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Abstract

Objective To investigate whether the COVID-19 pandemic had an effect on the emergency department admission complaints
of patients with neurological symptoms.

Methods A total of 976 patients admitted to the emergency department of our hospital and had undergone neurology consul-
tation during a 6-month period were evaluated. The reasons for consultation, the number of patients consulted, hospitalization
counts, and imaging studies for neurological assessment including computerized tomography (CT) and magnetic resonance
imaging (MRI), were recorded and compared.

Results Compared to the pre-pandemic period, there were significant decreases in the number of neurological consultations
requested by the emergency department (overall and related to stroke, seizure and other reasons) and the number of patients
hospitalized in the neurology department. We also found that the number of orders for cranial CT and MRI images during
the pandemic period had decreased significantly.

Conclusion Restrictions, social isolation measures and patients’ reluctance to apply to hospitals to avoid contact with possibly
infected people may have led to a decrease in the number of patients with neurological symptoms admitted to the emergency

department and the number of hospitalized patients.
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Introduction

In December 2019, the first severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) disease (COVID-19)
case was identified with the presence of pneumonia cases in
a group of cases in Wuhan, China [1, 2].

On January 30, 2020, the World Health Organization
declared that the SARS-CoV-2 epidemic constituted a Pub-
lic Health Emergency of International Concern, because the
epidemic was caused by a coronavirus which was highly
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homologous to SARS-CoV and MERS-CoV, two coronavi-
ruses that had afflicted humans [3-5].

The SARS-CoV-2 virus, which affects many systems and
organs besides the lung, presents with a wide range of clini-
cal pictures, from asymptomatic infection to severe pneu-
monia with high rates of multi-organ failure and mortality.
In various studies in the literature, it has been reported that
COVID-19 affects the central nervous system (CNS) and
peripheral nervous system (PNS), and may progress with
neurological symptoms and complications [6, 7].

After the determination of the first cases in Turkey, on
March 11, 2020, various restrictions and nationwide curfew
were imposed upon the population to reduce disease spread
and schools were closed on the 12th of March. Shortly after,
on April 04, 2020, a targeted curfew was imposed upon peo-
ple aged under than 20 years, completely restricting them
from leaving their homes [8].

In studies conducted in Turkey, the frequency of neu-
rological consultations among patients admitted to the
emergency department has been reported in the range of
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0.83 to 6.9%. In these studies, it was observed that the most
common diagnosis after neurological evaluation was stroke
(ischemic, hemorrhagic and transient ischemic attack) with
a frequency of 24.7-70.6% [9, 10].

It was reported that patients were less likely to apply to
hospital emergency departments during the COVID-19 pan-
demic [11]. During the pandemic period, it is expected to
observe a decrease in the number of non-serious cases and
related consultations in emergency departments. The impor-
tant issue is the question of whether there is a decrease in
the number of patients with neurological diseases that can be
fatal and require rapid treatment, such as stroke. In various
studies, it has been reported that the number of cases with
severe neurological disease (such as acute stroke) decreased
after the pandemic, and there were delays in the application/
admission of patients with acute stroke [12-15].

In our study, we conducted a comparison between the
COVID-19 era and the pre-pandemic period in terms of the
profiles and characteristics of patients who had undergone
neurological consultation after being admitted to the emer-
gency department, including demographic characteristics,
reasons for their admission to the emergency department and
the diagnoses they received after neurological evaluation.
Subsequently, we aimed to investigate whether the pandemic
had an effect on patients with neurological symptoms who
were admitted to the emergency department, and the nature
of these effects, if any.

Materials and methods

Our study was conducted as a retrospective cross-sectional
study. This study conducted in a tertiary hospital which is
located in the northwest of Turkey and 4th largest city in the
country was held in Bursa City Hospital. It included patients
presenting to the Adult Emergency Department of Bursa
City Hospital (1355 beds). According to the data of 2020,
the population catchment area of hospital’s ER (Nilufer dis-
trict) is 484.832. Of them 240.819 (49.67%) are men and
244.013 (50.33%) are women. Among the 106,956 patients
admitted to the emergency department of our hospital dur-
ing the 6-month study period (pre-pandemic: 15 December
2019 to 14 March 2020, pandemic: 15 March 2020 to 15
June 2020), those who had undergone neurological consul-
tation (n=976) were included. Approval from Bursa City
Hospital Ethics Committee and permission from the Minis-
try of Health and Bursa City Hospital administration were
obtained for the use of patient data. The study was carried
out in accordance with the principles of the Declaration of
Helsinki. All data pertaining to the study were obtained from
electronic hospital records.

Demographic characteristics, comorbid diseases, reasons
for emergency consultation, diagnosis after neurological
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evaluation, radiological images [computerized tomography
(CT), magnetic resonance imaging (MRI)], discharge status
of the patients from the emergency department (discharge,
hospitalization, referral to another hospital, refusal of treat-
ment) and the latest status of the hospitalized patients (dis-
charge, exitus) were recorded from the files of the patients.

A comparison was made between patients according to
their date of application, in two groups: those that applied
before the pandemic (BP) and those that applied after the
first case of COVID-19 in Turkey (AP). Treatment refusal
was defined as patients who were offered hospitalization but
did not want to remain in the hospital for treatment. The
complaints of the patients were evaluated under three main
headings: cerebrovascular diseases, seizures and others.

Exclusion criteria: being younger than 18 years old and
not having undergone neurological consultation.

Statistical analysis

All analyses were performed on SPSS v21 (SPSS Inc.,
Chicago, IL, USA). For the normality check, the Kolmogo-
rov—Smirnov test was used. Data are given as mean =+ stand-
ard deviation or median (1st quartile-3rd quartile) for con-
tinuous variables according to normality of distribution, and
as frequency (percentage) for categorical variables. Frequen-
cies of the variables in the BP and AP periods were analyzed
with one-sample chi-square tests with equal probabilities.
Between-group comparisons of the continuous variables
were performed with the independent samples #-test or the
Mann Whitney U test, depending on normality of distribu-
tion. Between-group comparisons of the categorical vari-
ables were performed with Chi-square or Fisher’s exact tests.
Statistical significance value was accepted as p <0.05.

Results

A total of 60,527 patients in the 3-month period before
the pandemic and a total of 46,429 patients in the 3-month
period during the pandemic had been evaluated in the emer-
gency department. Neurology consultation was requested
from 584 patients in the BP period and 392 patients in the
AP period. Mean age was 64.88 +17.09 (range 18-104)
years. The number of patients in the BP group was signifi-
cantly higher than the number of patients in the AP group
(»<0.001). In addition, the number of patients discharged
from the emergency department (p <0.001), the num-
ber of hospitalizations in the neurology ward (p <0.001),
and the frequencies of stroke (p =0.004), ischemic stroke
(p=0.014), seizure (p =0.008) and other neurologic prob-
lems (p <0.001) were significantly higher in the BP com-
pared to the AP group. There were no significant differences
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between the BP and AP groups with regard to the number
of patients hospitalized in the neurology intensive care unit
(ICU), number treatment refusals, mortality in the neurol-
ogy department, and the frequencies of hemorrhagic stroke
and transient ischemic attack (TIA) (Table 1, Figs. 1, 2, 3).

When we evaluated all patients, there were no signifi-
cant differences between the BP and AP groups with regard
to age; there were 294 (50.34%) males and 290 (49.66%)

females who applied before the pandemic, while 208
(53.06%) males and 184 (46.94%) females had applied after
the pandemic (p=0.405). The frequencies of hyperten-
sion (p =0.025), cerebrovascular accident (CVA) history
(p=0.031), or impaired consciousness (p =0.033) were sig-
nificantly higher in the BP group compared to the AP group.
Loss of strength (p <0.001), visual impairment (p =0.012)
and paresthesia (p =0.020), malignancy history (p =0.039)

Table 1 Comparison of the

BP and AP groups in terms of BP () AP @) Total (=) P
imaging studies and clinical Patient number (1) 584 (59.84%) 392 (40.16%) 976 (100.00%) <0.001
characteristics Computerized tomography 567 (59.50%) 386 (40.50%) 953 (100.00%) <0.001
Magnetic resonance imaging 451 (58.95%) 314 (41.05%) 765 (100.00%) <0.001
Status after emergency department
Discharged 223 (63.17%) 130 (36.83%) 353 (100.00%) <0.001
Neurology clinic 210 (61.05%) 134 (38.95%) 344 (100.00%) <0.001
Neurology intensive care unit 56 (51.85%) 52 (48.15%) 108 (100.00%) 0.700
Other clinic 40 (57.97%) 29 (42.03%) 69 (100.00%) 0.185
Other intensive care unit 25 (52.08%) 23 (47.92%) 48 (100.00%) 0.773
Refused treatment 11 (42.31%) 15 (57.69%) 26 (100.00%) 0.433
Referred another hospital 19 (67.86%) 9 (32.14%) 28 (100.00%) 0.059
Exitus 20 (51.28%) 19 (48.72%) 39 (100.00%) 0.873
Diagnosis
Stroke 290 (56.31%) 225 (43.69%) 515 (100.00%) 0.004
Ischemic 206 (56.44%) 159 (43.56%) 365 (100.00%) 0.014
Hemorrhagic 25 (58.14%) 18 (41.86%) 43 (100.00%) 0.286
Transient ischemic attack 59 (55.14%) 48 (44.86%) 107 (100.00%) 0.288
Seizure 53 (64.63%) 29 (35.37%) 82 (100.00%) 0.008
Other 245 (63.64%) 140 (36.36%) 385 (100.00%) <0.001
Data are given as frequency (percentage)
p values were obtained by one-sample chi-square test with equal probabilities
Fig. 1 Status after emergency 250 Groups

department before and after
pandemic

Frequency

B Before pandemic
B After pandemic

Status after emergency department
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Fig.2 Stroke types of the

patients before and after pan- 250
demic

Groups

EBefore pandemic
B After pandemic

Frequency

Ischemic

were significantly more common in the AP group than in
the BP group. There were no significant differences between
groups with regard to length of stay in hospital (Table 2).
When we evaluated patients with stroke, we found that
age was significantly higher in the BP group than in the
AP group (p=0.014). The percentage of patients hospital-
ized in the neurology ward was significantly higher in the
BP (p=0.016) group. Compared to the AP group, hyper-
tension was significantly more common in the BP group
(p<0.001). There were no significant differences between

TIA

Hemorrhagic

Stroke

the two groups with regard to CT, MRI, large vessel, small
vessel, anterior system, posterior system stroke, exitus, dis-
ease history (except hypertension) (Table 3).

When we evaluated patients who had seizures, there
were no significant differences between BP and AP with
regard to age, gender and length of stay in hospital. Thirty-
two (62.75%) patients had had their first seizure before the
pandemic while 21 (75.00%) patients had their first seizure
after the pandemic (p=0.391). Twelve (22.64%) patients
had status in the BP group, while 3 (10.34%) cases of status

Table2 Summary of admission

. . BP (n=584) AP (n=392) p

characteristics in patients

admitted before and after the Age 65.62+17.59 63.78+16.27 0.100

pandemic Gender
Male 294 (50.34%) 208 (53.06%) 0.405
Female 290 (49.66%) 184 (46.94%)
Length of stay in hospital/day 6 (4-10) 5(4-11) 0.356
Malignancy 12 (2.05%) 18 (4.59%) 0.039
Cerebrovascular accident history 108 (18.49%) 52 (13.27%) 0.031

Cause of admission to the hospital

Impaired consciousness 131 (22.43%) 66 (16.84%) 0.033
Headache 27 (4.62%) 15 (3.83%) 0.660
Dizziness 52 (8.90%) 24 (6.12%) 0.112
Speech disorder 75 (12.84%) 47 (11.99%) 0.693
Loss of strength 130 (22.26%) 128 (32.65%) <0.001
Visual impairment 6 (1.03%) 14 (3.57%) 0.012
Syncope 37 (6.34%) 19 (4.85%) 0.401
Paresthesia 37 (6.34%) 41 (10.46%) 0.020
Cranial neuropathy 22 (3.77%) 18 (4.59%) 0.637

Data are given as mean +standard deviation or median (1st quartile-3rd quartile) for continuous variables
according to normality of distribution and as frequency (percentage) for categorical variables
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Tab]e 3 SummaIy. of strol.<e BP (n=290) AP (n=225) P
patients’ characteristics with
regard to admission before and Age 69.73+13.19 66.88+ 12.60 0.014
after pandemic
Gender
Male 147 (50.69%) 121 (53.78%) 0.487
Female 143 (49.31%) 104 (46.22%)
Length of stay in hospital/day 5(1-8) 4(0-7) 0.009
Hospitalized in neurology department 236 (81.38%) 163 (72.44%) 0.016
Exitus 18 (7.63%) 18 (11.04%) 0.321
Stroke type
Ischemic 206 (71.03%) 159 (70.67%) 0.942
Hemorrhagic 25 (8.62%) 18 (8.00%)
Transient ischemic attack 59 (20.34%) 48 (21.33%)
Vessel
Large 38 (18.81%) 28 (18.06%) 0.857
Small 164 (81.19%) 127 (81.94%)
System
Anterior 162 (80.20%) 132 (85.16%) 0.280
Posterior 40 (19.80%) 23 (14.84%)

Data are given as mean + standard deviation or median (1st quartile-3rd quartile) for continuous variables
according to normality of distribution and as frequency (percentage) for categorical variables

were identified in the AP group (p=0.281). There were no
significant differences between groups with regard to CT,
MR, status after emergency department discharge, hospi-
talization in the neurology department, exitus, and disease
history.

When we evaluated patients with other neurologic prob-
lems (patients without stroke or seizure), there were no
significant differences between the BP and AP groups with
regard to age, gender and length of stay in hospital (Fig. 3).

Fig.3 Diagnosis of the patients

Discussion

In our study, it was determined that neurology consulta-
tion was requested by the emergency department for 584
patients in the pre-pandemic period and for 392 patients
during the pandemic period. The frequency of overall con-
sultation requests and consultations for stroke, seizure and
other reasons had decreased in similar fashion to the number
of patients hospitalized in the neurology department and

Groups

before and after pandemic

B Before pandemic
M After pandemic

Frequency

Stroke

Seizure Others

Diagnosis
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the number of imaging orders for neurology-related cranial
CT and MRI during the pandemic period compared to the
pre-pandemic period.

When the literature is reviewed, it can be seen that, dur-
ing the COVID-19 pandemic period, patient admissions to
the emergency department have decreased [16]. In the past,
it was observed that the number of patients admitted to the
emergency department had also decreased during the SARS
epidemic [17]. In the study conducted by Oseran et al., it
was reported that there was a 33.7% decrease in emergency
department admissions in 2020 compared to the same dates
in 2019 [18]. Again, there are publications reporting that
emergency department admissions of life-threatening myo-
cardial infarction, hyperglycemic crisis, surgical emergen-
cies cases and acute orthopedic trauma referrals decreased
during the pandemic period [19-23]. In our study, it was
found that the number of patients admitted to the emer-
gency department with neurological symptoms decreased
by 32.8% during the pandemic period compared to the pre-
pandemic period.

In the Lombardy region of Italy, where the COVID-19
pandemic had dealt a severe blow, neurologists observed
that the number of patients admitted due to stroke decreased
during the pandemic period [24]. It has been stated that the
fears associated with the pandemic may have caused indi-
viduals to overlook mild cerebrovascular disease symptoms.
It is also possible that the presence of life-threatening res-
piratory distress in patients with COVID-19 may have led
to reduced awareness of cerebrovascular events developing
among these individuals. Again in Italy, a study conducted
in a region with a lower prevalence of COVID-19 infection
reported that, despite the decrease in the total number of
patients admitted to the emergency department during the
COVID-19 pandemic, the percentage of requests for neurol-
ogy consultation did not change and the number of patients
with severe neurological conditions requiring hospitalization
not decreased [25].

In the literature, there are publications reporting that
hospitalizations due to stroke, thrombolytic or thrombec-
tomy treatments decreased during the pandemic COVID-19
period. Rudilosso et al. reported in their study that there were
decreases in the number of hospitalizations due to stroke and
thrombectomy procedures, and the patients admitted due to
stroke were younger compared to the pre-pandemic period
[12]. In the study conducted by Uchino et al., a decrease in
the number of acute stroke cases and thrombolytic therapy
applications were detected in emergency departments during
the pandemic [13]. Furthermore, Zhao et al. compared the
pandemic period with the same period in 2019 and found
that hospital admissions due to stroke decreased by almost
half, and the number of thrombolysis and thrombectomy
cases decreased by a quarter [14].

@ Springer

In our study, it was detected that the number of patients
admitted to the emergency department for stroke decreased
by 22.4% compared to the time period before the pandemic.
It was observed that the number of hospitalized patients due
to stroke and length of stay decreased during the pandemic
period (AP) compared to the pre-pandemic period (BP). The
decrease in the number of stroke patients and the duration
of hospitalization in the neurology department may be due
to a reluctance to remain in the hospital, especially among
subjects accompanying patients who were in fear of trans-
mission. It is also possible that, in the absence of definitive
findings or due to limited bed capacity, physicians may have
elected not to hospitalize suspicious stroke cases with mild
neurological symptoms.

Similar to the study by Rudilosso et al. [12], we observed
that patients who were diagnosed with stroke during the
pandemic period were younger. No statistical difference
was observed between the BP and AP groups in terms of
ischemic stroke, hemorrhagic stroke and TIA frequency.
Again, between the groups, no significant differences were
found in terms of the clinical characteristics of stroke,
including origin (anterior or posterior system), large or small
vessel infarction and mortality.

In a previous publication, it was reported that the num-
ber of patients who applied to the emergency department
due to seizures during the pandemic period had decreased,
and patients with chronic epilepsy applied to the emergency
department less frequently during the pandemic. Again, in
this study, it was reported that the number of patients admit-
ted with their first seizure was higher, and that examinations
such as electroencephalography and brain CT were per-
formed more frequently in patients admitted with seizures
during the pandemic period. This situation was explained
by the fact that the number of patients applying to the emer-
gency department due to the first seizure was higher; there-
fore, increasing the use of diagnostic tests in these individu-
als [26].

In our study, a significant decrease was found in the
number of patients admitted with seizures during the pan-
demic period (AP) compared to the pre-pandemic period
(BP) (Table 1). The reason for this may be that patients with
chronic epilepsy were more likely to adhere to medication
use when in curfew, since they were alone less often and
may have received support from their families. When we
evaluated patients with seizures, there were no significant
differences between the BP and AP groups in terms of age,
gender and length of hospital stay. Malignancy history was
significantly more common in patients that applied during
the pandemic compared to patients that had applied in the
previous time period. Unlike the study conducted by Cheli
et al. [26], we did not identify a significant difference in the
number of patients admitted with their first seizure and the
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number of imaging studies used (CT and MRI) when we
compared the pre-pandemic and pandemic periods.

Limitations

We cannot generalize our results even though our hospital
is a very large tertiary healthcare institution which receives
referrals at the local and national level. Nevertheless, since it
is difficult to ascertain the functionality of referral processes
and patient transport during the pandemic, the single-center
nature of our study remains as a limitation. In addition, the
fact that some data could not be reached due to the retrospec-
tive study design is another limitation of our study. It is also
possible that the seasonal differences in the time periods
was a factor in the number of patients being admitted to the
emergency department.

In our study, compared to the pre-pandemic period, it was
observed that there was a significant decrease in the num-
ber of neurology consultation requests from the emergency
department, the number of hospitalizations in the neurology
department, and the number of orders for cranial CT and
MRI imaging in the pandemic period.

Social isolation measures, curfews and travel restrictions
due to the COVID-19 pandemic may have resulted in an
avoidance behavior for hospital application among patients
(and their relatives) —quite evidently due to the fear of dis-
ease contraction. In addition, as mentioned before some rela-
tives of patients requiring hospitalization refused treatment.
This may be another factor (in addition to reluctance to apply
to hospitals) which reduced the frequency of hospitalization.

Conflict of interest None.
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