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Introduction 

Cerebellar infarcts are medically curable diseases, and the majority 
of patients show mild symptoms, such as dizziness, vertigo, and 
ataxia [1]. However, a subgroup of patients with severe cerebellar 
swelling show clinical or radiological deterioration within several 
days after the onset of cerebellar stroke. Large cerebellar infarctions 
can result in a space-occupying mass effect and increase posterior 
fossa pressure. This pathophysiologic phenomenon can cause crit-

Objective: Patients with cerebellar infarction showing neurological deterioration require surgical treatment for posterior fossa decom-
pression. Although decompressive suboccipital craniectomy (DSC) with or without ventriculostomy is recommended, long-term fol-
low-up data on the outcomes of DSC are insufficient, and some prognostic factors have yet to be elucidated. We analyzed the long-
term clinical outcomes and prognostic factors of decompressive surgery in patients with severe cerebellar infarction. 
Methods: In this retrospective review of patients with cerebellar infarction with severe swelling who underwent surgical treatment 
between 2008 and 2018, 33 eligible patients were investigated to determine the neurological, surgical, and radiological parameters 
that could affect long-term outcomes. In assessments based on modified Rankin scale (mRS) scores, patients were considered to show 
a poor outcome if their score was 4 points or higher and a good prognosis if their score was less than 4 points. 
Results: The initial neurological assessment was based on the Glasgow coma scale score. All patients underwent DSC, and necrosecto-
my was performed in 10 patients. Nine patients underwent external ventricular drainage to prevent upward transtentorial herniation 
and hydrocephalus progression. In long-term prognostic assessments conducted using the mRS score 2 years after surgery, 21 of the 
30 surviving patients had scores of less than 4, while the other 9 had mRS scores of 4 or higher. In particular, 4 out of 5 patients with 
brain stem infarction remained severely disabled. 
Conclusion: We analyzed several factors and found that the presence of brainstem infarction influenced long-term prognoses after 
DSC. 
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ical complications such as obstructive hydrocephalus, brain stem 
compression, and upward transtentorial herniation or downward 
transforaminal herniation, ultimately resulting in life-threatening 
conditions [2–5]. 

Surgical treatment is essential in patients who show severe neu-
rological deterioration despite receiving maximal medical therapy. 
External ventricular drainage (EVD) is considered to be the first 
step in surgical management and is recommended for the treat-
ment of obstructive hydrocephalus after cerebellar infarction [6]. 
In patients with cerebellar infarction showing clinical deterioration 
due to severe swelling, decompressive suboccipital craniectomy 
(DSC) with dural expansion is recommended as a life-saving pro-
cedure [6–9]. In each case, necrosectomy and/or resection of the 
posterior arch of C1 was performed additionally, and some previ-
ous studies have described their therapeutic effects [4,10,11]. 

However, long-term follow-up data of DSC are insufficient, with 
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some debates on the optimal surgical technique, timing of surgery, 
and prognostic factors [7,8,12]. In our retrospective study, we sur-
gically treated 33 patients with cerebellar infarction accompanying 
massive cerebellar swelling. We also analyzed the long-term out-
comes and prognostic factors of decompressive surgery in patients 
with severe cerebellar infarction. 

Material and Method 

Patient selection 
The study was designed as a retrospective, single-center trial. We 
included consecutive patients with cerebellar infarction accompa-
nied by severe cerebellar swelling treated by DSC from January 
2008 to December 2018. Additional procedures such as EVD and 
necrosectomy were performed if deemed appropriate. Data per-
taining to the patients’ medical history, neurological evaluation, ra-
diological examinations, and surgical treatment were obtained 
from computerized patient charts. Patients with insufficient fol-
low-up data were excluded from the study. A total of 33 patients 
who underwent DSC for cerebellar infarction were included in the 
study. The investigative protocol was approved by Inje University’s 
Institutional Review Board (no. 2021-05-009).

Radiological evaluations 
Brain computed tomography (CT) was initially performed for di-
agnosis, and brain magnetic resonance imaging (MRI) was con-
ducted to confirm cerebellar infarction. In some cases, digital sub-
traction angiography was performed to confirm the arteries in-
volved and to exclude abnormal vascular lesions. A neuroradiolo-
gist who was not involved in the treatment rated the mass effect on 
brain swelling caused by cerebellar infarction by assessing preoper-

ative brain CT images according to the CT score published by 
Jauss et al. [13]. This scoring system evaluates the ventricle, quad-
rigeminal cisterns, and lateral ventricle, and each item is graded 
from 0 to 3 depending on the severity. The total score was calculat-
ed by adding the scores for each item. A total score of 0 to 3 indi-
cated no or slight mass effect, 4 to 6 indicated a moderate mass ef-
fect, and 7 to 9 indicated a severe mass effect (Fig. 1). 

Surgical procedure 
We performed decompressive surgery and maximal duraplasty in 
patients with moderate to severe cerebellar swelling who showed 
acute neurologic deterioration despite maximal medical therapy. 
The CT scores were used to recognize infarct size and degree of 
brainstem compression, but the swelling and mass effects may de-
teriorate quickly in the acute period, so we gave more importance 
to the immediate symptoms of patients in determining surgery. 
Removal of necrotic tissue and resection of the posterior arch of 
C1 could be determined by CT findings prior to surgery, but were 
mostly determined by the degree of brain swelling in the surgical 
findings. EVD was performed in the right frontal horn if compres-
sion of the fourth ventricle with obstructive hydrocephalus was ap-
parent before or after DSC.  

Examination protocol  
All patients were treated in the neurological intensive care unit 
(NICU), examined using a standardized examination protocol, 
and evaluated in serial neurological examinations conducted daily 
after hospitalization and immediately before and after surgery. The 
level of consciousness was assessed using the Glasgow coma scale 
(GCS). We also assessed cranial nerve abnormalities and focal 
neurological signs, including motor abnormalities, coordination 

Fig. 1. Examples of computed tomography scores based on the method reported by Jauss et al. [13], which represents the degree of 
swelling as follows: (A) mild, (B) moderate, and (C) severe.

A B C
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disturbances, sensory disturbances, and reflex status. Repeat CT 
was performed at least 3 times during the pre- and postoperative 
periods. Functional deficits were assessed using the modified 
Rankin scale (mRS): 1 = no symptoms; 2 = no significant disabili-
ty despite mild symptoms; 3 = moderate disability, requires some 
help, but is able to walk without assistance; 4 = moderate severe 
disability, unable to attend to own bodily needs without assistance 
and unable to walk without assistance; 5 = severe disability, requir-
ing constant nursing care, being bedridden; and 6 = death. The 
mRS score was examined at each outpatient visit after discharge. 

Analysis and statistical methods 
Demographic data, clinical features, level of consciousness evaluat-
ed using the GCS, neurological and radiological examination data, 
and surgical results were obtained from the patients’ electronic 
medical records. We divided the patients into 2 groups according 
to the mRS scores measured 2 years after surgery to determine the 
long-term prognostic factors. Based on previous studies, a mRS 
score of 4 or more was considered to indicate a poor outcome 
[14–17]. Age, GCS score before surgery, bilateral infarction, brain-
stem infarction, surgical methods, and time between stroke onset 
and DSC were investigated for the analysis of prognostic factors. 
To compare categorical data between the groups, cross-tables were 
produced using Fisher exact test to determine statistical signifi-
cance. The Mann-Whitney U test was used for continuous data. 
Statistical analysis was performed using IBM SPSS ver. 22.0 (IBM 
Corp., Armonk, NY, USA), and a P-value < 0.05 was considered to 
indicate significance. 

Results 

Patient characteristics 
Data were collected from 33 patients who underwent DSC for 
acute cerebellar infarction. Twenty-two patients (66.7%) were 
male, and the average age was 63 years (range, 43–82 years) (Table 
1). Twenty-seven of 33 patients had at least one cardiovascular risk 
factor, such as atrial fibrillation (2, 6.1%), hypertension (25, 
75.8%), diabetes mellitus (10, 30.3%), hypercholesterolemia (6, 
18.2%), smoking (10, 30.3%), or chronic kidney disease (1, 3.0%). 
Before cerebellar infarction, none of the patients suffered brain 
damage, including cerebral hemorrhage, infarction, or tumors. 

Clinical findings and preoperative course 
The median GCS score was 13, and 28 patients had a GCS score 
≥ 8 at admission. The most common symptoms of cerebellar in-
farction onset were vertigo (75.8%) and nausea (39.4%). The 
most common focal neurological abnormalities at admission were 

Table 1. Demographic data of the patients treated using decom-
pressive suboccipital craniectomy (n=33)

Basic characteristic Value
Age (yr) 63 (43–82)
Male sex 22 (66.7)
Vascular risk factors
 Hypertension 25 (75.8)
 Diabetes mellitus 10 (30.3)
 Smoking 10 (30.3)
 Hypercholesterolemia 6 (18.2)
 Atrial fibrillation 2 (6.1)
 Chronic kidney disease 1 (3.0)
Initial symptom
 Vertigo 25 (75.8)
 Nausea 13 (39.4)
 Headache 10 (30.3)
 Vomiting 8 (24.2)
 Dysarthria 2 (6.1)
 Mental deterioration 1 (3.0)
Neurological signs at admission
 Ataxia 24 (72.7)
 Reduced consciousness 23 (69.7)
 Dysarthria 14 (42.4)
 Motor weakness 7 (21.2)
 Oculomotor dysfunction 2 (6.1)
 Dysphagia 1 (3.0)
Level of consciousness
 GCS score at admission 13 (6–15)
 Preoperative GCS 8 (6–10)
 Postoperative GCS 13 (6–15)
Infarction location
 Posterior inferior cerebellar artery 29 (87.9)
 Superior cerebellar artery 10 (30.3)
 Anterior inferior cerebellar artery 3 (9.1)
 Posterior cerebral artery 5 (15.2)
 Unilateral infarction 25 (75.8)
 Bilateral infarction 8 (24.2)
 Brainstem infarction 7 (21.2)
Etiology
 Large vessel disease 14 (42.4)
 Cardiac embolism 9 (27.3)
 Undetermined 10 (30.3)
Documented arterial occlusion/stenosis
 Basilar artery occlusion 4 (12.1)
 Vertebral artery occlusion 4 (12.1)
 Vertebrobasilar stenosis 6 (18.2)
Hydrocephalus 16 (48.5)
Surgical procedure
 External ventricular drainage 8 (24.2)
 Removal of necrotic tissue 10 (30.3)

Values are presented as median (range) or number (%).
GCS, Glasgow coma scale.

ataxia (72.7%) and decreased consciousness (69.7%). In most pa-
tients (30, 90.9%), consciousness deteriorated between admission 
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and surgery, with a median GCS score reduction from 13 to 8. 
Mean time from stroke onset to surgery was 15.8 ± 17.2 hours 
(range, 4–72 hours). Twenty-four patients underwent DSC within 
24 hours after admission, 7 underwent surgery between 24 and 48 
hours after admission, and 2 underwent surgery between 48 and 
72 hours after admission.  

Neuroradiological findings 
Brain CT was performed in all patients, and additional examina-
tions, including CT angiography, MRI, and transfemoral cerebral 
angiography, were performed to better delineate infarct extension 
in some patients. Cerebellar infarction was bilateral in 8 patients 
(24.2%). The territory of the posterior inferior cerebellar artery 
(PICA) was the most commonly affected (87.9%), followed by 
the superior cerebellar artery (SCA). Additional brainstem infarc-
tions were found in 7 patients (21.2%) (Table 1). Fourth ventricle 
compression was found in most patients (28, 84.8%), and hydro-
cephalus was found in 16 patients (48.5%). 

Surgical treatment 
All 33 patients were treated with DSC and duraplasty. Removal of 
necrotic tissue was performed in 10 patients (30.3%). Preoperative 
EVD was performed in 3 patients to prevent upward transtentorial 
herniation. Postoperative EVD was performed in 5 patients who 
showed persistent hydrocephalus after DSC and in one patient 
with postoperative intraventricular hemorrhage. Seven patients 

with mild hydrocephalus did not require EVD. Minimal intracere-
bral hemorrhage was found on postoperative CT in 2 patients, but 
no additional surgery was required. The EVD could be removed 
within 2 weeks in all patients, and none of the patients underwent 
ventriculoperitoneal shunting. None of the patients required resec-
tion of the posterior arch of C1. 

Early course and mortality 
All patients were monitored and treated in the NICU. The mean 
duration of NICU treatment was 21.3 ± 11.2 days (range, 7–72 
days). During this phase, 2 patients died: 1 patient died from acute 
myocardial infarction and one patient died from sepsis. The sur-
viving patients were referred to the rehabilitation department. One 
month after discharge, one patient died of myocardial infarction. 

Long-term outcome and prognostic factors 
Over a follow-up period of approximately 2 years, no other pa-
tients died. Twenty-one of the 30 patients had a favorable func-
tional outcome (mRS, 0 to 3), while the remaining 9 patients 
showed persistent major disability (mRS, 4 to 5) at the 2-year fol-
low-up assessment. Fig. 1 shows the distribution of mRS scores. In 
univariate analysis, radiological findings of brainstem infarction 
were associated with poor outcomes (mRS ≥ 4) at the 2-year fol-
low-up (Table 2). Only 1 of the 21 patients in the favorable func-
tional outcome group showed brain stem infarction, while 4 of the 
9 in the poor functional outcome group had brain stem infarction. 

Table 2. Univariate analysis of long-term outcomes

Patient factor mRS ≤3 (n=21) mRS ≥4 (n=9) P-value
Age (yr) 60.29±11.34 64.89±12.18 0.327
Age ≥60 yr 13 (61.9) 5 (55.6)  0.745
 GCS score at admission 13 (8–15) 13 (6–15) 0.47
 GCS score ≤8 1 (4.8) 3 (33.3) 0.069
 GCS before surgery 8 (7–10) 8 (6–9) 0.145
 GCS score ≤8 12 (57.1) 6 (66.7) 0.704
 Bilateral infarction 4 (19.0) 3 (33.3) 0.64
 Brainstem infarction 1 (4.8) 4 (44.4) 0.019
Treatment factors
 EVD as initial treatment attempt before DSC 1 (4.8) 2 (22.2) 0.207
 Infarction evacuation (necrosectomy) 7 (33.3) 3 (33.3) 0.669
 Interval between ictus and operation 17.38±19.74 11.89±9.28 0.435
Hydrocephalus 11 (52.4)  5 (55.6) 0.596
Computed tomography score 0.673
 Mild 3 (14.3) 2 (22.2)
 Moderate 13 (61.9) 4 (44.4)
 Severe 5 (23.8) 3 (33.3)

Values are presented as mean±standard deviation, number (%), or median (range).
mRS, modified Rankin scale; GCS, Glasgow coma scale; EVD, external ventricular drainage; DSC, decompressive suboccipital craniectomy.
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Patients in the favorable outcome group were younger than those 
in the poor outcome group on average (60.29 vs. 64.89 years), but 
the difference was not statistically significant (P = 0.33). Other fac-
tors such as sex, GCS score, vascular risk factors, etiology, symp-
toms, surgical factors, CT scores, neurological signs, and the later-
ality of cerebellar infarction showed no significant association with 
poor outcomes. 

Discussion 

DSC is considered the treatment of choice in patients with 
space-occupying cerebral infarctions [5,7,9,18–21]. However, the 
surgical procedures for cerebellar infarction are decided on the ba-
sis of clinical experience and previous retrospective studies be-
cause randomized controlled trials comparing surgery to medical 
treatment for severe cerebellar infarction are difficult to perform; 
thus, retrospective studies of long-term prognostic indicators after 
DSC can be performed to improve the validity and reliability of 
surgery. Our findings confirm that poor functional outcomes at 
approximately 2 years after DSC were more related to brain stem 
infarction than any of the other factors.  

Although surgical indications for space-occupying middle cere-
bral artery infarction have been standardized through randomized 
controlled trials, the surgical treatment for cerebellar infarction is 
still not standardized [22–24]. This has led to some debates on the 
type of surgery, including DSC, EVD, additional necrosectomy, 
and resection of the posterior arch of C1. This study included no 
cases of resection of the posterior arch of the C1. EVD was consid-
ered the initial treatment for patients showing decreased con-
sciousness due to obstructive hydrocephalus and was performed 
in patients with persistent hydrocephalus at any time before or af-
ter surgery. Additional evacuation of necrotic tissue was performed 
during DSC in patients who required an increase in decompres-
sion volume and decreased cytotoxic edema. Although the use of 
various surgical methods caused great heterogeneity in the predic-
tion of prognostic factors, the analysis is meaningful because all 
surgical methods achieved the primary objective of ensuring de-
compression of the cerebellum to minimize damage to brain tissue. 

In this study, the mortality rate was 9.1% (3/33), and 30.0% 
(9/30) of the patients had poor functional outcomes (mRS ≥ 4). 
Previous studies on long-term outcomes have reported mortality 
rates ranging from 20% to 32%, with 40% to 49% of the patients 
showing poor outcomes [7–9,18,25,26]. In a systematic review 
and meta-analysis by Ayling et al. [26] (11 studies with 283 pa-
tients), moderate to severe disability was observed in 28% of pa-
tients, and the mortality rate at a median follow-up period of 9 
years after DSC for cerebellar infarction was 20%. In a study by 

Lindeskog et al. [18], poor outcomes (mRS ≥ 4) were seen in 46% 
of 22 patients at the yearly follow-up after DSC, and brainstem in-
farction and bilateral cerebellar infarction were associated with 
poor outcomes. The mortality rate and percentage of patients 
showing poor outcomes in the present study were lower than 
those in previous studies. This may be attributed to the short fol-
low-up period (2 years). In addition, the selective bias, in which 
patients who can visit the hospital often would have affected it. 

Decreased level of consciousness with or without brain stem 
compression signs is a strong indication for decompressive surgery 
[8,13,27]. Neurological deterioration usually occurs within 3 to 4 
days (range, 0–9) after onset [5,8,13,28,29]. Due to the non-spe-
cific symptoms of cerebellar infarction and the low sensitivity of 
CT imaging in evaluating the posterior fossa, edema development 
is not recognized until it becomes severe. Therefore, deterioration 
of consciousness is an important warning sign of severe cerebellar 
swelling [8,13,27]. For immediate treatment, including surgery, 
patients should be kept under observation in stroke or intensive 
care units for the first week after onset. Although some studies 
have shown that preoperative GCS scores are predictors of long-
term outcomes [8,16,30], they were not statistically significant in 
our study. This is presumed to be due to the fact that a number of 
factors were not controlled, including the time taken to arrive at 
the hospital and the medication content. 

Many authors report that the most frequently affected area in 
cerebellar infarction is the PICA territory, followed by the SCA 
[7,31–33]. Some reports have demonstrated that patients with 
PICA infarction are especially at risk for malignant cerebellar ede-
ma, and severe swelling in isolated SCA and anterior inferior cere-
bellar artery (AICA) infarction is rare [34]. The most commonly 
affected artery in our study was the PICA, followed by the SCA, 
PCA, and AICA. A comparison of swelling severity was not possi-
ble because data regarding arteries other than the PICA were 
scarce in our study. 

In this study, a high CT score indicating severe compression was 
not associated with patient prognosis. Rather, the presence of 
brainstem infarction showed the greatest effect on prognosis. De-
compressive surgery can release the brainstem pressure caused by 
brain swelling; however, the effectiveness of decompression sur-
gery is reduced if the brainstem itself is infarcted. Moreover, this 
study only focused on patients with severe cerebellar infarction 
who underwent surgery, so comparison of CT scores with those 
obtained for patients who received only medical treatment would 
produce meaningful results. In addition, we recommend preopera-
tive MRI examinations to distinguish brainstem infarction and 
compression. Since the evaluations and CT scoring were per-
formed just before surgery, moderate grade accounted for the larg-
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est percentage of cases (Table 2).  

Limitations 
This study had several limitations. First, this was a retrospective 
study that only compared patients who underwent surgery. The 
exclusion of patients with cerebellar infarction who only received 
medical treatment caused a selection bias. Second, additional EVD 
or necrosectomy was performed at the discretion of the 4 surgeons 
without a standardized protocol. Therefore, this study only reflects 
the postoperative prognosis of a selected group patients, and the 
findings have limited generalizability. For this reason, a random-
ized controlled study with a wider patient population should be 
conducted to improve the overall quality of the findings, allowing 
appropriate comparison of the prognosis of different surgical 
methods. 

Conclusion 

Surgical treatment is an essential procedure that can save the lives 
of patients with severe cerebellar infarction. However, surgical pro-
tocols are not well-established, and there is a lack of research on 
the long-term prognostic factors after surgery. Our study showed 
that the presence of brainstem infarction influenced the postopera-
tive functional outcomes. This finding can facilitate the long-term 
management of these patients, including rehabilitation for func-
tional recovery. Future research should focus on identifying prog-
nostic factors that can predict functional outcomes by standardiz-
ing treatment protocols for severe cerebellar infarction. 
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Introduction 

Intra-arterial thrombectomy (IAT) has become the mainstay of 
treatment for ischemic stroke caused by large artery occlusion 
[1,2]. However, IAT in older patients should be carefully consid-
ered due to uncertain clinical outcomes despite the risk of proce-
dure-related complications [3,4]. Vascular tortuosity and longer 
procedure time have been suggested as factors associated with 
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Results: Of the 29 patients, 7 had distal internal carotid artery (ICA) occlusion, 18 had middle cerebral artery (MCA) occlusion, 3 had 
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unfavorable outcomes in older patients who underwent IAT 
[5,6].  

Previous studies have reported a higher rate of post-procedural 
hemorrhage and subsequent mortality in older patients with acute 
ischemic stroke and have suggested that IAT does not have a defin-
itive benefit [7,8]. Meanwhile, technical improvements as well as 
advances in endovascular devices should be considered when de-
ciding on IAT for older patients. 

In this study, we reviewed clinical outcomes after IAT in older 
patients and evaluated the factors associated with unfavorable 
outcomes of IAT. Therefore, we also evaluated whether it is rea-
sonable to restrict IA thrombectomy in older patients based on 
factors associated with the vascular structure, such as arterial tor-
tuosity. 

Copyright © 2021 by The Korean Society of Geriatric Neurosurgery
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.



Material and Method 

Patients and data collection 
Patients over 75 years of age who underwent IAT for ischemic 
stroke due to anterior cerebral circulation occlusion from were ret-
rospectively reviewed. Patients arriving at the hospital within 4.5 
hours were treated with intravenous tissue plasminogen activator 
in the absence of contraindications. Patients with a contraindica-
tion of intravenous thrombolysis were directly treated with IAT 
within 18 hours from the patients’ last normal time. 

A balloon guiding catheter was used and intermediate catheter 
was placed in the petrous segment of the internal carotid artery 
(ICA). The Solitaire FR (flow restoration; Covidien, Irvine, CA, 
USA) was embedded at the occlusion site with a minimum em-
bedding time of 3 minutes and retrieval of the stent was performed 
simultaneously with the suction of the intermediate catheter. 

Patients who underwent emergent carotid stenting for proximal 
ICA occlusion and IAT for posterior circulation occlusion were ex-
cluded. The grade of recanalization was estimated using a modified 
thrombolysis in cerebral infarction (mTICI) score. This study was 
approved by our institutional review board. 

Definition of arterial tortuosity 
We define arterial tortuosity as ICA dolichoectasia and common 
carotid artery (CCA) takeoff angle, which was previously pub-
lished by Knox et al. [9] Significant ICA dolichoectasia is defined 

as > 60° in 2 segments kinking of proximal ICA (Fig. 1A), and the 
CCA takeoff angle means measurement of the left CCA on com-
puted tomography angiography with the angle of the spine as a ref-
erence (Fig. 1B). 

Definition of recanalization 
We estimate recanalization using the mTICI score, as grade 0 
means that there was no perfusion after the IAT procedure; grade 
1, as angiography showed penetration with minimal perfusion; 
grade 2, partial perfusion after thrombectomy; and grade 3, com-
plete perfusion after the intervention. 

Statistical analysis 
IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA) was used for 
all statistical analyzes. Data normality was assessed using the 
Kolmogorov-Smirnov test. The independent t-test was used to 
evaluate the differences between continuous variables. The chi-
square test was performed to determine the differences between 
categorical variables. Statistical significance was set at P < 0.05. 

Results 

In total, 29 patients were analyzed. The mean age of the patients 
was 81.1 ± 4.99 years and the median age was 81 years (interquar-
tile range, 76–84). Female patients comprised 62.1% of the en-
rolled patients (n = 18). The underlying diseases of the patients 

A B

Kinks
Loops

Coils

Right
vertebral artery

Right
carotid artery

CCA takeoff angle

Left carotid artery

Left vertebral artery

Left subalcvian artery
Right subclavian artery

Fig. 1. (A) Significant internal carotid artery (ICA) dolichoectasia was defined as kinking of the proximal ICA of >60° in 2 segments. (B) 
The common carotid artery (CCA) takeoff angle denoted a measurement of the left CCA on computed tomography angiography with the 
angle of the spine as a reference. 
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were diabetes mellitus (n = 6, 20.7%), hypertension (n = 20, 
69.0%), and atrial fibrillation (n = 16, 55.2%). Ten patients had al-
ready been treated with antiplatelet anticoagulants. The median 
values of the initial National Institute of Health Stroke Scale (NI-
HSS) score and initial Alberta Stroke Programmed Early Comput-
ed Tomography Score (ASPECTS) were 16 and 8, respectively 
(Table 1). 

Occlusion occurred on the right side in 18 patients and on the 
left side in 16 patients. There were 7 cases of distal ICA occlusion, 
18 cases of middle cerebral artery (MCA) occlusion, and 4 cases 
of tandem lesions (Table 2). 

As an aspect of the procedure, there were 3 cases in which the 
procedures were ended only for aspiration, the rest of the cases, the 

stent retriever, and aspiration were performed. The mean time 
from puncture to recanalization was 52.1 minutes. The mean pas-
sage try for thrombus retrieval was 2.5 times and there were 11 pa-
tients who needed more than 3 times thrombus passage (Table 3). 

Angiographic outcome 
Twenty-two patients showed recanalization of the artery more 

than the mTICI score 2b, and 7 patients showed recanalization 
with mTICI score 0–2a. After the procedure, 17 patients had sub-
arachnoid hemorrhage (SAH), 13 patients had distal embolism, 
and 7 patients had parenchymal intracerebral hemorrhage (ICH). 
Twenty patients (69.0%) had a modified Rankin scale (mRS) 
score of more than 3 points at discharge (Table 4). 

For the mRS score ≥ 3 points at the time of patient discharge, 
the factors for poor prognosis that showed correlation or showed 
correlation trend were initial NIHSS score (P = 0.08), initial AS-
PECTS (P < 0.001), mTICI score (P = 0.06); there was no correla-
tion between poor prognosis and post-procedure SAH, distal em-
bolism, parenchymal ICH (Table 5). 

Table 1. Clinical and demographic information of 29 patients 
who underwent intra-arterial thrombectomy due to anterior cir-
culation occlusion

Variable Value (n=29)
Age (yr)
 Mean±SD (range) 81.1±4.99 (75–91)
 Median (IQR) 81 (76–84)
Female/male (%) 18 (62.1)/11 (37.9)
Diabetes mellitus (%) 6 (20.7)
Hypertension (%) 20 (69.0)
Atrial fibrillation (%) 16 (55.2)
Anticoagulant or antiplatelet medication (%) 10 (34.5)
Initial NIHSS (median, IQR) 16 (14–18)
Initial ASPECTS (median, IQR) 8 (7–9)

SD, standard deviation; IQR, interquartile range; NIHSS, National Institute 
of Health Stroke Scale; ASPECTS, Alberta Stroke Programmed Early Com-
puted Tomography Score.

Table 2. Location of occlusion sites

Variable Value
Right side/left side 18/16
Solitary lesion
Distal ICA 7
 I occlusion 1
 L occlusion 2
 T occlusion 4
MCA 18
 M1 15
 M2 superior 3
 M2 inferior 0
Tandem lesion 4
Proximal ICA, MCA 1
MCA, ACA 3

ICA, internal carotid artery; MCA, middle cerebral artery; ACA, anterior 
cerebral artery.

Table 3. Information about the procedures

Variable Value (n=29)
Aspiration only 3 (10.3)
Stent retriever+aspiration 26 (89.7)
Puncture to recanalization (min) 52.1±29.7
No. of passes 2.5/2 (1–8)
 No. of passes <3 (%) 18 (62.1)
 No. of passes ≥3 (%) 11 (37.9)

Values are presented as number (%), mean±standard deviation, or mean/
median (range).

Table 4. Angiographic and patients’ outcomes

Variable Value
Final mTICI score (%)
 0–2a 7 (24.1)
 2b–3 22 (75.9)
Complications
 Postprocedural SAH 17 (58.6)
 Distal embolization 13 (44.8)
 Parenchymal ICH 7 (24.1)
  ICH ≤30% of infarcted area with mild mass effect 4 (13.8)
  ICH >30% of infarcted area with notable mass effect 3 (10.3)
mRS at discharge 4 (2–5)
 mRS 0–2 9 (31.0)
 mRS ≥3 20 (69.0)

Values are presented as number (%) or median (interquartile range).
mTICI, modified thrombolysis in cerebral infarction; SAH, subarachnoid 
hemorrhage; ICH, intracerebral hemorrhage; mRS, modified Rankin scale.
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There was no statistical correlation, but patients with ICA doli-
choectasia showed a higher tendency for good recanalization out-
come as an mTICI score of 2b–3. Fourteen patients had an mTICI 
score of 2b–3 in 20 patients without ICA dolichoectasia. Further-
more, there was no tendency for prolongation of the mean punc-
ture to recanalization time or the mean passage trial time in the 
group of patients with ICA dolichoectasia; post-procedure compli-
cations did not commonly occur (Table 6). 

When comparing the correlation between ICA dolichoectasia 
and passage trial time, there was no tendency for more passage 
times needed for higher grade ICA dolichoectasia, and there was 
no tendency for more passage trials needed as a larger angle of 
CCA takeoff angle. Almost all passages were performed only in 1 
to 2 times. In the distal ICA occlusion, there were more passage 
trial times needed compared to MCA occlusion, which is consid-
ered due to more in-situ infarction in the distal ICA occlusion 
case. Moreover, there was no tendency for a lower mTICI score 
for higher grade ICA dolichoectasia, and there was no tendency 
for a lower mTICI score as the angle of CCA takeoff angle in-
creased. 

Table 5. Comparison of clinical factors (initial NIHSS, ASPECTS, grade of recanalization, and postprocedural complications) affecting 
the prognosis

(% in each group) mRS 0–2 (n=9) mRS ≥3 (n=20) P-value
Initial NIHSS 14.3±3.4 16.9±3.5 0.08
Initial ASPECTS 9.1±0.6 7.6±1.2 <0.001
mTICI 0–2a 0 7 (100.0) 0.06
mTICI 2b–3 9 (40.9)  13 (59.1)
Postprocedural SAH 5 (29.4) 12 (70.6) 0.8
Distal embolization 6 (46.2) 7 (53.8) 0.2
Parenchymal ICH 1 (14.3) 6 (85.7) 0.4

Values are presented as mean±standard deviation or number (%).
NIHSS, National Institute of Health Stroke Scale; ASPECTS, Alberta Stroke Programmed Early Computed Tomography Score; mRS, modified Rankin scale; 
mTICI, modified thrombolysis in cerebral infarction; SAH, subarachnoid hemorrhage; ICH, intracerebral hemorrhage.

Table 6. Comparison of periprocedural clinical factors between patients with and without ICA dolichoectasia

(% in each group) ICA dolichoectasia(+) (n=9) ICA dolichoectasia(–) (n=20) P-value
Puncture to recanalization (min) 53±43.9 51.6±22 >0.9
No. of passes 2.6/1 2.4/2 0.9
 No. of passes ≥3 3 (33.3) 8 (40.0) >0.9
mTICI 0–2a 1 (11.1) 6 (30.0) 0.4
mTICI 2b–3 8 (88.9) 14 (70.0)
SAH 5 (55.6) 12 (60.0) 0.8
Distal embolization 3 (33.3) 10 (50.0) 0.5
Parenchymal ICH 2 (22.2) 5 (25.0) >0.9

Values are presented as mean±standard deviation, mean/median, or number (%).
ICA, internal carotid artery; mTICI, modified thrombolysis in cerebral infarction; SAH, subarachnoid hemorrhage; ICH, intracerebral hemorrhage.

Discussion 

In this study, we showed recanalization of mTICI 2b–3 for 
large-vessel intracranial occlusion of the anterior circulation in 22 
out of 29 patients (75.9%), consistent with the previous studies 
[6,10]. As suggested in previous studies, the initial NIHSS, AS-
PECTS, and mTICI grade were significantly associated with a fa-
vorable outcome [10]. However, in contrast to previous studies, 
proximal tortuosity, such as ICA dolichoectasia and CCA takeoff 
angle, was not associated with the procedure time, the number of 
passages, and unfavorable outcome [5]. Furthermore, proce-
dure-related intracranial hemorrhage was not a significant factor 
that affected the patients’ outcomes in this study. 

Although there was a limitation in obtaining statistical signifi-
cance due to the small number of patients, we could confirm that 
there was no significant association between proximal tortuosity and 
the number of passes or mTICI showing the scatter plots (Fig. 2).  

Advancements in endovascular devices may have contributed to 
the decrease in procedure-related complications. For example, im-
proved proximal support of the balloon guiding catheter and soft-
ness of the aspiration catheter enabled the approach to the intra-
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cranial arteries to overcome proximal tortuosity in older patients 
[11–13]. In addition, the combination of stent retriever method 
and clot-contact aspiration has contributed to the improved reca-
nalization rate in large intracranial artery occlusion [1,13,14].  

The results of this study suggest that proximal tortuosity is not 
the main factor that affects procedural risk and patient outcome in 
older patients when performing mechanical IAT. Moreover, 
post-procedural SAH and distal embolism, which may be related 
to the procedures, were not the main factors associated with unfa-
vorable outcomes for patients. 

Therefore, we consider that IAT may be more widely indicated 

in older patients with large intracranial artery occlusion owing to 
the advancement of endovascular devices and techniques com-
pared to the past. 

Limitations of the study 
Due to the limited number of patients and the retrospective nature 
of the study, this study has the limitation of reaching a concrete 
conclusion in deciding IAT in older patients. However, this study 
was unique because we showed equivalent clinical outcomes after 
IAT in older patients compared to previous studies with all age 
groups. 
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carotid artery (ICA) dolichoectasia and number of passes. (B) Common carotid artery (CCA) takeoff angle and number of passes. (C) ICA 
dolichoectasia and modified thrombolysis in cerebral infarction (mTICI) grade. (D) CCA takeoff angle and mTICI grade. MCA, middle cere-
bral artery.

https://doi.org/10.51638/jksgn.2021.0010842

Su Min Kye, et al.



A prospective study with a larger number of patients by compar-
ing different techniques would be necessary for future studies. 
Moreover, this study was limited to patients with ischemic stroke 
in the anterior circulation. Further evaluation of clinical outcomes 
is warranted in patients with posterior circulation occlusion. 

Conclusion 

There was no correlation between the severity of ICA dolichoecta-
sia and the increase in the number of passages and the tendency 
for poor recanalization after IAT. In addition, there was no correla-
tion between the severity of the CCA takeoff angle and the in-
crease in the number of passages and the tendency for poor reca-
nalization. We can clarify that the limitation of the procedure based 
on tortuosity of vessels in older patients is not justifiable. 
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Introduction 

Aneurysmal subarachnoid hemorrhage (aSAH) is caused by rup-
ture of an intracranial aneurysm and has high morbidity and mor-
tality. Cases of poor grade aSAH have even higher morbidity and 
mortality [1–3]. Poor grade aSAH refers to modified Fisher grade 
3 or higher and Hunt and Hess (H-H) grade 4 or higher aSAH. In 

Objective: Poor-grade aneurysmal subarachnoid hemorrhage (aSAH) has high morbidity and mortality, even when emergency treat-
ment such as decompressive craniectomy (DC), coil embolization, or clipping is performed. The best treatment for acute aSAH, espe-
cially in poor-grade aSAH patients, has not been determined. The purpose of this study was to evaluate treatment methods in these 
patients in order to suggest the best treatment method. 
Methods: We compared 130 patients with poor-grade aSAH who underwent DC with clipping or coiling (clipping, 102 patients; coil-
ing, 28 patients). We compared functional outcome, mortality, and the time interval between admission and DC surgery between the 
clipping and coiling groups. 
Results: There was a significant difference in functional outcomes (modified Rankin score [mRS]) between the clipping and coiling 
groups. The mean mRS at discharge in the clipping and coil groups was 4.824 and 5.214, respectively (P=0.049). The time interval un-
til DC surgery was also significantly different (161 and 481 minutes in the clipping and coiling groups, respectively; P=0.003). No sig-
nificant difference was found in mortality between the 2 groups (P=0.301). 
Conclusion: DC might be helpful for severe brain edema and intracranial pressure control. This procedure was more effective when 
performed with clipping than with coil embolization. DC with clipping showed better functional outcomes, lower mortality, and more 
favorable outcomes than DC with coil embolization. This demonstrates that aggressive surgical treatment can be helpful for poor-
grade aSAH patients. 
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such patients, the possibility of neurological recovery is especially 
low due to the initial brain injury or increased intracranial pressure 
(IICP). Therefore, immediate control of IICP in the acute phase is 
very important [4]. Surgical treatment includes external ventricu-
lar drain (EVD), hematoma evacuation during clipping, and cra-
niectomy. Although the utilization of decompressive craniectomy 
(DC) in aSAH patients is controversial, some highly regarded spe-
cialized institutions have demonstrated that DC decreases mortali-
ty and morbidity [5–14]. 

Traditionally, simultaneous craniectomy with aneurysmal neck 
clipping has been used in poor grade ruptured cerebral aneurysm 
patients. However, when brain swelling is severe, the process of 
dissecting the subarachnoid space for ligation of the cerebral aneu-
rysm and securing the parent artery and aneurysm can cause fur-
ther brain damage. Recently, endovascular coil embolization has 
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been developed, and its use has been increasing. This procedure 
attempts to control IICP by first preventing re-bleeding using a coil 
and then performing DC. Although there is no additional brain 
damage around the ruptured aneurysm during coil embolization, 
there is a risk of further brain damage in severe IICP cases due to 
brain edema during this procedure. DC can be conducted first, fol-
lowed by coil embolization, but this method carries the risk of 
re-bleeding. The authors conducted this study to test the methods 
of treatment so that we might suggest a best treatment method for 
poor-grade patients. Our test was conducted by examining how 
the prognosis after surgery differed between patients who received 
simultaneous clipping and DC and patients who first received coil 
embolization and then DC. 

Material and Method 

Patient inclusion criteria 
We included patients who visited our hospital with poor grade 
aSAH (World Federation of Neurological Surgeons or H-H grade 
3 or more) and underwent DC between April 2004 and January 
2021. We excluded patients who received DC due to re-rupture 
during or after surgery or DC due to delayed cerebral ischemia as 
these patients were low grade aSAH at the time of admission. Cas-
es in which minimal craniectomy was performed instead of general 
decompression (size of removed bone flap less than 12 × 15 cm) 
were also excluded (17 patients).

The number of patients who received clip and DC was 102, and 
the number of patients who received coil and DC was 28. We used 
brain computed tomography (CT) and brain CT angiography to 
diagnose aSAH. The treatment plan decision (clip or coil) was 
made by the officiating, well-experienced vascular neurosur-
geon(s). The decision to perform DC was based on factors such as 
brain edema, herniation, presence of intracerebral hematoma 
(ICH), and intra-operative brain swelling [7,10,13]. 

Surgery and post-surgical management 
Coil embolization performance was preceded by bi-plane digital 
subtraction angiography (DSA) under general anesthesia. DC was 
performed after coil embolization, and decompression measures 
to remove bone flaps larger than 12 × 15 cm were performed. He-
matoma evacuation was performed according to the decision of 
the neurosurgeon, and 26 of 28 patients received both EVD inser-
tion and DC. Clipping of the aneurysm and DC were performed 
simultaneously, and this also included removal of large bone flaps 
(12 × 15 cm or more). 

After surgery, all patients were monitored in the intensive care 
unit. We designed our own aSAH treatment protocol in accor-

dance with best medical treatment guidelines. This included treat-
ment methods to prevent worsening of complications that can oc-
cur after aneurysm rupture [2,15]. Postoperative follow-up was 
performed through brain CT, cerebral CT angiography, magnetic 
resonance imaging, magnetic resonance angiography, and DSA. 
When necessary, chemical angioplasty was performed for vaso-
spasm. EVD changes were performed every 1 to 2 weeks to pre-
vent infection.  

Outcome measurements and statistical analysis  
We recorded H-H grade and modified Fisher grade of the aSAH 
patients, and functional outcomes of the patients were recorded in 
accordance with the modified Rankin score (mRS). Our goal was 
to test whether there was any difference in functional outcome of 
patients in whom coil or clip was performed. We assessed mRS at 
the time of admission and at the time of discharge, comparing the 
difference in mRS at these times. Patient characteristics included 
age, sex, length of hospital stay, location, and H-H and modified 
Fisher grades. Also, the time interval between hospital arrival and 
time of DC surgery was ascertained. Statistical analyses included 
performance of unpaired t-test, chi-square test, and Fisher exact 
test using IBM SPSS software ver. 20.0 (IBM Corp., Armonk, NY, 
USA). We calculated the 95% confidence interval (CI), and 
P < 0.05 was considered significant. 

Results 

Patient characteristics and demographics are summarized in  
Table 1. In the clip and coil groups, mean age was 53.07 ± 12.48 
years and 55.89 ± 10.57 years, respectively. The difference was 
not statistically significant (95% CI, –7.54 to 1.90; P = 0.235). 
Forty-two males and 60 females were in the clip group; 12 males 
and 16 females were in the coil group. There was no significant dif-
ference between the 2 groups in sex distribution (P = 0.520). 
However, there was a significant difference in length of hospital 
stay between the 2 groups. Mean hospital stay for the clip group 
was 45 days, while that for coil patients was 30 days (mean ±  
standard deviation [SD] value of clipping vs. coiling groups 
45.66 ± 39.54 and 30.04 ± 23.55, respectively; P = 0.010). For the 
location of the aneurysm, in clip patients, middle cerebral artery 
(MCA) aneurysm was the most common with 61 (59.8%), fol-
lowed by 25 (24.5%) anterior cerebral artery (ACA) aneurysms 
and 16 (15.7%) internal carotid artery (ICA) aneurysms. In the 
coil group, there were 15 (53.6%) MCA aneurysms, 8 (28.6%) 
ACA aneurysms, and 5 (17.9%) ICA aneurysms. There was no 
significant difference between the groups (P = 0.833). There were 
no significant differences between the clip and coil groups for H-H 
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or Fisher grade (H-H, P = 0.413; Fisher grade, P = 0.523). The 
time interval difference between hospital arrival and DC surgery 
was significant. The mean time interval was 161 minutes in the clip 
group and 481 minutes in the coil group (mean ± SD value clip-
ping vs. coiling groups 161.529 ± 169.21 and 481.821 ± 512.44, 
P = 0.003). This result suggests that the timing of DC surgery 
might be an important prognostic factor for poor-grade aSAH pa-
tients. 

We found no significant difference in admission mRS, with an 
average value of 4.990 in the clip group and 4.890 in the coil group 
(P = 0.117) (Table 2). However, discharge mRS was significantly 
different between the clip and coil groups (P = 0.049) (Table 3). 
The average discharge mRS of the clip group was 4.824, and mRS 
5 was the most common assessment (39 patients). The discharge 
mRS of the coil group averaged 5.214, and mRS 6 was the most 
common assessment (12 patients). Mortality difference between 
the 2 groups was not significant (P = 0.301). Thirty-three deaths 
occurred in the clip group, and 12 deaths occurred in the coil 
group. The number of patients discharged with good functional 

outcome (mRS 0–3) was 15 in the clip group and 1 in the coil 
group, and the difference between the 2 groups was not significant 
(P = 0.075). 

Case presentation 

Case 1. Clipping 
A 63-year-old male patient came to emergency department of The 
Catholic University of Korea, Bucheon St. Mary’s Hospital, he 
complained of sudden bursting headache and progressed to men-
tal deterioration brain CT revealed thick SAH and ICH due to 
ruptured MCA aneurysm in right frontal lobee (Fig. 1). Initial 

Table 1. Patient characteristics

Characteristic Clip (n=102) Coil (n=28) 95% CI P-value
Age (yr) 53.07±12.48 55.89±10.57 –7.54 to 1.90 0.235
Sex (male:female) 42:60 12:16 0.520
Hospital stay (day) 45.66±39.54 30.04±23.55 5.74–32.01 0.010
Location 0.833
 Anterior cerebral artery 25 8
 Middle cerebral artery 61 15
 Internal carotid artery 16 5
Hunt and Hess grade 0.413
 4 83 24
 5 2 4
Modified Fisher grade 0.523
 2 1
 3 0 9
 4 61 19
Time interval (min) 161.529±169.21 481.821±512.44 119.17–521.41 0.003

Values are presented as mean±standard deviation. The time interval indicates the duration from hospital arrival to decompressive craniectomy surgery. 
The 95% confidence interval (CI) was calculated using the t-test.

Table 2. Functional outcomes (modified Rankin score at discharge) in the clipping and coil groups

Group
Modified Rankin score

1 2 3 4 5 6 Total
Clipping
 Admission 0 0 0 1 (1.0) 101 (99.0) 0 102
 Discharge 1 (1.0) 4 (3.9) 10 (9.8) 15 (14.7) 39 (38.2) 33 (32.4) 102
Coil
 Admission 0 0 1 (3.6) 1 (3.6) 26 (92.9) 0 28
 Discharge 0 0 1 (3.6) 4 (14.3) 11 (39.3) 12 (42.9) 28

Values are presented as number (%).

Table 3. Modified Rankin score (mRS) and mortality differences 
between the clipping and coil groups

mRS Clipping group Coil group P-value
Admission 4.990 4.890 0.117
Discharge 4.824 5.214 0.049
Mortality (%) 33 (32.4) 12 (42.9) 0.301
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clinical grade was H-H grade 5 and Radiologically Fisher grade 4. 
He underwent emergency DC with hematoma removal and direct 
aneurysmal neck clipping (Fig. 2). The patient gradually awoke 
and became to obey command at 1 months of operation so cranio-
plasty with autologous bone was performed (Fig. 3). His final sta-
tus at discharge was mRS 3.  

Case 2. Coiling  
A 70-year-old female patient came to emergency department with 
stuporous mentality. Initially brain CT showed thick SAH due to 
ruptured MCA aneurysm on left hemisphere (Fig. 4). Clinical 
grade was H-H grade 4, and radiologically Fisher group III. She 
underwent diagnostic DSA and coil embolization of aneurysm 
right away, and then was followed by DC. During postoperative 
management, brain swelling had progressed eventually, finally ex-
pired 4 days after operation (Fig. 5). Written informed consent was 
obtained for publication of this case report and accompanying im-
ages.

Discussion 

Poor-grade aSAHs generally have high morbidity and mortality. 
One of the most important factors associated with poor outcome 
after rupture of a cerebral aneurysm is an initial poor grade [16]. 
The cause of poor grade after rupture of a cerebral aneurysm is di-
rect brain tissue damage due to bleeding or decreased brain func-
tion due to IICP. Brain tissue damage has no treatment and serious 
sequelae. However, IICP-induced brain functional decline can be 
prevented if treatment is started before irreversible brain tissue 
damage occurs. Since IICP is caused mainly by brain edema, DC is 
useful as an initial treatment. Since the degree of brain damage in 
poor-grade patients cannot be assessed accurately in the early stag-

es, distinguishing between patients who will benefit from DC and 
patients who have already suffered irreversible brain damage is dif-
ficult. Therefore, most relevant studies have been retrospective af-
ter performance of DC in poor-grade patients. Although the group 
with DC had lower mortality and morbidity compared to the 
group without DC, the group with DC showed higher mortality 
and morbidity compared to the “good” grade group [5,17]. Previ-
ous studies have shown that DC can reduce mortality without sig-

Fig. 1. Preoperative images. (A) Brain computed tomography (CT) 
revealed a thick subarachnoid hemorrhage on the right sylvian 
fissure and intracerebral hemorrhage in the right frontal lobe. (B) 
Surface rendering image of CT angiography showed a saccular 
aneurysm (*) on the right middle cerebral artery bifurcation.

Fig. 2. Postoperative images. (A) Right fronto-temporo-parietal 
craniectomy with hematoma removal observed on computed to-
mography (CT) with aneurysmal neck clipping (arrow). (B) Complete 
aneurysmal neck clipping (arrow) was observed on three-surface 
rendering of CT.

Fig. 3. One-month follow-up image. Post-cranioplasty brain com-
puted tomography showed decreased brain swelling with minimal 
encephalomalacic changes on the right temporal lobe.

A AB B
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grade patients, but the results were inconsistent [3,9,19]. The rea-
son that the coil group showed a better prognosis than the surgical 
group was that brain tissue damage did not occur in the coil group 
during cerebral aneurysm embolization. However, the high mor-
tality rate compared with the surgery group was due to additional 
brain damage that occurs during the delay before DC. Hwang et al. 
[9] tried to prevent re-bleeding in poor-grade patients first by coil 
embolization and then by DC to resolve IICP. To conduct DC as 
quickly as possible, coil embolization was performed under seda-
tion rather than under general anesthesia. In this study, not only 
the outcomes of the surgery group and the coil group, but also the 
difference in the interval time until DC between the groups was 
compared and analysed. 

The selection of DC with clipping or DC with coiling in poor-
grade patients is important and should be determined based on 
the degree of brain swelling and the risk of re-bleeding according 
to aneurysm morphology. It is important to evaluate the priority 
between treatment to prevent re-bleeding and treatment to control 
IICP and to predict and determine the degree of additional brain 
damage that can occur in the course of treatment to prevent 
re-bleeding. The surgeon should first decide whether to use clip-
ping or coiling and then decide whether to perform DC before or 
after. 

The group in which DC and clipping were performed had lower 
morbidity than the group in which DC and coiling were per-
formed together. There was no difference in mRS at the time of 
admission between the 2 groups, but the functional outcomes 
(mRS) at discharge were better in the group in which clipping was 
performed. While mortality was not significantly different be-
tween clipping and coiling groups, the clipping group showed a 

Fig. 4. Preoperative images. (A) Brain computed tomography 
revealed a subarachnoid hemorrhage with severe brain swelling. 
(B) Pre-coil embolization digital subtraction angiography image 
showed an aneurysmal dilatation on the left middle cerebral ar-
tery (arrows).

Fig. 5. Postoperative images. (A) Post-coil embolization digital subtraction angiography image revealed complete obliteration of the 
aneurysmal dilatation by coils (black arrows). (B) Brain computed tomography post-craniectomy (immediately after coil embolization) 
showed severe brain swelling with diffuse subarachnoid hemorrhage. (C) An ischemic injury of both occipital lobes, suggesting brain her-
niation, was noticed at postoperative 4 hours on a magnetic resonance fluid attenuated inversion recovery image.

nificantly improving functional outcomes [1,4,5,6,17]. Attempting 
to clip a cerebral aneurysm in a patient with severe brain swelling 
can cause additional damage to the brain tissue surrounding the 
cerebral aneurysm. Therefore, direct aneurysmal clipping is more 
challenging in poor-grade aSAHs than in “good” grade SAHs. In 
addition, the incidence of delayed cerebral infarction due to vaso-
spasm other than initial brain injury in poor-grade patients con-
tributes to poor outcome. Although controversial, immediate DC 
and clipping have been accepted as the general treatment for pa-
tients with poor-grade aSAH. 

As performance of endovascular coil embolization became more 
popular, better results with this procedure were reported in poor-
grade aSAH patients than in the surgical group patients [18]. Lat-
er, studies were published on the comparison of DC with clipping 
treatment and endovascular coiling with DC treatment in poor-
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tendency toward lower mortality than the coil group. Also, a rela-
tively large number of patients discharged with good functional 
outcome (mRS 0–3) were present in the clipping group. There-
fore, in patients presenting with the same neurological deficit, the 
functional outcome was better at discharge for those in whom DC 
and clipping were performed simultaneously. 

When DC and clipping were performed at the same time, bone 
flap removal and dura incision were performed more quickly; early 
decompression resulted in better functional outcomes. SAH evac-
uation through a trans-sylvian approach and cerebrospinal fluid 
circulation promotion through a cistern opening can be effective 
in regulating brain edema. In cases of subdural hematoma and 
ICH that have a mass effect with the SAH, the hematoma can be 
removed at the same time as clipping for decompression. 

We divided the patients into 2 groups, those with good function-
al outcome (mRS 0–3) and those with poor functional outcome 
(mRS 4–6) and tested to determine the factors causing the differ-
ence in effects. The shorter was the time interval between admis-
sion and surgery, the better were the Fisher and H-H grades, and, 
therefore, the better was the functional outcome (time interval, 
P = 0.001; Fisher, P = 0.036; H-H, P = 0.007). While there was no 
significant difference in the degree of good functional outcome in 
the clip and the coil groups, the functional outcome in the clip 
group showed a better tendency. 

Limitations 
The difference in length of hospital stay between groups might 
have influenced the discharge mRS value. The longer hospital stay 
in the clipping group could have allowed for more rehabilitation 
and recovery and, therefore, a better functional outcome at dis-
charge. Ideally, to adjust for bias created by differences in length of 
hospital stay, assessing the functional outcome at the same time in-
tervals from admission, such as at 1 month, 6 months, 1 year, 
would be necessary. However, due to lack of medical records, we 
did not have the data necessary to perform such an assessment. 

This study has the limitations inherent to a single institution, 
retrospective study with a small number of patients. Selection bias-
es exist, and differences might be due to neurosurgeon deci-
sion-making. DC can be easier to perform in conjunction with 
clipping than with coil embolization; this could contribute to the 
difference in results. The skill level of the neurosurgeon perform-
ing the DC is likely to have an effect on the prognosis, and there 
might be differences in this skill level between groups. 

Conclusion 

To treat poor-grade aSAH, DC might be helpful for cases of severe 

brain edema and for control of IICP, especially when performed 
with clipping rather than coil embolization. Also, a short time in-
terval between admission and DC surgery could result in better 
functional outcomes in poor-grade aSAH cases. Performing DC in 
conjunction with clipping had more favorable outcomes and 
demonstrates that aggressive surgical treatment could be helpful 
for poor-grade aSAH patients. 
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Objective: The purpose of this paper was to identify risk factors for developing adjacent segment disease (ASD) in patients who under-
go short-level lumbar spinal fusion surgery through a retrospective cohort analysis focused on spinopelvic parameters. 
Methods: A retrospective cohort study was conducted of 117 patients who underwent short-level lumbar spinal fusion surgery from 
January 2005 to December 2015. The patients were divided into 2 groups (control [non-ASD] and ASD) at a 1:1 ratio, with 28 patients 
per group. Spinopelvic parameters were analyzed on radiographs. Risk factors, such as Pfirrmann grade, age, and osteoporosis were 
also used to compare the 2 groups. 
Results: No significant difference was found between the ASD group and the control group in baseline demographic characteristics. 
The Pfirrmann grade was higher in the ASD group (P=0.022). The spinopelvic parameters with statistically significant differences be-
tween the 2 groups were lumbar lordosis (LL) and pelvic incidence (PI)-LL. The LL of the control group was higher than that of the ASD 
group (preoperation, P=0.022; postoperation, P=0.012). The PI-LL value was smaller in the control group than in the ASD group (pre-
operation, P=0.043; postoperation, P=0.042). 
Conclusion: LL, PI-LL, and the Pfirrmann grade were correlated with the incidence of ASD. Therefore, it is important for spinal sur-
geons to consider patients’ image profiles related to sagittal imbalance and lumbar disc status when planning short-level lumbar spi-
nal fusion. 

Keywords: Spinal fusions; Spinopelvic parameter; Adjacent segment degeneration 
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Introduction 

Spinal fusion has become the standard treatment for many patho-
logical conditions of the vertebrae. This surgical procedure re-
moves the motion that causes pain, stabilizes the spine, and allows 
decompression of neural elements. However, spinal fusion increas-
es the stress on the adjacent segments, and in the long term, pa-

tients are at risk for developing a common complication known as 
adjacent segment disease (ASD) [1]. 

The term “adjacent segment degeneration” is used to describe 
radiographic changes seen at levels adjacent to a previous spinal fu-
sion procedure that are not necessarily correlated with any clinical 
findings. In contrast, the term “adjacent segment disease” is used to 
refer to the development of new clinical symptoms corresponding 
to radiographic changes adjacent to the previous level of spinal fu-
sion [2]. 

There are several risk factors for ASD, including risk factors that 
are present before the operation, such as age, disc degeneration, 
facet joint degeneration, smoking, sex, osteoporosis, and physical 
activity. However, relatively little research has explored the role of 
surgical factors such as the number of fused segments, segment 
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damage during surgery, fusion method, floating fusion, sagittal 
alignment, and spinopelvic parameters [3]. Of note, spinopelvic 
parameters have been widely used to describe the degree of sagittal 
imbalance in adult spine deformity patients. The balance between 
lumbar lordosis (LL) and spinopelvic parameters enables effective 
load absorption of the spine and effective action of the spinal mus-
cles [4]. 

In patients with sagittal imbalance, correcting the sagittal align-
ment improves spinal biomechanical efficiency and reduces ener-
gy consumption [5]. Spinopelvic parameters are mainly used to 
describe sagittal imbalance or the goal of sagittal imbalance sur-
gery. Therefore, the terminology related to spinopelvic parameters 
has often been used in relation to spinal deformity surgery such as 
long-level fusion. As the relationship between pelvic incidence 
(PI) as a morphological parameter and LL seems important for 
the sagittal profile of the spine, it may also account for different 
loading patterns in the lumbar spine, which may be relevant for the 
development of adjacent segment degeneration and disease [5–7]. 

Most cases of ASD occur after multi-segment fixation for spinal 
deformity. Various risk factors and problems during surgery are 
known to increase the risk of ASD after multi-segment fixation, in-
cluding patient-related factors such as sex, age, body mass index, 
smoking, preexisting degeneration of adjacent discs, and meno-
pause, and surgical factors such as stiffness of the implants, techni-
cal errors in the execution of fusion, and sagittal and coronal bal-
ance disturbance [2,8,9]. However, very few studies have explored 
whether ASD after short-segment fixation is related to the risk fac-
tors of ASD after multi-segment fixation, such as spinopelvic pa-
rameters. Limited research has been published have been pub-
lished on the relationship between ASD after short-segment fixa-
tion and high-risk factors or spinopelvic parameters after 
multi-segment fixation [1]. 

The objective of the present study was to examine the factors 
that can cause ASD in short-level lumbar fusion, with the goal of 
enabling spinal surgeons to design procedures with appropriate 
consideration of risk factors. We focused on spinopelvic parame-
ters as risk factors for ASD after short-level spinal fusion. 

Material and Method 

Study design 
The research was conducted at a single medical center from Janu-
ary 2005 to December 2015. The populations in this study were 
patients with short-level lumbar fusion with at least 2 years of fol-
low-up who were admitted from January 2005 to December 2015 
according to the sample criteria. The Institutional Review Board 
(IRB) at the Inha University (IRB No. 2020-03-019) approved 

this study, and the informed consent requirement was waived. The 
data analyzed in this study came from all medical records docu-
menting short-level lumbar fusion surgery and the occurrence of 
adjacent segment degeneration with follow-up of at least 2 years. 
Samples were obtained based on the following criteria.  

The inclusion criteria in this study were 1 to 3 fusion levels, no 
history of previous lumbar spine surgery, the availability of preop-
erative and postoperative X-ray images with visible femur heads, 
and at least 2 years of follow-up after surgery. The exclusion criteria 
were surgery related to infection and surgery related to cancer me-
tastasis. 

Of the 117 patients, 28 patients with ASD were identified ac-
cording to the following radiographic ASD criteria on spine X-rays. 
Radiographic ASD on radiographs was defined as a reduction of 
≤ 50% in disc height on a neutral lateral radiograph, an increase of 
≥ 3 mm in a vertebral slip on a neutral lateral radiograph, and a de-
crease of ≥ 5° in the intervertebral angle on a flexion lateral radio-
graph [10]. 

Purposive sampling was used in the present study. This tech-
nique is conducted to determine the sample for a study with spe-
cific considerations in order to obtain more representative data. 
The number of patients who underwent short-level lumbar fusion 
was 117 patients, and the number of patients with ASD was 28 pa-
tients. The control and ASD groups in this study were matched at 
a 1:1 ratio (Fig. 1). 

In this study, a predesigned instrument was used to extract infor-
mation from medical records on patient identity, age, sex, level of 
fusion, the results of bone mineral density, the Pfirrmann grade, 
and the follow-up period. Mean values were obtained for the above 
variables and compared between the control and ASD groups. The 
statistical significance of differences was evaluated. 

Spinopelvic parameters 
The mean preoperative and postoperative values of spinopelvic 

Total 117 short-segment 
lumbar fusion patients

ASD group (n = 28)

Total 89 non-ASD patients

Control group (n = 28)

Purposive sampling

Fig. 1. Flow chart depicting patient selection. ASD, adjacent seg-
ment disease.
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parameters such as sacral slope (SS), pelvic tilt (PT), PI, LL, and 
PI-LL were obtained and compared between the ASD and control 
groups. The statistical significance of differences was assessed. 

Statistical analysis 
The descriptive data are presented as the mean ± standard devia-
tion. The chi-square test and Mann-Whitney test were performed 
to compare categorical variables between 2 independent groups, 
and P-values < 0.05 were considered to indicate statistical signifi-
cance. The normality of data distribution was assessed using the 
Kolmogorov-Smirnov test. Data were analyzed using SPSS version 
23.0 (IBM Corp., Armonk, NY, USA). 

Results 

Baseline characteristics 
The demographic characteristics of the total sample of 117 pa-
tients are presented in Table 1. The baseline characteristics of both 
groups were compared. The sex ratio was not significantly different 
between the 2 groups (male:female, 10:18 vs. 10:18; P = 0.943). 
More than 90% of patients were older than 50 in both groups 
(92.9% vs. 96.4%). There was no significant difference in age be-
tween the 2 groups (P = 0.556). Osteoporosis patients were more 
common in the ASD group, but this difference was not statistically 
significant (14.3% vs. 28.6%, P = 0.329). There were significantly 

fewer levels of fusion in the control group than in the ASD group 
(P = 0.040). The average follow-up period of the 2 groups was less 
than 5 years, and there was no significant difference in this regard 
between the 2 groups (P = 0.471) (Table 1). 

Of the 28 ASD patients, 10 were men and 18 were women. The 
11 patients who underwent repair surgery comprised 2 male pa-
tients and 9 female patients. The overwhelming majority of pa-
tients who underwent lumbar fusion surgery were older than 50 
years of age (n = 111). Among the 28 ASD patients, the location of 
the ASD was only distal in 2 patients.  

Pfirrmann grade  
The Pfirrmann grading system evaluates degenerated discs by 
T2-weighted magnetic resonance imaging according to the disc 
structure asymmetry, distinction between nucleus and the annu-
lus, signal intensity of discs, and the height of discs; on this basis, a 
grade from 1 to 5 is assigned for disc degeneration. Grade 1 is de-
fined as a homogeneous, bright white disc with normal disc height. 
Grade 2 is defined as an inhomogeneous white disc with a clear dis-
tinction from the annulus fibrosus and normal disc height. Grade 3 
is defined as an inhomogeneous gray disc with an unclear distinc-
tion from the annulus fibrosus and normal disc height. Grade 4 is 
defined as an inhomogeneous gray-to-black disc without distinc-
tion from the annulus fibrosus. Grade 5 is defined as an inhomoge-
neous black disc with a collapsed intervertebral space [11]. 

Table 1. Baseline characteristics of the control and ASD groups

Variable Control group (n=28) ASD group (n=28) Total (n=117) P-value
Sex (male:female) 10:18 10:18 42:75 0.943
Age (yr) 0.556
 <50 2 (7.1) 1 (3.6) 6 (5.1)
 ≥50 26 (92.9) 27 (96.4) 111 (94.9)
Osteoporosis 4 (14.3) 8 (28.6) 21(17.9) 0.329
Level of fusion 0.040*
 1 14 (50.0) 11 (39.3) 53 (45.3)
 2 13 (46.4) 8 (28.6) 46 (39.3)
 3 1 (3.6) 9 (32.1) 18 (15.4)
Follow-up (yr) 0.471
 <5 22 (78.6) 26 (92.9) 108 (92.3)
 ≥5 6 (21.4) 2 (7.1) 9 (7.7)
Pfirrmann grade 0.022*
 2 1 (3.6) 0 1 (0.9)
 3 16 (57.1) 7 (25.0) 49 (41.9)
 4 7 (25.0) 16 (57.1) 48 (41.0)
 5 4 (14.3) 5 (17.9) 19 (16.2)

Values are presented as number (%).
ASD, adjacent segment disease.
*P<0.05, statistically significant.

https://doi.org/10.51638/jksgn.2021.00066 53

Factors associated with ASD



The distribution of Pfirrmann grades was as follows in the con-
trol group: grade 2, 1 patient; grade 3, 16 patients; grade 4, 7 pa-
tients; and grade 5, 4 patients. The corresponding distribution in 
the ASD group was as follows: grade 2, 0 patients; grade 3, 7 pa-
tients; grade 4, 16 patients; and grade 5, 5 patients. The control 
group and the ASD group showed a statistically significant differ-
ence in the Pfirrmann grade (P = 0.022) (Table 1). 

Spinopelvic parameters 
The spinopelvic parameters used to determine the risk factors of 
ASD were preoperative and postoperative values of SS, PT, PI, LL, 
and PI-LL (Table 2, Fig. 2). The mean preoperative SS of the con-
trol group was similar to that of the ASD group (30.20° ± 8.08° vs. 
29.77° ± 8.38°). This difference was not statistically significant 
(P = 0.695). The mean postoperative SS was similar in both 
groups; likewise, the difference was not statistically significant 
(29.71° ± 5.57° vs. 27.61° ± 8.10°, P = 0.346). 

The mean preoperative PT was lower in the ASD group than in 
the control group (17.27° ± 12.47° vs. 24.15° ± 10.40°), but the dif-
ference was not statistically significant (P = 0.723). The mean 
postoperative PT was higher in the ASD group than in the control 
group (15.55° ± 9.59° vs. 25.79° ± 9.35°); however, this difference 
did not show statistical significance (P = 0.864). 

The mean preoperative and postoperative PI values of the con-
trol group were slightly lower than those of the ASD group (preop-
eration, 47.47° ±13.52° vs. 53.92° ± 11.01°; postoperation, 45.26° ± 
9.75° vs. 53.41°±10.54°). Neither difference was statistically signifi-
cant (preoperation, P=0.186; postoperation, P=0.357). 

However, the spinopelvic parameter data showed significant dif-
ferences in LL and PI-LL before and after short-level lumbar fusion 
(preoperative LL, P = 0.022; postoperative LL, P = 0.012; preoper-
ative PI-LL, P = 0.043; postoperative PI-LL, P = 0.042). The con-
trol group had higher mean preoperative and postoperative LL 
than the ASD group (preoperation, 34.68° ± 10.36° vs. 27.70° ±  
12.82°; postoperation, 40.15° ± 8.50° vs. 27.83° ± 11.56°), as well as 

lower preoperative and postoperative PI-LL (preoperation, 
12.79° ± 11.19° vs. 26.22° ± 11.41°; postoperation, 5.12° ± 5.00° vs. 
25.58° ± 12.52°). 

Discussion 

In this study, the risk factors for ASD in short-segment lumbar 
fusion were established by comparing the control group and the 
ASD group. The Pfirrmann grade and spinopelvic parameters 
such as LL and PI-LL were found to be statistically significant 

Table 2. Preoperative and postoperative values of spinopelvic parameters

Spinopelvic parameter (°)
Preoperative Postoperative

Control group ASD group P-value Control group ASD group P-value
Sacral slope 30.20±8.08 29.77±8.38 0.695 29.71±5.57 27.61±8.10 0.346
Pelvic tilt 17.27±12.47 24.15±10.40 0.723 15.55±9.59 25.79±9.35 0.864
Pelvic incidence 47.47±13.52 53.92±11.01 0.186 45.26±9.75 53.41±10.54 0.357
Lumbar lordosis 34.68±10.36 27.70±12.82 0.022* 40.15±8.50 27.83±11.56 0.012*
Pelvic incidence–lumbar lordosis 12.79±11.19 26.22±11.41 0.043* 5.12±5.00 25.58±12.52 0.042*

Values are presented as the mean±standard deviation.
ASD, adjacent segment disease.
*P<0.05, statistically significant.

A B

Fig. 2. (A) and (B) are lateral views of the lumbar spine and radio-
logic measurements at 2 years of follow-up after surgery. (A) is an 
example of the control group and (B) is a sample from the adja-
cent segment disease group. SVA, sagittal vertical axis; PI, pelvic 
incidence; SS, sacral slope; PT, pelvic tilt; LL, lumbar lordosis.
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risk factors. 
According to Masevnin et al. [12] in 2016, a Pfirrmann grade of 

3 or more is associated with a high risk for ASD in short-segment 
lumbar fusion. In this study, the Pfirrmann grade showed a signifi-
cant difference between the control and ASD groups. Lower Pfirr-
mann grades are more susceptible to stress and segment degenera-
tion. This phenomenon was also seen in patients with proximal 
junctional kyphosis who developed ASD after long-segment spinal 
fusion [13]. 

No significant difference in mean age was found between the 
control group and ASD group. This shows that age is not an im-
portant factor regarding the risk of ASD in short-segment lumbar 
fusion. However, the results of this study contradict those reported 
by Cho et al. [14] in 2009, according to which an age of more than 
50 years is associated with an elevated risk of ASD. 

No significant difference was found in bone mineral density be-
tween the ASD group and the control group, which suggests that 
osteoporosis is not a risk factor for ASD. The results of this study 
contrast in this regard with the research conducted by Ha et al. 
[15] and Wang et al. [9]. 

It has been suggested that spinopelvic parameters may contrib-
ute to adjacent segment degeneration. Kumar et al. [16] in 2001 
concluded that patients with a normal postoperative C7 plumbline 
and sacral inclination had the lowest risk of adjacent segment de-
generation. However, the relationships of adjacent segment degen-
eration after lumbar fusion with spinopelvic parameters, such as 
LL, PI, PT, and SS, have never been described. Legaye et al. in 
1998 [4] and Duval-Beaupère et al. in 1992 [17] described a 
chain of correlations between the positional parameters of upright 
posture, and PI. Boulay et al. [6] in 2006 demonstrated an equa-
tion for predicting LL based on PI and explained that within the 
confidence limits, the standing position is within the conditions 
of an economic posture, whereas out of the confidence limits, the 
adaptation potential of the spine and pelvis is exceeded, potential-
ly evoking pathological positions and loading patterns. PI has sub-
sequently been generally acknowledged as a predictor of the 
amount of LL required to assume a balanced sagittal posture 
[5,7,17]. 

The LL angle was significantly lower in the ASD group than in 
the control group, whereas the mean PI-LL value of the control 
group was significantly lower than that of the ASD group. This is 
similar to the finding of a study by Rothenfluh et al. [18] in 2015, 
according to which a PI-LL value greater than 10º can be a cause of 
ASD after lumbar spinal fusion. Masevnin et al. [8] in 2015 stated 
that abnormal spinopelvic parameters were associated with a high 
risk of ASD after lumbar spinal fusion. However, SS, PT, and PI 
did not show a significant difference after short-level lumbar spinal 

fusion in this study. 
It can be seen that ASD can be prevented by suitable lordotic 

curves in short-level lumbar fusion. In other words, it is important 
to make a lordotic curve by carefully selecting the size or type of 
cage during short-level lumbar fusion. In addition, when planning 
surgery, creating a design that reduces the PI-LL value is an im-
portant point to consider for reducing the risk of ASD. 

The lumbar spine is compensated by minimizing the mismatch 
between PI and LL values [19]. In general, LL has been found to 
be very important in maintaining an effective standing posture. 
When the lumbar lordotic curve becomes smaller after surgery, an 
attempt is made to create LL in the remaining area. In short-level 
lumbar fusion, as investigated in this study, the lumbar spine tends 
to compensate by performing an extension motion at the upper 
and lower level of the fusion site. Before surgery, the lumbar spine 
generally rotates around L5/S1 with a pivot, but when surgery is 
performed, a fixed segment is rotated with a pivot. As a whole, in 
order to have the same momentum as before surgery, the length of 
the lever arm is shorter in the adjacent joint, so a greater force is re-
quired, which induces segmental regression and is thought to 
cause ASD. In addition, the upper segment requires more force be-
cause it has a larger moment of inertia since it includes the head, 
trunk, and arms. In this regard, biomechanical research is needed 
in the future. 

The PT is a dynamic pelvic index that changes according to the 
rotation of the pelvis [20]. The change in its value is the most im-
portant index to determine the pelvic balance or the degree of pel-
vic compensation in a pathological condition. PT increases as part 
of the compensatory action for decreasing LL and increasing tho-
racic kyphosis with aging [21]. In this study, the postoperative PT 
value of the ASD group was 25.79° ± 9.35°, which was considerably 
greater than the postoperative PT value of the control group 
(15.55° ± 9.59°). Although this difference did not show statistical 
significance, it would appear that a higher after short-level lumbar 
spinal fusion may be associated with a higher incidence of ASD. 

This study had several limitations. In the comparison between 
the ASD group and the control group, the baseline variables with a 
P-value of less than 0.05 were Pfirrmann grade, levels of fusion, LL, 
and PI-LL. Therefore, the first limitation is that it is not clear 
whether the risk of ASD is due to the difference in LL and PI-LL, 
disc degeneration, or levels of fusion. The next limitation is this re-
search had a retrospective design with a relatively small sample 
size. In addition, since this study was conducted at a single institu-
tion, the results might have been affected by the distinct character-
istics of the area. A multi-center study with a larger number of pa-
tients from diverse regions will be needed to decrease the possibili-
ty of bias. 
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Conclusion 

As spinopelvic parameters, LL and PI-LL were found to be cor-
related with ASD incidence. Age and osteoporosis-related parame-
ters were not associated with the incidence of ASD, whereas the 
Pfirrmann grade was associated with the risk of ASD. In conclu-
sion, to prevent ASD after short-level lumbar spinal fusion, spine 
surgeons should consider appropriate lumbar lordotic curve plan-
ning before the operation and decide carefully whether lumbar 
levels with severe disc degeneration should be included in the sur-
gical range. 
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Introduction 

Lumbar disc herniation, which causes low back pain and radiating 
pain in the lower extremities, is a common disease that occurs in 
20% to 30% of the population [1]. Since Mixter and Barr intro-
duced surgical treatment for lumbar disc herniation in 1934, dis-
cectomy has been performed as standard treatment for this disease 
[2]. However, it has been reported that the lumbar disc hernia-
tion-induced low back pain and radiating pain in the lower extrem-

Objective: The purpose of this study was to evaluate the clinical and radiologic factors associated with disc height loss in patients 
with spontaneous resolution of lumbar disc herniation. 
Methods: In total, 56 symptomatic herniated lumbar disc patients above 65 years old (36 male and 20 female patients) who received 
conservative treatment from January 2017 to December 2018 were retrospectively investigated. Clinical findings including age, sex, 
pain, and smoking history were examined in each group (group A, patients with unchanged disc height; group B, patients with de-
creased disc height). As radiologic findings, the level, severity, laterality, Modic changes, and disc degeneration of lumbar disc hernia-
tion were investigated and compared between groups. 
Results: Group A contained 30 patients and group B comprised 26 patients. No statistically significant differences were found in age, 
sex, visual analogue scale scores, level of disc herniation, and laterality of disc herniation between groups. Group A had more protru-
sion cases (14/30 cases) and group B had more sequestration (11/26 cases). Group B had more cases of Modic changes and more disc 
degeneration cases than group A. 
Conclusion: In patients who receive conservative treatment for symptomatic lumbar disc herniation, disc height loss may occur later, 
especially in cases of extrusion- and sequestration-type herniation. This disc height decrease after lumbar disc herniation without sur-
gical removal of the disc may occur due to disc degeneration and disc herniation itself. Patients who are treated conservatively should 
receive an explanation that disc height may be reduced later. 
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ities improves spontaneously without surgical treatment [3,4]. In 
1984, Guinto et al. [4] reported for the first time that the herniated 
intervertebral disc disappeared spontaneously through computed 
tomography imaging [5–7]. Following this, numerous cases of 
spontaneous recovery have been published. This has been the ba-
sis for conducting conservative treatment for lumbar disc hernia-
tion [4,8]. Disc space height was decreased after discectomy due 
to surgical reduction of disc material, which have been widely 
known. But, few studies have assessed changes in disc height in pa-
tients who are treated conservatively [5,9,10]. 

In this study, we retrospectively analyzed patients whose herni-
ated lumbar disc disappeared spontaneously after conservative 
treatment and assessed the change in disc space height. The main 
purpose of this study was to evaluate the clinical and radiologic 
factors of disc height loss in spontaneous resolution of herniated 
lumbar disc patients. Demographic, clinical, and radiologic find-
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ings such as the level, status, severity, Modic change, and disc de-
generation of lumbar disc herniation were assessed. 

Material and Method 

Patients 
We retrospectively analyzed 56 symptomatic herniated lumbar 
disc patients from 226 patients above 65 years old who were diag-
nosed with acute symptomatic herniated lumbar disc from January 
2017 to December 2018 in our department. Fifty-six patients (36 
male and 20 female patients) were retrospectively chosen for this 
study. Patients selection criteria included: (1) < 50 years of age 
with buttocks and leg pain concomitantly associated with a herni-
ated lumbar disc; (2) one level of herniated lumbar disc (protru-
sion, extrusion, and sequestration) diagnosed on lumbar magnetic 
resonance imaging (MRI); (3) conservative treatment choice 
(medication and physical therapy) after medical explanation; and 
(4) regular hospital visits for 2 years with lumbar MRI during fol-
low-up after initial MRI. The exclusion criteria were as follows (1) 
spine trauma history, (2) history of cancer, (3) previous lumbar 
surgery and (4) a change in treatment options, such as interven-
tional block and surgery. Disc heights (initial and last follow-up 
MRI) were measured at T2 sagittal MR using modified method 
from Farfan (Fig. 1) [3,4,9]. Disc heights were defined as sum of 
the heights of anteroinferior corner of the superior vertebra and 
the inferior vertebra, the posteroinferior corner of the superior ver-
tebra and the inferior vertebra and which was divided by 4. For 
evaluation of disc endplates and disc degeneration, Modic changes 
and Pfirrmann grading were used, respectively (Tables 1, 2) 
[1,5,11]. 

We analyzed and organized 2 patient groups according to the 
difference between initial and last measured disc height. Group A 
included patient with no or < 2 mm disc height (hereinafter re-
ferred to as not-changed disc height group). Group B included pa-
tients with ≥ 2 mm decrease in disc height (hereinafter referred to 
as decreased disc height group). 

Lumbar MRI was performed twice spine position during this 
study with a 3.0 Tesla imager (Philips Medical Systems, Milwau-
kee, WI, USA) from T10 to S5. The MR protocol was adjusted by 
a radiologist. All images were uploaded to the in-hospital picture 
archive and communication system (PACS; Infinitt PACS, invent-

Fig. 1. Measurement of the intervertebral disc height using the 
modified Farfan method [4]. Disc height=(H1+H2+h1+h2)/4. A, 
Anteroinferior corner of the superior vertebra; B, posteroinferior 
corner of the superior vertebra; C, anterosuperior corner of the 
inferior vertebra; D, posterosuperior corner of the inferior vertebra.

Table 1. Endplate changes using the Modic classification

Type T1-weighted images T2-weighted images Description
I Low signal High signal Edema and inflammation of bone marrow
II High signal High signal Marrow ischemia; yellow fatty marrow; transformation
III Low signal Low signal Sclerosis over subchondral bony area

Table 2. Disc degeneration classification using the Pfirrmann grading system

Grade Structure Distinction of  
nucleus and annulus Signal intensity Height of intervertebral disc

1  Homogenous, bright white Clear Hyperintense, isointense to cerebrospinal 
fluid

Normal

2 Inhomogenous with or without horizontal 
bands

Clear Hyperintense, isointense to cerebrospinal 
fluid

Normal

3 Inhomogenous, gray Unclear Intermediate Normal to slightly decreased
4 Inhomogenous, gray to black Lost Intermediate to hypointense Normal to moderately decreased
5 Inhomogenous, black Lost Hypointense Collapsed disc space
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ed by Infinitt Co., Seoul, Korea) and reviewed using the worksta-
tion-base unit (Hewlett-Packard Co., Palo Alto, CA, USA). All 112 
MR images of 56 patients were reviewed independently by 2 ex-
perts (1 neurosurgeon and 1 radiologist) who had not been given 
any information about the subjects. Lumbar vertebrae were count-
ed from S1. The status of disc herniation was defined as below: 
Protrusion of disc herniation is focal herniation which has a broad-
er base than the body, while extrusion has a narrower base than the 
body. When there is already continuity loss with the disc itself, it is 
called disc sequestration [12].  

Analysis
Clinical characteristics, including age, sex, smoking history and vi-
sual analogue scale (VAS, 10 points for back and leg) score were 
examined in each group. Radiologically, the level, status, laterality 
of lumbar disc herniation, Modic change, and disc degeneration 
grade were investigated between groups. Clinical and radiologic 
factors were compared to determine those that caused height dif-
ferences between groups (Table 3). The patients group with de-
creased disc heights was analyzed about factor related to disc 
height decrease. 

Table 3. Demographic and radiologic data of herniated lumbar disc patients

Variable Group A (n=30) Group B (n=26) P-value
Sex (male:female) 18:12 18:8
Mean age (yr) 68.2±11.3 67.8±13.3 0.072
Smoking 14 (46.7) 12 (46.2)
Visual analogue scale (back pain)a)

 Initial 4.8 4.7 0.452
 Follow-up 2.4 2.3 0.448
Interval (mo)b) 13.2 14.3 0.328
Disc height (mm)
 Initial 12.15±0.15 12.48±0.35 0.132
 Follow-up 11.89±0.41 10.23±0.82 0.034*
 Difference (initial–follow-up) 0.88±0.75 2.16±0.64 0.021*
Modic change
 Normal 24 (80.0) 13 (50.0) 0.025*
 Grade 1 3 (10.0) 8 (30.8) 0.091
 Grade 2 2 (6.7) 4 (15.4) 0.083
 Grade 3 1 (3.3) 1 (3.8) 0.082
Disc degeneration classification
 Grade 1 14 (46.7) 0
 Grade 2 16 (53.3) 0
 Grade 3 0 8 (30.8)
 Grade 4 0 18 (69.2)
 Grade 5 0 0
Level of disc herniation
 L3/4 5 (16.7) 4 (15.4) 0.167
 L4/5 17 (56.7) 21 (80.8) 0.075
 L5/S1 8 (26.7) 7 (26.9) 0.132
Status of disc herniation
 Protrusion 14 (46.7) 5 (19.2) 0.036*
 Extrusion 7 (23.3) 10 (38.5) 0.082
 Sequestration 9 (30.0) 11 (42.3) 0.175
Laterality of disc herniation
 Left:right 13:17 14:12

Values are presented as mean±standard deviation or number (%).
Group A, patients with unchanged disc height; group B, patients with decreased disc height.
a)Visual analogue scale (10 points), b)months (interval between initial and follow-up magnetic resonance imaging).
*P<0.05.
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The clinical and radiologic analysis was performed using the 
IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA) using an in-
dependent samples t-test and chi-squared test. Statistical signifi-
cance was measured to be when the P-value was less than 0.05. 
The study was approved by the Ewha Womans University Mok-
dong Hospital Bioethics Committee (IRB No. 2020-06-16-0017). 

Results 

Patients ages ranged from 65 to 86 years (mean: 68.2 ± 11.3 years 
in group A, 67.8 ± 13.3 in group B) (Table 3). The total group 
mean age was 75.2 years and the male to female ratio was 1.8:1 (36 
males and 20 females). The initial VAS scores in group A and B 
were 4.8 and 4.7 points, respectively. The VAS scores at the time of 
last follow-up were 2.4 and 2.3 points in groups A and B. MRI scan 
interval was 13.2 and 14.3 months, respectively. There were no sig-
nificant differences in age, sex ratio, smoking ratio, MRI scan inter-
val, and VAS scores between groups. 

The mean differences (initial disc height–last disc height) were 
0.88 ± 0.75 mm and 2.16 ± 0.64 mm in group A and B, respectively, 
which was significant (P = 0.021). However, patients were divided 
into 2 groups according to disc height difference (Table 3). Initial 
mean disc heights were 12.15 ± 0.15 mm and 12.48 ± 0.35 mm in 
group A and group B, respectively, which were not different be-
tween the 2 groups in disc height at the initial diagnosis. Last mean 
of disc heights was 11.89 ± 0.41 mm in group A and 10.23 ± 0.82 
mm in group B. The initial disc height was no different between 
the 2 groups, but the last disc height of group B was less than group 
A (Table 3). 

Level of disc herniation was observed in group A: 5 cases in 
L3/4, 17 in L4/5, and 8 in L5/S1 and in group B: 4 cases in L3/4, 
21 in L4/5, and 7 in L5/S1. In both groups, disc herniation was 
the most common in L4/5, followed by L5/S1 and L3/4. Status of 
disc herniation revealed, there were 14 cases protrusion, 7 extru-
sions, and 9 sequestrations in group A. There were 5 cases protru-
sion, 10 extrusions, and 11 sequestrations in group B. There were 
more protrusion cases (14/30) in group A than group B. In con-
trast, extrusion and sequestration was more common in group B 
(10/26 and 11/26 cases, respectively. The ratio of laterality of disc 
herniation (left:right) were 13:17 and 14:12 in groups A and B, re-
spectively. There were no significant statistical differences in level 
of disc herniation and laterality of disc herniation between groups 
(Table 3). 

About Modic change, group A had more normal cases than 
group B: 24 cases (80.0%) in not-changed disc height group, 13 
cases (50.0%) in decreased disc height group. According to disc 
degeneration classification, all cases of not-changed disc height 

group belonged to both grade 1 and grade 2, and all cases of de-
creased disc height group belonged to grade 3, 4 and 5. 

Discussion 

Lumbar disc herniation has been known to occur predominantly 
in L3/4, L4/5, and L5/S1 and can be further classified into protru-
sion, extrusion, and sequestration [13]. Disc protrusion was de-
marcated as a focal or asymmetric extension of the disc beyond the 
vertebral border, with the protruded origin wider than any other 
aspect of the protrusion. Extrusion was defined as a more extreme 
extension of the disc beyond the vertebral border, with the base 
against the disc of origin slenderer than the diameter of the extrud-
ing material and a connection between the material and the disc of 
origin. Sequestration was defined as a free disc fragment that was 
distinct from the origin disc [14].  

In this study, we divided patients who were treated conservative-
ly into 2 groups, according to their change in disc heights (Fig. 2). 

It was observed that the decreased disc height patients group 
had more extrusion and sequestration cases than not-changed disc 

Fig. 2. A 32-year-old male with symptomatic lumbar disc her-
nation. He had suffered from mild back pain and left leg pain for 
3 weeks. Magnetic resonance imaging (MRI) findings. (A) Initial 
MRI, showing a large area of disc extrusion at the L4/5 disc space. 
(B) MRI taken 1 year after the initial MRI, showing spontaneous 
regression of the herniated lumbar disc and loss of disc height. 
Written informed consent was obtained for publication of this 
case report and accompanying images.
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height patients group (Table 3). These results suggested 2 things: 
first, by morphology of disc herniation, extrusion and sequestra-
tion are expected to have more herniated disc when compared 
with protrusion [12–14]. Secondly, extrusion and sequestration 
are likely to have a ruptured posterior longitudinal ligament (PLL) 
when compared with protrusion [10,12–14]. In general, it can be 
said that the higher the amount of herniation and the more the 
PLL supporting posterior aspect of disc ruptures, the higher the 
possibility that the disc height will be lowered later. 

Several pathophysiological mechanisms have been reported for 
the natural regression of the herniated intervertebral disc; however, 
the exact mechanism has not been elucidated [7,9]. Three hypoth-
eses have been proposed in the literature [5,9]. First, the prolapsed 
intervertebral disc returns to the intervertebral disc space by a 
healthy PLL. Second, the size of the intervertebral disc is reduced 
and resolved by gradual dehydration and contraction. Third, the 
herniated intervertebral disc causes immunologic, biochemical re-
sponses and neovascularization, which results in phagocytosis and 
enzymatic degradation of cartilage tissue. Among them, the most 
recently noted the hypothesis of spontaneous resolution is that in-
tervertebral disc tissue is absorbed by immune responses and neo-
vascularization, which be inferred from the rim enhancement of 
end plate of disc space on the Gadolinium enhanced MRI in pa-
tients with lumbar herniated disc [14]. 

In this study, decreased disc height patients group had more 
Modic change and disc degeneration than not-changed disc height 
patients group (Table 3). This suggested that more degenerative 
change cause disc height decrease later. 

Surgical treatment is considered when there is persistent pain or 
neurological symptoms despite the proper period of conservative 
treatment [12]. Surgery creates a dramatic recovery of symptoms 
in lumbar intervertebral disc herniation; however, the incidence of 
recurrence or complications after surgery is reported to be 5% to 
10% [8,14]. Additionally, there have been reports that removal of a 
protruded lumbar intervertebral disc may accelerate degenerative 
changes in the intervertebral disc and end plates, resulting in a loss 
of disc space height, Modic change, and post-discectomy back pain 
[13,15]. 

In this study, spontaneously resolved disc herniation without 
discectomy showed a decrease in disc height at long-term fol-
low-up MRI. Conservative treatment is an effective treatment for 
herniated lumbar disc; however, it is necessary to recognize lumbar 
intervertebral disc herniation itself as a risk factor that can cause 
the loss of intervertebral disc height along with disc degeneration 
and Modic changes. 

There were no differences in back pain between not-changed 
disc height patient and decreased disc height patient. To date, the 

relationship between disc height reduction or disc degeneration 
and back pain remains unclear [11,16]. In addition to discussing 
with patients about the options of conservative treatment for her-
niated lumbar disc, it is necessary to explain that herniated lumbar 
disc itself can cause a decrease of disc height and chronic back pain 
due to degenerative changes in the intervertebral disc. 

Further research is required on the factors that are associated 
with degenerative changes in lumbar intervertebral disc herniation. 

This study has some limitations. The main disadvantage is the 
retrospective nature. The measurements of disc height in supine 
position MRI do not reflect real disc height. We organized the pa-
tient groups and selected patients into groups, which creates a bias. 
Additionally, the number of patients in this study was small and 
the follow-up periods were relatively short to obtain significant 
conclusions. Therefore, further research with larger patient popu-
lations is required to fully elucidate the underlying mechanisms, 
and assess radiological and clinical evaluations.  

Conclusion 

In conservative treatment option for symptomatic lumbar disc 
herniation, decrease of disc height may occur later and it would be 
more at the cases of extrusion and sequestration-type herniation. 
This disc height decrease after lumbar disc herniation without sur-
gical removal of disc may be due to disc degeneration and disc her-
niation itself. It is necessary to explain to patients who are treated 
conservatively that disc height may be reduced later. 
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Introduction 

Among patients with herniation of the intervertebral disc (HIVD), 
surgical treatment is recommended for patients with failure of con-
servative treatment or severe muscle weakness [1,2]. During surgi-
cal treatment, the herniated disc is removed to relieve the com-
pressed cauda equina or nerve roots. Although surgical treatment 
is performed successfully, the risk of recurrence is reported to be 
up to 15% [3–5].  

Objective: Recurrent disc herniation occurs frequently after discectomy and is associated with annulus fibrosus defects. This study 
evaluated the effectiveness of annuloplasty in preventing recurrent intervertebral disc herniation following microscopic discectomy. 
Methods: We analyzed 102 patients (56 males, 46 females) who underwent discectomy between December 2019 and February 2021. 
Twenty-two patients received annuloplasty using sutures and 80 did not. Surgical and clinical outcomes and the herniation recurrence 
rate were compared between the groups. 
Results: The mean age was significantly lower in the suture group than in the non-suture group (54.55±10.12 years vs. 60.60±12.20 
years; P=0.021). There were no significant between-group differences in sex, body mass index, or length of follow-up. The surgical 
outcomes, such as operation time (66.82±13.01 minutes vs. 63.14±20.54 minutes; P=0.305) and estimated blood loss (54.55±14.71 
mL vs. 59.77±19.59 mL; P=0.175), did not differ significantly between the groups. No significant between-group difference was 
found in the proportion of patients with lower extremity weakness preoperatively (63.6% vs. 48.8%; P=0.155), and at 1 (36.4% vs. 
25.0%; P=0.275) and 6 months (13.6% vs. 11.3%; P=0.707) postoperatively. There were no cases of recurrent herniation in the suture 
group, whereas the recurrence rate was 5.0% in the non-suture group. 
Conclusion: Despite the non-statistically significant results, annuloplasty may serve as a simple method to prevent recurrent interver-
tebral disc herniation. 

Keywords: Annuloplasty; Annular suture; Intervertebral disc herniation; Lumbar discectomy; Simple sutures
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During the surgical removal of HIVDs, annular defects inevita-
bly occur, and are associated with recurrent herniation. To prevent 
annular defects associated with discectomy, annular repair is per-
formed using an annular closure device or annuloplasty [6–11]. 
However, to the best of our knowledge, there are few studies in 
which annuloplasty was performed to prevent recurrent herniation 
in a clinical setting. The purpose of this study was to evaluate the 
effectiveness of annuloplasty in preventing recurrent herniation 
following microscopic discectomy.  

Material and Method 

Study design 
We evaluated a total of 102 patients (56 males, 46 females) who 
underwent discectomy at a single academic institution between 
December 2019 and February 2021. Discectomy was performed 
using conventional microscopy. Patients with no improvement in 
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symptoms despite conservative management for > 6 weeks, or 
those with lower extremity weakness (defined as motor grade of 3 
or lower) were selected for surgery. Annuloplasty was performed by 
placing one or 2 simple sutures using non-absorbable silk at the an-
nular opening depending on the surgeon’s preference. According to 
the performance of annuloplasty, 22 and 80 patients were classified 
into the suture and non-suture groups, respectively. Outpatient fol-
low-up was performed at 1 and 6 months after discharge. Data in-
cluding age, sex, body mass index, duration of symptoms, follow-up 
period, operation time, estimated blood loss (EBL), and length of 
hospital stay, were collected from the medical records and analyzed. 
Pre- and postoperative pain was assessed using the visual analogue 
scale (VAS). Recurrent HIVD was defined as the aggravation of 
preoperative symptoms confirmed by radiographic studies. Statisti-
cal analysis was performed using IBM SPSS Statistics ver. 26.0 
(IBM, Corp., Armonk, NY, USA). 

Surgical procedure 
Discectomy was performed in the same way by 2 neurosurgeons, 
and all surgeries were performed under general anesthesia. The pa-
tient’s position was prone, and the level was verified using the C-arm. 
Discectomy was performed using a unilateral approach. After lami-
nectomy, the prolapsed intervertebral disc was dissected and re-
moved through the opening in the annulus. After confirming that 
the nerve root was decompressed, the annular opening was repaired 
using a simple suture with Mersilk 5-0 (Ethicon Inc., Raritan, NJ, 
USA) (Fig. 1). 

Results 

Patients’ demographics 
The demographic data are summarized in Table 1. The mean age 

of the entire cohort was 59.37 ± 12.01 years; it was significantly 
lower in suture group than in non-suture group (54.55 ± 10.12 
years vs. 60.60 ± 12.20 years; P = 0.021). There were no significant 
differences in sex, body mass index and length of follow-up be-
tween the groups. Also, comorbidities and smoking status did not 
differ between the groups. The mean duration of symptoms was 
significantly longer in suture group than in the non-suture group 
(6.57 ± 7.02 months vs. 3.09 ± 4.46 months; P = 0.036). Surgery 
was performed on patients with L4/5 and L5/S1 disc herniation, 
and the surgical level did not differ between the groups. 

Surgical and clinical outcomes 
Surgical and clinical outcomes are summarized in Table 2. The 
surgical outcomes, such as in operation time (66.82 ± 13.01 min-
utes vs. 63.14 ±  20.54 minutes; P = 0.305) and EBL (54.55 ±  
14.71 mL vs. 59.77 ± 19.59 mL; P = 0.175), did not differ between 
the groups. The length of hospital stay was significantly lower in 
the suture group (7.91 ± 0.92 days), than in the non-suture group 
(11.35 ± 4.10 days; P = 0.002).  

Fig. 1. (A) Photograph of an annular defect following microscopic 
discectomy. (B) Photograph of direct annular repair using simple 
sutures. Written informed consent was obtained for publication of 
this case report and accompanying images.

A B

Table 1. Baseline characteristics of patients who underwent discectomy

Characteristic Suture group (n=22) Non-suture group (n=80) P-value
Sex (male:female) 8:14 48:32 0.055b)

Age (yr) 54.55±10.12 60.60±12.20 0.021a)*
Body mass index (kg/m2) 25.26±5.47 25.96±3.16 0.744a)

Hypertension 7 (31.8) 38 (47.5) 0.294b)

Diabetes mellitus 5 (22.7) 39 (48.8) 0.054b)

Smoking 5 (22.7) 38 (47.5) 0.067b)

Symptom duration (mo) 6.57±7.02 3.09±4.46 0.036a)*
Follow-up period (mo) 3.45±2.37 3.63±3.35 0.820a)

Level 0.132b)

 L4–L5 18 (81.8) 54 (67.5)
 L5–S1 4 (18.2) 26 (32.5)

Values are presented as mean±standard deviation or number (%).
a)Independent t-test, b)chi-square test.
*P<0.05, statistically significant differences.
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Regarding neurological deficits, the proportion of patients with 
lower extremity weakness preoperatively (63.6% vs. 48.8%; 
P = 0.155), and at 1 month (36.4% vs. 25.0%; P = 0.275) and 6 
months (13.6% vs. 11.3%; P = 0.707) postoperatively did not dif-
fer significantly between the groups. 

The preoperative VAS did not differ between the groups 
(7.00 ± 1.16 vs. 7.37 ± 1.27; P = 0.213); however, the intensity of 
pain was significantly lower in the suture group (0.36 ± 0.49), 
compared to that in the non-suture group (0.74 ± 0.77; P = 0.006) 
at 6 months postoperatively. Four patients (5.0%) in the non-su-
ture group required revision surgery due to recurrent HIVD, 
whereas no patient suffered from recurrence in the suture group 
(Figs. 2, 3). However, the rate of recurrent herniation did not differ 
significantly between the groups (P = 0.580). 

Discussion 

Lumbar discectomy is widely performed for the treatment of lum-
bar HIVD and has shown good results in > 80% of cases [12–14]. 
Nevertheless, the incidence of recurrent hernination after surgery 
has been reported to be as high as 15% [3,6,15]. Lebow et al. [16] 
reported that one-fourth of patients who underwent discectomy 
suffered from recurrent herniation at the same level within 2 years. 
According to the Spine Patient Outcomes Research Trial, the re-
currence rate within 8 years after discectomy was 9.1%, of which 
37.8% recurred within 1 year after surgery [17]. Recurrent hernia-
tion has been reported to be related to the amount of nucleus pul-
posus removed during surgery and the posterior structure of the 
damaged vertebra. Specifically, it has been reported that recurrence 
is more common when the annular tear is > 6 mm [15,18,19]. 
Since healing of the annulus is limited, the recurrence rate is 

Table 2. Surgical and clinical outcomes following discectomy

Variable Suture group (n=22) Non-suture group (n=80) P-value
Operation time (min) 66.82±13.01 63.14±20.54 0.305a)

Estimated blood loss (mL) 54.55±14.71 59.77±19.59 0.175a)

Length of hospital stay (day) 7.91±0.92 11.35±4.10 0.002a)*
Weakness
 Preoperative 14 (63.6) 39 (48.8) 0.155b)

 Postoperative (1 mo) 8 (36.4) 20 (25.0) 0.275b)

 Postoperative (6 mo) 3 (13.6) 9 (11.3) 0.707b)

Visual analogue scale
 Preoperative 7.00±1.16 7.37±1.27 0.213a)

 Postoperative (1 mo) 2.27±0.94 2.50±1.33 0.359a)

 Postoperative (6 mo) 0.36±0.49 0.74±0.77 0.006a)*
Recurrence (n/total) 0/22 (0) 4/80 (5.0) 0.580c)

Values are presented as mean±standard deviation or number (%). Weakness was defined as a motor grade of 3 or lower.
a)Independent t-test, b)Fisher exact test, c)chi-square test.
*P<0.05, statistically significant differences.

Fig. 2. A 23-year-old female presented with radiating pain in the 
right lower extremity. (A) Preoperative magnetic resonance imag-
ing (MRI) showed right centrally herniated intervertebral disc at 
the L4/5 level. She underwent microscopic discectomy with annu-
loplasty. (B) MRI at postoperative 1 month showed no evidence of 
recurrent herniation. Written informed consent was obtained for 
publication of this case report and accompanying images.

A B

thought to be higher in patients with severe annulus tears or those 
who have undergone annulotomy. Owing to the limitations of 
healing, the need for annular repair has increased. This study was 
conducted based on the hypothesis that annular repair would be 
effective in increasing the healing potential of the annulus, securing 
vertebral stability, and reducing the recurrence rate and pain. It is 
noteworthy that there was no case of recurrent herniation in the 
suture group, whereas the rate of recurrence was 5.0% in the 
non-suture group. Although the difference was not statistically sig-
nificant due to the relatively small number of patients, annuloplas-
ty seemed to play a role in preventing recurrent herniation. 

Two methods of annular repair have been reported: direct sutur-
ing or using a closure device [7,20]. In this study, we directly per-
formed a traditional simple suture. This method requires a suffi-
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cient operative field combined with extended laminectomy, and 
surgeon’s skill to make a suture in a narrow space. In the present 
study, the mean operation time in the suture group (66.82 ± 13.01 
minutes) was not significantly longer than that in the non-suture 
group (63.14 ± 20.54 minutes; P = 0.305). The mean EBL did not 
differ between groups. On the other hand, the length of hospital 
stay in the suture group (7.91 ± 0.92 days) was significantly shorter 
than that in the non-suture group (11.35 ± 4.10; P = 0.002). Fur-
thermore, the postoperative VAS score in the suture group 
(0.36 ± 0.49) was significantly lower than that in the non-suture 
group (0.74 ± 0.77; P = 0.006). These results suggest that annular 
repair performed by a skilled surgeon could result in better clinical 
outcomes without a significant increase in the operation time. 

This study had several limitations. The first limitation was the 
retrospective design, without randomization. Because the annular 
repair was determined by the surgeon’s preference, the study was 
prone to selection bias. Second, the number of patients in each 
group was relatively small. Therefore, there were significant differ-
ences regarding baseline characteristics between the groups, in-
cluding the mean age and symptom duration. Also, the small num-
ber of patients may explain why the difference in recurrent hernia-
tion between the groups was not statistically significant. Third, the 
follow-up period was shorter than that in the other studies. There-
fore, this study could not evaluate recurrence at > 6 months post-
operatively [16]. Lastly, we did not evaluate the other possible risk 
factors that may affect recurrent herniation including comorbidi-
ties, smoking, detailed surgical findings, and radiographic charac-
teristics. Of particular importance, the amount of disc removed 

during surgery or the disc height before and after surgery were not 
evaluated. It is necessary to perform future analysis of risk factors 
utilizing multivariate regression analysis to verify the benefit of the 
annuloplasty. Despite these limitations, the absence of recurrent 
herniation in the suture group supports the hypothesis that annu-
lar repair helps annular healing and reduces the recurrence rate. In 
order to further support this hypothesis, it is necessary to conduct 
a prospective study in which patients’ risk factors for recurrence 
were evaluated in multiple ways and strictly controlled variables. 

Conclusion 

There were no cases of recurrent herniation in the suture group, 
whereas the rate of recurrence was 5.0% in the non-suture group. 
Although the difference was not statistically significant, annu-
loplasty may be considered as a simple method to prevent recur-
rent herniation. Further studies including larger number of patients 
and longer follow-up periods are required to verify the effective-
ness of annular repair. 
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Objective: Vertebroplasty is a common treatment for osteoporotic spinal compression fractures, but it poses complication risk. There-
fore, we investigated the clinical and radiological outcomes of conservative treatment using a combination of denosumab and teri-
paratide. 
Methods: This study included 86 patients aged 75 or older who were diagnosed with osteoporotic spinal compression fracture from 
January 2011 to April 2021. The patients were then categorized into those who received denosumab and teriparatide combination 
treatment without vertebroplasty(group A) and those who received bisphosphonate treatment and underwent vertebroplasty (group B). 
Several parameters were analyzed: age, sex, underlying diseases, BMI, hospital stay, the time of ambulation start, BMD, VAS score, 
compression ratio, regional Cobb angle, and local kyphotic angle.
Results: As compared to group A, group B showed a relatively shorter hospital stay and time until starting ambulation, but without 
statistical significance. The VAS scores measured at the time of injury, post-treatment, 3months post-injury, and 1year post-injury did 
not show statistically significant differences between the groups. In contrast, the mean BMD measured at the time of injury and 1year 
post-injury demonstrated statistically significant improvements in group A compared to group B. The differences in the compression 
ratio, regional Cobb angle, and local kyphotic angle measured at the time of injury and 1year post-injury were not statistically signifi-
cant. 
Conclusion: Combination treatment without vertebroplasty did not show significant differences in either clinical or radiologic results 
compared to vertebroplasty cases. Therefore, denosumab and teriparatide combination treatment could be considered as an alterna-
tive option for osteoporotic spinal compression fracture patients.

Keywords: Osteoporosis; Vertebral compression fracture; Vertebroplasty; Elderly patients; Bone density
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Introduction 

Osteoporosis is a widespread skeletal system disease, in which frac-
tures easily occur due to low bone mass and structural aging, caus-
ing chronic back pain, spinal deformity, and fractures. Particularly, 

when accompanied by osteoporosis, spinal compression fractures 
can result from even a mild trauma or without any noticeable trau-
ma, which is known to occur in 25% of all females over the age of 
70 and 50% of all females over the age of 80 [1–3]. In the past, os-
teoporotic spinal compression fractures were thought to recover 
spontaneously without specific complications; however, with the 
recent increasing aging population and more osteoporosis-focused 
studies, these fractures are now reported to have physical, func-
tional, and psychological sequelae, as well as cause serious compli-
cations, such as reduced quality of life and increased mortality, 
suggesting the need for an active therapeutic approach alongside 
osteoporosis treatment [1,4,5]. 

Treatment for osteoporosis has become widespread following 
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the discovery of estrogen and calcium administration in the early 
1980s, wherein oral administrations became available after the late 
1980s as the efficacy of additional drugs, such as bisphosphonate, 
calcitonin, and parathyroid hormone (PTH), was uncovered [6,7]. 
Teriparatide and denosumab have been reported to be effective in 
osteoporosis treatment and prevention, leading to their active use 
in clinical settings [8,9]. 

Vertebroplasty, conversely, is frequently performed for rapid 
pain reduction and earlier recovery of ambulation in spinal com-
pression fracture patients with osteoporosis; however, follow-up 
reports have indicated that the artificially strengthened vertebral 
body causes injuries in the adjacent vertebral body [10–12]. As 
such, the authors investigate whether an active conservative treat-
ment using denosumab and teriparatide combination alone could 
be used to improve the clinical and radiologic outcomes in elderly 
osteoporotic spinal fracture patients who are at risk of for vertebro-
plasty complications. 

Material and Method 

Study design and patient selection 
A retrospective review was conducted with 86 patients aged 75 or 
older who were diagnosed with osteoporotic spinal compression 
fractures of the thoracic and lumbar spine and with a bone mineral 
density (BMD) of –3.0 or higher, between January 2011 and April 
2021. Meanwhile, those with no follow-up for more than one year, 
have Kummell disease, or have diseases requiring surgery for neu-
rological abnormalities were excluded. Exactly 41 subjects were in-
cluded in group A (patients who received denosumab and teri-

paratide combination without vertebroplasty), and 45 subjects 
were included in group B (patients treated with bisphosphonate 
with vertebroplasty) for comparison. denosumab and teriparatide 
both were started at the same time and maintained over 1 year in 
group A. In this study, alendronate and risedronate were used as bis-
phosphonate therapy in group B. All patients took analgesic and cal-
cium preparations, as well as started ambulation early with braces. As 
this study was conducted as a retrospective study with chart review 
in the hospital, it received no IRB.

Outcome evaluation 
Assessments were conducted based on the age, sex, body mass in-
dex (BMI), duration of hospital stay, the time point at which they 
started ambulation(we recommended after 2 or 3 days of bed rest 
with braces in both groups), BMD, smoking habits, hypertension, 
diabetes, history of stroke, visual analogue scale (VAS), compres-
sion ratio, regional Cobb angle, and local kyphotic angle. BMD 
was calculated with the average value of L1 to L4. 

The compression ratio was calculated by setting the anterior 
height average of the adjacent upper and lower vertebrae as the es-
timated vertebral height, subtracting the current vertebral body 
height from the estimated vertebral body height, dividing the result 
by the estimated vertebral body height, and then finally converting 
the quotient into a percentage. For the regional Cobb angle, the 
acute angle between the upper and lower vertebrae of the fractured 
vertebra was measured. For the local kyphotic angle, the acute an-
gle between the upper and lower edges of the fractured vertebral 
body was measured (Fig. 1). 

Additionally, the values measured at the time of injury were used 

Fig. 1. (A) Compression ratio measurement using the following formula. Compression ratio={[(a+c)/2-b]/(a+c)/2}×100%. a: Anterior 
vertebral height of the upper vertebra; b: anterior vertebral height of the fracture level; c: anterior vertebral height of the lower vertebra. 
(B) Regional Cobb angle measurement using the following formula. Regional Cobb angle=acute angle measured between a and b. a: Su-
perior vertebral line of the upper vertebra; b: inferior vertebral line of the lower vertebra. (C) Local kyphotic angle measurement using the 
following formula. Local kyphotic angle=acute angle measured between a and b. a: Superior vertebral line of the fracture level; b: inferior 
vertebral line of the fracture level.
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as the baseline for assessment, and the improvement in the VAS 
scores was re-evaluated by conducting follow-ups at the time of 
posttreatment, 3 months and one year post-injury. At 1-year fol-
low-up, the changes in the compression ratio, regional Cobb angle, 
and local kyphotic angle were re-evaluated. 

Statistical analysis 
IBM SPSS ver. 26.0 (IBM Corp., Armonk, NY, USA) was used for 
statistical analysis. The chi-square test and the t-test were used for 
testing, and statistical significance was defined by the P-value of 
< 0.05. 

Results 

Demographics of patients 
Group A consisted of 3 males (7.3%) and 38 females (92.7%), 
whereas group B consisted of 5 males (11.1%) and 40 females 
(88.9%). The mean age was 82.12 ± 5.04 years old (75 to 95 years 
old) at the time of injury, with a mean age of 81.07 ± 4.92 years old 

(75 to 91 years old) for group A and 83.07 ± 5.02 years old (75 to 
95 years old) for group B. The BMI was found to be normal with a 
BMI of 22.14 ± 3.55 kg/m2, wherein a mean BMI of 22.73 ± 3.95 
kg/m2 was found for group A and 21.54 ± 3.02 kg/m2 for group B. 
Furthermore, the mean BMD was –3.56 ± 0.43, with a finding of 
–3.51 ± 0.42 for group A and –3.62 ± 0.44 for group B. Regarding 
the accompanying underlying diseases, 27 patients (65.9%) had 
hypertension, 14 patients (34.1%) had diabetes, 6 (14.6%) pa-
tients had stroke, 3 patients (7.3%) had a history of smoking and 4 
patients (9.8%) had a previous vertebroplasty or balloon kyphosis 
in group A. Meanwhile, 24 patients (53.3%) had hypertension, 17 
patients (37.8%) had diabetes, 5 patients (11.1%) had stroke, 4  
patients (8.9%) had a history of smoking and 7 patients (15.6%) 
had a previous vertebroplasty or balloon kyphosis in group B  
(Table 1). 

Level of vertebral compression fracture 
Compression fracture sites were observed from the 4th thoracic to 
the 4th lumbar vertebrae. More specifically, there were 17 thoracic 

Table 1. Demographic and clinical characteristics of the patients

Characteristic Group A (n=41) Group B (n=45) Total (n=86) P-value
Sex -
 Male 3 (7.3) 5 (11.1) 8 (9.3)
 Female 38 (92.7) 40 (88.9) 78 (90.7)
Age (yr) 81.07±4.92 83.07±5.02 82.12±5.04 0.141
Body mass index (kg/m2) 22.73±3.95 21.54±3.02 22.14±3.55 0.125
Bone mineral density –3.51±0.42 –3.62±0.44 –3.56±0.43 0.078
Underlying disease -
 Hypertension 27 (65.9) 24 (53.3) 53 (61.6)
 Diabetes 14 (34.1) 17 (37.8) 31 (36.0)
 Stroke history 6 (14.6) 5 (11.1) 11 (12.8)
 Smoking history 3 (7.3) 4 (8.9) 7 (8.1)
 Previous vertebroplasty or kyphoplasty history 4 (9.8) 7 (15.6) 11 (12.8)
Level of vertebral compression fracture -
 T4 1 (2.4) 0 1 (1.2)
 T5 0 1 (2.2) 1 (1.2)
 T8 2 (4.9) 0 (0) 2 (2.3)
 T9 1 (2.4) 2 (4.4) 3 (3.5)
 T10 1 (2.4) 0 1 (1.2)
 T11 2 (4.9) 2 (4.4) 4 (4.7)
 T12 10 (24.4) 9 (20.0) 19 (22.1)
 L1 13 (31.7) 18 (40.0) 31(36.1)
 L2 7 (17.1) 11(24.4) 18 (20.9)
 L3 3 (7.3) 2 (4.4) 5 (5.8)
 L4 1 (2.4) 0 1 (1.2)

Values are presented as number (%) or mean±standard deviation.
Group A, denosumab+teriparatide without vertebroplasty; group B, bisphosphonate with vertebroplasty.
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(41.5%) and 24 lumbar cases (58.5%) in group A, while there 
were 14 thoracic (31.1%) and 31 lumbar cases (68.9%) in group B. 
In both groups, the cases involving the first lumbar vertebrae were 
accounted the most, with 13 cases (31.7%) in group A and 18 cas-
es (40.0%) in group B (Fig. 2). 

Comparisons of clinical outcomes 
The mean duration of hospital stays and mean duration required 
to start ambulation was 12.30 ± 8.56 days and 7.52 ± 4.39 days  
in group A, respectively, while it was 11.32 ± 8.64 days and 
7.32 ± 4.42 days in group B, respectively. Although both values 
were shorter for group B as compared to group A, there was no sta-
tistical significance. Meanwhile, the VAS scores for group A were 
7.62 ± 0.78, 5.34 ± 0.82, 3.14 ± 0.76, and 1.98 ± 0.79 taken imme-
diately after injury, posttreatment, at 3 months, and at one year 
post-injury, respectively, whereas the VAS scores in group B were 
7.82 ± 0.59, 4.65 ± 0.74, 2.60 ± 0.75, and 1.96 ± 0.70, respectively. 
Both groups showed improvement but without statistically signifi-
cant differences (Table 2). 

Comparison of BMD 
The bone density immediately after and one year after the injury 
was –3.51 ± 0.42 and –3.11 ± 0.29 for group A, respectively. Mean-
while, these values were noted to be –3.62 ± 0.44 and –3.34 ± 0.32 
for group B, respectively. The improvement in mean BMD was 
statistically and significantly greater in group A, who were treated 
with denosumab and teriparatide combination, compared to that 

of group B (Table 3). 

Comparisons of radiologic outcomes 
In group A, the compression ratio immediately and one year after 
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Fig. 2. Number of fractured vertebral bodies according to the specific spinal level. Group A, denosumab+teriparatide without vertebro-
plasty; group B, bisphosphonate with vertebroplasty.

Table 2. Comparison of hospital days, days until ambulation, and 
visual analogue scale scores

Variable Group A Group B P-value
Length of hospital stay (day) 12.30±8.56 11.32±8.64 0.129
Days until starting ambulation 7.52±4.39 7.32±4.42 0.151
Visual analogue scale
 Initial score 7.62±0.78 7.82±0.59 -
 Posttreatment score 5.34±0.82 4.65±0.74 -
 3-Month follow-up score 3.14±0.76 2.60±0.75 -
 1-Year follow-up score 1.98±0.79 1.96±0.70 -
 Change 5.64±0.72 5.86±0.76 0.109

Values are presented as mean±standard deviation.
Group A, denosumab+teriparatide without vertebroplasty; group B, bis-
phosphonate with vertebroplasty.

Table 3. Changes in bone mineral density

Variable Group A Group B P-value
Initial BMD –3.51±0.42 –3.62±0.44 -
1-Year follow-up BMD –3.11±0.29 –3.34±0.32 -
Change 0.40±0.13 0.28±0.12 0.022

Values are presented as mean±standard deviation.
Group A, denosumab+teriparatide without vertebroplasty; group B, bis-
phosphonate with vertebroplasty; BMD, bone mineral density.
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injury was 28.54% ± 19.19% and 30.20% ± 19.06%, respectively, 
whereas in group B, it was 36.50% ± 14.82% and 37.18% ± 14.69%, 
respectively. On the other hand, the regional Cobb angle immedi-
ately and one year after injury was 10.39° ± 9.80° and 12.16° ± 8.87° 
in group A, respectively, while it was 15.25° ±8.59° and 15.94° 
±9.51° in group B, respectively. Additionally, the local kyphotic an-
gle immediately and one year after the injury was 10.49°±8.07° and 
13.01° ± 8.31° in group A, respectively, whereas it was 9.98° ±6.24° 
and 11.72° ± 7.17° in group B, respectively. In comparison to group 
A, the changes in compression ratio, regional Cobb angle, and local 
kyphotic angle in group B were smaller but had no statistically sig-
nificant differences (Table 4). 

Discussion 

Spinal compression fractures due to osteoporosis can occur even 
with mild trauma and may also occur in daily life without any his-
tory of trauma, given that its incidence increases with age [3,13–
15]. Moreover, based on recent research, it is known that every 1.0 
decrease in the T score increases the risk of fractures by 2-fold 
[5,7,16]. If, for example, the bone density decreases from T score 
of –3.0 to –4.0, the risk of fractures increases from 8 times to 16 
times [5,16]. Thus, in treating osteoporotic spinal compression 
fractures, osteoporosis treatment must also be accompanied. Ac-
tive osteoporosis pharmacotherapy, such as teriparatide and deno-
sumab, are known to be effective in osteoporosis treatment and 
prevention in addition to previously established medications, such 
as bisphosphonate, calcitonin, and PTH [8,9]. More specifically, 
according to several research, it is reported that an increase in lum-

bar spine and femoral bone density is greater when receiving teri-
paratide and denosumab in combination as compared to their in-
dividual monotherapies [17,18]. As such, this study used denos-
umab and teriparatide combination as an active osteoporosis treat-
ment for patients who did not receive vertebroplasty. 

Based on previous studies, it has been known that osteoporotic 
spinal fractures have a relatively good prognosis, and acute pain 
disappears after 6 to 8 weeks, without causing severe physical or 
emotional impairment [1,6]. However, recent studies also report-
ed that, once occurred, fracture results in physical and emotional 
disability in many patients, causing limitations in daily life due to 
persistent pain, loss of confidence, and depression even after recov-
ery [1,4,19]. Furthermore, the progression of vertebral body com-
pression may cause digestive disorders, such as early satiety and 
weight loss, due to decreased abdominal cavity volume following 
costal margin displacement towards the iliac crest, or due to hepat-
ic function deterioration following pleural compression [1–3]. For 
these reasons, vertebroplasty is selectively being performed, as 
they have been reported to be excellent in acute pain control and 
early functional recovery as alternatives to conservative treatments, 
including bed rest, administration of anti-inflammatory drugs, 
walking with braces, and lifestyle training [15,20]. Despite this, 
there are many studies that still advocate for the use of conservative 
treatment due to the complications of the procedure itself, includ-
ing bone cement outflow, vertebral body osteonecrosis, recom-
pression, infection, and additional fractures to the adjacent verte-
brae [1,10,19,21]. 

In this study, the BMD measured immediately after and one year 
after injury was –3.51 ± 0.42 and –3.11 ± 0.29 in group A, respec-
tively, after the combined use of denosumab and teriparatide. 
Meanwhile, for group B which received bisphosphonate treatment 
after vertebroplasty, these results were –3.62 ± 0.44 and –3.34 ±  
0.32, respectively. In comparison, group A showed a greater and 
statistically significant mean BMD improvement, suggesting that 
greater effects in the improvement of osteoporosis with reduced 
risk for additional fractures can be expected from this combination 
treatment as compared to conventional bisphosphonate mono-
therapy.  

In cases of an additional adjacent vertebral body fracture among 
osteoporotic spinal fracture complications, a study that performed 
conservative treatment reported that new vertebral body fractures 
occurred in 19.2% at 1-year follow-up [22]. 

However, when vertebroplasty was performed, Grados et al. 
[23] reported that new vertebral body fractures occurred in 13 out 
of 40 patients and in 52% of cases during a 48-month follow-up 
period on average [1,24]. Furthermore, it was reported that artifi-
cially strengthened vertebral body increases the risk factor for adja-

Table 4. Changes in the compression ratio, regional Cobb angle 
and local kyphotic angle

Variable Group A Group B P-value
Compression ratio (%)
 Initial ratio 28.54±19.19 36.50±14.82 -
 1-Year follow-up ratio 30.20±19.06 37.18±14.69 -
 Change 1.66±10.80 0.68±8.85 0.630
Regional Cobb angle (°)
 Initial angle 10.39±9.80 15.25±8.59 -
 1-Year follow-up angle 12.16±8.87 15.94±9.51 -
 Change 1.77±4.53 0.68±4.98 0.264
Local kyphotic angle (°)
 Initial angle 10.49±8.07 9.98±6.24 -
 1-Year follow-up angle 13.01±8.31 11.72±7.17 -
 Change 2.51±3.43 1.73±5.48 0.385

Values are presented as mean±standard deviation.
Group A, denosumab+teriparatide without vertebroplasty; group B, bis-
phosphonate with vertebroplasty.
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cent vertebral body fractures, which is caused by the shift in the 
normal load transmission. In other words, the strengthened verte-
bral body resulted in a loading pattern change during normal spinal 
load transmission, exerting a greater loading force on the adjacent 
vertebral body or on an area farther away and resulting in a com-
pression fracture [23,25]. There was also no age or sex differences 
in the cases resulting in adjacent vertebral body fractures, which 
typically occurred within one year after initial vertebroplasty. 
Therefore, adjacent vertebral body fractures have been pointed out 
as a major issue in vertebroplasty [10,12,26]. In that regard, 6 cases 
of adjacent vertebral body fractures had been reported at 1-year 
follow-up after vertebroplasty in group B. 

Despite the risks of such complications, vertebroplasty is known 
to reduce acute pain, resulting in quicker recovery of walking and 
increased activities in daily living in 90% to 95% of osteoporotic 
compression fracture patients [25,27]. Thus, this procedure is still 
performed in many patients. In this study, it was confirmed that 
the mean duration of hospital stay and the time to recover walking 
were shortened in group B, who received bisphosphonate treat-
ment along with vertebroplasty, as compared to that of group A, 
who only received conservative treatment including denosumab 
and teriparatide combination treatment; however, there were no 
statistically significant differences. This was likely because group A 
had started early walking with braces while concurrently receiving 
active pain management including pain killers and block whenever 
necessary. 

Regarding pain control in this study, the VAS scores immedi-
ately, posttreatment, 3 months, and one year after injury was 
7.62 ± 0.78, 5.34 ± 0.82, 3.14 ± 0.76, and 1.98 ± 0.79 for group A, 
and 7.82 ± 0.59, 4.65 ± 0.74, 2.60 ± 0.75, and 1.96 ± 0.70 for group 
B, respectively, with both groups showing gradual improvement. 
As mentioned earlier, although group B showed relative benefit 
over group A in terms of acute phase pain improvement, there was 
no statistically significant difference in the mean improvement of 
pain when compared one year later. 

Moreover, the differences in compression ratio, regional Cobb 
angle, and local kyphotic angle were compared immediately and 
one year after injury, but there were no statistically significant dif-
ferences between the groups, with negligible levels of deteriora-
tion. 

Although vertebroplasty can be helpful in controlling acute 
phase pain and improving early ambulation in osteoporotic com-
pression fracture patients, it was shown that the combined use of 
denosumab and teriparatide can be selected to lower the risk of ad-
ditional fractures and that the conservative treatment group did 
not show statistically significant differences from the vertebroplas-
ty group. It was demonstrated that maintaining active conservative 

treatment without vertebroplasty could be an alternative therapeu-
tic approach which could improve clinical symptoms, while reduc-
ing the risk of adjacent vertebral body fractures. 

Despite these findings, the limitation of this study was that it was 
conducted as a retrospective study with a small sample of patients. 
Additionally, there could have been a bias arising from the differ-
ence in bisphosphonate monotherapy and denosumab and teri-
paratide combination therapy for osteoporosis. Thus, it would 
have been possible to compare the effects of vertebroplasty with-
out bias if the combination therapy was also compared between 
the vertebroplasty group and the group without vertebroplasty. 
And long term follow-up study should be performed to compare 
in more detail further.  

Conclusion 

Although vertebroplasty is known to help reduce acute phase pain 
and improve time to early ambulation in the elderly with osteopo-
rotic spinal fractures, a significant difference was not observed. 
Furthermore, it was confirmed that the mean BMD improvement 
was greater for the group receiving denosumab and teriparatide 
combination therapy as compared to the group receiving vertebro-
plasty, showing no significant differences in clinical and radiologi-
cal outcomes. Therefore, in situations where there are risks of 
post-vertebroplasty complications in elderly spinal compression 
fracture patients with osteoporosis, active conservative treatment 
including injection treatment for osteoporosis can be considered 
as an alternative treatment. 
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Introduction 

Reversible cerebral vasoconstriction syndrome (RCVS) is charac-
terized by recurrent thunderclap headaches with segmental vaso-
constriction of the intracranial arteries. RCVS may result in isch-
emic stroke or intracranial hemorrhage (ICH), but the pathophys-
iology and data of RCVS-related ICH are not well known [1]. The 
purpose of this case report is to discuss the process of diagnosis of 
RCVS when ICH is accompanied by severe headache on patients 
without a specific medical history. 

Case Report 

A 66-year-old female with no specific medical history presented 

Reversible cerebral vasoconstriction syndrome (RCVS) is characterized by a severe thunderclap headache associated with segmental 
vasoconstriction of the cerebral arteries. RCVS may result in intracranial hemorrhage (ICH), but the pathophysiology and data of 
RCVS-related ICH are not well known. The authors report a case of RCVS that presented with intraparenchymal hemorrhage (IPH) and 
subarachnoid hemorrhage (SAH). A 66-year-old female presented with recurrent thunderclap headache, and her initial consciousness 
and neurologic status were normal. Brain computed tomography (CT) revealed IPH in the left frontal cortex and SAH in the left Sylvian 
fissure. CT angiography and digital subtraction angiography showed multiple segmental vasoconstrictions in the M3 segments of the 
left middle cerebral artery, but intracranial aneurysm or vascular malformation was not observed. After nimodipine infusion and pain 
control, the headache subsided, and she was discharged without neurologic deficits. Three months after symptom onset, the segmen-
tal vasoconstrictions disappeared on cerebral magnetic resonance angiography. Clinicians should be aware of RCVS as a possible cause 
of non-aneurysmal SAH and IPH in an unusual location. 

Keywords: Vasoconstriction; Subarachnoid hemorrhage; Intracranial hemorrhages; Headache  

Reversible cerebral vasoconstriction syndrome presenting with 
intracranial hemorrhage: a case report and literature review 
Tae Won Choi, Hee Sup Shin, Seung Hwan Lee, Jun Seok Koh, Hak Cheol Ko 

Department of Neurosurgery, Kyung Hee University Hospital at Gangdong, Kyung Hee University School of Medicine, Seoul, Korea 

Case Report
pISSN 1738-981X

J Korean Soc Geriatr Neurosurg 2021;17(2):76-79
https://doi.org/10.51638/jksgn.2021.00087

Received: July 5, 2021   Revised: August 17, 2021    
Accepted: September 9, 2021 
Corresponding Author: Hee Sup Shin, MD, PhD
Department of Neurosurgery, Kyung Hee University Hospital at Gangdong, 
892 Dongnam-ro, Gangdong-gu, Seoul 05278, Korea 
Tel: +82-2-440-6090; Fax: +82-2-440-8404;  
E-mail: realeponym@hanmail.net

with a sudden onset headache during the early morning on the day 
of the visit. The headache improved after taking acetaminophen 
(500 mg, Tylenol; Janssen Korea, Seoul, Korea), but the pain re-
curred shortly. She visited the emergency room and complained of 
a severe headache. The patient was alert and had no neurological 
abnormalities. Brain computed tomography (CT) revealed intra-
parenchymal hemorrhage (IPH) on the left frontal cortex with 
subarachnoid hemorrhage (SAH) on the left Sylvian fissure, su-
prasellar cistern, and perimesencephalic cistern (Fig. 1A, 1B). 
Multiple segmental vasoconstrictions on the M3 segments of the 
left middle cerebral artery (MCA) were revealed on brain CT 
angiography and subsequent digital subtraction angiography 
(DSA) (Fig. 1C, 1D). No vascular malformations such as aneu-
rysms, arteriovenous malformations, arteriovenous fistulas, or dis-
sections were observed. 

After admission, continuous intravenous infusion of nimodipine 
(2 mg/hr) was administered with pain control. Brain CT with per-
fusion study was performed on the eighth day after symptom on-
set. The ICH was resolving, and there were no abnormalities in 
blood flow other than the perfusion defect on the region of the 
ICH (Fig. 2). We changed the nimodipine administration from in-
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Fig. 1. Brain computed tomography (CT) at symptom onset. CT scans show intraparenchymal hemorrhage in the left frontal cortex with 
subarachnoid hemorrhage in the left Sylvian fissure, suprasellar cistern, and perimesencephalic cistern (A, B). Multiple segmental vaso-
constrictions in the M3 segments of the left middle cerebral artery are observed on brain CT angiography (white arrowheads; C, D). The 
boxed areas are magnified in (E) and (F).

A B C D

Fig. 2. Brain computed tomography with perfusion study on the eighth day after symptom occurrence. No abnormalities in (A) blood vol-
ume and (B) blood flow were observed, with normal (C) time-to-peak and (D) mean transit time.

travenous infusion to per-oral (60 mg, 3 times/day). During the 
admission period, there was no change in the patient’s conscious-
ness or neurological symptoms. For evaluating risk factors of 
RCVS, we checked patient’s history of disease, coitus, exercise, and 
medication (hormone and vasoconstrictors). However, we failed 
to find out the trigger point of RCVS. The headache gradually im-

proved, and she complained of only mild headaches. After dis-
charge from the hospital, we maintained nimodipine therapy (60 
mg, 3 times/day) for 14 days along with pain control. Three 
months after symptom onset, we performed brain magnetic reso-
nance (MR) images for follow-up checks, which showed diffuse 
cortical hemosiderosis on the left Sylvian fissure and frontoparietal 
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sulci (Fig. 3A, 3B). No segmental vasoconstrictions were observed 
on MR angiography (Fig. 3C, 3D). Written informed consent was 
obtained for publication of this case report and accompanying im-
ages.

Discussion 

RCVS is characterized by a severe thunderclap headache associat-
ed with segmental vasoconstrictions of cerebral arteries. RCVS is 
diagnosed by DSA or CT angiography showing vasoconstrictions 
of the cerebral arteries in at least two parts and disappearing within 
3 months in brain imaging studies [1]. RCVS can occur at any age 
and is known to be more common in women [2–5]. Although the 
actual incidence of RCVS is not certain, several studies show that it 
is not uncommon [1,6–8]. The incidence rate seems to increase in 
recent years, but it is thought to be reflected the increase in the di-
agnosis due to the development of imaging technology [2,7,9]. 
The pathophysiology of RCVS is not clearly defined. Sympathetic 
excitation by medication, endothelial dysfunction, and oxidative 
stress can cause RCVS. Several risk factors are reported in the liter-
atures. Postpartum state, migraine, head trauma, and drugs may be 
involved in RCVS, which is thought to be due to hormonal and 
biochemical factors related to vasodilation, such as estrogen, endo-
cellin-1, serotonin, or nitric oxide [4,7,10–12]. 

The chief complaint of most patients is bilateral and diffuse 
thunderclap headache initiating from the occipital area [3,4,13]. 

The focal neurologic deficit, seizures, and cortical SAH also fol-
lowed [1]. Treatment is the cessation of the triggers such as drugs 
with close observation in the intensive care unit with control the 
pain, blood pressure, seizure [2,3,7]. The prognosis of most pa-
tients is good, and recurrence is rare [1,7]. 

ICH incidence in RCVS is 34% to 43%, and focal cortical SAH 
of 30% to 35% has been reported through a single-center study 
[14,15]. Although the mechanism of SAH in RCVS is not well 
known, disruption of pial vessels and reperfusion injury through 
high flow in constricted arteries can cause SAH [16]. It is challeng-
ing to diagnose RCVS involved SAH, because clinical symptom 
and radiologic findings are similar to aneurysmal SAH [17]. The 
pattern of focal SAH is mainly observed on non-contrast images, 
but aneurysmal SAH mostly shows bleeding in the basal cistern, 
which helps to differentiate [3,7,8,11]. Although it may be difficult 
to determine RCVS with SAH from arterial vasospasm caused by 
SAH, Ansari et al. [11] compared these two diseases. They sug-
gested some helpful imaging criteria for diagnosis (Table 1). In 
SAH, it is easy to observe the narrowing of blood vessels because 
DSA is performed immediately. However, if only ICH is present, 
the DSA, MR angiography, and CT angiography will be examined 
at time intervals. Because of this, the examination may proceed af-
ter the stenosis has disappeared, making the diagnosis difficult. Be-
sides hemorrhage or infarction, vascular dissection are sometimes 
accompanied, and patients usually have a severe headache that is 
different from general migraine and spreads bilaterally [1,10]. 
Rarely, mild headache may occur, and ICH may occur due to vaso-
constriction in the early stages of RCVS.  

In this case, the patient showed SAH with IPH on non-contrast 
CT, and vasoconstriction was observed at the initial CT angiogra-
phy. Although intracranial aneurysms and other vascular malfor-
mations were not revealed on CT angiography, we performed DSA 
to confirm the exclusion of intracranial vascular lesions. The typi-
cal pattern of SAH in RCVS patients is cortical SAH; however, the 
patient’s SAH was very similar to that of aneurysmal SAH. The re-
peated DSA and CT angiography showed no aneurysm or vascular 
dissection neither, but we could observe the vasoconstriction of 
multiple segments on M3 segments of MCA. After careful inspec-
tion of image workup, we could suggest the cause of SAH as RCVS 
despite the similar hemorrhagic pattern of aneurysmal SAH. 

Conclusion 

As the rate of diagnosis of cerebrovascular diseases increases with 
the development of imaging technology, the rate of diagnosis of 
RCVS is also growing. However, clinically, it is still difficult to diag-
nose RCVS in patients with a severe headache accompanied by 

Fig. 3. Brain magnetic resonance (MR) image 3 months after from 
symptom onset. Diffuse cortical hemosiderosis in the left Sylvian 
fissure and frontoparietal sulci was revealed on (A) T1-weighted 
and (B) T2-weighted MR image. (C, D) No segmental vasoconstric-
tions were observed on MR angiography.

A

C

B

D
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SAH or ICH. In case of non-aneurysmal SAH and IPH in an un-
usual location, clinicians should be aware of RCVS as a possible 
cause of SAH and IPH, and careful inspection of image workup is 
mandatory. 
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Table 1. Differential diagnostic criteria for RCVS-associated SAH from vasospasm after aneurysmal SAH [11]

RCVS vasoconstriction Vasospasm-aneurysmal SAH
No evidence of ruptured aneurysm or vascular malformation Plausible target lesion identified
Diffuse and disproportionate extent of cerebral vasoconstriction Severity of vasospasm correlates with amount of hemorrhage
relative to the extent of SAH and is most pronounced in the vicinity of the lesion
Beaded or sausage-shaped appearance of alternating areas of Smooth, long segmental narrowing of the proximal arteries at the
segmental vasoconstriction preferentially involving distal circle of Willis
second- and third-order cerebral branches
Development of vasoconstriction in the first 4 to 5 days after symptom Development of vasospasm peaking between 4 and 14 days
onset, or persistence past 3 weeks after hemorrhage

RCVS, reversible cerebral vasoconstriction syndrome; SAH, subarachnoid hemorrhage.
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Introduction 

Approximately 10% of vertebral artery (VA) aneurysms are fusi-
form and originate from the posterior inferior cerebellar artery 
(PICA) [1,2]. The ideal treatment for fusiform aneurysms is com-
pletely isolating them from the circulation while preserving flow to 
parent vessel branches. Fusiform aneurysms are treated surgically 
(proximal clip ligation, trapping, and microvascular bypass) or en-
dovascularly (coil embolization, stenting, stent-assisted coiling, 
and flow diversion) [3–7]. 

The patient in this study was diagnosed with subarachnoid hem-
orrhage due to a ruptured right VA fusiform aneurysm originating 
from the PICA. Digital subtraction angiography (DSA) was per-
formed after confirming subarachnoid hemorrhage using brain 
computed tomography (CT). We confirmed a preexisting collater-
al channel between the PICA and posterior meningeal artery 

A 60-year-old female patient presented to the emergency department with comatose mentation. Brain computed tomography angi-
ography revealed subarachnoid hemorrhage due to a ruptured right vertebral artery (VA) fusiform aneurysm originating from the pos-
terior inferior cerebellar artery (PICA). Subsequent digital subtraction angiography confirmed that the PICA was supplied by collateral 
circulation via the ipsilateral posterior meningeal artery. Coil embolization of the ruptured VA fusiform aneurysm was performed. Gen-
erally, the PICA is involved in dissecting VA aneurysms, and a therapeutic strategy without reconstructive therapy could pose a signifi-
cant risk of morbidity. However, this case, we could perform parent artery occlusion without bypass surgery or stenting because of the 
unusual collateral channel. 
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(PMA). Therefore, we performed parent artery occlusion (PAO) 
without any bypass surgery and stenting because of this unusual 
collateral channel. 

Case Report 

A 60-year-old female patient was admitted to Chosun University 
Hospital emergency department because of sudden changes in 
consciousness. The Glasgow Coma Scale score on admission was 3 
(E1M1V1). Neurological examination revealed full pupil dilatation 
and a decerebrate posture. She had no underlying disease or a his-
tory of head trauma. Thirty minutes after admission to the emer-
gency department, cardiac arrest occurred. After cardiopulmonary 
resuscitation, she achieved return of spontaneous circulation but 
was still hemodynamically unstable.  

Brain CT angiography revealed subarachnoid hemorrhage 
(Fisher grade 4) and right VA fusiform aneurysm incorporated 
with the PICA (Fig. 1). DSA showed a ruptured VA-PICA aneu-
rysm. This fusiform-shaped aneurysm was likely a dissecting an-
eurysm, although magnetic resonance imaging was not utilized 
to confirm an intimal flap and/or intramural hematoma. The 
PICA was supplied by collateral circulation via the ipsilateral 
PMA (Fig. 2). 

Copyright © 2021 by The Korean Society of Geriatric Neurosurgery
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PAO of the right VA and fusiform aneurysm was performed us-
ing coils. Follow-up DSA revealed aneurysm occlusion and PICA 
filling by collateral circulation via the ipsilateral PMA (Fig. 3). An 
external ventricular drain was performed after the endovascular 
treatment. 

The patient recovered slowly, and she was able to return home 
with no focal neurological deficits after one month of rehabilita-
tion. She has been capable of performing daily living activities 
since. One year postoperative, brain magnetic resonance imaging 
showed no interval change. 

Discussion 

Intracranial aneurysms can be classified according to their patho-
genesis, shape, or etiology. Classification according to its form is 
the most used, and it can be divided into saccular and nonsaccular 
types. Fusiform aneurysms are nonsaccular and involve the vessel 
wall at a variable distance and can present different formation 
processes. The two principal causes of this type of aneurysm are 
dissection and atherosclerosis; disorders of collagen and elastin 

Fig. 1. Brain computed tomography angiography showing (A) a typical subarachnoid hemorrhage with intraventricular hemorrhage and 
(B, C) a right vertebral artery fusiform aneurysm involving the origin of the posterior inferior cerebellar artery (arrows). Written informed 
consent was obtained for publication of this case report and accompanying images.

Fig. 2. Digital subtraction angiography showing (A, B) an anasto-
mosis between the posterior inferior cerebellar artery (arrowhead) 
and the posterior meningeal artery (arrow). Written informed 
consent was obtained for publication of this case report and ac-
companying images.

Fig. 3. Postoperative digital subtraction angiography showing (A) 
parent vessel occlusion of the right vertebral artery and fusiform 
aneurysm and (B) filling of the posterior inferior cerebellar artery 
territory by collateral circulation via the ipsilateral posterior men-
ingeal artery. Written informed consent was obtained for publica-
tion of this case report and accompanying images.
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metabolism, by infections, very rarely by neoplastic invasion of 
the arterial wall and iatrogenesis are other origins of this vascu-
lopathy [8]. Fusiform aneurysms represent about 3% to 13% of 
all intracranial aneurysms, and they are often observed at the 
vertebrobasilar system [8,9]. Approximately 10% of VA aneu-
rysms are fusiform and originate from the PICA [1,2]. Fusiform 
aneurysms have different underlying pathologies, hemodynam-
ics, anatomical distributions, natural histories, and treatments 
compared to the saccular variety [8].The ideal treatment for fusi-
form aneurysms is completely isolating them from the circula-
tion while preserving flow to parent vessel branches. Surgical 
treatments, proximal clip ligation, trapping, and microvascular 
bypass have classically been the method of choice for fusiform 
aneurysms. Some of these strategies achieve exclusion of the an-
eurysm from the circulation, while others depend on flow rever-
sal to decrease the risk of future rupture. Endovascular treat-
ments, including parent vessel coil embolization, stenting, 
stent-assisted coiling, and flow diversion, have recently emerged 
as alternatives to open surgery [3–7]. The patient in this study 
was hemodynamically unstable and therefore required urgent 
evaluation and treatment. DSA showed a VA fusiform aneurysm 
originating from the PICA, which was supplied by collateral cir-
culation via the ipsilateral PMA. PVO of the right VA and fusi-
form aneurysm was performed using coils. 

PMA arose from the third segment of the VA. After entering 
the skull, the PMA courses within the dura mater and supplies 
the occipital dura mater, falx cerebelli, tentorium cerebelli, and 
falx cerebri. Normally, there is no anastomosis between the PICA 
and PMA. However, four cases of PMA originating from the 
PICA have been reported [10,11] and one case of PICA origi-
nating from the PMA [12]. In the 12-mm to 20-mm embryo 
stages, the primitive cranial vessels differentiate into the external, 
dural, and cerebral vessels. Anastomoses exist among these three 
vascular systems prior to differentiation. Some anastomoses may 
present between the primitive vessels forming the PICA and the 
PMA and sometimes persist until adulthood [11]. However, the 
delayed development of collateral circulation from the PMA to 
the PICA has not been reported. We confirmed the presence of 
PMA through DSA. If the PICA is clogged, it can be life-threat-
ening. However, in our case, effective embolization was possible. 
Despite being uncommon, PMA should be considered as a po-
tential collateral channel to the PICA in therapeutic proximal 
PICA occlusion. 

Conclusion 

Generally, there is no anastomosis between the PICA and PMA. 

In a case like this, the PAO for a ruptured VA dissecting aneurysm 
involving the origin of the PICA is effective.  
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Introduction 

Adhesive arachnoiditis in addition to spinal arachnoid cysts is ex-
tremely uncommon [1]. It is known to be associated with devas-
tating clinical outcomes. Although the exact pathophysiology asso-
ciated with an arachnoid cyst remains unclear, congenital, inflam-
matory, iatrogenic, and post-traumatic factors might play roles in 
its pathophysiology [2]. Severe diffuse inflammatory reaction 
along the whole spinal cord can occur rarely after hemorrhage [3]. 
Adhesion forms tethering of neural component including spinal 
cord and nerve roots. Subsequently, cerebrospinal fluid (CSF) lo-
cation due to the disruption of flow is generated. It can compress 
the spinal cord with a clinical manifestation as progressive motor 
weakness. Previous reported cases were adhesive arachnoiditis fol-
lowing aneurysmal or spontaneous subarachnoid hemorrhage. In 
this article, we report a case of a recurrent spinal arachnoid cyst 

Although arachnoid cysts associated with adhesive arachnoiditis are extremely rare, they can have devastating clinical outcomes. This 
severe form of arachnoiditis develops from fibrosis of the arachnoid membrane with subsequent adhesion of the arachnoid space. An 
arachnoid cyst with adhesive arachnoiditis can compress the spinal cord. Surgical decompression can be considered in case of neuro-
logic deficits. However, surgery should be chosen carefully because it does not always guarantee favorable clinical outcomes. We pres-
ent a case of recurrent arachnoid cysts with adhesive arachnoiditis following a spontaneous spinal hematoma in an elderly woman 
who suffered from progressive myelopathy despite 2 adhesiolysis treatments. 
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with arachnoiditis following a spontaneous spinal subdural hema-
toma (SSDH) with a literature review. 

Case Report 

A 73-year-old female visited the emergency room with back pain 
and bilateral leg weakness a week ago. She did not have complains 
of any relevant pain. The patient denied any recent pain proce-
dures including acupuncture and lumbar puncture. She was taking 
oral anti-hypertensive drugs. However, she did not receive any an-
ticoagulant therapy. 

Physical examination showed flaccid motor weakness (manual 
muscle test 2/2) for both legs, decreased sensory perception below 
T11 dermatome bilaterally, both knee jerk hyperreflexia, and de-
creased rectal tone. The patient had saddle anesthesia and bladder 
retention. Laboratory tests including tests related to coagulation at 
the time of admission showed normal results: a platelet count of 
246,000/µL, a prothrombin time of 14.4 seconds (normal range, 
11.0–15.0 seconds), a partial thromboplastin time of 31.3 seconds 
(normal range, 29.0–44.0 seconds), and an international normal-
ized ratio of 1.11 (range, 0.85–1.30). 

Plain radiographs and computed tomography (CT) scans re-
vealed unremarkable mild spondylosis without a traumatic change 
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of bony structures. Magnetic resonance image (MRI) of the whole 
spine showed long segmental subdural hematoma involving tho-
racic and lumbar spine lumbar spine (Fig. 1). Compression of spi-
nal cord was severe at T9 level and moderate at T6–T7 levels. Sub-
tle cord signal change was found at T9 and T10 levels. Prominent 
hematoma at left subdural space of T12 and L1 levels deviated spi-
nal cord to the right side. Gadolinium enhance image did not re-
veal a tumor or vascular disease. Because some spinal subdural or 
subarachnoid hematomas are associated with cerebral lesions 
like subarachnoid hemorrhage due to the rupture of an aneu-
rysm, CT and MRI of the brain were performed. However, their 
results were unremarkable without any evidence of acute hemor-
rhagic or infarct lesion. Results of cerebral angiography were un-

remarkable as well. 
Although surgical decompression was considered at the time of 

admission, the patient showed neurologic recovery in a short time. 
Thus, the patient was observed closely with intravenous injection 
of tranexamic acid 2,500 mg and vitamin K 10 mg every 6 hours. 
Manual motor grade became greater than 4 for both legs at one 
day after admission. Fortunately, she was discharged from the hos-
pital after the period of rehabilitation. At the time of discharge, the 
patient could walk without assistance. 

However, 1 month later after the discharge, she visited the out-
patient clinic with a recent gradual mild weakness of both legs and 
persistent urinary incontinence. MRI of the whole spine was taken 
immediately to evaluate the reason for neurologic deterioration. 
The exam showed multifocal arachnoid cyst with intradural adhe-
sion, adhesive arachnoiditis at thoracic and lumbar spine resulting 
in multiple indentations and deviation of the spinal cord (Fig. 2A–
C). Multifocal intradural cystic lesions and compressive myelopa-
thy were observed within the spinal cord at T6–T12 levels. 

Surgical decompression was performed under general anesthe-
sia. Lamina of the T3 segment, which showed the most severe 
compression of the spinal cord, was exposed with midline incision 
and subsequent periosteal dissection. Laminectomy was per-
formed to visualize the thecal sac. Dura was opened under a micro-
scope and retracted with a stay suture. There was a solitary and 
large cystic lesion covered by a very thin membrane (Fig. 3). The 
lesion filled with clear fluid was deviating the spinal cord into the 
left side with severe compression. Since en bloc resection was im-
possible, obtaining the internal fluid was decided for the diagnosis. 
About 5 mL amount of the internal fluid was aspirated with a 1 mL 

Fig. 1. Sagittal (T2-weighted [A]) and axial T2-weighted [B] at 
the T12 level) magnetic resonance images revealing subdural he-
matoma extending from T9 to L1 and deviation of the spinal cord 
at T12 caused by the hematoma. Written informed consent was 
obtained for publication of this case report and accompanying 
images.

Fig. 2. (A-C) Follow-up sagittal (T2-weighted) magnetic resonance image (MRI) revealing a newly developed arachnoid cyst with arach-
noiditis compared to previous MRI in Fig. 1. (D) Postoperative sagittal T2-weighted MRI revealing complete removal of cystic compres-
sion. Written informed consent was obtained for publication of this case report and accompanying images.
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Microscopic exam of the aspirated fluid revealed CSF mixed 
with hemorrhage (red blood cell, 1,250/mm3). Laboratory exam-
ination of the fluid showed glucose level of 50 mg/dL, protein level 
of 23.0 mg/dL, and lactic acid level of 1.68 mmol/L. On both 
Gram-stain and bacterial culture, no microorganism was isolated. 
Parasite Ab-IgG to rule out neurocysticercosis was negative. Addi-
tional blood tests such as anti-streptolysin O test were negative. 

The patient’s motor function of both legs improved after the de-
compression. Postoperative MRI showed well removal of multiple 
arachnoid cysts along the thoracic spine seen in previous MRI 
(Fig. 2D). She was discharged at 1 week after surgery without any 
complication. At the first visit to the outpatient clinic 1 month lat-
er, her gait disturbance disappeared completely. However, she 
complained of progressive weakness of both legs again 5 months 
later. Thoracic spine MRI showed recurrent multiple arachnoid 
cysts with adhesive arachnoiditis at T3–T7 levels resulting in mul-
tiple indentations and left deviation of the spinal cord. Compres-
sive myelopathy was also observed at T2 and T4 to T7 levels  
(Fig. 4A, 4B). At this time, wide decompression and adhesiolysis 
were tried to prevent the recurrence. Laminectomies were per-
formed between T2 and T7 levels. Severe adhesion was observed 
at the moment of dura opening. There were multiple cystic lesions. 
Adhesiolysis and cystic wall removal was performed as much as 
possible. However, full decompression could not be accomplished 
due to decreased motor evoked potential (MEP) amplitude. 

At postoperative MRI, a cystic lesion was not seen completely 
(Fig. 4C). However, her lower limb motor grade did not recover 
fully. She was discharged for rehabilitation with follow up in the 
outpatient clinic. Four months later, she complained of neurologic 
deterioration again. MRI scans revealed arachnoid cysts with se-

Fig. 3. A picture of the operative field after total laminectomy at 
T3, showing that the dura was opened and revealing a gray and 
cystic lesion (white arrow), from which clear fluid was aspirated 
with a syringe. Written informed consent was obtained for publi-
cation of this case report and accompanying images.

Fig. 4. (A, B) Follow-up sagittal (T2-weighted) magnetic resonance image (MRI) revealing a newly developed arachnoid cyst with arach-
noiditis compared to previous MRI in Fig. 2. (C) Postoperative sagittal T2-weighted MRI revealing complete removal of cystic compres-
sion. Written informed consent was obtained for publication of this case report and accompanying images.

syringe and subjected to laboratory tests. After the aspiration, the 
cyst was collapsed. The membrane could not be acquired because 
the texture was similar to the membrane as in cerebral chronic sub-
dural hematoma. Because it was not certain that the cyst was con-
nected to caudal segments, another laminectomy was conducted 
at the T5 level. With the dura opening, a similar membrane was 
noted. However, it was empty probably due to the prior aspiration. 
The spinal cord seemed to be unremarkable at both levels. Dura 
was closed with a continuous suture. Laminectomized bones were 
attached into the removed site with plates. 
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vere spinal cord compression at more proximal level than previous 
laminectomy site (Fig. 5). A Surgical procedure with adhesiolysis 
and cyst-subarachnoid shunt was considered. However, close ob-
servation was decided instead of decompression after an in-depth 
discussion with the patient and her family members because we 
could not be convinced how to prevent a recurrence. Fortunately, 
the patient’s motor function has not been worse for 6 months since 
then. She is currently wheelchair-bound with rehabilitation and 
regular follow-up. 

Discussion 

In this case, an intractable arachnoid cyst with arachnoiditis after a 
resolution of spontaneous spinal hematoma was demonstrated. 
Despite 2 times of surgical decompression, the debilitating clinical 
course failed to be overcome. 

First, the subdural hemorrhage seen at the first spine MRI oc-
curred spontaneously. Trauma is a common cause of spinal subdu-
ral hemorrhage. It is often associated with hemostatic disorders 
following an iatrogenic injury such as a spinal puncture or an anti-
coagulation therapy [2]. In this case, the patient denied any trau-
matic events and hemostatic problems such as polycythemia, leu-
kemia, and hemophilia. She did not take any anticoagulants either. 

Most spinal hematoma occurs in the epidural space or the sub-
arachnoid space because spinal subdural space is narrow. And 
there is few angiogenesis and only has radiculomedullary vessels 
whereas a subarachnoid space contains major blood vessels and 
bridging veins [1]. A possible mechanism of SSDH is that the 
pressure of vessels increases due to rising thoracic or abdominal 
pressure in the subarachnoid space. As a result, blood vessels 
might have ruptured. Hemorrhage can be diluted by CSF and 
migrate into the subdural space when the arachnoid membrane 
ruptures [4]. 

Blood clots seem to cause fibrosis of the arachnoid with an in-
flammatory reaction. This increases collagen synthesis and accu-
mulation of procollagen propeptides which lead to fibrosis in 
subarachnoid space [5]. Adhesive arachnoiditis can be associat-
ed with infection, trauma, and hemorrhage such as subarachnoid 
hemorrhage due to aneurysmal rupture [5]. Iatrogenic origin is 
also assumed after various procedures including spinal surgery, 
spinal tap, pain block, and spinal anesthesia [6,7]. Prolonged bed 
rest, use of fibrin glue, collapse of subarachnoid space due to 
lumbar puncture were also pointed out as risk factors of arach-
noiditis [8]. Proposed mechanisms include persistent inflamma-
tory reaction, occult meningitis, and collapse of the subarachnoid 
space causing pial adhesion. Arachnoid cyst might form when 
adhesion of arachnoid membrane acts as a one-way valve with 
CSF flow diversion [3]. Another hypothesis is that the cells of 
cyst wall is associated with the production of CSF. Continuous 
production of CSF after location is likely to form arachnoid cyst 
filled with CSF [9]. 

The exact diagnosis was unclear until the dura mater was 
opened at the first surgery. Liquefied hematoma with a migrated 
location was a strong differential diagnosis at that time. However, 
the fluid inside the membrane was CSF itself, not showing xan-
thochromatous color as in liquefied hematoma. Spinal cysticerco-
sis was another differential diagnosis that often resembles other 
cystic diseases mostly located in the thoracic level. In our case, en-
zyme-linked immunosorbent assay was negative without an elevat-
ed protein. In addition, MRI did not show well defined T2 weight-
ed image. Therefore, we could exclude spinal cysticercosis. 

Medical treatment for arachnoiditis did not show improvement 
until now. Hackert et al. [10] reported improvement in one fourth 
patient after immunotherapies including corticosteroids, metho-
trexate, or plasmapheresis but firm clues seem to insufficient. 
There are several surgical options to treat an arachnoid cyst with 
adhesive arachnoiditis. Shikata et al. [11] have reported 54.8% to 
80% of good results after nonmicroscopic and microscopic lysis. 
However, simple cyst fenestration was unhelpful to prevent the re-
currence in this patient. During the revision surgery, wide decom-

Fig. 5. Follow-up magnetic resonance image (MRI) at postopera-
tive 4 months revealing recurrent arachnoid cyst with arachnoid-
itis compared to postoperative sagittal T2-weighted MRI. Written 
informed consent was obtained for publication of this case report 
and accompanying images.
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pression and adhesiolysis was tried. But it was not easy due to de-
creased MEP amplitude. Considering that the adhesion was much 
worse in the second operation, complete cyst wall removal and 
restoration of normal CSF circulation should have been performed 
rather than simple decompression at first. Although not performed 
in this case, myelogram CT may help to find communication be-
tween cyst and normal CSF when the result of MRI is insufficient 
[12]. Several authors even advocated conservative treatment be-
cause of devastating clinical results despite surgical decompression 
as in this case [1,13]. A successful result has been reported with 
CSF diversion with shunt by several authors [14]. A subarach-
noid-subarachnoid shunt might be relatively simple way to create a 
bypass for CSF circulation than other passages although this pro-
cedure requires more clinical experience. Treatment should be 
planned depending on the patient’s age, the presence of neurologic 
deficit, the location of the cyst, and the amount of spinal cord 
compression. More importantly, geriatric people are much frail to 
neurologic injury and surgical procedure. Obtaining informed 
consent after sufficient communication with the patient is the 
most important because relapse is common after surgical decom-
pression in arachnoid cyst with adhesive arachnoiditis. 

Conclusion 

A 73-year-old female demonstrated repetitive relapse of arachnoid 
cysts with adhesive arachnoiditis following a spontaneous spinal 
hematoma. Surgical treatment including fenestration, cyst wall re-
moval, adhesiolysis, or bypass can be tried after obtaining the pa-
tient’s understanding sufficiently because a devastating clinical re-
sult is common due to recurrence. 
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be no more than 100 references in review articles.

5) Text should be written in 11 point fonts with double line spac-
ing.

3. Abstract
1) The abstract should include brief descriptions on the objec-

tive, methods, results, and conclusion as well as a detailed de-
scription of the data. An abstract containing 250 words or less 
is required for clinical articles and 200 words or less for review 
articles and case reports.

2) Abstract can be revised by the decision of editorial board, and 
some sentences can be modified as a result of revision.

3) A list of keywords, with a minimum of two items and maxi-
mum of six items, should be included at the end of the ab-
stract.

4) The selection of keywords should be based on Medical Sub-
ject Heading (MeSH; https://www.ncbi.nlm.nih.gov/mesh).  

4. Introduction
The introduction should address the purpose of the article con-
cisely, and include background reports mainly relevant to the pur-
pose of the paper. Detailed review of the literature should be ad-
dressed in the discussion section.

5. Materials and Methods
1) The article should record research plans, objective, and meth-

ods in order, as well as the data analysis strategies and control 
of bias in the study. Enough details should be furnished for the 
reader to understand the method(s) without reference to an-
other work in the study described.

2) When reporting experiments with human subjects, the au-
thors must document the approval received from the local In-
stitutional Review Board. When reporting experiments with 
animal subjects, the authors should indicate whether the han-
dling of the animals was supervised by the research board of 
the affiliated institution or such. Approved number of IRB 
must be noted.

3) Photographs disclosing patients must be accompanied by a 
signed release form from the patient or family permitting pub-
lication.

4) Ensure correct use of the terms sex (when reporting biological 
factors) and gender (identity, psychosocial or cultural factors), 
and, unless inappropriate, report the sex and/or gender of 
study participants, the sex of animals or cells, and describe the 
methods used to determine sex and gender. If the study was 
done involving an exclusive population, for example in only 
one sex, authors should justify why, except in obvious cases 
(e.g., prostate cancer). Authors should define how they deter-
mined race or ethnicity and justify their relevance.

6. Results
1) The authors should logically describe their results of observa-

tions and analyses performed using methodology given in the 
previous section and provide actual data.

2) For biometric measurements in which considerable amount of 
stochastic variation exists, a statistical evaluation is mandatory. 
The results must be sorely from the findings of the current 
study and not refer to any previous reports.

3) While an effort should be made to avoid overlapping descrip-
tions by Tables and by main text, important trends and points 
in the Table should be described in the text.

7. Discussion
Discussions about the findings of the research and interpretations 
in relation to other studies are made. It is necessary to emphasize 
the new and critical findings of the study, not to repeat the results 
of the study presented in the previous sections. The meaning and 
limitation of observed facts should be described, and the conclu-
sion should be related to the objective of the study only when it is 
supported by the results of the research.

(MeSH; https://www.ncbi.nlm.nih.gov/mesh). 


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

9. References
References should be ordered according to order of appearance in 
the text, using Vancouver style. Journal titles should be abbreviated 
in the style used in Medline. Unpublished data should preferably 
not be cited. Where this is unavoidable, however, the source should 
be placed in parentheses in the main text and such expressions as 
“personal opinion exchange” or “unpublished data” should be used. 
Other types of references not described below should follow Citing 
Medicine: The NLM Style Guide for Authors, Editors, and Pub-
lishers (http://www.nlm.nih.gov/citingmedicine).

• The citation superscript style is as follows:
Reference number in the text, tables, and figures should in a brack-
et ([ ]). If two or more citation numbers are required, separate 
numbers with a comma (,) or a dash (–) (e.g., Boyes [1–3], Chap-
man [1,2,7]).

• Journal article
1. Choi YH, Pee YJ, Jang IT. Percutaneous vertebroplasty: can it 

be an alternative treatment option for thoracolumbar burst 
fractures? J Korean Soc Geriatr Neurosurg 2020;16:67–70.

2. Lee I, Park K, Jeong TS, et al. Clinical outcomes of diffuse ax-
onal injury after traumatic brain injury according to magnetic 
resonance grading. J Korean Soc Geriatr Neurosurg 2020;16: 
71–7. 

3. Faiver L, Hensler D, Rush SC, Kashlan O, Williamson CA, Ra-
jajee V. Safety and efficacy of 23.4% sodium chloride adminis-
tered via peripheral venous access for the treatment of cerebral 
herniation and intracranial pressure elevation. Neurocrit Care 
2021 Jun 25 [Epub]. https://doi.org/10.1007/s12028-021-
01248-7. 

• Book chapter
4. Sweitzer S, Arruda J, DeLeo J. The cytokine challenge: meth-

ods for the detection of central cytokines in rodent models of 
persistent pain. In: Kruger L, editor. Methods in pain research. 
Boca Raton, FL: CRC Press; 2001. p. 109–32. 

• Entire book
5. Atlas SW. Magnetic resonance imaging of the brain and spine. 

Philadelphia: Lippincott Williams & Wilkins; 2001.

• Website
6. National Cancer Institut. CANCERNET-PDQ [Internet]. 

Bethesda (MD): National Cancer Institute; 2016 [cited 2021 
Jun 10]. Available from: https://www.cancer.gov/publications/
pdq.

7. National Institue on Drug Abuse (NIDA). Drug use and viral 
infections (HIV, hepatitis) DrugFacts [Internet]. Bethesda 
(MD): NIDA; 2020 [cited 2021 Jan 5]. Available from: https://
www.drugabuse.gov/publications/drugfacts/drug-use-viral- 
infections-hiv-hepatitis. 

10. Tables
1) Tables should be created using the table formatting and edit-

ing feature of Microsoft Word. The title of the table must be 
noted. Tables cannot be submitted in a picture format.

2) Tables should be prepared in detail, in order to understand 
the contents of the manuscript without further reference.

3) Do not include vertical lines in table, and refer to the table 
formats in formal papers in Journal of the Korean Society of 
Geriatric Neurosurgery.

11. Figures and Illustrations
1) Figures should have resolution of 300 dpi or above and 

should be submitted individually (Namely, if Figure 1 is di-
vided into A, B, C and D, do not combine them into one, but 
submit each of them separately). Allowable file format for 
figures are JPG or TIF(TIFF) only.

2) Figures should be named according to figure name (exam-
ple: Fig-1A.tif). If the quality of the photographs is consid-
ered as inappropriate for printing, resubmission of them can 
be requested by the journal.

3) Authors should submit figures in black and white if they 
want them to be printed in black and white. Authors are re-
sponsible for any additional costs of producing color figures 
(Additional cost for color printing is determined by the edi-
torial board).

4) Line art should have resolution of 1,200 dpi or more in JPG 
or TIF format.

12. Author Check List
1) Before submitting the manuscript, authors should dou-

ble-check all requirements noted in the agreement form re-
garding the registration and copyrights of their manuscript. 
A manuscript that does not fit the author instructions of the 
journal regarding format and references will be returned to 
the authors for further correction.

2) The page numbers in the manuscript should be counted 

http://www.nlm.nih.gov/citingmedicine
https://www.cancer.gov/publications/pdq
https://www.cancer.gov/publications/pdq
https://www.drugabuse.gov/publications/drugfacts/drug-use-viral-
infections-hiv-hepatitis
https://www.drugabuse.gov/publications/drugfacts/drug-use-viral-infections-hiv-hepatitis
https://www.drugabuse.gov/publications/drugfacts/drug-use-viral-infections-hiv-hepatitis


from the page with the abstract, and the name and affiliation 
of the authors should not appear thereafter.

3) Author check list should be prepared, signed by correspond-
ing author, submitted with manuscripts, and then registered 
online. Relevant forms can be downloaded at manuscript 
submission site.

V. Peer Review Process

All manuscripts are considered confidential. They are peer-re-
viewed by at least two anonymous reviewers selected by the Editor. 
The corresponding author is notified as soon as possible of the Ed-
itor’s decision to accept, reject, or ask for revisions. The average 
time interval for an initial review process that involves both editori-
al and peer reviews is approximately 1 month; occasionally, there 
are unavoidable delays, usually because a manuscript needs multi-
ple reviews or several revisions. When manuscripts are returned 
for revision, a cover letter from the Editor provides directions that 
should be followed carefully. When submitting the revised manu-
script, authors should include a Response Letter, which describes 
how the manuscript has been revised. A point-by-point response 
to the Editor should be included with the revised manuscript. Au-
thors who plan to resubmit but cannot meet this deadline should 
contact the Editorial Office. Manuscripts held for revision will be 
retained for a maximum of 90 days. The revised manuscript and 
the author’s comments will be reviewed again. If a manuscript is 
completely acceptable, according to the criteria set forth in these 
instructions, it is scheduled for publication in the next available is-
sue.

We neither guarantee the acceptance without review nor very 
short peer review times for unsolicited manuscripts. Commis-
sioned manuscripts also are reviewed before publication.

We adopt double-blind peer review in which case, not only au-
thors but also reviewers do not know each other.

VI. Publication and Charges

1. Publication
Once a manuscript is accepted for publication by the journal, it 
will be sent to the press, and page proofs will be sent to authors. 
Authors must respond to the page proofs as soon as possible after 
making necessary corrections of misspellings, and the location of 
the photographs, figures or tables. Authors can make corrections 
for only typing errors, and are not allowed to make any author al-
teration or substantive changes of the text. Proofs must be returned 
to the press within 72 hours of receipt. No response from the au-
thors within this time frame will lead the publication of the proof 

read without corrections, and the editorial board will not be re-
sponsible for any mistakes or errors occurring in this process.

2. Charge
There is no author’s submission fee or other publication related fee 
since every cost for the publication process is supported by the 
publisher.

VII. Ethical Guidelines

1. Research Ethics
1) All of the manuscripts should be prepared in strict observa-

tion of research and publication ethics guidelines recom-
mended by the Council of Science Editors (CSE), Interna-
tional Committee of Medical Journal Editors (ICMJE), 
World Association of Medical Editors (WAME), and the 
Korean Association of Medical Journal Editors (KAMJE).

2) Any study including human subjects or human data must be 
reviewed and approved by a responsible institutional review 
board (IRB). Please refer to the principles embodied in the Dec-
laration of Helsinki (https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-principles-for-medical- 
research-involving-human-subjects/) for all investigations 
involving human materials. The editor of Journal of the Kore-
an Society of Geriatric Neurosurgery always request submis-
sion of copies of informed consents from human subjects in 
clinical studies or IRB approval documents.

3) Animal experiments also should be reviewed by an appropri-
ate committee (Institutional Animal Care and Use Commit-
tee, IACUC) for the care and use of animals. Also studies 
with pathogens requiring a high degree of biosafety should 
pass review of a relevant committee (Institutional Biosafety 
Committee, IBC). 

2. Conflict of Interest
1) The corresponding author of an article is asked to inform the 

Editor of the authors’ potential conflicts of interest possibly 
influencing their interpretation of data. A potential conflict 
of interest should be disclosed in the cover letter even when 
the authors are confident that their judgments have not been 
influenced in preparing the manuscript. Such conflicts may 
be financial support or private connections to pharmaceuti-
cal companies, political pressure from interest groups, or ac-
ademic problems. 

2) The Editor will decide whether the information on the con-
flict should be included in the published paper. Before pub-
lishing such information, the Editor will consult with the 

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
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corresponding author. In particular, all sources of funding 
for a study should be explicitly stated. The Journal of the Ko-
rean Society of Geriatric Neurosurgery asks referees to let its 
Editor know of any conflict of interest before reviewing a 
particular manuscript.

3. Journal Policies on Authorship and Contributorship
1) Authors are required to make clear of their contribution to 

their manuscript in cover letter. To be listed as an author one 
should have contributed substantially to all four categories 
established by the ICMJE: (1) conception and design, or ac-
quisition, or analysis and interpretation of data; (2) drafting 
the article or revising it critically for important intellectual 
content; and (3) final approval of the version to be pub-
lished; and (4) agreement to be accountable for all aspects 
of the work in ensuring that questions related to the accuracy 
or integrity of any part of the work are appropriately investi-
gated and resolved.

2) When a large, multicenter group has conducted the work, 
the group should identify the individuals who accept direct 
responsibility for the manuscript. When submitting a manu-
script authored by a group, the corresponding author should 
clearly indicate the preferred citation and identify all individ-
ual authors as well as the group name. Journals generally list 
other members of the group in the Acknowledgments. Ac-
quisition of funding, collection of data, or general supervi-
sion of the research group alone does not constitute author-
ship. Authors are responsible for replying to all questions 
asked by reviewers or editors that relate to the accuracy or 
integrity of any part of the work. All persons who have made 
a substantial contribution, but who are not eligible as au-
thors, should be named in the acknowledgments. Authors 
are expected to consider carefully the way authors should be 
listed and ordered before submitting their manuscripts, and 
to provide a definitive list of authors with their original sub-
mission. Any addition, deletion, or rearrangement of author 
names in the authorship list should be made before the man-
uscript has been accepted—and only if approved by the 
journal Editor. To request such a change, the Editor must re-
ceive the following from the corresponding author: (a) the 
reason for requesting a change in the list of authors; and (b) 
written confirmation (by e-mail or letter) from all authors to 
say that they agree with the addition, removal, or rearrange-
ment.

4. Redundant Publication and Plagiarism
1) Redundant publication is defined as “reporting (publishing 

or attempting to publish) substantially the same work more 
than once, without attribution of the original source(s)”. 
Characteristics of reports that are substantially similar in-
clude the following: (a) “at least one of the authors must be 
common to all reports (if there are no common authors, it is 
more likely plagiarism than redundant publication),” (b) “the 
subject or study populations are often the same or similar,” 
(c) “the methodology is typically identical or nearly so,” and 
(d) “the results and their interpretation generally vary little, if 
at all.”

2) When submitting a manuscript, authors should include a let-
ter informing the editor of any potential overlap with other 
already published material or material being evaluated for 
publication and should also state how the manuscript sub-
mitted to Journal of the Korean Society of Geriatric Neurosur-
gery differs substantially from this other material. If all or part 
of your patient population was previously reported, this 
should be mentioned in the Materials and Methods, with ci-
tation of the appropriate reference(s).

3) The editorial committee checks the similarity by using the 
iThenticate (http://www.ithenticate.com/) program for all 
submitted articles to prevent plagiarism. The editorial com-
mittee rejects the article suspected of plagiarism and asks the 
author to check whether it is plagiarized and make a resub-
mission.

5. Readership
It is primarily for clinicians and researchers who care patients with 
spine and spinal cord diseases. They are able to obtain tailored in-
formation to adopt for their research and practice. Its readership 
can be expanded to other positions: Researchers can get the recent 
topics of clinical research in spine and spinal cord field and detailed 
research methods; Clinicians in the field can get the new informa-
tion and recent development for care of patients; Medical teacher 
can access and adopt a variety of data in medical education; Allied 
health professionals including nurses are able to get the recent in-
formation for care of patients with spine and spinal cord diseases; 
Medical health students can understand the recent trends of the 
field and interesting cases for their work; Policy makers are able to 
reflect the results of the articles to the nation-wide health care poli-
cies for patients with spine and spinal cord diseases; The public, 
especially family of patients with spine and spinal cord diseases are 
able to read the advancement in their family’s diseases so that they 
have a better knowledge on the diseases and a confidence in the 
clinicians’ devotion to their family.

http://www.ithenticate.com/


6. Obligation to Register Clinical Trial
1) Clinical trial defined as “any research project that prospec-

tively assigns human subjects to intervention and compari-
son groups to study the cause-and-effect relationship be-
tween a medical intervention and a health outcome” should 
be registered to the primary registry to be prior publication.

2) Journal of the Korean Society of Geriatric Neurosurgery accepts 
the registration in any of the primary registries that partici-
pate in the WHO International Clinical Trials Portal (http://
www.who.int/ictrp/about/details/en/index.html) as well as 
https://www.anzctr.org.au/, www.clinicaltrials.gov, www.
umin.ac.jp/ctr/index/htm and www.trialregister.nl. The 
clinical trial registration number shall be published at the 
end of the abstract.

7. Process for Identification of and Dealing with Allegations 
of Research Misconduct
When the Journal faces suspected cases of research and publica-
tion misconduct such as a redundant (duplicate) publication, pla-
giarism, fabricated data, changes in authorship, undisclosed con-
flicts of interest, an ethical problem discovered with the submitted 
manuscript, a reviewer who has appropriated an author’s idea or 
data, complaints against editors, and other issues, the resolving 
process will follow the flowchart provided by the COPE (http://
publicationethics.org/resources/flowcharts). The Editorial Board 
will discuss the suspected cases and reach a decision. We will not 
hesitate to publish errata, corrigenda, clarifications, retractions, 
and apologies when needed.

Cases that require editorial expressions of concern or retrac-
tion shall follow the COPE flowcharts available from: http://
publicationethics.org/resources/flowcharts. If correction is need-
ed, it will follow the ICMJE Recommendation for Corrections, 
Retractions, Republications and Version Control available from: 
http://www.icmje.org/recommendations/browse/publishing- 
and-editorial-issues/corrections-and-version-control.html as fol-
lows:

Honest errors are a part of science and publishing and require 
publication of a correction when they are detected. Corrections are 
needed for errors of fact. Minimum standards are as follows: First, it 
shall publish a correction notice as soon as possible, detailing 
changes from and citing the original publication on both an elec-

tronic and numbered print page that is included in an electronic or 
a print Table of Contents to ensure proper indexing; Second, it shall 
post a new article version with details of the changes from the origi-
nal version and the date(s) on which the changes were made 
through Crossmark; Third, it shall archive all prior versions of the 
article. This archive can be either directly accessible to readers; and 
Fourth, previous electronic versions shall prominently note that 
there are more recent versions of the article via Crossmark.

8. Handling Complaints and Appeals
The policy of the journal is primarily aimed at protecting the au-
thors, reviewers, editors, and the publisher of the journal. If not de-
scribed below, the process of handling complaints and appeals fol-
lows the guidelines of the COPE (https://publicationethics.org/
appeals). 
• Who complains or makes an appeal? Submitters, authors, review-
ers, and readers may register complaints and appeals in a variety of 
cases as follows: falsification, fabrication, plagiarism, duplicate 
publication, authorship dispute, conflict of interest, ethical treat-
ment of animals, informed consent, bias or unfair/ inappropriate 
competitive acts, copyright, stolen data, defamation, and legal 
problem. If any individuals or institutions want to inform the cases, 
they can send a letter to editor through https://www.jksgn.org/
about/contact.php. For the complaints or appeals, concrete data 
with answers to all factual questions (who, when, where, what, 
how, why) should be provided.
• Who is responsible to resolve and handle complaints and ap-
peals?
The Editor, Editorial Board, or Editorial Office is responsible for 
them.
• What may be the consequence of remedy?
It depends on the type or degree of misconduct. The consequence 
of resolution will follow the guidelines of the COPE.

9. Postpublication Discussions and Corrections
The postpublication discussion is available through letter to the 
editor. If any readers have a concern on any articles published, they 
can submit letter to the editor on the articles. If there founds any 
errors or mistakes in the article, it can be corrected through errata, 
corrigenda, or retraction.
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Author’s checklist

☐  Submit manuscripts as DOC or DOCX files. Double space all parts of the manuscript.

☐  Keep the Abstract, if required, within the word limits.

☐  Include institutional review board approval, informed consent, and/or animal care committee approval for an a clinical  
research.

☐  Do not embed figures in the main body or mix figures or tables with the text.

☐  Digital figures must be at least 300 dpi and a minimum of 10 cm to a maximum of 15 cm in width and height. Use JPG/JPEG 
formats (for revisions use TIF/TIFF without any arrows or markings).

☐  Video clips should be less than 5 minutes duration for each.

☐  Authors will be asked to confirm their compliance with the journal's policies and guidelines during the initial manuscript  
submission on the web page.

☐  Verify the accuracy of reference information to enable hyperlinks for the online version of the journal to function properly.

☐  For previously published materials, send written permission to reprint any figure or any other applicable permissions.

☐  Provide copies of any material for which there is overlap with your manuscript (see Redundant Publication)
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