve lesions. The electrophysiologic and 

radiologic findings can help to reveal the extent and severity 

of the affected nerves or nerve roots. 

A review of the published papers found that the prevail-

ing opinion is that the disease is more likely to occur in the 

upper extremities, between the upper and lower limbs, 

but there is some controversy. Upper limb weakness most 

frequently occurs at the C5–7 levels, and in the lower ex-

tremities, it occurs most commonly at the L1–4 levels. The 

involvement of the C8 myotome is relatively rare. 

The cardinal signs of HZ are skin rash, neuralgia, and 

rarely, motor symptoms4). Skin lesions generally precede the 

neurologic symptoms by several days to one week. Some 

studies reported that in some rare incidents, neurologic 

symptoms occurred before skin lesions1-3,6-8). The patient in 

our case also experienced neuralgia followed by skin lesions 

occurring one week later. This led to our misdiagnosis6). 

Imaging abnormalities such as nerve swelling and T2 

high signal intensity can be found not only in HZ but also 

in peripheral neuropathy caused by other diseases such as 

neurobrucellosis. However, such imaging abnormalities are 

not found in all patients. Previous studies reported that such 

abnormalities were found in about 70% of patients10). In 

our case, the MRI scan revealed a high signal change in the 

spinal cord. However, it led us to misdiagnose the patient 

with acute cervical disc rupture accompanied by cord injury 

rather than SZP. 

Several reports have described the differential diagno-

sis between HZ infection and spinal radiculopathy. Some 

authors reported that spinal radiculopathy could be ruled 

out if there are no abnormal MRI findings in the spine10). 

Fig. 5. Skin rash of segmental zoster paresis on the patient’s right 
arm.

Fig. 6. Patient showing full motor recovery after 6 months.
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Therefore, if skin rash symptoms are not evident, careful 

history-taking of both the nature of the pain and changes in 

the sensory and motor symptoms are needed to distinguish 

herpes infection from spinal radiculopathy. 

Other papers reported that peripheral neuropathy caused 

by HZ with predominant axonopathy could be seen in an 

electrophysiological study5). These include low amplitudes 

of compound motor action potential or sensory nerve action 

potential (SNAP), normal or mildly slow nerve conduction 

study and distal motor latency, and above 35 m/s of nerve 

conduction velocity. VZV affects the dorsal root ganglion 

after the initial HZ eruption. Therefore, it is logical that 

the SNAP amplitudes are low, showing signals of sensory 

neuron or axon damage. According to existing pathologic 

studies, demyelination, axon degeneration, and lymphocyte 

infiltration can be found in the affected nerves, dorsal root 

ganglions, and dorsal horns. These electrophysiological re-

sults appear more than two weeks after weakness begins to 

occur. Nonetheless, in this case report, we regret that we did 

not perform electromyography before surgery, even though 

its use is still controversial. 

SZP is an unusual complication of VZV, which shows skin 

rashes prior to motor weakness. In a few cases, including 

ours, motor weakness appeared before skin lesions, leading 

to a misdiagnosis. In the elderly, immunocompromised, or 

ex-herpetic patients with focal weakness of the extremity 

and severe pain, one should consider the possibility of SZP 

even if there are no typical skin lesions of HZ. 
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· consultancy fee from a company whose product features 

in the submitted manuscript or manufactures a competing 

product.

See the World Association of Medical Editors (WAME) 

policy statement on conflicts of interest for more informa-

tion of the different types of conflicts.

If no conflicts of interest are declared, then this should be 

stated in the article. On acceptance of a manuscript authors 
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are also required to complete an author disclosure form.

The aim of the disclosure statement is not to discourage 

authors from involvement with or from receiving financial 

support for their scientific work from commercial sources. 

Rather, it is designed to maintain the scientific and profes-

sional integrity of the Journal and ensure transparency.

If conflicts of interest become known from other sources 

after a manuscript has been submitted or published, the 

Journal may investigate the allegations and appropriate ac-

tion may be taken on a case-by-case basis.

3. Patient Consent
Informed Patient Consent

The Nerve follows the ICMJE guidelines for reporting about 

patients. Patients have a right to privacy that should not be 

infringed without prior informed consent.

Identifying information should not be published in writ-

ten descriptions, photographs and pedigrees unless the in-

formation is essential for scientific purposes and the patient 

(or parent or guardian) has given written informed consent 

for publication. Informed consent for this purpose requires 

that the patient be shown the manuscript to be published.

When informed consent has been obtained, please indi-

cate this in the published article.

Mandatory patient consent form

For publication of material that contains detailed patient 

information about a living individual, it is compulsory for a 

signed patient consent to be obtained irrespective of wheth-

er there are any photos of the patient.

Images of patients

For publication of pictures of patients when there is any 

chance the patient may be identified from the photo/image 

or legend, consent is required from the patient.

The Editorial Board reserves the right to reject papers for 

which the ethical aspects are, in the Board’s opinion, open 

to doubt.

4. Availability of data and materials
A condition of publication in The Nerve is that the authors 

agree to make materials, data and associated protocols 

promptly available to readers if requested. Where reagents 

are not available commercially, authors must make these 

freely available to academic researchers for their own use. 

If there are any restrictions on materials/data, authors must 

disclose this at the time of submission.

5. Publishing misconduct
An article is reviewed for publication on the understanding 

that the work it represents has not been submitted for pub-

lication elsewhere. All authors will be required to submit a 

statement confirming that the manuscript represents orig-

inal work that has not been published, accepted or is cur-

rently being considered for publication elsewhere except as 

an abstract. If you have submitted your manuscript and are 

awaiting a decision, please do not submit elsewhere. Dupli-

cate submissions is a strain on reviewers and journal office 

resources.

If the work or an abstract of it has been previously pub-

lished, for instance, in another language, then this fact should 

be made clear in the covering letter. Authors must declare, and 

submit copies of, any manuscripts in preparation or submitted 

elsewhere that are closely related to the manuscript to be con-

sidered. Duplicate or redundant publication is considered a 

serious form of misconduct and may be reported to employing 

institutions and funding bodies, or lead to a public notice in 

the Journal. If duplication is suspected, the publication will be 

checked through CrossCheck (https://www.ithenticate.com).

Plagiarism of other people’s words/ideas is a serious sci-

entific misconduct. Plagiarism is the unauthorized use of 

others published or unpublished words or ideas and pre-

senting them as your own original work. Such work includes 

abstracts, research grant applications, ethics committee ap-

plications, or unpublished or published manuscripts in any 

publication format (print or electronic).

Salami publications (papers that have overlapping data with 

another paper by the same authors) are discouraged.

Data fabrication is also a serious violation to the ethics 

policy of The Nerve. It is often difficult to find the aspects of 

tampered data, since reviewers do not have full access to the 

initial raw data. However, since it can be used to strength-

en a study’s hypothesis which can affect the whole area of 

science, the Editor may request raw data, copies of relevant 

correspondence (e.g. ethical approval) or an explanation 

from the authors if they have concerns about a manuscript.

The Nerve takes publication ethics very seriously. If mis-

conduct is found or suspected after the manuscript is pub-

lished, the journal will investigate the matter and this may 
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result in the article subsequently being retracted.

6. Image manipulation
The Nerve does not allow certain electronic enhancements or 

manipulations of micrographs, gels, or other digital images.

Figures assembled from multiple photographs or images 

must indicate the separate parts with the lines between them.

Linear adjustment of contrast, brightness, or color must be 

applied to an entire image or plate equally and are allowed 

as long as they do not obscure, eliminate or misrepresent 

any information present in the original.

Nonlinear adjustments must be specified in the figure leg-

end. Selective enhancements or alterations of one part of an 

image are not acceptable.

When suspicions are raised regarding the authenticity of 

an image it is the Journal¡¯s policy to investigate. The Nerve 

may ask authors to provide additional documentation of 

their primary data and/or for copies of the original figures.

7. Ghost writing and writing assistance
Ghost writing is when someone has made a substantial con-

tribution to the research, writing or editing of a manuscript 

and this role is not mentioned in the paper. Such writers are 

contributors to the manuscript and if they are not included 

in the authorship list their involvement, affiliations and any 

funding that was provided for their assistance should be in-

cluded in the acknowledgement section of the paper.

8. Study design: ethical approval and patient consent
All manuscripts in which experiments on patients or healthy 

volunteers, patients’ case histories or use of genetic material 

are reported should contain a statement that:

· the subjects’ written consent was obtained according to the 

Declaration of Helsinki (updated 2008), and 

· the study has been approved by a local ethics committee/

institutional review board (IRB) or that it conforms to stan-

dards currently applied in the country of origin; the name 

of the authorizing body should be stated in the paper.

All manuscripts in which experiments on animals are 

reported should include a statement that the experiments 

were conducted with full compliance with local, national, 

ethical, and regulatory principles and local licensing regula-

tions. The name of the authorizing body should be stated in 

the paper.

Also, when conductig experiments on both animals and 

humans, specific characteristics must be mentioned (Spe-

cies, Ethnicity, Gender, Type of cells, age of donator of spe-

cific cells). If these factors are not necessary for the study it 

must be stated.

9. Clinical trial registration
The Nerve requires the registration of all clinical trials in line 

with the ICMJE and WHO declarations. From 1 January 2009, 

all prospective, interventional studies whether begun be-

fore or after that date must be registered with either a WHO 

primary registry or an approved ICMJE registry before the 

onset of enrolment of patients to be considered for publica-

tion. Trials beginning after 1 January 2009 must be registered 

before recruitment of the first patient. The Nerve will accept 

retrospective registration (i.e., registration after patient enrol-

ment begins) of trials that began before 1 January 2009.

For submission of a randomized controlled trial, please 

provide the registration number of the trial and the name of 

the trial registry in the last line of the paper’s structured ab-

stract. Click here for more information on how to format the 

registration. You may also like to read the published editori-

al for more information about the Journal’s policy on clinical 

trial registration.

For further information, see Statement from the Interna-

tional Committee of Medical Journal Editors and the World 

Health Organization (WHO) International Clinical Trials 

Registry Platform.

Reporting Guidelines

To ensure the highest quality of research reporting, The 

Nerve follows the EQUATOR network resource centre for 

good research reporting. The Nerve strongly advises authors 

to follow the standard formats and guidelines provided.

1. Randomized Controlled Trials
Randomized controlled trials (RCTs) should be reported 

according to the standard guidelines outlined in the Con-

solidated Standards of Reporting Trials (CONSORT) state-

ment. CONSORT has developed a checklist to include when 

reporting such trials. The Nerve also encourages authors to 

include the patient flow diagram.

2. Systematic reviews and meta-analyses of RCTs 
(QUOROM)
Systematic reviews or meta-analyses of RCTs should be based 

on the Quality of Reporting of Meta-analyses (QUOROM) 

www.thenerve.net  vii



guidelines.

3. Meta-analysis of Observational Studies in Epide-
miology (MOOSE)
Meta-analysis of observational studies should be developed 

according to the Meta-analysis of Observational Studies in 

Epidemiology (MOOSE) guidelines.

4. Studies of diagnostic accuracy (STARD)
Reports of studies of diagnostic accuracy should be prepared 

according to the Studies of Diagnostic Accuracy (STARD) 

guidelines.
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Checklist

Title of article:               

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

Manuscript for the Nerve Check List

Check points Author Editorial Staff

Mandatory components of a manuscript: 

Formats and contents of the manuscripts are checked by corresponding author.

Words count. Manuscripts may be no longer than 6,000 words including all ele-
ments for Original Articles, 3,000 words for Case Reports including references.

□
YSE
□

NO
□

Manuscript layouts. Manuscript should be prepared in following orders; 
1. Original Article: title page, inner title page, abstract, introduction, materials and 
methods, results, discussion, conclusion, references, table, and figure legends. □

YSE
□

NO
□

2. Case Report: title page, inner title page, abstract, introduction, case report, dis-
cussion, conclusion, references, table, and figure legends.

Language. Text should be written in fluent, plain, readable American or English-style 
English. Proof reading is done.

□
Acceptable  
□

Inadequate
□

All pages are numbered in sequence, starting with the abstract page. □
YSE
□

NO
□

Title page:  

Components. The title page must contain all of the followings; clear title, name and 
affiliation of all authors, information of the corresponding author (address, tele-
phone number, fax number, and e-mail address), type of the article (review article, 
research paper, clinical article, case report) and any conflict of the interest.

□
Complete
□

Incomplete
□

Running head must be included consisting of no more than 65 characters/spaces. □
YSE
□

NO
□

External title page should be a separate file. □
YSE
□

NO
□

Inner title page:  

Only title of the manuscript is listed. Any information on the authors and corre-
sponding author is not shown on the inner title page.

□
YSE
□

NO
□

Abstract:  

Words count. Abstract should have no longer than 250 words for Original Articles 
and 200 words for Case Reports.

□
YSE
□

NO
□

Abstract includes Objective, Methods, Results and Conclusion in Original articles □
YSE
□

NO
□

Key words. Up to six keywords or phrases are suitable for use and the selection of 
Key words is based on MeSH.

□
YSE
□

NO
□
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Check points Author Editorial Staff

Text:  

Format. Text is written in 11 point fonts with double line spacing and 3cm as mar-
gins on an A4 paper.

□
YSE
□

NO
□

Headings. Do provide appropriate headings and subheadings with the following 
hierarchy: 14 point BOLD CASE , 13 point case, 11 point Italics

□
YSE
□

NO
□

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

NO
□

References:  

Style. References are described following the rules of The Nerve
□

YSE
□

NO
□

Tables, Figures and Illustrations:

Table style. Table style should follow the conventional rules of The Nerve. Tables 
should be self-explanatory, and the data they contain must not be duplicated in the 
text or figures.

□
YSE
□

NO
□

Figures are prepared in separate files (JPG or TIF) and submitted individually not 
being incorporated into one files.

□
YSE
□

NO
□

Figure resolution. Author must guarantee the quality of figures (300DPI). It should 
be noted that the manuscript could be rejected if printsuitable high quality figures 
are not provided at the initial phase of submission.

□
Acceptable  
□

Inadequate
□

Figure legend. Figure legend should be self-explanatory. Abbreviations should not 
be used and the present tense must be used for the description. Appropriate de-
scription of dyeing method and magnification for histological figure should be pro-
vided.

□
YSE
□

NO
□

Submission:

All authors should sign on the “Copyright Release, Author Agreement, and Dis-
closure of Conflict of Interest” form then send e-mail to editor of The Nerve (sbc@
catholic.ac.kr) and corresponding author should indicate that he (she) takes full 
responsibility of authorship from all authors.

□
YSE
□

NO
□

Author check list form is submitted with the manuscript. □
YSE
□

NO
□

Date: ______________________________

Editorial office use only

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

Date: ______________________________
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Copyright Transfer 
Agreement

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

               

               

In consideration of the Editorial Board of The Nerve reviewing, editing and publishing.

I hereby transfer, assign and otherwise convey to the Korean Society of Peripheral Nervous system upon acceptance of the man-

uscript for publication by The Nerve all rights, title, and interest in the manuscript including copyright ownership, together with 

full right and authority to publish the manuscript in all forms and media and to claim copyright for that published manuscript.

All author(s) have made a concreate and intellectual contribution to the content of the manuscript, and will take public respon-

sibility for its content.

I/we certify that the contents of the manuscript, in all or in part, has not been published and is not being considered for publica-

tion elsewhere.

The author(s) warrant that the manuscript contains no libelous or unlawful statements and does not infringe on the rights of 

others. Also, this work follows the ethics guidelines of The Nerve.

All intellectual contributions, technical help, financial or material support, and all financial or other relationships that may con-

stitute or lead to a conflict of interest have been acknowledged or disclosed in the manuscript.

Each of the undersigned is an author of the manuscript and all authors are named on this document.

Copyright Release, Author Agreement, and Disclosure of Conflict of Interest

Author’s name

     

     

     

     

     

     

Author’s signature

     

     

     

     

     

     

Date
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