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Objective: In recent years, the number of cases of unruptured intracranial aneurysms in older patients has been increasing, but the 
best treatment remains a matter of debate. This study aimed to compare the treatment methods for unruptured intracranial aneu-
rysms in patients aged 65 years and older. 
Methods: A retrospective review was conducted of data from unruptured intracranial aneurysms treated with surgical clipping or 
endovascular coiling between 2004 and 2019. Clinical and imaging information was collected. The treatment methods, proce-
dure-related complications, and imaging and clinical results were analyzed. Data were assessed through a comparative analysis of 
underlying diseases (diabetes mellitus, hypertension, and hypercholesterolemia), smoking and alcohol use history, the location and 
size of the aneurysms for patients who received each treatment, and complications that occurred after each treatment. 
Results: Of 211 patients over the age of 65, 71 were treated with clipping and 140 with coiling. The complications that occurred im-
mediately after treatment included postoperative hemorrhage (subarachnoid hemorrhage, intracerebral hemorrhage, intraventricular 
hemorrhage), chronic subdural hemorrhage, infection, and puncture site infection. Postoperative computed tomography images of 
the clipping sites had four times more opacity than those of coil embolization, but the outcomes (Glasgow outcome scores) showed 
no significant differences between clipping and coil embolization. 
Conclusion: Coil embolization and clipping are safe and effective treatment methods for unruptured intracranial aneurysms in el-
derly patients. Thus, the active treatment of unruptured intracranial aneurysms, which are likely to be which are at risk for rupture, 
should be considered. 

Keywords: Intracranial aneurysm; Aged; Clip, surgical; Coil embolization
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Introduction 

The elderly population is increasing exponentially every year and 
many populations experience life expectancies over 80 years. In 
most developed countries, more than 75% of the population die 
after the age of 75 [1]. With the development of non-invasive im-
aging examination methods, the diagnosis rate of unruptured cere-

bral aneurysms in the elderly is increasing [2]. Over the past few 
decades, the development of microsurgical and intravascular surgi-
cal treatment techniques has greatly improved, leading to better 
outcomes in patients with unruptured cerebral aneurysms [3,4]. 
In addition, the development of neurocritical care and patient 
monitoring has played an important role in enhancing the safety 
associated with aggressive treatments [5,6]. Although studies of 
treatment methods have reported that intravascular coil emboliza-
tion has significantly lower overall and short-term mortality than 
direct neck clipping [1], the recurrence rate of cerebral aneurysms 
is significantly higher [7]. Although intravascular coil embolization 
is commonly performed in the elderly [2], it is difficult to execute 
due to the physiological complications, such as vacuum tortuosity 
and atherosclerosis, which accompany aging. Therefore, the elder-
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ly often choose only conservative therapy without invasive treat-
ment [8]. The aging process changes the patient’s physiological 
condition, resulting in a reduced life expectancy, increased comor-
bidities, an increased surgical risk due to the invasiveness and ex-
tended operating hours, and an increased risk of intravascular coil 
embolization due to vascular tortuosity and arteriosclerosis [9]. In 
such situations, neurosurgeons experience conflicts over the 
choice of the treatment method for unruptured cerebral aneu-
rysms in the elderly. In this study, we aimed to perform a retrospec-
tive analysis of clinical and imaging data from elderly patients with 
unruptured cerebral aneurysms, including the treatment methods. 

Material and Method 

Patients 
Data were collected from patients with cerebral aneurysms from 
1997 to 2017 at Gyeongsang National University Hospital. A to-
tal of 2,850 patients treated for unruptured cerebral aneurysms 
were enrolled. Patients were included if they were aged 65 years 
or older, regardless of sex, and had a cerebral aneurysm detected  
by angiography. The study was conducted according to the guide-
lines of the Declaration of Helsinki, and approved by the Institu-
tional Review Board of Gyeongsang National University Hospital 
(protocol code: GNUH 2022-02-014 and March 15, 2022).

Method 
Of the total 2,850 patients, 211 elderly patients aged 65 years or 
older were diagnosed with cerebral aneurysm and subjected to coil 
embolization or clipping. All 211 patients had a follow-up period 
of less than 6 months. Of these, 3 overlapping patients were ex-
cluded from the study, and a total of 208 patients were analyzed. 
Patients who underwent cerebral direct neck clipping and coil em-
bolism were classified according to the location of the cerebral an-
eurysm. The treatment strategies were determined through discus-
sions with a neurosurgery specialist and a neurosurgeon who could 
perform neurological intervention procedures. Patient records 
were analyzed to assess the results obtained using the 2 different 
treatment methods. 

Clinical outcomes 
We used the Glasgow outcome score (GOS) to quantify the clini-
cal results of patients at the time of discharge after clipping or coil 
embolization. GOS scores of 1 to 3 points suggest a poor progno-
sis, and GOS scores of 4 to 5 points suggest a good prognosis. 
Post-surgical complications, including cerebral hemorrhage (intra-
cerebral hemorrhage, subarachnoid hemorrhage, and intraventric-
ular hemorrhage), chronic subarachnoid hemorrhage, cerebral in-

farction, and puncture site infection, were analyzed. Patients who 
were followed up after surgery were subjected to angiographic 
computed tomography after 3 months and magnetic resonance 
imaging after 6 months, after which outpatient revisits were per-
formed on a yearly basis to clarify the postoperative change or to 
find out aneurysm recurrence.  

Results 

After excluding cases of overlapping procedures and insufficient 
data, a total of 208 patients were analyzed. Of those patients, 69 
underwent clipping surgery (47 females, 22 males), about twice 
the case, and 139 underwent coil embolization (99 females, 40 
males). The average age of patients undergoing clipping and coil 
embolization was 68.29 and 71.46 years, respectively (Table 1). 
The average size of the cerebral aneurysm subjected to clipping 
and coil embolization was 7.4 mm and 7.09 mm, respectively  
(Table 1). There were 15 patients with complications after clip-
ping, of which 7 (9.9%), 2 (2.8%), and 6 (8.5%) developed 
post-surgical hemorrhage, chronic subdural hematoma, and cere-
bral infarction, respectively. Three of the 6 patients who developed 
cerebral infarction after clipping were discharged from the hospital 

Table 1. Basic information of patients with unruptured intracra-
nial aneurysms

Characteristic Clip Coil
Age (yr)
 65–69 39 55
 70–74 24 50
 75–79 3 25
 ≥80 3 9
Sex
 Female 47 99
 Male 22 40
Underlying diseases or health behaviors 
 Hypertension 47 (68.1) 97 (69.8)
 Diabetes mellitus 9 (13.0) 18 (12.9)
 Cholesterol 2 (2.9) 11 (7.9) 
 Alcohol use 8 (11.6) 12 (8.6)
 Smoking 5 (7.2) 9 (6.5)
Aneurysm location
 Anterior circulation 58 (84.1) 88 (63.3)
 Posterior circulation 11 (15.9) 51 (36.7)
Aneurysm size (mm)
 3–9 55 116
 Over 9 14 23
Total (n=208) 69 (33.2) 139 (66.8)

Values are presented as number (%).
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because of improved symptoms. Five patients developed compli-
cations after the coil embolization surgery. Among them, post-sur-
gical brain hemorrhage occurred in 2 (1.4%) patients, and punc-
ture site infection occurred in one (0.7%) patients. Of the 2 pa-
tients with cerebral infarction following embolization surgery, one 
improved and was discharged (Table 2). 

Two cerebral infarctions occurred at the anterior communicat-
ing artery, 2 cases occurred at the middle cerebral artery (MCA) 
after clipping, and 2 cases occurred at the anterior cerebral artery 
2/3 junction during coil embolization. The total number of com-
plications was 3 times higher after clipping than after coil emboli-
zation, which was a significant result (Table 2). However, the dif-
ference between the GOS of the 2 treatment groups was not signif-
icant at the time of discharge. After clipping surgery, 53 patients 
were discharged with a GOS of 5 points; 8 patients were dis-
charged with a GOS of ≤ 4 points, 2 of whom recovered to a GOS 
of 5 points. After coil embolization surgery, 131 of 140 patients 
were discharged with a GOS of 5 points and 8 with ≤ 4 GOS 
points, 2 of whom recovered to a GOS of 5 points (Table 2). 

There were 3 recurrences at the unruptured cerebral aneurysm 
clipping and coil embolization sites: 2 cases after clipping and one 
after coil embolization. MCA clipping was performed in both re-
currences after clipping; additional coiling was performed in the 
area where recurrence occurred after coil embolization. In coil em-
bolization, recurrence occurred in the remaining neck area of the 
unruptured cerebral aneurysm in the basilar artery bifurcation; 
even in secondary embolization, not all saccular aneurysms were 
blocked, and outpatient progress was observed. 

There were 5 cases in which clipping was performed on unrup-
tured cerebral aneurysms that remained after the onset of sub-
arachnoid hemorrhage. Of the 5 cases, 3 MCA, 1 anterior commu-
nicating artery (AcomA), and 1 anterior choroidal artery were 
treated. The 13 cases in which coil embolization was performed 

were more diversely located than those in clipping: 4 posterior 
communicating artery, 2 AcomA, 2 superior cerebellar artery, 1 
MCA, 1 internal carotid artery, 1 posterior inferior cerebellar ar-
tery, 1 paraclinoid artery, and 1 distributed at the anterior cerebral 
artery 2/3 junction. 

Discussion 

For the elderly, the treatment of unruptured cerebral aneurysms 
has been controversial. Many studies have been published regard-
ing the management of unruptured cerebral aneurysms [3,10–12]. 
Neurosurgeons choose more active treatments if patients with 
ruptured aneurysms are in good condition [13]. Moreover, con-
servative treatment should be considered for elderly patients in 
poor condition [14,15], because the elderly, unlike young people, 
are more likely to develop poor health, malnutrition, and compli-
cations before and after surgery [16]. In the treatment of unrup-
tured cerebral aneurysms, surgical treatment occurs less often be-
cause of poor prognosis [8], and coil embolization treatment is 
more widely used because of the rapid development of intravascu-
lar treatment technology (Fig. 1). 

Intravascular treatment is preferred in elderly patients with weak 
immunity and physically poor conditions who are less able to 
withstand invasive and somewhat aggressive procedures [17]. Ac-
cording to a recent meta-analysis, intravascular treatment per-
formed in elderly people, especially patients with subarachnoid 
hemorrhage, is effective but results in high mortality and sequelae 
[18]. However, some consider surgical treatment to be safer and 
more effective due to the recent development of intraoperative 
monitoring systems and postoperative intensive care [5,6]. In our 
study, although clipping resulted in 3 times more complications 
than coil embolization, there was no significant difference in the fi-
nal GOS identified at the time of discharge after surgery. There-
fore, both clipping and coil embolization are safe and effective 
treatments for unruptured cerebral aneurysms in patients aged 65 
years or older, and positive results can be derived through clipping 
(Fig. 2, Table 2). 

In addition, for both clipping and coil embolization procedures, 
cerebral aneurysms recurred in the same locations. Based on our 
data, the recurrence of cerebral aneurysms occurred more than 4 
times more often with coil embolization than with clipping. There-
fore, although coil embolization is considered relatively safe, clip-
ping is more effective in terms of preventing recurrence. 

Age plays an important role in patients with unruptured cerebral 
aneurysms [19]. In older patients, the risk of developing an aneu-
rysm is high [20], and the probability of rupturing a cerebral aneu-
rysm is also higher [3,4]. Neurosurgeons determine the treatment 

Table 2. Complications after treatment with clipping and coil 
embolization

Clip Coil
Without complication 53 131
Complication 15 5
 Postoperative acute hemorrhage 

(ICH, SAH, IVH)
7 (9.9)  2 (1.4)

 Chronic SDH 2 (2.8)
 Infarction 6 (8.5)a) 2 (1.4)b)

 Puncture site infection 1 (0.7)

Values are presented as number (%).
ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage; IVH, in-
traventricular hemorrhage; SDH, subdural hemorrhage.
a)3 recovered, b)1 recovered.
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Fig. 2. A multiple-comparison graph showing patients treated by coil embolization. Those with pre-operative Glasgow outcome scores 
(GOS) of 4 or 5 showed no change in postoperative GOS (estimated marginal mean [emmean], 4.6), but some patients treated by coil 
embolization with a pre-operative GOS lower than 4 still had a low postoperative GOS (emmean, 3.7). However, patients treated by clip-
ping with a pre-operative GOS of 4 or 5 had no change in the GOS (emmean, 4.6), and those with a pre-operative GOS lower than 4 had 
increases in their postoperative GOS (emmean, 4.7).
TRT: preOP.GOS, treatment: preoperation GOS.
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Fig. 1. Changes in the use of clip and coil embolization treatment for cases of unruptured cerebral aneurysm.

of unruptured cerebral aneurysms according to the patient’s age. 
For example, patients aged < 50 years are less likely to develop 
post-surgical complications, such as cerebral hemorrhage [21,22]. 
On the other hand, surgical clipping has a high mortality rate and 
poor prognosis in patients aged 65 years or older [16]. However, 

according to our results, this does not apply to all elderly patients, 
who can have a good prognosis after a craniotomy, reducing the 
perception that surgical treatment should be excluded because of 
an advanced age. 

This study had several limitations. Data were collected retro-
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spectively, and patients were not treated in a randomized manner. 
Therefore, a potential selection bias may have affected the out-
come of patients treated with the 2 different treatments. In addi-
tion, the size of the cohorts, especially of patients treated with sur-
gical clipping, was small. Therefore, a large, prospective random-
ized study should be conducted to offer a more acute perspective 
on the surgical decisions for older patients with cerebral aneu-
rysms. 

Conclusion 

This study provides evidence of a more stable and effective treat-
ment for elderly patients with unruptured cerebral aneurysms. 
Based on our study, coil embolization and clipping were both safe 
and effective for elderly patients with cerebral aneurysms, and 
treatment should be carefully determined for patients with unrup-
tured cerebral aneurysms. Aggressive clipping treatment for un-
ruptured cerebral aneurysms should be considered, with a good 
prognosis. 
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Objective: The reliability of the thoracolumbar injury classification and severity (TLICS) score is well established; however, its reliabil-
ity among young neurosurgeons in particular has not been investigated. This study was designed to identify intra-and inter-observer 
differences between the TLICS system and the McAfee classification among young neurosurgeons, with the goal of facilitating com-
munication between physicians and treatment decision-making for patients with thoracolumbar injuries. 
Methods: Six young neurosurgeons reviewed thoracolumbar spinal fracture patients between January 2016 and October 2020 and 
analyzed thoracolumbar fractures according to the 2 classification systems. The intra- and inter-observer reliability of the TLICS and 
the McAfee scale was assessed with the Cohen and Fleiss kappa tests. 
Results: The intra-observer kappa value for the TLICS exhibited excellent reliability (κ=0.85) compared to the McAfee classification 
(κ=0.79). The inter-observer kappa values for each category of the TLICS were 0.69 (morphology), 0.93 (neurologic status), 0.74 
(posterior ligamentous complex), and 0.72 (total score). The kappa value of the McAfee classification was lower (κ=0.52). 
Conclusion: The TLICS system showed higher reliability than the McAfee classification. The TLICS score showed more consistent re-
sults for thoracolumbar spinal fractures and may thus serve as a guideline for young neurosurgeons in treating patients with thora-
columbar fractures. 
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Introduction 

Although spine fractures do not occur in all trauma patients, their 
impact on the patients’ life is more significant than that of other in-
juries. Therefore, early diagnosis and proper treatment are neces-
sary to avoid complications and neurological deficits in patients 
with thoracolumbar injury. Currently, the following 4 thoracolum-
bar injury classification systems are widely used: the Denis classifi-

cation [1], the AO classification [2], the load-sharing classification 
[3], and the thoracolumbar injury classification and severity score 
(TLICS) [4]. Despite extensive research on these systems, none is 
fully satisfying and spine surgeons therefore choose their own clas-
sification methods depending on their personal preferences [5,6]. 
We focused on the TLICS score for diagnosing thoracolumbar 
spine fractures and aimed to determine the reliability of this classi-
fication system in young neurosurgeons. Intra- and inter-observer 
differences between the TLICS system and the McAfee classifica-
tion were studied to identify which classification method may fa-
cilitate communication between physicians and help young neuro-
surgeons establish a treatment plan for patients with thoracolum-
bar injury. 

Copyright © 2022 by The Korean Society of Geriatric Neurosurgery
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Material and Method 

Six young Korean neurosurgeons, who had all obtained their spe-
cialist certification in neurosurgery in less than 4 years, reviewed 
thoracolumbar spinal fracture patients between January 2016 and 
October 2020. Patients with spinous process fractures, transverse 
process fractures alone, or pathologic fractures were excluded. The 
patients were categorized according to their level of injury: thorac-
ic (T1–T10, n = 27), thoracolumbar (T11–L2, n = 131), and lum-
bar (L3–L5, n = 43) spine injury. The 6 observers analyzed pa-
tients’ thoracolumbar spinal fractures according to the 2 classifica-
tion methods, the TLICS and the McAfee. They were well trained 
on both methods through a review of studies, and independently 
reviewed the patients’ history and neurologic, plain film, comput-
ed tomography (CT), and magnetic resonance imaging (MRI) 
findings. The patients’ data were re-evaluated after 4 weeks. 

The TLICS is scored based on 3 categories: morphology of the 
injury, integrity of the posterior ligamentous complex (PLC), and 
the patient's neurologic status (Table 1). Widening of the interspi-
nous space, diastasis of the facet joint, and facet perch or sublux-
ations on X-ray and/or CT indicate an injured PLC [7,8]. Howev-
er, the most credible sign of PLC injury is discontinuation of the 
low-signal-intensity black strip on sagittal T1- or T2-weighted MR 
images [9]. 

The McAfee classification is subdivided into 6 categories: wedge 
compression, stable burst fracture, unstable burst fracture, chance 
fracture, flexion-distraction injury, and translational injury. An un-
stable burst fracture is defined as a burst fracture with a neurologic 
deficit, three-column injury, kyphosis over 30 degrees, a decrease 

of anterior body height over 40%, and more than 50% canal com-
promise [10]. 

The intra- and inter-observer reliability was assessed by Cohen’s 
and Fleiss’ kappa values. Statistical analyzes were performed using 
IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA). 

The kappa value was interpreted using the Landis and Koch 
[11] grading system, which defines κ < 0.2 as slight agreement, 
0.21 to 0.40 as fair agreement, 0.41 to 0.60 as moderate agreement, 
0.61 to 0.80 as substantial reliability, and > 0.81 as excellent reli-
ability. 

Patients were informed of the use of medical information in the 
study and informed consent was obtained.

Results 

During the study period, 201 patients (109 males and 92 females) 
visited our hospital. The mean age was 60.5 years (range, 18–88), 
with the age distribution as follows: 3 (10–19 years), 13 (20–29 
years), 11 (30–39 years), 26 (40–49 years), 30 (50–59 years), 35 
(60–69 years), 53 (70–79 years), and 30 (80–89 years). Thoracic 
spine fractures were noted in 27 (13.4%) patients, lumbar spine 
fractures in 43 (21.4%), and thoracolumbar spine fractures in 131 
(65.2%). Spinal fusion operation was performed in 115 (57.2%) 
patients, percutaneous vertebroplasty or kyphoplasty in 62 
(30.8%), and conservative treatment with a thoracolumbosacral 
orthosis for 8 to 12 weeks in 24 (11.9%) (Table 2).  

The intra-observer kappa value showed almost perfect agree-
ment according to the Landis and Koch [11] grading system in 
each category of the TLICS, with κ = 0.85 (morphology), κ = 0.95 
(neurologic status), κ = 0.87 (integrity of the PLC), and κ = 0.85 
(total score of the TLICS), while the kappa value for the McAfee 
classification was κ = 0.79, representing substantial agreement  
(Table 3). 

Table 1. Thoracolumbar injury classification and severity scoring

Category Qualifiers Score
Injury morphology
 Compression 1

Burst +1
 Translational/rotational 3
 Distraction 4
Neurological status
 Intact 0
 Nerve root 2
 Cord, conus medullaris Complete 2

Incomplete 3
 Cauda equina 3
Integrity of the PLC
 Intact 0
 Injury suspected or indeterminate 2
 Injured 3

PLC, posterior ligamentous complex.

Table 2. Demographics of patients

Demographic Value
No. of patients 201
Sex (male:female) 109:92
Mean age (range), yr 60.5 (18–88)
Injury level (n, %)
 Thoracic (T1–10) 27 (13.4)
 Thoracolumbar (T11–L2) 131 (65.2)
 Lumbar (L3–5) 43 (21.4)
Treatment (n, %)
 Spinal fusion 115 (57.2)
 Vertebroplasty/kyphoplasty 62 (30.8)
 Conservative care 24 (11.9)
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The inter-observer kappa value in each category of the TLICS 
was κ = 0.69 (morphology; substantial agreement according to the 
Landis and Koch [11] grading system), κ = 0.93 (neurologic sta-
tus; almost perfect agreement), κ = 0.74 (integrity of the PLC; 
substantial agreement), and κ = 0.72 (total score of the TLICS; 
substantial agreement), while the kappa value for the McAfee clas-
sification was lower, at κ = 0.52, representing moderate agreement 
(Table 4). 

Discussion 

Spinal injury treatment remains a challenge, despite the develop-
ments in diagnostic and treatment systems for trauma patients. 
When accompanied by neurological deficits, thoracolumbar inju-
ries have an emotional and economic effect on patients and their 
families, in addition to the physical disabilities they cause. Trau-
matic thoracolumbar injury is associated with a poor prognosis, 
even when aggressive rehabilitative treatments are provided. Nu-
merous thoracolumbar spine injury classification systems have 
been introduced to aid clinical and surgical treatment [1–4,10,12–
15]. The first classification of traumatic thoracolumbar injury was 
reported by Böhler and Böhler [12] in 1929. Watson-Jones [16] 
introduced a classification system based on the concept of “insta-
bility” in 1938, recognizing that posterior ligamentous integrity is a 
key element for spinal stability. In 1949, Nicoll [15] defined the 
concept of “stability” using an anatomic classification and identi-
fied 4 anatomical structures involved in mechanical stability—ver-
tebral bodies, facet joints, posterior ligaments, and disks. Hold-
sworth [14] first recommended the modern classification of frac-
tures based on a two-column theory, and this method employed 
simple X-rays. With the rapid development of radiology, Denis [1] 
proposed a three-column theory complementing the two-column 
theory and divided the spine into anterior, middle, and posterior 
columns. This method focused on the stability of the middle col-
umn measured by CT. Depending on the injury mechanism and 

the degree of injury, this system classified spinal injuries into 4 
groups—compression fractures, burst fractures, seatbelt injuries, 
and fracture-dislocations. However, McAfee et al. [10] pointed out 
that this system overestimates the influence of middle column sta-
bility, thereby increasing the number of unnecessary surgical pro-
cedures. McAfee classified fractures into 6 types depending on 
compression, distraction, and direct shearing force on the middle 
column as determined on CT scans. Consequently, bursting frac-
tures were subclassified into stable fractures and unstable fractures, 
and the latter were further subclassified based on the three-column 
theory, including posterior column injury. Magerl et al. [2] intro-
duced the AO classification system and categorized thoracolumbar 
injuries into A type injuries by compression force, B type injuries 
by distraction force, and C type injuries by torsional force, with 
subcategories from group 1 to 3 based on the degrees of injuries. 

Likewise, many classification methods of thoracolumbar injuries 
have been introduced, but these methods have been found to show 
diagnostic variability depending on personal point of view and low 
inter-observer reliability [7,17]. Moreover, the need for a new clas-
sification system reflecting the importance of soft tissue such as 
the PLC using MRI has emerged. Therefore, Vaccaro et al. [4] de-
veloped the TLICS classification to overcome these limitations. 
The TLICS is based on injury morphology, neurological status, 
and PLC integrity (Table 1). Treatment plans are decided accord-
ing to scores for each category: ≤ 3 points indicate conservative 
care, ≥ 5 points indicate surgical treatment, and a score of 4 allows 
for either option. Existing classification systems emphasize mecha-
nisms of injury assumed by observers, while the TLICS emphasiz-
es objective analysis of the injury. 

Consequently, many classification systems have been developed 
to offer better treatment to patients. Blauth et al. [5] have reported 
fair inter-observer reliability (κ = 0.33) for only the 3 main types 
(A, B, C) of the AO classification, and decreasing reliability with 
the inclusion of the AO subtypes. Oner et al. [17] and Wood et al. 
[7] have reported that the Denis classification system has higher 

Table 3. Intra-observer results of the McAfee classification and 
TLICS

Kappa value P-value Strength of agreement
McAfee classification 0.79 0.020 Substantial
TLICS
 Injury morphology 0.85 0.032 Almost perfect
 Neurologic status 0.95 <0.001 Almost perfect
 Integrity of the PLC 0.87 <0.001 Almost perfect
 Total score 0.85 0.021 Almost perfect

Kappa value: mean of 6 observers’ kappa values.
TLICS, thoracolumbar injury classification and severity; PLC, posterior lig-
amentous complex.

Table 4. Inter-observer results of the McAfee classification and 
TLICS

Kappa value P-value Strength of agreement
McAfee classification 0.52 0.035 Moderate
TLICS
 Injury morphology 0.69 0.027 Substantial
 Neurological status 0.93 <0.001 Almost perfect
 Integrity of the PLC 0.74 0.012 Substantial
 Total score 0.72 0.031 Substantial

TLICS, thoracolumbar injury classification and severity; PLC, posterior lig-
amentous complex.
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inter-observer reliability than the AO classification system (Oner, 
κ = 0.60, 0.35; Wood, κ = 0.606, 0.475). However, both classifica-
tion systems showed only fair to moderate inter-observer reliabili-
ty. The AO classification system includes much information about 
the injury, and its complexity and the consequent low reproduc-
ibility limit its clinical and surgical application [1,5,7,17]. While 
the Denis classification is simple, it does not consider anatomical 
and pathophysiologic factors such as PLC or nerve injury [18].  

Given the numerous limitations of these classification systems, 
the TLICS system was found favorable in many studies. Whang et 
al. [8] reported satisfactory reliability of the TLICS with substan-
tial agreement (κ = 0.626) on injury morphology, moderate agree-
ment (κ = 0.447) on PLC integrity, and moderate agreement 
(κ = 0.455) on the total score. However, the intra-and inter-observ-
er reliability of the TLICS is not well-studied, especially among 
young neurosurgeons. Therefore, this study evaluated the intra- 
and inter-observer reliability between the TLICS and McAfee 
classification systems. The intra-observer reliability of the McAfee 
classification system shows substantial reliability, but that of the 
TLICS shows almost perfect reliability (Table 3). Fleiss’ kappa test 
on inter-observer reliability revealed high reliability in all categories 
(injury morphology = 0.69, neurologic status = 0.93, PLC integri-
ty = 0.74, total score = 0.72) for the TLICS, while the kappa value 
for the McAfee classification was 0.52, representing only moderate 
reliability (Table 4, Fig. 1). Among the subcategories of the TLICS 
classification, injury morphology showed the lowest value, assum-
ing that the ratio of flexion-distraction and bursting fracture were 
more significant than others among the 201 cases included in this 
study. Accordingly, the TLICS system has higher statistical signifi-
cance than the McAfee classification regarding conformity and 

consistency. The young neurosurgeons in this study found the 
TLICS system to have higher reliability than the McAfee classifica-
tion in suggesting treatment plans for patients with thoracolumbar 
injury. Moreover, it can facilitate communication among young 
neurosurgeons. 

This study has, however, some limitations. First, this is a retro-
spective analysis based on clinical records of patient information. 
Therefore, records with insufficient information were excluded to 
improve the accuracy of our results. Second, all researchers in this 
study received their education from the same hospital; therefore, 
the neurosurgeons included in this study do not represent the gen-
eral neurosurgeon population. 

Conclusion 

This study conducted in young neurosurgeons shows that the 
TLICS system has higher reliability than the McAfee classification. 
Hence, the TLICS system can assist young neurosurgeons better 
in establishing treatment plans for patients with thoracolumbar 
spinal fractures and eventually help establish a reliable guideline 
for all neurosurgeons. 
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Fig. 1. A neurologically intact 25-year-old man (0 points) showing a burst fracture (2 points) and widening of the interspinous distance 
(3 points) on (A) a plain X-ray, (B) a sagittal computed tomography scan, and (C) sagittal magnetic resonance imaging. All 6 reviewers 
agreed on a total score of 5. However, two reviewers determined this to be a stable burst fracture, 3 identified it as an unstable burst 
fracture, and another one diagnosed a chance fracture.
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Objective: We aimed to evaluate the accuracy of the classification of carotid plaque vulnerability (unstable vs. stable plaques) by 
neurosurgical residents based on carotid ultrasonography (US) images. 
Methods: A total of 405 subjects with 995 images were included in the study. Using a neuroradiologist’s decision as the reference 
value, the classification results of five reviewers were analyzed. The sensitivity, specificity, and overall accuracy were estimated. Then, 
a pairwise comparison of the receiver operating characteristic (ROC) curve and precision-recall curve was performed to compare the 
reviewers’ classification accuracy. 
Results: The mean age of the subjects was 70.5 years (range, 44–91 years) and 223 (55.1%) were female. The number of unstable 
and stable plaques was 236 (24.7%) and 749 (75.3%), respectively. The best-balanced classification performance of plaque vulnera-
bility was a sensitivity of 83.7% (95% confidence interval [CI], 78.5%–88.1%), specificity of 69.0% (95% CI, 65.6%–72.3%), and 
overall accuracy of 72.7% (95% CI, 69.8%–75.4%). The best ROC performance was an area under the curve (AUC) of 0.583 (95% CI, 
0.552–0.614). The precision-recall curve also showed low classification accuracy among the reviewers (AUC difference: 0.028; 95% 
bootstrap CI, 0.007–0.048). 
Conclusion: The classification accuracy of neurosurgical residents to discriminate plaque vulnerability seen on carotid US images 
was low in a real-world clinical setting. Thus, it is necessary to develop systems that help to educate and automatically interpret 
plaque stability. 

Keywords: Carotid artery plaque; Ultrasonography; Carotid arteries  

Classification of carotid plaque vulnerability by neurosurgical residents 
using ultrasonography in the clinical field 
Doyoung Na1, Junmo Kim1, Kyungmin Chung1, Seunghun Han1, Gihyeok Yun1, Jinseo Yang1, Hyukjai Choi1, Heung Cheol Kim2, 
Yongjun Cho1, Jin Pyeong Jeon1   
1Department of Neurosurgery, Hallym University College of Medicine, Chuncheon, Korea 
2Department of Radiology, Hallym University College of Medicine, Chuncheon, Korea 

Clinical Article
pISSN 1738-981X

J Korean Soc Geriatr Neurosurg 2022;18(2):38-43
https://doi.org/10.51638/jksgn.2022.00094

Received: July 14, 2022   Revised: August 22, 2022    
Accepted: August 25, 2022  
Corresponding Author: Jin Pyeong Jeon, MD, PhD 
Department of Neurosurgery, Hallym University Chuncheon Sacred Heart 
Hospital, Hallym University College of Medicine, 77 Sakju-ro, Chuncheon 
24253, Korea 
Tel: +82-33-240-5171; Fax: +82-33-240-9970; E-mail: jjs6553@daum.net  

Introduction 

Carotid plaque refers to focal wall hypertrophy that is at least 50% 
greater than that of the surrounding carotid wall. The prevalence 
of carotid plaques is approximately 40.3% and they are found more 
frequently in males than in females [1]. Patients with carotid 
plaques are more likely to have metabolic disorders with high total 

cholesterol and low-density lipoprotein-cholesterol levels [1]. Be-
cause carotid plaques are formed in the late stages of atherosclero-
sis, they are thought to be a risk factor for cerebrovascular disease 
including stroke [2,3]. Accordingly, screening for carotid plaques 
and identifying carotid plaque morphology is conducted in the 
clinical field. Among various radiologic tests, carotid ultrasonogra-
phy (US) is performed widely in private hospitals, as well as gener-
al and university hospitals due to its relatively low cost and ease of 
implementation compared to magnetic resonance imaging (MRI) 
or computed tomography (CT) [4–8]. 

The variables in interpreting carotid US images are intima-me-
dia thickness (IMT), the degree of stenosis, and the presence of a 
carotid plaque along with an assessment of its vulnerability to rup-
ture. Among these variables, the accurate classification of a carotid 
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plaque vulnerable to rupture and identifying one that is more likely 
to cause a stroke is difficult for general practitioners who are 
non-radiologists. Most neurosurgeons also have difficulties in dis-
tinguishing unstable plaques from stable carotid plaques despite 
the increasing number of carotid stenting procedures in recent 
years. In addition, neurosurgical residents are not well trained in 
carotid US interpretation. Few studies have addressed the classifi-
cation accuracy of plaque vulnerability by non-radiologists in the 
domestic clinical field. Here, we investigated the classification ac-
curacy of carotid plaque vulnerability (unstable vs. stable plaque) 
by neurosurgical residents to obtain objective data on the interpre-
tation accuracy in the actual medical environment. 

Material and Method 

Study population 
The derivation cohort was obtained from the regional stroke data-
base between May 2021 and May 2022. We selected subjects from 
this database who underwent carotid US for stroke or medical 
evaluations. Carotid US was conducted in the B mode using a 5 to 
18 MHz US probe (APLIO i800; Canon Medical Systems Corpo-
ration, Tochigi, Japan) and an 11 MHz US probe (LOGIQ E9; GE 
Healthcare, Wauwatosa, WI, USA). The procedure was performed 
by a neuroradiologist with more than 20 years of experience ac-
cording to the American Society of Echocardiography guidelines 
[9]. Patients were positioned supine on the scan bed with their 
heads resting flat to facilitate high-quality and reproducible images. 
To relieve patients, towels or pillows were used to support knees 

and neck. The neck was slightly extended and rotated in a direc-
tion opposite to the probe. During the scan, the sonographer ad-
justed the neck to optimize the images, especially in the anterior 
planes. Carotid US was performed by quantifying the probe angle 
using an external landmark such as the Meijer arc. 

Carotid plaque vulnerability was classified into two groups, sta-
ble and unstable plaques (Fig. 1). Unstable plaques referred to vul-
nerable plaques, which are prone to rupture or thrombosis with 
the following features using gray-scale imaging alone: (1) an irreg-
ular plaque surface, (2) plaque with ulceration, (3) heterogeneous 
echogenicity within the plaque, and (4) a non-echogenic in-
traplaque or central core, indicating hemorrhage or a lipid-rich ne-
crotic core covered by a thin fibrous cap [10]. Plaque stability was 
determined by an experienced neuroradiologist. Four neurosurgi-
cal residents, one intern, and one neuroradiologist participated in 
interpreting the images. All reviewers evaluated the images inde-
pendently followed by a comparison of stable and unstable carotid 
plaques. This study was approved by the Institutional Review 
Board (IRB) of the Hallym University Chuncheon Sacred Heart 
Hospital (IRB No. 2018-11-008-004 and 2019-06-006-008) and 
informed consent was waived due to the retrospective nature of 
the study. 

Statistical analysis 
Discrete variables are described as the numbers of subjects with 
percentages. Continuous variables are described as the mean ± -
standard deviation. Two-by-two tables were generated to calculate 
sensitivity, specificity, and overall accuracy [11]. Pairwise compar-

Fig. 1. Examples of carotid plaque vulnerability, including stable and unstable plaques. The red and blue circles indicate unstable and sta-
ble plaques, respectively.
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Table 1. Clinical characteristics of the enrolled patients

Variable Patients (n=405)
Female 223 (55.1)
Age (yr) 70.5 (44–91, ±9.1)
Previous medical history
Stroke 102 (25.2)
Hypertension 205 (50.6)
Diabetes mellitus 76 (18.8)
Cardiovascular diseases
 Coronary artery disease 75 (18.5)
  Atrial fibrillation 63 (15.6)
Hyperlipidemia 66 (16.3)
Smoking 24 (5.9)
Reason for test
 Stoke work-up 61 (15.1)
 Medical check-up 344 (84.9)

Values are presented as number (%) or mean (range, ±standard devia-
tion).

Table 2. Accuracy of each reviewer for the interpretation of ca-
rotid plaque characterization (stable vs. unstable plaques) with a 
neuroradiologist’s decision as a reference

Total images (n=995)
Neuroradiologist’s decision

Unstable plaque Stable plaque
Reviewer 1
 Unstable plaque 206 232
 Stable plaque 40 517
Reviewer 2
 Unstable plaque 96 156
 Stable plaque 150 593
Reviewer 3
 Unstable plaque 131 123
 Stable plaque 115 626
Reviewer 4
 Unstable plaque 123 163
 Stable plaque 123 586
Reviewer 5
 Unstable plaque 145 202
 Stable plaque 101 547

Table 3. Binary classification of plaque vulnerability (stable vs. unstable plaques) between the reviewers

Outcome variable Reviewer 1 Reviewer 2 Reviewer 3 Reviewer 4 Reviewer 5
Overall accuracy (95% CI) 72.7 (69.8–75.4) 69.3 (66.3–72.1) 76.1 (73.3–78.7) 71.3 (68.3–74.0) 69.6 (66.6–72.4)
Sensitivity (95% CI) 83.7 (78.5–88.1) 39.0 (32.9–45.4) 53.3 (46.8–59.6) 50.0 (43.6–56.4) 58.9 (52.5–65.2)
Specificity (95% CI) 69.0 (65.6–72.3) 79.2 (76.1–82.0) 83.6 (80.7–86.2) 78.2 (75.1–81.1) 73.0 (69.7–76.2)

CI, confidence interval.

ison of a receiver operating characteristic (ROC) curve was gener-
ated to compare plaque vulnerability classifications among the re-
viewers [12]. Because there was an imbalance between the num-
ber of unstable and stable plaques, a precision-recall curve was 
generated, targeting the reviewers who showed the most signifi-
cant difference in classification accuracy. A P-value of < 0.05 was 
considered statistically significant. The analyses were conducted 
using IBM SPSS ver. 19.0 (IBM Corp., Armonk, NY, USA) and 
MedCalc (www.Medcalc.org). 

Results 

A total of 405 patients with 995 carotid US images (axial image, 
n = 297; and longitudinal image, n = 698) were included in the 
analysis. The mean patient age was 70.5 years (range, 44–91 years) 
and 223 (55.1%) were female. The number of patients with hyper-
tension and diabetes mellitus was 205 (50.6%) and 76 (18.8%), 
respectively. Cardiac disease, such as coronary artery disease or 
atrial fibrillation, was observed in 138 patients (34.1%). Twen-
ty-four patients were smokers with an average of 28.25 pack-years. 
Among the patients who underwent carotid US, 61 (15.1%) were 
conducted for stroke evaluation and 344 (84.9%) were conducted 
for health examinations (Table 1). 

The classification results of the five reviewers using a neurora-
diologist’s decision as the reference value are presented in Tables 2 
and 3. There were 236 (24.7%) unstable and 749 (75.3%) stable 
carotid plaques. Reviewer 1 showed the best-balanced interpreta-
tion with a sensitivity of 83.7% (78.5%–88.1%), specificity of 
69.0% (65.6%–72.3%), and overall accuracy of 72.7% (69.8%–
75.4%). Compared to the overall accuracy (ranging from 69.3% to 
76.1%), the sensitivity results showed severe fluctuations (ranging 
from 39.0% to 83.7%) between the reviewers. Pairwise compari-
son of the ROC of reviewer 1 also showed the best performance in 
classifying plaque vulnerability with an area under the curve 
(AUC) of 0.583 (95% confidence interval [CI], 0.552–0.614) 
(Fig. 2A). Reviewer 4 had the lowest AUC of 0.533 (95% CI, 
0.502–0.565). The AUC difference between reviewer 1 and re-
viewer 4 reached statistically significance (AUC difference, 0.049; 
95% CI, 0.015–0.084; P = 0.005). Except for these findings, there 
were no significant differences in AUC values between the remain-

ing reviewers. If the data distribution is unbalanced, like in our case 
(unstable plaque: n = 236, 24.7%; stable plaque: n = 749, 75.3%), 
there is a possibility that the AUC value might be biased. To over-
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come this potential bias, we generated a precision-recall curve, es-
pecially for reviewer 1 and reviewer 4. The results also demon-
strated a significant difference in plaque vulnerability classifica-
tions (AUC difference, 0.028; 95% bootstrap CI, 0.007–0.048) 
(Fig. 2B). 

Discussion 

Carotid plaques form various shapes and occur in areas from the 
distal common carotid artery to proximal internal carotid artery 
[13]. It is more accurate to predict patient prognosis and choose 
treatment methods based on plaque vulnerability rather than only 
the degree of carotid stenosis. The major features used to describe 
carotid plaques in carotid US images include calcification, ulcer-
ation, hemorrhage, and a lipid-rich necrotic core, as well as IMT 
[10]. Calcification with ulceration is stimulated by prolonged 
shear stress and sudden arterial pressure changes on the carotid bi-
furcation [14]. This activates inflammation and metalloproteinase 
activity, causing erosion of the calcification to progress to ulcer-
ation of the surface [15]. Ulceration in the carotid plaque predis-
poses to thrombus formation. Plasminogen activator inhibitor-1 
within plaques creates a thrombotic effect [16]. The expression of 
tissue factors, which have a major effect on the coagulation cas-
cade, is determined by the extent and degree of inhibition of the 
tissue factors pathway within the plaque [17]. Tissue factor is lo-
calized to areas of lipid deposition and cholesterol crystals in carot-

id plaque [18]. Bos et al. [19] reported that intraplaque hemor-
rhage of the carotid artery significantly increased the risk of stroke 
(hazard ratio, 2.42; 95% CI, 1.30–4.50). 

Considering these facts, the accurate classification of carotid 
plaque vulnerability (unstable vs. stable plaque) is important for 
clinicians to determine treatment plans. Three radiologic tests, 
MRI, CT, and US are available to examine plaque vulnerability in 
the carotid artery. MRI provides excellent differentiation of soft 
tissue composition with high resolution, but its use can be limited 
due to the high medical costs and time-consuming procedures 
needed to obtain the images [4–6]. CT has the advantage of short-
er imaging time than MRI but has the limitation that a contrast 
agent is required to distinguish plaque components [7,8]. In the 
domestic medical environment, MRI and CT is used in more than 
US in small and medium-sized general hospitals. And in most of 
these hospitals, radiologists are available to interpret plaque vul-
nerability.  

Compared to MRI and CT, carotid US is widely used in private 
hospitals, as well as for health examinations in general and univer-
sity hospitals in Korea due to its relatively low cost, ease of using at 
the bedside, and non-invasiveness. Lukanova et al. [20] reported 
that carotid US showed high balanced accuracy for detecting un-
stable plaques with a sensitivity of 94% and specificity of 93% 
compared to multi-detector CT, with a sensitivity of 83% and 
specificity of 73%, and MRI with a sensitivity of 100% and speci-
ficity of 89%. However, the procedure and its interpretation may 
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Fig. 2. (A) Pairwise comparison of receiver operating characteristics (ROC) curves for classifying plaque vulnerability. (B) The precision-re-
call curve between reviewer 1 and reviewer 4 who showed significant differences in the area under the curve (AUC) in the ROC compari-
sons. SE, standard error; CI, confidence interval.

https://doi.org/10.51638/jksgn.2022.00094 41

Carotid plaque vulnerability classification



vary depending upon the examiner’s experience. In particular, con-
sidering the reality of private hospitals with many non-radiologists, 
it is necessary to properly classify plaque vulnerability. In this 
study, we evaluated the accuracy of plaque vulnerability classifica-
tion, targeting neurosurgical residents. Although there were some 
differences in classification accuracy between the reviewers, the 
overall accuracy level was low (0.5 < AUC ≤ 0.7) [21]. Consider-
ing that stroke risk is largely dependent upon not only the degree 
of stenosis but also plaque vulnerability, accordingly, education on 
discriminating plaque vulnerability is necessary during resident 
training [22]. However, it is not easy to educate residents on carot-
id US interpretation given the reality of medical situations. In this 
case, a new computer-aided diagnostic system using machine 
learning can be an alternative. Tanaka et al. [23] demonstrated that 
a convolutional neural network (CNN) composed of VGG19 and 
ResNet152 showed accurate classifications of breast ultrasound 
images with a sensitivity of 90.9% (95% CI, 84.5%–97.3%), speci-
ficity of 87.0% (95% CI, 79.5%–94.5%), and AUC of 0.951 (95% 
CI, 0.916–0.987). Biswas et al. [24] proposed a two-stage artificial 
intelligence model to measure atherosclerotic wall thickness and 
total plaque burden. However, they did not distinguish plaque vul-
nerability. Lekadir et al. [25] also suggested a CNN for automati-
cally characterizing plaque components, such as the lipid core, fi-
brous cap, and calcified tissue. However, they used only 56 cases. 
Accordingly, there is a need for artificial intelligence (AI) based on 
gray-scale carotid US images, which is often used in the field, and 
AI research that not only detects plaque composition but compre-
hensively informs on plaque vulnerability. 

There were some limitations in this study. First, there were only 
five participants, and they were from the same hospital. Thus, a 
concern may arise as to whether the residents participating in the 
study actually represent non-radiologists working in private hospi-
tals. Second, the correct answer was decided only by one neuroint-
erventionist. Although he had more than 20 years of experience, 
selection bias may have occurred, and this should be taken into ac-
count when interpreting our results. Nevertheless, to the best of 
our knowledge, this was the first study to investigate the classifica-
tion accuracy of plaque vulnerability by neurosurgical residents 
based on carotid US images in actual clinical settings. 

Conclusion 

The classification accuracy of neurosurgical residents to discrimi-
nate plaque vulnerability based on carotid US images was low. To 
address this problem, a system that helps to educate and compre-
hensively interpret carotid plaque morphology should be devel-
oped. 
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Objective: We aimed to retrospectively analyze clinical and surgical outcomes following posterior lumbar interbody fusion with con-
comitant pedicle screw fixation, midline lumbar fusion, and decompressive laminectomy in patients aged 80 years or older with de-
generative lumbar spine disease. 
Methods: The study group comprised 94 patients aged 80 years or older who received degenerative lumbar spinal surgery at our 
spine center from January 2011 to December 2020. Among them, 28 patients underwent decompressive laminectomy, 19 underwent 
posterior lumbar interbody fusion with pedicle screw fixation, and the remaining 47 underwent midline lumbar fusion. 
Results: No significant intergroup differences were found regarding age, sex ratio, follow-up duration, and surgical level. The visual 
analog scale for lower back pain on postoperative day 7 was significantly different among the groups (P<0.05). The Oswestry dis-
ability index was significantly different among the groups after 1 week of follow-up (P<0.05). The estimated blood loss and opera-
tion time also showed significant differences among the groups (P<0.05). There was a statistically significant difference among the 
groups in postoperative morbidity (P<0.05). 
Conclusion: Although the clinical outcomes were not significantly different among the three groups, perioperative morbidity was 
more favorable in the decompression and midline lumbar fusion groups. Therefore, we suggest that midline lumbar fusion is not in-
ferior to posterior lumbar interbody fusion with pedicle screw fixation, if there is a need for fusion in elderly patients over 80 years 
of age. 

Keywords: Lumbar vertebrae; Aged, 80 and over; Laminectomy; Spinal fusion; Retrospective studies 
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Introduction 

Developments in modern medical science have significantly in-
creased lifespan, and the resulting population aging has led to spine 
surgeons being increasingly confronted with older patients with 
degenerative lumbar spine disease [1–3]. Spine surgery should be 
considered when conservative therapy fails to improve degenera-

tive lumbar spine disease symptoms, and decompressive laminec-
tomy (DL) with or without fusion is the standard surgical treat-
ment for patients with degenerative lumbar spinal disease. 

DL alone has been used to treat degenerative lumbar spinal dis-
ease [4,5]. However, DL alone can induce lumbar instability and 
aggravate the symptoms after surgery. DL with fusion effectively 
ensures spinal stability but causes significant adverse events, such 
as instrument failure and adjacent segment degeneration (ASD). 
With the development in surgical techniques, minimally invasive 
spine surgery has recently become popular, and endoscopic de-
compression and fusion are being performed, from midline lum-
bar fusion (MIDLF) with cortical bone screws to minimal invasive 
surgery (MIS)-transforaminal lumbar interbody fusion. Therefore, 
considering the advantages and disadvantages of surgery, perform-
ing it according to appropriate indications is essential. 

Copyright © 2022 by The Korean Society of Geriatric Neurosurgery
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With the increase in the elderly population and the development 
of geriatric medicine, the elderly patient group is classified as a sep-
arate patient group in research and clinical trials [6]. Some studies 
have performed comparative analyses of fusion and decompres-
sion alone for patients over 60 and 70 years of age. It was reported 
that surgery according to the indication was helpful compared with 
avoiding fusion due to age [7,8]. 

However, comparative studies of MIDLF and conventional sur-
gery in aging patients are rare. Additionally, unlike the 60 to 70 
years old group, in the super-aged patient group over 80 years old, 
we hypothesized that differences in operating time and bleeding 
volume during decompression or fusion surgery could be prognos-
tic factors. 

Therefore, we aimed to retrospectively analyze clinical and sur-
gical outcomes following posterior lumbar interbody fusion plus 
pedicle screw fixation (PLIF+PS), MIDLF, and DL alone in elder-
ly patients (80 years or older) with degenerative lumbar spine dis-
ease. 

Material and Method 

Patients 
The study groups comprised 94 patients aged 80 years or older 
who received degenerative lumbar spinal surgery at our spine cen-
ter from January 2011 to December 2020. Overall, 2,583 cases 
were selected for this study. Three spine surgeons participated in 
this study (Table 1). 

The clinical indications for surgery were radiating leg pain and/
or neurogenic intermittent claudication (NIC), with or without 
low back pain (LBP), resistant to conservative therapy. Magnetic 
resonance imaging was used to confirm the diagnosis of central, 
lateral, or foraminal stenosis. The selection of surgical methods de-
pended on each surgeon’s clinical impression, which would result 
in a better outcome based on symptoms, general condition, patient 
history, and the degree of osteoporosis. If needed, the degree of os-
teoporosis was evaluated by subjective judgment based on imaging 
studies or dual-energy X-ray absorptiometry. 

The general indications for decompression alone were over-
whelming main symptoms of radiating pain or NIC rather than 
LBP, in cases where successful fusion was not expected due to se-
vere osteoporosis, and patients with intolerable general conditions 
to fusion surgery. The general indications for fusion were relatively 
severe LBP suspected to be mechanical back pain due to degenera-
tion without overt segmental instability, successful fusion expected 
due to tolerable bone marrow density, and tolerable general condi-
tions to fusion surgery. Patients who did not undergo fusion sur-
gery were excluded, such as those with definite segmental instabili-
ty [9] or severe spondylolisthesis (grade II or higher).  

The study included 39 men and 55 women, and the mean age 
was 80.3 years. The mean follow-up was 29.6 months (range, 12–
114). A total of 94 patients underwent surgery: 44 at one level, 37 
at two levels, and 13 at three levels. 

Outcome parameters 
Preoperative conditions were assessed using the American Society 
of Anesthesiologists (ASA) classification of physical status [10], 
and clinical outcomes were assessed using a visual analog scale 
(VAS) for LBP, a VAS for leg pain, and the Oswestry disability in-
dex (ODI) [11]. VAS scores were determined using a 0 to 10-point 
scale, where a score of 0 meant symptom-free, and a score of 10 indi-
cated the most serious symptom. The VAS and ODI were scored 
at 1 week preoperatively and 1 year postoperatively. 

The surgical methods were compared regarding estimated blood 
loss (EBL), operation time, and hospital stay. Postoperative mor-
bidities (e.g., neurologic deterioration, cerebrospinal fluid leakage, 
wound infection, pneumonia, heart problems, urinary difficulty, 
epidural hematoma, screw malposition, and deep vein thrombo-
sis) were checked. In addition, reoperation and development of 
postoperative degenerative changes (e.g., recurrence, instability, 
subsidence, screw loosening, nonunion, and ASD) were docu-
mented. Fusion rate was assessed using the Bridwell grading sys-
tem and computed tomography and radiographic findings at 
1-year postoperatively (Table 2). 

Table 1. Surgical strategies for each surgeon

Surgeon
Surgical strategy

DL PLIF+PS MIDLF
Surgeon 1 18 10 47
Surgeon 2 8 6 0
Surgeon 3 2 3 0
Total 28 19 47

DL, decompressive laminectomy; PLIF+PS, posterior lumbar interbody fu-
sion with pedicle screw fixation; MIDLF, midline lumbar fusion.

Table 2. Bridwell interbody fusion grading system

Grade Description
I Fused with remodeling and trabeculae present
II Graft intact, not fully remodeled and incorporated, but no  

lucency present
III Graft intact, potential lucency present at top and bottom of 

graft
IV Fusion absent with collapse/resorption of graft
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Surgical technique 
All operations were performed in the prone position. In cases of 
DL alone, subtotal laminectomy, ligamentectomy, and bilateral 
medial facetectomy were performed at each symptomatic lumbar 
level after a median vertical incision. Based on the symptoms and 
radiologic findings, additional unilateral foraminotomy, bilateral 
foraminotomy, or unilateral partial hemilaminectomy was per-
formed. In cases of fusion, after decompression, discectomy, and 
PLIF, a traditional pedicle screw was used, followed by transpedic-
ular screw fixation or cortical bone trajectory (CBT) by cortical 
screw fixation according to stenotic levels (Fig. 1). 

Statistical methods 
IBM SPSS ver. 26.0 (IBM Corp., Armonk, NY, USA) was used to 
analyze all data. One-way analysis of variance was used, depending 
on the characteristics of the variables being compared, and a post-
hoc Bonferroni analysis was performed. Fisher’s exact test was 
used to analyze contingency tables, which showed a tabular repre-
sentation of categorical data. Freeman–Halton extension was ap-
plied, and the test yield probability value was defined as the proba-
bility of the observed array of cell frequencies plus the sum of the 

probabilities of all other cell-frequency arrays (such as would be 
consistent with the observed marginal totals) that are smaller than 
the probability of the observed array. Statistical significance was 
accepted for P < 0.05 and P < 0.016 in the post-hoc analysis with 
Bonferroni correction among the three groups. 

Ethics statement 
We collected data from hospital records, including sex, date of 
birth, type of surgery, medical histories, body mass index, EBL, 
and date of death. The date of death was verified by records from 
the National Health Insurance Corporation. The Institutional Re-
view Board of National Health Insurance Service Ilsan Hospital 
approved this study (No. 2022-01-027), and the requirement of 
informed consent was waived due to the restrospective nature of 
the study.  

Results  

Demographic and preoperative data 
The patients were divided into three groups according to the surgi-
cal method. Of the 94 patients, 28 (29.8%) were allocated to the 

AA BB CC

Fig. 1. Anterior-posterior radiograph of the lumbar spine showing each surgical method. (A) decompressive laminectomy, (B) posterior 
lumbar interbody fusion with pedicle screw fixation, (C) midline lumbar fusion.
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DL group, 19 to the PLIF+PS group (20.2%), and 29 (50.0%) to 
the MIDLF group. No significant intergroup differences were 
found regarding age, sex ratio, follow-up duration, or surgical level 
(Table 3); there were no significant differences in ASA classifica-
tion and Charlson comorbidity index (CCI) [12]. Additionally, 
preoperative ODI and VAS scores for LBP and leg pain were not 
significantly different between the three groups. 

Clinical outcome 
The VAS scores for LBP and leg pain sequentially decreased with 
follow-up in each group. In the decompression group, the VAS 
score for LBP improved from 3.4 to 1.2, while in the PLIF+PS 

group, it improved from 4.5 to 0.6. In the MIDLF group, the VAS 
score for LBP was improved from 3.6 to 1.0. At the last follow-up 
visit, the VAS score for leg pain decreased from 5.4 to 2.0 in the DL 
group, from 5.3 to 1.6 in the PLIF+PS group, and from 5.6 to 1.0 
in the MIDLF group. The VAS scores were significantly different 
in each group after 1 week of follow-up (Table 4). 

The VAS score for LBP on postoperative day (POD) 7 was sig-
nificantly different between the groups (P < 0.05) (Fig. 2A). VAS 
for LBP on POD 7 was not significantly different between DL 
alone and PLIF+PS (P = 0.102). It was significantly different be-
tween PLIF+PS and MIDLF (P = 0.010) and was not significantly 
different between DL alone and MIDLF (P = 1.000). 

Table 3. Patients’ demographics and preoperative characteristics of the three groups

Characteristic
Surgical strategy

P-value
DL (n=28) PLIF+PS (n=19) MIDLF (n=47)

Male:female 10:18 10:9 19:28 0.131
Age (yr) 82.5±2.5 81.1±1.6 81.8±1.9 0.084
Height (cm) 157.5±9.1 157.8±9.7 155.5±9.4 0.560
Weight (kg) 58.3±10.6 59.7±9.5 59.0±9.0 0.871
BMI (kg/m2) 23.4±3.1 24.0±2.9 24.4±3.4 0.412
ASA classification 2.1±0.5 2.1±0.6 2.0±0.5 0.618
CCI 4.4±0.8 4.8±1.5 4.7±1.0 0.282
Follow-up duration (mo) 31.6±27.7 31.1±30.7 27.1±21.7 0.615
Operated levels
 1 Level 9 (32.1) 8 (42.1) 27 (57.4)
 2 Level 9 (32.1) 9 (47.4) 19 (40.4)
 3 Level 10 (35.7) 2 (10.5) 1 (2.1)

Values are presented as mean±standard deviation or number (%).
DL, decompressive laminectomy; PLIF+PS, posterior lumbar interbody fusion with pedicle screw fixation; MIDLF, midline lumbar fusion; BMI, body mass 
index; ASA, American Society of Anesthesiologists; CCI, Charlson comorbidity index.

Table 4. Postoperative patient characteristics of three groups

Characteristic
Surgical strategy

P-value
DL (n=28) PLIF+PS (n=19) MIDLF (n=47)

VAS for low back pain Preop 3.4±3.1 4.5±2.5 3.6±3.0 0.266
POD 7 1.3±2.1 2.6±2.5 1.0±1.5 0.013*
1 Year f/u 1.2±2.2 0.6±1.3 1.0±1.8 0.746

VAS for leg pain Preop 5.4±2.8 5.3±2.5 5.6±2.2 0.766
POD 7 2.4±2.6 1.8±2.4 1.9±2.6 0.374
1 Year f/u 2.0±3.0 1.6±2.2 1.0±1.9 0.177

ODI Preop 52.0±12.4 53.3±17.5 52.0±16.5 0.899
POD 7 22.6±15.7 26.4±21.78 14.8±15.5 0.024*
1 Year f/u 19.1±22.1 12.7±16.3 14.9±18.2 0.394

Bridwell grade one fusion 1 Year f/u - 79% 82% 0.188

Values are presented as mean±standard deviation or percentage.
DL, decompressive laminectomy; PLIF+PS, posterior lumbar interbody fusion with pedicle screw fixation; MIDLF, midline lumbar fusion; VAS, visual ana-
log scale; ODI, Oswestry disability index; Preop, pre-operation; POD, post-operative day.
* P<0.05.
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Functional aspects were assessed using ODI scores. The ODI 
decreased during follow-up. The ODI scores were significantly dif-
ferent in each group after 1 week of follow-up (P < 0.05) (Fig. 2B). 
Between the DL alone and PLIF+PS groups, the ODI at POD 7 
was not significantly different (P = 1.000). It was significantly dif-
ferent between the PLIF+PS and MIDLF groups (P = 0.044) and 
was not significantly different between the DL alone and MIDLF 
groups (P = 0.148). Bridwell fusion rate was not significantly dif-
ferent in each group after 1 year of follow-up. 

Comparison of surgical methods and complications 
The EBL and operation time were significantly different between 
the groups (P < 0.05). It was observed that the EBL and operation 
time increased in the following order: DL, PLIF+PS, and MIDLF. 
Between the DL alone and PLIF+PS groups, EBL was significant-
ly different (P = 0.001). It was also significantly different between 
the PLIF+PS and MIDLF groups (P = 0.027) and was not signifi-
cantly different between the DL alone and MIDLF groups 
(P = 0.406) (Fig. 3A). The operation time was statistically signifi-
cantly different between the DL alone and PLIF+PS groups 
(P = 0.001). It was also statistically significantly different between 
the PLIF+PS and MIDLF groups (P = 0.001) and between the 
DL alone and MIDLF groups (P = 0.001) (Fig. 3B). 

There was no postoperative mortality or neurological deteriora-
tion. There was a statistically significant difference in postoperative 
morbidities (P < 0.05). Postoperative morbidity was noted in one 
patient (3.6%) in the DL alone group, six patients (31.6%) in the 
PLIF+PS group, and two (4.3%) patients in the MIDLF group. In 
the DL alone group, pulmonary edema occurred in one patient. In 

the PLIF+PS group, pneumonia occurred in two patients. There 
was pulmonary edema in one patient, pleural effusion in one pa-
tient, angina in one patient, and cerebral infarction in one patient. 
In the MIDLF group, pneumonia was observed in one patient, and 
pleural effusion was observed in one patient. 

Postoperative complications were significantly different among 
the three groups (P = 0.003). In the post-hoc analysis, Fisher’s ex-
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Fig. 2. The statistically significant changes in outcome parameters. (A) The visual analog scale (VAS) for lower back pain (LBP) at post-
operative day 7 was significantly different between each group (*P<0.05). There was a statistically significant difference between the 
PLIF+PS and MIDLF groups (P=0.013). (B) Oswestry disability index (ODI) scores were significantly different between the groups after the 
1-week follow-up (*P<0.05). There was a statistically significant difference between the PLIF+PS and MIDLF groups (P=0.024). Preop, 
pre-operation; DL, decom pressive laminectomy; PLIF+PS, posterior lumbar interbody fusion with pedicle screw fixation; MIDLF, midline 
lumbar fusion.
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Fig. 3. The estimated blood loss (EBL) and operation time were 
significantly different between the groups. (A) Between the DL 
alone and PLIF+PS groups, EBL was statistically significantly dif-
ferent (**P=0.002). There was a statistically significant difference 
between the PLIF+PS and MIDLF groups (P=0.027). (B) The oper-
ation time was significantly different between the DL alone and 
PLIF+PS groups (***P=0.001). There was a statistically significant 
difference between the PLIF+PS and MIDLF groups (P=0.001) and 
between the DL alone and MIDLF groups (P=0.001). DL, decom-
pressive laminectomy; PLIF+PS, posterior lumbar interbody fusion 
with pedicle screw fixation; MIDLF, midline lumbar fusion.
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act test between the DL only and PLIF+PS groups was statistically 
significantly different (P = 0.013). It was also statistically signifi-
cantly different between the PLIF+PS and MIDLF groups 
(P = 0.006) but was not statistically significantly different between 
the DL alone and MIDLF groups (P = 0.688).  

There were no statistically significant differences in the postop-
erative degenerative changes between the groups. Regarding mor-
bidities, in the DL alone group, three patients (10.7%) developed 
postoperative degenerative changes (two instabilities and one 
ASD), all of whom underwent reoperation. In the PLIF+PS group, 
two patients (10.5%) developed postoperative degenerative 
changes (one subsidence and one ASD), and one ASD patient un-
derwent reoperation. In the MIDLF group, three patients (6.4%) 
developed postoperative degenerative changes (three ASD) and 
underwent reoperation (Table 5). 

Although the postoperative degenerative changes were not sta-
tistically different between the three groups, it is not reasonable to 
compare the late complication rates between the three groups be-
cause the complications were different. 

Discussion 

This study investigated 94 consecutive cases of DL, with or with-
out fusion, for degenerative lumbar spinal disease in patients 80 
years of age or older and demonstrated favorable outcomes in this 
patient population. The goal of MIS is to limit tissue damage. This 
is especially advantageous in elderly patients, in whom intraopera-
tive EBL, postoperative mobilization, and wound healing have 
more profound implications [13]. 

MIDLF is an MIS fusion technique that consists of posterior 
lumbar interbody arthrodesis and posterior instrumentation using 
CBT screws [14]. Being inserted in a divergent trajectory has ad-
vantages in small wounds and hard screw fixation. First, CBT does 
not require dissection of the facet joints for insertion [14,15]. Sec-
ond, Matsukawa et al. studied biomechanical research and report-
ed a higher insertion torque of CBT screws than that of traditional 
pedicle screws [16]. This may be especially important when per-
forming lumbar fusion in elderly patients with poor bone density. 
In addition, CBT has less EBL than conventional pedicle screw in-
sertion and requires only pars interarticularis dissection without 
extended dissection of the mammillary body; thus, the operation 
time is reduced. 

Increased blood loss during lumbar spinal fusion has been cor-
related with increased muscle injury and dissection boundary [17]. 
Another theoretical advantage of decreased blood loss is the subse-
quent decreased risk of blood transfusion and other complications 
in patients with comorbid conditions, who are more sensitive to 
lower postoperative hemoglobin levels. We believe that fusion is 
more likely to cause higher complications, including cerebral in-
farctions and pulmonary complications because it shows a differ-
ence in operation time compared with decompression alone. Simi-
lar to this hypothesis, this study showed that longer surgeries led to 
greater amounts of bleeding, which increased the risk of postoper-
ative complications and delayed functional pain relief. 

The difference in EBL remained significant after adjusting for 
this factor. This was expected because traditional PS insertion re-
quires extensive exposure of the facet joints. This difference has 
also been observed in other studies [18–20]. We believe that the 

Table 5. Perioperative morbidities and late complications of the three groups

Variable
Surgical strategy

P-value
DL (n=28) PLIF+PS (n=19) MIDLF (n=47)

Estimation of blood loss 320.0±342.1 886.1±613.2 507.5±567.2 0.002**
Operation time (min) 105.6±44.8 266.8±78.4 161.9±56.0 0.001***
Hospital stay (day) 14.5±6.6 17.4±8.4 14.8±12.5 0.594
Postoperative complications 1 (3.6) 6 (31.6) 2 (4.3) 0.003**
 Pulmonary complications 1 4 2
 Cerebral infarction 0 1 0
 Angina 0 1 0
Postoperative degenerative changes 3 (10.7) 2 (10.5) 3 (6.4) 0.698
 ASD 1 1 3
 Dynamic instability 2 0 0
 Subsidence - 1 0

Values are presented as mean±standard deviation or number (%).
DL, decompressive laminectomy; PLIF+PS, posterior lumbar interbody fusion with pedicle screw fixation; MIDLF, midline lumbar fusion; ASD, adjacent 
segmental degeneration.
**P<0.01, ***P<0.001.
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difference in the screw insertion method of fusion surgery is the 
reason for the difference in the ODI and VAS for LBP values on 
the seventh day after fusion surgery between the groups. 

Complications were divided into postoperative complications 
and degenerative changes, and there was a significant difference 
between the three groups. According to a study by Kobayashi et 
al., preoperative motor deficits, operative time, EBL, and fusion 
surgery with instrumentation were found to be significant risk fac-
tors for major complications (cerebral infarction, pulmonary em-
bolism, coronary heart disease, and angina) after lumbar surgery in 
patients over 90 years of age [21]. In this study, pulmonary compli-
cations increased in the order DL, MIDLF, and PLIF+PS in post-
operative complications. 

In addition, in the case of PLIF+PS, one case of cerebral infarc-
tion required rehabilitation treatment due to motor weakness. 
Therefore, for elderly patients requiring fusion, selecting MIDLF, 
which has advantages in EBL and operative time, would be a way 
to reduce major complications. Previous studies have also found 
that the amount of bleeding and operation time are related to the 
occurrence of complications [22]. Regarding postoperative degen-
erative changes, ASD in one patient and iatrogenic spondylolytic 
spondylolisthesis in two patients were required to implement lum-
bar fusion; therefore, careful attention is required during DL sur-
gery. 

The selection of DL or fusion depends on numerous factors, 
such as symptoms, age, general condition, presence of osteopo-
rosis, number of segments involved, and instability. The most 
important factor is radiographic instability of the lumbar spine 
because fusion is the therapy of choice for definite instability. 
However, in mild or ambiguous instabilities, fusion selection is 
occasionally problematic. For example, in elderly patients or 
those with a poor general condition, who are vulnerable to major 
surgery, protracted surgery, heavy bleeding, and extensive soft 
tissue injury can cause severe perioperative morbidities, such as 
cardiopulmonary complications, wound infections, or even 
death. In addition, in patients with osteoporosis, transpedicular 
screw fixation or interbody fusion can cause instrument-related 
complications, such as subsidence, screw failure, or nonunion. 
Accordingly, DL alone can be a better choice for patients with 
advanced age, poor preoperative condition, or osteoporosis if 
there is no severe instability [23]. 

In a previous study, the authors suggested that decompression 
or fusion should be performed as needed without significant dif-
ferences in complications [7,8]. However, there may be biological 
differences in super-aged people over 80 years old. Oldridge et al. 
showed an overall mortality rate of 0.5% in 34,418 Medicare pa-
tients who underwent lumbar spine surgery. For patients older 

than 80 years, the mortality rate for spinal fusions was greater than 
10%. They concluded that the 80 to 85 years age group faced the 
highest risk of a significant increase in morbidity and mortality for 
spinal fusion [24]. Therefore, MIDLF with less bleeding is advan-
tageous when complications are considered. 

The mean ASA and CCI values tended to increase with age, 
which was confirmed to increase the likelihood of perioperative 
complications [25]. However, in our study, in the MIDLF group, 
the surgical wound was relatively small, the amount of bleeding 
was small, and the surgery time was short, which could lower the 
risk of complications and secure sufficient fixation at the same 
time. No statistically significant differences were observed in com-
plications according to ASA and CCI. We believe a significant dif-
ference can be found if the number of cases is higher. 

Regarding the limitations of this study, first, since it is limited by 
the retrospective observation and analysis of 10 years of research 
conducted in a single institution, surgical indications in the three 
study groups were not exactly the same, and patients’ preoperative 
conditions varied between groups. This is because we could not 
randomly assign the study participants to the three groups. Thus, 
the basic characteristic variables may be different. Nevertheless, 
the conditions of the three groups before the operation were not 
significantly different. Also, three spinal surgeons were involved in 
this study, and differences between the surgical techniques could 
have influenced the outcomes. Additionally, due to the lack of the 
number of cases, it is difficult to compare the results for each level, 
so the average of all levels of surgery was compared. Finally, the 
lack of long-term clinical follow-up is a concern because the risk of 
recurrence is generally assessed over 5 years after surgery in elderly 
patients [26]. 

Conclusion 

Advanced age did not increase the morbidity associated with the 
operation because the results reported in this study are comparable 
with those from other studies of younger populations. Also, ad-
vanced age did not decrease patient contentment or return to ac-
tivities. Although the clinical outcomes were not significantly dif-
ferent among the three groups, perioperative morbidity and late 
complications were better in the decompression and MIDLF 
groups. We suggest MIDLF rather than PLIF+PS if there is a need 
for fusion in elderly patients over 80 years of age. 
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Objective: This study aimed to determine whether preoperative frailty assessed using the five-item modified frailty index (mFI-5) in 
patients undergoing posterior lumbar interbody fusion for lumbar spinal stenosis can predict poor patient outcomes. 
Methods: We retrospectively included 192 patients aged 18 years or older who were diagnosed with lumbar spinal stenosis and un-
derwent posterior lumbar interbody fusion at a single hospital between March 2009 and February 2021. We calculated mFI-5 scores 
for these patients based on the following five comorbidities: (1) hypertension requiring medication, (2) diabetes mellitus, (3) history 
of chronic obstructive pulmonary disease or pneumonia, (4) history of congestive heart failure in the 30 days before surgery, and (5) 
partially or totally dependent functional health status at the time of surgery. The patients were categorized into three groups ac-
cording to their mFI-5 scores, and these groups were analyzed. A P<0.05 was considered statistically significant in all analyses. 
Results: Length of hospital stay (LOS) was significantly associated with mFI-5 score (β=0.196, P=0.008), age (β=0.112, P=0.159), 
and surgical level (β=0.238, P<0.001). In patients with fusion at one or two levels, mFI-5 score showed the greatest association 
with LOS (β=0.188, P=0.016), followed by sex (β=0.137, P=0.065) and the number of fused segments (β=0.137, P=0.065).
Conclusion: Frailty may not be an independent predictor, but it has significant predictive power for LOS in patients undergoing pos-
terior lumbar interbody fusion for lumbar spinal stenosis, especially in patients undergoing fusion at one or two levels. 

Keywords: Frailty; Hospitalization; Morbidity; Prognostic factor; Spinal fusion; Spinal stenosis  
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Introduction 

Patients with low back pain due to degenerative lumbar spinal dis-
ease, including lumbar spinal stenosis, account for the largest pro-
portion of people with a single disability worldwide [1,2]. Posteri-
or lumbar interbody fusion is a good treatment option for degener-
ative lumbar spinal stenosis [3–5]. With aging, the cost burden of 
degenerative lumbar spinal stenosis gradually increases. Efforts are 
being made to reduce costs without compromising the quality of 
patient care. As part of that effort, it is important to effectively pre-

dict poor prognosis and appropriately select patients for surgical 
treatment [6]. 

A prolonged length of hospital stay (LOS) and unplanned read-
mission are common indicators of poor prognosis. These indica-
tors are associated with the outcomes of medical and surgical pro-
cedures, including poor prognosis owing to various complications, 
mortality, and increased medical cost in patients undergoing spine 
surgery [7–9]. A prolonged LOS has been associated with reoper-
ation and perioperative complications in patients who underwent 
posterior lumbar interbody fusion for degenerative spinal diseases 
[10]. Therefore, efforts are being made to identify patient-related 
risk factors for a prolonged LOS, unplanned readmission within 30 
days of discharge, and reoperation [11]. 

Frailty, a multifactorial concept, is related to aging. It denotes 
that a person’s energy metabolism, strength, endurance, and func-
tional level are lower than what can be expected considering their 
age group [12–15]. Frailty is highly associated with a poor progno-
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sis after surgery [16]. It is also independently associated with poor 
prognoses, such as a prolonged LOS and increased complication 
rates, in patients undergoing spine surgery [17–21]. 

The modified frailty index was proposed and developed by the 
American College of Surgeons National Surgical Quality Improve-
ment Program. Initially, an 11-item frailty index (mFI-11) was de-
veloped, which was revised to develop the five-item modified frail-
ty index (mFI-5) in 2012. Several studies have shown that the mFI-
5 has comparable prognostic potential to the mFI-11 [22,23]. The 
mFI-5 incorporates the following five comorbidities: hypertension 
requiring medication, diabetes mellitus, history of chronic obstruc-
tive pulmonary disease, congestive heart failure in the 30 days be-
fore surgery, and partially or totally dependent functional health 
status at the time of surgery. The mFI-5 score has been found to be 
associated with poor prognosis after surgery in various fields [24–
26]. 

As the average age of patients undergoing spine surgery increas-
es, the rate of frailty in them will also increase. Therefore, it is im-
portant to know how preoperative frailty affects prognosis to en-
able the appropriate selection of patients for surgery. However, 
there are few studies on the association between frailty and poor 
prognosis in patients with lumbar spinal stenosis. 

The purpose of this study was to determine whether preopera-
tive frailty assessed using the mFI-5 in patients undergoing posteri-
or lumbar interbody fusion for lumbar spinal stenosis could predict 
poor patient outcomes. 

Material and Method 

Patient selection 
The present study protocol was approved by the Institutional Re-
view Board of Inje University Sanggye Paik Hospital (IRB No. 
2022-06-002). We retrospectively included 192 patients aged 18 
years or older who were diagnosed with lumbar spinal stenosis and 
underwent posterior lumbar interbody fusion at a single hospital 
between March 2009 and February 2021. Patients were enrolled 
based on the International Classification of Diseases codes. The 
exclusion criteria were history of spine surgery, pregnancy, ventila-
tor dependence, preoperative sepsis, disseminated cancer, and 
LOS longer than 1 year. 

Data collection 
Preoperative patient factors including age, sex, body mass index 
(BMI), comorbidities, functional health status at the time of ad-
mission and surgery, and medical history were recorded. The 
number of fused segments was evaluated as an operative factor. 
Postoperative factors including LOS, postoperative complications, 

unplanned readmission within 30 days of discharge, and reopera-
tion were also recorded and assessed.  

Calculation of the mFI-5 score  
We calculated mFI-5 scores for all the patients based on the follow-
ing five comorbidities: (1) hypertension requiring medication, (2) 
diabetes mellitus, (3) history of chronic obstructive pulmonary 
disease or pneumonia, (4) history of congestive heart failure in the 
30 days before surgery, and (5) partially or totally dependent func-
tional health status at the time of surgery. One point was assigned 
to each factor, and the total score ranged from 0 to 5. Based on pre-
vious literature, patients were divided into three groups according 
to their mFI-5 scores for analysis and comparison: (1) “not frail 
(mFI-5 = 0)”, (2) “pre-frail (mFI-5 = 1)”, or (3) “frail (mFI-5 > 1)” 
[27]. 

Statistical analysis 
The statistical analyses were performed using IBM SPSS for MAC 
ver. 25.0 (IBM Corp., Armonk, NY, USA). The differences of 
three groups according to mFI-5 scores were analyzed. A P-value 
of < 0.05 was considered statistically significant in all analyses. De-
scriptive statistical analysis, Pearson correlation analysis, and uni-
variate and multivariate linear regression analyses were performed. 
To exclude the effect of the number of fused segments, we per-
formed the univariate and multivariate analysis only for patients 
with one or two fused segment levels. Analysis of variance with 
Scheffé test was used to compare normally distributed variables 
and the Kruskal–Wallis H test and Mann–Whitney U test were 
used to compare non-normally distributed variables among the 
three groups. 

Results 

Patient demographics 
Of the 192 patients included, 60 (31.3%), 70 (36.5%), and 62 
(32.3%) were categorized into the mFI-5 = 0, mFI-5 = 1, and mFI-
5 > 1 groups, respectively. The mFI-5 > 1 group was older (65.4 
years vs. mFI-5 = 1: 64 years and mFI-5 = 0: 58.9 years, P = 0.001) 
and had greater BMI (26 kg/m2 vs. mFI-5 = 1: 24.9 kg/m2 and 
mFI-5 = 0: 24.2 kg/m2, P = 0.007) than the other groups. There 
was no significant correlation between the sex composition ratio 
between each group (Table 1). 

Patient comorbidities 
The most common comorbidity with respect to the mFI-5 items 
was hypertension (mFI-5 = 1: 61.4% and mFI-5 > 1: 91.9%). Oth-
er factors, including diabetes and dependent functional status, 
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were also more common in the mFI-5 > 1 group than in the mFI-
5 = 1 group (Table 2). 

LOS and 30-day readmission and reoperation rates 
The LOS was longer in the mFI-5 > 1 group than in the other 
groups (25.6 ± 19.7 days vs. mFI-5 = 1: 18.6 ± 8.0 days and mFI-
5 = 0: 16.7 ± 8.2 days, P = 0.002). The mFI-5 > 1 group showed a 
greater reoperation rate than the other groups (11.3% vs. mFI-
5 = 1: 4.3% and mFI-5 = 0: 3.3%, P = 0.006), but there was no sig-
nificant difference in readmission rate among the groups (Table 3). 

Univariate and multivariate linear regression analysis for 
LOS 
In the univariate and multivariate linear regression analysis, LOS 
was significantly associated with mFI-5 score (β = 0.196, P =  
0.008), age (β = 0.112, P = 0.159), and surgical level (β = 0.238, 
P < 0.001) (Table 4). In the univariate and multivariate linear re-
gression analysis conducted only on patients with 1 or 2 fused seg-
ments, the mFI-5 score showed the greatest association with LOS 
(β = 0.188, P = 0.016), followed by sex (β = 0.137, P = 0.065) and 
the number of fused segments (β = 0.137, P = 0.065) (Table 5).  

Discussion 

With aging, the morbidity of degenerative lumbar spine disease 
and requirement of spine surgery increase. By analyzing the preop-
erative frailty and surgical risk factors of patients with degenerative 
lumbar spine disease, it is possible to minimize postoperative com-
plications and reduce unnecessary medical expenses. Several indi-
ces have been proposed for evaluating frailty, and we used the mFI-
5 in this study. The association of mFI-5 with the prognosis of or-
thopedic surgery has been studied. Segal et al. found that high 
mFI-5 scores were associated with increased rates of adverse 
events, life-threatening complications, readmission within 30 days 

of discharge, and adverse discharge disposition in patients who un-
derwent kyphoplasty for vertebral augmentation [28]. Similarly, 
Wilson et al. found that high mFI-5 scores were associated with in-
creased rates of reoperation within 30 days of surgery, readmission, 
and complications in patients with distal radius fractures who un-
derwent surgery [29]. Frailty has been found to be associated with 
a prolonged LOS and increased rates of complications in patients 
who underwent spine surgery [17–21], and a similar association 
was found in our study, which included patients who underwent 
posterior lumbar interbody fusion for lumbar spinal stenosis. Spine 
surgeons may be able to preoperatively distinguish high-risk pa-
tients who are likely to have a poor prognosis after surgery and 
those who can expect good recovery after surgery by analyzing 
frailty-related factors. 

In studies on the prognosis of patients undergoing spine surgery, 
the proportion of patients classified as “frail” based on their mFI-5 
scores ranges from 1.3% to 20% [30,31]. This wide distribution 
reveals that there is a unique subpopulation. However, the cause of 
the discrepancy is unclear, suggesting that further research on pa-
tients undergoing posterior lumbar interbody fusion is needed 
[32]. 

An analysis of our entire study cohort revealed that a high mFI-5 
score was associated with an increased LOS and high reoperation 
rate, but the mFI-5 score could not be regarded as an independent 
predictor of a prolonged LOS. Known poor prognostic factors, 
such as age, BMI, and surgical level, were found to have a large im-
pact on increased LOS. To exclude the effect of surgical factors, the 
multivariate linear regression analysis was performed only in pa-
tients who had undergone fusion at one or two levels, and the mFI-
5 score was confirmed as the most powerful factor predicting LOS. 

Obesity is associated with poor prognosis after surgery in pa-
tients with degenerative lumbar diseases [33,34]. However, we 
found that BMI had statistically no correlation with increased 
LOS. This is thought to be because our study included patients 

Table 1. Comparison of the demographics of the three groups

Variable mFI-5=0 (n=60) mFI-5=1 (n=70) mFI-5>1 (n=62) P-value
Age 0.001a),b)

 Mean±SD 58.85±11.21 63.99±11.02 65.42±10.04
 Median (range) 60.0 (21–79) 65.5 (22–79) 67.5 (35–79)
Female sex (%) 53.3 62.9 58.1 0.605
BMI (kg/m2) 0.007b),c)

 Mean±SD 24.15±3.22 24.85±3.97 25.96±3.73
 Median (range) 23.63 (15.2–40.8) 24.16 (18.5–43.6) 25.22 (19.2–35.8)

mFI-5, five-item modified frailty index; SD, standard deviation; BMI, body mass index; ANOVA, analysis of variance.
a)mFI-5=0 versus mFI-5=1, P<0.05, ANOVA with the Scheffé test.
b)mFI-5=0 versus mFI-5>1, P<0.05, ANOVA with the Scheffé test.
c)mFI-5=1 versus mFI-5>1, P<0.05, ANOVA with the Scheffé test.
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Table 2. Clinical characteristics of the participants

Variable mFI-5=0 (n=60) mFI-5=1 (n=70) mFI-5>1 (n=62) P-value
mFI criteria
 DM 0 12 (17.1) 41 (66.1) <0.001
 Dependent functional status 0 14 (20.0) 40 (64.5) <0.001
 COPD 0 1 (1.4) 4 (6.5) 0.025
 CHF 0 0 4 (6.5) 0.012
 HTN 0 43 (61.4) 57 (91.9) <0.001
No. of fused segments 0.014
 1 44 46 32
 2 13 20 22
 3 2 4 7
 4 1 0 1

Values are presented as number (%).
mFI-5, five-item modified frailty index; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; HTN, hyper-
tension.

Table 3. LOS and rates of reoperation and readmission

Variable mFI-5=0 (n=60) mFI-5=1 (n=70) mFI-5>1 (n=62) P-value
LOS 0.002a),b)

 Mean±SD 16.72±8.21 18.61±8.00 25.6±19.66
 Median (range) 14.5 (7–62) 16 (7–46) 18.5 (9–137)
Reoperation 2 (3.3) 3 (4.3) 7 (11.3) 0.198
Readmission within 30 days of discharge 3 (5.0) 3 (4.3) 4 (6.5) 0.920

LOS, length of hospital stay; mFI-5, five-item modified frailty index; SD, standard deviation.
a)mFI-5=0 versus mFI-5>1, P<0.017, Mann-Whitney test.
b)mFI-5=1 versus mFI-5>1, P<0.017, Mann-Whitney test.

Table 4. Univariate and multivariate linear regression analysis of the associations of preoperative variables with the length of hospital 
stay

Variable
Univariate linear regression Multivariate linear regression
Unstandardized 
coefficient (B) P-value Unstandardized 

coefficient (B)
Standardized 
coefficient (b) t P-value R R2 Adjusted R Durbin–Watson

Constant –0.909 –0.09 0.929 0.401 0.161 0.138 1.957
mFI-5 4.48 <0.001 3.301 0.196 2.693 0.008
Sex 3.14 0.112 1.876 0.069 0.999 0.319
Age 0.29 <0.001 0.137 0.112 1.413 0.159
Level of fusion 6.21 <0.001 4.795 0.238 3.364 <0.001
BMI 0.002 0.994 –0.27 –0.008 –0.101 0.92

mFI-5, five-item modified frailty index; BMI, body mass index.

with lumbar spinal stenosis who underwent posterior lumbar in-
terbody fusion. In patients with high BMI, less invasive surgical 
techniques are associated with a good recovery and prognosis after 
surgery. Since posterior lumbar interbody fusion is more complex 
than other surgical techniques such as microscopic discectomy or 
decompressive posterior laminectomy, patients with high BMI are 
not priority candidates for posterior lumbar interbody fusion. 

In our study, the reoperation rate tended to increase with an in-

crease in the mFI-5 score but was not statistically significant. The 
statistically insignificant results might have been because the total 
number of patients in our study was not large, so the number of 
patients who underwent revision surgery was not large enough for 
meaningful analysis. Additional studies with a larger number of pa-
tients will help to elucidate the relationship between mFI-5 and re-
operation rate. 

There are several limitations to this study. One of them is the 
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retrospective design of the study. Additionally, the study included 
patients who underwent surgery at a single hospital; therefore, 
there may be selection bias. Since the patients were enrolled based 
on International Classification of Diseases codes, there may be 
coding and reporting bias as well as a possibility of misclassified or 
incomplete data. In this study, the proportion of patients catego-
rized as “pre-frail” or “frail” was relatively high (68%), which is 
thought to be the result of including patients with a relatively high 
severity of lumbar spinal stenosis that required surgical treatment. 
Therefore, it is difficult to generalize the results of this study to the 
entire population. Furthermore, the average age of the frail group 
tended to be higher than that of the other groups, and this suggests 
that there may confounding factors. In this study, operative factors 
such as case complexity were not considered. Furthermore, certain 
complications of spinal fusion surgery, such as radiographic evi-
dence of adjacent segment disease or postoperative neurological 
deficit, were not analyzed [35,36]. Although this study confirmed 
the association between mFI-5 score and poor prognosis after sur-
gery, other conditions can also predict poor prognosis after poste-
rior lumbar interbody fusion. Spine-specific preoperative patient 
conditions such as symptom duration and the severity of leg and 
back pain have been found to be associated with a poor prognosis 
in elective lumbar spine surgery [37]. Prospective studies using the 
mFI-5 and further research to develop a frailty index that can be 
used to predict the prognosis after spine surgery are needed.  

Conclusion 

Our study shows that frailty is not an independent predictor but 
can be considered a valuable predictive factor for LOS in patients 
undergoing posterior lumbar interbody fusion for lumbar spinal 
stenosis. Additionally, frailty can be considered an independent 
predictor of poor prognosis in patients undergoing fusion at one or 
two levels. The presence of frailty should not be a contraindication 
for surgical management in patients with spinal stenosis; however, 

in combination with other comorbidities, it may aid risk stratifica-
tion in patients undergoing spine surgery. 
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Objective: Endovascular thrombectomy (EVT), with or without intravenous thrombolysis, has become the standard treatment for 
acute ischemic stroke, especially in large vessel occlusions. This study provides valuable insights about the effectiveness of EVT in 
these patients. 
Methods: We retrospectively reviewed patients who underwent EVT for acute ischemic stroke at age 80 or over between 2014 and 
2022. Procedural and functional outcomes were assessed with the thrombolysis in cerebral infarction (TICI) score and National Insti-
tutes of Health Stroke Scale (NIHSS) after EVT, in comparison with the initial NIHSS. We divided patients into the improved NIHSS 
group, the non-improved group, and the expired group. 
Results: Eighty patients who underwent EVT from 2014 to 2022 were analyzed. Fifty-seven patients improved, whereas 23 patients 
did not improve or expired after EVT. Successful recanalization (TICI IIb or III) was reported in 88.7% of cases. The locations of occlu-
sion differed among the groups. The most frequently discovered location of occlusion was sphenoidal segment of middle cerebral ar-
tery (M1), and occlusions were most frequently discovered in the internal carotid artery in the group without NIHSS improvements. 
Conclusion: This study revealed that EVT in elderly patients was effective, and occlusion of a distal vessel could be a good prognostic 
factor. Reducing puncture time was also identified as the most important factor in elderly patients. Lastly, if TICI IIb reperfusion is 
discovered during the procedure, additional reperfusion attempts should be avoided. 
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Introduction 

Endovascular thrombectomy (EVT) with or without intravenous 
thrombolysis (IVT) has been considered the standard treatment 
for acute ischemic stroke, especially for patients with large vessel 
occlusions [1]. 

However, the effectiveness of EVT in patients over the age of 80 
has not been established. They have been excluded from major 
clinical trials. A meta-analysis from previous clinical trials indicated 
that EVT was significantly more beneficial than IVT alone at this 
age as well [2–4].  

The purpose of this study is to investigate the effectiveness of 
EVT in acute stroke, caused by larger vessel occlusion for elderly 
patients over 80. 

Material and Method 

Patient selection 
This study was approved by the Institutional Review Board of 
Kangdong Sacred Heart Hospital (IRB No. 2022-08-018) which 
waived the requirement for informed consent due to the respective 
nature of the study. 

We retrospectively analyzed patients between 2014 and 2022. 
Patients included those who: (1) underwent EVT for acute isch-
emic stroke; (2) had large vessel occlusion; (3) were 80 years of 
age or older at the time of treatment. Among the inclusion criteria 
described above, large vessel occlusion includes ICA, sphenoidal 
segment of middle cerebral artery (M1), insular segment of mid-
dle cerebral artery (M2), pre-communicating segment of posterior 
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cerebral artery (P1), and basilar artery (BA). All patients were 
treated by experienced neuro-interventionalists. 

The data of the patient’s age, gender, and comorbid conditions 
such as atrial fibrillation, diabetes mellitus, and dyslipidemia were 
collected. Puncture time from symptom onset and baseline Na-
tional Institutes of Health Stroke Scale (NIHSS) was also con-
firmed. 

Outcome measures 
The procedural outcome was measured by thrombolysis in cere-
bral infarction (TICI) score. The criteria for successful recanaliza-
tion as TICI IIb or III were determined by digital subtraction angi-
ography. 

The functional outcome was assessed with the NIHSS score af-
ter EVT, compared to the initial NIHSS score. Patients were divid-
ed into 3 groups; improved NIHSS group, not improved group, 
and expired group. One with improvements in NIHSS, another 
without any improvements in NIHSS, and the other who expired. 

Results 

Patient demographics 
A total of 80 patients were analyzed who performed EVT from 
2014 to 2022. The median age was 85.32 years (range, 80–99), 
and 66.3% of the patients were women. The median initial NIHSS 
score was 14.67 (range, 2–27). The most dominant occlusion lo-
cation was the M1 segment (58.8%). Furthermore, the most com-
mon comorbid disease of patients was hypertension. In 88.8% of 
patients, the procedure was started within 6 hours after symptoms. 
Lastly, 72.5% of patients received IVT before EVT (Table 1). 

Functional outcomes 
Fifty-seven patients were improved, and 23 patients were not im-
proved or expired after EVT. There was no statistically significant 
difference among groups in age, gender, and comorbid conditions 
such as hypertension, diabetes, etc. 

Successful recanalization, TICI IIb or III, was reported in 88.7% 
of all cases. TICI IIb or III was achieved in 96.5% of the improved 
NIHSS group and 83.3% of the not improved NIHSS group. On 
the other hand, in the expired group, 45.5% of the cases did not 
show any sufficient reperfusion. 

The puncture time was shorter in the group with improved NI-
HSS compared to the other groups. Ninety-three percent of pa-
tients could initiate EVT within 6 hours of symptom onset, while 
the percentages of the other groups were 75.0% and 81.8%.  

The locations of occlusion were also different depending on the 
groups; in the group with improvements in NIHSS, the most fre-

quently discovered location of occlusion was M1 (71.9%), and it 
was ICA that the greatest number of occlusions is discovered in the 
group without any improvements in NIHSS (50.0%) (Table 2).  

Discussion 

Previous studies concerning the impact of age on outcomes after 
thrombectomy have consistently shown that age is an independent 
predictor of functional independence and mortality at 90 days [5–
8]. Subsequent follow-up studies after that studied the change in 
outcome according to age, and the age of 80 was designated as the 

Table 1. Characteristics of the patients treated with endovascular 
thrombectomy

Characteristic Patients (n=80)
Age (yr) 85.32 (80–99)
Sex
 Male 27 (33.8)
 Female 53 (66.3)
Premedication
 Anticoagulation 13 (16.3)
 Antiplatelet 19 (23.8)
Puncture time <6 hours 71(88.8)
Initial NIHSS 14.67 (2–27)
Postprocedural NIHSS 7.8 (0–33)
TICI
 I 1 (1.3)
 IIa 8 (10.0)
 IIb 12 (15.0)
 III 59 (73.8)
Comorbid conditions
 Hypertension 61 (76.3)
 Diabetes (%) 17 (21.3)
 Coronary artery disease 22 (27.5)
 Hyperlipidemia 12 (15.0)
 Atrial fibrillation 43 (53.8)
 Stroke history 16 (20.0)
Location of occlusion
 ICA 19 (23.8)
 M1 47 (58.8)
 M2 7 (8.8)
 P1 1 (1.3)
 BA 6 (7.5)
IVT 58 (72.5)

Values are presented as median (range) or number (%).
NIHSS, National Institutes of Health Stroke Scale; TICI, thrombolysis in 
cerebral infarction; ICA, internal carotid artery; M1, sphenoidal segment 
of middle cerebral artery; M2, insular segment of middle cerebral artery; 
P1, pre-communicating segment of posterior cerebral artery; BA, basilar 
artery; IVT, intravenous thrombolysis.
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age at which a rapid decline in outcome occurred from then on 
[9,10]. However, several reports argue that despite the reduced ef-
ficacy of EVT in patients over 80 years of age, they still have signifi-
cant rates of functional independence [6,11]. 

These differences are made because of performing the same 
treatment in young and old aged patients. Compared with younger 
people, aged patients have a comorbid condition [12]. Because of 
this, even if there were no problems during the EVT procedure, 
there are many cases where problems occur after the procedure. 
Hilditch et al. [9] reported that elderly people have relatively high-
er postprocedural symptomatic intracranial hemorrhage(8%) and 
complication (11%). Therefore, a treatment strategy slightly differ-
ent from that of young people is required and one example of this 
could be avoiding continuous reperfusion attempts. 

A previous study showed that a TICI score is highly associated 
with functional independence in younger patients [13]. However, 
in elderly people, the difference in results according to TICI seems 
to be relatively small. In the expire group, the rate of insufficient 
reperfusion rate was high. But there was no difference in TICI be-
tween the improved NIHSS group and the not improved NIHSS 
group. 

These data suggest that elderly people need a different treatment 
strategy from younger people. Continuous reperfusion attempts 
can be made in younger patients to achieve TICI III. However, in 
the elderly, an acceptable intra-procedural outcome should be con-
sidered as TICI IIb, not TICI III. A study by Loh et al. [14] ana-
lyzed intra-arterial therapy in elderly stroke patients, the authors 
reported that there were no significant differences in the TICI II–

Table 2. Comparison according to changes in the NIHSS

Characteristic Improved NIHSS (n=57) Not improved NIHSS (n=12) Expired (n=11) P-value
Age (yr) 85.3 (80–98) 87.4 (81–99) 83.5 (80–86) 0.044
Sex
 Male 22 (38.6) 4 (33.3) 4 (36.4)
 Female 35 (61.4) 8 (66.7) 7 (63.6)
Premedication
 Anticoagulation 9 (15.8) 3 (25.0) 1 (9.1) 0.627
 Antiplatelet 15 (26.3) 3 (25.0) 1 (9.1) 0.587
Puncture time <6 hours 53 (93.0) 9 (75.0) 9 (81.8) 0.059
Initial NIHSS 14.6 (4–24) 12.8 (7–20) 16.4 (7–26) 0.290
Post NIHSS 5.9 (0–22) 16.8 (13–33) <0.001
TICI <0.001
 I 0 (0) 1 (8.3) 0 (0)
 IIa 2 (3.5) 1 (8.3) 5 (45.5)
 IIb 6 (10.5) 4 (33.3) 2 (18.2)
 III 49 (86.0) 6 (50.0) 4 (36.4)
Comorbid conditions
 Hypertension 42 (73.7) 10 (83.3) 8 (72.7) 0.765
 Diabetes 9 (15.8) 4 (33.3) 3 (27.3) 0.350
 Coronary artery disease 17 (29.8) 4 (33.3) 2 (18.2) 0.709
 Hyperlipidemia 7 (12.3) 2 (16.7) 3 (27.3) 0.066
 Atrial fibrillation 32 (56.1) 6 (50.0) 4 (36.4) 0.407
 Stroke history 14 (24.6) 0 (0) 2 (18.2) 0.178
Location of occlusion <0.001
 ICA 7 (12.3) 6 (50.0) 6 (54.5)
 M1 41 (71.9) 2 (16.7) 4 (36.4)
 M2 5 (8.8) 2 (16.7) 0
 P1 1 (1.8) 0 (0) 0
 BA 3 (5.3) 2 (16.7) 1 (9.1)
IVT 48 (84.2) 8 (66.7) 5 (45.5)

Values are presented as median (range) or number (%).
NIHSS, National Institutes of Health Stroke Scale; TICI, thrombolysis in cerebral infarction; ICA, internal carotid artery; M1, sphenoidal segment of mid-
dle cerebral artery; M2, insular segment of middle cerebral artery; P1, pre-communicating segment of posterior cerebral artery; BA, basilar artery; IVT, 
intravenous thrombolysis.
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III reperfusion rates in elderly people. If reperfusion of TICI IIb is 
seen, additional trials do not significantly affect the patient's out-
come. 

EVT can be performed with general anesthesia or local anesthe-
sia. Anesthesia modality for EVT can be an important variable. 
The advantages of general anesthesia include control of respiration 
and patient movement, which, in turn, facilitates navigating the 
catheters through the vascular anatomy and reaching the occlusion 
site. However, local anesthesia allows the shorter door to puncture 
times [15]. Puncture time is one of the most important factors 
considering the prognosis of young and elder groups of patients. 
Although there was no statistical significance when the patients in 
this study were divided into 3 groups in this regard. However, sig-
nificant results were obtained when we divided the patients into 2 
groups. Ninety-three percent of the improved NIHSS group un-
derwent EVT less than 6 hours from symptom onset, whereas the 
percentage of the other group was 78.3% (Table 3). Therefore, 
EVT should be done with local anesthesia in elderly patients, if 
possible. 

Our study has a few limitations. We assessed functional out-
comes by post-EVT NIHSS. However, if long-term outcomes such 
as the 90-day modified Rankin Scale were also confirmed, com-
parison with other studies would have been easier. The study by 
Alawieh et al. [13] reported 21% of patients had a favorable 90-day 
outcome. This is quite different from our classification of 71% of 
patients into the improved group. However, this prevented the ex-
clusion of expired patients from the study and helped to exclude 
factors that could deteriorate the patient's functional outcome after 
the procedure, such as in-hospital infection.  

Conclusion 

Our findings suggest that EVT in elderly patients is effective. Oc-
clusion of the distal vessel could be a good prognostic factor. In ad-
dition, reducing puncture time is the most important factor in the 
elderly. Lastly, if reperfusion of TICI IIb is observed during the 
procedure, continuous reperfusion attempts should be avoided. 
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Objective: This study explored the prognostic factors of chronic subdural hematoma in patients who underwent burr hole drainage, 
both overall and in elderly patients. 
Methods: This study enrolled 120 patients with chronic subdural hematoma who underwent burr hole drainage at a single center 
between January 2016 and December 2020. Old age was defined as ≥65 years, and a good prognosis was defined as a decrease in 
the modified Rankin scale from admission to the last follow-up. Factors correlated with good prognosis in elderly patients compared 
with total patients were evaluated using the chi-square test and logistic regression analysis. 
Results: Among the 120 patients, 66 (55.0%) were ≥65 years old, and 76 (63.3%) had severe symptoms on admission. Old age 
(≥65) was the only factor significantly correlated with severe symptoms (P=0.021; odds ratio [OR], 2.618; 95% confidence interval 
[CI], 1.154–5.942). The following variables were significantly associated with the prognosis in both groups: diabetes (total: P=0.008; 
OR, 0.207; 95% CI, 0.064–0.664; old age: P=0.011; OR, 0.172; 95% CI, 0.044–0.672) and severe symptoms on admission (total: 
P<0.001; OR, 6.994; 95% CI, 2.771–17.399; old age: P=0.007; OR, 6.177; 95% CI, 1.656–23.046). 
Conclusion: No difference in prognostic factors was observed between the overall patients and elderly patients with chronic subdu-
ral hematoma who underwent burr hole drainage. In both groups, patients without diabetes or with severe symptoms during hospi-
talization showed better recovery after burr hole drainage.

Keywords: Hematoma, subdural, chronic; Aged; Prognosis; Diabetes mellitus 
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Introduction 

Chronic subdural hematoma (CSDH) is one of the common 
types of intracranial hemorrhage, especially more frequently in el-
derly people [1,2]. If patients have symptoms caused by the mass 
effect of CSDH, burr hole drainage, a simple and effective opera-
tion, is recommended [3,4]. Risk factors of CSDH, such as minor 
head trauma, coagulopathy, and chronic alcohol use, are previously 
well known, and among them, old age is a strong risk factor due to 

brain atrophy [5–7]. Furthermore, prognostic factors are known 
to be similar to the risk factor in many studies but they remain con-
troversial [8–10]. Therefore, this study aimed to explore the prog-
nostic factors of CSDH in patients who underwent burr hole 
drainage and compare them with old age. 

Material and Method 

Study design 
Between January 2016 and December 2020, 138 patients were ad-
mitted and treated with CSDH in a single center. Inclusion criteria 
were patients who underwent burr hole drainage due to the mass 
effects of CSDH and had a follow-up duration of > 3 months post-
operatively. A total of 15 patients who were lost to follow-up and 3 
patients without burr hole drainage were excluded. Finally, a total 
of total 120 patients were enrolled. This study was approved by the 
institutional review board of Ulsan University Hospital, and in-
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formed consent was waved (UUH 2021-08-007). 
Patient information was obtained with the retrospective chart 

review, including gender, age, diabetes, hypertension, end-stage re-
nal disease (ESRD), stroke, heart disease, and alcoholism history; 
anticoagulant and antiplatelet agents; and head injury. Old age was 
defined as > 65 years; diabetes as taking insulin and/or oral hypo-
glycemic agents; hypertension as controlling blood pressure with 
oral hypertensive agents; ESRD as kidney failure (glomerular fil-
tration rate of < 15 mL/min/ 1.73 m2) needed permanent renal 
replacement therapy; stroke as intracranial hemorrhage due to ce-
rebral vessel problem and/or cerebral infarction; heart disease as 
cardiomyopathy, coronary artery disease, and/or myocardial in-
farction; alcoholism as drinking alcohol exceeding 14 standard 
drinks per week or 4 drinks per day; and head trauma as the pres-
ence of head injury 3 months before hospital admission [11]. 

Burr hole drainage 
Patients who complain of symptoms, such as headache, general 

weakness, and/or neurologic deficit, were diagnosed with CSDH 
through brain computer tomography (CT) scan. If CSDH was ob-
served in brain CT scan, checking hematoma thickness; midline 
shifting; hematoma density classified as high, iso, low, and mixed 
based on brain parenchymal density; and hematoma location as 
unilateral or bilateral was performed (Fig. 1) [9]. The mixed type 
included multilayered, separated, and trabecular types (Fig. 2) 
[12]. In addition, patient status was examined and classified based 
on the modified Rankin scale (mRS). Severe symptoms on admis-
sion were defined as mRS score of ≥ 2. According to the operator’s 
discretion about the mass effect of hematoma, a single burr hole 
was trephined at the hematoma site with the maximal diameter 
and warm physiological saline irrigated until draining clear saline 
was under general anesthesia. After inserting a silicone tube in the 
subdural space, the drainage was closed after 1 to 3 days. If it was 
sufficiently removed at the postoperative brain CT scan and/or 
symptoms were improved, the silicone tube was removed. 

Fig. 1. Hematoma density was classified as high, iso, low, and mixed based on brain parenchymal density on brain computed tomogra-
phy. (A) High, (B) iso, (C) low, (D) mixed.

AA BB CC DD

Fig. 2. The mixed type of hematoma density included the multilayered, separated, and trabecular types. (A) Multilayered type, (B) sepa-
rated type, (C) trabecular type.
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Follow-up 
After hospital discharge, brain CT scans were examined at 1 month 
and 3 months postoperatively through the outpatient department. 
Recurrence was defined as increasing hematoma thickness based 
on a brain CT scan at 3 days postoperatively and/or aggravating 
symptoms. If necessary, burr hole drainage was performed again. 
As in admission, patient status classified as mRS was evaluated at 
the last follow-up, and good recovery was defined as decreasing 
mRS score from admission to the last follow-up. 

Statistics 
Statistics analyses were performed with the IBM SPSS ver. 21.0 
(IBM Corp., Armonk, NY, USA). Baseline characteristics were 
performed chi-square test, Fisher exact test, or Student t-test to 
compare the old age and other groups. Subgroup analysis was per-
formed to investigate the values correlated with severe symptoms 
on admission. The chi-square test, Fisher exact test, or Student’s 

t-test were performed on the clinical, radiologic, and neurologic 
data. Furthermore, logistic regression analysis was performed to 
confirm the factors related to good recovery in the total and old 
age groups. In all analyses, P ≤ 0.05 was defined as statistically sig-
nificant. 

Results 

Among 120 patients who underwent burr hole drainage, 66 
(55.0%) were classified into the old age group. The mean ages of 
the old age and total groups were 73.15 ± 4.59 (years) and 62.68 
± 13.93 (years), respectively. In baseline characteristics, several vari-
ables in the old age group, such as diabetes (P = 0.022), hyperten-
sion (P = 0.002), history of stroke (P = 0.037), and mRS score on 
admission (P = 0.006), were significantly higher than the other 
group, whereas only alcoholism (P = 0.045) was lower (Table 1). 

A total of 76 (63.3%) patients had severe symptoms on admis-

Table 1. Baseline characteristics in the total group and old age group

Characteristic Total (n=120) Old age (≥65 years, n=66) P-value
Clinical
 Sex (male) 86 (71.7) 45 (68.2) 0.349
 Age (yr) 62.68±13.93 73.15±4.59 <0.001
 Diabetes 19 (15.8) 15 (22.7) 0.022
 Hypertension 47 (39.2) 34 (51.5) 0.002
 ESRD 2 (1.7) 2 (3.0) 0.501
 History of stroke 15 (12.5) 12 (18.2) 0.037
 Heart disease 14 (11.7) 9 (13.6) 0.457
 Alcoholism 7 (5.8) 1 (1.5) 0.045
 Anticoagulant 14 (11.7) 8 (12.1) 0.864
 Antiplatelet 11 (9.2) 9 (13.6) 0.109
 Head injury 69 (57.5) 39 (59.1) 0.697
Radiologic findings
 Midline shift (mm) 9.41±4.82 9.02±5.20 0.320
 Hematoma thickness (mm) 17.02±6.34 17.92±6.23 0.088
 Hematoma density
  High 12 (10.0) 5 (7.6) 0.383
  Iso 64 (53.3) 36 (54.5)
  Low 32 (26.7) 17 (25.8)
  Mixed 12 (10.0) 8 (12.1)
 Bilateral type 11 (9.2) 6 (9.1) 1.000
 Recurrence 5 (4.2) 2 (3.0) 0.656
Neurologic function
 mRS score at admission 2.48±1.40 2.79±1.32 0.006
 mRS score at last follow-up 1.09±1.24 1.24±1.29 0.143
 Good recovery 83 (69.2) 49 (74.2) 0.183

Values are presented as number (%) or mean±standard deviation.
ESRD, end-stage renal disease; mRS, modified Rankin scale.
P-value is calculated for a comparison between the old age (≥65) group and the overall group.
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sion, and only old age was correlated with severe symptom signifi-
cantly in both univariate (P = 0.006) and multivariate analyses 
(P = 0.021, odds ratio [OR], 2.618; 95% confidence interval [CI], 
1.154–5.942) (Table 2). 

In variables associated with good recovery, 86 (71.7%) patients 
in the total group and 49 (74.2%) patients in the old age group had 
a good prognosis. In the total group, diabetes (univariate P = 0.025; 
multivariate P = 0.008, OR, 0.207; 95% CI, 0.064–0.664) and se-
vere symptoms on admission (univariate P < 0.001; multivariate 
P < 0.001, OR, 6.994; 95% CI, 2.771–17.399) were statistically 
significant in both univariate and multivariate analyses. In the old 
age group, diabetes (P = 0.015), hematoma thickness (P = 0.043), 
and severe symptoms on admission (P = 0.008) were significantly 
in univariate analysis, whereas diabetes (P = 0.011, OR, 0.172; 
95% CI, 0.044–0.672) and severe symptoms on admission 
(P = 0.007, OR, 6.177; 95% CI, 1.656–23.046), except hematoma 
thickness (P = 0.082, OR, 1.012; 95% CI, 0.916–1.117), were sig-
nificant in multivariate analysis. Recurrence was only observed in 
4 patients in the total group and 2 in the old age group, and no cor-
relation with prognosis was observed in univariate analysis 
(P = 1.000) (Table 3). 

Discussion 

CSDH is known as an intracranial hemorrhage relatively simple 
surgery and good prognosis [13,14]. However, among the pa-
tients with CSDH, poor symptoms and/or bad outcomes were 
observed. To prevent poor outcomes, some studies evaluated 
and identified prognostic factors, such as coagulating factors, 
postoperative pneumocephalus, and alcoholism [8,10]. Especial-
ly among them, old age was known as a significant factor due to 
low compliance caused by brain atrophy but remains controver-
sial [15]. 

In our study, good recovery is more frequent in both the total 
(n = 86, 71.7%) and old age (n = 49, 74.2%) groups. Although no 
statistically significant difference was observed, the proportion of 
patients with good recovery was higher in the old age group than 
in the total group. This result suggests that the rate of severe symp-
toms on admission was higher in the old age group; thus, the re-
covery rate was greater. A subgroup analysis was performed to 
confirm the relationship between severe symptoms on admission 
and the old age group. Regarding the symptom severity on admis-
sion, old age was only the associated factor. It is suggested that no 

Table 2. Variables associated with severe symptoms on admission (mRS score at admission ≥2)

Variable Total (n=120) Severe symptom on admission (n=76) Univariate (P-value) Multivariate (P-value; OR, 95% CI)
Clinical
 Sex (male) 86 (71.7) 55 (72.4) 0.823
 Old age (≥65 years) 66 (55.0) 49 (64.5) 0.006 0.021 (2.618, 1.154–5.942)
 Diabetes 19 (15.8) 13 (17.1) 0.616
 Hypertension 47 (39.2) 33 (43.4) 0.210 0.542 (1.316, 0.545–3.182)
 ESRD 2 (1.7) 2 (2.6) 0.532
 History of stroke 15 (12.5) 11 (14.5) 0.390
 Heart disease 14 (11.7) 10 (13.2) 0.504
 Alcoholism 7 (5.8) 5 (6.6) 1
 Anticoagulant 14 (11.7) 11 (14.5) 0.208 0.272 (2.168, 0.544–8.637)
 Antiplatelet 11 (9.2) 9 (11.8) 0.325
 Head injury 69 (57.5) 42 (55.3) 0.515
Radiologic findings
 Midline shift 9.41±4.82 9.41±4.48 0.992
 Hematoma thickness 17.02±6.34 17.09±5.57 0.865
 Hematoma density
  High 12 (10.0) 7 (9.2) 0.223 0.616 (reference)a)

  Iso 64 (53.3) 39 (51.3) 0.869 (0.895, 0.239–3.351)
  Low 32 (26.7) 20 (26.3) 0.900 (0.911, 0.231–3.898)
  Mixed 12 (10.0) 10 (13.2) 0.381 (2.719, 0.382–19.367)
 Bilateral type 11 (9.2) 7 (9.2) 1.000

Values are presented as number (%) or mean±standard deviation.
mRS, modified Rankin scale; OR, odds ratio; CI, confidence interval; ESRD, end-stage renal disease.
a)Reference is a comparison between high versus iso, low, and mixed.
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Table 3. Variables correlated with good recovery (decreasing mRS from admission to last follow-up) in the total group and old age 
group

Variable
Good recovery  

in the total group 
(n=86)

Univariate  
(P-value)

Multivariate  
(P-value; OR, 95% CI)

Good recovery  
in the old age (≥65) 

group (n=49)

Univariate  
(P-value)

Multivariate  
(P-value; OR, 95% CI)

Clinical
 Sex (male) 60 (69.8) 0.821 35 (71.4) 0.336
 Diabetes 9 (10.5) 0.025 0.008 (0.207, 0.064–0.664) 7 (14.3) 0.015 0.011 (0.172, 0.044–0.672)
 Hypertension 32 (37.2) 0.837 24 (49.0) 0.484
 ESRD 1 (1.2) 0.523 1 (2.0) 0.452
 History of stroke 9 (10.5) 0.551 7 (14.3) 0.271
 Heart disease 11 (12.8) 0.546 7 (14.3) 1.000
 Alcoholism 6 (7.0) 0.435 1 (2.0) 1.000
 Anticoagulant 11 (12.8) 0.546 6 (12.2) 1.000
 Antiplatelet 8 (9.3) 1.000 6 (12.2) 0.684
 Head injury 45 (52.3) 0.276 27 (55.1) 0.263
Radiologic findings
 Midline shift (mm) 9.46±4.07 0.857 8.69±4.11 0.524
 Hematoma thickness 

(mm)
17.08±5.59 0.614 17.90±5.95 0.043 0.082 (1.012, 0.916–1.117)

 Hematoma density
  High 7 (8.1) 0.168 0.672 (reference)a) 3 (6.1) 0.439
  Iso 43 (0.5) 0.444 (1.772, 0.410–7.667) 27 (55.1)
  Low 23 (26.7) 0.262 (2.517, 0.502–12.624) 12 (24.5)
  Mixed 10 (11.6) 0.349 (2.908, 0.311–27.152) 7 (14.3)
 Bilateral type 8 (9.3) 1.000 6 (12.2) 0.326
 Recurrence 4 (4.7) 1.000 2 (4.1) 1.000
Neurologic function
 Severe symptom on  

admission
63 (73.3) <0.001 <0.001 (6.994, 2.771–17.399) 41 (83.7) 0.008 0.007 (6.177, 1.656–23.046)

Values are presented as number (%) or mean±standard deviation.
mRS, modified Rankin scale; OR, odds ratio; CI, confidence interval; ESRD, end-stage renal disease.
a)Reference is a comparison between high versus iso, low, and mixed.

symptom lasts until the limit due to a wider subdural space caused 
by brain atrophy and symptoms sudden worsening after the break-
ing point in old age. Therefore, poor outcomes are considered to 
have a higher rate of severe symptoms on admission than the prob-
lem of old age. 

Studies on prognostic factors in our study found that patients 
without diabetes or with severe symptoms on admission are asso-
ciated with good recovery in both the old age and total groups. Di-
abetes is a glucose control disorder, thereby causing peripheral 
blood circulation disorders [16]. Therefore, decreased microcircu-
lation due to diabetes is considered to be a factor that inhibits brain 
function recovery decreased due to the mass effects. Furthermore, 
systemic complications caused by diabetes are thought to be a fac-
tor that inhibits the recovery of systemic functions. In addition, 
older age has a higher rate of hypertension and diabetes and a high-
er rate of stroke history. With this, recovery is expected to be de-

layed; however, the degree of actual recovery is higher; hence, old 
age is not considered a factor directly impeding recovery. 

Moreover, some studies reported that initial patient status was 
correlated with outcomes [9,17]. Amirjamshidi et al. [18] report-
ed that a lower initial Glasgow coma scale and higher Glasgow out-
come scale at discharge were associated with poor outcomes. Con-
versely, in our study, severe symptoms on admission were correlat-
ed with a good recovery. These different results of the 2 studies 
were suggested due to different outcome definitions. Most studies 
judged outcomes according to only the patient’s condition a few 
months postoperatively. However, in our study, to prevent com-
pounding effects, the initial patient status affects the outcome, and 
to reflect only the effects of operation and treatment, decreasing 
mRS score from admission to the last follow-up was considered a 
good recovery. Therefore, this result is affected by different defini-
tions of good outcomes between the 2 studies. In addition, this re-
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sult is thought to be caused by the fast recovery after burr hole op-
eration in patients with CSDH and rarely causes permanent se-
quelae even when severe symptoms occur. Therefore, burr hole 
can be recommended to patients with CSDH who visited a hospi-
tal with severe symptoms to prevent the occurrence of permanent 
sequelae. 

Limitation 
This study has several limitations. First, this study is limited by its 
retrospective nature. Therefore, it could have selective bias and 
compounding effects. To prevent this problem, other factors relat-
ed to the procedure were set to the same, and the outcome was set 
to exclude the initial state. Second, some differences in baseline 
characteristics were observed between the total and old age ( ≥ 65) 
groups. Despite these differences, diabetes and severe symptoms 
on admission were statistically significant. Therefore, these factors 
are considered significant. Third, this is a small-sized single center 
study. To accurately determine other prognostic factors, well-
planned and larger prospective studies performed in a multicenter 
would be necessary. 

Conclusion 

No difference was observed in prognostic factors between the 
overall patient and old age groups in patients with CSDH who un-
derwent burr hole drainage. In both groups, patients without dia-
betes or with severe symptoms during hospitalization were con-
firmed to show better recovery after burr hole drainage. 
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Objective: Limited research has investigated hand grip strength (HGS) as a diagnostic criterion for sarcopenia and vertebral com-
pression fractures. This study investigated the correlations between HGS grade and vertebral compression fractures in elderly pa-
tients with other related factors. 
Methods: A total of 116 patients aged 65 years or older with vertebral compression fractures were enrolled in this retrospective 
study. Patients were assigned to either the high-HGS group (≥26 kg for men and ≥18 kg for women) or to the low-HGS group (<26 
kg for men and <18 kg for women). Data are presented as descriptive statistics (mean±standard deviation). Age, body mass index, 
and bone mineral density (BMD) were analyzed by partial correlation, and Pearson correlation analyses were performed to evaluate 
the associations of dependent variables. Comorbidities and other parameters were analyzed using the chi-square test and indepen-
dent t-test. 
Results: HGS showed a significant positive correlation with BMD (r=0.381, P=0.01). The chi-square test revealed that 2 study 
groups—those with chronic kidney disease (P=0.031) and rheumatoid arthritis (P=0.024)—were significantly different. The indepen-
dent t-test revealed that there were significant differences in the number of fractured bones and frequency of fractures between the 
2 groups. Both variables showed higher values in the low-HGS group (P=0.021 and P=0.017, respectively). 
Conclusion: This study evaluated association between the HGS grade and vertebral compression fractures in geriatric patients with 
other related factors. Our results reveal that HGS is significantly associated with vertebral compression fractures. 
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Introduction 

Vertebral compression fractures affect approximately 25% of all el-
derly women [1]. The prevalence steadily increases with advanc-
ing age, and especially reaches up to 40 percent in women 80 years 
of age [2]. Female patients that were diagnosed with a vertebral 
fracture have a 15% higher mortality rate compared to patients that 
were not diagnosed [3]. Although less common in elderly men, 
compression fractures are also major health problems in this group 

[4–6]. As the proportion of the elderly over 65 years of age in pop-
ulation increases, the incidence of this age-specific fracture is also 
likely to increase. 

Although low bone mineral density (BMD) is considered a typi-
cal risk factor for vertebral compression fractures other factors be-
sides BMD are also considered important alongside recently. Loss 
of muscle mass and sarcopenia have been reported as independent 
risk factors [7,8]. Studies in respect to sarcopenia have shown that 
sarcopenia of the extremities is associated with osteoporosis [9]. 
Because osteoporosis is an important risk factor for sarcopenia, 
sarcopenia and osteoporosis tend to share common risk factors 
and biological pathways [10]. Accordingly, interest in the relation-
ship between sarcopenia and vertebral compression fractures has 
also been ascending. 

Hand grip strength (HGS), a measure of voluntary muscle func-
tion, has often been used as an indicator of muscle strength. The 
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predictive value of HGS for nutritional status and sarcopenia has 
been substantiated in a growing number of studies [11,12]. HGS 
is easy and quick to perform, does not require expensive or com-
plicated equipment, and is a non-invasive test. Therefore, the pur-
pose of our study was to determine the correlation between HGS 
and vertebral compression fractures in geriatric patient, and to ex-
amine the relationship between several other related factors. 

Material and Method 

Subjects 
From March 2018 to December 2021, we retrospectively enrolled 
vertebral compression fracture patients who were admitted to our 
general hospital. This study was approved by the Institutional Re-
view Board of Bundang Jesaeng General Hospital (IRB no. 2022-
06-002). 

Study population 
The total of 160 consecutive patients over the ages of 65 years, the 
World Health Organization standard for the elderly, were included 
in the study. All patients underwent imaging tests before and after 
admission. Magnetic resonance imaging (MRI), X-ray, and Com-
puted tomography were included in the imaging examination, and 
the patients were diagnosed with a vertebral compression fracture 
accordingly to the consultation of a radiologist. The exclusion cri-
teria were as follows: (1) presence of any other upper spinal dis-
ease such as cervical myelopathy, (2) severe pain in shoulder, el-
bow, hand and finger, (3) peripheral vascular disease, (4) neuro-
muscular disease, (5) serious medical condition such as stroke or 
malignancy that can cause disability, (6) inability to complete the 
questionnaires on health-related quality of life and disability, and 
(7) transfer to another department without follow up. 

Accordingly to these criteria, of the 160 initially included pa-
tients, 44 people were excluded, including 38 who met the above 
exclusion criteria and 6 who refused to participate. Finally, 116 
were enrolled in this study. The screening of the study, the inclu-
sion and exclusion flow chart is presented in Fig. 1. 

Data collection 
Other basic demographic data included gender, age, hypertension 
(HTN), diabetes mellitus (DM), cardiovascular disease, chronic 
obstructive pulmonary disease (COPD), rheumatoid arthritis 
(RA), chronic kidney disease (CKD), and BMD. Body mass index 
(BMI) was derived from the retrieved height and weight data 
(BMI = weight (kg)/height2 (m2)). The number of fractured 
bones was counted through MRI (Achieva; Philips Medical Sys-
tem, Best, The Netherlands), and the frequency of fractures was 

confirmed through past history taking. The length of hospital stay 
was also included in the data.  

HGS measurement and classification to several groups  
HGS was routinely measured for patients admitted to our depart-
ment with vertebral compression fracture. It was measured for 
both hands using a dynamometer (EH101; Camry, El Monte, CA, 
USA, Fig. 2). 

The patients sat in a comfortable position, extended their el-
bows to sides, and then squeezed the dynamometer with maxi-
mum force. This test was measured twice with both hands alter-
nately. A small break was taken between each measurement. The 
highest values of the repeated measurements were used in the 
analysis [13]. Regardless of the side and dominance of the hand 

Assessed for eligibiltiy (n=160)
- Age >65 years
- Patients hospitalized for vertebral compression fractures

Allocated to assessment (n=116)

Excluded (n=44)
- Did not meet the inclusion criteria (n=38)
1)  Patients in whom it was difficult to measure HGS 

due to neurological or musculoskeletal problems.
2)  Transferred to another department and can not be 

followed up.

- Refused to participate (n=6)

Fig. 1. Study flow chart. HGS, hand grip strength.

Fig. 2. Measurements taken in the hand grip strength test with a 
hand grip dynamometer (EH101; Camry, El Monte, CA, USA).
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used as a diagnostic assessment for sarcopenia, the values < 26 kg 
for men and < 18 kg for women were used to define sarcopenia ac-
cording to the guidelines set by the Asian Working Group for Sar-
copenia [9,11]. The patients were divided into 2 groups according 
to the cutoff values, high HSG group ( ≥ 26 kg for men and ≥ 18 
kg for women) or low-HGS group ( < 26 kg for men and < 18 kg 
for women). 

Statistical analysis 
Data were presented as descriptive statistics (mean ± standard de-
viation [SD]). Age, BMI and BMD were analyzed by partial cor-
relation to evaluate association of dependent variables. Pearson’s 
correlation analyses were performed to evaluate the association of 
dependent variables. Comorbidities such as HTN, DM, cardiovas-
cular disease, COPD, RA, CKD, number of fractured bones, fre-
quency of fractures, and hospital stays were also analyzed. Categor-
ical variables were analyzed using the chi-square test, whereas con-
tinuous variables were analyzed using independent t- test to evalu-
ate the differences between groups classified according to the HGS 
values. Statistical Package for the Social Sciences (IBM SPSS Sta-
tistics for Windows ver. 21.0; IBM Corp., Armonk, NY, USA) was 
used for all statistical analyses. Statistical significance was defined 
as P < 0.05. 

Results

Clinical characteristics of the participants 
During the study period, 116 subjects with vertebral compression 
fracture were enrolled. The participants were comprised of 35 
males, 81 females with a mean age of 76.30 ± 12.01 years. In terms 
of the underlying disease group, there were 36 HTN patients, 32 
DM patients, 26 cardiovascular disease patients, 9 COPD patients, 
14 CKD patients, and 12 RA patients. The mean BMI was 
23.25 ± 4.23 kg/m2, the mean BMD was –2.73 ± 1.31, and the 
number of fractured bones were classified as 1, 2, 3, 4 or more. Ac-
cordingly, to the total number of previous compression fractures, 
patients were classified into once, twice, three times and more than 
three times. The length of hospital stay was 14.47 ± 9.87 days. The 
demographic characteristics of 116 participants are summarized in 
Table 1. 

Correlation between HGS and Parameters in patients with 
compression fracture 
The result of correlation between HGS and parameters are pre-
sented in Table 2. Correlation analysis revealed that HGS showed 
significant positive correlation with BMD (r = 0.381, P = 0.001; 

Table 1. Demographic characteristics and anthropometric data of 
the subjects

Characteristic Value
No. of patients 116
Sex (male:female) 35:81
Age (yr) 76.30±12.01
Hypertension 36 (31.0)
Diabetes mellitus 32 (27.6)
Cardiovascular disease 26 (22.4)
Chronic obstructive pulmonary disease 9 (7.8) 
Chronic kidney disease 14 (12.1)
Rheumatoid arthritis 12 (10.3)
Bone mineral density –2.73±1.31
 Normal 10 (8.6)
 Osteopenia 37 (31.9)
 Osteoporosis 69 (59.5)
Body mass index (kg/m2) 23.25±4.23
 Underweight 14 (12.1)
 Normal weight 48 (41.4)
 Overweight 21 (18.1)
 Obesity 33 (28.4)
No. of fractured bones
 1 71 (61.2)
 2 25 (21.5)
 3 15 (12.9)
 4 or more 5 (4.3)
Frequency of fractures
 Once 81 (69.8)
 Twice 21 (18.1)
 Three times 11 (9.5)
 More than three times 3 (2.6)
Length of stay (day) 14.47±9.87

Values are presented as number (%) or mean±standard deviation.
Bone mineral density: normal, BMD>-1.0; osteopenia, -1.0>BMD>-2.5; 
osteoporosis, BMD<-2.5. Body mass index (kg/m2): underweight, <18.5; 
18.5<normal weight, <22.9; 23<overweight<24.9; obesity, >25.

Table 2. Partial correlation coefficients (r) between HGS and age, 
BMI, and BMD in patients

Variable
HGS

Pearson coefficient: r P-value
Age –0.193 0.127
BMI 0.061 0.473
BMD 0.381 0.001

HGS, hand grip strength; BMI, body mass index; BMD, body mass density.

Fig. 3). BMIs were also statistically analyzed, however had no sig-
nificant relationship with HGS. 
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Analysis of other clinical parameters between the different 
HGS groups in patients with compression fracture 
Chi-square test and independent t-test were performed. The result 
of analysis between HGS groups and other clinical parameters are 
presented in Table 3. Clinical parameters include patients’ comor-
bidities and other parameters.  

Chi-square test revealed that CKD (P = 0.031) and RA (P =  
0.024) were significantly different between 2 groups. HTN, DM, 
and cardiovascular disease were also statistically analyzed, but 
there was no significant relationship with HGS groups. 

Independent t-test revealed that there were significant differenc-
es in the number of fractured bones and frequency of fractures be-
tween the 2 groups. The number of fractured bones (mean ± SD) 
of the low-HGS group (1.78 ± 0.31) was significantly larger than 
that of the high-HGS group (1.28 ± 0.19, P = 0.021). The frequen-
cy of fractures (mean ± SD) of the low-HGS group (1.60 ± 0.22) 
was also significantly larger than that of the high-HGS group 
(1.15 ± 0.24, P = 0.017). The length of hospital stay had no signifi-
cant difference between the 2 groups. 

Discussion 

The purpose of this study was to investigate the HGS of elderly pa-
tients with compression vertebra fractures and to evaluate the as-
sociation between HGS and other factors. 

The study results showed that HGS was strongly associated with 
the frequency and numbers of compression fractures. The number 
of fractured bones of the low-HGS group representing sarcopenia 

was significantly larger than that of the high-HGS group. Our anal-
ysis showed the same results in the frequency of fractures. 

The current consensus regarding the definition of sarcopenia is 
the presence of both low muscle mass and low muscle function 
(strength or performance) [11,14]. HGS is commonly used to 
measure voluntary muscle function as an indicator of muscle 
strength. Sarcopenia in patients with osteoporotic fractures has 
been documented regularly [15]. Osteoporosis is importantly re-
lated to sarcopenia in elderly populations [10]. Sirola et al. [16] re-
ported that good muscle strength and its maintenance are associat-
ed with higher BMD and lower bone loss rate. In our study, HGS 
and BMD showed a strong correlation. The group with low HGS 
had more osteopenia and osteoporosis patients, and the group 
with high HGS had fewer osteopenia and osteoporosis patients. As 
mentioned above, osteoporosis is an important risk factor for the 
vertebral compression fracture in elderly [10]. This supports our 
findings regarding the relationship between HGS and compres-
sion fractures. 

Our study also showed that RA and CKD are possible related 
factors. RA and CKD are representative chronic inflammatory dis-
eases that not only cause joint and bone destruction, but also affect 
the loss of muscle volume and strength [17]. One study docu-
mented that, normal body weight with RA, the adjusted odd ratio 
(OR), the loss of lean body mass was more than 3 times greater 
(OR, 3.41; P < 0.05) than in the control group [18]. Meanwhile, 
kidney disease can cause muscle wasting through accelerated mus-
cle protein breakdown, which may be possibly mediated by mito-
chondrial respiratory dysfunction or reduced muscle mitochondri-
al mass [19]. 

There was no significant difference in BMI and the length of 

2.00

0.00

-2.00

-4.00
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0.00 10.00 20.00 30.00 40.00

Fig. 3. Correlation graph for hand grip strength (HGS) and bone 
mineral density (BMD).

Table 3. Statistical analysis of several parameters between the 
high-HGS and low-HGS groups

Variable
Hand grip strength

High-HGS group 
(n=42)

Low-HGS group 
(n=76) P-value

Hypertension 14 (33.3) 22 (28.9) 0.617
Diabetes mellitus 12 (28.6) 20 (26.3) 0.843
Cardiovascular disease 11 (26.2) 15 (19.7) 0.625
COPD 3 (7.1) 6 (7.9) 0.424
CKD 3 (7.1) 11 (14.5) 0.031a)

Rheumatoid arthritis 2 (4.8) 10 (13.2) 0.024a)

Number of fractured bones 1.28±0.19 1.78±0.31 0.021a)

Frequency of fractures 1.15±0.24 1.60±0.22 0.017a)

Hospital stay 13.86±4.56 14.67±5.19 0.372

Values are presented as number (%) or mean±standard deviation.
HGS, hand grip strength; COPD, chronic obstructive pulmonary disease; 
CKD, chronic kidney disease.
a)Chi-square test and independent t-test for variables.
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hospital day from the results of the demographic analysis. Shen et 
al. [20] reported a significant difference in BMI between high and 
low-HGS groups. However, because the data of men and women 
were not separated in this study, the body mass of subjects would 
differ according to the proportion of men and women. In addition 
to the patients’ pathological factors, the length of hospital days de-
pends on several other factors. In the case of elderly patients, not 
only the length of hospital stays due to fractures, but also many un-
derlying diseases have also affected the length of hospital stays 
[21]. 

The strengths of this study include the use of HGS measure-
ment, which is a very simple test that can represent sarcopenia. 
The relationship between HGS and vertebral compression fracture 
can be seen. However, our study had several limitations. This was a 
retrospective single-center study with a relatively small sample size. 
Larger study is necessary to reach a solid conclusion on the rela-
tionship between HGS and vertebral compression fracture. In ad-
dition, more linking variables, such as lean body mass or muscle 
volume from imaging studies, could be used for patient evaluation.  

In conclusion, this is the first study that evaluated the several fac-
tors associated with HGS in elderly patients with vertebral com-
pression fracture. Our result reveals that the Hugh and low of HGS 
in geriatrics is significantly associated with number of fractured 
bones and frequency of fractures, and that BMD, RA, CKD can be 
the possible associated factors.  
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Pigmented villonodular synovitis (PVNS) is a proliferative disease of the synovial membranes. Large joints are most commonly affect-
ed, while PVNS rarely affects the spine. We present a 70-year-old female patient with PVNS in the cervical spine who experienced 
both radiculopathy and myelopathy. An osteolytic lesion was observed over the sixth and seventh intervertebral foramina on the 
right cervical vertebrae on the radiological examination, and surgery was performed to remove the tumor and stabilize the cervical 
spine. Partial tumor resection was performed to preserve the right seventh cervical root. She was pathologically diagnosed with 
PVNS. After surgery, the patient’s symptoms improved, and no recurrence was observed at outpatient follow-up 1 year later. In con-
sideration of the recurrence rate, complete resection of the tumor is considered the standard treatment, but additional research is 
needed because there is no standard for adjuvant treatment in cases of incomplete resection or for methods to reduce the recur-
rence rate. 
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Introduction 

Pigmented villonodular synovitis (PVNS) is a rare benign disease 
of the joints that causes slow progressive proliferative process of 
the synovium of unknown etiology [1–3]. The appendicular skel-
eton, especially large joints such as the knee and hip joints are fre-
quently involved, but PVNS involving the axial skeletal system is 
rare, typically involving the posterior elements [4]. It is important 
to be aware of this disease in the spine, because it can mimic malig-
nancy, metabolic or inflammatory disease on radiologic examina-
tions. In particular, elderly people have a high incidence of cancer, 
so if these lesions in the spine are confirmed by imaging tests, 
PVNS is more likely to be overlooked in diagnosis and treatment 
planning. In this paper, we report a case of a 70-year-old woman 
with PVNS of the cervical spine and try to review different epide-
miologic, clinic, radiologic, and therapeutic features related to this 
pathologic entity. 

Case Report 

A 70-year-old woman had complained of a 10-year history of gait 
disturbance, posterior neck pain, paresthesia and hypoesthesia to 
right upper extremity. Her symptoms worsened three months be-
fore admission. She had no antecedent trauma history. On the 
physical examination, the patient had mild tenderness of the 
paraspinous muscles bilaterally and exaggerated patellar reflex was 
observed. She had no motor weakness and no pathologic reflexes 
were observed. 

Plain radiographs of the cervical revealed an osteolytic lesion of 
the right C6–7 lamina with marginal sclerosis (Fig. 1). Spine com-
puted tomography (CT) demonstrated a 2.6 × 3 cm well-circum-
scribed lytic bone lesion involving the right C7 lamina and verte-
bral body with sclerotic margins and cortical destruction (Fig. 2). 
On magnetic resonance imaging (MRI) images there was a large 
extradural mass involving the posterior elements of C6–7 vertebra, 
destroying the lamina, pars interarticularis, and transverse process. 
The lesion extended into the C6–7 right neural foramen and later-
al aspect of the spinal canal with cord compression. The lesion was 
predominantly hypointense on T1 and T2-weighted images. After 
contrast medium administration, it showed inhomogeneous en-
hancement (Fig. 3). The decision was to operate the patient for 
both removal of the tumor and stabilization of the cervical spine. 

Copyright © 2022 by The Korean Society of Geriatric Neurosurgery
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Fig. 1. Preoperative cervical spine X-ray showing a osteolytic le-
sion at the right C6-7 level with marginal sclerosis. Fig. 2. Preoperative axial computed tomography scan demon-

strating erosion of the right C7 lamina, pedicle, and vertebral body 
with sclerotic margins and cortical destruction.

Fig. 3. (A) Preoperative sagittal contrast-enhanced T1-weighted magnetic resonance imaging (MRI) showing a tumor at the right C7 
level. (B) Preoperative axial contrast enhanced T1-weighted MRI revealing a heterogeneously enhancing tumor involving the right C7 
lamina, pedicle, and vertebral body compressing the C7 root, as well as the spinal cord.

The patient underwent surgery via posterior approach. The first 
stage of surgery consisted on an osteosynthesis by lateral mass and 
pedicle screws ranging from C4 to T2, skipping the right C6, 7 
screws because the tumor was situated at that level (Fig. 4A). The 
second stage focused on the removal of the tumor. The lesion was 
yellowish, extradural, and well differentiated from normal struc-
tures, seeming to originate from the right C6–7 facet joint. The 
right C7 root was encased by the tumor. To preserve the right C7 
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root, partial tumor removal was performed (Fig. 4B). 
Postoperative, no major complications were noticed. The pares-

thesia and hypoesthesia to right upper extremity improved signifi-
cantly immediately after surgery. Pathologic examination conclud-
ed to a PVNS (Fig. 5). At 1-year follow-up, the patient was asymp-
tomatic and preoperative neurological discomforts such as pares-
thesia and hypoesthesia in the right arm and myelopathic gait were 
completely resolved, and no neurologic deficits were observed. 
Her follow-up MRI showed no gross change of remnant mass at 
right C6–7 intervertebral foramen area (Fig. 4C). 

Discussion 

PVNS is a slowly progressive, benign, locally aggressive lesion dis-

tinguished by synovial proliferation associated with a hemosiderin 
deposition in the affected joint [1–3]. Knee, hips, and other 
weight-bearing joints are most affected, while less commonly 
PVNS can be found in the ankle, foot, wrist, shoulder, elbow, and 
tendon sheaths of the hand [5]. PVNS is seen to affect a wide 
range of age with no definite sex predilection, and polyarticular in-
volvement is unusual [6,7]. Among all sites of PVNS involvement, 
PVNS involving the spine is very rare with the literature descrip-
tion limited mainly to small case series and a few case reports  
(Table 1) [4–6,8–15]. Therefore, the true incidence of PVNS in-
volving the spine still remains uncertain. Based on the results of a 
small number of previous case series and case reports, Involvement 
of the cervical spine is reported most commonly with thoracic and 
lumbar involvement less common [6,8]. 

Fig. 4. (A) Postoperative cervical spine X-ray showing a lateral mass and fixation of pedicle screws ranging from C4 to T2, skipping the 
right C6 and C7 screws. (B) Postoperative axial contrast-enhanced T1-weighted magnetic resonance imaging (MRI) showing a heteroge-
neously enhancing remnant tumor at the right C6/7 foramen area and resolution of the previous cord compression. (C) Axial contrast-en-
hanced T1-weighted MRI with 1-year follow-up shows no evidence of recurrence.
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Fig. 5. (A) Mononuclear stromal cells (arrows) infiltrating the synovium and hyperplastic synovial cells (H&E, ×400). (B) Prussian blue 
stain demonstrating hemosiderin deposits (arrows) (×200).
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Table 1. Review of patients with pigmented villonodular synovitis of the spine reported in the literature

Study (year) Location Age (yr)/sex Presentation Treatment
Giannini et al. [6] (1996) C5 37/F NA GTR

L5–S1 29/F NA GTR
C7 37/F NA GTR

C4–5 38/M NA GTR
T11 40/M NA GTR
T3 21/F NA GTR

T7–8 23/M NA GTR
C5 43/M NA GTR
L3 42/M NA STR
L3 67/M NA NA
C6 26/M NA GTR

C5–6 44/M NA GTR
Furlong et al. [14] (2003) Sacrum 17/M NA GTR

T4–5 21/F NA GTR
C2–3 23/M NA STR
C3–5 25/M NA GTR
L4–5 25/F NA STR
L4 29/F NA GTR

C5–6 31/M NA GTR
C3–4 32/F NA GTR
C3–4 32/M NA STR

C 35/M NA GTR+RT
C 39/F NA GTR

C5–6 39/F NA GTR
C5–6 43/F NA STR

C 44/M NA GTR+RT
C4–5 44/F NA Biopsy

Motamedi et al. [8] (2005) C3–4 32/M Pain, neurological symptoms NA
L4–5 25/F Unknown NA
C5–6 31/M Pain NA
T4–5 21/F Pain NA
C3–4 32/F Pain NA
C2–3 23/M Pain, neurological symptoms NA
C4–5 44/F Pain NA
C5–6 39/F Pain, neurological symptoms NA
C5–6 Unknown Unknown NA
L5–S1 14/F Pain NA
T2–3 7/F Pain, neurological symptoms NA
T5–6 36/F Neurological symptoms NA
T5–6 30/M Unknown NA
L4–5 29/F Unknown NA
C4–5 25/M None NA

Oe et al. [15] (2007) L4–5 43/M Sciatica GTR
Oda et al. [9] (2007) Sacrum 53/F Radiculopathy STR
Rovner et al. [5] (2008) L5 37/F Localized pain GTR
Müslüman et al. [12] (2009) L4 59/F Radiculopathy GTR
Yener et al. [10] (2010) L2 66/F Pain, claudication GTR
Oh et al. [13] (2014) L4–5 38/M Pain, radiculopathy GTR
Roguski et al. [11] (2014) T3 28/M Pain, radiculopathy GTR
Koontz et al. [4] (2015) C1–2 49/F Pain Biopsy+chemo

M, male; F, female; C, cervical; T, thoracic; L, lumbar; NA, not available; GTR, gross total removal; STR, subtotal removal; RT, radiation therapy; chemo, 
chemotherapy.
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The etiology of PVNS is still debated. Minor trauma and repeat 
hemorrhage, inflammation, metabolic derangement, and neo-
plasm are considered possible etiologies of PVNS. However, in our 
case, it did not show any neoplasm-like propensity, and it was con-
firmed through outpatient follow-up. There are also studies in 
which the presence of inflammatory cells through pathological 
analysis considers the inflammatory response as the etiology of 
PVNS [9]. Minor trauma and the resulting hemorrhage are also 
mentioned as the etiology, but there is no statistical analysis, and 
there is no evidence to suggest that trauma is the cause in our case. 
There are various arguments for the etiology so far, but it is esti-
mated that bias exists due to limited cases, and it is thought that 
the etiology can be diversified depending on the location of the 
onset, so a specific study on the spine is necessary. 

Most of the major clinical symptoms are reported as pain with 
or without neurological deficits. Our patient experienced both my-
elopathy and radiculopathy. These symptoms were caused by 
compression or invasion of nerve elements, namely the spinal cord 
and roots. 

Reports of general radiological features related to PVNS are 
mainly limited to the extremities, and there are insufficient reports 
of the spine [10]. According to the general radiographic character-
istics of PVNS, bone destruction and sometimes an increase in sy-
novial density due to hemosiderin deposition can be observed on 
plain radiographs [11]. CT can provide accurate information 
about the margins of the bone, and contrast-enhanced CT usually 
shows excessively dense mass of contrast-enhanced soft tissue, 
which can increase the diagnosis of disc herniation or bone erosion 
at first glance [16]. MRI is considered the gold standard for diag-
nosis of PVNS. It provides clear information about the margins of 
the lesion and the relationship of the mass to important neural 
structures. It shows low intensity signal of the mass on T1 and 
T2-weighted images, related to hemosiderin deposition [17]. 
However, since PVNS cannot be diagnosed only by imaging, dif-
ferential diagnosis is required for primary bone lesions, extradural 
and mesenchymal neoplasm such as osteoblastoma, schwannoma, 
large cell lymphomas, fibrohistiocytic tumors and hypertrophic 
synovitis [10,12,13]. Metastatic bone tumors are also the most 
common bone malignancies and should be considered in differen-
tial diagnosis [11]. 

The therapeutic goal of spinal PVNS is gross total resection of 
the tumor with functional preservation, and to lower the recur-
rence rate [6,13,14]. Radiation therapy and radioisotope infusion, 
including surgical treatment, are discussed as treatment options 
[6,12]. Considering the tendency of PVNS with very rare metasta-
sis and high local recurrence rate, the ideal treatment would be 
complete surgical resection, referring to most published treatment 

experiences [3,10,12,13,15]. Considering the high recurrence rate, 
some studies suggest postoperative radiation therapy, and other 
studies suggest radiation therapy as an adjuvant therapy for incom-
plete tumor removal [12,13]. In our case, despite incomplete re-
section of the tumor, radiation therapy was not performed as an 
adjuvant therapy. The patient's symptoms did not recur, and tumor 
progression was not observed on an outpatient MRI scan 1 year 
after surgery. 

Conclusion 

Since spinal PVNS is a very rare disease, it is easy to overlook in the 
differential diagnosis of spinal osteolytic lesions. Because of its 
many similarities to other neoplastic or non-neoplastic lesions of 
the spine, it is important to recognize this lesion, establish a diag-
nostic plan, and set the direction for treatment. The standard treat-
ment for PVNS is total surgical removal, and the evidence for the 
effectiveness of radiotherapy as an adjuvant treatment is insuffi-
cient. We learned from this case that spinal PVNS is a rare but like-
ly cause of lytic lesions of the spine. It is considered that additional 
studies are needed to establish the direction for postoperative 
treatment of spinal PVNS. 
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We report a delayed postoperative injury to the esophagus in a patient who underwent cervical corpectomy for spondylodiscitis. The 
patient was a 72-year-old man. He was diagnosed by magnetic resonance imaging with spondylodiscitis at C5/6/7, with an epidural 
abscess at C5/6/7, and ossification of the posterior longitudinal ligament from C2 to C7. For surgical treatment, corpectomy and in-
terbody fusion with a mesh cage at C5/6, an anterior plate and posterior laminectomy at C3/4, posterior screw fixation at C5/6/7/T1, 
and anterior cervical discectomy and fusion at C3/4 were performed. After 2 weeks, blood was detected in the Levin tube drain and 
gastroscopy was performed. Gastroscopy confirmed that the mesh cage was exposed because of damage to the esophagus. 

Keywords: Cervical vertebrae; Esophageal perforation; Discitis  
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Introduction 

Cervical corpectomy and fusion are often performed to treat cervi-
cal spondylodiscitis with preoperative motor deficits [1,2]. Spon-
dylodiscitis in cervical spine should be treated early and aggressive 
to avoid local and systemic complications [2]. 

Complications of the anterior approach to the cervical spine is 
include vocal cord paralysis,vascular injury,esophageal perforation, 
tracheal damage and infection [3]. 

Esophageal perforation is a rare complication. Estimated preva-
lence of esophageal injuries is 0.25% following anterior cervical 
surgery [4]. This life-threatening injury could lead to dysphasia, 
osteomyelitis, mediastinitis, sepsis, and death. 

Immediate esophageal injuries have previously been reported in 
anterior cervical corpectomy, but reports of delayed esophageal in-
juries are extremely rare [2,5]. We report a postoperative delayed 
injury to the esophagus in a patient who underwent cervical cor-
pectomy for spondylodiscitis. 

Case Report 

The patient was a 72-year-old male. He presented to the hospital 
with severe neck pain, upper extremity radicular pain, and upper 
and lower extremity weakness. The patient was diagnosed with 
spondylodiscitis at C5/6/7, an epidural abscess at C5/6/7, and 
ossification of the posterior longitudinal ligament from C2 to C7 
based on MRI. Treatment combined antibiotic and surgical ap-
proaches (Fig. 1). 

The preoperative antibiotic was intravenously (IV) ceftriaxone 
2 g for 4 days. After surgery, methicillin-resistant Staphylococcus au-
reus bacteria were identified in the culture test. Therefore, IV van-
comycin 1 g once a day and IV tabactam 4.5 g 3 times a day were 
used for 6 weeks. After 6 weeks of intravenous antibiotic treatment, 
trimethoprim 400 mg-sulfamethoxazole 80 mg 2 tablet 2 times a 
day was used for 2 weeks.  

The surgical treatment consisted of corpectomy at C5/6, inter-
body fusion with a mesh cage, an anterior plate and posterior lami-
nectomy at C3/4, and posterior screw fixation at C5/6/7/T1  
(Fig. 2). 

After surgery, symptoms improved, and the patient was dis-
charged. After 8 months, the patient returned to the hospital with 
scapular pain. On computerized tomography (CT) and MRI no 
changes were apparent at the previously operated site (Fig. 3). 

Anterior cervical discectomy and fusion at C3/4 were per-
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formed because of the exacerbation of C3/4 intervertebral disc 
herniation visible in the MR images and the patient's symptoms 
improved afterwards (Fig. 4). After surgery, the patient com-
plained of dysphagia and inability to eat. Therefore, we initiated 
Levin tube feeding. Starting at one week after tube insertion, the 
patient complained of phlegm accumulation and a sore throat 
when feeding through the tube. After 2 weeks, blood was discov-
ered in the Levin tube drain and gastroscopy was performed. 

Gastroscopy confirmed that the mesh cage was exposed because 
of damage to the esophagus (Fig. 5). Otolaryngology, general sur-
gery, and neurosurgery combine operation was performed. The 
patient underwent removal of the C5/6/7/T1 plate & screw pro-
truding. Esophageal repair using a muscle flap. Otolaryngology, 

general surgery, and neurosurgery combine operation was per-
formed. Skin paddle harvested from the left forearm with radial ar-
tery and vena comitantes, basilic vein. Anastomosis was performed 
between left superior thyroid artery of recipient site and radial ar-
tery of skin paddle. Another anastomosis was performed between 
facial vein of recipient site and cephalic vein of skin paddle under 
microscope. Esophagus defect was covered with a flap of interrupt-
ed 3-0 Vicryl suture. Feeding via the nasogastric route was started 
on postoperative day 4. Initial dose of tigecycline was 100 mg, fol-
lowed by 50 mg every 12 hours. Two months after surgery, the pa-
tient was discharged with oral diet. 

Discussion 

Complications of anterior surgical exposure include laryngeal 
nerve injury, iatrogenic dysphagia, vertebral and carotid artery in-
juries, tracheal injury. Iatrogenic dysphagia is so frequent that it has 
been reported in 9.5% of cases [3]. 

Delayed injury to esophagus after anterior spine surgery has 
been reported. Kuriloff et al. [6] reported a case of delayed fistula 
after cervical spine fusion occurring 6 to 10 weeks after operation. 
Cagli et al. [7] delayed fistula after cervical spine fusion occurring 
7 years after operation. 

In case of doubt regarding an esophagus perforation, close clini-
cal surveillance is mandatory [8]. Signs may be immediate or de-
layed by as much as a few days. Pain is the most frequent symptom 
(86%–100% of cases): neck pain, odynophagia, torticollis or ret-
rosternal pain. Other frequent signs include hemorrhagic exterior-
ization, dysphagia with salivary stasis, fever, dyspnea, and tachycar-

Fig. 1. Preoperative cervical magnetic resonance imaging (MRI) and computed tomography (CT) show spondylodiscitis at C5/6/7, an 
epidural abscess at C5/6/7, and ossification of the posterior longitudinal ligament from C2 to C7. (A) T1-weighted MRI, (B) T2-weighted 
MRI, (C) CT.

AA BB

Fig. 2. Anterior–posterior and lateral radiographs of the cervical 
spine showing the patient’s condition after corpectomy at C5/6; 
interbody fusion with a mesh cage, an anterior plate, and poste-
rior laminectomy at C3/4; and posterior screw fixation at C5/6/7/
T1.

CC
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dia. Subcutaneous emphysema is found in 60% to 90% of cases 
[8]. 

Contrast-enhanced cervicothoracic CT is sensitive in screening 
for mucosal perforation, visualizing indirect signs such as air or ef-
fusion and local or regional complications. Rigid endoscopy under 
general anesthesia, combining hypopharyngoscopy and esophago-
scopy is the examination of choice for exploring esophagus 
wounds [8]. 

Treatment of esophagus wounds remains controversial and re-
quires multidisciplinary discussion between surgeon, gastroenter-
ologist and anesthetist. It is agreed that small wounds (<0.5–1 cm) 
that are detected early can be managed medically. In case of sepsis, 
surgery is mandatory [8]. When enteral nasogastric feeding is not 

AA BB CC

Fig. 3. Magnetic resonance imaging and computed tomography of the cervical spine showing the patient’s condition after corpectomy at 
C5/6 and interbody fusion with a mesh cage, an anterior plate, and posterior laminectomy at C3/4. (A) T1-weighted magnetic resonance 
imaging (MRI), (B) T2-weighted MRI, (C) computed tomography.

Fig. 4. Anterior-posterior and lateral radiographs of the cervical 
spine showing the patient’s condition after corpectomy at C5/6; 
interbody fusion with a mesh cage, an anterior plate, and poste-
rior laminectomy at C3/4; posterior screw fixation at C5/6/7/T1; 
and anterior cervical discectomy and fusion at C3/4. Fig. 5. Endoscopy revealed the exposed plate and mesh cage due 

to an esophageal injury.

feasible, parenteral feeding is indicated. 
Some spondylodiscitis patients require anterior cervical corpec-

tomy. In this case, gastroscopy confirmed that the mesh cage and 
plate was exposed at corpectomy site. No perforation was observed 
in the anterior cervical discectomy and fusion site, only the thinned 
esophagus was observed. So esophageal injury was thought to be 
due to friction between the plate of corpectomy site and the esoph-
agus. It is also believed that the manner of insertion of the Levin 
tube may have contributed to the damage.  

Anatomically, the esophagus is located in front of and next to the 
cervical body. Therefore, the esophagus is likely to also be in a state 
of infection and inflammation in cervical spondylodiscitis. This re-
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duces the thickness of the esophageal wall. 
Dysphagia after upper cervical surgery is a common occurrence 

[9]. Levin tube feeding may be necessary in cases of prolonged se-
vere dysphagia, but Levin tubes in patients with a previous infec-
tion and an anterior plate should be considered very carefully [10]. 

It is important to accurately identify telltale signals of esophageal 
injury and start treatment early in patients at a high risk of esopha-
geal damage. Such signs of damage to the esophagus include the 
accumulation of mucus and phlegm when ingesting food through 
a Levin tube. The rise in C-reactive protein levels in blood tests is 
also an important indicator. 

Conclusion 

Here, we report a case of delayed esophageal injury due to corpec-
tomy and fusion in a patient with cervical spondylodiscitis. We 
conclude that tube insertion in a patient who has undergone sur-
gery for infection should be performed carefully. 
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Intraparenchymal schwannomas are extremely rare intracranial tumors. Although their occurrence has been reported in various age 
groups, they are most frequently seen in individuals under 30 years of age. A 65-year-old woman was brought to the emergency de-
partment with impaired consciousness due to spontaneous intracerebral hemorrhage in the right basal ganglia (BG). Approximately 
3 months later, the patient was taken to another hospital due to decreased consciousness, and a subsequent brain computed tomog-
raphy scan showed a mass-like lesion in the right BG. The tumor was removed, and the biopsy result revealed an intraparenchymal 
schwannoma with no involvement of the ventricular ependymal lining. An immunohistochemical analysis revealed a high Ki-67 la-
beling index, indicating rapid growth without malignancy. 

Keywords: Intraparenchymal schwannoma; Ki-67 labeling index; Intratumoral hemorrhage
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Introduction 

Intracranial schwannomas account for approximately 5% to 8% of 
primary intracranial tumors and most commonly originates from 
the 8th cranial nerve [1]. In fact, intracranial intraparenchymal 
schwannoma (IS) that are not derived from CN VIII have rarely 
been reported. Since the initial report by Gilbson et al. in 1966, 
only approximately 150 cases have been reported [2]. This type of 
schwannoma is slow growing and typically observed in young peo-
ple under the age of 30; however, symptoms can manifest quickly 
in old age [3]. 

Case Report 

A 65-year-old woman presented to the emergency department 
with impaired consciousness and underwent an emergency burr 

hole procedure for management of spontaneous intracerebral 
hemorrhage (ICH) with intraventricular hemorrhage in the right 
basal ganglia (BG) (Fig. 1). The ICH biopsy revealed a hematoma, 
not specific. The patient received treatment for hypertensive ICH 
and was transferred to another hospital. Approximately 3 months 
later, she was brought to another hospital due to decreased con-
sciousness, subsequently, a brain computed tomography (CT) was 
performed which revealed a right BG mass-like lesion and was 
transferred to this hospital for further examination. The patient 
was in stupor at the time of discharge from the first hospitalization; 
however, she recovered well, apart from minor concerns of drowsi-
ness and left hemiparesis. 

A previously performed CT scan showed a 62 × 45 mm irr egu-
lar mass with heterogeneous enhancement and approximately 14 
mm midline shift (Fig. 2). In the brain magnetic resonance imag-
ing performed later at our hospital the T1 weighted image (T1WI) 
showed slight gray matter hypointensity, and the T2 weighted im-
age (T2WI) showed peritumoral edema and heterogeneously hy-
perintense lesions, while contrast-enhanced T1WI revealed in-
tense ring enhancement of the mass. Based on these findings, the 
lesion was suspected to be glioblastoma multiforme (GBM).  

Therefore, the patient underwent a craniotomy and tumor re-
moval. Following right frontotemporoparietal craniotomy and du-
ral incision, the mixed friable and hard, grayish, poorly demarcat-
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ed, marginated mass (4.5 × 5 × 4 cm) was accessed using the trans-
cortical approach (Fig. 3). It was then removed using a cavitron ul-
trasonic surgical aspirator since there was no involvement of the 
ependymal lining of the ventricles. Further, no sign of necrosis 
along with vascular proliferation was observed by analysis of the 
frozen biopsy sample, leading to a suspicion of glioma. 

Upon histopathological examination, the cellular lesions con-
sisted of a bundle of spindle cells arranged in a storiform pattern 
with palisading arrangement; however, no nuclear pleomor-
phism was seen. In addition, mild infiltration was of the mass 
into the brain parenchyma surrounding the tumor cells was ob-
served, indicating the presence of a neurogenic tumor due to 
ovoid to spindle and partially wavy or buckled shaped cells. Im-
munohistochemical staining showed strong expression of both 
S-100 and glial fibrillary acidic protein (GFAP), while Ki-67 la-
beling index was 39.9% and the mitotic count was 3–4/10 
high-power filed (Fig. 4). 

Fig. 1. (A) Initial computed tomography (CT) scan showed intracerebral hematoma in the right basal ganglia. (B) The brain CT after 3 
weeks revealed hematoma resolution and no mass like lesion. (C, D) Three months later brain CT revealed a large mass at right basal gan-
glia with rim enhancement. Written informed consent was obtained for publication of this case report and accompanying images.

AA BB CC DD

Fig. 2. Brain magnetic resonance imaging revealed peritumoral edema and a heterogeneously hyperintense lesion on T2-weighted image 
(A) and slight hypointense to grey matter on T1-weighted image (T1WI) (B). On the contrast-enhanced T1WI showed ring enhancement 
of the mass (C). Written informed consent was obtained for publication of this case report and accompanying images.

AA BB CC

Fig. 3. Intraoperatively, a mixed friable and hard, grayish mass 
(star) was confirmed. Written informed consent was obtained for 
publication of this case report and accompanying images.
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Fig. 4. (A) The tumor shows a storiform pattern of spindle cells (H&E, ×100). (B, C) The tumor cell nuclei and cytoplasm are diffusely pos-
itive for S-100 protein and GFAP (×100). (D) The Ki-67 labeling is 39.9% (×100). Written informed consent was obtained for publication 
of this case report and accompanying images.
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Discussion 

IS is an extremely rare intracranial tumor. Despite being prevalent 
in various age groups, from the youngest case being of a patient 
aged 6 months to the oldest case one being 84 year-old, it frequent-
ly occurs in individuals under 30 years of age (58.7%). Of these, 
12.0% (18) of patients were over 60 years of age, which is unex-
pected. The incidence was higher in men in the age group under 
30 years (male:female; 1.84:1); whereas, the pattern was reversed 
in the group above 60 years of age (male: female; 0.46:1) (Table 1) 
[4–8]. 

IS may originate anywhere in the intracranial region; however, 
appears to be more frequent in the supratentorial region during 

young age, whereas it is commonly located in the infratentorial re-
gion in individuals > 60 years of age [4]. Although the pathophysi-
ology of IS has not yet been clearly identified, 2 hypotheses have 
been proposed: (1) developmental theory, (2) non-developmen-
tal theory. The developmental theory assumes that mesenchymal 
pial cells in the brain parenchyma transform into Schwann cells. 
Alternatively, the non-developmental theory assumes that 
Schwann cells originate from adjacent organs, such as the menin-
geal branch of the perivascular nerve plexus and anterior ethmoid-
al and trigeminal nerves, where Schwann cells usually exist [9]. At 
present, it unclear clear which of these 2 hypotheses prevails. 

The radiologic features of IS include cyst formation, calcifica-
tion, and peritumoral edema, and it is difficult to find distinct 

Table 1. Radiological and immunohistochemical features of intraparenchymal schwannoma in geriatric patients above 60 years old

No. Study Year Sex Age  
(yr) Location S-100 GFAP EMA Malignancy Cystic Calcification Hemorrhage Ki-67  

(%)
1 Ghatak et al. 1975 Female 63 Parietal n/a n/a n/a × n/a n/a × ×
2 Solomon et al. 1987 Male 69 Medulla Negative n/a n/a × ○ × × ×
3 Cervoni et al. 1988 Female 61 P-O n/a n/a n/a × n/a n/a × ×
4 Wilberger 1989 Female 62 Pituitary n/a n/a n/a × n/a n/a × ×
5 Tran-Dinh et al. 1991 Female 64 Cbll., brainstem n/a n/a n/a × ○ × × ×
6 Casadei et al. [6] 1993 Female 79 Cbll. Positive Positive Positive × ○ × × ×
7 Casadei et al. [6] 1993 Female 84 Temporal Positive Positive Positive × ○ × × ×
9 Singh et al. 1993 Female 61 Cbll. Positive Negative n/a × ○ × × ×
10 Weiner et al. 1993 Male 61 Brainstem n/a n/a n/a × ○ × × ×
11 Weiner et al. 1993 Female 78 Brainstem Positive Negative Negative × ○ × × ×
12 Ranjan et al. 1996 Female 65 Cbll. Positive Negative Negative × × × × ×
13 Tanabe et al. 1996 Female 68 Pons Positive Negative Negative × ○ × × ×
14 Muzzafar et al. [5] 2010 Male 68 Brainstem n/a n/a n/a ○ ○ × × ×
15 Barnard et al. [8] 2011 Female 75 Frontal Positive Negative Negative ○ ○ × × ×
16 Khoo and Taki [7] 2012 Male 60 Frontal n/a Negative Negative × × × × <1
17 Luo et al. 2013 Male 72 P-O Positive Negative n/a × n/a n/a × ×
18 Luo et al. 2013 Male 64 Cbll. Positive Negative n/a × n/a n/a × ×
19 Anselmi et al. 2021 Male 74 Pons Positive Negative n/a × ○ ○ × ×
20 Present case 2020 Female 65 Basal ganglia Positive Positive Positive × × × ○ 39.9

GFAP, glial fibrillary acidic protein; EMA, epithelial membrane antigen; P-O, parieto-occipital; Cbll., cerebellum; n/a, not available.
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differences from those of vestibular schwannomas [5,10]. How-
ever, only one similar case with intratumoral hemorrhage has re-
ported so far, and even in vestibular schwannoma, the features 
shown in this case is known to be very rare, accounting for about 
0.4% [6,11]. 

The diagnosis of intraparenchymal schwannoma by imaging is 
challenging, and is dependent on histopathological analysis and 
immunohistochemical findings. The histopathological appearance 
was characterized by Antoni A and B cells, while immunohisto-
chemical staining showed positive expression of S-100 whereas 
epithelial membrane antigen and GFAP were absent in most cases 
[4,7]. 

Since intraparenchymal schwannoma presents with slow prolif-
eration, Ki-67 labeling index is usually observed at less than 1% [1]. 
In this case, high Ki-67 labeling index was observed, indicating 
rapid growth, similar to a malignant intracerebral nerve sheath tu-
mors (MINST). MINST is termed malignant peripheral nerve 
sheath tumors (MPNST) of brain parenchyma. MINST’s charac-
teristics is similar to MPNST’s one except not associated of neuro-
fibromatosis type I. In histologically, MINST has pleomorphic 
cells with irregular nuclei. And that tumor also showed poorly dif-
ferentiated malignant spindle cell. MINST is extremely rare, only 
one case was reported in the age group above 60 years [8]. The 
malignancy rate was approximately 5% in the age group above 60 
years, which was slightly lower compared to other age groups [4].  

IS are mostly benign tumors and show a good prognosis after 
total resection [1]. It is crucial to set an accurate surgical goal in the 
early stages of IS treatment for better clinical outcomes; however, 
there are certain limitations in the diagnosis of IS since it is difficult 
to differentiate from GBM or high-grade gliomas based on the imag-
ing findings. Thus, hematoxylin and eosin staining is the only feasi-
ble option for examination of intraoperative frozen biopsy [7]. 

Conclusion 

IS is a benign lesion characterized by slow growth in most cases 
and presents a good prognosis when treated with total resection. 
To the best of our knowledge, this is the first case of IS character-
ized by a rapid growth rate without evidence of malignancy. Since 
it is difficult to rule out GBM in the early stages, gross total resec-
tion and short-term follow-up will be required for management of 
these tumors. 
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Although extensive clinical data have verified the safety and adverse effects of coronavirus disease 2019 (COVID-19) vaccines, unex-
pected neurovascular events have rarely been reported. This report presents an unusual case in which we inferred that spontaneous 
multiple cerebral arterial dissections with a ruptured blister aneurysm occurred after COVID-19 vaccination. A 34-year-old woman 
presented with a severe headache, confusion, and mild weakness in her left arm 18 days after having received the Pfizer-BioNTech 
COVID-19 vaccine. Digital subtraction angiography showed fusiform dilatation in the proximal part of the left vertebral artery and 
luminal irregularities and string signs in the distal V4 segment. Stroke after vaccination involving multiple cerebral arterial dissec-
tions and simultaneous rupture of a blister aneurysm is a very rare phenomenon. Although laboratory studies such as cytoplasmic 
anti-neutrophil cytoplasmic autoantibody, perinuclear anti-neutrophil cytoplasmic antibodies, anti-cardiolipin, rheumatoid factor 
and lupus anticoagulant were checked in order to screen the patient for vasculitis and fibromuscular dysplasia, none of them 
showed significant results. The Pfizer-BioNTech COVID-19 vaccine that the patient had received a few days ago was the only plausi-
ble trigger. In conclusion, COVID-19 vaccination might lead to multiple cerebrovascular changes in a short period of time. 

Keywords: COVID-19; Arterial dissection; Aneurysm; Digital subtraction angiography
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Introduction 

Since coronavirus disease 2019 (COVID-19) was turned into a 
pandemic, numerous efforts which include taking preventive mea-
sures such wearing facial masks, keeping social distance and 
strengthening quarantine, and a lot of testing for individuals etc. 
have not been sufficient to control it. So far, vaccination has been 
regarded as the best strategy to control the pandemic and several 
COVID-19 vaccines including the process of clinical trials have 
been developed and launched into the market. 

Although a great number of clinical data have verified the safety 
and adverse effects of COVID-19 vaccine, unexpected neurovas-

cular events have been rarely reported. Among them, stroke may 
be the biggest issue [1,2]. Here in, we are going to report the un-
usual case in which we infer that spontaneous multiple cerebral ar-
terial dissections with a ruptured blister aneurysm have been oc-
curred after a vaccination. 

Case Report 

This study was approved by the Institutional Review Board (IRB) 
of Kangdong Sacred Heart Hospital (IRB No. 2022-08-016) 
which waived the requirement for informed consent due to the re-
spective nature of the study. 

A 34-years-old woman presented with a severe headache, confu-
sion and mild weakness in her left arm 18 days after having re-
ceived the Pfizer-BioNTech COVID-19 vaccine. She had no pre-
existing medical condition and did not take any other medications. 
Her family members did not have any history about the cerebral 
vascular disease and genetic disorder. She also did not have any re-
cent history of trauma, strenuous exercise, fever and cough. While 
she was treated at the emergency room, nasopharyngeal swab was 
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negative for RNA of the COVID-19. 
A computed tomography scan on admission revealed acute sub-

arachnoid hemorrhage (SAH) on the basal cistern, peri mesen-
cephalic cistern, and both Sylvian cistern as fisher III grade. After 
controlling of the blood pressure, she had immediately performed 
the digital subtraction angiography (DSA) to evaluate the caus-
ative origin of the SAH. DSA showed that the proximal part of left 
vertebral artery was seen the fusiform dilatation and distal V4 seg-
ment was noted as a luminal irregularities and string signs. The left 
distal internal carotid artery (ICA) and right proximal ICA were 
also seen as the focally dissected flap, and the luminal narrowing of 
the right proximal ICA was severely progressed. The bleeding fo-
cus was identified as a ruptured blister aneurysm on the dorsal side 
of distal ICA. 

Under general anesthesia, 8 Fr Asahi Fubuki guiding catheter 
(Asahi Intecc, Aichi, Japan) was positioned in the right common 
carotid artery (CCA) and a Emboshield 7.2 mm (Abbott Vascular, 
Santa Clara, CA, USA) was placed at the distal ICA. Acculink 
6-8/40 (Abbott Vascular) stent without ballooning was deployed 
from the CCA to the proximal ICA for covering the stenotic part 
of the proximal ICA (Fig. 1). After the full expansion to the lesion, 
8Fr guiding catheter was changed to 6 Fr benchmark (Penumbra, 
Alameda, CA, USA) guiding catheter to manage the distal rup-
tured part. An Excelsior SL-10 S-shape microcatheter (Target 
Therapeutics, Fremont, CA, USA) was navigated into the aneu-
rysm, and a partial frame was made by the first coil. A Prowler Plus 
microcatheter (Cordis Neurovascular, Miami Lakes, FL, USA) 
was carefully moved beyond the aneurysmal neck to deploy the 
stent. Double stents (2 enterprise stents 4/23, 4/16; Cordis Neu-
rovascular) assisted coiling technique was applied to secure the 

ruptured blister aneurysm (Fig. 2). 
She had been hospitalized for a month for general care and neu-

rological recovery. During this periods, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) RNA using real-time re-
verse-transcriptase polymerase chain reaction was shown negative 
result and no cough, fever, or dyspnea had been found. In addition, 
there were no specific relations to genetic factors from a laboratory 
study. The patient was discharged without neurological deficits 
and was confirmed that the ruptured blister aneurysm was com-
pletely occluded and other lesions were not changed at the fol-
low-up angiography. 

Discussion 

COVID-19 vaccines motivate the immune system to create anti-
bodies against SARS-CoV-2. It includes messenger RNA, vector, 
protein subunit, and inactivated vaccines and induces adaptive im-
munity [3,4]. Several research reported several types of vaccine in-
duced strokes which resulted in overproduction of pro-infamma-
tory cytokines including interleukins, chemokines, and interferons 
during pandemic period [4]. It was common in women, and older 
people mainly related to thrombotic cerebral infarction and hem-
orrhage [3]. On the other hand, young and middle aged people are 
more affected by cerebrovascular venous thrombosis or embolic 
infarction [5]. 

Although several previous studies reported about relevant of 
age and incidence of spontaneous carotid artery dissection, 
COVID-19 vaccine related arterial dissection is not enough evi-
dence to investigate the incidence rate with increasing patients ag-
ing. In comparison with previous carotid artery dissection studies, 

Fig. 1. (A) This 3-dimensional reconstruction image of digital 
subtraction angiography (DSA) shows that luminal narrowing of 
the right proximal internal carotid artery (ICA) had severely pro-
gressed. (B) Post-procedure DSA image. Stent without ballooning 
was deployed from the common carotid artery to the proximal ICA 
for covering the stenotic part of the proximal ICA.

Fig. 2. (A) The bleeding focus was identified as a ruptured blis-
ter aneurysm on the dorsal side of the distal internal carotid 
artery (ICA). A 4.82-mm aneurysm neck size was measured on a 
3-dimensional reconstruction image. (B) Post-procedure digital 
subtraction angiography image. Coil embolization in a ruptured 
blister aneurysm on the dorsal side of the distal ICA. The double 
stent-assisted coiling technique was performed.
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this case report is not a spontaneous event (strongly speculating 
that she had a stroke after vaccination), multiple cerebral artery 
dissection, a young woman without medical history. In general, 
multiple cerebral arterial dissections accompanied by the rupture 
of a blister aneurysm is a very rare phenomenon. Numerous risk 
factors could have been postulated about the event. In this regard, 
the patient showed a healthy daily life without underlying disease 
and genetic disorder. To confirm immunologic factors, laboratory 
studies such as cytoplasmic anti-neutrophil cytoplasmic autoanti-
body, perinuclear anti-neutrophil cytoplasmic antibodies, anti-car-
diolipin, Rheumatoid factor and lupus anticoagulant for screening 
vasculitis and fibromuscular dysplasia were conducted. Neverthe-
less, results were not obvious. The Pfizer-BioNTech COVID-19 
vaccine taken a few days ago was the only prerequisite. 

Considering previously reported several arterial dissections after 
COVID-19 infection or vaccination, arterial dissection complica-
tion of COVID-19 is uncommon but COVID-19 is considered to 
trigger exaggerated inflammatory response fulminant [2,6,7]. 
Hemorrhagic strokes occur after COVID-19 vaccination, which 
can be primary or secondary to venous thrombosis [8,9]. Coagu-
lopathy and vascular endothelial dysfunction resulted from an ex-
aggerated systemic inflammation. The cytokine storm or direct 
SARS-CoV-2 invasion of the vascular endothelial cells makes en-
dothelial dysfunction [4]. This phenomenon can potentially result 
in vascular dissection [10,11]. Several causative mechanisms have 
been discovered indicating COVID-19 might increase the risk of 
having a stroke. Vaccination probably makes human immune sys-
tem exaggerated. Despite having not been proven yet, ‘‘Cytokine 
storm’’ is systemic inflammation which potentially occurred after 
vaccination [10,12]. 

Arterial dissection could be one of the unusual complications of 
COVID-19 vaccination or infection. From this case, it is consid-
ered that head and neck image work up including DSA should be 
performed in stroke patients after COVID-19 vaccination [1,9]. 

Conclusion 

It is a rare case that COVID-19 vaccination might give an influence 
to the multiple cerebrovascular changes in a short period of time. 
Furthermore, it is needed to clearly evaluate the physiological im-
pact on the cerebral vessels after the vaccination. 
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