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ABSTRACT

AIM: To identify the characteristics of patients admitted to the emergency department with intracranial hemorrhages in the era of
the COVID-19 pandemic.

MATERIAL and METHODS: Seventy-eight patients with spontaneous intracranial bleeding who were admitted to emergency
departments and treated in neurosurgery clinics between March 11, 2020, and September 11, 2020, were included in the study.

RESULTS: The most frequent symptom was the loss of consciousness (32.1%), followed by headache (15.4%), syncope
(10.3%), motor loss (9%), and seizures (9%). Antiaggregant and anticoagulant drug use were detected in 37.2% of the patients.
Intraparenchymal hematoma was the most common type of intracranial hemorrhage (59%). Viral pneumonia was detected in 52.6%
of the patients in thorax CTs. Surgical treatment was applied to 23.1% of the patients. There was no significant difference between
patients with pneumonia and patients without pneumonia in the treatment modalities or 30-day mortality.

CONCLUSION: In this study, we found that low Glasgow Coma Scores affected mortality and that mechanical ventilation needs are
higher in ICH patients with COVID-19. Nevertheless, the treatment differences may not have affected the outcomes.

KEYWORDS: COVID-19, Intracranial hemorrhage, SARS-CoV-2

ABBREVIATIONS: AVM: Arteriovenous malformation, CAD: Coronary artery disease, CRF: Chronic renal failure, CT: Computed
tomography, CVE: Cerebrovascular event, DM: Diabetes mellitus, GCS: Glasgow Coma Scale, HT: Hypertension, ICH: Intracranial

hemorrhage

B INTRODUCTION

ntracranial hemorrhages (ICHs) constitute approximately
I10-20% of all cerebrovascular diseases (CVDs) with

high mortality and morbidity rates (12). According to
the American Society of Cardiology Stroke group, ICH and
subarachnoid hemorrhages (SAHSs) are seen in 76% and 24%
of all hemorrhagic strokes, respectively (5).

In addition to genetic factors, hypertension (HT), low tri-
glycerides, and anticoagulant and antiaggregant drug use,
the relationship between intracranial hemorrhages and virus-
es such as CMV, perinatal enterovirus, herpes virus, HIV, and
coronavirus infections has been previously described in the
literature (1,2,5,11,26).

COVID-19 is a disease with a mortality rate of 6%, which at
this writing has affected nearly 3 million people worldwide.
Although the COVID-19 epidemic affected approximately
110,000 people in our country, with early diagnosis, early
treatment, and early isolation methods, the mortality rate
was 2.4% of all total cases. Although the association of
COVID-19 with thromboembolic events such as stroke in
intensive care patients has been shown (17,20), the cause
and effect relationship between COVID-19 and ICH is unclear.
In addition, there are cases reported in the literature with
COVID-19 and ICH (14,29,32). In the pathophysiology of ICH
in COVID-19 patients, it is thought that it may be related to the
passage of COVID-19 to the central nervous system through
the nasal cavity membrane through the first cranial nerve
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olfactory receptors, and there are discussions that ICH may
be a manifestation or complication of COVID-19 (20).

It has been shown that the emergency management of patients
with ICH and their rapid access to emergency intervention,
age, Glasgow Coma Scale scores, increased intracranial pres-
sure, intraventricular hemorrhages, and antithrombotic use
are the factors that affect 90-day mortality (5,11). ICH man-
agement includes different approaches in terms of conserva-
tive and surgical treatments (12), such as ventriculostomy or
surgical evacuation of hematoma (11). Thus, avoiding delayed
admissions and early intervention is essential, especially
under pandemic conditions.

We aimed to identify the characteristics of the patients
admitted to the emergency department with ICH during
the COVID-19 pandemic. Our secondary aim is to analyze
the factors that cause mortality and poor outcomes within
diagnosing and managing ICH patients with COVID-19.

B MATERIAL and METHODS

This was a multicenter observational retrospective cohort
study conducted in two training and research hospitals. The
data of the patients with ICHs (intraparenchymal hemorrhage,
subarachnoid hemorrhage, subdural hemorrhage, and
epidural hemorrhage) from March 11, 2020 (when the first
COVID-19 case was announced in our country) to August 11,
2020 were collected.

Demographic characteristics (age and sex) of the patients,
vital signs at the time of the emergency department (ED) visit
(systolic blood pressure, pulse, body temperature, and oxygen
saturation), presenting complaints, history and medications,
leucocyte, lymphocyte, hemoglobin, platelets, CRP, Na, and
pCO2 levels and imaging findings (Chest X-ray and Computed
tomography findings) and PCR test results, treatment, length
of stay in the ED, duration of hospitalization and outcomes
were recorded in an electronic database file.

The inclusion criteria were as follows: patients aged 18 years
and over, who were diagnosed with spontaneous intracranial
hemorrhages (intraparenchymal hemorrhage, subarachnoid
hemorrhage, subdural hemorrhage, and epidural hemorrhage)
in the ED; and who had at least one positive PCR result
before or at admission. Patients with intracranial bleeding
secondary to trauma, patients not examined for COVID-19
with PCR tests, patients diagnosed with bacterial pneumonia,
and patients whose data were missing or inaccessible were
excluded.

According to the typical appearance of COVID-19 pneumonia
in the thorax CT, according to the RSNA, ACR, and STR
consensus (9), the thorax CT findings of these patients
were described as COVID-19-associated pneumonia. Non-
pneumonia patients were defined as having negative thorax
CT findings according to the same consensus.

Our primary outcome was to identify the patient characteristics
associated with ICH and COVID-19; the secondary outcome
was to examine the difference in treatment and mortality
between patients with COVID-19 pneumonia and those
without pneumonia.
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This study was conducted under the permission of Turkish
Ministry of Health (2020-05-06T18_48_14). Ethical approval
of this study was obtained from Institutional Review Board
(Decision No and Date: 2020-12-19 and 08.06.2020).

Statistical Analysis

SPSS® for Windows version 23.0 was used for statistical
analysis. The mean, standard deviation, median, minimum
and maximum values, and percentages were calculated.
The distribution of the groups was determined using the
Kolmogorov-Smirnov normality test. The difference between
the independent groups in terms of numerical variables was
examined by independent samples (Student’s t-test) and the
Mann-Whitney U test. The difference between the groups in
terms of mortality and treatment groups was analyzed with the
chi-square test. Spearman or Pearson’s test was used in the
correlation analysis according to the distribution of the data.
The level of significance was determined as p<0.05.

B RESULTS

One hundred fifty-six patients admitted to the ED were
diagnosed with intracranial hemorrhage between March 11,
2020 and August 11, 2020. In 99 patients with spontaneous
ICH, 21 patients without or negative SARS-CoV-2 polymerase
chain reaction test (PCR) and no thorax CT examination were
excluded from the study. Therefore, 78 patients were included
in the analysis.

The mean age of the patients was 61.69 + 19.08 (min 18; max
96) (Table I). Eighteen patients were under age 50 (23%). Forty-
four of the patients were male, and 34 were female. The most
common symptoms were loss of consciousness (32.1%),
followed by headache (15.4%), syncope (10.3%), motor loss
(9%), and seizure (9%). Three patients had dyspnea, and one
patient had diarrhea at the time of admission to the ED.

The most common comorbid diseases were HT (57.7 %), dia-
betes mellitus (DM) (20.5%), previous cerebrovascular events
(CVEs) (21.8%), coronary artery disease (CAD) (19.2%), chron-
ic renal failure (CRF) (10.3%) and malignancy (17.9%). Other
diseases were hypothyroidism, dementia, chronic obstructive
pulmonary disease, epilepsy, rheumatoid arthritis, acquired
immunodeficiency syndrome, and intracranial hemorrhage.

The rate of antithrombotic and anticoagulant use was 37.2%.
The most commonly used drugs were aspirin (%62) and
warfarin (24%).

The percentage of patients who had a GCS of 8 and above
was 76.9%. Patients with GCS 15 represented 38.4% of all
patients. The rate of intubated patients was 21.8%.

Aphasia was present in 33 (42.3%) patients. Abnormal
pupillary findings were seen in 16.6% of the cases. Motor loss
was present in 43.5% of the patients, and facial paralysis was
present in 4 patients (10.2%).

Intraparenchymal hematoma was the most common type of
intracranial hemorrhage (59%). Subdural hematoma and SAH
rates were 23.1% and 17.9%, respectively. The frontal lobe
was involved in approximately half of the patients (46.2%).
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Table I: Distribution of Demographic and Physiological Parameters (n=78)

Mean Median 95% Confidence Interval Min-Max
Demographic Characteristics
Age* 61.69 64 57.39-65.99 18-96
Vital Signs
Systolic Blood Pressure (mmHg) 151.72 142.12-161.31 55-250
Diastolic Blood Pressure (mmHg) 86.99 81.60-92.38 30-155
Heart rate* (/dk) 93.36 89.68-97.03 50-135
Saturation (%) 95.69 97 94.83-96.56 82-100
Temperature (°C) 36.268 36 36.125-36.410 35.0-38.0
Laboratory Findings
INR 1.5517 1.15 1.22-1.87 .84-9.23
aPTT 36.983 32.15 33.58-40.387 21.6-106.8
PTT 18.915 14.45 14.723-23.108 3.7-120.0
#Leucocyte* 9.9497 9.038-10.86 1.08-21.66
#Lymphocyte 5.8510 2.09 3.87-7.83 .16-50.30
Hemoglobin* 12.331 11.79-12.86 5.7-17.8
Platelet* 221274.36 201615.66-240933.06 16000-514000
C-Reactive Protein (mg/dl) 26.64 9.5 16.86-36.43 1-231
Na (mg/dl) 138.10 138 137.05-139.15 124-158
pCO2 (mmHg) 42.477 41.40 39.74-45.28 19.7-108.0

*Variables with normal distributions were analyzed with parametric tests.

Most hemorrhages were seen in the right hemisphere (44.9%)
and left hemisphere (41%), and bilateral involvement was
seen at 14.1% (Figure 1A-D, 2A-D). In 23.1% of the patients,
the ventricles were involved.

The patients with positive thorax CT findings as typical
appearances (n=37) for COVID-19 pneumonia according to
the RSNA, ACR, and STR consensus (8) were 47.4%.

The surgical treatment rate was 23.1% for all patients. One
patient died in the emergency service, one patient was
discharged, and all the other patients were hospitalized.
Considering the duration of stay in the emergency department,
we found that for 60.3% of the patients, their stay in the
emergency department ended within 6 hours, except for three
patients who stayed in the emergency department for more
than 24 hours. Patients with a hospital stay of less than one
week constituted 75.6% of all patients. The 30-day mortality
rate was found to be 28.2%.

COVID-19 Pneumonia vs Non-pneumonia

There was no significant difference in thorax CT findings
by age, sex, presenting complaints, comorbid diseases, or
antithrombotic/anticoagulant drug use (Table Il). The vital
signs did not differ between the COVID-19 pneumonia and

non-pneumonia groups, but GCS was significantly lower
(59.5% vs. 40.5%) in the COVID-19 pneumonia group
(p=0.02) (Table lI). Neurological examination findings did not
differ between groups (Table Il). The number of mechanically
ventilated patients was significantly higher in COVID-19
pneumonia patients (p=0.001). There was no significant
difference between the regions or types of ICHs, but ventricle
involvement was significantly higher in the COVID-19
pneumonia group (p=0.003).

Although mortality and medical treatment choice were
higher in pneumonia, no significant difference was found for
either treatment or mortality between pneumonia and non-
pneumonia patients (Table II).

Mortality

Age, sex, presenting complaints, vital signs, comorbidities,
and antithrombotic/anticoagulant drugs did not differ in terms
of mortality. GCS<8 was significantly higher in the 30-day
mortality group (p=0.000). Lateralization was significantly
lower in the mortality group (p=0.029) (Table Il). Mechanical
ventilation was significantly higher in the mortality group
(p=0.000). There was no significant difference among the
coagulation values, but platelets were significantly lower in the
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Figure 1: A) Cranial computed tomography
(CT) scan showing a parenchymal hematoma
in the right temporal region and subarachnoid
hematoma in the prepontine cistern and sulci.
B) Typical COVID-19 pneumonia with ground
glass opacities in multifocal round morphology
are observed in both lungs. C) Parenchymal
hematoma in the right occipital region.

D) Multifocal mosaic attenuation appearance
is seen in both lungs on chest CT scan.

Figure 2: A) Preoperative cranial CT scan shows a right sided acute subdural hematoma -measuring 4 cm in its thickest part- compressing
to the the right lateral ventricle and creating a midline shift of approximately 15 mm. B) Postoperative cranial CT scan. Right parietal
and temporal craniectomy was performed and right sided parietal-temporal subdural hematoma was evacuated. C) Chest CT scan
shows ground glass-like density increases at the level of the posterobasal segment of the bilateral lungs and lower lobes and the lingular
segment. D) 30" day follow-up chest CT after medical treatment dor COVID-19; a decrease in ground glass appearance in the lung
parenchyma is observed.
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Table Il: Comparison of Patients and Hemorrhage Characteristics in Terms of Pneumonia, Mortality and Treatment

COVID 19 Pneumonia Mortality (Surg::sa:::lln: dical
P 95% CI P 95% ClI p 95% ClI
Age 0.380 -12.455-4.805 0.291 -14.582-4.482 0.530 -14.180-7.469
Gender 0.153 0.765 0.123
LMWH 0.470 0.529 0.324
Warfarin 0.799 0.982 0.343
ASA 0.185 0.081 0.069
Saturation 0.690 0.814 0.858
GCS 0.002 0.000 0.758
Motor loss 0.454 0.601 0.418
Mechanical Ventilation 0.001 0.000 0.960
INR 0.810 0.099 0.427
APTT 0.826 0.474 0.473
PTZ 0.787 0.144 0.273
Hemoglobin 0.591 -1.3646-0.7824 0.322 -.5921-1.7794 0.302 -1.9269-0.6046
Platelets 0.135 -9397.390- 68707.344 0.038 2628.463-88114.394 0.571 -37461.810-66215.143
CRP 0.892 0.398 0.100
Region of hemorrhage 0.143 0.426 0.323
Hemisphere 0.141 0.389 0.672
Type of Hemorrhage 0.155 0.263 0.343
Ventricular involvement 0.003 0.251 0.750
COVID-19 Pneumonia - 0.073 0.772
Mortality 0.073 - 0.066
Treatment 0.772 0.066 -
H DISCUSSION

mortality group (p=0.038). There was no difference between
pneumonia and non-pneumonia patients in 30-day mortality
(p=0.073). Mortality was seen less often in the surgically treated
group, but the difference was not significant (p=0.066) (Table
I). Mortality was found to be significantly higher in COVID-19
pneumonia patients with low (<8) GCS (p=0.022), mechanical
ventilation (p=0.01) and low platelet counts (p=0.039).

Treatment (Medical vs. Surgery)

There was no significant difference among ICH types in
the treatment choice or existence of pneumonia (p=0.343).
Other clinical or laboratory characteristics did not affect the
treatment choice in either the COVID-19 pneumonia group or
all patients.

ICH Type vs. Drugs

There was no significant difference found between the types
of ICH and antithrombotic drugs (p=0.765).

Our study defined the characteristics of patients with ICH in
terms of COVID-19 pneumonia, treatment, and mortality.

ICH is a disease with high mortality with an incidence of
0.9% in COVID-19 patients (31). In a study conducted with
125 patients in the United Kingdom, the prevalence rate of
COVID-19 in ICH patients was found to be 12% (35). ICH
accounts for 10-20% of all strokes, and its mortality is 33-52%,
which has been reported to be higher than that of ischemic
stroke (5,12,35). In our study, the mortality rate was 28.2% in
total and 38.7% in patients with COVID-19 pneumonia.

In a systematic review, it was revealed that most of the ICH
patients were male (65.8%), which is similar to our study
(56.4%) (6). There were more patients under the age of 50
years (23%) than in the literature (16%) (6). The same study
also showed that the most frequent type of ICH was IPH
(62.6%), which is compatible with our findings (59%) (6).
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However, in another study including COVID-19 and ICH, the
most frequently seen type of ICH was SAH (72.2%).

We found that in our study, the patients were mostly admitted
to the hospital with symptoms of loss of consciousness
(32.1%), followed by headache (15.4%), syncope (10.3%),
motor loss (9%), and seizure (9%).

Medical or surgical treatments may be preferred in ICH
treatments. Hematoma evacuation with different surgical
methods and medical treatments has not provided a definite
benefit (24,38). Different clinical assessment criteria such as
the Glasgow coma score (GCS) are used to identify brain
injury and other neurological damage in trauma patients to
determine the best therapy for patients (14,33,37). In our
study, the mortality rates of patients with a GCS of 8 or less
were significantly higher than those of patients with a GCS >9.

It has been reported that elevation of the inflammatory markers
CRP and II-6 and D-dimer were detected (34). Although CRP
levels were high in our study, they were not significant.

In a retrospective analysis of patients with cerebrovascular
disease and COVID-19 pneumonia, ICH requiring surgical
decompression was detected in 3 of 22 patients (34). The
proportion of patients treated surgically was 23.1%. A study
conducted on intracranial hematoma patients reported
that early hematoma evacuation did not affect three-month
mortality (38). In our study, there was no difference between
patients with and without pneumonia in terms of treatment.
It may be considered that patient findings of COVID-19
pneumonia do not affect treatment. However, it was found
that mechanical ventilation was more common in patients with
lung involvement.

Nevertheless, the risks and mortality in patients with ICH
and COVID-19 pneumonia requiring mechanical ventilation
should be well evaluated in surgical treatments because of
the complications occurring during and after intubation (4).

In our study, 52.6% of ICH patients had findings of COVID-19
pneumonia on the thorax CT. The co-occurrence of COVID-19
and ICH can be found in the literature. Clinical studies have
shown cerebral involvement that is due to COVID-19, and the
virus was isolated in cerebrospinal fluid (3,7,16,18,20). The
COVID-19 virus causes cytokine storm syndrome (19,23). This
cytokine storm has been shown to disrupt the blood-brain
barrier, causing demyelination without direct contact with
the viral agent (19,23). In these two different studies, cerebral
damage that is due to COVID can occur as a result of both
direct viral invasion and damage to the blood-brain barrier that
is due to cytokine storms caused by the virus. In addition to
pathophysiology, there are case series showing that hypoxia
causes microvascular damage (7). Studies have shown that
cytokine release and low platelet counts are also responsible
for spontaneous ICH (19,22). In our study, the platelet level
was also found to be significantly lower in patients with ICH
with pneumonia.

Antiplatelet therapy has been reported as a risk factor leading
to high mortality in ICH patients (12). In our study, 37.2% of
our patients were using oral anticoagulants and antiplatelet
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therapy. Studies have shown that COVID-19 tends to cause
thrombosis (21,25,30). The incidence of thrombotic events
was 31% in COVID-19 patients who were followed in the
intensive care unit (17). Again, although it is thought that
bleeding may be related to the hemorrhagic transformation
of a multifocal ischemic cerebrovascular event or the use
of anticoagulants (10), in our study, there was no significant
difference in terms of anticoagulant or antiaggregant use in
patients with or without COVID-19. Although their use causes
bleeding, anticoagulants should be considered to prevent
thrombotic complications of COVID-19, which may change
mortality outcomes. In a retrospective study of 33 patients,
anticoagulant use was found at a rate of 66.7% in ICH
patients with a radiological diagnosis of COVID-19 (10). Again,
there are cases of bleeding related to the use of prophylactic
anticoagulants (13).

In a retrospective study, the ICH duration in 1 month was 11
days (27), 61% of these cases were SAH, and 33% were IPH.
In our study, IPH was the most common form in patients with
ICH. ICHSs can be seen as single or multifocal in different parts
of the brain (36). In our study, intraparenchymal hemorrhage,
one of the most common intracranial bleeding types, was
mostly found in the frontal and right hemispheres. However, in
patients with pneumonia, no significant difference was found
between the types of bleeding or the involved hemispheres.

HT was found in 57.7% of the patients. In the literature, the
most common comorbidity associated with cerebrovascular
events has been reported as hypertension (31), and there are
case reports of ICH without hypertension in COVID-19 cases
(82). However, no relationship was found in terms of mortality
in patients with pneumonia. In addition, ICH patients with
low platelet counts were found to have high mortality rates.
We think that ICH hemorrhages may predispose patients to
the formation of intracranial hematomas that are due to brain
damage caused by COVID-19, low platelet count, or high
blood pressure.

In our study, while the malignancy rate was 17.9%, in a study
on hospitalized COVID-19 patients, the frequency of bleeding
in the noncancerous COVID-19 group was found to be 20.8%
(28).

During the COVID-19 pandemic, many patients admitted
to the emergency department also affected the waiting,
examination, and evaluation periods of the patients in the
emergency service. Cowan and Trzeciak found a waiting time
of 2.1-3.5 hours for patients in the United States emergency
service, and 14% of the patients found that they waited in the
emergency department for more than five hours (8). Henneman
et al. found that patients wait 328 minutes in the emergency
department and that patients who are discharged stay in the
emergency department for 176 minutes (15). Although no
studies compared the duration of the waiting time, in our study,
we found that 60.3% of the ICH patients waited more than 6
hours, 35.9% waited 6-24 hours, and 3.8% waited more than
24 hours in the emergency department. The hospitalization
rate was 97.4%. The waiting period is critical during the
pandemic period. While 75.6% of the patients were discharged
in <7 days, the mortality rate was 28.2% during the 30-day



follow-up period. The high number of patients admitted to the
emergency department, the insufficient number of intensive
care and service beds, and the prolongation of referral times
because of the density and occupancy of other health centers
may have increased the emergency department’s waiting
times. Arrangements to be made for ICH patients diagnosed
during the pandemic period may provide early surgical and
medical treatment.

Limitations

Our study’s most significant limitation is the small sample
size, which did not make certain inferences on the choice
of treatment. However, we designed a cohort study to take
a picture of ICH patients with COVID-19 disease during the
study period, and we hope to give readers some insight
about the demographic and clinical characteristics of these
patients. Second, according to the thorax CT findings, which
were accepted as viral pneumonia with the RSNA, ACR,
STR consensus, the time or stage of the pneumonia was not
included in the analysis. Last, as we found no difference among
the ICH types in terms of antithrombotic or antiaggregant
drugs, we also did not underline their use because of the
thrombotic effect of COVID-19. The study was conducted
only on patients with ICH, and further studies are required to
examine bleeding in other systems.

B CONCLUSION

Although it is unclear whether the relationship of cause
and effect between COVID-19 and ICHSs, and the treatment
modalities or the existence of pneumonia did not affect ICH
patient outcomes, it had an effect on the need for mechanical
ventilation.
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