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Objective : COVID-19 has spread worldwide since the first case was reported in Wuhan, China, in December 2019. Our institution is 
a regional trauma and emergency center in the northern Gyeonggi Province. The changing trend of patient care in the emergency 
room of this hospital likely reflects the overall trend of patients in the area. In the present study, whether changes in the surrounding 
social environment following the outbreak of COVID-19 changed the incidence of neurosurgical emergency patients and whether 
differences in practice existed were investigated.
Methods : The overall trend was analyzed from January 2020 which is before the outbreak of COVID-19 to September 2020. 
To remove bias due to seasonal variation, the previous 2 year's records during the same period were reviewed and compared. 
Confirmed COVID-19 patients in the northern Gyeonggi Province were identified using data released by the government. And 
patients who came to the emergency department with head trauma and stroke were identified.
Results : Based on the present study results, the total number of neurosurgery emergency patients decreased over the study 
period. In the trauma patient group, the number of patients not involved in traffic accidents significantly decreased compared 
with patients involved in traffic accidents. Among the stroke cases, the rate of ischemic stroke was lower than hemorrhagic stroke, 
although a statistically significant difference was not observed. Meanwhile, an increase in the risk of mortality associated with 
trauma or stroke cases was not observed during the COVID-19 outbreak compared with the same time period in the previous year.
Conclusion : Due to the occurrence of COVID-19, non-essential activities have decreased and trauma cases not associated with 
traffic accidents appeared to decrease. Due to the decrease in overall activity, the number of stroke patients has also decreased. 
This trend is expected to continue even in the post-COVID-19 era, and accordingly, the results from the present study are relevant 
especially if the current situation continues.
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INTRODUCTION

COVID-19 has spread worldwide since the first case was re-

ported in Wuhan, China, in December 2019. The Republic of 

Korea reported its first confirmed case when a Chinese na-

tional entered Korea from Wuhan on January 20, 2020. The 

Republic of Korea achieved some success in controlling COV-

ID-19 by quarantining patients at the beginning of the out-

break. However, the outbreak is still not contained. The gov-

ernment of Korea implemented a three-level social distancing 
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(SD) scheme (Table 1)13). Until vaccines are developed, SD, 

maintaining personal hygiene, and wearing a mask are the 

only ways to prevent the spread of COVID-19. The virus has 

changed people’s lifestyle and the practice of physicians. Due 

to limited resources, non-emergent care can be postponed but 

not emergency care.

Our institution is a regional trauma and emergency center 

in the northern Gyeonggi Province and is the only educational 

university hospital in the vicinity. The hospital manages pri-

mary emergency care for patients in this area and those trans-

ferred to our institution. Therefore, the changing trend of pa-

tient care in the emergency room of this hospital likely reflects 

the overall trend of patients in the area.

In the present study, whether changes in the surrounding 

social environment following the outbreak of COVID-19 

changed the incidence of neurosurgical emergency patients 

and whether differences in practice existed were investigated.

MATERIALS AND METHODS

The study protocol was reviewed and approved by the Insti-

tutional Review Board of the Catholic University of Korea 

(UC21RISI0004), and adhered to the recommendations of the 

Declaration of Helsinki for biomedical research involving hu-

man subjects (1975). For this type of study formal consent is 

not required, and informed consent was waived by IRB.

In the present study, the influence of the outbreak of COV-

ID-19 on the prevalence of patients from January 2020, before 

COVID-19 occurred in the region, to September 2020, was in-

vestigated. To remove bias due to seasonal variation, the previ-

ous 2 years records during the same period were reviewed and 

compared.

The overall trend was analyzed from January 2020 which is 

before the outbreak of COVID-19. When a confirmed case 

occurred in the hospital on March 31, 2020, the hospital 

stopped treating patients, including the emergency depart-

ment, to quarantine and for epidemiological investigations. In 

Table 1. Stepwise strategy of social distancing in Korea

Level 1 Level 2 Level 3

No. of newly confirmed patients 
(main focus on community)

Less than 50 50 to less than 100 100–200 or more or doubling occurs 
twice a week

Gathering, meeting, venue Approved (recommendations for 
compliance with quarantine 
regulations)

More than 50 people indoor and/or 
100 people outdoor is prohibited

More than 10 people is prohibited

Kindergarten, elementary, middle, 
and high school

Remote class at school, 
recommended to maintain 2/3 
density on campus

Recommended to maintain the 
majority of remote classes at 
school, 1/3 of kindergarten, 
elementary, and middle school, 
and 2/3 of high school

Different application depending on 
the situation of remote classes or 
closure, and national adjustment

Public agencies and companies Minimization of density at work 
through flexible, home-based 
employment (1/3 of all employees)

Restriction of the number of 
employees through flexible, 
home-based employment (1/2 of 
the total number of employees)

Recommendation to work from 
home for all other employees

Table 2. Indication and classification definition of trauma and stroke cases

Trauma cases Stroke cases

Total cases S00–S09 (injuries to the head) I60–I68 (cerebrovascular diseases, excluding sequelae 
of cerebrovascular disease)

Major cases GCS ≤9 or neurotrauma-related surgery (regardless of 
GCS)

NIHSS ≥10 or endovascular intervention and surgical 
treatment

Mortality cases Died during hospitalization Died during hospitalization

GCS : Glasgow coma scale, NIHSS : National Institutes of Health Stroke Scale
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order to objectively compare with the previous year, the cases 

were compared from May 2020 (after re-opening) thru Sep-

tember 2020.

Confirmed COVID-19 patients in the northern Gyeonggi 

Fig. 1. Association between COVID-19 outbreak and head trauma patients. A : Weekly number of COVID-19 patients in northern Gyeonggi Province. B : 
Weekly number of head trauma patients compared between 2019 and 2020. C : Comparison of weekly increase or decrease in head trauma patients 
between 2019 and 2020. D : Comparison of weekly increase or decrease of major and mortality cases in head trauma patients between 2019 and 2020. E :  
Comparison of weekly increase or decrease in traffic accident-related cases and non-traffic accident-related cases in head trauma patients between 
2019 and 2020. There was no noteworthy difference between the traumatic case of 2018 and 2019, the comparison of the increase and decrease bar 
graph was illustrated between 2019 and 2020 only.
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Province (Uijeongbu, Guri, Pocheon, Namyangju, Dongduch-

eon, Yangju, and Yeoncheon) were identified using data re-

leased by the government. The number of confirmed patients 

with COVID-19 was reported daily on the website (www.

gg.go.kr/).

During this period, patients who came to the emergency 

department with head trauma and stroke were identified. 

Data of all patients who were initially diagnosed with codes 

S00–S09 (injuries to the head) and I60–I68 (cerebrovascular 

diseases, excluding sequelae of cerebrovascular disease) based 

on International Classification of Disease-10 were extracted 

from electronic medical records. In the head trauma cases, a 

Glasgow coma scale (GCS) score of 9 or less and neurotrauma-

related surgery (regardless of GCS score) were defined as ma-

jor trauma cases. In the stroke cases, a National Institutes of 

Health Stroke Scale (NIHSS) score of 10 or more, and require-

ment for endovascular intervention and surgical treatment, 

were considered as major stroke cases. In the trauma and 

stroke case, all cases that were not able to survive after treat-

ment, or even though surgical treatment was necessary but 

were not progressed due to refusal to treat, were also included 

in major cases. In addition, patients who died during hospital-

ization were identified and defined as mortality cases (Table 

2).

Trauma patients were classified into patients involved and 

not involved in traffic accidents which included cars, motor-

cycles, and personal mobility vehicles, as well as drivers, pas-

sengers, and pedestrians. Stroke patients were classified into 

ischemic stroke patients and hemorrhagic stroke patients 

based on the disease code.

Statistical analysis
Patient demographic and clinical data were summarized us-

ing standard descriptive statistics and frequency tabulations. 

Chi-square test was used to evaluate the differences in the cat-

egorical variables and the One way ANOVA test with post-hoc 

Tukey test to evaluate differences in continuous variables be-

tween each years, from 2018 to 2020. A p-value <0.05 was con-

sidered statistically significant. All statistical analyses were 

performed using R version 3.6 (https://cran.r-project.org/). 

RESULTS

COVID-19 outbreak
The first confirmed COVID-19 case in Korea was on Janu-

ary 20, 2020. Since then, the government decided to increase 

its national alert level against the COVID-19 virus to "seri-

ous"8). Afterward, under the supervision of the government 

and with active cooperation from the people, individuals 

maintained SD and quarantined. On June 28, 2020, the gov-

ernment implemented a three-level SD scheme (Table 1). In 

northern Gyeonggi Province, the first confirmed cases oc-

curred on February 5, 2020. The World Health Organization 

declared the COVID-19 pandemic on February 23, 2020. 

When the first COVID-19 case was confirmed in our hospital 

on March 31, 2020, the hospital stopped treating patients in-

cluding in the emergency departments, to quarantine and for 

Table 3. Demographics of traumatic injury patients pre-COVID-19 (May to September 2018 and May to September 2019) compared with during-
COVID-19 (May to September 2020)

2018 2019 2020 p-value

Total number of patients 4228 4006 1961

Age 29 (1–108) 29 (1–104) 38 (1–101) <0.001*,†

Sex, male 2745 (64.9) 2588 (64.6) 1290 (65.6) 0.667‡

Major case 247 (5.8) 223 (5.6) 167 (8.5) <0.001†,‡

Mortality case 33 (0.8) 40 (1.0) 24 (1.2) 0.229‡

Traffic accident case 670 (15.8) 559 (14.6) 331 (16.9) 0.063‡,§

Non-traffic accident case 3558 (84.2) 3266 (85.4) 1628 (83.1)

Values are presented as median (range) or number (%). *One way ANOVA with post-hoc Tukey test. †There were statistically significant between the 
year 2018 vs. 2020, and between the year 2019 vs. 2020, there were no statistically significant between the year 2018 vs. 2019. ‡Chi-square test. §There 
were statistically significant between the year 2019 vs. 2020, there were no statistically significant between the year 2018 vs. 2019, and between the 
year 2018 and 2020
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epidemiological investigations, and temporarily closed for one 

month. The government maintained the first level of SD strat-

egy and continued active quarantine measures, and the infec-

tion in the region remained stable with less than 50 cases. As 

the number of patients began to rapidly increase in August 

2020, the SD status was raised to the second level, and active 

Fig. 2. Association between COVID-19 outbreak and stroke patients. A : Weekly number of COVID-19 patients in northern Gyeonggi Province. B : Weekly 
comparison of the number of stroke patients between 2019 and 2020. C : Comparison of weekly increase or decrease in stroke patients between 2019 
and 2020. D : Comparison of weekly increase or decrease in major and mortality cases of stroke patients between 2019 and 2020. E : Weekly comparison 
of increase or decrease of ischemic and hemorrhagic cases in stroke patients between 2019 and 2020. There was no noteworthy difference between the 
stroke case of 2018 and 2019, the comparison of the increase and decrease bar graph was illustrated between 2019 and 2020 only.
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quarantine measures were implemented.

Trauma cases 
When comparing COVID-19 patients (Fig. 1A) with trauma 

patients (Fig. 1B), the number of trauma patients decreased 

when the number of COVID-19 cases increased. In April 

2020, the number of patients decreased due to hospital clo-

sure. In August 2020, the number of trauma patients de-

creased as the number of patients with COVID-19 rapidly in-

creased and SD was raised to level 2 (Fig. 1C). Compared with 

the same period from the previous two years, the number of 

major surgical cases decreased but the proportion statistically 

increased (247 cases [5.8%] in 2018, 223 cases [5.6%] in 2019, 

and 167 cases [8.5%] in 2020, p<0.001). Conversely, significant 

difference was not observed in the ratio of mortality cases to 

the total number of patients (33 cases [0.8%] in 2018, 40 cases 

[1.0%] in 2019, and 24 cases [1.2%] in 2020, p=0.229; Fig. 1D 

and Table 3). Notably, compared with the previous year, sig-

nificant difference the proportion of patients not involved in 

traffic accidents significantly decreased from year 2019 to 

2020 (3266 cases [85.4%] in 2019 and 1628 cases [83.1%] in 

2020, p=0.026; Fig. 1E and Table 3).

Stroke cases
Regarding stroke cases, unlike traumatic cases, determining 

a relationship between the occurrence of COVID-19 cases and 

the occurrence of stroke was difficult (Fig. 2A-C). The total 

number of patients decreased. The proportion of major cases 

increased from 2018 to 2019, but there were no other changes 

after the outbreak of COVID-19 in 2020 (81 cases [10.3%] in 

2018, 121 cases [16.8%] in 2019, and 93 cases [17.5%] in 2020, 

p<0.001, statistical significance between 2018 vs. 2019). And 

statistically significant difference was not observed in mortal-

ity cases (37 cases [4.7%] in 2018, 30 cases [4.2%] in 2019, and 

22 cases [4.1%] in 2020, p=0.839; Fig. 2D). The proportion of 

ischemic cases decreased continuously compared with hemor-

rhagic cases from year 2018 to 2020 (653 cases [83.1%] in 2018, 

539 cases [74.9%] in 2019, and 375 cases [70.6%] in 2020; Fig. 

2E and Table 4).

DISCUSSION

COVID-19 is causing an irreversible effect worldwide. This 

is an ongoing situation, and discussion on this subject is un-

fortunately expected to continue. The neurosurgery field may 

appear somewhat distant from COVID-19 but is inevitably af-

fected, and the effects of COVID-19 on the prevalence of pa-

tients in our area was investigated in the present study.

Based on the present study results, the total number of neu-

rosurgery emergency patients decreased over the study period. 

The Korean government has not yet implemented a lock-

down policy. Therefore, the results are presumedly due to a 

decrease in personal activity and maintaining self-caution af-

ter the COVID-19 outbreak. In the trauma patient group, the 

number of patients not involved in traffic accidents signifi-

cantly decreased compared with patients involved in traffic 

accidents. Because the policy did not restrict the movement of 

the population, apparently there was no significant difference 

in general life such as commuting. Conversely, the number of 

Table 4. Demographics of stroke patients pre-COVID-19 (May to September 2018 and May to September 2019) compared with during-COVID-19 (May to 
September 2020)

2018 2019 2020 p-value

Total number of patients 786 720 531

Age 72 (25–98) 71 (17–97) 69 (20–102) 0.134*

Sex 438 (55.7) 388 (53.9) 269 (50.7) 0.194†

Major case 81 (10.3) 121 (16.8) 93 (17.5) <0.001†,‡

Mortality case 37 (4.7) 30 (4.2) 22 (4.1) 0.839†

Ischemic stroke case 653 (83.1) 539 (74.9) 375 (70.6) <0.001†,‡

Hemorrhagic stroke case 133 (16.9) 181 (25.1) 156 (29.4)

Values are presented as median (range) or number (%). *One way ANOVA with post-hoc Tukey test. †Chi-square test. ‡There were statistical significance 
between the year 2018 vs.2019, and the year 2018 vs.2020, there was no statistical significance between the year 2019 vs. 2020
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patients not involved in traffic accidents, including assaults or 

falls after drinking alcohol (a non-essential activity), de-

creased. Previously, traumatic brain injury-related emergency 

department visits and deaths steadily increased1). This grow-

ing trend may be due to improved awareness of traumatic 

brain injury among providers and more accurate reporting 

and surveillance methods. However, the reason for the dra-

matically reduced number of cases, as in the present study, is 

likely due to COVID-19. In a Finland study11), only the num-

ber of minor injuries were reduced and severe injuries were 

similar, however, the present study results also showed a sta-

tistically significant decrease in the number of major cases. 

This result is likely due to the decrease in overall activity. Fur-

thermore, among the stroke cases, the rate of ischemic stroke 

was lower than hemorrhagic stroke, although statistically sig-

nificant difference was not observed. In previous studies, hos-

pital admissions due to transient ischemic attack, acute stroke, 

and acute coronary syndrome decreased during the COV-

ID-19 pandemic3,4,6,12). In a previous study, the number of 

treated aneurysmal subarachnoid hemorrhage and traumatic 

brain injury patients were lower during the pandemic12). In the 

Finland study11), changes in the number of intensive care unit 

admissions or prognosis of patients with traumatic brain inju-

ry or subarachnoid hemorrhage during the pandemic report-

edly also did not change. Ham et al.5) presented their experi-

ence with spine surgery in a regional hospital. They reported 

that although the number of patients in the out-patients de-

partment and emergency department decreased, the actual 

number of surgery did not decrease.

In the present study, increase in risk of mortality associated 

with trauma or stroke cases was not observed during the CO-

VID-19 outbreak compared with the same time period in the 

two previous years. In general, resource reallocation changes 

drastically12). However, confirmed COVID-19 patients are not 

accepted at our institution; confirmed COVID-19 patients are 

transferred to other hospitals designated by the government. 

Therefore, changes at our hospital did not have to be made 

due to COVID-19. Although the number of patients was de-

creased and there were difficulties in social circumstances, the 

medical staff continued to provide the best treatment as be-

fore the COVID-19 pandemic.

The overall number of trauma and stroke patients was de-

creased compared with last year. Regarding trauma cases, the 

situation may differ depending on country and region. How-

ever, trauma usually decreases when activity decreases7,14,15). 

Regarding stroke cases, the situation may reportedly differ de-

pending on climate10). In a previous meta-analysis, an increase 

in activity led to the prevention of ischemic stroke9). The de-

crease in ischemic stroke observed in the present study is dif-

ficult to explain based on previously known risk factors for 

stroke2). More investigation is needed on the continuous de-

crease in the proportion of ischemic stroke patients.

Limitations
Because this study was limited to one region, the results 

cannot be generalized nationally or globally. Lifestyles differ 

among regions and countries and government policies regard-

ing COVID-19 are different in each country. And at the time 

the COVID-19 outbreak has not been resolved, the current re-

sults alone will be difficult to see as a final transition. After 

more data is collected in the near future, re-analysis of the dif-

ferences after this difficult period is warranted.

CONCLUSION

Due to the occurrence of COVID-19, non-essential activi-

ties have decreased and trauma cases not associated with traf-

fic accidents appeared to decrease. Due to the decrease in 

overall activity, the number of stroke patients has also de-

creased. Several vaccines against COVID-19 are now com-

mercially available and vaccination has begun, and hopefully 

in the near future the virus will be under control. Plans should 

be made for the post-COVID-19 era. Society has already 

adapted to COVID-19 to some extent, and accordingly, the 

amount of activity has decreased as well as the number of vis-

its to the hospital. This trend is expected to continue even in 

the post-COVID-19 era, and accordingly, the results from the 

present study are relevant especially if the current situation 

continues.
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