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BACKGROUND 

Since the introduction of high-frequency unilateral thalamic stimulation by 
Benabid et al. [1] in 1987, the use of deep brain stimulation (DBS) has become 
the basis for the treatment of movement disorders refractory to medical manage-
ment. The identification of the role of the subtahalamic nucleus (STN) and the 
introduction of the first stimulation of the STN in 1993 marked another mile-
stone in the role of DBS in Parkinson’s disease (PD) [2,3]. Over conventional ab-
lative treatment such as thalamotomy and pallidotomy, DBS has advantages in re-
versibility, adjustability and safety profile. DBS has been considered as the prima-
ry surgical treatment for movement disorders as an alternative to ablative surgery. 
Long-term outcomes of DBS for PD demonstrated significant improvements in 
quality of life and activities of daily living, as well as in basic dopamine-responsive 
motor and nonmotor features [4-6]. The application of DBS continues to ex-
pand, and it was approved by the United States Food and Drug Administration 
for dystonia in 2003 and obsessive-compulsive disorder in 2005. Recent studies 
have also demonstrated the efficacy and safety of DBS for pain, epilepsy, and To-
urette’s syndrome [7,8]. Studies are ongoing into the role of DBS in a variety of 
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Review Article

In the more than 30 years that have passed since its introduction, deep brain stim-
ulation (DBS) has been shown to be effective and safe for a growing number of 
diseases, such as depression and obsessive-compulsive disorder, as well as move-
ment disorders such as Parkinson’s disease, dystonia, and essential tremor. As a 
result of population aging due to the increase in life expectancy, the number of 
patients requiring DBS implantation is increasing. These patients often require 
surgery or treatment for diseases other than the original disease that required 
DBS. Most diagnostic tests or procedures can damage the DBS system by various 
mechanisms, so clinicians unfamiliar with DBS have difficulty treating these pa-
tients. The purpose of this review is to summarize the knowledge necessary for 
patient management that will be useful for clinicians treating patients with DBS 
implantation. 

KEY WORDS: Deep brain stimulation, Surgery, Complications, Patients  
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conditions, including major depression, anorexia nervosa, and 
Alzheimer’s disease [9-11]. 

Over the past 30 years since its introduction, more than 150,000 
patients worldwide have been treated with DBS [12]. Also, due to 
the aging of the population, by 2040, 25% of the world’s popula-
tion is expected to be 65 years or older. The number of patients 
who received DBS implantation will continue to increase due to 
the increase in the elderly population, the expansion of diseases 
that are indications for DBS, and the discovery of new targets. 
When these patients require treatment for other diseases, patient 
management can be complicated for clinicians unfamiliar with 
DBS [13].  

Aim of this review  
Patients with DBS implantation may require treatment for other 

diseases, but treatment may be limited because of the presence of 
the DBS system. DBS-related issues should be considered when 
considering treatment or surgery for other conditions. The pur-
pose of this review is to summarize the knowledges necessary for 
patient management useful to clinicians treating patients with DBS 
implantation. 

This article does not include any personal data. This article was 
exempt from IRB approval.

DEEP BRAIN STIMULATION SYSTEM 

Current DBS systems consist of unilateral or bilateral intracrani-
al electrodes, an implantable pulse generator (IPG) under the clav-
icle or axilla, and an extension wire connecting the electrodes to 
the IPG. The system delivers stimulation to the electrodes with an 
amplitude, pulse width, and frequency set by the clinician and the 
patient’s programming device. 

Although DBS systems may look similar to the well-known im-
plantable cardiac electronic devices (CIEDs) such as pacemakers 
and implanted defibrillators, they differ in mechanism of action, 
stimulation parameter, and method of operation. The CIEDs are 
usually more complex to neurostimulation system including DBS. 
Whereas program parameters are adjusted based on electrical 
feedback from the leads in CIEDs, neurostimulator provides con-
tinuous stimulation on the target region. As for stimulation param-
eter, neurostimulation uses higher frequency above 100 Hz and 
higher current, CIEDs uses lower frequency and lower current. 
DBS system can be turned off, but CIEDs cannot be turned off. In 
both systems, the function may be impaired by electromagnetic in-
terference, which may lead to patient morbidity. 

Previous DBS systems delivered current in a voltage controlled 

method by electrochemically induced changes in electrode imped-
ance at the brain-electrode interface [14]. Current systems provide 
a more clinically effective constant current stimulation by cur-
rent-controlled method [15]. DBS systems provide either unipolar 
or bipolar stimulation. In unipolar mode, the active electrode is set 
to the cathode and the IPG case is set to the anode. In bipolar stim-
ulation, one of the four electrodes of the electrode acts as the cath-
ode and the other acts as the anode. Modern DBS systems provide 
a rechargeable IPG, which extends the life of the device and reduc-
es the need for additional surgery to replace the IPG [16,17]. 

MEDICAL IMAGING 

X-ray, diagnostic ultrasound and computed tomography 
Patients who have DBS systems can safely undergo x-ray, diag-

nostic sonographic ultrasound, and computed tomography (CT) 
scans without additional management. 

Magnetic resonance imaging 
Magnetic resonance imaging (MRI) imaging of patients with 

DBS systems was previously absolutely contraindicated due to elec-
tromagnetic interactions. Problems caused by electromagnetic in-
teractions include excessive heating of the DBS electrode tip due to 
the synthesis of the generated current, voltage induction propor-
tional to the gradient pulse change over time, unintentional repro-
gramming of the IPG, image artifacts and distortion, and the func-
tioning of the DBS system [18]. The amount of heat generated 
within a DBS system by electromagnetic interaction depends on 
several factors such as the electrical properties of the stimulator, the 
field strength of the MRI system, the location of the DBS compo-
nent relative to the radiofrequency (RF) energy source, the RF coil 
used, the imaging site, and the specific absorption rate [19]. 

DBS manufacturers provide specific guidelines for the use of 
MRI in patients with DBS implantation. Boston Scientific has pre-
viously banned MRI scans after DBS, but states that the new system 
is only possible with a 1.5 T full body or head transmit/receive and 
RF quadrature only coil [20]. Medtronic also states that patients 
with DBS system can undergo MRI scans under specific condi-
tions, and complete MRI guideline is available from their website 
(https://manuals.medtronic.com/manuals/mri/region) [21]. 

In situations where MRI cannot be replaced with CT or ultra-
sound, clinicians should always confirm with manufacture and check 
the following conditions prior to MRI scan (Table 1). Table 2  
presents points to be noted before, during, and after MRI.

https://manuals.medtronic.com/manuals/mri/region
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INTRAOPERATIVE CONSIDERATION – 
MEDICAL DEVICE INTERACTIONS WITH THE 
DEEP BRAIN STIMULATION SYSTEM 

Several medical devices used during surgery can interact with 
the DBS system, generating varying degrees of electromagnetic in-
terference, potentially affecting the functioning of the neurostimu-
lator. Even with the DBS system turned off, the conductivity of the 
metal case, leads and DBS device is maintained and current can 
pass through it. 

Diathermy 
Diathermy refers to the treatment via heat, with the generation 

of heat within body tissues from high-frequency electromagnetic 
currents to promote healing or aid in healing (Fig. 1A). In princi-
ple, it is applied transdermally and electrically generates a short-
wave diathermy with a power of up to 1,000 W. It is often used to 
relax muscle and treat joint disorders [22]. 

There have been case reports of serious brain damage due to 
heat generation at the tip of the DBS electrodes after using diather-
my for dental treatment [23,24]. Manufacturers have since issued 
a product advisory advising caution against the use of all forms of 
diathermy in patients with neurostimulators [16,17]. 

Electrocautery 
Electrocautery is a treatment in which heat is generated within a 

metal wire electrode by passing an electric current, typically used 
for tissue destruction to varying degrees, such as tissue hemostasis 
or removal of benign skin lesions (Fig. 1B). None of the manufac-
turer’s safety reports state things with electrocautery, and the 
Medtronic guidelines group them together as “diathermy” and into 

Table 1. Specific conditions to check prior to MRI scans in patients 
with a DBS system

Checklists prior to MRI scans in patients with a DBS system

• Only 1.5-T horizontal-bore MRI

• Only a transmit/receive head coil

• Calculation of the head SAR using correct patient weight

• MRI parameters that allow an average head SAR≤ 0.1 W/kg

• The gradient dB/dt≤ 20 T/s [32]

MRI: magnetic resonance imaging, DBS: deep brain stimulation, 
SAR: specific absorption rate.

Table 2. Specific considerations before, during, and after MRI scans

Before MRI Identify the implanted DBS system

 The model of the implanted DBS system

 The presence of an implanted pocket adaptor

 Implant status of the lead

 Integrity of the system in terms of any suspicious wire breaks

Check for MRI contraindications

 Receiver-only coil applied to the head or a transmission coil extending above the chest

 Evidence of electrode or connecting wire breaks

 Use of non-compliant parameters

 Availability of safer diagnostic methods (e.g., computed tomography or sonography)

 Other implants or limiting factors for which MRI is prohibited or contraindicated

Check the impedance of all electrodes and the battery voltage

Record the stimulation values

Turn off the neurostimulator

 Set the stimulation amplitude to 0 V

Check the use of the appropriate MRI parameters

Limit the active scan time

Provide a sufficient explanation to the patient about possible complications and ask the patient to report any discomfort

Properly position the patient

During MRI Avoid sedation for constant communication with the patient to identify early complications

 Warming sensation, pain, unpleasant stimulation, unusual sensations

Perform continuous patient monitoring

Check consciousness between MRI sequences

After MRI Confirm the patient’s condition

Have a DBS specialist check whether the stimulator is working

Turn on the device and reprogram the stimulator to its original settings

MRI: magnetic resonance imaging, DBS: deep brain stimulation.
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a possible hazard category [25]. 
The effect of electrocautery on cardiac pacemaker has been 

widely reported, and the effect on DBS can be estimated based on 
it. Cases of pacemaker failure due to electrocautery in an asynchro-
nous mode resulting in hemodynamic instability have been report-
ed [26]. Unintended reprogramming can occur even in asynchro-
nous mode when used very close to the IPG [27,28]. Caution is 
needed when used very close to the IPG, because unintended re-
programming can occur even in asynchronous mode. 

Electrosurgery 
Electrosurgery is generally used during surgery and includes var-

ious methods of cutting and coagulation as electrical energy flows 
from an active electrode to a distributed electrode (Fig. 1C) [22]. 
Electrosurgery affects the tissue immediately adjacent to the active 
electrode. There are two different electrode configurations: unipo-
lar mode and bipolar mode. 

Unipolar mode 
In the unipolar mode, a current generated through an electrode 

enters the patient’s body and reaches a grounding pad. The pres-
ence of a conductive material between the monopolar device and 
the dispersive pad can redirect the path, which may inadvertently 
heat the tissue outside the surgical target due to the conversion of 
current to heat as energy passes through the tissue. Unipolar elec-

trosurgery can induce thermal brain injury in patients with DBS 
system, so its use is not recommended by all DBS manufacturers. 
However, unlike diathermy, there are no experimental works or 
clinical trials for the use of electrosurgery. 

Sometimes the surgeon may inevitably have to use monopole 
cauterization. In such a situation, the ground plane may be placed 
on the shoulder or occiput opposite the IPG [29]. The DBS sys-
tem should be switched off and used at the lowest possible energy 
level. 

Bipolar mode 
In bipolar mode, the current only passes through the tissue be-

tween the two electrodes of the electrosurgical device, so the cur-
rent spread is small. The bipolar mode of electrosurgery can be 
safely used in patients with implanted neurostimulators [30]. 

Electrocardiogram 
Electrical signals generated by the DBS system may affect the 

electrocardiogram (ECG) recording, so may need to be turned off 
to limit interference [31]. However, it should be kept in mind that 
turning off the DBS unit may result in recurrent motor symptoms, 
resulting in artifacts interfering with ECG recording. 

Postoperative considerations 
After the operation, the DBS system must be turned on again. In 

Fig. 1. Examples of medical devices that may affect the deep brain stimulation system. (A) Diathermy. (B) Electrocautery. (C) Electro-
surgery.

A

C

B

Unipolar Bipolar
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the case of general anesthesia, the recurrence of motor symptoms 
can be prevented by turning on the device before waking up from 
anesthesia [30,32]. Because the extrathalamic arousal system is in-
volved in the human sleep-wake cycle, STN stimulation can result 
in cortical asrousal [32]. 

MEDICATIONS TO AVOID 

The most frequent disease for which patients underwent DBS 
surgery is PD, and antidopaminergic drugs such as metoclopra-
mide and dopamine depleting drugs should be avoided to avoid 
worsening symptoms [33]. Comprehensive drug adjustment is re-
quired so that the combination drug does not aggravate symptoms 
or cause serious side effects due to drug interactions in consider-
ation of comorbidities. Tricyclic antidepressants for pain control 
can cause hypertensive crisis and dyskinesia when taken together 
with levodopa. Antipsychotic drugs, such as phenothiazine, should 
be avoided as they can worsen PD-related symptoms. 

ADDITIONAL TREATMENT METHODS 

Ultrasound 
Although diagnostic ultrasound can be safely performed in pa-

tients with an implanted nerve stimulator, the manufacturer rec-
ommends not placing the transducer directly over the implanted 
device. Therapeutic ultrasound depends on the output. There 
have been case reports that phacoemulsification for cataract re-
moval was safely performed in patients with DBS [34,35]. Howev-
er, lithotripsy can damage the neurostimulator circuit due to 
high-power ultrasound frequencies. This does not mean that the 
use of lithotripsy is contraindicated in patients with DBS, but if it is 
unavoidable, the ultrasound beam should not be directed within 
15 cm of the neurostimulator [36]. MRI-guided focused ultra-
sound, which has been widely used recently for essential tremor, is, 
in principle, a contraindicated treatment when metallic substances 
such as neurostimulators and pacemakers exist in the body [37].  

Radiation therapy  
The risk to the DBS system of radiation therapy can be assessed 

on the basis of reports of patients with CIED. In vivo and in vitro 

studies, ionizing radiation has been shown to affect voltage chang-
es by causing permanent and/or potential damage due to ioniza-
tion of semiconductors in circuits [38,39]. Radiation therapy 
should not be administered near DBS devices, as irradiation may 
induce the creation of abnormal electrical pathways. If radiation 
therapy is required, lead shielding should be used to limit exposure 
and to protect the device, and the device should be checked for de-
fects after each session [36,40]. In such situations, guidance on the 
safe application of radiation therapy for patients using CIEDs may 
be consulted [41,42]. Table 3 represents the risk classification of 
patients with CIEDs according to the cumulative dose and pacing 
dependence [41]. Using energies greater than 10 Gy can damage 
the random access memory and semiconductors in the device due 
to secondary neutrons generated in the linear accelerator head 
[43]. 

Laser 
Because there are limited data on the safety of the laser use in 

patients with DBS, caution should be exercised prior to use and 
the risks should be fully discussed with the patient. When per-
forming laser treatment, the DBS system should be turned off and 
the laser should be placed as far away from the system as possible 
[36]. After treatment, the DBS unit should be checked. 

External cardiac defibrillators 
Since external cardiac defibrillation and cardioversion are re-

quired for lifesaving purpose in emergent situations, its use should 
not be withheld in patients with DBS. There has been case report 
that 300 J of external cardioversion did not affect the DBS system 
[44]. Medtronic recommends using the lowest possible power set-
ting and placing the paddle perpendicular to the DBS system as far 
from the neurostimulator as possible [36]. 

Electroconvulsive therapy 
When electroconvulsive therapy (ECT) is required in a patient 

implanted with DBS, safety concerns from heat generation at the 
DBS electrode due to induction of RF current by electric charge, 
functional disruption of the DBS system, and electrode displace-
ment due to induced seizure activity should be considered. There 
have been case reports in which ECT was safely performed with 

Table 3. Risk classification of patients with CIEDs according to the cumulative dose and pacing dependence

< 2 Gy 2–10 Gy > 10 Gy

Device-independent Low risk Intermediate risk High risk

Device-dependent Intermediate risk High risk High risk

CIED: implantable cardiac electronic device.
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the nerve stimulator turned off, the ECT electrode placed as far 
from the DBS electrode as possible, and using the lowest possible 
energy to induce seizures [45,46]. 

Cardiac pacemakers and implantable cardioverter 
defibrillators 

The implantation of pacemakers and/or implantable cardiovert-
er defibrillators (ICDs) in patients using neurostimulators is not 
contraindicated. However, it requires the approach of a multidisci-
plinary team (e.g., cardiologist, DBS specialist, anesthesiologist) to 
optimize the patient’s clinical condition and adjust the settings of 
the underlying medical device as needed. Measures are needed to 
prevent potential interactions between devices. The pacemaker 
should be programmed for bipolar detection mode to avoid 
over-exaggeration and inappropriate response [47,48]. It is not 
recommended to insert the IPGs of the two systems in close prox-
imity to reduce electromagnetic interference [47]. After the ICD 
delivers the shock, the function of the nerve stimulator should be 
checked. To ensure consistent functioning of the pacemaker de-
vice, detailed cardiac investigations such as Holter monitoring 
should be performed whenever DBS device settings are adjusted 
[49].  

Physical therapy  
One of the things to be aware of when doing physical therapy in 

patients with DBS is Twiddler syndrome, which is a malfunction 
of the device due to damage to the IPG or lead [50]. Lead dislodg-
ment, diaphragmatic stimulation, and loss of capture may occur 
due to conscious or unconscious manipulation of the implantation 
site, leading to device malfunction. X-ray examination should be 

performed before treatment to confirm the position of the lead 
and IPG (Fig. 2), and caution is required as the wire may be dam-
aged by neck manipulation at a large angle. 

Mammography 
Caution is required as overclocking may cause physical damage 

to the DBS device if the tissue is compressed too hard during 
mammography. 

Summary 
· X-rays, CT, and diagnostic ultrasound can be done relatively 

safely. 
· If MRI cannot be substituted for other tests, it should be per-

formed according to the recommendations by referring to the 
manufacturer’s guideline. 

· The DBS system can interact with other medical device used 
during surgery by electromagnetic interference. 

· If electrosurgery is required during surgery for hemostasis, use bi-
polar mode instead of unipolar mode. 

· High-power ultrasound for therapeutic purpose should be avoid-
ed as much as possible. If absolutely necessary, make sure that the 
beam does not enter within 15 cm of the system. 

· Radiation therapy using energy of 10 Gy or more can damage the 
DBS system. 

CONCLUSION 

Clinicians who manage patients with DBS should always pay at-
tention to the device, and keep in mind that device can be dam-
aged during procedure or surgery. A multidisciplinary approach in-
volving DBS experts is often required. The DBS system should be 
reassessed to confirm if it works well. 
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Review Article

Trigeminal neuralgia (TN), a long-term disorder affecting the trigeminal nerve, is a 
form of debilitating neuropathic pain. Although the underlying pathogenesis of TN 
is debatable, loss of myelin along the trigeminal nerve due to direct compression 
from a blood vessel or secondary to other conditions such as multiple sclerosis or 
stroke is thought to be the principal cause. Paroxysmal sporadic pain, with unilateral 
onset, is the main phenomenon of TN. TN is typically diagnosed clinically. Medica-
tions, surgery, and complementary techniques are among the current therapy op-
tions for altering the neural circuits associated with TN. Nevertheless, anti-epileptic 
and tricyclic antidepressant medications are recognized as first-line treatments, and 
surgical treatment may be required for patients who have not obtained a therapeutic 
effect with at least three medications, have experienced intolerable side effects, or 
have symptoms that are not resolving. Stimulation of brain regions is an emerging 
off-label technique that has the potential to offer pain relief from TN, but sufficient 
data and more extensive studies on both animals and humans are yet to be pub-
lished. More specifically, convenient diagnostic techniques and affordable treatment 
modalities for TN have become crucial needs in order to reduce the psychological 
and socio-economical losses caused by TN. 

KEY WORDS: Trigeminal neuralgia, Animal models, Pain, Radiosurgery  

INTRODUCTION 

Trigeminal neuralgia (TN), also known as “tic douloureux,” is a recurrent, uni-
lateral, brief (seconds to minute) facial pain syndrome characterized by paroxysmal 
electric shock-like or stabbing pain attacks that are sharp in initiation and termina-
tion and confined to the trigeminal nerve’s distribution [1]. With a yearly inci-
dence of 4–29 per 100,000 people, TN is projected to have a lifetime prevalence of 
0.16% to 0.3%. Females appear to be slightly more susceptible to TN than males 
(female:male ratio, 3:2). TN is uncommon in those under the age of 40, with an 
average onset age of 53–57 years [2]. 

The trigeminal nerve root is compressed by vessels in the posterior fossa in 80% 
to 90% of cases of the TN. The superior cerebellar artery, anterior inferior cerebel-
lar artery, vertebral artery, and petrosal vein are blood vessels linked to trigeminal 
nerve compression. Continuous or recurrent nociceptive inputs from the head and 
neck congregate on the spinal trigeminal nucleus, within which neurotransmitter 
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and vasoactive substance discharge is enhanced, lowering the 
threshold of adjacent second-order neurons that receive input 
from sites apart from nociceptive sources, as per the trigeminal 
convergence-projection theory. The thalamus (i.e., the ventral pos-
teromedial), limbic system, and somatosensory cortex receive the 
signals from these stimulated second-order neurons, which are 
subsequently interpreted as pain (Fig. 1) [3]. Multiple sclerosis 
(MS), arteriovenous malformation or saccular aneurysm, epider-
moid cyst, acoustic neuroma and meningioma are some of the 
other reasons that can cause secondary TN. They originate as a re-
sult of MS or other illnesses demyelinating the trigeminal nerve 
nucleus whereas idiopathic TN is not linked with any neurological 
or other lesion that may be diagnosed by clinical assessment [4]. 

CLINICAL CHARACTERISTICS OF 
TRIGEMINAL NEURALGIA 

TN is a type of persistent, episodic, and recurrent neuralgic pain 
that can be distracting at best and completely incapacitating at 
worst. Depending on the existence or lack of an evident disease 
process that could characterize the neuralgia, the International 

Classification of Headache Disorders (3rd edition) defines TN 
into three groups: classical TN, secondary TN, and idiopathic TN 
[5]. Because clinical indications differ from patient to patient de-
pending on which dermatome/s are afflicted, the exact intensity of 
pain, and the presence or absence of background pain, TN diagno-
sis can be difficult. Many documented cases are idiopathic, imply-
ing they have no obvious cause. Although intracranial lesions that 
compress or irritate the trigeminal nerve are rare, they are a de-
tailed cause of secondary TN. They are generated by MS, as well as 
space-occupying lesions such cerebellopontine angle tumors and 
meningiomas. Classical TN is characterized by paroxysmal and 
electric shock-like pain and is caused primarily by demyelination 
due to blood vessel tension on the trigeminal root entrance zone 
[6]. These exhibit evident nerve compression findings in the tri-
geminal nerve with morphological alterations, and causal issues 
can be seen with magnetic resonance imaging (MRI) and surgery. 
Idiopathic, on the other contrary, is not linked to MRI or electro-
physiological aberrations. There are a range of factors for TN, and 
clinical facts on every variety could encompass the entire the un-
derlying mechanisms [7]. 

Fig. 1. Trigeminal neuralgia pathway. SP: substance-P, CGRP: calcitonin gene-related peptide, VPM: ventral posteromedial.
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Pain distribution and orientation 
The foramen rotundum, foramen ovale, and foramen spinosum 

are smaller on the right side than on the left, resulting in a higher 
incidence of TN on the right side. There were no occurrences of 
TN pain only involving discomfort in the V1 division’s innervated 
region. Although V2 and V3 pain coexisted in almost a fifth of pa-
tients, V1 and V2 pain only coexisted in 2.4%. If pain impacts nu-
merous branches of the trigeminal nerve, the prospect of referred 
pain should be addressed. When it pertains to pain distribution 
laterality, the right V2 has become the most common site [7]. 

Attack frequency and duration 
TN is more common in female patients, and is more common in 

elderly people. Due to the sheer unexpected quick stabbing and 
strong character of the paroxysms, patients commonly recall the on-
set of TN as memorable. In 87% of cases, stabbing paroxysmal pain 
was the first symptom. Other 13% showed the emergence of a rather 
subtle and prolonged pain before the typical paroxysmal pain, which 
is also referred as “pretrigeminal neuralgia” and evident by periods of 
aggravation and diminution. It is usual to have a latent phase of sev-
eral minutes during which a paroxysm cannot be induced. Certain 
individuals with long-term TN may experience a dull ache that per-
sists between pain paroxysms. TN, unlike the other facial pain disor-
ders, does not usually keep patients awake at night [8]. 

Triggers and trigger zones 
The maxillary (40%) and mandibular (39%) branches of the 

trigeminal nerve were revealed to be among the most frequently 
afflicted in an investigation on the clinical status of TN. Only par-
oxysmal pain lasted shorter than 1 minute for three thirds of the 
total patients. Approximately 90% of patients experienced pain-
free bouts at least once. Chewing (88%), brushing teeth (82%), 
washing face (79%), and talking (70%) were the most prevalent 
triggering variables. These kinds of triggers, on the other hand, are 
basically neutral stimuli in normal people. Individuals often tend 
to point to the trigger zone with one finger and specify the actions 
that start off an attack. Most people with TN have both sponta-
neous and stimulus-evoked pain. There may be only a few attacks 
a day in mild cases, but there may be repetitive rail of strikes that 
last minutes to hours in extreme situations. Dread of launching at-
tacks may render the affected person inert. The episodes may last 
for days, weeks, or months before subsiding, reducing in frequency 
or ceasing entirely. They constantly show up, with exacerbations 
becoming more prevalent as people age [9]. 

DIAGNOSIS OF TRIGEMINAL NEURALGIA 

The three main indications are used to establish a clinical diagno-
sis of TN: pain limited to the territory of one or more divisions of 
the trigeminal nerve; paroxysmal pain described as a “shock” or 
“electric sensation”; and pain caused by harmless stimuli on the face 
or intraoral trigeminal territory. TN is associated with triggered par-
oxysmal pain, which is reported by 91% to 99% of patients, suggest-
ing that this trait may be pathognomonic for the condition [8]. 

In TN, structural abnormalities are linked to pathologic demye-
lination and remyelination of the wounded nerve, which is a com-
mon feature in both humans and animal models of chronic nerve 
compression. With trigeminal nerve compression, there is evi-
dence of axonal degeneration and Schwann cell injury. Schwann 
cells undergo significant apoptosis and persistent downregulation 
of myelin-associated glycoprotein resulting from chronic nerve 
compression injury, and given Schwann cells’ ability to inhibit axo-
nal growth via myelin-associated glycoprotein expression, loss of 
this intrinsic growth regulation could result in the axonal sprouting 
seen in classic TN [10]. 

Although neurovascular compression is the most common 
cause of TN, it can also be caused by primary demyelination disor-
ders. Patients with MS are twenty times more likely than the gen-
eral population to experience neuropathic pain. Lesions in sec-
ond-order sensory neurons in the brainstem ipsilateral to the af-
flicted side were found in a group of individuals with comorbid 
TN and MS, which are hypothesized to be responsible for trigemi-
nal pain and other orofacial sensory problems. Patients affected 
with MS or a brainstem infarction have been linked to intrapontine 
demyelination along the trigeminal afferent and trigeminal nucle-
us, which are associated with TN symptoms. Concurrent neuro-
vascular compression on the trigeminal nerve may hasten demye-
lination in MS patients, resulting in TN [11]. 

Researchers can now evaluate the sensitization of central noci-
ceptive and emotional processing in patients with classical or idio-
pathic TN using modern electrophysiological and functional im-
aging techniques. 

In TN patients, nociceptive signal transmission is amplified. 
Electrophysiological recordings exhibited that pain-related evoked 
potentials are markedly enhanced in all trigeminal divisions on 
both symptomatic and non-symptomatic sides in TN patients 
with associated chronic facial pain. The channelopathies and 
pathologic changes in the architectures of afferent neurons cause 
the trigeminal nerve to become functionally hyperexcitable, as 
seen in TN. In fact, recordings of trigeminal nerve roots in tradi-
tional TN models revealed ectopic action potential production 
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and extended after-discharges in demyelinated neurons [12]. 
TN is functionally connected to voltage-gated sodium (Nav) 

channel dysregulation. Nav1.3 was found to be significantly upreg-
ulated in both preclinical and clinical cases of TN, whereas, down-
regulation of Nav1.7 has also been reported. Upregulation of addi-
tional Nav channels, such as Nav1.1, has also been associated to ex-
citation of the trigeminal nerve in a chronic constricted nerve injury 
model in rodents [13]. In addition, in preclinical models of classical 
TN, hyperexcitability in trigeminal neurons has been discovered as 
a result of dysregulation of the resting potential mediated by the 
voltage-gated potassium channel. Along with the voltage-gated 
channels, painful attacks in TN patients increase activity in areas 
that are traditionally associated with pain-related sensory process-
ing (trigeminal nuclei, thalamus, and somatosensory cortices) [14]. 

Since the three types of TN (classical, secondary, and idiopath-
ic) might be clinically identical, MRI with gadolinium is recom-
mended to rule out MS and cerebellopontine masses during the 
diagnosis. The fast advancement of MRI technology has aided in 
the identification of some of the more noticeable anatomical 
changes in TN. New MRI investigations, such as voxel-based mor-
phometry, diffusion tensor imaging (DTI), three-dimensional 
time-of-flight (TOF) magnetic resonance angiography (MRA), 
and fluid-attenuated inversion recovery DTI-sequences have pro-
vided new insights into the etiology of TN. Furthermore, it has 
been demonstrated that changes in brain activity related with stim-
ulation of the cutaneous trigger zone in individuals with TN may 
be studied using functional MRI [15]. 

The use of MRI and three-dimensional reconstruction can re-
veal neurovascular compression. The neuroimaging techniques in-
clude three-dimensional T2-weighted MRI sequences with exten-
sive investigation of the cisternal and cavernous parts of the nerve, 
TOF MRA for artery visualization, and phase-contrast MRI for 
vein visualization. Several studies have suggested that using DTI 
and tractography to reveal focal demyelination and edema, micro-
structural alterations in the nerve at locations of vascular compres-
sion can be assessed. Neurovascular compression at the trigeminal 
nerve root entrance zone corresponds highly with TN symptoms 
and morphological nerve alterations, such as nerve atrophy, dis-
placement, indentation, or flattening, according to high-resolution 
pictures [16-18]. 

Furthermore, structural and functional neuroimaging analysis 
showed considerable changes in functional connectivity of the 
frontal-limbic circuit, as well as gray matter loss in pain-modulat-
ing, sensory-motor, and emotional circuits, when TN patients 
were compared to healthy people. Using voxel-based morphome-
try, researchers discovered a gray matter volume loss in TN pa-
tients in the primary somatosensory and orbitofrontal cortices, as 

well as the thalamus, insula, cerebellum, and dorsolateral prefrontal 
cortex. Similarly, DTI revealed a decreased fractional anisotropy in 
TN patients’ trigeminal nerves and white matter in the brain, indi-
cating that structural abnormalities in the trigeminal nerves exist in 
TN, even if they are not visible on gross imaging [19,20]. 

DIFFERENTIAL DIAGNOSIS 

The array of differential diagnoses is vast and varies based on the 
context. Cluster headaches or migraines, post-herpetic neuralgia, 
and temporomandibular joint (TMJ) disorder are indeed condi-
tions that are likely to be confused with TN. It’s plausible that TN 
is mistaken for tooth discomfort. Dental pain is frequently con-
stant, bland or agonizing intraoral pain, whilst classic TN is invari-
ably transient and intense pain. From a diagnostic and treatment 
standpoint, distinguishing between TN and trigeminal neuropathy 
caused by (dental) trauma is critical [21]. The unpleasant sensa-
tions with TMJ dysfunction may have traits that are identical to 
secondary neuralgia, which can make differential diagnosis chal-
lenging. When examining other disparities, the occurrence of the 
disorders must also be regarded. The autonomic symptoms that 
occur unilaterally with the intermittent pain include conjunctival 
injection or tears, miosis, ptosis, sweating, and stuffy nose. These 
can emerge in the V1 trigeminal area in conjunction with TN at-
tacks. The incidence of TN has been linked to regular and daily 
tasks [8]. 

TREATMENT APPROACHES OF TRIGEMINAL 
NEURALGIA 

Maintenance therapy 
Anticonvulsant medicines are the cornerstone of TN treatment. 

Phenytoin was the first medicine used to treat TN, and it was 
shown to be effective. However, two medications are recommend-
ed as first-line therapy in TN, according to the most recent Euro-
pean Federation of Neurological Societies guidelines: carbamaze-
pine (CBZ; 200–1,200 mg/d) and oxcarbazepine (OXC; 600–
1,800 mg/d). Because of its better tolerability and lower risk of 
medication interactions, OXC is frequently utilized as a first-line 
treatment for TN. CBZ’s usefulness has also been established in a 
number of trials. Both CBZ and OXC are Nav blockers that at-
tempt to calm agitated neuronal membranes and diminish aber-
rant nociceptive output in TN patients. Despite their effectiveness, 
the side effects of these drugs involve sleepiness, nausea, rashes, 
ataxia, increased liver enzymes and electrolyte imbalance, which 
limit their use [22,23].  

If the first-line anticonvulsants are unsuccessful or poorly toler-



https://doi.org/10.52662/jksfn.2022.00150 13 

Recent update on trigeminal neuralgia

ated, alternative anticonvulsive medications such lamotrigine, ga-
bapentin, pimozide, tocainide, and pregabalin can be used as sec-
ond-line or monotherapy. Another Nav blocker, lamotrigine, has 
been shown to have an analgesic effect when used as a second 
drug in a limited number of patients with refractory TN. The evi-
dence to use gabapentin, a voltage-gated calcium channel blocker 
(CCB), in TN was reviewed in a meta-analysis assessing gabapen-
tin to CBZ [24,25]. 

Moreover, botulinum toxin A (BTX-A), a neurotoxin produced 
from the bacteria Clostridium botulinum, has been shown in many 
randomized controlled studies to be a successful maintenance 
treatment for TN. The BTX-A is considered to provide a better an-
algesic impact when injected directly into the trigger points. For up 
to 12 weeks, single session has been demonstrated to reduce anxi-
ety, sadness, insomnia, fatigue, pain, and the frequency of attacks 
per day. But, patients frequently experience facial disproportion 
with maneuvering and puffiness subsequent BTX-A injections ow-
ing its neurotoxic and paralytic action [26]. 

Finally, based on traditional Chinese medicine beliefs, manual 
acupuncture and electroacupuncture may be useful adjuvant ther-
apy for TN. The amplification of peripheral acupuncture sites is 
thought to elicit brain nociceptive modulation and upregulation of 
the endogenous opioid pathway. It’s worth noting, though, the sig-
nificant clinical evidence to back up these procedures is currently 
absent [27]. 

Abortive therapies 
In complement to maintenance therapy, several medications 

have been investigated to be used as a preventive cure amid acute 
attacks. In individuals with second-division TN, nebulized spray of 
8% lidocaine showed correlative pain relief over 4 hours [28]. An-
other Nav blocker, intravenous phenytoin, showed an acute re-
sponse rate of 89% in a retrospective subset of patients with all 
types of TN [29]. 

Local surgeries 
Although surgical techniques can help lessen the intensity and 

likelihood of TN strikes in the appropriate patients, they are usual-
ly reserved for when regular pharmaceutical doses are insufficient 
to control symptoms or when side effects limit continuing usage. 

Peripheral blockade of trigeminal nerve 
This surgical procedure, which is now rarely done, involves neu-

rectomy, alcohol injections, or the creation of radiofrequency le-
sions or cryolesions at the emergence of trigeminal nerve branches 
from the facial bones. The goal of these operations is to create an 
anesthetic area on the face that matches to the injured nerve’s dis-

tribution. However, clinical trials have not fully substantiated the 
benefits of such treatments, and the strategies frequently resulted 
in numbness [24]. 

Percutaneous techniques 
When a patient is unable to endure surgical procedures or does 

not have revealing vascular compression, percutaneous approaches 
like balloon compression, radiofrequency thermocoagulation 
(RFT) and chemical rhizotomy can be used to percutaneously 
hinder the trigeminal ganglion (TG) in Meckel’s cave or exiting 
branches. 

Radiofrequency thermocoagulation 
RFT causes small-diameter pain fibers to be damaged more than 

large-diameter pain fibers. This technique is based on the trigemi-
nal nerve and Gasserian ganglion rootlets being electrocoagulated. 
The electrode is meant to avoid injuring the first branch of the tri-
geminal nerve in order to avoid corneal deafferentation and kerati-
tis. Initial pain alleviation was found to be greater than 90%, with a 
recurrence rate of up to 25%. Masticatory weakness, dysesthesia, 
and ocular numbness have all been recorded as side effects, and 
they seem to be linked to substantial individual variation in so-
matotopic arrangement of trigeminal nerve fibers and irreparable 
injury to C fibers [30]. 

Percutaneous balloon compression 
Another approach for treating TN is percutaneous balloon com-

pression (PBC), which involves abrasing afferent fibers at the level 
of the Gasserian ganglion. Because of its low cost, ease, and benefits 
of being the only percutaneous technique performed with the pa-
tient under general anesthesia, PBC has been broadly employed. It 
also has an excellent ratio of rapid postsurgical pain reduction, span-
ning from 80% to 90%, and a period of time devoid of discomfort 
that varies from 2 to 3 years without the use of medication. Howev-
er, there are no findings on these patients’ long-term quality of life 
in the literature. Issues such as numbness, dysesthesia, and, in rare 
cases, masseter instability are common and usually resolve follow-
ing a few months; cranial nerve deficits and meningitis are far less 
prevalent. Moreover, in terms of compression duration and com-
pression pressure, there are no established requirements [31]. 

Glycerol rhizotomy 
Chemical ablation of pain-transducing nerve fibers is used in 

percutaneous glycerol rhizotomy. Pain alleviation in individuals 
with TN caused by demyelination and axonal fragmentation is de-
termined by injecting glycerol into the trigeminal cistern. This pro-
cedure has remained basically constant since its introduction, with 
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a reported immediate pain alleviation rate of almost to 90% and a 
proportion of pain-free patients at 3 years of over 50%. Dysesthe-
sias, herpes labialis, ocular numbness and masseter weakness have 
all been recorded as common side effects [32]. 

Microvascular decompression 
Microvascular decompression (MVD) is the first-line operative 

therapy for patients with a definite neurovascular compression 
cause as established by neuroimaging. Three-dimensional rapid im-
aging using a steady-state acquisition procedure has recently been 
introduced, resulting in a absurdly high-resolution T2-weighted 
MRI with outstanding contrast amongst structures, such as the 
CSF, trigeminal nerve, and nearby blood arteries, as well as TOF 
MRA. MVD has a well-established track record of success, with a 
pain-free rate of roughly 70% after the first 2 years postsurgery. It 
has turn out to be foremost therapies for TN because it provides 
long-term pain alleviation. Even so, not every patients who undergo 
MVD have a positive prognosis. The average pain-free period post 
MVD spans from 0.6 to 10 years without drugs. After 5 years, the 
proportion of subjects that are pain-free varies from 58% to 78% 
[15,33]. 

The average surgery-related death rate is 0.3%. Cerebrospinal 
fluid leaks affect 2.0% of patients, brain stem infarctions or hema-
tomas affect 0.6% of patients, and meningitis affects 0.4% of pa-
tients. In few patients, sensory loss in part or most of the trigeminal 
nerve sensory distribution on the face occurs. Ipsilateral hearing 
loss is the most concerning long-term consequence, notwithstand-
ing its rarity (incidence of 1.8%). Although individuals with MS 
who have drug-resistant TN may be provided MVD, there is inad-
equate evidence to justify or contradict the efficacy of surgical in-
tervention of TN in MS patients [24,34]. 

Gamma-knife radiosurgery 
In few centers, Gamma-knife radiosurgery has been utilized to 

treat patients coexisting health issues who may not have been po-
tentially suitable for MVD or who refused further invasive proce-
dure. Typically, the trigeminal nerve’s root entry-zone is chosen as 
a point, with dose regimes ranging from 70 to 100 Gy. The precise 
determination of the trigeminal root coordinates prior to their en-
try into the pons, where the radiation beams must be collimated to 
prevent injuring the pons, is a problem of this process. The pain-re-
lieving impact of gamma-knife stereotactic radiosurgery (SRS) 
takes 6 to 8 weeks to develop, in contrast to the instantaneous pain 
reduction associated with percutaneously produced TG lesions. 
One to 2 years after the treatment, 24% to 71% of patients report 
continuing pain alleviation, and 4 to 5 years later, 33% to 56% re-
port continued pain relief. In spite of that, because the underlying 

mechanisms are not completely known, there is still some doubt 
about the precise target and ideal dose to utilize. The root access 
zone of the trigeminal nerve, located 2–3 mm from the brainstem 
surface, is employed in several clinical target volume definitions. 
The brainstem trigeminal nuclei or the thalamic centromedian nu-
cleus are other potential targets. Elevated doses of radiation are as-
sociated with better consequences in general, but problems raise at 
doses larger than 90 Gy [24,35]. 

Linear accelerator radiosurgery 
Since its introduction by Leksell, non-invasive SRS has been re-

ported to be a promising therapeutic option for TN. The use of a 
linear accelerator and robotic-assisted SRS for TN treatment has 
become more common in recent years. Although it is not a cura-
tive for TN, it is a viable treatment choice due to its acceptable ef-
fectiveness even in pretreated and MS-related patients [36]. 

Potentiality of neuromodulation as a future therapeutic 
approach 

Motor cortex stimulation (MCS) and deep brain stimulation 
(DBS) have both been stated as alternative therapies for persistent 
pain that has resisted standard medical and surgical treatment. Sev-
eral studies have shown employing MCS to treat TN produces ex-
cellent results, typically 75% to 100% of patients experiencing con-
sistently good pain reduction. Nonetheless, these researches are 
mostly focused on the application of MCS in the treatment of pain 
syndrome. On the other hand, in a comprehensive study, authors 
found that yet none of the four patients with refractory TN re-
sponded to the procedure, but all five patients having refractory 
TN related to MS who had DBS saw a substantial reduction in 
pain episodes inside the first trigeminal branch [1,37]. 

POTENTIAL THERAPY FOR TRIGEMINAL 
NEURALGIA 

Although TN has explored a broad range of drugs, the scientific 
literature has underlined the necessity for high-quality clinical trials. 
LibraTN, an investigational novel drug from Noema Pharma that 
acts on the mGluR5 inhibitor NOE-101 in TN, is recently ap-
proved by the Food and Drug Administration to commence a 
phase 2b clinical investigation. In a preceding phase 1 study, it was 
proven safe and well tolerated in adults (ClinicalTrials.gov: 
NCT05217628). The safety and efficacy of guanfacine pairing with 
lidocaine for trigeminal nerve block techniques for treating pain in 
TN patients are also being examined in another clinical trial (Clini-
calTrials.gov: NCT03865940). The steady hunt for advanced drugs 
has preceded to development of several new medicines that lessen 
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the electrical activity of an otherwise excited nerve by intervening 
across novel pathways. Vixotrigine is a potent sodium channel 
blocker which prevents seizures or unpleasant stimuli by particular-
ly prioritizing higher frequencies. A cross-sectional prospective 
phase III trial is actively being undertaken, and the outcomes may 
provide additional insight on this drug. Eslicarbazepine belongs to 
the dibenzepine class of third-generation antiepileptic drugs. The 
drug is now licensed as an additional therapy for focal seizures since 
it targets voltage-gated sodium channels. For treating pain in TN, 
emerging drugs for instance eslicarbazepine and vixotrigine are be-
ing assessed [38]. 

Sumatriptan is a 5-hydroxytyptamine receptor (1A/B/C) ago-
nist as well as a blocker of the 5-hydroxytyptamine receptor (1A/
B/C). Migraine and cluster headaches have been effectively treated 
with it. At the damaged trigeminal nerve root, the drug limits vaso-
dilation and demyelination. Two-randomized controlled trials ex-
plored the effect of sumatriptan 3 mg subcutaneous injections and 
oral delivery of 50 mg twice daily. In hyperactive neurons, intrana-
sal CO2 has long been thought to be a pain modulator. This is re-
lied on the theory that CO2 promotes a drop in mucosal pH, there-
by triggers the nociceptive impact of primary trigeminal afferent 
neurons [39]. 

In patients who have not been eased by sodium channel block-
ers alone, CCBs and antidepressants have been recommended. 
Misoprostol is a prostaglandin E1 analogue that has been shown to 
alleviate pain in TN patients with associated MS in case studies. 
Capsaicin, topical or intranasal lignocaine are among the several 
treatment options available, although their extensive use is not ad-
vised at this point [38]. 

Different animal models for trigeminal neuralgia study 
For the study of TN, a variety of animal models (Table 1) [3,40-

53] have been developed. All of these animal models contributed 
to the discovery of vital information about the TN pathway or TN 
therapeutic management. 

RECENT TRIGEMINAL NEURALGIA 
RESEARCH 

Today, research has contributed to a greater comprehension of 
the causes and pathways of pain, and progress continues to associate 
with improved TN diagnosis and treatment. Preclinical and clinical 
studies have contributed significantly to our understanding of all as-
pects of TN, but further research is certainly needed to fill in the 
disparities and promote to the development of existing therapies 
and the quest for novel therapeutic possibilities. Here, we attempt 
to include the recent TN research in rodents and human subjects. 

Trigeminal neuralgia related studies in rodents 
A study proposed that emodin (active anthraquinone constituent 

of rhubarb extract) may diminish ERK1/2 phosphorylation and 
p38 in TG through decreasing P2X3 receptor activation and inhib-
iting calcitonin gene-related peptide (CGRP) production. Inhibi-
tion of P2X3 receptors in TG nociceptive neurons caused by in-
creased glutamate transmission could be a new focus for orofacial 
neuropathic pain therapy. Pannexin 1 may activate metabotropic 
glutamate receptor 5 (mGluR5) expressed in TG nociceptive neu-
rons that innervate the orofacial area, allowing glutamate discharge 
from both TG and satellite glial cell. It’s possible that mGluR5 sig-
naling increases P2X3 receptor expression in TG nociceptive neu-
rons, resulting in orofacial mechanical allodynia. Upregulation of 
the P2X3 receptor increased CGRP synthesis in TG neurons, add-
ing to pain and allodynia, and CGRP expressed by peripheral sen-
sory neurons is linked to neuropathic pain pathogenesis [54]. Me-
tabolomics assays has been used to study the metabolic patterns un-
derpinning depression caused by TN in a cobra venom intra-ION 
induced TN rodent model. Curcumin therapy in rats with TN may 
reduce mechanical allodynia and depressing actions through mod-
ulating metabolites and metabolic pathways [55]. 

According to Zhang et al. [56], persistent TN causes despair, 
which is produced by intensified dopamine neuron activity in the 
midbrain. The enhanced activity of dopamine neurons is due to 
neural pathways connecting the spinal trigeminal subnucleus cau-
dalis, the ventral tegmental region and the lateral parabrachial nu-
cleus. In a rodent study, it was found that TN can cause neurode-
generation by upregulating the expression of CD95/CD95L, re-
sulting in increased neuroinflammation and neuronal death [57]. 

In the infraorbital nerve-chronic constriction injury (ION-CCI) 
paradigm, another study found that peripherally employed botuli-
num neurotoxin A (BoNT-A) can yield antinociceptive results. 
BoNT-A may operate directly on the Vc by way of axonal trans-
port, inhibiting excessive TRPA1, TRPV1 and TRPV2 expression, 
and reducing central sensitization as the underlying processes [58]. 
Modulation of the VLO-periaqueductal gray matter projection 
had no influence on TN-induced anxiodepressive responses that 
suggests a possible innovative mechanism–based therapy method 
for neuropathic pain’s anxiodepressive effects.  

Trigeminal nerve damage causes demyelination, which is thought 
to be a major cause of TN. Meantime, trigeminal semilunar gangli-
on’s neurons are engaged to produce the ignition focus. These neu-
rons are stimulated and emit aberrant signals when the trigeminal 
nerve peripheral branches are compressed or stimulated by inflam-
mation. Schwann cells have also been implicated in TN and have 
been proven to have a pain-relieving impact by remyelinating dam-
aged nerves in some investigations [59]. 
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Table 1. Experimental animal models for research on TN

TN animal model Brief model preparation technique Reference (year)

Unilateral chronic constriction  
injury of the distal ION in rats

Starting at the posterior end of third row of whisker lines, a small incision  
parallel to the midline was made toward the ipsilateral orbit. The superficial 
fascia was abruptly removed to reveal the ION trunk outside the ocular cavity 
at its distal section. Two chromic catgut ligatures were wrapped loosely 
around the ION’s distal end.

Ding et al. (2017) [40]

Trigeminal ganglion compression 
with 4% agar solution in rats

A 4% agar mixture was pumped into the trigeminal ganglion by a stainless-steel 
injector (24 gauge), which was prolonged 2 mm beyond the end of a guide 
cannula to compress the ganglion.

Ahn et al. (2009) [41]

Trigeminal root compression with 
polymer crystals in rats

Polymer crystals were administered in the space between the trigeminal senso-
ry root and the temporal bone by stereotaxic polymer injection.

Yeomans and Klukinov 
(2012) [42]

Trigeminal nerve root  
compression in rats

From the inferior orbital fissure, a tiny plastic filament was retrogressively  
introduced into the intracalvarium until it contacted the trigeminal nerve root 
for compression.

Luo et al. (2012) [43]

Cobra venom to the ION in rats A cut was made to reveal the fossa orbitals and nasal bone. The ION was  
dissected freely at its rostral limit in the orbital region, gently lifted, and cobra 
venom (0.4 mg lyophilized entire venom/4 L saline) was infused into the ION’s 
nerve sheath.

An et al. (2011) [44]

Chronic constriction injury of the 
ION in rats or mice

After making an incision above the left eye along the arc of the frontal bone, the 
ION was gently separated from the adjacent fascia, muscle, and connective 
tissue. The ION was then mildly constricted with two ligatures set 3–4 mm 
apart and fastened till it was slightly confined.

Islam et al. (2021) [3]

CFA or formalin-induced pain in 
mice

5 µL of CFA was injected subdermally into the rostral external part of the ear, or 
10 µL of 4% of formalin was injected subcutaneously into the whisker pad.

Tzabazis et al. (2014) [45]

FRICT-ION in mice In the narrow area where the ION enters through the rigid infraorbital foramen, 
3 mm of chromic gut suture was introduced intraorally.

Montera and Westlund 
(2020) [46]

Peripheral ION ligation in mice In a recumbent position, the oral cavity was exposed to detect the left tendon of 
the masseter muscle on the top portion of the oral cavity. A 1-mm incision 
was made in front of the tendon to expose the ION, and one end of the ION 
was ligated using 6-0 silk suture.

Zhao et al. (2021) [47]

Partial transection of the ION Using angled clamps, a cavity in the left palate was exposed, and the ION under 
the mucosa was accessible. The ION’s deep branch, which innervates the 
ventral edge of the left vibrissal pad and upper lip, was strongly tied with  
catgut, and the distal end was cut open to remove a 1–2 mm section.

Li et al. (2020) [48]

GabrgI knock-in mice Model generation was done by using CRISPR/Cas9 by a TN-associated de novo 
mutation (p.Cys188Trp) in the GABAA receptor Cl channel-1 subunit (GABRG1).

Dong et al. (2020) [49]

Incorrectly positioned dental  
implants in rats

To damage the inferior alveolar nerve, the left lower second molar was substi-
tuted with a small dental implant.

Li et al. (2019) [50]

TRESK knock-out mice TRESK knockout mice were produced by traversing heterozygous breeders 
(Kcnk18tm1(komp)Vlcg).

Guo et al. (2019) [51]

Transgenic mice that  
overexpress TNF-α

TNFglo mice were bred with Nav1.8-Cre mice to make TNF-α cTg mice that over-
expressed TNF-α specifically in nociceptive neurons.

Rozas et al. (2016) [52]

Talcum powder administration to 
the peripheral ION in rats

Talcum powder (30%, 0.3 mL) was injected into the peripheral infraorbital fora-
men of animals.

Wang et al. (2018) [53]

TN: trigeminal neuralgia, ION: infraorbital nerve, CFA: complete Freund’s adjuvant, FRICT: foramen rotundum inflammatory constriction of the 
trigeminal, TRESK: TWIK-related spinal cord K+ channel, TNF-α: tumor necrosis factor alpha.

Mechanical compression lesion in the TN animal model’s tri-
geminal nerve generated glial plasticity in the trigeminal root en-
trance zone, which constantly modified the glial functionality of 
the central nervous system–peripheral nervous system transitional 
area, as per a study. The activation of adenosine monophosphate 
activated protein kinase (AMPK) in the glia of the spinal trigemi-
nal nucleus (secondary TN) by resveratrol is useful in the treat-
ment of CCI-induced neuroinflammation, and it also suggests that 
AMPK could be a new focus for the TN treatment. The Ca2+ acti-
vated K+ (SK3) channel, which has a small conductance, may take 
part in a key role in the TN etiology and could be a possible target 

for treatment [60]. 
In the early stages, stem cells from human exfoliated deciduous 

(SHED) teeth transplanted at the injury site condensed inflamma-
tory cell infiltration and proinflammatory cytokines in the injured 
nerve, as well as inhibiting CCI-ION-induced TRPV1 expression 
upregulation in the trigeminal nerve and ganglion. These findings 
support the application of SHED in the TN treatment in a preclin-
ical setting [61]. 

Clinical studies related to trigeminal neuralgia 
Human neuroimaging studies demonstrate structural and func-
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tional abnormalities in the different brain regions in TN pain, in ad-
dition to the rodent research. A study found that volume recovery 
or normalization reveals sex-specific hippocampus plasticity in TN, 
with females experiencing a higher volumetric increase than males. 
They hypothesized that hippocampus shrinkage in TN is caused by 
pain, and that proper treatment can correct these anomalies [62]. 

In patients with typical TN, altered anatomical and functional 
connectivity between the anterior insula and anterior cingulate 
cortex may underpin the aberrant salience network and present an 
alternate target for treatment therapies. Using ultra-high field MRI, 
an initial analysis of structural abnormalities in the trigeminal 
nerve and subnuclei of limbic regions in TN patients. This support 
the hypothesis that TN pathophysiology is a complicated mix of 
local structural changes in the trigeminal nerve, along with changes 
in the structure and function of numerous brain areas involved in 
nociception and pain processing directly and indirectly [63]. 

The role of RFT in pain therapy for TN patients was investigat-
ed in the systematic study. RFT provided a high rate of early pain 
alleviation and a long period of pain-free time after treatment. In 
longitudinal, perioperative neuroimaging study, because atrophy 
of the contralateral thalamus is a common feature in patients with 
medically refractory TN, local alteration in preoperative thalamic 
structure and very early postoperative metabolic changes in the 
thalamus both play a role in influencing the durability of pain relief 
after TN surgery [64]. 

Further prospective and longitudinal clinical investigations, as 
well as basic translational TN research, might aid to adapt the dis-
crepancy in the pathophysiological mechanisms underlying TN 
and pave the way for innovative therapies in the future. 

CONCLUSION 

TN is a devastating condition that is difficult to detect and treat 
for both neurologists and neurosurgeons. The main cause of diffi-
culty could be a lack of understanding of the complicated etiology, 
pathogenesis, and pathophysiology. However, in recent years, 
promising advances in the treatment of TN have been made with 
the discovery of novel medications and the implementation of in-
novative surgical procedures. Therefore, more research into the 
core causes of TN, as well as innovative therapeutic methods, 
could enhance the accuracy of diagnosis and treatment for patients 
suffering from this devastating condition. 
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INTRODUCTION 

A carotid-cavernous sinus fistula is an abnormal communication between arter-
ies and veins within the cavernous sinus [1,2]. Carotid-cavernous fistulas (CCFs) 
can occur spontaneously or as a consequence of trauma [3]. CCFs may be classi-
fied into four types: direct fistulas (Barrow type A) and dural, or indirect, fistulas 
(Barrow types B, C, and D) [1]. Direct or type A CCFs are usually of traumatic eti-
ology and may demonstrate the classic triad of clinical symptoms (ocular bruit, 
pulsatile exophthalmos, and conjunctival chemosis) [4,5], although these are not 
always present [5]. Conversely, indirect CCFs are usually spontaneous and present 
with milder sequelae [6-8].  

Recent progress in the field of endovascular neurosurgery has introduced multi-
ple treatment modalities for the management of CCFs [9]. The mainstay of therapy 
for CCFs is endovascular embolization, while other treatment options, such as open 
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Clinical Article
Objective: Gamma Knife radiosurgery (GKRS) is used as an adjuvant treatment 
for carotid-cavernous fistulas (CCFs), and many previous reports have concluded 
that GKRS is a useful additional modality. We performed GKRS on CCFs with-
out any endovascular treatment and present the preliminary results. 

Methods: Between December 2017 and December 2020, we performed GKRS 
in nine patients. Seven patients were female, and two patients were male (median 
age, 73 years; range, 46 to 86 years). Five fistulas were Barrow type B (one patient 
had bilateral CCF). Four fistulas were type C. One was type D. GKRS was per-
formed with a marginal dose of 16 to 18 Gy (median, 17.5 Gy; 50% isodose line), 
and the mean targeted volume was 0.39 cm3 (range, 0.13 to 3.05 cm3). 

Results: All fistulas responded favorably to GKRS, with symptom improvement 
after 1 to 32 weeks (median, 3 weeks). The median follow-up period was 15.5 
months (range, 12 to 43 months). Seven fistulas disappeared following treatment, 
which was confirmed by transfemoral angiography or orbit magnetic resonance 
imaging and brain magnetic resonance angiography (MRA). Three fistulas in the 
diameter of the superior ophthalmic vein decreased by more than 50%, as indicat-
ed by MRA. There were no cases of recurrence or adverse effects. 

Conclusion: Although further research requires a larger patient group and longer 
follow-up duration, GKRS can be considered a definitive treatment modality for 
any type of CCF, not only an adjuvant modality. 

KEY WORDS: Gamma knife, Radiosurgery, Carotid cavernous, Sinus fistula
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surgery or radiosurgery, are still utilized as second-line or adjuvant 
therapeutic options [10,11]. 

Many previous reports concluded that Gamma Knife radiosur-
gery (GKRS) is a useful additional modality, and GKRS is consid-
ered an adjuvant treatment for CCF. The purpose of this prelimi-
nary report is to show the safety and clinical outcome of GKRS as 
the only treatment for CCFs. 

MATERIALS AND METHODS 

Patients 
We analyzed the radiologic and clinical outcomes of nine pa-

tients with spontaneous CCFs who underwent GKRS alone with 
the Leksell Gamma Knife (PERFEXION; Elekta Inc., Stockholm, 
Sweden) at Jeonbuk National University Hospital between De-
cember 2017 and December 2020. Seven patients were female, 
and two patients were male (median age, 73 years; range, 46 to 86 
years). 

CCFs were confirmed by performing digital subtraction angiog-
raphy (DSA). 

All nine patients were referred from endovascular specialists be-
cause of the challenges of the endovascular approach. They all un-
derwent GKRS alone for spontaneous CCFs. The median fol-
low-up period was 15.5 months (12 to 43 months). 

Outcome data were collected through an independent medical 
record review and were analyzed by a neurosurgeon who did not 
participate in patient management and ophthalmologist. 

Three patients showed CCFs in the left cavernous sinus, five pa-
tients showed CCFs in the right side, and one patient showed 
CCFs in both sides. The indirect CCFs were developed sponta-
neously in all patients. 

Carotid-cavernous fistula classification 
CCFs were classified according to the Barrow classification sys-

tem [12]. 
The Barrow scheme classifies CCFs based on their arterial sup-

ply: type A, direct high-flow shunt between the internal carotid ar-
tery (ICA) and cavernous sinus; type B, indirect low-flow shunt 
between dural ICA branches and the cavernous sinus; type C, in-
direct low-flow shunt between dural external carotid artery (ECA) 
branches and the cavernous sinus; and type D, indirect low-flow 
shunt between ECA/ICA dural branches and the cavernous sinus 
[12]. Five fistulae were Barrow type B, four were type C, and one 
was type D. 

Radiosurgical technique 
The median marginal dose irradiated to the nidus margin was 

17.5 Gy (range, 16 to 18 Gy; 50% isodose line). The maximum ir-
radiated dose ranged from 32 to 36 Gy (median, 35 Gy). The me-
dian targeted volume was 0.39 cm3 (range, 0.13 to 3.05 cm3). The 
targeted point of the CCF was the fistula site for the type B CCF 
and the compartment of the cavernous sinus for the types C and D 
CCFs. 

Follow-up examination 
Patients were followed every 1 to 3 months after GKRS. Fol-

low-up magnetic resonance imaging (MRI) was performed at 3, 6, 
and 12 months until CCFs disappeared. The follow-up DSA was 
done 12 months after GKRS in accepted patients. Neurologic and 
ophthalmic evaluations were performed to assess clinical outcomes 
every 3 months.  

Complete resolution of symptoms was defined as there is no ev-
idence of CCF-related symptoms. 

All patients had a minimum follow-up duration of 12 months 
(median, 15.5 months; range, 12 to 43 months). 

Ethical statements
The requirements for approval of the Institutional Review Board 

were waived due to the retrospective nature of this study. Written 
informed consent was obtained from the patient.

RESULTS 

Overall clinical outcomes 
All nine patients had chemosis, exophthalmos, ocular pain on 

the affected side, and diplopia at the time of GKRS. There were no 
patients with cranial nerve symptoms or neurological deficits. The 
median duration from diagnosis to treatment was 4 weeks (range, 
1 to 12 weeks). Severe headache was reported by 2 patients and 
one patient suffered from accompanied glaucoma. 

All patients responded rapidly and favorably to GKRS with an 
improvement of symptoms (median time to symptom improve-
ment, 3 weeks; range, 1 to 32 weeks) (Table 1). All symptoms as-
sociated with CCFs were completely resolved without any adverse 
effects or recurrence. 

Radiologic outcomes 
Trans-femoral angiography, orbit MRI, or brain magnetic reso-

nance angiography at 12 months after GKRS indicated that seven 
fistulas were obliterated, and three fistulas in the diameter of the 
superior ophthalmic vein (SOV) were decreased by more than 
50%. Three patients with decreased SOV diameter in MRI are cur-
rently undergoing further follow-up. In our series, the time con-
sumed for CCF obliteration, as demonstrated in any imaging mo-
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dality, was predicted to be 12 months. We presented case No. 4 pa-
tient in Fig. 1. 

DISCUSSION 

The signs and symptoms of indirect fistulas are experienced 
gradually and are mostly comprised of chronic red eyes, ocular 
bruits, proptosis, and other eye conditions, such as glaucoma [13]. 

Treatment options for indirect CCFs include observation, intra-
ocular pressure (IOP)-lowering agents, intermittent compression 
of the ipsilateral ICA or SOV, stereotactic radiosurgery (SRS), and 
endovascular intervention. As up to 70% of dural CCFs close 
spontaneously due to local thrombosis of the SOV propagating 

posteriorly, observation or conservative treatment techniques are 
not only acceptable but also are the preferred approaches to man-
agement in cases without high-risk features [3]. After the exclusion 
of patients deemed to be poor candidates for carotid compression 
therapy due to decreased visual acuity or cortical venous drainage 
of the fistula, the success rate of this procedure was found to be 
35%, with resolution occurring between 2 weeks and 7 months af-
ter initiation [1,14]. 

Although a watchful waiting approach is reasonable in many pa-
tients with indirect CCF, treatment is sometimes required to pre-
vent long-term sequelae. Indications for intervention include un-
controllable IOP, unremitting diplopia, severe proptosis with cor-
neal exposure, optic neuropathy, retinal ischemia, severe bruit, and 

Table 1. Patients’ profile

Case 
No.

Age 
(yr) Sex Barrow 

type
Marginal 
dose (Gy)

Target 
volume 
(cm3)

Fistula 
site

Symptom 
site

Treatment 
site

Duration of symptom 
improvement after 

GKRS (wk)
Radiologic outcome after GKRS

1 67 M B 18 0.4 Lt. Lt. Lt. 7 Complete obliteration at 12 mo (TFCA)
2 78 F B 18 0.13 Rt. Rt. Rt. 2 Complete obliteration at 12 mo (MRA)
3 46 M B 18 0.38/0.17 Rt. Bi Bi 4 Complete obliteration at 12 mo (TFCA)
4 46 F B 18 0.26 Rt. Rt. Rt. 2 Complete obliteration at 12 mo (MRA)
5 80 F C 18 3.05 Lt. Lt. Lt. 2 50% decreased filling at 6 mo (MRA)
6 80 F C 16 1.64 Rt. Rt. Lt. 1 50% decreased filling at 3 mo (MRA)
7 68 F C 18 0.9 Rt. Lt. Lt. 12 50% decreased filling at 6 mo (MRA)
8 86 F C 18 0.31 Lt. Lt. Lt. 32 Complete obliteration at 12 mo (MRA)
9 73 F D 16 0.74 Rt. Rt. Rt. 2 Complete obliteration at 12 mo (MRA)

GKRS: Gamma Knife radiosurgery, M: male, F: female, Lt.: left, Rt.: right, Bi: bilateral, TFCA: transfemoral catheter angiography, MRA: magnetic 
resonance angiography.

Fig. 1. Images of case 4. (A) Brain MRA (top) and the MRA source image (bottom) before Gamma Knife radiosurgery (red arrows 
point to CCF). (B) Target and dose planning image of treatment for CCF. (C) Brain MRA (top) and the MRA source image (bottom) 12 
months after Gamma Knife radiosurgery (yellow arrows point to regions where the CCF has disappeared). MRA: magnetic resonance 
angiography, CCF: carotid-cavernous fistula.

A B C
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cortical venous drainage from the fistulae. Endovascular treatment 
is the first line and maybe performed transarterial or transvenous. 
Similar to the embolization of direct CCFs, the embolization of 
dural CCFs may be accomplished using coils, acrylic glue, or 
Onyx, which can be used individually or in combination [15,16]. 
Flow-diverting stents also may be used alone or in combination 
with coils [3].  

Endovascular embolization of dural CCFs is not always possible 
or effective because of challenging vascular access, risk of retro-
grade flow of embolic materials, or partial embolization [7]. SRS 
has become a reasonable alternative treatment option for dural ar-
teriovenous fistulas (DAVFs) without concurrent fatal conditions, 
such as intracranial hemorrhage. SRS can be a first line therapy 
when embolization or surgery cannot be performed safely or when 
employed for residual or recurrent lesions after prior treatment. 

Our results show that SRS is an effective and safe primary treat-
ment modality for spontaneous CCFs and has high obliteration 
rates and a low risk of complications. The control rate and duration 
until symptom improvement are similar to Park et al.’s report [17]. 

Complications after Gamma Knife radiosurgery for carotid-
cavernous fistulas compared with endovascular embolization 

New onset of cranial nerve palsy was not observed in our series. 
The cranial nerves in the cavernous sinus are generally resistant to 
radiation injury and tolerate up to 40 Gy in a single fraction [18]. 
There are few reports of radiosurgery- associated complications af-
ter SRS for DAVFs. Cifarelli et al. [19] reported that T2-weighted 
radiation-induced change at the perimeter of the lesion was evi-
dent in 12% of the patients. Similar to our results, Hanakita et al. 
[20] demonstrated that none of the patients experienced radia-
tion-induced complications after SRS. However, that series with a 
median follow-up of 30 months may have underestimated the risk 
of late radiation-induced complications. So we think that we also 
need to follow up for more than an average of 36 months. 

Endovascular embolization has a potential risk of neurologic 
deficit because of ischemic complications and migration of embol-
ic material. Angiographic architecture and clinical presentations 
should be considered when selecting either embolization or SRS 
because embolization is usually used in patients who need imme-
diate symptom relief, and SRS is performed in patients with rela-
tively mild symptoms. In our series, the fastest improvement of 
CCF-related symptoms began a week after treatment. 

In the basis of our study is that GKRS can lead safe and early re-
sponses without the embolic complications associated with endo-
vascular treatment. Transvenous embolization affected the patients 
who were at risk of intracerebral hemorrhage because of venous 

rupture or newly developed cranial nerve palsy due to cavernous 
sinus embolization [21]. Cranial nerve signs after embolization 
may be caused by progressive thrombosis of the cavernous sinus, 
mass effect from the coils, or direct injury of the nerve by coils or 
the microwire/microcatheter [22]. Yoshida et al. [7] reported that 
7% of patients showed permanent complications, and 14% of pa-
tients showed transient morbidity after transvenous embolizations. 
In Park’s review [23], he concluded that depending on the patient’s 
condition and the angiographic features of DAVFs, SRS may be an 
alternative and safe treatment modality for DAVFs. SRS can be 
performed when it is difficult to treat DAVF endovascularly or sur-
gically or when the patient prefers a non-invasive treatment. 

Our study showed that the duration until symptom relief and 
obliteration of CCF was relatively short period compared with the 
duration of arteriovenous malformation (AVM) obliteration after 
GKRS. The reason for this relatively short period response is a rel-
atively small target volume and evenly irradiated maximum dose 
compared with AVM. In previous study described that compared 
with AVMs, DAVFs seem to more promptly react to SRS because 
the shunt size in DAVFs is smaller than that in AVMs [21,24]. The 
type CCFs did not show statistical significance in the duration un-
til symptom relief and radiologic outcome in this study. However, 
type D CCFs took a long time compared with the other types. It is 
necessary to enroll more patients and variable CCF types for fur-
ther study.  

CONCLUSION 

Although our study needs a larger patient group and long-term 
follow-up, GKRS can be considered a definitive and safe treatment 
modality for spontaneous CCF, not only an adjuvant modality. In 
addition, we think that, although symptoms do not improve im-
mediately like in endovascular treatment, since symptoms improve 
within a relatively short duration and the risk of complications is 
low, GKRS can be considered a single treatment method. 
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INTRODUCTION 

Traumatic brain injury (TBI) is a leading cause of death and disability and plays 
a critical role in early post-TBI seizures within 1 week of assault, which could tran-
spire in as many as 53% of all TBIs [1]. Post-traumatic seizures (PTSs) caused by 
TBI can occur either early (within 1 week of the injury) or late (after 1 week of the 
injury). Proper control of early post-traumatic seizures (EPTSs) is of paramount 
importance because seizure attacks in the acute stage can add secondary injury to 
the already damaged brain [2]. In the long run, approximately 25% of patients with 
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Clinical Article

Objective: We investigated factors associated with early post-traumatic seizures 
(EPTSs) and post-traumatic epilepsy (PTE) to determine factors associated with 
PTE in comparison with previous reports. 

Methods: We enrolled 78 patients with acute head trauma from January 2008 to 
December 2011 (range of follow-up duration, 5–12.9 years). We conducted a 
comparative analysis of various factors in both groups. 

Results: Nine of the 78 patients experienced EPTSs during admission, and 18 
patients developed PTE. All nine patients with EPTSs progressed to PTE. Treat-
ment type, academic background, marital status, hemoglobin at hospital day 1 
(HD#1), Glasgow coma scale (GCS) at admission, GCS at discharge, and the 
modified Rankin score (mRS) at the final visit were significantly different be-
tween the nine patients with EPTSs and the 69 patients who did not have EPTSs 
via the Mann-Whitney U-test. Statistically significant differences were identified 
in the type of brain trauma, treatment type, marital status, glucose level at HD#1, 
GCS at admission, GCS at discharge, and mRS at the final visit by the 
Mann-Whitney U-test between the 18 patients who developed PTE and the 60 
patients who did not develop PTE. 

Conclusion: The patients with PTSs and PTE were relatively younger and were 
more likely to be unmarried. It is premature to draw a firm conclusion, but more 
active administration and long-term meticulous follow-up may be needed for 
young, highly educated, unmarried male patients. In addition, the analysis of 
more patients over a longer period of time will be needed. 

KEY WORDS: Risk factor, Early post-traumatic seizures, Post-traumatic epilepsy  
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a history of EPTSs will experience another episode in their later 
lives [2]. 

EPTSs are a strong predictor of late PTSs and epilepsy. In fact, 
up to 5% of all epilepsy cases and 20% of lesional epilepsy are 
post-traumatic [3]. In a previous study, seizures occurred in only 
0.4% of adult patients admitted to hospitals with TBI, and associa-
tion between in-hospital seizures and age, African-American eth-
nicity, obesity, hypertension, diabetes, history of myocardial infarc-
tion or cerebrovascular accident, cigarette smoking, and alcohol 
abuse was found [4]. The rate of severe TBI (Glasgow coma scale 
[GCS] score < 9) was higher among the seizure group compared 
to the non-seizure group. Moreover, the seizure group had higher 
rates of complications including pneumonia, acute respiratory dis-
tress syndrome (ARDS), acute renal failure, pulmonary embolism, 
and increased intracranial pressure (ICP) during their hospital stay 
[4]. Identified risk factors of post-traumatic epilepsy (PTE) in-
clude chronic alcoholism, age of 65 years or older, penetrating in-
juries, traumatic intracranial hemorrhage (TICH), severity of inju-
ry, post-traumatic amnesia and/or loss of consciousness for more 
than one day, trauma-related focal neurological deficits, depressed 
skull fractures, cerebral contusions, and/or retained bone and met-
al fragments [5,6]. 

We conducted a retrograde analysis of patients who did not de-
velop EPTSs and patients who developed PTE within the first 2 
weeks of hospitalization. We also investigated patients with and 
without PTE during outpatient clinic follow-up. We attempted to 
identify factors related to the occurrence of EPTSs and PTE and 
to establish the risk factors to predict the need for antiepileptic 
drugs (AEDs) during outpatient follow-up due to concerns about 
PTE. We compared various possible factors associated with EPTSs 
and PTE. 

MATERIALS AND METHODS 

A total of 78 patients with only acute head trauma was subject to 
analysis from January 2008 to December 2011. The median fol-
low-up duration was 7 years (range, 5–12.9 years). A total of 20 pa-
tients were female and 58 were male. The median age of analyzed 
patients was 45 years (range, 16 to 77 years). We only included pa-
tients with no other medical history. We tried to exclude all the 
medical factors of the patient and to check the influence of the pa-
tient’s social situation and the type of trauma at the time. 

All patients were followed up for at least 5 years. The data were 
collected by a single tertiary center. 

During the first 2 weeks of hospitalization, all patients were 
treated with sodium valproate via intravenous or oral administra-
tion as a first line AED that is thought to function as a GABAergic 

agonist to reduce neuronal excitability and prevent secondary 
brain injury from seizures. After 2 weeks, we changed oral AED 
treatment to carbamazepine, oxcarbazepine, or levetiracetam. In 
the outpatient clinic, we prescribed oral AEDs to patients who ex-
perienced seizure during a hospitalization period longer than 2 
years. We did not prescribe AEDs to patients without seizure 
during the in-hospital period. 

EPTSs are defined by their occurrence within 1 week of head 
trauma. These are acute symptomatic events and are not felt to 
represent epilepsy. PTE is a recurrent seizure disorder that appar-
ently results from injury to the brain. This injury may be due to 
multiple types of head insults often labled TBI. 

We analyzed sex, age, alcohol consumption, smoking, marital 
status, academic background, trauma vector, type of brain trauma, 
type of skull fracture, performed treatment, GCS at admission, 
blood glucose level (at admission, hospital day [HD] #1, HD#7, 
HD#14), white blood cell (WBC) number (at admission, HD#1, 
HD#7, HD#14), hemoglobin [Hb] (at admission, HD#1, HD#7, 
HD#14), seizure occurrence during hospitalization, GCS at dis-
charge, and modified Rankin score (mRS) at the final visit. Alco-
hol consumption was graded as follows: none, 0; light, 1; moder-
ate, 2; or heavy, 3. Academic background was graded as follows: no 
education, 0; elementary school, 1; middle school, 2; high school, 
3; college or higher, 4. Trauma vector was classified as slip down, 1; 
in car traffic accident (TA) or violence, 2; out of car TA, 3; or fall, 
4. Brain trauma type was graded as acute epidural hematoma, 1; 
acute subdural hematoma, 2; TICH, 3; multiple hemorrhagic con-
tusion, 4; diffuse axonal injury, 5; two diseases combined, 6; or 
three diseases combined, 7. Skull fracture was scored as: no skull 
fracture, 0; one linear skull fracture, 1; multiple skull fractures, 2; or 
compound fracture, 3. Treatment was categorized as conservative, 
1; trephination, 2; craniotomy, 3; or craniectomy, 4 (Table 1). 

We analyzed two sets of two groups: patients with or without 
EPTSs and patients with or without PTE by Mann-Whitney 
U-tests using IBM SPSS vers. 23.0 software (IBM Corp., Armonk, 
NY, USA). We did not conduct multivariate analyses due to the 
small patient series. 

Ethical statements
This study was approved by the Institutional Review Board 

(IRB) of the Jeonbuk National University Hospital (IRB No: 
2013-10-022-002). Written informed consent was obtained from 
the patient.

RESULTS 

Nine of 78 patients suffered from EPTSs during admission, and 
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18 of 78 patients developed PTE. All nine patients with EPTSs 
progressed to PTE. Among the 69 patients without EPTSs, nine 
developed PTE. We performed statistical analyses for all factors 
described in the Materials and Methods, and the results are shown 
in Table 2. 

In the EPTSs group, significant differences in Mann-Whitney 
U-tests between the nine patients with EPTSs and the group of 69 
patients who did not have EPTSs were identified in treatment type 
(p = 0.020, 3.556 vs. 2.435), academic background (p = 0.043, 
3.111 vs. 2.337), marital status (p = 0.015, 0.444 vs. 0.812), Hb 
HD#1 (p = 0.007, 9.04 g/dL vs. 10.79 g/dL), GCS at admission 
(p = 0.015, 8.3 vs. 11.48), GCS at discharge (p = 0.006, 13 vs. 
14.16), and mRS at last follow-up (p = 0.005, 2.89 vs. 1.78). 

Mann-Whitney U-tests between the 18 patients who developed 
PTE and the 60 patients who did not develop PTE showed statisti-
cal difference in type of brain trauma (p = 0.048, 5.89 vs. 5.03), treat-
ment type (p = 0.011, 3.28 vs. 2.35), marital status (p = 0.015, 0.55 
vs. 0.83), glucose level at HD#1 (p = 0.031, 162.8 mg/dL vs. 112.6 
mg/dL), GCS at admission (p = 0.006, 8.88 vs. 12.78), GCS at dis-
charge (p = 0.018, 13.3 vs. 14.25), and mRS at the final visit 
(p = 0.002, 2.6 vs. 1.7). Age (p = 0.051), academic grade (p = 0.059), 
and WBC at admission (p = 0.055) showed a slight difference be-
tween the groups. Sex (p = 0.110), type of skull fracture (p = 0.071), 
trauma vector (p = 0.208), amount of alcohol consumption 
(p = 0.793), and smoking (p = 0.670) did not show statistical differ-
ences (Table 2). 

Table 1. Grading of factors

Factors 0 1 2 3 4 5 6 7

Amount of alcohol 
drinking

None Light (< 2 bottles 
of soju per week)

Moderate (2–3.5 bot-
tles of soju per week)

Heavy (> 3.5 bottles 
of soju per week)

- - - -

Academic  
background

None Elementary school Middle school High school College - - -

Trauma vector - Slip down In-car TA or violence Out-of-car TA Fall down - - -

Type of brain  
trauma

- AEDH ASDH TICH Multiple hemor-
rhagic contusion

DAI Combined 
two

Combined 
three

Type of skull  
fracture

None One, linear Multiple Compound - - - -

Treatment  
performed

- Conservative Trephination Craniotomy Craniectomy - - -

–: not available, TA: traffic accident, AEDH: acute epidural hematoma, ASDH: acute subdural hematoma, TICH: traumatic intracranial 
hemorrhage, DAI: diffuse axonal injury.

Table 2. Patients’ profiles and statistical results

Variable Patients with 
PTSs p-value Patients without 

PTSs
Patients with 

PTE p-value Patients without 
PTE

Age (yr), mean 42.3 0.191 50.85 42.44 0.051 53.6

Sex (male:female), n 0:9 0.063 20:49 2:16 0.110 18:42

Seizure during hospitalization, n 9 - 69 9 - 60

Marital status 0.444 0.015 0.812 0.55 0.015 0.83

Academic background 3.111 0.043 2.337 2.89 0.059 2.33

Type of brain trauma * - - 5.89 0.048 5.03

Underwent treatment 3.556 0.020 2.435 3.28 0.011 2.35

GCS at admission 8.3 0.015 11.48 8.88 0.006 12.78

WBC at ER (/µL) - - - 15,483 0.055 12,280

Hb at HD#1 (g/dL) 9.04 0.007 10.79 - - -

Blood glucose level at HD#1 (mg/dL) * - - 162.8 0.031 112.6

GCS at discharge 13 0.006 14.16 13.3 0.018 14.25

Modified RS at final visiting 2.89 0.005 1.78 2.6 0.002 1.7

PTS: post-traumatic seizure, PTE: post-traumatic epilepsy, –: not available, GCS: Glasgow coma scale, WBC: white blood cell, ER: emergency 
room, Hb: hemoglobin, HD: hospital day, RS: Rankin score.
*It was difficult to derive statistically significant results due to the small number of patients.
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DISCUSSION 

TBI affects nearly 1.4 million Americans annually [7], and PTSs 
affect approximately 15% of individuals who survive the initial ic-
tus [8]. In our series, the rate of PTS occurrence was 13%. 

PTSs are a cause of major complications after TBI and can in-
crease the risk of PTE [9] through association with acute worsen-
ing of neurological status and poor clinical outcomes. EPTSs are 
defined as seizures that occur within the first week after trauma, 
and their incidence ranges between 2.1% and 16.9% in trauma pa-
tients [10]. EPTSs are a strong predictor of late PTSs and epilepsy. 
In fact, up to 5% of all epilepsy cases and 20% of lesional epilepsy 
are post-traumatic [3]. Prevention of EPTSs is thought to prevent 
PTE [11]. Some experimental studies have reported a permanent 
focus of abnormal activity leading to PTE syndrome [12]; there-
fore, brain trauma foundation guidelines recommend the use of 
anticonvulsants for prevention of EPTSs [12]. 

Early post-traumatic seizures 
In a previous report, seizures occurred in only 0.4% of adult pa-

tients admitted to hospitals with TBI [4]. Inflammation, hemor-
rhage, edema, aberrant plasticity, and neurodegeneration all partic-
ipate in the cerebral injury process. EPTSs are also a major cause 
for secondary brain injury through increasing cerebral blood flow, 
metabolic requirements, and ICP, which causes cerebral hypoxia 
and finally ischemia, resulting in elevated brain temperature and 
exacerbating indiscriminate neurotransmitter release [13]. Clini-
cally, seizures correlate with patient age and severe conditions such 
as depressed skull fracture, intracranial hematoma, and penetrating 
head injury. Young children are more prone to early seizures, and 
adolescents and adults to late seizures [14]. A previous study re-
ported an association between in-hospital seizures and age, Afri-
can-American ethnicity, obesity, hypertension, diabetes, history of 
myocardial infarction and cerebrovascular accident, cigarette 
smoking, and alcohol abuse. The rate of severe TBI (GCS 
score < 9) was higher among the seizure group compared to the 
non-seizure group. Moreover, the seizure group had higher rates of 
complications including pneumonia, ARDS, acute renal failure, 
pulmonary embolism, and increased ICP during hospital stay [15]. 
In addition, hemorrhage and skull fracture have been shown to in-
crease inflammation and neuronal excitability, which effectively 
decreases the threshold for seizures [16]. 

In our series, the nine patients with PTSs were all male. The 
mean age was 42.3 years (range, 16–64 years), which is younger 
than the mean age for patients without PTSs (mean, 50.85 years). 
The PTS patient group had more complicated surgical treatment 
(mean, 3.556), higher academic grade (mean, 3.111), were unmar-

ried (mean, 0.444), had lower Hb at the first day of admission 
(mean, 9.04 g/dL), lower GCS at admission (mean, 8.3), lower 
GCS at discharge (mean, 13), and higher mRS at the last follow-up 
(mean, 2.89) relative to the group of patients without PTSs. 

Post-traumatic epilepsy 
Epidemiological studies have found that PTE accounts for 10–

20% of symptomatic epilepsy in the general population and 5% of 
all epilepsies [17]. Regarding PTE caused by war, the incidence is 
much higher in veterans than in civilian populations. The total in-
cidence of PTE in the civilian population is approximately 2% 
[18], while that of the veteran population is as high as 25% when 
patients are followed for 5 or more years from the time of combat 
[14]. Moreover, the incidence of epilepsy ranges from 22–43% 
(median, 34%) 5 years after TBI in civilians, and the incidence is 
almost 50% at 10 or more years after injury for veterans [14,18]. 
Identified risk factors of PTE include chronic alcoholism, age 65 
years or older, penetrating injuries, TICH, severity of injury, 
post-traumatic amnesia and/or loss of consciousness for more 
than 1 day, trauma-related focal neurological deficits, depressed 
skull fractures, cerebral contusion, and/or retained bone and metal 
fragments [2,16,17,19-21]. 

A critical determinant for PTE is TBI severity [22]. In a popula-
tion-based clinical study (N = 4,541) of TBI cases occurring be-
tween 1935 and 1984 in Olmstead County, MN, USA, the investi-
gators found that the 5-year cumulative probability of unprovoked 
seizures was 0.7% in patients with mild TBI, 1.2% for moderate 
TBI, and 10.0% for severe TBI [6]. For the cohort with 30 years of 
follow-up, the cumulative incidence was 2.1% for mild TBI, 4.2% 
for moderate TBI, and 16.7% for severe TBI [6]. Older age can 
also increase the risk for PTE [21]. Gender overall does not appear 
to influence risk for PTE, although females can have a higher risk 
for PTE after milder injuries compared to males [15]. 

In our series, 18 patients with PTE showed a female to male ra-
tio of 1:8. The mean age was 42.44 years (range, 16–70 years), 
younger than the patient group without PTE (mean, 53.6 years). 
The PTE group had more severe brain injury (mean, 5.89), more 
complicated surgical treatment (mean, 3.28), were unmarried 
(mean, 0.55), had higher glucose level at first hospital day (mean, 
162.8 mg/dL), lower GCS at admission (mean, 8.88), lower GCS 
at discharge (mean, 13.3), and higher mRS at the last follow-up 
(mean, 2.6). Our data showed younger age (p = 0.051) is a reliably 
significant risk factor of PTE. 

In order to prevent permanent neurological sequela, current 
treatment of neurotrauma with regards to seizure development 
falls into one of two categories: prophylaxis for acute seizure or 
management of PTE, both of which have focused on the use of 
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AEDs. To decrease the incidence of post-trauma seizures, the ma-
jority of clinicians is prescribing prophylactic medications for pa-
tients following head injury [23]. Prophylaxis is currently recom-
mended for severe TBI by leading advisory boards (Brain Trauma 
Foundation and the American Academy of Neurology) for the first 
seven days [24]. While there is evidence that these prophylactic 
anticonvulsants reduce early seizures, there is no proven benefit for 
long-term prognosis [21]. Indeed, a meta-analysis of 10 random-
ized controlled trials showed a pooled relative risk reduction of 
0.34 for early seizure prevention, indicating that 10 in every 100 
patients will be seizure-free from treatment [25]. Thus, before pre-
scribing these medications, consideration of injury severity, patient 
status, and side effect profile must be carefully reviewed [26]. In 
our series, six of nine patients with EPTSs and eight patients of 18 
patients with PTE received anticonvulsant therapy more than 10 
years. 

Limitation 
The limitation of this study is the small group size, which disal-

lowed the ability to analyze each factor between the groups. It is 
necessary to enroll more patients in a different and/or expanded 
trial period with long term follow-up. The time to stop anticonvul-
sant treatments should be also considered further. 

CONCLUSION 

The differences between the results obtained from the analysis 
of patients included in this study are that patients with PTSs and 
PTE were of relatively younger age and were unmarried. In addi-
tion, it was confirmed that patients with EPTSs tended to have a 
high academic background and had low Hb at hospitalization, 
while patients with PTE had high glucose at hospitalization. Al-
though there was no statistical significance, men experienced more 
PTSs and PTE than women. Because EPTS is the most important 
risk factor of PTE, it is necessary to investigate its relationships 
with young age and academic background. It is premature to con-
clude, but more active administration and long-term meticulous 
follow-up are needed for young, highly educated, unmarried male 
patients. In addition, the analysis of more patients over a longer pe-
riod of time will be needed. 
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INTRODUCTION 

Brain abscess is relatively uncommon because the brain has an abundant blood 
supply and protection from the blood-brain barrier. Reported incidence of brain 
abscess ranges from 0.4 to 0.9 cases per 100,000 population [1]. Before antibiotics 
were discovered, brain abscesses were almost uniformly lethal [1]. With the intro-
duction of computed tomography (CT) scanning and stereotactic techniques, the 
outcome of brain abscess has dramatically improved [2]. Brain abscess remains a 
rare disease. Only a few studies have assessed its etiology and pathogens [1,2]. The 
incidence of brain abscess may vary depending on the region, time, and environ-
ment. Therefore, it is necessary to check whether symptoms, medical history, and 
causative bacteria of brain abscess patients proposed in previous studies are appli-
cable at the current time and place. The purpose of this study was to analyze the 
outcomes and influencing factors of brain abscess after surgical treatment.  
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Clinical Article
Objective: Brain abscess is relatively uncommon because the brain has an abun-
dant blood supply and protection from the blood-brain barrier. The objective of 
this study was to analyze the outcomes of brain abscesses and to identify factors 
associated with patients’ outcomes. 

Methods: The characteristics (age, sex, medical history, initial neurologic status, 
laboratory data, abscess morphology) and outcomes of 54 patients with brain ab-
scesses who underwent surgical treatment at our hospital from January 2011 to 
December 2020 were retrospectively analyzed. 

Results: There were more male patients than female patients (44:10). Sixteen 
patients died or became disabled, whereas 38 patients recovered. Statistical analy-
ses indicated that those with a penetration cause, Glasgow coma scale≤12, ven-
triculitis, or Gram-negative bacilli grown in abscess culture had significantly poor-
er outcomes, whereas those with a contiguous cause and isolated brain abscess 
had significantly better outcomes (p<0.05). 

Conclusion: This study identified poor prognostic factors in brain abscess pa-
tients. Despite advances in diagnosis and treatment techniques, brain abscess still 
has a high mortality rate. The results of this study are expected to help with exact 
diagnoses and more accurate prognostication of brain abscess patients. 

KEY WORDS: Brain abscess, Anti-bacterial agent, Glasgow coma scale  
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hemiplegia, aphasia and visual disturbance (35.2%), altered mental-
ity (27.8%), and signs of increased intracranial pressure such as 
headache, nausea, vomiting, and papilledema (31.5%). Seizures oc-
curred in 9 patients (16.7%) and fever occurred in 7 patients 
(13.0%). A total of 39 patients (72.2%) presented with known pre-
disposing factors, including otitis media, sinusitis, dental infection, 
penetrating trauma or secondary to neurosurgical procedure, lung 
infection, and heart infection. Thirty-five patients (64.8%) present-
ed with contiguous infections (otitis media, sinusitis, dental infec-
tion). Eight patients (14.8%) had poor-controlled diabetes mellitus. 
There was no immunosuppressive patient. Four patients had brain 
abscesses related to hematogenous spread, including two with lung 
infection and two with heart infection (Table 1).  

Image characteristics  
All patients had MRI scans (Fig. 1, 2), which showed single ab-

scess in 49 (90.7%) and multiple ones in 5 (9.3%). The most com-
mon location for abscesses was the frontal lobe (38.9%), followed 
by the parietal lobe (24.1%), temporal lobe (22.2%), and occipital 
lobe (22.2%) (Table 2). There was no abscess in brain stem. Mean 
abscess size was 3.1 cm, showing no significant difference between 
the cure group and the death or disability group. 

Pathogen findings 
Microbiological studies consisted of cultures of brain abscess 

materials for all patients. Cultures of abscess materials remained no 
growth for 12 patients (22.2%). Among 42 patients with positive 
cultures from brain abscess materials, 34 had single pathogens and 
nine had multiple pathogens. The most common pathogens were 
Gram-positive cocci (streptococci, staphylococci) (53.7%), fol-
lowed by anaerobes (22.2%) and Gram-negative bacilli (18.5%). 
Blood culture was performed for all patients. Only four patients 
had a positive blood culture (positive growth of bacteria). Of 
them, three showed the same pathogen in both blood and brain 
abscess, suggesting that hematogenic dissemination of the brain 
abscess. 

Treatment 
All 54 patients underwent surgical treatment. One had craniec-

tomy. Twenty-eight had drainage by craniotomy and 25 had ste-
reotactic aspirations. All patients were treated with antibiotics for 
at least 6 weeks. Operation modalities were chosen depending on 
the surgeon’s preference and the location of the abscess. 

Outcome 
A total of 38 patients (70.4%) had a cure with minimal or no re-

sidual damage. A total of 16 patients (29.6%) had a death or resid-

MATERIALS AND METHODS  

Patients 
Medical records of patients with brain abscess at our hospital 

from January 1, 2011 to December 31, 2020 were retrospectively 
reviewed. Brain abscess was defined as a localized brain parenchy-
mal lesion with ring enhancement by contrast medium and perile-
sional edema visible on cranial CT scan or magnetic resonance im-
aging (MRI). It was associated with at least one of the following 
three characteristics: positive blood culture, positive culture of in-
tracerebral materials, and histology of intracerebral lesions suggest-
ing brain abscess. Those with the presence of extracranial abscess 
such as subdural and epidural empyema were excluded. A total of 
74 patients had medically recorded brain abscess. However, 20 pa-
tients did not satisfy the above criteria for brain abscess. Thus, 54 
patients who satisfied the criteria of this study were analyzed. 

Pre- and postoperative evaluations 
Clinical data included age at diagnosis, sex, medical history, 

symptoms, initial neurological status, predisposing factors, surgical 
procedures, abscess characteristics (location, numbers, size), and 
treatment modalities. Level of consciousness was evaluated by the 
Glasgow coma scale (GCS). Patients were divided into GCS > 12 
and GCS ≤ 12 groups for analysis based on possibility of coopera-
tion. Cure with minimal or no residual damage was defined as 
moderate disability (having a disability but being independent) 
and good recovery. Residual neurologic disability was defined as 
persistent vegetative status and severe disability. This study was 
approved by the Institutional Review Board of Pusan National 
University Hospital (approval number: H-2204-013-114). 

Statistical analysis 
All statistical analyses were performed with IBM SPSS ver. 28.0 

(IBM Corp., Armonk, NY, USA). Results are expressed as percent-
age and mean ± standard deviation. Student’s t-test, Fisher’s exact 
probability test, and chi-squared test were used for the statistical 
analysis. Logistic regression analysis was performed to identify sig-
nificant factors affecting outcomes of brain abscess patients. The 
statistical threshold was set at p < 0.05 (two-tailed) to determine 
significance. 

RESULTS 

Clinical presentation 
There were 44 male and 10 female patients. Their average age at 

diagnosis was 55.0 ± 18.0 years (range, 1–85 years). On admission, 
most patients had focal neurologic deficit such as facial palsy, 
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Table 1. Clinical presentation of patients with brain abscess, with a statistical analysis of factors associated with their outcomes

Parameter Presentation Total (n= 54) Death or disability (n= 16) Cure (n= 38) p-value

Sex Male 44 (81.5) 14 (25.9) 30 (55.6) 0.705

Female 10 (18.5) 2 (3.7) 8 (14.8)

Age (yr) 55.0± 18.0 59.4± 20.3 53.1± 17.6 0.258

Causes Otitis media 3 (5.6) 1 (1.9) 2 (3.7)

Sinusitis 2 (3.7) 0 (0.0) 2 (3.7)

Dental infection 18 (33.3) 5 (9.3) 13 (24.1) 0.833

Penetration 12 (22.2) 8 (14.8) 4 (7.4) 0.003*

Lung infection 2 (3.7) 1 (1.9) 1 (1.9) 0.509

Heart infection 2 (3.7) 1 (1.9) 1 (1.9) 0.509

Isolated brain abscess 15 (27.8) 0 (0.0) 15 (27.8) 0.002*

Prognostic factors GCS≤ 12 15 (27.8) 8 (14.8) 7 (13.0) 0.043*

DM 8 (14.8) 2 (3.7) 6 (11.1)

IICP 17 (31.5) 3 (5.6) 14 (25.9) 0.191

Focal neurologic deficit 19 (35.2) 4 (7.4) 15 (27.8) 0.309

Seizure 9 (16.7) 3 (5.6) 6 (11.1)

Fever 7 (13.0) 4 (7.4) 3 (5.6) 0.177

Hematogenous 4 (7.4) 2 (3.7) 2 (3.7) 0.573

Contiguous 35 (64.8) 14 (25.9) 21 (38.9) 0.024*

Bacteremia 4 (7.4) 4 (7.4) 0 (0.0) 0.306

Values are presented as number (%) or mean±standard deviation.
GCS: Glasgow coma scale, DM: diabetes mellitus, IICP: increased intracranial pressure.
*p<0.05.

Fig. 1. Magnetic resonance images of patients diagnosed with brain abscess. Images of a patient with Escherichia coli and Entero-
bacter cloacae identification. (A) T1-weighted, contrast-enhanced axial image demonstrating ring enhancement and central low 
intensity. (B) Diffusion-weighted axial image revealing abnormal hyperintensity within the nonenhancing central cavity, indicating a 
marked restriction of water diffusion in this lesion.
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Fig. 2. Magnetic resonance images of patients diagnosed with brain abscess. Images of a patient with Streptococcus identification 
and blood culture positivity. (A) T1-weighted, contrast-enhanced axial image showing a ring enhancement with surrounding hy-
pointense edema. (B) Diffusion-weighted axial image demonstrating abnormal hyperintensity, indicating marked restriction of water 
diffusion.

Table 2. Imaging and pathogen findings of patients with brain abscess, with a statistical analysis of factors associated with their outcomes

Parameter Character Total (n= 54) Death or disability (n= 16) Cure (n= 38) p-value

Location Frontal lobe 21 (38.9) 9 (16.7) 12 (22.2) 0.089

Parietal lobe 13 (24.1) 3 (5.6) 10 (18.5) 0.732

Temporal lobe 12 (22.2) 5 (9.3) 7 (13.0) 0.309

Occipital lobe 12 (22.2) 1 (1.9) 11 (20.4) 0.084

Basal ganglia 2 (3.7) 0 (0.0) 2 (3.7)

Cerebellum 2 (3.7) 0 (0.0) 2 (3.7)

Ventriculitis 4 (7.4) 4 (7.4) 0 (0.0) 0.006*

Size (cm) 3.1± 1.3 3.2± 1.2 3.0± 1.3 0.716

Multiple 5 (9.3) 1 (1.9) 4 (7.4)

Pathogens No growth 12 (22.2) 5 (9.3) 7 (13.0) 0.309

Gram-positive cocci 29 (53.7) 8 (14.8) 21 (38.9) 0.723

Gram-negative bacilli 10 (18.5) 7 (13.0) 3 (5.6) 0.004*

Anaerobes 12 (22.2) 1 (1.9) 11 (20.4) 0.084

Fungus 2 (3.7) 0 (0.0) 2 (3.7)

Multiple 9 (16.7) 4 (7.4) 5 (9.3) 0.425

Operation Excision 1 (1.9) 1 (1.9) 0 (0.0) 0.152

Craniotomy 28 (51.9) 6 (11.1) 22 (40.7)

Stereotactic aspiration 25 (46.3) 9 (16.7) 16 (29.6)

Values are presented as number (%) or mean±standard deviation.
*p<0.05.
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ual neurologic disability. Three died during hospitalization. Thirteen 
had moderate or severe disability. Deaths were caused by underlying 
systemic infection. This study revealed that patients who had isolat-
ed brain abscesses had better outcomes (p = 0.002) (Table 1). Those 
with contiguous infections (otitis media, sinusitis, dental infection) 
had better outcomes (p = 0.024) (Table 1). Those with penetrating 
trauma or secondary to neurosurgical procedure had significant 
poor outcomes (p = 0.003) (Table 1). Those with GCS score of 12 
or less had poor outcome (p = 0.043) (Table 1). Those with 
Gram-negative bacilli identified had poor outcomes (p = 0.004) 
(Table 2). 

DISCUSSION 

Brain abscess can be caused by bacteria, mycobacteria, fungi, or 
parasites (protozoa and helminths). Its reported incidence ranges 
from 0.4 to 0.9 cases per 100,000 population [3,4]. Causes of brain 
abscesses include underlying diseases such as human immunodefi-
ciency virus, taking immunosuppressants, destroying brain barri-
ers (surgery, trauma, otitis media, periodontitis, sinusitis), systemic 
endocarditis, and bacteremia. Previous studies have reported that 
infections caused by contiguous penetration of causative bacteria 
account for about half and other infections caused by hematogenic 
dissemination account for about a third, while the rest have un-
known causes of infection [5]. 

In this study, 64.8% of patients had a contiguous cause and 7.4% 
had a hematogenic cause, whereas causes for the rest were identi-
fied as unknown. Treatment prognosis for patients with a contigu-
ous cause was good (p = 0.024) (Table 1). 

The causative bacteria of brain abscess can vary [6], including 
Gram-positive, Gram-negative, and anaerobes, with Gram-positive 
cocci being the most at 53.7% in this study. In addition, 22.2% of 
cases had no bacteria detected. Gram-negative bacilli accounted 
for 18.5%. For such cases, treatment prognosis was significant 
poor. It can be estimated that concentration of antibiotic acting 
against Gram-negative bacteria is not enough in cerebrospinal flu-
id, and multi-drug resistance of Gram-negative bacteria. Thus, new 
antibiotics usage or changing dosage and new infusion methods 
such as intra-ventricular injection should be considered to improve 
treatment prognosis. 

Critical clinical manifestation of brain abscess includes head-
ache, fever, and alternated level of consciousness. In addition, 25% 
of patients might have symptoms of convulsions [5]. Patients 
might also have local neurological symptoms depending on the lo-
cation, size, and degree of swelling of the abscess [7], which re-
quires differential diagnosis from brain tumors, cerebral infarction, 
bleeding, and so on. In this study, there were 13.0% of patients 

with fever, 31.5% of patients with cerebral hypertension symptoms 
including headaches, and 27.8% of patients with decreased con-
sciousness. The most common symptom was local neurologic de-
fect, which was found to account for about 35.2%. Headache, fever, 
and loss of consciousness are still thought as traditional symptoms 
of brain abscess. However, this is a low-specific symptom that re-
quires differentiation from other diseases, so advanced imaging 
tests, laboratory findings, and comprehensive judgment of clinical 
symptoms are needed to diagnose brain abscess. Lumbar puncture 
should be performed only when there is clinical suspicion of men-
ingitis or abscess rupture into the ventricular system and when 
there are no contraindications for lumbar puncture, such as brain 
shift on cranial imaging or coagulation disorders [8]. 

Brain abscess surgery is a very important treatment process for 
identifying the causative bacteria and reducing the size of abscess. 
Brain abscess removal has traditionally been performed using ste-
reotactic neurosurgical techniques. Recently, it has been per-
formed using a stereotactic navigation system [9]. Continuous 
maintenance of the catheter is not generally recommended [10]. 
Some researchers advise direct antibiotic injection into the abscess 
cavity through the catheter because intravascular transmittance of 
antibiotics in the blood is not high. However, such treatment is not 
generally recommended due to insufficient research on its risks 
and benefits. Since the prognosis of Gram-negative patients was 
very poor in this study, the benefit of direct injection of antibacte-
rial agents into the catheter only for patients with Gram-negative 
bacilli identified might need to be studied in the future. After bac-
terial identification, antibiotic treatment is required for a total of 6 
to 8 weeks with antibacterial agents that identified bacteria are sen-
sitive to [11]. 

CONCLUSION 

This study is not suitable for all patients to discuss the treatment 
method using the standard antibiotic treatment method. Results 
of this study are expected to help with exact diagnosis and progno-
sis prediction of brain abscess patients. Further studies are needed 
to improve the poor prognosis of patients with brain abscess due 
to Gram-negative bacilli. The outcome of brain abscess depends 
on exact diagnosis and comprehensive treatment plans including 
surgery and antibiotics. 
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INTRODUCTION 

A ventriculoperitoneal (VP) shunt is a commonly performed treatment modali-
ty for hydrocephalus. The VP shunt-related complications include infection (peri-
tonitis, ventriculitis, and meningitis), obstruction, migration, and perforation of 
the intestine [1,2]. 

Shunt devices have a high incidence of malfunction mainly due to catheter ob-
struction or infection and are associated with various complications, 25% of which 
are abdominal complications [3]. Spontaneous bowel perforation is a rare compli-
cation with an incidence of 0.01% to 0.07% in VP shunt procedures, occurring at 
any time, including a few weeks to several years after the placement of the VP 
shunt device [4]. 

Treatment must be individualized and depends upon the clinical presentation. 
Conservative management, endoscopy, and surgery have been performed for the 
treatment of bowel-related complications from a VP shunt device [5,6]. We report 
cases of a 79-year-old female and a 49-year-old male with colonic perforations due 
to migrated VP shunts that were successfully treated by the colonoscopic removal 
of the migrated distal catheter and hemoclipping of the perforated colonic wall, 
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Case Report

This report presents two cases of colonic perforation by a ventriculoperitoneal 
(VP) shunt. In both cases, the displacement of the distal catheter in the colon was 
diagnosed by abdominal computed tomography (CT). The perforation caused a 
VP shunt-related cerebrospinal fluid infection, and intravenous antibiotic treat-
ment was applied. The distal end of the shunt catheter was removed by colonos-
copy and the perforated site was sealed using hemoclips. There were no intra-ab-
dominal complications after endoscopic management. After the removal of the 
VP shunt, the aggravation of hydrocephalus was confirmed by brain CT. The pa-
tients later died due to complications including aggravation of hydrocephalus, 
ventriculitis, and pneumonia. Treatment must be individualized and depends 
upon the clinical presentation. Conservative management, endoscopy, and sur-
gery have been performed. Colonoscopic removal of the shunt catheter is a good 
option for the treatment of colonic perforation due to VP shunt migration. 

KEY WORDS: Ventriculoperitoneal shunt, Colon perforation, Colonoscopy
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along with a reported relevant literature review. 

Ethical statements
This study was approved by the Gwangju Christian Hospital Insti-

tutional Bioethics Committee (approval No: KCHIRB-AE-2202- 
004). Written informed consent was omitted.

CASE REPORT  

Case 1 
A 79-year-old female visited the outpatient clinic with symp-

toms of headache, vomiting, and fever that started 2 days earlier. 
The patient had a surgical history of trephination and VP shunt 
placement due to a traumatic subarachnoid and intracerebral hem-

orrhage 10 years ago. In cerebrospinal fluid (CSF) studies of sam-
ples from the VP shunt valve, CSF infection was confirmed (red 
blood cell [RBC], 0/mm3; white blood cell [WBC], 300/mm3; 
protein, 145 mg/dL; glucose, 72 mg/dL). Pseudomonas and En-
terococcus species were identified in the CSF culture. There was no 
additional abnormal finding observed in the blood test. 

Even after maintaining antibiotic treatment, clinical symptoms 
and CSF study results showed no improvement. Contrast en-
hanced abdominopelvic computed tomography (CT) was done to 
search for other abdominal complications, and transverse colon 
perforation by the distal catheter of the VP shunt was observed 
(Fig. 1A, B). 

In cooperation with the gastrointestinal department, a colonos-
copy was done and the colonic portion of the VP shunt catheter 

Fig. 1. (A, B) Contrast-enhanced abdominopelvic computed tomography showing a peritoneal catheter penetrating the transverse 
colon. (C) The peritoneal catheter penetrating the colon was confirmed and removed by colonoscopy. (D) The perforated site was 
sealed with hemoclips.
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was removed (Fig. 1C, D) and hemoclipping of the perforated co-
lonic wall was conducted. Subsequently, extra-ventricular and lum-
bar CSF drainage was done until confirming the conversion to 
sterile CSF culture results. The follow-up CSF exam was done just 
before second VP shunt operation (RBC, 0/mm3; WBC, 10/mm3; 
protein, 135 mg/dL; glucose, 41 mg/dL). 

The patient was able to walk at the time of admission, but was 
bedridden due to mental disturbance and poor general condition 
during hospitalization. The hydrocephalus was aggravated after 
second VP shunt operation. The patient expired 6 months after 
the procedure with recurrence and aggravation of ventriculitis, en-
cephalitis with pneumonia. 

Case 2 
A 49-year-old male had symptoms of persistent vague right low-

er quadrant discomfort 8 months after VP shunt operation. The 
patient had undergone dural repair surgery several times due to 
consistent CSF leakage, and a VP shunt procedure due to unre-
solved hydrocephalus. 

After admission, CSF infection was confirmed (RBC, 50/mm3; 
WBC, 108/mm3; polymorphonuclear cell:lymphocyte, 30:70; 
protein, 47 mg/dL; glucose, 49 mg/dL) and antibiotics treatment 
was done. In the CSF examination, Enterobacter species were cul-
tured. There was no specific abnormality in the blood test. As-
cending colonic perforation was found in the contrast enhanced 
abdominal CT (Fig. 2A, B). There was no evidence of intraperito-
neal complications, and colonoscopic removal of the distal tip of 

Fig. 2. (A, B) Contrast-enhanced abdominopelvic computed tomography showing a peritoneal catheter penetrating the ascending 
colon. (C) The peritoneal catheter penetrating the colon was confirmed and removed by colonoscopy. (D) The perforated site was 
sealed with hemoclips.

A

C D

B



40 https://doi.org/10.52662/jksfn.2022.00143

Hyeon Gu Kang, et al.  

the VP shunt device (Fig. 2C) and hemoclipping were performed 
(Fig. 2D). 

The patient was non-ambulatory due to general weakness be-
cause of longstanding hospitalization by previous diseases. Hydro-
cephalus was not aggravated after the VP shunt removal as not 
same as Case 1. There was no change of neurologic state including 
mental change during observation period. Then we did permanent 
VP shunt operation 5 months later after colonoscopic removal 
of distal shunt catheter. The CSF infection was completely treat-
ed at the time of discharge. The patient was transferred to a local 
hospital and expired several months later from unrecoverable 
pneumonia. 

DISCUSSION 

Common complications of VP shunts are well-documented and 
include shunt malfunction, infection, disconnection, migration, 
and perforation. Many possible mechanisms for the migration of 
VP shunts have been suggested, including an inadequate catheter 
length, failure to fix the shunt firmly to adjacent tissue, foreign 
body reaction, silicone allergy, the formation of a fibrous sheath 
and local pressure, the use of spring-loaded shunts, the use of both 
hard and soft-tipped silicone shunts, inoculation of the shunt with 
bacteria during insertion, and use of the trocar technique [1].  

Spontaneous bowel perforation is a rare complication with an 
incidence of 0.01% to 0.07% in VP shunt procedures, occurring at 
any time including a few weeks to several years after the placement 
of the VP shunt device [4]. More than half of the bowel perfora-
tions as a complication of VP shunts occur in children under 10 
years of age and are known as more common in non-ambulatory 
patients, such as in our cases series [7]. 

The overall mortality rate of bowel perforation after VP shunt 
placement is relatively high, approaching 15% to 18%, and it is 
further increased when a related infection is present. In the case of 
a central nervous system infection, the mortality rate is increased 
up to 22%, which can result in meningitis, encephalitis, or brain 
abscesses, and 33% with intra-abdominal infection [8]. Bowel 
perforation from a VP shunt procedure can progress to peritonitis 
and ventriculitis. Therefore, when there is a suspicion of bowel-re-
lated complications from a VP shunt procedure, prompt diagnosis 
by an imaging study and the appropriate treatment modality 
should be timely applied. 

Because bowel perforation can progress to peritonitis and ven-
triculitis, early diagnosis and treatment are essential. Among the 
complications of bowel perforation, the colon is the most frequent 
site of perforation and the clinical manifestations can range from 
asymptomatic to life-threatening conditions [5]. However, colon 

perforation by a VP shunt catheter can be diagnosed at a late stage 
because of the late manifestation of related clinical symptoms and 
the delayed suspicion of bowel perforation involving the colon due 
to the rarity of the condition. The exact mechanism of bowel per-
foration has been debated and suggested that inadequate catheter 
length, failure to fix the shunt to adjacent tissue, adherence of the 
tip of the VP catheter to the bowel wall and subsequent chronic lo-
cal inflammation, silicone allergy leading to a foreign body reaction 
can induce bowel perforation [9]. The management of colon per-
foration must be tailored to the individual circumstances based on 
the clinical state of the patient. In severe cases of significant ab-
dominal infectious pathology, such as an abscess or life-threatening 
peritonitis, the fistulous opening may not close spontaneously and 
laparotomy should be considered [4,10]. 

The initial clinical presentations were totally different in the 
present two case series. While the patient in the first case had 
prominent symptoms of fever, vomiting, and signs of ileus, the pa-
tient in the second case did not show any prominent symptoms 
such as fever or signs of ileus but had local abdominal discomfort 
as well as an elevated C-reactive protein level and WBC count. 
Limited local bowel inflammation was only seen in the abdomi-
nopelvic CT scan. An abdominal CT scan can be a useful diagnos-
tic modality for patients with a VP shunt catheter showing consis-
tent vague abdominal symptoms. Furthermore, endoscopy would 
be useful to show the exact location of catheter penetration 
through the colonic wall. 

We gave special attention to preventing the spread of infection 
before the procedure. We performed a direct needle puncture of 
the reservoir to collect CSF for culture studies and then, external-
ized the shunt catheter to prevent retrograde spread. After that, we 
did colonoscopic removal of infected distal shunt catheter. After 
confirming the conversion to sterile CSF results, we conducted 
permanent VP shunt operation subsequently in our cases. 

CONCLUSION 

In the two patients in this report, the migrated distal catheter of 
a VP shunt in the colon was removed by colonoscopy and the co-
lon perforation site was successfully sealed using hemoclips. There 
were no postoperative intra-abdominal complications in either 
case. The colonoscopic removal of the VP shunt distal catheter 
would be a good option for treating colonic perforation due to a 
VP shunt, especially in cases of no intra-abdominal complications. 
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INTRODUCTION 

Neurosurgical treatment is considered as an effective treatment option for pa-
tients with essential tremor (ET), since approximately 50% of the ET population is 
refractory to medical treatment [1]. Historically, various methods, from ablative 
procedures to deep brain stimulation (DBS) have been used, each having its own 
strengths and weaknesses. With the recent development of magnetic resonance 
guided focused ultrasound (FUS), a new trend in the lesioning procedure for ET 
has emerged [2]. Although each treatment can be complementary to each other, 
clinicians inevitably face difficulties in deciding which surgical technique to use or 
which target needs to be operated on for the second treatment. In recurrent case 
after lesioning procedure, it is uncertain whether stimulating previously injured 
neural structures can achieve the same effectiveness to control tremor. Moreover, it 
is uncomfortable to set the intracranial surgical tract due to thalamic scarring 
during the DBS. In contrast, lesioning after failed DBS can be very burdensome to 
ablate nearby areas with electrical devices. 

Here, we present a case of recurrent tremor after ablation of the ventral interme-
diate nucleus of the thalamus (VIM), which was effectively managed with posteri-
or subthalamic area (PSA) DBS, and review previous reports with similar experi-
ences. 
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Case Report

Neurosurgical treatments, including both lesioning procedures and deep brain 
stimulation (DBS), are considered effective treatments for patients with intracta-
ble essential tremor (ET). However, it can be challenging to arrive at the decision 
to perform a second surgical attempt for recurrent ET after the initial neurosurgi-
cal treatment because of the uncertainty of successful results. We encountered a 
49-year-old man who complained of recurrent tremor after ventral intermediate 
nucleus thalamotomy. The patient underwent DBS in the posterior subthalamic 
area (PSA), resulting in significantly reduced tremor and improved daily func-
tion. Although there are various surgical options for recurrent ET, DBS targeting 
the PSA induces favorable tremor control and can be successfully used as a sal-
vage therapy after thalamotomy. 

KEY WORDS: Essential tremor, Thalamotomy, Deep brain stimulation, Posteri-
or subthalamic area  
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A case of PSA DBS after VIM thalamotomy

CASE REPORT 

A 49-year-old right-handed man visited our outpatient clinic 
with 30-year history of bilateral hand tremor. He was diagnosed 
with ET and managed by left VIM thalamotomy at another medi-
cal center 13 years ago. His tremor improved immediately after the 
thalamotomy; however, it recurred several years ago and progres-
sively worsened. The patient had no relevant medical history. Ini-
tial laboratory findings were normal, including a hormonal work 
up. He was already taking propranolol prescribed at another hospi-
tal, which did not work. Primidone was additionally prescribed for 
symptom control, but its use had to be restricted owing to the as-
sociated side effects, including severe nausea and dizziness. His 
tremor was assessed using clinical rating scale for tremor, with an 
initial score of 11 points for Part A (tremor location and severity 
rating), 11 points for Part B (functional rating), and 12 points for 
Part C (functional disabilities) (Fig. 1A). The clinical score im-
proved to 7, 6, 7 points after the addition of baclofen, but symp-
tomatic control failed after about a year. In particular, the tremor 
handicapped him in performing activities of daily living such as 
writing, using chopsticks, and drinking water. The patient finally 
decided to undergo unilateral DBS due to relatively high risks of 
stimulation-induced side effects of bilateral DBS. Preoperative 
brain magnetic resonance imaging (MRI) revealed a small cystic 
scar in the left thalamus, in which the correctly placed VIM lesion 
was presumed to be sufficiently performed based on Schalten-
brand-Wahren atlas. The target of stimulation was proposed to be 

the left PSA because there was a possibility of ineffective stimula-
tion to the previous surgical site. The coordinates were 5.7 mm an-
terior to the posterior commissure, 3.9 mm below the anterior and 
posterior commissure line, and 11.7 mm lateral to midline (Fig. 2). 
The trajectory was set anterolateral to the previous thalamic lesion. 
The surgery was performed under local anesthesia. Intraoperative-
ly, some kinetic cells were identified, but no significant tremor cells 
were observed during the microelectrode recording. With micro-
stimulation along the electrode trajectory, monopolar stimulation 
at the ventral contacts (0 contact, PSA) confirmed a more effective 
tremor control than dorsal contacts (possibly near VIM). Postop-
eratively, the patient showed significant tremor reduction and 
functional improvement (3 points for Part A, 3 points for Part B, 
and 2 points for Part C) without stimulation-induced side effects 
(Fig. 1B). He continued using unipolar stimulation at contact 0, 1 
with the following parameters: 2.7 mA, pulse width 60 μsec, and 
frequency of 160 Hz. This benefit persisted without any additional 
medications at 2-year follow-up. 

Ethical statements 
This study was approved by the Institutional Review Board of 

Ulsan University Hospital (No. 2022-05-015), and the require-
ment for the patient’s written consent was waived. 

DISCUSSION 

In the case of lesioning for ET, the popularity of conventional ra-

Fig. 1. Archimedean spiral and line drawings by the patient presented herein. The drawing on the left was drawn at his first visit to our 
clinic (A), and that on the right was drawn one day after deep brain stimulation (B).
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diofrequency (RF) ablation has declined in the era of DBS, but the 
recent rise in FUS has regained popularity along with less invasive 
gamma knife thalamotomy [2]. Nevertheless, the fundamental 
disadvantage of lesioning is the potential risk of loss of effect when 
follow-up. Considering previous experiences with RF ablation, 
successful tremor control by thalamotomy can diminish in up to 
15% of cases [3]. Even in FUS thalamotomy, early clinical reports 
documented that five of the 56 patients experienced recurrent 
tremor with tremor score worsening by 23.2% within 1 year [2]. 
Therefore, there is always a demand for complementary treat-
ments for such recurrent cases, including reattempting of lesioning 
or DBS. 

DBS has been adopted by centers worldwide to suppress tremor 
due to its reversibility and flexibility in treating dominant disease 
symptoms [4]. A randomized controlled study showed that tha-
lamic stimulation and thalamotomy are equally effective for 
drug-resistant tremor. However, DBS has fewer adverse effects and 

greater functional improvement [5]. 
Although concerns remain that previous lesioning procedure 

could limit the effectiveness of future DBS, previous studies have 
shown that DBS can be successfully performed following RF, gam-
ma-knife and FUS thalamotomy [6-10]. 

Since first introduced by Benabid et al. [11] in 1987, the VIM 
DBS continues to be used as the traditional target for DBS in the 
treatment of intractable tremor. Although VIM DBS is still most 
widely used in managing tremor, it is not the perfect approach due 
to certain shortcomings, such as the possibility of tolerance, dysar-
thria, postural instability, or cognitive impairment, which are fre-
quently encountered, especially in bilateral procedures [12]. In ad-
dition, since changes in nerve fibers related to tremor cannot be 
predicted when permanent lesioning is performed in the thalamus, 
it is difficult to determine whether DBS targeting the vicinity of 
the preexisting stereotactic lesion is effective. There have been sev-
eral reports of DBS being successfully performed in the area close 

Fig. 2. Planning the left posterior subthalamic area (PSA) using surgical plan software (Stealth Station S8; Medtronic, Minneapolis, 
MN, USA). The PSA target (red dot) coordinates were 5.7 mm anterior to the posterior commissure, 3.9 mm below the anterior and 
posterior commissure line, and 11.7 mm lateral to the midline, planning the lead trajectory (yellow line) anterolaterally to the previous 
lesion in the ventral intermediate nucleus of the thalamus.
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to the previous lesion, but there is no guarantee that it can be ap-
plied to all cases, particularly when the intraoperative findings are 
different from the expected [7-10]. 

PSA was introduced as an alternative target for ET by Wert-
heimer et al. [13] in 1960. It involves the zona incerta and prelem-
niscal radiation, including afferent fibers from the dentato-thalam-
ic tract, which are possibly related to controlling tremor. It is locat-
ed lateral to the red nucleus, inferior to the ventrolateral thalamus, 
posteriomedial to the subthalamic nucleus (STN), and anterior to 
the medial lemniscus [14,15]. Targeting PSA is relatively easy be-
cause nearby structures, such as the STN and red nucleus, can be 
seen on MRI and can be used as anatomical landmarks for target 
setting when compared to the indirect targeting of VIM based on 
its relationship to the anterior and posterior commissure [16]. Pre-
vious studies have shown positive outcomes of PSA DBS for ET 
management. Murata et al. [14] reported a significant reduction in 
the tremor scale in 81% of patients after unilateral PSA DBS. 
Blomstedt et al. [16] also reported that the total score of the trem-
or was reduced to 60% from baseline to 1-year follow-up; in partic-
ular, 95% improvement was seen in the tremor of the upper ex-
tremity, accompanied by 66% improvement in activities of daily 
living. When comparing VIM and PSA as optimal targets for trem-
or, previous studies have shown that they are not superior in re-
ducing tremor [17]. However, a randomized, double-blind, cross-
over trial by Barbe et al. [18] identified that PSA DBS is equally ef-
fective and more efficient than VIM DBS after 1-year-use. A recent 
meta-analysis also demonstrated modest superior efficacy of PSA 
stimulation for treating refractory ET in the short-term follow-up 
[19]. In addition, simultaneous targeting of VIM and PSA via one 
trajectory is possible because simply advancing the electrode more 
deeply from VIM can reach the PSA accurately [20]. This can 
compare the effectiveness between PSA and VIM or prepare one 
contingency plan in choosing the stimulation site for individual-
ized adjustment according to the patient’s symptoms. 

CONCLUSION 

We report the successful treatment of recurrent ET using PSA 
DBS after VIM thalamotomy. Although there are various surgical 
treatment options for recurrent ET, DBS targeting PSA can pro-
vide a favorable solution to compensate for the unsatisfactory out-
comes from VIM thlamotomy. 

 

CONFLICTS OF INTEREST 

No potential conflict of interest relevant to this article was re-
ported. 

AUTHORS’ CONTRIBUTION 

Seung Un Lee: Writing - Original draft, Formal analysis, Data cura-
tion 
Na Young Jung: Conceptualization, Writing - review & editing, Su-
pervision 

ACKNOWLEDGEMENTS 

The authors thank Mr. Wang Choon Lee, RN, CNS for support-
ing surgical procedure and arranging the clinical data. 

REFERENCES 

1. Lyons KE, Pahwa R, Comella CL, Eisa MS, Elble RJ, Fahn S, et 
al. Benefits and risks of pharmacological treatments for essential 
tremor. Drug Saf 2003;26:461-81 

2. Elias WJ, Lipsman N, Ondo WG, Ghanouni P, Kim YG, Lee W, 
et al. A randomized trial of focused ultrasound thalamotomy for 
essential tremor. N Engl J Med 2016;375:730-9 

3. Linhares MN, Tasker RR. Microelectrode-guided thalamotomy 
for Parkinson’s disease. Neurosurgery 2000;46:390-5; discussion 
395-8 

4. Benabid AL, Pollak P, Gao D, Hoffmann D, Limousin P, Gay E, 
et al. Chronic electrical stimulation of the ventralis intermedius 
nucleus of the thalamus as a treatment of movement disorders. J 
Neurosurg 1996;84:203-14  

5. Schuurman PR, Bosch DA, Bossuyt PM, Bonsel GJ, van Someren 
EJ, de Bie RM, et al. A comparison of continuous thalamic stimu-
lation and thalamotomy for suppression of severe tremor. N Engl 
J Med 2000;342:461-8 

6. Levi V, Eleopra R, Franzini A, Romito L. Is deep brain stimula-
tion still an option for tremor recurrence after focused ultra-
sound thalamotomy? A case report. J Clin Neurosci 2019;68: 
344-6 

7. Terao T, Yokochi F, Taniguchi M, Kawasaki T, Okiyama R, 
Hamada I, et al. Microelectrode findings and topographic reor-
ganisation of kinaesthetic cells after gamma knife thalamotomy. 
Acta Neurochir (Wien) 2008;150:823-7; discussion 827 

8. Yamgoue Y, Pralong E, Levivier M, Bloch J. Deep brain stimula-
tion of the ventroposteromedial (VPM) thalamus 10 years after 
VPM thalamotomy to treat a recurrent facial pain. Stereotact 
Funct Neurosurg 2016;94:118-22 

9. Sobstyl M, Konopka M, Aleksandrowicz M, Pasterski T, Ząbek 
M. Successful subthalamic stimulation after failed gamma-knife 
thalamotomy in the treatment of tremor-dominant Parkinson’s 
disease. Neurol Neurochir Pol 2019;53:169-71 

https://doi.org/10.2165/00002018-200326070-00003
https://doi.org/10.2165/00002018-200326070-00003
https://doi.org/10.2165/00002018-200326070-00003
https://doi.org/10.1056/nejmoa1600159
https://doi.org/10.1056/nejmoa1600159
https://doi.org/10.1056/nejmoa1600159
https://pubmed.ncbi.nlm.nih.gov/10690728/
https://pubmed.ncbi.nlm.nih.gov/10690728/
https://pubmed.ncbi.nlm.nih.gov/10690728/
https://doi.org/10.3171/jns.1996.84.2.0203
https://doi.org/10.3171/jns.1996.84.2.0203
https://doi.org/10.3171/jns.1996.84.2.0203
https://doi.org/10.3171/jns.1996.84.2.0203
https://doi.org/10.1056/nejm200002173420703
https://doi.org/10.1056/nejm200002173420703
https://doi.org/10.1056/nejm200002173420703
https://doi.org/10.1056/nejm200002173420703
https://doi.org/10.1016/j.jocn.2019.07.035
https://doi.org/10.1016/j.jocn.2019.07.035
https://doi.org/10.1016/j.jocn.2019.07.035
https://doi.org/10.1016/j.jocn.2019.07.035
https://doi.org/10.1007/s00701-008-1606-x
https://doi.org/10.1007/s00701-008-1606-x
https://doi.org/10.1007/s00701-008-1606-x
https://doi.org/10.1007/s00701-008-1606-x
https://doi.org/10.1159/000444762
https://doi.org/10.1159/000444762
https://doi.org/10.1159/000444762
https://doi.org/10.1159/000444762
https://doi.org/10.5603/pjnns.a2018.0007
https://doi.org/10.5603/pjnns.a2018.0007
https://doi.org/10.5603/pjnns.a2018.0007


46 https://doi.org/10.52662/jksfn.2022.00171

Seung Un Lee, et al.  

10. Tuleasca C, Pralong E, Najdenovska E, Cuadra MB, Marques 
JRF, Vingerhoets F, et al. Deep brain stimulation after previous 
gamma knife thalamotomy of the Vim for essential tremor is fea-
sible! Clinical, electrophysiological and radiological findings. 
Acta Neurochir (Wien) 2017;159:1371-3 

11. Benabid AL, Pollak P, Louveau A, Henry S, de Rougemont J. 
Combined (thalamotomy and stimulation) stereotactic surgery 
of the VIM thalamic nucleus for bilateral Parkinson disease. Appl 
Neurophysiol 1987;50:344-6 

12. Blomstedt P, Hariz GM, Hariz MI, Koskinen LO. Thalamic deep 
brain stimulation in the treatment of essential tremor: a long-
term follow-up. Br J Neurosurg 2007;21:504-9 

13. Wertheimer P, Bourret J, Lapras C. [Apropos of the treatment of 
a dyskinesia by stereotaxic leucotomy]. Lyon Med 1960;92:885-
9. French 

14. Murata J, Kitagawa M, Uesugi H, Saito H, Iwasaki Y, Kikuchi S, et 
al. Electrical stimulation of the posterior subthalamic area for the 
treatment of intractable proximal tremor. J Neurosurg 2003;99: 
708-15 

15. Schaltenbrand G, Wahren W. Atlas for Stereotaxy of the Human 

Brain, 2nd ed. Stuttgart : Thieme G, 1977 
16. Blomstedt P, Sandvik U, Tisch S. Deep brain stimulation in the 

posterior subthalamic area in the treatment of essential tremor. 
Mov Disord 2010;25:1350-6 

17. Degeneffe A, Kuijf ML, Ackermans L, Temel Y, Kubben PL. 
Comparing deep brain stimulation in the ventral intermediate 
nucleus versus the posterior subthalamic area in essential tremor 
patients. Surg Neurol Int 2018;9:244 

18. Barbe MT, Reker P, Hamacher S, Franklin J, Kraus D, Dembek 
TA, et al. DBS of the PSA and the VIM in essential tremor: a 
randomized, double-blind, crossover trial. Neurology 2018;91: 
e543-50 

19. Kondapavulur S, Silva AB, Wang DD. Ventral intermediate nu-
cleus of the thalamus versus posterior subthalamic area: network 
meta-analysis of DBS target site efficacy for essential tremor. Ste-
reotact Funct Neurosurg 2022. doi: 10.1159/000522573

20. Chang WS, Chung JC, Kim JP, Chang JW. Simultaneous thalam-
ic and posterior subthalamic electrode insertion with single deep 
brain stimulation electrode for essential tremor. Neuromodula-
tion 2013;16:236-43; discussion 243 

https://doi.org/10.1007/s00701-017-3227-8
https://doi.org/10.1007/s00701-017-3227-8
https://doi.org/10.1007/s00701-017-3227-8
https://doi.org/10.1007/s00701-017-3227-8
https://doi.org/10.1159/000100803
https://doi.org/10.1159/000100803
https://doi.org/10.1159/000100803
https://doi.org/10.1159/000100803
https://doi.org/10.1080/02688690701552278
https://doi.org/10.1080/02688690701552278
https://doi.org/10.1080/02688690701552278
https://www.ncbi.nlm.nih.gov/pubmed/13784507
https://www.ncbi.nlm.nih.gov/pubmed/13784507
https://www.ncbi.nlm.nih.gov/pubmed/13784507
https://doi.org/10.3171/jns.2003.99.4.0708
https://doi.org/10.3171/jns.2003.99.4.0708
https://doi.org/10.3171/jns.2003.99.4.0708
https://doi.org/10.3171/jns.2003.99.4.0708
https://doi.org/10.1002/mds.22758
https://doi.org/10.1002/mds.22758
https://doi.org/10.1002/mds.22758
https://doi.org/10.4103/sni.sni_234_18
https://doi.org/10.4103/sni.sni_234_18
https://doi.org/10.4103/sni.sni_234_18
https://doi.org/10.4103/sni.sni_234_18
https://doi.org/10.1212/wnl.0000000000005956
https://doi.org/10.1212/wnl.0000000000005956
https://doi.org/10.1212/wnl.0000000000005956
https://doi.org/10.1212/wnl.0000000000005956
https://doi.org/10.1159/000522573
https://doi.org/10.1159/000522573
https://doi.org/10.1159/000522573
https://doi.org/10.1159/000522573
https://doi.org/10.1111/j.1525-1403.2012.00503.x
https://doi.org/10.1111/j.1525-1403.2012.00503.x
https://doi.org/10.1111/j.1525-1403.2012.00503.x
https://doi.org/10.1111/j.1525-1403.2012.00503.x


47http://jksfn.org

2022 The Korean Society of Stereotactic and 
Functional Neurosurgery

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

INTRODUCTION 

The retrosigmoid approach is a standard neurosurgical approach for patients 
with posterior fossa pathologies. Infratentorial tumors, such as vestibular schwan-
noma and petrous meningioma, can be removed via the retrosigmoid approach 
and the lateral suboccipital cranial opening. Microvascular decompression (MVD) 
of the cranial nerves in trigeminal neuralgia or hemifacial spasm is also performed 
via the retrosigmoid approach, with a small cranial opening (1–2.5 cm) [1,2]. Cra-
niectomy is preferred, especially when the size of the cranial opening is as small as 
in medium-sized brain tumor resection or MVD, and the residual bone flap after 
craniotomy is insufficient for cranial closure. Several cranioplasty materials have 
been used for the reconstruction of skull defects. Polymethyl methacrylate 
(PMMA), hydroxyapatite, and titanium plates are the most popular commercially 
available materials. However, these materials carry a high risk of complications, 
such as infection and implant exposure, especially in patients with large cranial de-
fects [3]. 

In our institute, various cranioplasty materials have been applied after posterior 
fossa tumor resection, and PMMA has been used uniformly in patients with neu-
rovascular compression syndrome for more than 5,000 MVD surgeries since 1995 
at our institution. Especially, the cranial openings required for MVD are so small 
that they do not usually cause wound complications. To the best of our knowledge, 
late wound complications following lateral suboccipital surgery for both tumor 
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Case Report

Late wound complications, such as dehiscence or infection, are rare following the 
retrosigmoid approach, especially when the cranial opening is small. Here, we re-
port two cases of late wound complications after lateral suboccipital craniectomy 
and cranioplasty with polymethyl methacrylate. Sudden neck rotation was the 
cause of complications in both cases, and seroma formation, wound dehiscence, 
and infection developed subsequently 4 and 19 years after surgeries, respectively.

KEY WORDS: Retrosigmoid approach, Late complication, Seroma, Infections, 
Cranioplasty, Polymethyl methacrylate  
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C-reactive protein levels, were within the normal range. Magnetic 
resonance imaging revealed fluid collection and dural thickening 
with enhancement at the site of the right suboccipital craniectomy 
(Fig. 1A). The patient underwent wound revision. A white pus-
like liquid was observed, spreading from the muscle layer to the 
epidural space (Fig. 1B), but no pus was observed in the subdural 
space. Microorganisms from multiple sites during surgery were not 
isolated, and the patient was treated with empirical antibiotics for 
2 weeks. 

Case 2 
A 74-year-old man visited the outpatient clinic of Samsung 

Medical Center for wound dehiscence and discharge. He had un-
dergone lateral suboccipital craniectomy and tumor resection for 
left vestibular schwannoma 19 years prior, with no newly devel-
oped neurological deficits, other than preoperative hearing loss. 
PMMA was used for cranioplasty at the end of the surgery. The tu-
mor continued to grow during the 9 years of surveillance after sur-
gery, and gamma knife radiosurgery was additionally performed. 
This patient also experienced a similar initiating event, in which 
the surgical wound started to swell a month prior to presentation 
after sudden neck rotation with a click sound while playing golf. As 

and neurovascular compression syndrome were not reported in 
the literature. 

Herein, we report two cases of patients with late wound compli-
cations after lateral suboccipital craniectomy with the same patho-
physiology.  

CASE REPORT  

Case 1 
A 50-year-old man visited the outpatient clinic of Samsung 

Medical Center for wound dehiscence and discharge. He had un-
dergone lateral suboccipital craniectomy and MVD for right hemi-
facial spasm 4 years prior, without experiencing any residual spasm 
or complications. PMMA was used for cranioplasty at the end of 
the surgery. He stated that the surgical wound started to swell a 
month prior to presentation after sudden neck rotation with a click 
sound while playing golf. The swelling repeatedly improved and 
worsened while taking antibiotics, and wound dehiscence with se-
rous discharge developed 3 days before presentation. The wound 
healed and opened repeatedly, and he was thus scheduled for revi-
sion. He had no fever, meningeal irritation signs, or focal neurolog-
ical deficits. Infection markers, such as white blood cell count and 

Fig. 1. (A) Fluid collection and dural thickening with enhancement at the right lateral suboccipital area (arrow) was observed on gado-
linium-enhanced magnetic resonance imaging. (B) White pus-like liquid was observed to spread from the muscle layer to the epidural 
space during revision surgery.

A B
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the wound swelling waxed and waned, wound dehiscence and pu-
rulent discharge occurred 1 day before the visit (Fig. 2). He 
showed no fever, meningeal irritation signs, or focal neurological 
deficits on admission. Infection markers were also negative. During 
the revision surgery, pus was observed, spreading from the skin to 
the muscle layer. The bone flap (PMMA) was still tightly adhered 
to the dura, and we did not attempt to explore the subdural space. 
Methicillin-sensitive Staphylococcus aureus was isolated from the 
pus, and the patient was treated with appropriate antibiotics for 2 
weeks. 

Ethical statements 
This case report does not include any individually identifiable 

health information, number, characteristic, or code to identify pa-
tients, and carries no risk for the patients. This study was therefore 
exempt from institutional review board approval. 

DISCUSSION 

The retrosigmoid approach via lateral suboccipital craniotomy 
or craniectomy is the most frequently used approach for cerebello-
pontine angle tumor resection or MVD in neurovascular compres-
sion syndrome. The cranial opening does not have to be large 

when performing MVD, or when resecting small- to medium-sized 
tumors. Craniectomy is preferred for small cranial openings be-
cause it is safer than craniotomy using a saw, and the remaining 
bone flap after craniotomy is insufficient for cranial closure. After 
the main surgical procedure, cranioplasty is performed using vari-
ous synthetic bone substitutes, such as PMMA, hydroxyapatite, or 
titanium plate. Cranioplasty using these materials has shown rela-
tively high complication rates in patients with large cranial defects 
[3]. The wound complication rate of cranioplasty after retrosig-
moid craniectomy ranged from 1.2–11.4%, depending on the cra-
nioplasty materials used in one study [4]. However, no consistent-
ly significant difference in the infection rate was found according 
to the cranioplasty materials used in other studies [5,6]. We have 
previously reported the surgical outcomes of our institute, which 
involved less than 1% of wound dehiscence or infection rates after 
MVD, with complications only very rarely occurring several years 
after surgery [7,8]. 

We encountered two cases of infection several years after lateral 
suboccipital craniectomy and cranioplasty with PMMA. The 
probable common mechanism of infections began with scalp de-
tachment from the cranioplasty material after sudden neck move-
ments. Wound swelling from seroma formation improved and 
worsened repeatedly over several weeks. When wound dehiscence 
occurs, deep wounds can become exposed and infected. Purulent 
discharge was observed through the wound opening in both cases. 
Although the incidence of this complication is very low, our expe-
rience indicates that sudden movements that strain the neck mus-
cles can separate the scalp from the cranioplasty material, even if 
the patient had undergone surgery several years previously. A phe-
nomenon related to the occurrence of late seroma due to possible 
friction between normal tissue and synthetic materials has been 
reported in breast augmentation surgery. Differences in the surface 
characteristics of implants may create variable biocompatibility, 
and play different roles in late seroma formation [9-11]. As such, 
further studies are needed to elucidate the relationship between 
cranioplasty materials and late seroma or infection development. 
Patients should be informed that wound complications can occur 
following strenuous activities that involve sudden movement of 
the neck muscles, even years after surgery. 

CONCLUSION 

Here, we presented the course of two cases of late seroma with 
infection that developed several years after lateral suboccipital cra-
niectomy and cranioplasty with PMMA. Sudden neck movement 
with excessive force was the common cause of the complication, 
and seroma formation, wound dehiscence, and infection subse-

Fig. 2. Purulent discharge was observed through wound dehis-
cence.
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10) Tables, Figures, and Illustrations
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pages at the end of the paper, but figures should be submitted sepa-
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purpose. If your figures are more than 5 MB in total, upload the 
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figure files of highest quality for printing.
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11) Case Report, Technical Report, Brief Report, and Letter to 
the Editor
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