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Introduction 
The coronavirus disease 2019 (COVID-19) pandemic began in 

late 2019. As of April 2022, South Korea has experienced 

200,000 to 400,000 confirmed cases per day, and 14 million 

people, a quarter of the population, have histories of COVID-19 

infection. New variants of the coronavirus continue to occur, 

from delta to omicron and stealth omicron, and it is unknown 

when the pandemic will end. The pandemic has impacted 
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Telemedicine is an emerging field of medicine that has become more important during the coronavirus disease 2019 (COVID-19) pandemic era 
and is being studied actively in various medical fields. In neurology, the introduction of telemedicine is accelerating worldwide under the label of 
teleneurology. So far, few studies have been conducted on telemedicine for patients with epilepsy. In nonmetropolitan areas, video-based clinics 
have been demonstrated to be effective for seizure control, and smartphone-based diagnosis has also been confirmed to be accurate. Indeed, 
after the onset of the COVID-19 pandemic, telemedicine has been used to treat patients with epilepsy around the world. Few studies have exam-
ined the use of telemedicine for patients with autoimmune encephalitis. One showed that telephone-based evaluation is sufficient to assess the 
cognitive reserve of leucine-rich glioma inactivated-1-antibody encephalitis patients, thereby diagnosing their dementia. Telephone-based outpa-
tient clinics are temporarily permitted under Korean medical law, and telemedicine can be attempted for clinically stable patients with epilepsy 
in Korea. In addition, patients with autoimmune encephalitis in stable or improving status may also be candidates for treatment with telemedi-
cine. This review presents evidence for the safety and efficacy of telemedicine to treat epilepsy and encephalitis patients and discusses indica-
tion guidelines. Based on our literature review and current Korean medical law, we suggest tentative guidelines for telemedicine in the fields of 
epilepsy and autoimmune encephalitis. 

Keywords: Telemedicine, Teleneurology, Epilepsy, Encephalitis  

various aspects of the medical environment. In particular, it 

has exacerbated existing health care disparities [1]. Vulnera-

ble patients have significantly reduced outpatient clinic visits 

due to the risk of infection and experience related emotional 

stress [1-3]. 

In this situation, telemedicine is spotlighted as an alternative 

to in-person care. Telemedicine is a new method of medical 

care conducted through telephone, video, or other virtual 

Copyright © 2022 by The Korean Encephalitis and Neuroinflammation Society
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technologies without visiting patients face-to-face [4]. Tele-

medicine is being applied not only in internal medicine but 

also in various other medical fields [5-8]. Recently, it has been 

tried in neurology, under the label of teleneurology [9,10].  

In this review, we outline the study of telemedicine in the field 

of epilepsy and encephalitis, which are relatively poorly inves-

tigated among neurology subfields, and the evidence for the 

safety and effectiveness of telemedicine compared to in-per-

son visit clinics. In addition, we review Korean medical law 

and suggest indications for the application of telemedicine in 

epilepsy and encephalitis treatment based on a literature re-

view. We confirm that we have read the Journal’s position on 

issues involved in ethical publication and affirm that this re-

port is consistent with those guidelines. 

Literature Review of Telemedicine 
Research in Epilepsy and Encephalitis 
Telemedicine research in epilepsy 
Telemedicine was studied in the epilepsy field before the 

COVID-19 pandemic era (Table 1). Prior research showed that 

telemedicine is not inferior for caring for epilepsy patients 

compared to conventional in-person visits. Between 2009 and 

2012, a pilot study among 24 patients with epilepsy was con-

ducted in Arkansas, a nonmetropolitan area in the United 

States [11]. The authors established a telemedicine epilepsy 

clinic at the University of Arkansas for Medical Sciences and 

connected with peripheral sites in the state of Arkansas more 

than 160 kilometers distant. Two-thirds of the patients in the 

study had favorable outcomes, with seizure-free or frequency 

reduction, even patients with refractory epilepsy. In 2017, a 

prospective randomized study was published comparing the 

outcomes of epilepsy patients in an Indian single tertiary hos-

pital [12]. For 36 weeks, the authors randomly assigned 465 

patients with epilepsy to groups reviewed by telephone and 

by in-person visits and compared the frequency of break-

through seizures between them, and found no significant dif-

ference between the two groups. Moreover, for the telephone 

group treatment was more cost-effective and patients were 

more compliant than the in-person visit group. The accuracy 

of smartphone-based epilepsy diagnosis was also demon-

strated by a prospective multicenter masked clinical trial at 

eight academic epilepsy centers in the United States [13]. Us-

ing only smartphone videos submitted by 44 patients, experts 

were able to differentiate epileptic seizures from psychogenic 

or physiologic non-epileptic events with 89.1% accuracy and 

93.3% sensitivity. 

The COVID-19 pandemic has accelerated research into tele-

medicine in epilepsy. During the pandemic era, access to 

in-person visits by patients has been limited around the 

world, increasing the relative importance of telemedicine. Ac-

cording to the International League Against Epilepsy (ILAE), 

questionnaires distributed worldwide indicate that the use of 

telemedicine in epilepsy clinics dramatically increased from 

37.8% to 87.3% of respondents during the pandemic [3]. In a 

Norwegian study, 87% of neurologists answered that they had 

shifted from in-person visit clinics to telemedicine clinics 

during the pandemic [14]. Among neurological disorders, 

telemedicine was particularly satisfactory for the treatment of 

epilepsy, both for clinicians and patients. Making dosage 

changes of antiseizure medication (ASM) via telemedicine 

was effective according to 92% of the clinicians who answered 

the survey. 

It is not surprising that epilepsy was suitable for treatment via 

telemedicine, given that history taking is the core of medical 

care for epilepsy patients. More than 90% of clinicians who 

were involved in a recent study agreed that obtaining a patient 

history by telemedicine was similar to in-person visits for 

both new patients (90%) and follow-up patients (98%) [15]. 

This trend was even stronger in epilepsy because patient con-

sultations are mainly discursive. Several clinicians felt that 

video-based clinics were sufficient to perform physical exam-

inations of epilepsy patients including mental status, eye 

movement, shakiness, and unsteady gait. 

We hypothesize that telemedicine can be successfully adopt-

ed for epilepsy patients in Korea as well. Korea consists mostly 

of urban areas, and tertiary medical institutions are relatively 

easy to access compared to other countries. This was one of 

the objections raised in the debate over whether telemedicine 

needs to be introduced in Korea. However, studies have 

shown that telemedicine for epilepsy has high satisfaction in 

metropolitan as well as nonmetropolitan areas [3,11,15], and 

the need for remote options is highlighted in the COVID-19 

pandemic era. In particular, poor connection or no access to 

the internet, which is an obstacle to telemedicine, is not a ma-

jor problem in Korea, which has the highest internet penetra-

tion rate of any country in the world. 

Telemedicine research in autoimmune encephalitis 
Encephalitis can be broadly classified into infectious and au-

toimmune origins according to cause. Infectious encephalitis, 

including viral and bacterial, generally has a much graver 

course and most cases require intensive care with poor prog-

nosis. Therefore, this review focuses on telemedicine for auto-
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immune encephalitis, which requires long-term treatment 

and outpatient care. 

Autoimmune encephalitis was discovered relatively recently 

[16], with the most prevalent forms being N-methyl-D-aspar-

tate receptor (NMDAR)-antibody encephalitis followed by 

leucine-rich glioma inactivated-1 (LGI1)-antibody encephali-

tis [17]. More than 30 types of autoantibodies have been found 

[17,18], but most autoimmune encephalitis is seronegative 

[19]. Patients with autoimmune encephalitis are hospitalized 

for thorough investigations to determine etiology and receive 

intensive immunotherapy. After primary treatment, patients 

undergo long-term follow-up care for at least one year, and 

according to their response to treatment, alternative and 

boost immunotherapies are often administered. For patients 

with NMDAR-antibody encephalitis, the follow-up care for 

full recovery is generally maintained for 12 months [20], and 

for those with LGI1-antibody encephalitis, many clinicians 

continue to follow up for 24 months to monitor sequelae re-

garding the patient's cognition [21,22]. Because of the rarity 

and specificity of the disease, the evaluation and management 

for autoimmune encephalitis are performed only at regional 

base tertiary hospitals or a few specialized tertiary institu-

tions. Therefore, autoimmune encephalitis is an appropriate 

disease for which telemedicine can be particularly useful, not 

just during the COVID-19 pandemic era but also in general. 

However, compared to its potentiality, telemedicine research 

in autoimmune encephalitis is limited. Currently, only one 

study of telemedicine for LGI1-antibody encephalitis has 

been performed [23]. This study included 37 patients with 

LGI1-antibody encephalitis who were diagnosed at a single 

tertiary hospital in Spain and assessed the patients’ cognitive 

reserve by telephone interview. The questionnaire was com-

posed to measure different aspects of cognitive domains in-

cluding verbal memory, executive function, and language. 

Then, the patients’ mood, sleep, and quality of life were also 

estimated. The authors successfully interviewed 36 patients 

(97%) and found that 75% of patients had cognitive deficits. 

The Mini-Mental State Examination and cognitive battery 

were sufficient to diagnose mild cognitive impairment (MCI) 

and dementia when administered by telephone. Among the 

patients, 17% complained of emotional distress and 39% had 

poor quality of sleep. However, quality of life was not signifi-

cantly different from healthy controls except for dementia pa-

tients. Noticeably, 17 of the 26 patients with good functional 

status on the modified Rankin Scale (mRS) had MCI. In out-

patient clinics, the recovery of patients with autoimmune en-

cephalitis is often evaluated only according to functional sta-

tus assessed by mRS or Clinical Assessment Scale in Autoim-

mune Encephalitis (CASE) [24]. This finding suggests that a 

telephone interview can provide detailed assessments of cog-

nitive reserve, which cannot be clearly identified by impres-

sions in outpatient clinics alone. In summary, telemedicine 

has the potential to be a sufficient and useful tool for autoim-

mune encephalitis patients, because monitoring cognitive 

function sequelae during the long-term follow-up period is 

important. 

Current Telemedicine Environment in 
Korea 
Currently, under Article 34 of the Korean Medical Service Act 

[25], telemedicine is permitted in the form of teleconsults 

only between medical personnel, defined only as physicians, 

dentists, or traditional East Asian medical doctors who engage 

in medical practices. However, since the beginning of 2020, 

telephone-based clinics have been temporarily allowed due 

to the COVID-19 pandemic. According to the Ministry of 

Health and Welfare Announcement No. 2020-177 for the Tem-

porary Allowance of Telephone Counseling or Prescription 

and Proxy Prescribing [26], telemedicine is intended to pre-

vent members of the public from being infected while visiting 

medical institutions. Moreover, substitute prescriptions by 

caregivers have been permitted through telemedicine if the 

same prescription has been administered for a long period of 

time while continuing to receive treatment for the same dis-

ease. The Announcement limits the use of telemedicine to 

cases in which safety can be secured according to the physi-

cian’s judgment. 

If the temporary relaxation of rules allowed during the 

COVID-19 pandemic era is applied to epilepsy and encepha-

litis patients, telemedicine is possible for follow-up. In epilep-

sy, if the ASM has been prescribed for a long time and the pa-

tient has had no special side effects, clinicians can care for the 

patient by telemedicine. Meanwhile, if an encephalitis patient 

requires follow-up management for symptomatics and func-

tional status evaluation after immunotherapy has been com-

pleted, telemedicine is allowed under the current Korean 

medical law. 

However, for telemedicine to be stably implemented in Korea, 

a number of problems need to be resolved. First, telemedicine 

is specifically permitted for response to and prevention of the 

COVID-19 pandemic but is generally prohibited. Even if the 
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law is revised in the future, reimbursement and legal respon-

sibility for medical personnel, which are the decisive reasons 

that members of the medical community in Korea currently 

have negative opinions about telemedicine, are the most ur-

gent issues. According to the Announcement, reimbursement 

and legal responsibility are the same as for in-person clinic 

visits. However, if telemedicine is implemented broadly, ex-

ceptions that were not previously considered will occur, and 

more case discussions are therefore needed. In addition, in 

order to implement telemedicine in earnest, unresolved is-

sues including responsibility for the specification of standard-

ized telemedicine devices and management, patient insur-

ance, and protection of privacy should be discussed. 

Guidelines for Telemedicine in Epilepsy 
and Encephalitis 
Here in this review, we suggest evidence-based guidelines for 

the application of telemedicine to the treatment of epilepsy 

and encephalitis. Permission to use telemedicine in South 

Korea so far is only temporary. However, there is room for 

change in Korea’s medical laws on telemedicine, and there is 

a possibility that telemedicine will be introduced more active-

ly as technology develops. 

Epilepsy 
Telemedicine is recommended for patients with epilepsy in 

stable condition who have been sufficiently investigated for 

etiology and do not require additional management other 

than ASM (Table 2, Figure 1). When a physician prescribes a 

new ASM to a patient for the first time, in-person visits are fa-

vored to titrate the dose and monitor adverse effects. For ex-

ample, lamotrigine may result in serious skin rash [27,28], but 

as the patient may not be aware of this side effect it is required 

to manage the patient face-to-face. In addition, for drugs that 

may cause dose-related adverse events and oxcarbazepine, 

which requires hyponatremia measurement [29-32], in-per-

son visits are recommended until dose titration is completed. 

Telemedicine is applicable for stable patients without break-

through seizures over a period of ≥ 3 months. If a break-

through seizure has occurred but the cause is clear (medica-

tion skip, sleep deprivation, emotional stress, etc.), continued 

management to increase the ASM dose is possible through 

telemedicine according to physician discretion. However, if 

the cause is not clear and additional evaluation including an 

electroencephalogram is required, an in-person visit is 

strongly recommended. 

Table 2 Indications for telemedicine in epilepsy and encephalitis

No Epilepsy Encephalitis

1 Fully investigated etiology of epilepsy Fully investigated etiology of encephalitis

2 Completion of ASM dose titration Completion of immunotherapy

3 No breakthrough seizure in at least 3 months Improving or stable patients with controllable symptoms

Recommended for cognitive function evaluation

Recommended for psychiatric symptom evaluation and management

ASM, antiseizure medication.

Figure 1 Indications for telemedicine in epilepsy

A patient who has a seizure event experiences a stereotypical clinical 
course. After etiology investigation and antiseizure medication selection, 
the patient in a stable state visits outpatient clinics regularly unless a 
breakthrough seizure occurs. According to the evidence and current 
Korean medical law, telemedicine can replace in-person visits for stable 
patients in outpatient settings.
OPD, outpatient department; ER, emergency room; EEG, electroencepha-
logram; VEM, video EEG monitoring.

Seizure events

OPD or ER visit

Admission
- EEG, VEM, brain imaging,

Additional work-up

Antiseizure medication
- Dose titration

Epilepsy surgery

Breakthrough seizure

OPD follow-up
- Medication refill

- Regular EEG, imaging

Stable

Replaceable by
telemedicine
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Encephalitis 
Telemedicine might be possible in patients who undergo full 

investigation regarding the etiology of autoimmune encepha-

litis, and whose condition improves steadily after adequate 

primary and secondary immunotherapy (Table 2, Figure 2). 

Encephalitis with known autoantibodies such as NMDAR-an-

tibody encephalitis and LGI1-antibody encephalitis are suit-

able for treatment via telemedicine due to their relatively 

well-known prognosis. As noted in the literature review, cog-

nitive function evaluations performed through telemedicine 

are not significantly different from in-person visits. Therefore, 

if more frequent evaluation through telemedicine is possible, 

a better prognosis can be expected. In addition, mRS and 

CASE, which are function-evaluation items, can be measured 

by video. If a patient is in stable status without deterioration, 

remnant seizures and psychiatric symptoms of patients are 

areas that can be managed with telemedicine according to the 

physician’s judgment. On the other hand, if aggravation or re-

currence is suspected, an in-person visit clinic is recommend-

ed for more accurate management and legal liability. 

NMDAR-antibody encephalitis 
NMDAR-antibody encephalitis is a disease that frequently 

worsens to mRS 4–5 in the early stage and requires long-term 

management. For patients with NMDAR-antibody encephali-

tis, an admission schedule is established according to the im-

munotherapy plan. Telemedicine can be effective for evaluat-

ing the patient's current status and responsiveness to immu-

notherapy between admissions. If the patient has difficulties 

with mobility, mRS and CASE can be evaluated more fre-

quently by video, and symptomatic management can be ap-

plied through telemedicine for patients whose conditions are 

stable or improving. 

LGI1-antibody encephalitis 
LGI1-antibody encephalitis is a disease in which patients 

complete immunotherapy in the short term and are followed 

through outpatient care, so telemedicine is considered to be 

suitable for treatment. In particular, sequelae such as cogni-

tive dysfunction may remain, so thorough evaluations of cog-

nitive function are required. More frequent evaluation by 

telemedicine is expected to encourage rehabilitation and alle-

viate mental stress. 

Conclusion 
Technological development for telemedicine is already suffi-

cient for broad deployment, and it is therefore being imple-

mented at a very fast rate worldwide. Satisfaction with tele-

medicine is high for both patients and physicians. Therefore, 

telemedicine seems to be an unavoidable trend in neurology. 

Nevertheless, there are still many problems that need to be 

overcome for telemedicine to be well established in the treat-

ment of epilepsy and encephalitis. As discussed, the relax-

ation of regulations for telemedicine in Korea is only tempo-

rary, and there is a good chance that it will become banned 

again after the pandemic is over. In addition, the social dis-

cussion is insufficient among those who have an interest in 

reimbursement, medical insurance issues, and legal responsi-

bility. Since previous research described in our literature re-

view was conducted outside of Korea, further telemedicine 

studies, including questionnaires tailored for Korean patients, 

must be conducted in order to introduce telemedicine safely 

in the Korean medical context. In other words, future studies 

of the scope and indications for telemedicine should be tai-

lored to the specific circumstances of each country. Our re-

view included evidence for the safety and effectiveness of 

telemedicine in epilepsy and encephalitis and we have sug-

Figure 2 Indications for telemedicine in encephalitis

A patient who has suspicious symptoms of autoimmune encephalitis 
undergoes a thorough etiological investigation and receives immuno-
therapy. After remission, the patient visits outpatient clinics regularly for 
function evaluation and symptomatic management unless aggravation 
or recurrence is suspected. In such cases, telemedicine can be recom-
mended for patients in a stable or improving state.
OPD, outpatient department; ER, emergency room; mRS, modified 
Rankin Scale; CASE, Clinical Assessment Scale in Autoimmune Enceph-
alitis.

Suspicious symptoms

OPD or ER visit

Recurrence

Admission
- Encephalitis work-up

Immunotherapy

OPD follow-up
- mRS, CASE evaluation
- Cognitive function test
- Antiseizure medication

- Antipsychotics medication

Replaceable by
telemedicine
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gested appropriate indications based on this evidence. There-

fore, this review can serve as a valuable source for future dis-

cussions on telemedicine. 
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Purpose 

Chest pain, abdominal pain, and headache are common symptoms associated with critical illness. Here, we aimed to evaluate predictors asso-
ciated with critical illness in young males of the Republic of Korea Army. 

Methods 

We retrospectively reviewed previously healthy young males with chest pain, abdominal pain, or headaches who visited Armed Forces Seoul Dis-
trict Hospital between January 2019 and December 2020. Critical illness was defined as a condition that required hospitalization, a procedure 
or surgery, or referral to a tertiary hospital. The symptoms and signs of critical illness were evaluated. 

Results 

Of the 762 enrolled patients, a critical illness was diagnosed in 45 patients (5.9%). Among chest pain signs, palpitation (odds ratio [OR], 22.8; 
95% confidence interval [CI], 5.08–102.4; p < 0.001), exertional dyspnea (OR, 16.3; 95% CI, 3.38–78.8; p = 0.001), duration (> 5 minutes) 
(OR, 7.54; 95% CI, 1.93–29.49; p = 0.004), and squeezing type (OR, 5.28; 95% CI, 1.11–25.11; p = 0.037) were significantly associated with 
critical illness. Among abdominal pain signs, right-lower-quadrant tenderness (OR, 11.87; 95% CI, 4.671–31.87; p < 0.001) was an alarming 
sign. For headaches, criticality was low (1.5%), and half of patients with critical illness were diagnosed incidentally regardless of headache. 

Conclusion 

We identified symptoms and signs significantly associated with critical illness in young male patients. This study might serve as a reference for 
deciding when to transfer soldiers in the field to a rear hospital, thereby contributing to the welfare and combat power of soldiers. 

Keywords: Emergencies, Chest pain, Abdominal pain, Headache  
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Introduction 
Chest pain, abdominal pain, and headache are common 

symptoms of mild illness but are also some of the initial symp-

toms of critical illness. Chest pain is often associated with car-

diovascular diseases such as acute myocardial infarction and 

arrhythmia [1-3], while abdominal pain is frequently related to 

acute appendicitis and acute cholangitis [4,5]. In addition, in 

patients with severe headaches, it is necessary to differentiate 

cerebral hemorrhage, brain tumor, or infectious origins from 

primary headaches [6]. In the case of such a critical illness, the 

severity of the disease is high, and delayed diagnosis can have 

a devastating effect on the patient’s prognosis [7]. The inci-

dence rate of critical not high in healthy young males who 

have passed the military enlistment exam, but cases of critical 

illnesses are steadily reported every year [1-3,8-11].  

Since all healthy male citizens of the Republic of Korea must 

be enlisted for at least 18 months, the welfare of soldiers and 

access to medical care should be guaranteed. Meanwhile, 

from a commander’s point of view, transfer to a rear hospital 

without any specific criteria could weaken combat power and 

be a command burden. In particular, most field forces in 

South Korea are exposed to risk of traffic accident during pa-

tient transportation due to rural location. Therefore, the role 

of field military doctors is paramount to differentiate critical 

illness from mild diseases, but they often only rely on history 

taking and physical examination due to lack of basic diagnos-

tic tools such as electrocardiogram or chest X-ray. Although 

there have been many previous studies on risk factors associ-

ated with a critical illness [12-18], no studies have been con-

ducted on a population of males in their early twenties in the 

army. 

Therefore, we aimed to evaluate the incidence of critical ill-

ness among patients who had chest pain, abdominal pain, or 

headache, which are common symptoms observed in the 

army. Furthermore, we analyzed risk factors associated with 

critical illness in each symptom and showed representative 

cases, so that the results can be helpful to primary care field 

doctors who are responsible for the triage and diagnosis of 

these patients. 

Methods 
Patients and definition of critical illness 
This study was a retrospective, case-control, single-center tri-

al to evaluate the predictors associated with critical illness in 

young male soldiers who complained of chest pain, abdomi-

nal pain, or headache. All subjects were patients who visited 

the Armed Forces Seoul District Hospital from January 2019 

to December 2020 and previously passed medical screening 

examinations during military enlistment. Armed Forces Seoul 

District Hospital is a secondary military hospital based in 

Seoul, South Korea. Non-commissioned officers, officers, and 

civilians were excluded. 

Critical illness was defined as a condition requiring inpatient 

treatment at a secondary hospital or treatment at a tertiary 

hospital such as a procedure or surgery. All medical records 

of the soldiers were reviewed by five medical specialists in 

each field, and all of the images were repeatedly reviewed by 

one radiologist. Additional outpatient follow-up was per-

formed for patients whose examinations were incomplete or 

negative at the time of admission. 

This study was approved by the Institutional Review Board of 

Armed Force Medical Command of the Republic of Korea 

Army (No. AFMC-202104-HR-021-01) with the waiver of in-

formed consent. This study was carried out in accordance 

with relevant guidelines and regulations, including the Hel-

sinki Declaration. 

Statistics 
Clinical data are summarized as a percentage or mean ±  

standard deviation. In the analysis of clinical data, we utilized 

the chi-square or Fisher exact tests for categorical variables 

and Student t-test for continuous variables. Multivariable lo-

gistic regression analysis was performed with parameters 

showing a p-value of <  0.10 on univariable analysis. All analy-

ses were performed using IBM SPSS version 23.0 (IBM Corp, 

Armonk, NY, USA). A p-value of <  0.05 was considered statis-

tically significant.  

Results 
Demographics and characteristics of enrolled 
patients 
A total of 762 patients were analyzed in our study (Table 1). 

The mean age was 20.9 ±  1.6 years, and all patients were 

male. In terms of military rank, 58 (7.6%) were private, 295 

(38.7%) were private first class, 306 (40.2%) were corporal, and 

103 (13.5%) were sergeant. Abdominal pain was the most 

common chief complaint (n =  294, 38.6%), followed by head-

ache (n =  263, 34.5%) and chest pain (n =  205, 26.9%). For-

ty-five patients (5.9%) were diagnosed with critical illness, 

and critical illness was most frequently detected in patients 

with chest pain (17 of 205, 8.3%), followed by abdominal pain 
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Table 1 Baseline characteristics and results of patients with chest pain, abdominal pain, and headache

Variable Total Critical illness Noncritical illness p-value

Chest pain 205 17 188

 Age (yr) 20.9 ±  1.6 20.3 ±  0.9 21.0 ±  1.6 0.120

 Rank 0.070

  Private 17 (8.3) 2 (11.8) 15 (8.0)

  Private first class 67 (32.7) 5 (29.4) 62 (33.0)

  Corporal 90 (43.9) 4 (23.5) 86 (45.7)

  Sergeant 31 (15.1) 6 (35.3) 25 (13.3)

 Onset (day) 135.6 ±  475.4 85.5 ±  197.5 140.2 ±  493.0 0.651

 Associated symptom

  Palpitation 19 (9.3) 8 (47.1) 11 (5.9) <  0.001

  Dyspnea on exertion 16 (7.8) 7 (41.2) 9 (4.8) <  0.001

 Duration (min) 217.5 ±  508.1 431.8 ±  670.9 198.2 ±  488.5 0.178

  >  5 min 49 (23.9) 11 (64.7) 38 (20.2) <  0.001

 Character

  Squeezing type 28 (13.7) 5 (29.4) 23 (12.2) 0.048

  Stabbing type 17 (8.3) 0 (0.0) 17 (9.0) 0.37

  Pleuritic type 52 (25.4) 5 (29.4) 47 (25.0) 0.689

 Chest wall tenderness 29 (14.1) 0 (0.0) 29 (15.4) 0.139

Abdominal pain 294 24 270

 Age (yr) 21.0 ±  1.7 21.3 ±  1.6 21.0 ±  1.7 0.323

 Rank 0.267

  Private 20 (6.8) 2 (8.3) 18 (6.7)

  Private first class 111 (37.8) 10 (41.7) 101 (37.4)

  Corporal 121 (41.2) 6 (25.0) 115 (42.6)

  Sergeant 42 (14.3) 6 (25.0) 36 (13.3)

 Onset (day) 15.3 ±  63.5 1.8 ±  4.3 16.6 ±  66.3 0.298

 Associated symptom 239

  Nausea/vomiting 103 (35.0) 8 (34.8) 95 (36.5) 0.867

  Diarrhea 136 (46.3) 7 (30.4) 129 (49.6) 0.078

 Physical examination 264

  Epigastric tenderness 77 (26.2) 6 (26.1) 71 (26.9) 0.933

  RUQ tenderness 21 (7.1) 5 (21.7) 16 (6.1) 0.019

  RLQ tenderness 60 (20.4) 16 (69.6) 44 (16.9) <  0.001

  LUQ tenderness 30 (10.2) 3 (13.0) 27 (10.3) 0.721

  LLQ tenderness 37 (12.6) 2 (8.7) 35 (13.4) 0.750

  Periumbilical tenderness 35 (11.9) 3 (13.6) 32 (13.1) >  0.999

  Rebound tenderness 4 (1.4) 1 (4.3) 3 (1.1) 0.284

Headache 263 4 259

 Age (yr) 21.0 ±  1.6 21.5 ±  2.4 21.0 ±  1.5 0.489

 Rank 0.305

  Private 21 (8.0) 1 (25.0) 20 (7.7)

  Private first class 117 (44.5) 2 (50.0) 115 (44.4)

  Corporal 95 (36.1) 0 (0.0) 95 (36.7)

  Sergeant 30 (11.4) 1 (25.0) 29 (11.2)

Onset (day) 36.4 ±  148.5 NA 36.4 ±  148.5 NA

 Associated symptom

  Syncope 7 (2.7) 0 (0.0) 7 (2.7) >  0.999

  Dizziness 47 (17.9) 1 (25.0) 46 (17.8) 0.549

  Nausea/vomiting 78 (29.7) 0 (0.0) 78 (30.2) 0.321

 Trauma history 32 (12.2) 1 (25.0) 31 (12.0) 0.408

 Previous headache history 75 (28.5) 1 (25.0) 74 (28.7) >  0.999

 Abnormal neurologic sign 3 (1.2) 1 (25.0) 2 (0.8) 0.046

Values are presented as number only, mean ± standard deviation, or number (%).

RUQ, right upper quadrant; RLQ, right lower quadrant; LUQ, left upper quadrant; LLQ, left lower quadrant; NA, not available.
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(24 of 294, 8.2%) and headache (4 of 263, 1.5%). Among the 

critical illness patients, 14 were hospitalized (31.1%; 6 with 

chest pain, 6 with abdominal pain, and 2 with headache), 13 

had a surgery or procedure (28.9%; 1 with chest pain and 12 

with abdominal pain), and 18 were transferred to a civilian 

tertiary hospital (40.0%; 10 with chest pain, 6 with abdominal 

pain, and 2 with headache). 

Analysis of patients with critical illness for each 
chief complaint 

Chest pain 
We investigated the risk factors for critical illness with each 

chief complaint (Table 1). Of the 205 patients who had chest 

pain, the mean age was 20.9 ±  1.6 years, and the rank was pri-

vate for 17 patients (8.3%), private first class for 67 patients 

(32.7%), corporal for 90 patients (43.9%), and sergeant for 31 

patients (15.1%). The onset of the chest pain was 135.6 ±  

475.4 days ago, and the duration was 217.5 ±  508.1 minutes. 

Seventeen patients (8.3%) were diagnosed with critical illness, 

and their mean age was 20.3 ±  0.9 years. The following critical 

illnesses were diagnosed: arrhythmia (n =  6: non-sustained 

ventricular tachycardia, 1; atrial fibrillation, 2; paroxysmal su-

praventricular tachycardia [PSVT], 1; and type 2 second-de-

gree atrioventricular block, 2), stable angina (n =  1), variant 

angina (n =  1), acute mediastinitis (n =  1), hypertrophic car-

diomyopathy (n =  1), bicuspid aortic valve (n =  1), atrial sep-

tal defect (n =  1), pneumothorax (n =  2), asthma (n =  1), and 

pneumonia (n =  2) (Figure 1). For multivariable analysis, the 

following factors were significantly associated with the critical 

illness: palpitation (odds ratio [OR], 22.81; 95% confidence in-

terval [CI], 5.08–102.40; p <  0.001), dyspnea on exertion (OR, 

16.33; 95% CI, 3.38–78.84; p =  0.001), duration of chest pain 

greater than 5 minutes (OR, 7.54; 95% CI, 1.93–29.49; p =  

0.004), and chest pain type of squeezing (OR, 5.28; 95% CI, 

1.11–25.11; p =  0.037) (Figure 2). 

In diagnosing critical illness in patients with chest pain, chest 

Figure 1 Graphic illustration of critical illness in each chief complaint and type of treatment after confirmed diagnosis

Critical patients with headache (n = 4)
• Pituitary adenoma
• Fibrous dysplasia
• Herpes zoster
• Rhabdomyolysis

Treatments after initial diagnosis (n = 45)

• Hospitalization (2)
• Tertiary center referral (2)

• Hospitalization (6)
• Tertiary center referral (10)
• Procedure (1)a)

• Hospitalization (6)
• Tertiary center referral (6)
• Operation (12)b)

Critical patients with chest pain (n = 17)
• Non-sustained ventricular tachycardia
• Atrial fibrillation (2)
• Paroxysmal supraventricular tachycardia
• Type 2 second-degree atrioventricular block (2)
• Bicuspid aortic valve
• Atrial septal defect
• Hypertrophic cardiomyopathy
• Stable angina
• Variant angina
• Acute mediastinitis
• Pneumothorax (2)
• Asthma
• Pneumonia (2)

Critical patients with abdominal pain (n = 24)
• Acute appendicitis (11)
• Acute cholecystitis (2)
• Acute diverticulitis
• Ureter stone (2)
• Pneumonia
• Splenic cyst rupture
• Incarceration of indirect hernia
• Severe acute gastroenteritis (3)
• Severe duodenitis
• Severe functional abdominal pain

The numbers indicate the number of patients who were diagnosed with the disease.
a)Radiofrequency catheter ablation for paroxysmal supraventricular tachycardia was performed at a civilian tertiary center. b)All patients were referred 
for surgery, and acute appendicitis was confirmed after laparoscopic appendectomy in all cases.
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Figure 2 Forest plot of univariate and multivariate analyses for risk factors associated with critical illness

OR, odds ratio; CI, confidence interval.

Univariable analysis
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0.021
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X-ray (2 of 17 [11.8%] vs 2 of 188 [1.1%], p =  0.035), electrocar-

diogram (8 of 17 [47.1%] vs 19 of 188 [10.1%], p <  0.001), 

echocardiogram (3 of 17 [17.6%] vs 5 of 188 [2.7%], p =  0.021), 

24-hr Holter (7 of 17 [41.2%] vs 8 of 188 [4.3%], p <  0.001), 

chest computed tomography (CT) (4 of 17 [23.5%] vs 9 of 188 

[4.8%], p =  0.015), and coronary CT (3 of 17 [17.6%] vs 1 of 188 

[0.5%], p =  0.002) were meaningfully useful (Table 2). More-

over, the serum level of alanine aminotransferase also showed 

a significantly lower value in patients with critical illness asso-

ciated with chest pain (17 ±  4 IU/L vs 24 ±  16 IU/L, p <  0.001). 

Abdominal pain 
A total of 294 patients were included in the analysis of abdom-

inal pain (Table 1). The mean age of the patients was 21.0 ±  1.7 

years, and the number of patients with each rank was 20 (6.8%) 

for private, 111 (37.8%) for private first class, 121 (41.2%) for 

corporal, and 42 (14.3%) for sergeant. Mean duration from the 

onset of abdominal pain was 15.3 ±  63.5 days. Twenty-four 

patients (8.2%) were diagnosed with a critical illness due to 

abdominal pain. Their mean age was 21.3 ±  1.6 years, and the 

critical illness diagnoses were as follows: acute appendicitis (n 

=  11), acute cholecystitis (n =  2), acute diverticulitis (n =  1), 

ureter stone (n =  2), pneumonia (n =  1), splenic cyst rupture 

(n =  1), incarceration of indirect hernia (1), severe acute gas-

troenteritis (n =  3), severe duodenitis (n =  1), and severe 

functional abdominal pain (n =  1) (Figure 1). For multivari-

able analysis, diarrhea, tenderness at the right upper quad-

rant, and tenderness at the right lower quadrant (RLQ) were 

included. Among them, tenderness at the RLQ (OR, 11.87; 

95% CI, 4.42–31.87; p <  0.001) was significantly associated 

with critical illness. On the other hand, the symptom of diar-

rhea seemed to be associated with mild disease (OR, 0.30; 

95% CI, 0.11–0.83; p =  0.021) (Figure 2). 

Abdominal and pelvic CT (14 of 17 [82.4%] vs 15 of 270 [5.6%], 

p <  0.001) was significantly useful for diagnosing critical ill-

ness related to abdominal pain (Table 2). Among laboratory 

results, total bilirubin (1.4 ±  1.2 mg/dL vs 0.8 ±  0.4 mg/dL, p 

=  0.040) was significantly associated with critical illness. 

Headache 
Two hundred sixty-three patients visited our neurology clinic 

due to headaches (Table 1). Mean age was 21.0 ±  1.6 years, 

and the ranks were private for 21 patients (8.0%), private first 

class for 117 patients (44.5%), corporal for 95 patients (36.1%), 

and sergeant for 30 patients (11.4%). Mean duration from the 

onset of headache was 36.4 ±  148.5 days. Among the head-

ache patients, four (1.5%) were diagnosed with critical illness. 

The critical illness diagnoses were pituitary adenoma, fibrous 

dysplasia, herpes zoster, and rhabdomyolysis (Figure 1). Ab-

normal neurologic signs were found in the patient with her-

pes zoster (1 of 4 [25.0%] vs 2 of 259 [0.8%], p =  0.046) and 

were associated with critical illness in multivariable analysis 

(p =  0.013, OR 55.70, 95% CI 2.30-1348.98) (Figure 2). 

Both brain CT (2 of 4 [50.0%] vs 3 of 259 [1.2%], p =  0.002) and 

brain magnetic resonance imaging (MRI) (2 of 4 [50.0%] vs 9 

of 259 [3.5%], p =  0.009) were sufficient to detect critical ill-

ness in patients with headache. 

Representative cases of critical illnesses 

Cardiac arrhythmia with chest pain 
A 21-year-old male sergeant presented to our clinic for evalu-

ation of intermittent tightening chest pain over the past 2 

months. The chest pain was associated with mild shortness of 

breath and sudden onset of palpitations. These episodes oc-

curred irregularly, several times a month, and lasted 1 to 

5 minutes. A 12-lead electrocardiogram showed sinus brady-

cardia, and echocardiography revealed no abnormal findings. 

However, on Holter monitoring, the episodes of narrow QRS 

tachycardia were detected during physical activity (Figure 

3A). Tachycardia of 190 beats per minute was induced by pre-

mature atrial complex and lasted up to 8 minutes. Therefore, 

the patient was diagnosed with PSVT and was transferred to a 

civilian tertiary hospital for electrophysiological study and ab-

lation of PSVT. Since the procedure, the patient has had no re-

current episodes. 

Acute appendicitis with abdominal pain 
A 20-year-old male private first class was transferred to our 

emergency room with a 6-hour history of severe abdominal 

pain. His symptoms suddenly occurred as a vague pain 

around the umbilicus. As the pain worsened, it became sharp 

and migrated to the RLQ, accompanied by nausea and vomit-

ing. On physical examination, tenderness at McBurney’s point 

was positive with focal abdominal guarding. The white blood 

cell count was 10,340/mm3 with 71.5% neutrophils. Abdomi-

nal and pelvic CT was performed, and acute appendicitis was 

diagnosed with findings of dilated appendix (1.5 cm) with 

wall enhancement and appendicolith (Figure 3B). The patient 

underwent a laparoscopic appendectomy for acute suppura-

tive appendicitis. After successful treatment, he was dis-

charged without any complications. 

Discussion 
In our analysis of patients who had chest pain, abdominal 
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Table 2 Diagnostic evaluation of critical illness in patients with chest pain, abdominal pain, and headache

Variable Total Critical illness Noncritical illness p-value

Chest pain 205 17 188

 Abnormal imaging study
  Chest X-ray 4 (2.0) 2 (11.8) 2 (1.1) 0.035

  Electrocardiogram 27 (13.2) 8 (47.1) 19 (10.1) <  0.001

  Echocardiogram 8 (3.9) 3 (17.6) 5 (2.7) 0.021

  24-hr Holter 15 (7.3) 7 (41.2) 8 (4.3) <  0.001

  Chest CT 13 (6.3) 4 (23.5) 9 (4.8) 0.015

  Coronary CT 4 (2.0) 3 (17.6) 1 (0.5) 0.002

 Laboratory study
    WBC (/μL) 7,305 ±  1,601 6,591 ±  1,539 7,379 ±  1595 0.080

  Hb (g/dL) 15.2 ±  0.9 15.2 ±  0.9 15.2 ±  0.9 0.817

    Platelet (×103/μL) 254 ±  53 230.5 ±  47.2 256.7 ±  53.4 0.079

  CRP (mg/dL) 0.5 ±  1.7 1.37 ±  3.5 0.3 ±  0.7 0.355

  AST (IU/L) 26 ±  21 21 ±  5 17 ±  4 0.365

  ALT (IU/L) 23 ±  16 17 ±  4 24 ±  16 <  0.001

  ALP (IU/L) 52 ±  84 88 ±  46 83 ±  23 0.578

  Total bilirubin (mg/dL) 0.8 ±  0.3 0.8 ±  0.3 0.8 ±  0.3 0.699

  Troponin-I (ng/mL) 0 0 0 > 0.999

Abdominal pain 294 24 270

 Abnormal imaging study
  Chest X-ray 0 (0) 0 (0) 0 (0) >  0.999

  Abdominal and pelvic CT 29 (9.9) 14 (58.3) 15 (5.6) <  0.001

 Laboratory study
    WBC (/μL) 8,259 ±  2,873 11,104 ±  3,571 7,856 ±  2,526 0.001

  Hb (g/dL) 15.1 ±  1.0 15.5 ±  0.8 15.1 ±  1.0 0.115

  Platelet (× 103/μL) 253 ±  59 250 ±  57 253 ±  60 0.826

  CRP (mg/dL) 1.6 ±  3.5 2.7 ±  5.8 1.4 ±  2.9 0.349

  AST (IU/L) 25 ±  12 21 ±  8 25 ±  12 0.168

  ALT (IU/L) 24 ±  19 19 ±  6 24 ±  20 0.212

  ALP (IU/L) 80 ±  21 77 ±  18 81 ±  22 0.507

  Total bilirubin (mg/dL) 0.9 ±  0.6 1.4 ±  1.2 0.8 ±  0.4 0.040

  Amylase (IU/L) 51 ±  15 54 ±  20 50 ±  13 0.452

Headache 263 4 259

 Abnormal imaging study
  Brain CT 5 (1.9) 2 (50.0) 3 (1.2) 0.002

  Brain MRI 11 (4.2) 2 (50.0) 9 (3.5) 0.009

 Laboratory study
    WBC (/μL) 7,423 ±  1,882 6,380 ±  1,580 7,453 ±  1,888 0.333

  Hb (g/dL) 15.2 ±  0.8 15.5 ±  1.4 15.2 ±  0.8 0.514

  Platelet (× 103/μL) 260 ±  53 217 ±  27 261 ±  53 0.159

  CRP (mg/dL) 0.99 ±  3.65 1.0 ±  1.6 1.0 ±  3.8 0.987

  AST (IU/L) 26 ±  16 27 ±  20 26 ±  23 0.900

  ALT (IU/L) 26 ±  22 29 ±  26 21 ±  23 0.835

  ALP (IU/L) 78 ±  18 85 ±  21 77 ±  18 0.470

  Total bilirubin (mg/dL) 0.8 ±  0.4 0.5 ±  0.2 0.8 ±  0.4 0.199

Values are presented as number only, mean ± standard deviation, or number (%).

CT, computed tomography; WBC, white blood cell; Hb, hemoglobin; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 

phosphatase; MRI, magnetic resonance imaging.
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pain, or headache, a critical illness was diagnosed in 45 pa-

tients (5.9%). Chest pain was associated with the highest diag-

nostic rate of critical illness (17 of 205, 8.3%), while abdominal 

pain due to acute appendicitis was the most common critical 

disease entity (11 of 45, 24.4%). For chest pain, the presence 

of palpitations, dyspnea on exertion, duration exceeding 5 

minutes, and squeezing-type pain were significantly associat-

ed with critical illness. For patients with abdominal pain, 

right-side tenderness was an alarming sign of critical disease. 

While the criticality was low for headaches (4 of 263, 1.5%), 

and half of patients with critical illness were incidentally diag-

nosed regardless of headache, neurologic examination was 

significantly associated with critical disease. 

Our study is unique in that it was conducted with a popula-

tion composed of previously healthy young males serving in 

the military. South Korea reflects a unique situation in which 

all healthy male citizens must serve in the military, so all en-

rolled patients were soldiers who had passed a previous med-

ical examination during military enlistment. Therefore, the 

diseases detected in our patients are likely to have occurred 

sporadically in any population of healthy Korean males in 

their early twenties. However, the results should be interpret-

ed cautiously, because this group of patients was obliged to 

join the military regardless of their own will and were placed 

in a restrained environment where they had to follow certain 

schedules and command structures. These stressful condi-

tions might have affected patient psychiatric status and trig-

gered somatization, leading to exaggerated symptoms [19-22]. 

Nevertheless, the results can serve as valuable data for critical 

illness in healthy young Korean males. 

The risk factors analyzed for critical illness will be helpful for 

field military doctors and commanders to care for their sol-

Figure 3 Two representative cases of critical illnesses with chest pain and abdominal pain

(A) Electrocardiogram tracing of paroxysmal supraventricular tachycardia from 24-hour Holter monitoring. Electrocardiogram revealed a heart rate 
above 180 beats/min with narrow QRS complexes and absence of P waves after a single atrial premature beat (black arrow). (B) Abdominal and pelvic 
computed tomography of acute appendicitis shows dilated appendix lumen (white arrow) filled with fluid and appendicolith and thickened and en-
hanced walls following the administration of intravenous contrast medium.
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diers. At a battalion’s primary care site, field military doctors 

must depend on medical history and physical examination 

without any advanced diagnostic tools to distinguish critical 

from mild illness, and it is often challenging to transfer patients 

to a secondary care site due to the characteristics of the mili-

tary. Chest pain, abdominal pain, and headache are well estab-

lished as signs of critical illness [1,23,24], and our results are es-

pecially practical for military medicine in that the risk factors 

were gathered from soldiers in an actual clinical situation. 

For critical illnesses associated with chest pain, arrhythmia 

was the most common and severe disease. Patients accompa-

nied by palpitation and exertional dyspnea were associated 

with arrhythmias such as atrial fibrillation, ventricular tachy-

cardia, and PSVT, and this result is consistent with a previous 

study with 24-hour electrocardiographic monitoring [25]. 

Supporting our result, a prospective study also revealed that 

palpitation was associated with arrhythmia in 40% of the pa-

tients diagnosed. Moreover, a German cohort study reported 

that palpitation and dyspnea accompanied by chest pain were 

associated with severe heart disease requiring treatment 

[26,27]. An increase in exercise volume through more intense 

training in the military than in daily life can cause other relat-

ed symptoms in addition to chest pain. It is important to ac-

curately select patients at risk of critical illness for transfer to a 

tertiary hospital based on the symptom complaints in envi-

ronments where there is no special examination, such as in a 

field situation. Therefore, if a soldier has chest pain with pal-

pitation, a field military doctor and a commander should con-

sider transfer to a secondary care unit in which an electrocar-

diogram is available. 

Right-side tenderness with abdominal pain was an alarming 

sign of critical illness. The right-side abdomen is anatomically 

more vulnerable to surgical diseases such as acute appendici-

tis and acute cholecystitis [28,29]. Indeed, acute appendicitis 

was the most common critical illness as a single disease entity 

in our analysis. Acute appendicitis can have a poor prognosis 

if diagnosis is delayed until perforation [30]. In the early stage, 

acute appendicitis is difficult to differentiate from acute gas-

troenteritis. According to our analysis, the presence of diar-

rhea could be a protective factor implying mild disease with a 

self-limiting course. 

Patients complaining of headaches were mostly diagnosed 

with primary headaches. There were no cases of vascular or 

infectious origins that could be fatal, and tumorous conditions 

including pituitary adenoma and fibrous dysplasia were inci-

dentally diagnosed. Our study showed a higher prevalence of 

abnormalities on brain imaging compared to a previous study 

with young healthy volunteers (13.6% vs 9.4%) but had a far 

lower diagnostic rate of critical illness (2.4% vs 5.2%) [31]. In 

particular, brain CT alone was sufficient to diagnose critical 

illness. This information could be meaningful to field clini-

cians in that it provides the prevalence of incidental findings if 

brain imaging is performed on patients who have headache. 

Considering that the prevalence of critical incidental findings 

is very low in patients with headaches [32], at a battalion’s pri-

mary care site, neurologic examination should be carefully 

performed on patients, and nonsteroid anti-inflammatory 

agents could be tried first prior to transfer. 

Our study has several limitations. The enrolled patients were 

all soldiers under stressful conditions, so psychiatric status 

might have affected the occurrence and severity of symptoms. 

Moreover, since Armed Forces Seoul District Hospital is main-

ly for soldiers guarding the capital, there were few febrile dis-

eases. Considering that most of the armed forces in South Ko-

rea are near forests and mountains, febrile diseases should be 

ruled out when patients have such symptoms. Furthermore, 

due to the urban transportation system, transfer was relatively 

quick and accessible compared to transfer for field armies. 

Taken together, our results should not be generalized to field 

forces, and the judgment of field military doctors is para-

mount when deciding whether to transport patients to high-

er-level hospitals. 

In conclusion, we showed the prevalence and risk factors as-

sociated with critical illness in male patients in their early 

twenties who were previously healthy. This study could pro-

vide a practical reference for field military doctors and com-

manders when deciding whether to transfer patients to a sec-

ondary hospital. We expect that further research on this topic 

would greatly contribute to the welfare and combat power of 

soldiers. 
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Introduction 
Posttransplant lymphoproliferative disorders (PTLDs) involve 

B-lymphocytes that are elevated in the environment of chron-

ic immunosuppression in cases of solid tumor or allogeneic 

hematopoietic cell transplant (HCT) [1]. In most cases of 

PTLD, Epstein-Barr virus (EBV)-driven B-cell proliferation 

occurs due to reduced activity of T cells. Immunocompetent 

individuals can cause a cytotoxic T cell response that elimi-

nates EBV-infected B cells. Still, a small number of infected B 

cells downregulate viral antigen, which helps them to evade 

immune surveillance. These can persist as a latent infection; 

in immunosuppression, they can also cause reactivation, 

which results in PTLD [2]. PTLD is related to the degree and 

type of immunosuppression and the donor or recipient EBV 
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serology at the time of transplantation [3]. The incidence of 

EBV positivity in renal transplant patients is up to 3%, with a 

greater incidence in the first year after transplantation [1,4]. 

Isolated cases of PTLD-related, EBV-positive primary central 

nervous system lymphoma (PCNSL) are rare, and the presen-

tation can vary depending on the lymphoma location. We re-

port a rare case of isolated EBV-positive PCNSL that came to 

our attention due to insidious left-sided weakness. 

Case Report 
A 62-year-old female presented to our tertiary care facility 

with complaints of progressive generalized weakness and re-

cent falls for the past 1 week. The patient had a previous med-
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ical history of cadaveric renal transplantation 16 years ago 

and was currently on immunosuppressive therapy (tacrolim-

us 6 mg, mycophenolate 360 mg, and prednisone 360 mg; 

once daily, respectively); she also had a history of hyperten-

sion and subtotal parathyroidectomy. On presentation, her 

vitals were stable. The physical examination was significant 

for generalized moderate gross motor weakness without sen-

sory deficits and isolated left upper extremity weakness. The 

ophthalmological exam was unremarkable. The patient also 

reported paravertebral lower back pain and neck pain. Al-

though the patient reported that the weakness was not new, a 

brain computed tomographic scan was carried out due to 

suspicion of stroke, which was a concern for an enlarging pa-

renchymal mass within the left frontal lobe. Brain magnetic 

resonance imaging (MRI) with contrast was performed to 

characterize the lesion further and revealed a peripherally en-

hancing, 2.8-cm, left frontal lobe lesion with surrounding ede-

ma and mass effect (Figure 1). An MRI of the spine reported 

multilevel cervical spondylosis and myelomalacia at C5-C6, 

which explained the patient’s isolated left-sided gross motor 

power changes. In the past 6 months, the patient reported an 

approximately 27 kg unintentional weight loss without night 

sweats or fevers. She did not report any personal history of 

personality changes, but the family reported slowness of 

thought and “increased quietness” during the last two 

months. Infectious disease and neurosurgery departments 

were consulted. Multiple infectious etiologies were investigat-

ed, and the serum was positive for toxoplasma immunoglob-

ulin G and John Cunningham (JC) virus DNA. Infectious dis-

ease and neurosurgery recommended an excisional biopsy; 

based on their input, toxoplasmosis was unlikely to be the 

cause of presenting symptoms, and the lesion was not classi-

cal for the JC virus. The patient underwent excisional biopsy 

via craniotomy, and the pathology was consistent with 

PCNSL: EBV-positive diffuse large B-cell lymphoma (DLBCL), 

non-germinal center (GC) type (Figure 2). 

Fluorescence in situ hybridization analysis was negative for 

MYC amplification or rearrangement and BCL6 and BCL2 re-

arrangement. A t(8;14) translocation was not detected (Table 

1). The analysis identified no evidence of a “double” or “triple” 

hit lymphoma. Likewise, there was no evidence of a Burkitt 

lymphoma-related translocation. Findings confirmed the im-

Figure 1 Magnetic resonance imaging

Figure 2 Histopathological images of brain biopsy

(A) T1-sequence showing a 27.7 × 22.5 mm peripheral enhancing le-
sion (arrow) in the frontal cortex. (B) Fluid-attenuated inversion recovery 
showing a peripherally enhancing lesion with surrounding edema. (C) 
Diffusion-weighted image.

Neoplastic cells were centered around blood vessels (arrows) with 
necrotic cells (pink areas) surrounding aggregates of viable cells. Cyto-
logically, the neoplastic cells had moderate-sized nuclei and scant but 
discernible cytoplasm. H&E staining; A, ×50 and B, ×100.

A B

Table 1 Fluorescence in situ hybridization analysis

Variable Result

MYC amplification Not detected

MYC rearrangement Not detected

BCL6 rearrangement Not detected

BCL2 rearrangement Not detected

t(8;14) Not detected
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munohistochemical impression of an activated B-cell–like 

DLBCL (Figure 3). 

Lumbar puncture was unremarkable for flow cytometry and 

cytopathology. Oncology suggested five cycles of chemother-

apy with rituximab, methotrexate, procarbazine, and vincris-

tine, and the patient was discharged to outpatient follow-up 

within 1 month. High-dose methotrexate (HD-MTX)-based 

treatment was not administered due to severe renal dysfunc-

tion (24-hour creatinine clearance of 30 mL/min). The patient 

is currently on rituximab and temozolomide. The doses of 

chemotherapeutic drugs that were administered during each 

cycle are shown in Table 2. During subsequent follow-up vis-

its, the patient’s constitutional weakness and bradyphrenia 

improved, and she underwent consolidation chemotherapy 

(Table 2). 

Discussion 
PTLD is a plasmocytic proliferation resulting from immuno-

suppression in the setting of solid organ transplantation. In 

most cases, PTLD is an EBV-positive B-cell proliferation due 

to reduced T cell immune surveillance from immunosuppres-

sion [2]. Acute EBV infection leads to polyclonal expansion of 

B cells that harbor the EBV. A small subpopulation of infected 

B cells can escape immune surveillance by downregulating 

viral antigen expression [1-4]. During chronic immunosup-

pression, these infected B cells give rise to lymphoprolifera-

tive disorders, such as PTLD. Primary central nervous system 

(CNS) PTLD is uncommon, and the present study reports a 

case of frontal lobe EBV-positive PCNSL in a renal transplant 

patient who presented with left-sided weakness and was later 

treated with a consolidated chemotherapeutic regimen with 

Figure 3 Immunohistochemical evaluation of neoplastic lesion

(A-C) An immunohistochemical evaluation revealed that neoplastic cells showed strong membranous expression of CD20 and nuclear expression of 
MUM1 but lacked expression of CD10. Most neoplastic cells also showed expression of BCL-2 and PAX-5, while over 30% of cells showed BCL-6 ex-
pression (not shown). The Ki-67/MIB-1 proliferation index was very high at 30% to 50% (not shown). Admixed T cells showed expression of CD3 and 
CD5, while neoplastic cells lacked expression of these antigens (not shown). (D) By in situ hybridization, Epstein-Barr virus (EBV) expression was noted 
in most neoplastic cells. The combined findings were consistent with a designation as a diffuse large B-cell lymphoma of the non-germinal cell type 
that was EBV-positive. A–D, ×50.
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significant improvement [2-4]. PCNSL is a type of non-Hod-

gkin’s lymphoma that accounts for 0.3% to 1.5% of all intracra-

nial neoplasms and 0.7% to 2% of lymphomas and is associat-

ed with underlying immunosuppression [5]. PCNSL can occur 

in the brain, eyes, or spine, and there is little evidence of sys-

temic spread [6]. Patients usually present with neurological 

signs within weeks, including focal neurologic deficits, mental 

status changes, and behavioral alterations related to increased 

intracranial pressure, including papilledema, headache, and 

seizures [7]. The initial stage of clinical presentation varies de-

pending on the area involved. Many of the patient’s present-

ing symptoms were behavioral and neurocognitive changes, 

which are nonspecific and can delay the diagnosis. Compared 

to other space-occupying lesions, patients can present with 

raised intracranial pressure and should be evaluated over 

time. Patients might present with ocular symptoms, including 

decreased visual acuity, blurred vision, or floaters. The clini-

cal presentation in a patient with intramedullary spinal in-

volvement depends on the area of the spine occupied by the 

tumor; however, the thoracic spine is typically involved. Lep-

tomeningeal involvement can present with cerebrospinal flu-

id dissemination and parenchymal lesions [7]. 

In contrast to other primary or metastatic brain tumors, 

PCSNL usually occupies subcortical and deep structures and 

spares the cerebral cortex. Thus, seizures are less likely to oc-

cur in these patients [8]. Patients typically do not present with 

constitutional B symptoms, such as night sweats, fever, and 

weight loss, which are typical in non-Hodgkin’s lymphoma 

[9]. This pattern was demonstrated by our case where the pa-

tient did not report any B symptoms. 

Diagnosis of PCNSL requires a high degree of suspicion upon 

presentation. MRI with contrast can show a ring-enhancing 

lesion, and brain biopsy with histopathologic evaluation can 

confirm the pathology. Characteristic imaging findings typi-

cally reveal a uniform contrast-enhancing mass with vasogen-

ic edema, which produces a mass effect in the lateral ventri-

cles. After confirmation of the diagnosis, a thorough systemic 

evaluation should involve the eyes, spine, and systemic or-

gans. This can help determine the therapy of choice and re-

veal the extent of the disease [10]. Patients with PTLD involv-

ing the CNS should be considered for treatment with the pro-

tocols used for PCNSL [11]. First-line treatment of PCNSL 

consists of chemotherapy followed by consolidation via 

whole-body radiation therapy [7]. A complete radiological re-

sponse is recommended before starting consolidation therapy 

for PTLD-related PCNSL. Whole-brain radiation therapy 

(WBRT), high-dose chemotherapy with autologous HCT, or 

nonmyeloablative chemotherapy is considered for consolida-

tion based on patient profile and toxicities of certain regimes 

[12]. Despite the initial high response rates of PCNSL to ste-

roids, the radiographic and clinical improvement is only tran-

sient and tends to recur. Therefore, these modalities are used 

for supportive therapy only [13]. Steroid use is discouraged 

before biopsy as it can cause false remission and interfere 

with the tumor’s histopathology because of its lymphocyto-

toxicity. Another risk is opportunistic infections while a pa-

tient is undergoing chemotherapy and is on high-dose ste-

roids. Therefore, prophylactic antibiotics should be consid-

ered. 

The treatment of PTLD-related EBV-positive PCNSL presents 

a significant problem. The conventional treatments that can 

work for PCNSL might not be as effective in the EBV-positive 

Table 2 Dosages of immunosuppressant therapy during each cycle

Cycle
Immunosuppressant therapy Consolidationa

Rituximab (mg/m2) Temozolomide (mg) BSA (m2; mg/m2) Duration (day) Temozolomide (mg) BSA (m2; mg/m2)

1 240 1.69; 142 5 285 1.9; 149

2 375 285 1.9; 149

3 375 240 1.69; 142 285 1.9; 149

4 375 260 1.78; 146 5 300 2.04; 150

5 375 300 2.04; 150

6 375 280 1.86; 146 5 300 2.04; 150

7 375 300 2.04; 150

8 300 2.13; 140

9 300 2.13; 140

BSA, body surface area.
aBrain magnetic resonance imaging without contrast (due to poor renal function) showed no restricted diffusion around the surgical cavity in the left frontal lobe, with sta-

ble surrounding fluid-attenuated inversion recovery hyperintensity.
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variant, as demonstrated by the retrospective study results of 

Park et al. [14], which showed an inadequate response and a 

worse survival rate in EBV-positive lymphomas compared to 

EBV-variants. Whole-body radiation therapy has been used 

for years as a first-line treatment for EBV-positive PCNSL. 

While the initial response appears promising, it is associated 

with significant neurotoxicities, like cognitive impairment, 

deafness, behavioral disturbances, incontinence, and weak-

ness [15]. Raez et al. [16] reported a positive response in four 

immunosuppressed patients with AIDS-related EBV-positive 

lymphoma who were treated with azathioprine and zidovu-

dine ganciclovir interleukin-2. 

The positive response to antiretrovirals in these patients is 

due to viral kinases, which successfully phosphorylated the 

drugs and led to an efficacious response. Roychowdhury et al. 

[17] hypothesized that induced expression of EBV thymidine 

kinase and other lytic gene products would support the phos-

phorylation of azathioprine and ganciclovir, thereby enhanc-

ing the cytotoxic activity against EBV-positive PCNSL in vivo. 

Further studies and clinical trials are warranted to study these 

inductions in successful treatment of these patients. 

Comorbidities can be a hurdle in forming treatment plans 

due to the often extensive side effect profiles of chemothera-

peutic agents. HD-MTX was initially selected for our patient 

but was not administered due to her existing severe renal dys-

function (24-hour creatinine clearance of 30 mL/min). She 

was then started on rituximab and temozolomide. An antivi-

ral regimen can also be used, as demonstrated by Hansen and 

Nielsen [18] with their initial use of ganciclovir followed by 

valganciclovir. In most cases, an immunotherapy dose reduc-

tion, steroids with chemotherapy, and radiotherapy were 

used; the chemotherapy choice depended on clinician and 

side effect profiles [18-24]. Conservative therapy here is de-

fined by an immunotherapy dose reduction or forgoing che-

motherapy or radiotherapy. This approach was employed by 

Valavoor et al. [19] and Mazanowska et al. [23] due to patient 

comorbidities and intolerability. 

Posttransplant EBV-positive DLBCL in CNS is a rare and ag-

gressive disease with a poor prognosis, especially in the elder-

ly. Based on the classification proposed by Hans et al. [25], 

B-cell lymphoma could be GC B-cell lymphoma (CD10 posi-

tive) or non-GC–activated B-cell–like DLBCL (CD10 negative) 

(Figure 4). 

We discussed a case where a frontal lobe PCNSL was coinci-

dentally found on imaging, and the retrospective history re-

vealed symptoms that otherwise would have evaded early di-

agnosis for many months. A particular focus should be placed 

on neuropsychiatric symptoms when obtaining a history, and 

a concurrent family history should be performed. Depression, 

apathy, confusion, memory impairment, or slowness of 

thought can present as symptoms of PTLD-related PCNSL 

and should raise a red flag in patients with clinical suspicion. 

Diagnosis should always be confirmed by biopsy, and treat-

ment mostly consists of chemotherapy followed by WBRT and 

immunotherapeutic reduction. However, cases can vary. 

While antiviral prophylaxis can decrease the incidence of 

PTLD-related PCNSL, antiviral therapy has yet to establish 

convincing efficacy for treating PCNSL. 
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ray classification of DLBCL

GC: 
GC B-cell lymphoma 

(CD10 positive)

≥30%

≥30%

+

−

−

−
vs

Non-GC:
Activated B-cell–like 

DLBCL 
(CD10 negative)

MUM1

GC

CD10 +: <10% of CNS
lymphomas ≥30%

+

+

Non-GC

CD10

Bcl-6

Hassam Ali et al. PTLD and CNS lymphoma in a kidney transplant recipient

encephalitisjournal.org encephalitis |Vol. 2, No. 3| April 28, 2022 87

http://encephalitisjournal.org


References 
1. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World 

Health Organization classification of lymphoid neoplasms. Blood 

2016;127:2375–2390. 

2. Hanto DW. Classification of Epstein-Barr virus-associated posttrans-

plant lymphoproliferative diseases: implications for understanding 

their pathogenesis and developing rational treatment strategies. Annu 

Rev Med 1995;46:381–394. 

3. Capello D, Cerri M, Muti G, et al. Analysis of immunoglobulin heavy 

and light chain variable genes in post-transplant lymphoproliferative 

disorders. Hematol Oncol 2006;24:212–219. 

4. Faull RJ, Hollett P, McDonald SP. Lymphoproliferative disease after re-

nal transplantation in Australia and New Zealand. Transplantation 

2005;80:193–197. 

5. Costa H, Franco M, Hahn MD. Primary lymphoma of the central ner-

vous system: a clinical-pathological and immunohistochemical study 

of ten autopsy cases. Arq Neuropsiquiatr 2006;64:976–982. 

6. Gandhi MK, Hoang T, Law SC, et al. EBV-associated primary CNS lym-

phoma occurring after immunosuppression is a distinct immunobio-

logical entity. Blood 2021;137:1468–1477. 

7. Grommes C, DeAngelis LM. Primary CNS lymphoma. J Clin Oncol 

2017;35:2410–2418. 

8. Sierra del Rio M, Rousseau A, Soussain C, Ricard D, Hoang-Xuan K. 

Primary CNS lymphoma in immunocompetent patients. Oncologist 

2009;14:526–539. 

9. Batchelor TT. Primary central nervous system lymphoma. Hematolo-

gy Am Soc Hematol Educ Program 2016;2016:379–385. 

10. Abrey LE, Batchelor TT, Ferreri AJ, et al. Report of an international 

workshop to standardize baseline evaluation and response criteria for 

primary CNS lymphoma. J Clin Oncol 2005;23:5034–5043. 

11. Nabors LB, Palmer CA, Julian BA, Przekwas AM, Kew CE. Isolated 

central nervous system posttransplant lymphoproliferative disorder 

treated with high-dose intravenous methotrexate. Am J Transplant 

2009;9:1243–1248. 

12. Illerhaus G, Marks R, Ihorst G, et al. High-dose chemotherapy with 

autologous stem-cell transplantation and hyperfractionated radio-

therapy as first-line treatment of primary CNS lymphoma. J Clin Oncol 

2006;24:3865–3870.  

13. Ferracini R. Primary malignant non-Hodgkin's lymphomas of the 

central nervous system in immunocompetent patients: diagnostic, 

prognostic and therapeutic criteria. Pathologica 1997;89:146–154. 

14. Park S, Lee J, Ko YH, et al. The impact of Epstein-Barr virus status on 

clinical outcome in diffuse large B-cell lymphoma. Blood 2007; 

110:972–978. 

15. Herrlinger U, Schäfer N, Fimmers R, et al. Early whole brain radiother-

apy in primary CNS lymphoma: negative impact on quality of life in 

the randomized G-PCNSL-SG1 trial. J Cancer Res Clin Oncol 2017; 

143:1815–1821. 

16. Raez L, Cabral L, Cai JP, et al. Treatment of AIDS-related primary cen-

tral nervous system lymphoma with zidovudine, ganciclovir, and in-

terleukin 2. AIDS Res Hum Retroviruses 1999;15:713–719. 

17. Roychowdhury S, Peng R, Baiocchi RA, et al. Experimental treatment 

of Epstein-Barr virus-associated primary central nervous system lym-

phoma. Cancer Res 2003;63:965–971. 

18. Hansen PB, Nielsen SL. Successful treatment of posttransplant 

EBV-associated lymphoma and plasmacytoma solely localized to the 

CNS. Case Rep Hematol 2012;2012:497614. 

19. Valavoor SH, Ashraf Z, Narwal R, Ratnam S. Conservative manage-

ment of post- transplant central nervous system lymphoma. Int Urol 

Nephrol 2013;45:1219–1222. 

20. Suzuki M, Kosugi I, Terada T, et al. A case of Epstein-Barr virus associ-

ated post-transplant lymphoproliferative disorder with CNS involve-

ment: pathological findings at both biopsy and autopsy. Neuropathol-

ogy 2011;31:440–445. 

21. Azarpira N, Torabineghad S, Rakei M. Brain tumor as an unusual pre-

sentation of posttransplant lymphoproliferative disorder. Exp Clin 

Transplant 2009;7:58–61. 

22. Boersma MN, van der Zanden A, Laverman GD, Sanders JS, de Vries 

PA. Epstein-Barr virus-positive post-transplant lymphoproliferative 

disorder of the central nervous system, after renal transplantation with 

a discrepancy in viral load between peripheral blood and cerebrospi-

nal fluid. Transpl Int 2012;25:e113–e116. 

23. Mazanowska O, Donizy P, Kuźmińska J, et al. Acute brain damage in a 

56-year-old woman with a 20-year-old transplanted kidney as a com-

plicated differential diagnostic process: a case report. Transplant Proc 

2018;50:1914–1918. 

24. Vaglio A, Manenti L, Mancini C, et al. EBV-associated leukoencepha-

lopathy with late onset of central nervous system lymphoma in a kid-

ney transplant recipient. Am J Transplant 2010;10:947–951. 

25. Hans CP, Weisenburger DD, Greiner TC, et al. Confirmation of the 

molecular classification of diffuse large B-cell lymphoma by immuno-

histochemistry using a tissue microarray. Blood 2004;103:275–282. 

encephalitisjournal.org

Hassam Ali et al. PTLD and CNS lymphoma in a kidney transplant recipient

88 encephalitis |Vol. 2, No. 3| April 28, 2022

https://doi.org/10.1182/blood-2016-01-643569
https://doi.org/10.1182/blood-2016-01-643569
https://doi.org/10.1182/blood-2016-01-643569
https://doi.org/10.1146/annurev.med.46.1.381
https://doi.org/10.1146/annurev.med.46.1.381
https://doi.org/10.1146/annurev.med.46.1.381
https://doi.org/10.1146/annurev.med.46.1.381
https://doi.org/10.1002/hon.791
https://doi.org/10.1002/hon.791
https://doi.org/10.1097/01.tp.0000165098.49658.f3
https://doi.org/10.1097/01.tp.0000165098.49658.f3
https://doi.org/10.1097/01.tp.0000165098.49658.f3
https://doi.org/10.1590/s0004-282x2006000600017
https://doi.org/10.1590/s0004-282x2006000600017
https://doi.org/10.1590/s0004-282x2006000600017
https://doi.org/10.1182/blood.2020008520
https://doi.org/10.1182/blood.2020008520
https://doi.org/10.1182/blood.2020008520
https://doi.org/10.1200/jco.2017.72.7602
https://doi.org/10.1200/jco.2017.72.7602
https://doi.org/10.1634/theoncologist.2008-0236
https://doi.org/10.1634/theoncologist.2008-0236
https://doi.org/10.1634/theoncologist.2008-0236
https://doi.org/10.1182/asheducation-2016.1.379
https://doi.org/10.1182/asheducation-2016.1.379
https://doi.org/10.1200/jco.2005.13.524
https://doi.org/10.1200/jco.2005.13.524
https://doi.org/10.1200/jco.2005.13.524
https://doi.org/10.1111/j.1600-6143.2009.02598.x
https://doi.org/10.1111/j.1600-6143.2009.02598.x
https://doi.org/10.1111/j.1600-6143.2009.02598.x
https://doi.org/10.1111/j.1600-6143.2009.02598.x
https://doi.org/10.1200/jco.2006.06.2117
https://doi.org/10.1200/jco.2006.06.2117
https://doi.org/10.1200/jco.2006.06.2117
https://doi.org/10.1200/jco.2006.06.2117
https://www.ncbi.nlm.nih.gov/pubmed/9411361
https://www.ncbi.nlm.nih.gov/pubmed/9411361
https://www.ncbi.nlm.nih.gov/pubmed/9411361
https://doi.org/10.1182/blood-2007-01-067769
https://doi.org/10.1182/blood-2007-01-067769
https://doi.org/10.1007/s00432-017-2423-5
https://doi.org/10.1007/s00432-017-2423-5
https://doi.org/10.1007/s00432-017-2423-5
https://doi.org/10.1007/s00432-017-2423-5
https://doi.org/10.1089/088922299310809
https://doi.org/10.1089/088922299310809
https://doi.org/10.1089/088922299310809
https://www.ncbi.nlm.nih.gov/pubmed/12615710
https://www.ncbi.nlm.nih.gov/pubmed/12615710
https://www.ncbi.nlm.nih.gov/pubmed/12615710
https://doi.org/10.1155/2012/497614
https://doi.org/10.1155/2012/497614
https://doi.org/10.1155/2012/497614
https://doi.org/10.1007/s11255-012-0146-8
https://doi.org/10.1007/s11255-012-0146-8
https://doi.org/10.1007/s11255-012-0146-8
https://doi.org/10.1111/j.1440-1789.2010.01177.x
https://doi.org/10.1111/j.1440-1789.2010.01177.x
https://doi.org/10.1111/j.1440-1789.2010.01177.x
https://doi.org/10.1111/j.1440-1789.2010.01177.x
https://www.ncbi.nlm.nih.gov/pubmed/19364315
https://www.ncbi.nlm.nih.gov/pubmed/19364315
https://www.ncbi.nlm.nih.gov/pubmed/19364315
https://doi.org/10.1111/j.1432-2277.2012.01552.x
https://doi.org/10.1111/j.1432-2277.2012.01552.x
https://doi.org/10.1111/j.1432-2277.2012.01552.x
https://doi.org/10.1111/j.1432-2277.2012.01552.x
https://doi.org/10.1016/j.transproceed.2018.02.116
https://doi.org/10.1111/j.1600-6143.2009.02999.x
https://doi.org/10.1111/j.1600-6143.2009.02999.x
https://doi.org/10.1111/j.1600-6143.2009.02999.x
https://doi.org/10.1182/blood-2003-05-1545
https://doi.org/10.1182/blood-2003-05-1545
https://doi.org/10.1182/blood-2003-05-1545
http://encephalitisjournal.org


Received: January 12, 2022  Revised: March 28, 2022  Accepted: March 29, 2022 
Correspondence: Jung-Ju Lee 
Department of Neurology, Nowon Eulji Medical Center, Eulji University, 68 Hangeulbiseok-ro, Nowon-gu, Seoul 01830, Korea
E-mail: sss331sss331@gmail.com 
ORCID: https://orcid.org/0000-0001-7498-5656

Dear Editor, 

Klebsiella pneumoniae is a member of the Enterobacteriaceae 

family and an established cause of urinary tract/ hepatobili-

ary infections and osteomyelitis, especially in alcoholics and 

diabetic patients [1]. In the 1980s, a new hypervirulent variant 

of K. pneumoniae was reported; it causes lung, prostate, and 

soft tissue abscesses and is associated with metastatic compli-

cations such as endophthalmitis/uveitis and central nervous 

system infection [1,2]. The mortality rate ranges from 3% to 

42% [3]. We present a case of ventriculitis and multiple meta-

static infections caused by K. pneumoniae in a patient with 

chronic alcoholism and uncontrolled diabetes who survived 

after appropriate antimicrobial and surgical treatment. In-

formed consent was provided by the patient and his family for 

this report. 

A 60-year-old male was admitted to the department of inter-

nal medicine with fever, general weakness, and dyspnea that 

presented 4 days prior to admission. Levofloxacin (750 mg 

daily) was initially administered for treatment of suspected 

pneumonia. He had hypertension, diabetes, and a 30-year 

history of daily alcohol consumption. The patient became 

drowsy and confused on the 2nd day of admission and was 

transferred to the department of neurology. His vital signs 

were stable except for fever of 38.9ºC. Neurological examina-

tion showed impaired consciousness (Glasgow Coma Score 

E3 V2 M4) and nuchal stiffness. White blood cell (WBC) count 

was 12.64 ×  103/μL with an elevated neutrophil percentage of 

82.8%. The levels of C-reactive protein, procalcitonin, glucose, 

and hemoglobin A1c were 45.88 mg/dL, 0.65 ng/mL, 393 mg/

dL, and 7.6%, respectively. Brain diffusion-weighted magnetic 

resonance imaging revealed septic encephalitis with pyoven-

triculitis (Figure 1A). Contrast-enhanced chest and abdomi-

nal computed tomography (CT) revealed septic emboli in bi-

lateral lungs (Figure 1B) and abscesses in the liver (Figure 1C) 

and prostate (Figure 1D). On cerebrospinal fluid (CSF) exam-

ination, the gross appearance of CSF was clear with a straw-

like color. WBC count and the levels of glucose and protein 

were 18,500/μL (polymorphonuclear leukocytes, 95%), 6 mg/

dL, and 344.7 mg/dL, respectively. We administered intrave-

nous ceftriaxone (2 g twice daily), ampicillin (2 g every 4 

hours), vancomycin (1 g twice daily), and metronidazole (500 

mg thrice daily) empirically.  

On day 4 of admission, two sets of peripheral blood cultures 

grew K. pneumoniae, which was sensitive to all tested antibi-

otics, including ciprofloxacin, except ampicillin. Ceftriaxone 

(2 g twice daily) and ciprofloxacin (400 mg twice daily) were 

used according to the result of antimicrobial sensitivity test. 

Uncontrolled diabetes mellitus was treated using insulin. En-

dophthalmitis was observed in the left eye on the same day. 

CSF culture grew K. pneumoniae having antibiotic suscepti-

bility similar to that obtained from the first blood culture. On 

day 21 of admission, ciprofloxacin was discontinued. After 

treatment, the patient gradually became alert and oriented. 

The follow-up CSF examinations performed every week 

showed gradual decrease in WBC count and protein and in-
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Figure 1 Initial brain magnetic resonance imaging, contrast-enhanced CT of the chest and abdomen, and follow-up brain CT be-
fore and after VP shunt insertion

(A) Brain diffusion-weighted magnetic resonance imaging shows diffusion restriction in both lateral ventricles and multifocal foci, which are indicative 
of septic encephalitis with pyoventriculitis. (B) Contrast-enhanced CT of the chest shows numerous, variably sized nodules and ill-defined peribronchial 
consolidation (arrowheads) in both lung fields. (C) Contrast-enhanced CT of the abdomen shows multiple small hepatic cysts (arrowheads) suggestive 
of necrotizing solid lesions. (D) Contrast-enhanced CT of the pelvis shows prominent enhancement in the prostate. (E) Brain CT before VP shunt inser-
tion shows hydrocephalus of the lateral and 3rd ventricles with interstitial edema. (F) Brain CT shows decreased dilatation of the lateral and 3rd ventri-
cles after VP shunt operation. 
CT, computed tomography; VP, ventriculoperitoneal.
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crease in glucose. No bacteria were grown on blood and CSF 

cultures. The count of WBC and the levels of glucose and pro-

tein on day 41 were 9/μL, 43 mg/dL, and 105.6 mg/dL, respec-

tively. The level of protein was 53.6 mg/dL on day 55. Ceftriax-

one was used until day 41 and changed to oral levofloxacin 

(750 mg daily). 

On day 42 of admission, the patient again became drowsy and 

confused with aphasia and urinary incontinence. A follow-up 

brain CT showed hydrocephalus involving both lateral and 

3rd ventricles, with interstitial edema (Figure 1E). Since inter-

mittent CSF drainage had failed to improve his consciousness, 

we consulted the department of neurosurgery, which per-

formed ventriculoperitoneal (VP) shunt operation. After the 

surgery, he became alert and oriented. Follow-up brain CT 

showed normalization of the size of the lateral and 3rd ventri-

cles (Figure 1F). The patient underwent rehabilitation and 

was discharged without focal neurologic deficit. Despite ad-

ministration of topical antibiotics, antiglaucoma medication, 

and atropine, he became blind in his left eye as a result of en-

dophthalmitis. 

Patients with bacterial ventriculitis are usually treated with 

intraventricular lavage in combination with intravenous and 

intraventricular antibiotics [4]; however, the prognosis is poor 

[1]. Hydrocephalus, which is a complication of pyogenic ven-

triculitis, can lead to aggravation of impaired mental and neu-

rological status. In a previous study, patients with pyoven-

triculitis who developed hydrocephalus received a VP shunt 

after the infection was controlled; none developed reinfection 

or peritonitis after surgery [4]. Although the mortality rate of 

K. pneumoniae meningitis ranges from 38% to 91% [5], appro-

priate antimicrobial therapy with VP shunt operation can lead 

to good outcomes [4]. Clinicians should be aware of invasive 

Klebsiella syndrome because of its rapid progression and high 

mortality. High clinical suspicion, especially in alcoholic pa-

tients or those with uncontrolled diabetes; timely investiga-

tion for other metastatic infections; and use of appropriate 

antibiotics are essential to improve patient outcomes. This 

case shows that rapid diagnosis and treatment of invasive 

Klebsiella syndrome of the central nervous system are crucial 

for patient survival without significant sequelae. This case 

also shows that VP shunt operation should be actively consid-

ered for patients who develop severe hydrocephalus. 
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• The methods of statistical analysis and criteria for statistical 

significance should be described.
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References

• In the text, references should be cited using Arabic numerals in 

brackets (e.g., [1], [2,3], [4-6]) and numbered in the order cited.

• In the references section, the references should be numbered 

and listed in the order of their appearance in the text.

• List all authors when there are six or fewer; for seven or more, 

list only the first three and add “et al.”

• If an article has been published online but has not yet been 

given an issue or pages, the digital object identifier (DOI) 

should be supplied.

• Journal titles should be abbreviated in the style used in Med-

line.

• Other types of references not described below should follow 

“Samples of Formatted References for Authors of Journal Arti-

cles” (https://www.nlm.nih.gov/bsd/uniform_requirements.

html).

• Unpublished data should not be cited in the reference list, but 

parenthetically in the text, for example: (Smith DJ, personal 

communication), (Smith DJ, unpublished data).

• The style and punctuation for journal articles, books, or book 

chapters should follow the format illustrated in the following 

examples:

- Journal article

Zangerle A, Kiechl S, Spiegel M, et al. Recanalization after 

thrombolysis in stroke patients: predictors and prognostic im-

plications. Neurology 2007;68:39-44.

- Journal article published electronically ahead of print

Mantegazza R, Wolfe GI, Muppidi S, et al. Post-intervention sta-

tus in patients with refractory myasthenia gravis treated with ec-

ulizumab during REGAIN and its open-label extension. Neurol-

ogy 2020 Nov 23 [Epub]. https://doi.org/10.1212/WNL.00000 

00000011207.

- Conference paper

Mark MH, Dickson DW, Schwarz KO, et al. Familial diffuse Lewy 

body disease. Presented at the 10th International Symposium 

on Parkinson’s Disease; October 19, 1991; Tokyo.

- Forthcoming

Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature of 

balancing selection in Arabidopsis. Proc Natl Acad Sci USA. 

Forthcomming 2002.

- Book

Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medical 

microbiology, 4th ed. St Louis: Mosby; 2002.

Gilstrap LC 3rd, Cunningham FG, VanDorsten JP, editors. Oper-

ative obstetrics, 2nd ed. New York: McGraw-Hill; 2002.

Meltzer PS, Kallioniemi A, Trent JM. Chromosome Alterations 

in Human Solid Tumors. In: Vogelstein B, Kinzler KW, editors. 

The Genetic Basis of Human Cancer. New York: McGraw-Hill; 

2002. p. 93-113.

- Online book or Web site

Foley KM, Gelband H, editors. Improving palliative care for can-

cer [Internet]. Washington: National Academy Press; 2001 [cited 

2002 Jul 9]. Available from: https://www.nap.edu/cata-

log/10149/improving-palliative-care-for-cancer.

Tables

• The tables should start on a separate page. The tables should 

be numbered using Arabic numerals. The title of the table 

should be clearly stated in the form of a sentence or a para-

graph.

• Tables should not be longer than one page and should contain 

at least four lines and two columns of data.

• Tables are to be numbered in the order in which they are cited 

in the text.

• Abbreviations should be defined in a footnote below each ta-

ble.

• Tables should be self-explanatory and readily comprehensible.

• Written permission from the prior publisher should be ob-

tained for the use of all previously published tables and copies 

of the permission letter should be submitted.

• In case of the use of previously published tables, the original 

source must be noted in the table footnote, and a statement 

that copyright permission was granted, if relevant, should be 

made. All non-standard abbreviations should be explained in 

the footnotes. Footnotes should be indicated by a), b), c), d), ... 

Statistical measures such as SD or SE should be identified.

Figure Legends

• The figure legends should start on a separate page. Legends 

should be numbered in the order in which they are cited, using 

Arabic numerals.

• Figure title includes patient age and a diagnosis in a phrase fol-

lowed by a description using one complete sentence rather 

https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.nlm.nih.gov/bsd/uniform_requirements.html
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than a phrase or paragraph for each figure part.

• For a description regarding the features in the figure, the sen-

tence is described in present tense. For a description regarding 

the features not appeared in the figure, the sentence is de-

scribed in past tense.

• For microscopic findings, the staining method and the scale 

should be included in parenthesis (e.g., H&E stain, × 100).

• In case of the use of previously published figures, the original 

source must be revealed in the figure legend.

Figures

• All figure parts related to one patient should have the same fig-

ure number and use English letters after the numerals to dis-

tinguish each figure part, e.g., Figure 1A, 1B, etc.

• Multiple figures mentioned in the text should be described as 

follows, e.g., Figures 1, 3.

• Multiple figures within the same figure number mentioned in 

the text should be described as follows, e.g., Figure 1A, C.

• Each figure part should be sent as a separate image file.

• Labels/arrows should be of professional quality.

• All names and all other identifiers of the patient, authors, and 

authors’ institutions should be removed from the figures.

• After cropping to the area of interest, the images should be at 

least 300 dpi in resolution and 10-15 cm in width.

• Color figures should be in RGB color mode and line drawings 

should be black on a white background.

• For initial submission, only the JPG/JPEG format is acceptable. 

The authors will later be asked to submit TIF/TIFF files with-

out any arrows or other markings for the finally accepted man-

uscript.

• Written permission from the prior publisher should be ob-

tained for the use of all previously published illustrations and 

copies of the permission letter should be submitted.

• The authors may wish to make written suggestions about the 

arrangement of the illustrations

Video clips

• Video clips can be submitted for placement on the journal 

website. All videos are subject to peer review and can be up-

loaded as supplementary materials.

• A video file submitted for consideration for publication should 

be in complete and final format and at as high a resolution as 

possible. Any editing of the video will be the responsibility of 

the author.

• encephalitis recommends Quicktime, AVI, MPEG, MP4, or 

RealMedia file formats of less than 5 minutes duration.

• A legend to accompany the video should be double-spaced in 

a separate file.

• All copyrights for video files after acceptance of the main arti-

cle are automatically transferred to encephalitis.

Supplementary data

• Supplementary data: If there are complementary materials 

that help the understanding of readers or if there is a large 

amount of data, these may be used as supplementary data. 

Supplementary data should be as concise as possible and 

must be related to the main conclusion of the paper. Supple-

mentary data can include electronic files of high resolution 

images, background datasets, video materials, animations, and 

more. Supplementary data will be published online alongside 

the electronic version of the article. Video data files can be 

submitted in the same way as a figure or table by referring to 

the video or animation content. Since video and animation 

cannot be embedded in the print version, authors have to pro-

vide text for both the electronic and the print version for the 

portions of the article that refer to this content

2.3.2. Review Article
• A review is generally published as a commissioned paper at 

the request of the editor(s).

• Review articles contain an Abstract, Introduction, Main text, 

and Summary (or Conclusion) followed by references, tables, 

and figure legends.

• A review article is a comprehensive scholarly review on a spe-

cific topic. It is not an exhibit of a series of cases.

• Neither new information nor personal opinions are to be in-

cluded.

• An introduction that explains the scope of the paper is re-

quired, and headings should be used appropriately to separate 

and organize the text.

• Please send us a Presubmission Inquiry before writing a review 

article. All review articles undergo the same review process as 

other types of articles prior to acceptance. Reviews have no re-

strictions on word count or the number of figures and tables. 

However, authors should eliminate redundancy, emphasize 

the central message, and provide only the data necessary to 

convey that message. The approximate length should be less 

than 5,000 words. There should be an unstructured abstract 

equal to or less than 250 words. References should not exceed 

200 references.

• The most recent Review articles published in encephalitis 

should be consulted for further details on formatting.

2.3.3. Case Reports
• Case reports will be published only in exceptional circum-

stances, if they illustrate a rare occurrence of clinical impor-
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tance. These manuscripts should be organized in the following 

sequence: title page, abstract and keywords, introduction, case 

report(s), discussion, acknowledgments, references, tables, 

figure legends, and figures. Case reports are limited to 2,000 

words (excluding the abstract, references, tables, and legends), 

and references should not exceed 30. A maxi- mum of 5 figures 

or tables are allowed.

2.3.4. Perspective
• A perspective is a report of the authors’ viewpoint on a specific 

subject of interest to our readers as a commissioned paper at 

the request of the editor(s).

• Little or no new original information is included, and there is 

limited literature analysis. A perspective is a report of the au-

thors’ viewpoint on a specific subject of interest to our readers 

as a commissioned paper at the request of the editor(s).

2.3.5. Letter to the Editor
• Constructive criticism of a specific thesis published by enceph-

alitis is welcome.

• Letters to the editor may be in response to a published article 

or a short, free-standing piece expressing an opinion. If the let-

ters to the editor is in response to a published article, the Edi-

tor-in-Chief may choose to invite the article’s authors to write a 

reply. No abstraction is required. The letter should be 1,000 

words or less (excluding references and figure legends) with a 

maximum of 5 references. A maximum of 2 figures including 

tables is allowed.

2.3.6. Editorials
• Editorials are invited by the editor and should be commentar-

ies on articles in the current issue. Editorial topics could in-

clude active areas of research, fresh insights, and debates in all 

fields considered to be of interest to encephalitis readers. Edi-

torials should not exceed 1,000 words, excluding references, 

tables, and figures. References should not exceed 5. A maxi- 

mum of 3 figures including tables is allowed.

Table 1. Specification for publication types
Type of article Abstract (word) Text (word)a) Reference Table & figure

Original article Structured, 250 5,000 50 8

Review article 250 5,000 200 Not limited

Perspective Not required 3,000 30 0

Case report 250 2,000 30 5

Letter to the editor Not required 1,000 5 2

Editorial Not required 1,000 5 3

REVIEW PROCESS AND MANUSCRIPT 
DECISION
• The submitted manuscript will first be evaluated at the editori-

al office regarding the completeness of the submitted materials 

and their suitability to encephalitis. Modifications/corrections 

may be requested from the authors at this stage before starting 

the peer review.

• Submitted manuscripts will generally be reviewed by the edi-

tors, as well as two peer reviewers who are experts in the sub-

mitted subject matter and the peer reviewers will make sug-

gestions to the editor(s).

• Authors may suggest preferred and non-preferred reviewers 

during manuscript submission. However, the ultimate selec-

tion of the reviewers will be determined by the editor(s).

• The authors can monitor the progress of the manuscript 

throughout the review process at the submission site (http://

submit.encephalitisjournal.org).

• Submitted manuscripts will be rendered one of the following 

decisions:

Accept: The manuscript is accepted for publication. Minor Re-

visions: A revision needs to be submitted within 60 days of the 

decision. Otherwise, the manuscript will be treated as a new 

submission.

Major Revisions: A revision needs to be submitted within 120 

days of the decision. Otherwise, the manuscript will be treated 

as a new submission.

Reject, Resubmission allowed: The authors are allowed to re-

submit their work. However, it is effective only when they are 

able to respond to the various reviewer comments and make 

substantial changes to the study. The resubmitted manuscript 

will be treated as a new submission.

Reject, No further consideration: The paper will no longer be 

considered for publication.

• The decision to accept a manuscript is not based solely on the 

scientific validity and originality of the study content; other 

factors are considered, including the extent and importance of 

new information in the paper as compared with that in other 

papers being considered, the Journal’s need to represent a 

wide range of topics, and the overall suitability for encephalitis.

• Decision letters usually, but not always, convey all factors con-

sidered for a particular decision. Occasionally, the comments 

to the authors may appear to be inconsistent with the editorial 

decision, which takes into consideration reviewers’ comments 

to the editor, as well as the additional factors listed above.

• If the author(s) believe that the journal has rejected their arti-

cle in error, perhaps because the reviewers have misunder-

stood its scientific content, an appeal may be submitted by 

http://submit.encephalitisjournal.org/
http://submit.encephalitisjournal.org/
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e-mail to the editorial office (encephalitis.editor@gmail.com). 

However, appeals are ineffective in most cases and are dis-

couraged.

ELECTRONIC SUBMISSION OF 
MANUSCRIPT
Online Submission
• All manuscripts should be submitted online via the journal’s 

website (http://submit.encephalitisjournal.org) by the corre-

sponding author. Once you have logged into your account, the 

on-line system will lead you through the submission process 

in a step-by-step orderly process. Submission instructions are 

available at the website. All articles submitted to the journal 

must comply with these instructions. Failure to do so will re-

sult in the return of the manuscript and, possibly, in delayed 

publication.

• Author’s checklist: You will be first requested to confirm the 

Author’s Checklist. Before submitting the new manuscript, 

please ensure every point listed in the Author’s Check- list has 

been addressed.

• Document forms: Before you log into the online submission 

system, it is helpful to prepare the following documents as you 

will be asked to upload them during the electronic submission 

process.

- Author statement forms

- Cover letter: A Cover Letter must indicate the address, tele-

phone and fax numbers, and E-mail address of the corre-

sponding author.

- English proof-reading (non-obligatory): Although it is not 

an obligatory demand, authors may show that their manu-

script has been edited through English proofreading

Submission of Revised Manuscript
• A Major Revision and a Minor Revision should be submitted 

within 60 days, respectively, of the decisions. Otherwise, the 

manuscript will be treated as a new submission.

• Please carefully read and follow the instructions written here 

and those included in the manuscript decision e-mail.

• To start the submission of a revised manuscript, log in at 

http://submit.encephalitisjournal.org. Click the “Manuscripts 

in Revision” queue in the “My Manuscripts” area. Then, find 

the submission you wish to start the revision process for and 

click on the “Create Revision” link for that manuscript.

• To continue with a revised manuscript that has yet to be sub-

mitted, click on the “Revised Manuscripts in Draft” queue in 

the “My Manuscripts” area. Find the submission you wish to 

continue with and then click on the “Continue Submission” 

button.

• Please submit a point-by-point response to the editor/reviewer 

comments by directly pasting it in the box provided in “View 

and Response to Decision Letter” page as well as by uploading 

the same as a Microsoft Word document file (DOC/DOCX) on 

the “File Upload” page

• Any changes in the authorship should be reported to the editor 

in the cover letter.

• For file uploading, if you have updated a file, please delete the 

original version and upload the revised file. To designate the 

order in which your files appear, use the dropdowns in the “or-

der” column on the “File Upload” page.

• For a revision, we require two copies of the Main Document. 

Each should be a Microsoft Word document. The FIRST COPY 

should represent the final “clean” copy of the manuscript. The 

SECOND “annotated” COPY should have changes tracked us-

ing the track changes function in Microsoft Word with margin-

al memos indicating changes (e.g., E-1 indicates a response to 

comment #1 of the Editor; R2-3 indicates a response to com-

ment #3 of Reviewer #2).

AUTHOR CHECKLIST
• Submit manuscripts as DOC or DOCX files. Double space all 

parts of the manuscript.

• Keep the Abstract, if required, within the word limits (See Ta-

ble for recommended maximums for articles).

• Include institutional review board approval, informed consent, 

and/ or animal care committee approval for an Original Arti-

cle.

• Do not embed figures in the main body or mix figures or tables 

with the text.

• Digital figures must be at least 300 dpi and a minimum of 10 

cm to a maximum of 15 cm in width and height. Use JPG/JPEG 

formats (for revisions use TIF/TIFF without any arrows or 

markings).

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

• Authors will be asked to confirm their compliance with the 

journal’s policies and guidelines during the initial manuscript 

submission on the web page.

• Verify the accuracy of reference information to enable hyper-

links for the online version of the journal to function properly.

• For previously published materials, send written permission to 

reprint any figure or any other applicable permissions.

• Provide copies of any material for which there is overlap with 

your manuscript (see Redundant Publication)

mailto:encephalitis.editor@gmail.com
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MANUSCRIPTS ACCEPTED FOR 
PUBLICATION
Final Version
After a paper has been accepted for publication, the names and 

affiliations of authors should be double-checked, and if the orig-

inally submitted image files were of poor resolution, higher res-

olution image files should be submitted at this time. Symbols 

(e.g., circles, triangles, squares), letters (e.g., words, abbrevia-

tions), and numbers should be large enough to be legible on re-

duction to the journal’s column widths. All symbols must be de-

fined in the figure caption. If references, tables, or figures are 

moved, added, or deleted during the revision process, renumber 

them to reflect such changes so that all tables, references, and 

figures are cited in numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the manu-

script such that it meets the standard publication format. The 

author(s) must respond within 48 hours when the manuscript 

editor contacts the author for revisions. If the response is de-

layed, the manuscript’s publication may be postponed to the 

next issue.

Proofs
The corresponding author will receive page proofs for final 

checking, which should be corrected and returned within 48 

hours. The authors must carefully check proofs to see that all er-

rors are corrected and queries from editors answered. Keep a 

copy for your records.

Errata and Corrigenda
To correct errors in published articles, the corresponding author 

should contact the journal’s Editorial Office with a detailed de-

scription of the proposed correction. Corrections that profound-

ly affect the interpretation or conclusions of the article will be 

reviewed by the editors. Corrections will be published as corri-

genda (corrections of author’s errors) or errata (corrections of 

publisher’s errors) in a later issue of the journal.

ARTICLE PROCESSING CHARGE

There is no author’s submission fee or other publication-related 

fee since all costs of the publication process are underwritten by 

the Korean Encephalitis and Neuroinflammation Society.
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☐  Submit manuscripts as DOC or DOCX files. Double space all parts of the manuscript.

☐  Keep the Abstract, if required, within the word limits (See Table for recommended maximums for articles).

☐  Include institutional review board approval, informed consent, and/ or animal care committee approval for an Original Article.

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

☐  Digital figures must be at least 300 dpi and a minimum of 10 cm to a maximum of 15 cm in width and height. Use JPG/JPEG for-

mats (for revisions use TIF/TIFF without any arrows or markings).

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

☐  Authors will be asked to confirm their compliance with the journal's policies and guidelines during the initial manuscript submis-

sion on the web page.

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

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

☐  Provide copies of any material for which there is overlap with your manuscript (see Redundant Publication)
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• Routine EEG 
• Portable EEG 
• ICU Continuous EEG 
• Ambulatory EEG 

• Wireless EEG  
• Sleep 
• 64ch – 512ch HD EEG 
• Research 

BESA Research 
- Source analysis & imaging, Coherence, Time-Frequency analysis 
 MRI, Statistics, Epilepsy, Simulator, Averaging, ERP, QEEG  

Tel: 02) 557-6578   
Email : info@youngwoomeditech.com 

Feature :  

• Small and Light, Compact Design 

• 128/256 referential & 16 differential channels 

• MAX. 16,000Hz Sampling Rate for Research 

• Sleep Study (PSG, 16ch DC & Pulse Oximeter) 

• Digital Switch Matrix for Functional Brain Mapping  

with Cortical Stimulator interface 

• 8ch. Digital Trigger input available for ERP research 

• Base unit Compatible with wireless/ambulatory (Max. 30m) 

• USB and Ethernet connection 

• Dual Stream recording for fast clinical review 

• Ambulatory HD Video Recording 
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