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Abstract

Background and objective Clinical studies on COVID-19 headache are limited. This prospective study aimed to define headache
characteristics, associated clinical and laboratory factors, and treatment response in COVID-19.

Methods Cross-sectional study enrolled 287 patients diagnosed with COVID-19 and hospitalized on a regular ward during the
pandemic. All patients were examined face to face and followed by a neurologist during their stay in the hospital. The characteristics,
concomitant symptoms, treatment responses, and laboratory findings of COVID-19-associated headaches were recorded.

Results Eighty-three COVID-19 patients reported headache (28.9%), in which 85.5% had no prior headaches. Mean age was
48.40 + 15.90 and 58% was men. Compared to COVID-19 patients without headache (n = 204), patients with headache showed
significantly higher frequency of pulmonary involvement (76%) and increased D-dimer levels. Fifty-nine percent of headaches
responded iv paracetamol 1000 mg, and 85% of the paracetamol unresponsive headaches were relieved by greater occipital nerve
(GON) blocks. Latent class cluster analysis identified 2 distinct class of bilateral, frontal, throbbing headaches: severe (VAS >
84), longer (> 14 h), frequent (> 7 headache days), paracetamol unresponsive-GON responsive headaches (85%), with pulmo-
nary involvement (100%), and higher IL-6 levels (>90 pg/mL) were classified in cluster 1. Cluster 2 included moderately
affected patients (VAS > 54, >6 h, >4 days, 60% pulmonary involvement, >20 pg/mL IL-6) and paracetamol responsive
headaches (96%). VAS scores showed positive linear correlation with IL-6 levels (p <0.001; »=0.567).

Conclusion The intensity, duration, frequency, bilateral frontal location, and treatment response of COVID-19 headache was
related to pulmonary involvement and IL-6 levels, which indicated a role of inflammation in determining the headache mani-
festations in moderately affected hospitalized patients. ROC curve cutoff values pointed that VAS > 70 severity, > 9 h duration, >
5 headache days, and IL-6 >43 pg/mL levels can be diagnostic for COVID-19 headache. GON blocks can effectively abort
headache when patients are unresponsive to paracetamol, and other NSAIDs are avoided during the SARS-CoV-2 infection.
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Introduction

>4 Omer Karadas
dromerkaradas @gmail.com COVID-19 illness, recognized as a pandemic on March 11,
2020, is caused by the new coronavirus SARS-CoV-2. The
disease was defined first with fever, myalgia/exhaustion
cough, dyspnea, and involvement the lower respiratory sys-
tem. Neurotropic and neuroinvasive features of SARS-CoV-2
were also detected in humans with various neurological symp-
toms including headache, dizziness, smell, and taste impair-
ments [1-3]. Other symptoms related to gastrointestinal dis-

tress, loss of appetite, and weight loss were also defined dur-
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ing the pandemic [4, 5].
Headache symptom was present in approximately 12% in
COVID-19 patients, according to a meta-analysis including
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more than 40,000 patients from 60 studies [6]. Majority of
clinical studies generally presented headache rate in their co-
hort, which was greatly variable depending on the disease
severity, recruiting inpatients including ICU or outpatients,
obtaining data from hospital records or self-reports/question-
naires [2-7].

Detailed information about headache features associated
with COVID-19 was reported in several studies [3, 7-9].
Headache was reported to occur early in the course of the illness
and could manifest as an isolated symptom of the disease or
presenting symptom of COVID-19 preceding cough or fever
[3, 7, 8]. Headache associated with COVID-19 was described
as moderate to severe, unrelenting, new-onset, bilateral, frontal
pain, and worsening with movements [3, 7-9]. Headache in
COVID-19 may be manifestation with migraine-like sensory
disturbances such as photophobia, phonohobia, osmophobia,
and/or atypical symptoms such as anosmia, or diarrhea, loss
of appetite, and weight loss [3, 7, 8]. Recent large survey on
3458 subjects showed that bilateral, long-lasting, analgesics-
resistant headaches in men were more frequently associated
with COVID-19 infection in conjunction with the anosmia/
ageusia and gastrointestinal complaints [3].

Available reports about the neurological complications of
COVID-19 infection are based on retrospective data analysis.
To the best of our knowledge, this is the first prospective
clinical data acquired by a neurology team serving in a routine
pandemic ward. The primary aim of the study is to determine
the clinical characteristics of COVID-19 headache and its re-
sponse to available treatment options. The secondary aim is to
evaluate whether there is a relationship between variables of
the COVID-19 disease in terms of clinic (comorbid condi-
tions, laboratory findings) and headache features.

Methods

This cross-sectional clinical study was conducted between
March and May 2020, during the pandemic outbreak reached
its peak in the country. The study was performed in accor-
dance with the principles of Helsinki Declaration and ap-
proved by the Local Ethical Committee (Protocol No: 2020-
197) and Ministry of Health Ethical Committee (2020-07T14-
33-58). Written informed consent was obtained from all pa-
tients or legal representatives about the recruitment in scien-
tific purposes. All COVID-19 patients were diagnosed and
managed by the same treatment protocol approved by the
Ministry of Health, consistent with WHO guidelines [10].

Subjects All patients admitted to the emergency department or
COVID-19 outpatient clinic were examined, diagnosed, and
directed to the appropriate wards or ICU according the sever-
ity of the illness. The present study recruited 311 consecutive
COVID-19 patients hospitalized with moderate symptoms to

@ Springer

the neurology ward, which served as routine COVID-19 ward
during the pandemic and managed by a headache specialist.

Inclusion criteria were COVID-19 diagnosis according to
WHO interim guidance, adults aged over 18 years, no history
of malignancy, severe metabolic syndrome, uncontrolled hy-
pertension, uncontrolled diabetes, chronic liver failure, chron-
ic renal failure, decompensated congestive heart failure, cur-
rent alcohol/drug abuse and major psychiatric disorders.
Exclusion criteria were patients transferred to ICU, headache
attributed to other causes, patients who had severe hearing or
speech impairment to interfere with communication, and pa-
tients who refused further laboratory investigations.

Among 311 patients diagnosed with COVID-19 illness,
287 patients were enrolled in the study. Patients who required
mechanical ventilator or ICU within the first 10 days of hos-
pitalization (n = 13) and patients diagnosed with other second-
ary headaches such as sinusitis, meningoencephalitis, and sub-
arachnoid hemorrhage (n = 11) were excluded from the study.

COVID-19 positivity has been defined with the real-time
reverse transcription polymerase chain reaction (rRT-PCR)
analysis of nasopharyngeal and nasal swab specimens, which
is used for SARS-CoV-2 virus analysis. Anamnesis of all
patients were taken; also thorax CT and laboratory tests (com-
plete blood cell count, blood chemical analysis) were investi-
gated in a standardized manner in all patients. D-dimer test has
been performed using a fluorescence immunoassay for the
quantitative determination of cross-linked fibrin degradation
products containing D-dimer in EDTA anticoagulated plasma
specimens (reference values < 0.50 mcg/mL). IL-6 measure-
ment used 1.5 mL blood sample in EDTA top tube and proc-
essed 0.5 mL plasma for Quantitative Multiplex Bead Assay
(reference values < 1.8 pg/mL). Pulmonary involvement was
diagnosed by thorax CT, independent of pneumonia symp-
tomatology. Headache specialist and neurologists made face-
to-face visits everyday and examined COVID-19 patients. All
headache characteristics were questioned carefully and re-
corded using a semi-structured database. Headache location
(bilateral, unilateral, frontal, retroorbital, suboccipital, etc.),
headache intensity by visual analog scale (VAS) (VAS 40—
69 moderate intensity, VAS > 70 severe intensity), duration of
headache attacks per day (hour), and frequency of headache
(headache days during the 10 days of hospitalization) were
recorded specifically. Hyposmia was diagnosed by examina-
tion using two different scents. Diarrhea was diagnosed for
who had severe symptoms and prescribed special diet. Loss of
weight was defined >4% of body weight. Paracetamol
1000 mg was used intravenously as an analgesic and patient
with less than 50% (severity, frequency, or duration) improve-
ment was considered for greater occipital nerve (GON) blocks
using 2% lidocaine 2 mL per injection points bilaterally.

Statistical analysis In the study, continuous data were summa-
rized as mean + standard deviation and median (min-max)
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values, and categorical data were described with count (%)
values. Shapiro-Wilk’s test was used to check normality.
The comparisons of patients with and without headache were
made using independent ¢ test (mean age) or Mann-Whitney U
test (median IL-6, D-dimer, VAS, duration of attacks, fre-
quency of attacks). The relationship between categorical var-
iables was evaluated by means of chi-square test and Fisher’s
exact test. Latent class (LC) cluster analysis, allowing for
classification with mixed (categorical and continuous) data,
was used to determine the characteristics of the headache as-
sociated with COVID-19 and to classify individuals according
to their common features. Latent class cluster analysis is a data
mining technique and can identify hidden subgroups or clus-
ters exhibiting similar characteristics including clinical fea-
tures, treatment responses, comorbidities, and outcomes.
Local independence assumption of LC cluster analysis was
accounted by adding direct effect associated with two vari-
ables that had large bivariate residuals (>2), and model fit
was checked using Akaike information criteria (AIC) and
Bayesian information criteria (BIC) [11]. The validity of the
results of cluster analysis was evaluated by comparing the
groups in which common features were clustered. To control
familywise error rate in these comparisons about main hypoth-
esis of the study, the Bonferroni adjustment was applied. In
addition, receiver operating characteristics (ROC) curves were
used to obtain cutoff values associated with COVID-19 head-
ache. In contrast to standard statistical techniques, LC cluster
models have an advantage that does not require any imputa-
tion method for missing values [11]. It is simply based on the
density estimation of variables that are observed for the case
concerned. In the study, Latent Gold 5.1 and STATISTICA
13.0 packages were used, and statistical significance level was
p<0.05.

Results

Among 287 COVID-19 patients, 83 patients reported head-
ache. Demographic features, clinical characteristics, and lab-
oratory results of 2 groups are given in Table 1. Slight male
dominance was notable in COVID-19 patients irrespective of
headache; age distribution was similar in both groups. In ac-
cordance with the ministry of health regulations, all patients
received the same standard treatment protocol of hydroxy-
chloroquine, azithromycine, and favipiravir for 5 days and
low molecular weight heparin (LMWH) depending on the
level of D-dimer elevation. No serious complication was ob-
served except for pulmonary inflammation. There was no
mortality, and all patients were discharged after approximately
10 days of hospitalization.

Patients with headache showed higher ratio of pulmonary
involvement diagnosed by thorax CT imaging compared to
non-headache sufferers (75.9% vs 33.8%, p <0.001). Also,

the frequency of comorbid hypertension, diabetes mellitus,
and stroke were significantly higher in patients with headache
compared to non-headache sufferers (Table 1). The frequency
of loss of appetite, weight loss, and diarrhea were higher in
patients with headache compared to non-headache group.
Loss of appetite lasted up to 15 days, while diarrhea symptom
lasted only 3—4 days. Hyposmia, diagnosed by examination,
was present in 8.9% of'the COVID-19 patients with headache,
while its frequency was 3.6% in COVID-19 patients without
headache. Although mean IL-6 levels were higher in headache
patients, the increase was not statistically significant com-
pared to COVID-19 patients without headache. On the other
hand, D-dimer levels were significantly higher in headache
sufferers compared to those without headache among the
COVID-19 patients.

Primary headache frequency was not significantly different
in COVID-19 patients with headache (14.5%) from COVID-
19 patients without headache (10.3%, p = 0.425). Eighty-five
percent of COVID-19 patients with headache did not have
prior primary headaches. There was no significant gender-
dependent difference in the aspect of headache phenotype.
Details of headache characteristics according to gender are
shown in Table 2. Fifty-eight percent of COVID-19 patients
with headache were men. Previous primary headache disor-
ders were more common in women (25.7%) compared to men
(6.3%, p=0.013). In previous migraine headaches, aura was
present in 7 patients; 5 were visual and remaining 2 were
somatosensory aura. Previous aura symptoms did not show
significant association with headache phenotype, other clini-
cal features, or laboratory data.

Headache during the COVID-19 illness was bilateral,
throbbing, or pressing. Most frequent associated symptoms
were nausea, photophobia, and phonophobia (Table 2). Most
common headache location was frontal (54%); subsequently
occipital (15.6%); frontotemporal (3.6%); and rarely parietal,
periorbital, and temporal side of the head. Bilateral headache
was located frontally compared to other locations (55.8% vs
33.3%, p=0.011) and more common in patients with pulmo-
nary involvement (79.2% vs 20.2%, p = 0.021). Patients with
pulmonary involvement reported higher VAS scores com-
pared to the patients without pulmonary involvement (70.71
+16.70 vs 53£9.09, p <0.001).

Compared to the unilateral headaches, bilateral headache
location was significantly associated with higher levels of IL-
6 (55.59+54.48 vs 10.07 +£7.52, p=0.022) and higher levels
of D-dimer (7.88+5.57 vs 3.30+2.12, p=0.008).Scores of
VAS showed positive linear correlation with IL-6 levels
(p<0.001; »=0.567) in COVID-19 patients with headache.
Compared to the pressing quality, throbbing quality of head-
ache was associated with a good response to both medical
treatment (61.7% vs 38.3%, p = 0.008) and interventional man-
agement by GON blocks (38.3% vs 0, p <0.001). Patients un-
responsive to paracetamol regimens reported severe headache
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Table 1 Clinical features and
main laboratory findings of
patients with COVID-19

Patients with headache
n=83 (28.9%)

Patients without headache P
n=204 (71.1%)

Age (mean + SD)
Median[min-max]
Gender (women/men) n (%)
Pulmonary involvement n (%)
Previous primary HA n (%)
Comorbidities
Hypertension n (%)
DM n (%)
CAD n (%)
Stroke n (%)
Asthma n (%)
COPD n (%)
Obesity n (%)
Hyposmia n (%)
Loss of taste n (%)
Loss of appetite n (%)
Loss of weight n (%)
Diarrhea n (%)
IL-6 (mean + SD)
Median [min-max]
D-dimer (mean + SD)

Median[min-max]

48.40+15.90 46.05+14.87 0.236
48.00 [20.00-89.00] 46.00 [19.00-85.00]

35 (42.2%)/48 (57.8%) 92 (45.1%)/12 (54.9%) 0.651
63 (75.9%) 69 (33.8%) <0.001
12 (14.5%) 21 (10.3%) 0.425
33 (39.8%) 47 (23.0%) 0.007
14 (16.9%) 16 (7.8%) 0.040
8 (9.6%) 9 (4.4%) 0.154
9 (10.8%) 3(1.5%) 0.001
8 (9.6%) 10 (4.9%) 0218
9 (10.8%) 9 (4.4%) 0.077
28 (33.7%) 49 (24.0%) 0.124
7 (8.4%) 8 (3.9%) 0.206
6 (7.2%) 9 (4.4%) 0.497
45 (54.2%) 28 (13.7%) <0.001
37 (44.6%) 26 (12.7%) <0.001
21 (25.3%) 31 (15.2%) 0.044
52.50+53.85 31.91+29.01 0.241
26.00 [1.00-214.30] 30.70 [0.50-114.10]

7.55+5.52 1.13£0.99 <0.001

5.52 [0.19-42.30] 0.80 [0.10-5.30]

HA headache, DM diabetes mellitus, CAD coronary artery disease, COPD chronic obstructive pulmonary disease

attacks (VAS scores were 83.97 = 6.12) compared to paraceta-
mol responsive group (54.29 +9.89, p < 0.001). Also, COVID-
19 patients with headache unresponsive to paracetamol had
higher levels of IL-6 compared to paracetamol responsive
group (86.34+59.13 vs 21.94+20.66, p<0.001).
Interestingly patients unresponsive to medical treatment were
statistically significantly younger than those responsive patients
(median 40 [20-76] vs 52 [25-89], p=0.033).

Thirty-four out of 83 patients (40.9%) were unresponsive to
paracetamol. In these patients, interventional GON block pro-
cedures were performed for the headache management, and 29
out of 34 patients (85.2%) reported pain relief following GON
blocks (p <0.001). Patients responsive to GON blocks were
younger than unresponsive patients (median 40 [20-71] vs 54
[32-76], p=0.029). GON unresponsive patients (z=15) had a
higher IL-6 levels compared to GON responsive patients (me-
dian 128.4 [24-214.3] vs 85[4-187], p < 0.001).

To determine specific characteristics of COVID-19-
associated headache, LC cluster analysis was performed.
Local dependence assumption of 2-cluster model was checked
using bivariate residuals (BVR). Since there was a large BVR
(2.6189 > 2) between location and duration of headache, “di-
rect effect” parameter added to model. After that, all BVRs
were less than 1 and model fit was better (AIC =895.00;
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BIC =774.06) than the model which had no direct effect pa-
rameter (AIC =901.67; BIC =778.31).

Patients with headache were clustered into two hidden dis-
tinct groups. Headache intensity, frequency and duration of
headache attacks, headache location, pulmonary involvement,
and IL-6 had an impact on the formation of clusters (Fig. 1). In
cluster 1, headache intensity, frequency, and duration of at-
tacks were statistically significantly higher than the cluster 2
(p <0.001). Remarkably, all cases classified in cluster 1 had
pulmonary involvement (p < 0.001). These two clusters were
also compared in terms of other clinical and laboratory fea-
tures of the patients. IL-6 levels in cluster 1 were significantly
higher than those in cluster 2 (p <0.001). Majority of the
patients classified in cluster 2 were responsive to paracetamol
(94%), while only 2 out of 33 patients in cluster 1 were re-
sponsive to paracetamol (6%) (p < 0.001). On the other hand,
31/34 patients with GON block procedures were classified in
cluster 1 and 78.7% responded to GON blocks (p <0.001)
(Fig. 1).

Also, diagnostic cutoff values of distinguishing two clus-
ters were determined by ROC analysis (Fig. 2). Convincingly,
cutoff values calculated by ROC analysis discovered head-
ache intensity of VAS >70 (Se =1.00, 95% CI: 0.894—1.00;
Sp =0.920, 95% CI: 0.808-0.978), headache frequency of > 5
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Table 2  Headache characteristics of the patients with COVID-19 infection
Women Men Total P
n =35 (42%) n =48 (58%) n =83
Duration (hours) (mean + SD) 8.69+4.98 9.23+£5.40 9.00+5.20 0.728
Median [min-max] 7.00 [3.00-20.00] 7.00 [3.00-20.00] 7.00 [3.00-20.00]
Frequency (days)* (mean + SD) 4.83+2.41 5.29+2.38 5.10+£2.39 0.353
Median [min-max] 4.00 [2.00-9.00] 4.00 [2.00-9.00] 4.00 [2.00-9.00]
Location of headache 0.693
Unilateral 3 (8.6%) 3 (6.3%) 6 (7.2%)
Bilateral 32 (91.4%) 45 (93.8%) 77 (92.8%)
Quality of headache 0.077
Throbbing 20 (57.1%) 27 (56.3%) 47 (56.6%)
Pressing 6 (17.1%) 15 (31.3%) 21 (25.3%)
Stabbing 6 (17.1%) 1(2.1%) 7 (8.4%)
Others 3 (8.6%) 5 (10.5%) 8 (9.6%)
Associated symptoms 0.841
None 0 0 0
Nausea 15 (42.9%) 15 (31.3%) 30 (36.1%)
Vomiting 1 (2.9%) 4 (8.3%) 5 (6.0%)
Photophobia 9 (25.7%) 16 (33.3%) 25 (30.1%)
Phonophobia 8 (22.8%) 15 (42.8%) 23 (27.7%)
Osmophobia 1 (2.9%) 1(2.1%) 2 (2.4%)
Aggravation by PA 5 (14.3%) 7 (14.6%) 12 (14.5%)
Vertigo/dizziness 4 (11.4%) 5(10.4%) 9 (10.8%)
Response to paracetamol n (%) 24 (68.6%) 25 (52.1%) 49 (59.0%) 0.200
Response to GON blocks 0.293
GON- NA 24 (68%) 25 (52.1%) 49 (59.0%)
GON- un responsive 2 (5.7%) 3(6.3%) 5 (6.0%)
GON- responsive 9 (25.7%) 20 (41.7%) 29 (34.9%)

NA not applicable, PA physical activity, GON great occipital nerve
*Headache days in 10 hospitalization days

headache days (Se = 0.909, 95% CI: 0.757-0.981; Sp = 0.880,
95% CI: 0.757-0.955), headache attack duration of >9 h
(Se=0.818, 95% CI: 0.645-0.930; Sp=0.920, 95% CI:
0.808-0.978), and IL-6 levels of >43 pg/mL (Se=0.777,
95% CI: 0.577-0.914; Sp=0.906, 95% CI: 0.750-0.980).
These cutoff values are important for COVID-19-specific
headache diagnostic criteria as listed in Fig. 2.

Discussion

The first cross-sectional study on headache in COVID-19 in-
fection showed that headache symptom was present in 28.9%
of hospitalized patients in routine ward and diagnosed with
moderate severity of the illness. During the COVID-19
course, bilateral, frontal, throbbing, severe, long duration,
and higher frequency headaches were frequently noticed.
The response rate to abortive analgesic medication was limit-
ed to 41%, and interventional GON blocks had an impact on
headaches unresponsive to paracetamol. Majority of patients
had no prior primary headaches. Overall primary headache
frequency of 14.5% in COVID-19 patients was consistent
with prevalence of migraine in the population and did not

show any increased COVID-19 risk for migraine patients.
Patients with headache showed higher frequency of comorbid
hypertension, diabetes, and stroke compared to non-headache
COVID-19 patients. Notably, COVID-19 patients with head-
ache were associated with increased rate of pulmonary infil-
tration, increased D-dimer, and IL-6 cytokine levels.

Currently there are no definitive criteria on phenotypic fea-
tures of COVID-19 headache other than headache disorder
attributed to nonspecific viral infection (ICHD-3 code
9.2.2.1) [12]. According to our study new onset, bilateral (par-
ticularly in frontal regions), severe, throbbing, long duration
headaches accompanied by pulmonary involvement and in-
creased IL-6 levels were suggestive of COVID-19 headache
(Fig. 1). These characteristics are in line with proposed spec-
ifying features for COVID-19 headache [3, 7-9].

Latent class cluster analysis identified 2 distinct hidden
headache phenotypes in COVID-19 patients. Cluster 1 was
characterized by severe, long-duration, frequent headache at-
tacks unresponsive to paracetamol (85%). Also, this group
comprised all patients with pulmonary infiltration and higher
levels of IL-6. Cluster 2 classified paracetamol responsive,
moderate headaches (96%) and patients without pulmonary
infiltration (40%). Headache phenotypes in cluster 1 are in
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Throbbing (56.6%)

Cluster-1 (n=33, 39.7%)
Severe intensity (VAS: 84.09 + 6.05)**
11 Headache days (7.39 +1.58) **

T Attack duration (13.88 + 4.70 hrs) **
Frontal location (67%) *

GON responsive (78.7%)**
Pulmonary involvement (100%)**

™ IL-6 (90.06 + 57.42 pg/mL)**

Frontal (54%)

Cluster-2 (n=50, 60.3%)
Moderate intensity (VAS: 54.80+10.49)**
T Headache days (3.58 + 1.44)**

T Attack duration (5.78 + 2.07 hrs)**
Frontal location (46%)*
Paracetamol responsive (94%)**
Pulmonary involvement (60%)**

T IL-6 (20.83 + 19.92 pg/mL) **

* p<0.05,

Fig. 1 Latent class cluster analysis identified 2 distinct headache clusters
in COVID-19. pulmonary infiltration and circulating proinflammatory
IL-6 levels had an impact on the formation of both clusters. Severe
headache phenotypes classified in Cluster-1 were blocks. Moderate
headache phenotypes were classified in Cluster-2, and 94% were

**p<0.001

responsive to paracetamol. Moderate increase of IL-6 and intact
pulmonary imaging in 40% is notable in Cluster-2. Headache in
COVID-19 had throbbing quality and was frequently located in the
frontal region

accordance with the notion that parenchymal invasion of
SARS-CoV-2 is associated with increased circulating cyto-
kines and inflammatory mediators with a potential to progress
cytokine storm [13].

Headache symptom denotes a nociceptive process through
trigeminal nerve activation and associated with neuro-
inflammatory-vascular process, where CGRP released from
perivascular trigeminal nerve, vascular reactivity, and inflam-

Fig. 2 ROC curves for VAS, IL-
6, frequency and duration of
attacks to classify patients with
COVID-19 headache.
(AUROCVAS =0.980; p <
0.001, AUROCIL-6 = 0.867; p <
0.001, AUROCEFr = 0.940; p <
0.001, AUROCD = 0.948; *#p <
0.001)

Source of the Curve
—VAS
-6
— Frequency of attacks
= Duration of attacks

ROC curve cut-off values
for COVID-19Headache **
- VAS>70

Sensitivity

047
- Frequency >5 days
- Duration>9 hrs
- IL-6>43pg/mL
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mation take place [14—16]. Several agents such as nitric oxide
donors and pro-inflammatory cytokines including IL-6 are
well defined triggers for trigemino-vascular system [7, 16].
IL-6, the only cytokine measured in our study, was shown to
activate trigeminal afferents in dura mater and induce head-
ache in preclinical models [17, 18]. Additionally, IL-6 expres-
sion in the dural macrophages was induced by nitroglycerin,
an established headache trigger [19, 20]. Also, IL-6 applica-
tion particularly with heat conditions was shown to provoke
CGRP release [21]. Therefore, it is plausible considering the
increased CGRP levels as responsible for the headache occur-
rence. Increased D-dimer is consistent with the altered coag-
ulation related to IL-6 increase in COVID-19 [22]. Higher
levels of IL-6 in patients with more intense headache could
point out a potential role of IL-6 in COVID-19 headache. Yet,
40% of the patients without any pulmonary infiltration in
cluster 2 manifested moderate headache intensity and moder-
ate elevation of IL-6. It seems that circulating inflammatory
cytokines could also be associated with headache without any
pulmonary involvement.

We suppose that the headache correlated with the presence
of pulmonary infiltration cannot merely be attributed to hyp-
oxic conditions since severe hypoxemia or hypercapnia was
not detected and none of the patients required ventilation.
Rather, we propose that pro-inflammatory mediators and cy-
tokines played a crucial role in determining headache mani-
festations in COVID-19. This proposition was supported by
linear positive correlation of IL-6 levels with VAS scores.
Also, IL-6 levels had a serious impact on the formation of
headache clusters, and ROC curve cutoff values indicated a
moderate increase of IL-6 for defining COVID-19 headache
(Fig. 2). Recently studies revealed dysregulation of coagula-
tion factors, as a function of circulating IL-6 levels and altered
cerebral hemodynamics [22, 23], which probably contributed
to headaches during COVID-19.

In COVID-19, inflammation takes a central role and
SARS-CoV activates NLRP3 inflammasome, which yields
pro-inflammatory cytokines including IL-6 [7, 16, 24, 25].
Recently, the possible role of angiotensin system and
NLRP3 inflammasome was implicated in the vascular comor-
bidity and headache development in COVID-19 [16].
Regarding the comorbidity, COVID-19 patients with head-
ache had more frequent hypertension (39.8% vs 23.0%), dia-
betes (16.9% vs 7.8%), and stroke (10.8% vs 1.5%) compared
to non-headache patients. Though COVID-19 patients with
cardiovascular comorbidities demonstrated higher mortality
in most of the reports [1, 2, 26, 27], no mortality or thrombo-
embolic event was detected, and all patients were discharged
in our study group.

Our study samples showed that almost half of the patients
(45.9%) and more than % of the headache sufferers showed
pulmonary involvement detected by thorax CT. Those pa-
tients with headache symptoms showed more frequent

pulmonary involvement compared to non-headache sufferers
(75.9% vs 33.8%). Intriguingly, D-dimer levels were signifi-
cantly higher in patients with headache compared to non-
headache sufferers (7.55+5.52 vs 1.13+£0.99). Related to
severity of the infection, elevated D-dimer levels and IL-6
were correlated with a risk of thrombosis and poor prognosis
[1, 2, 26, 27]. All patients received treatment and LMWH
from the admission, and we believe that interference was the
critical to reduce the risk of thrombosis and related complica-
tions in our study group. Besides, relatively younger age
(mean 48.40 £ 15.90 vs 46.05 + 14.87) of the study population
had an impact on the outcome. Additionally, presence of
headache in hospitalized COVID-19 patients was stated as
an independent predictor of lower risk of mortality [28].

Treatment was the same for all patients according to the
protocol. Therefore, the headache occurrence cannot be attrib-
uted to the treatment difference. The headache was responsive
to intravenous 1000 mg paracetamol, yet it was relapsing.
Peripheral nerve blocks particularly GON blocks are com-
monly used procedures in headache clinical practice for the
management of several headache types [29, 30]. GON blocks
effectively relieved headache in 85% of paracetamol unre-
sponsive COVID-19 patients in the presented study. Relief
with GON procedures may engage secondary mechanisms
and achieve long-term benefit decreasing systemic side effects
of pharmacologic agents. Consequently, GON blocks seem to
be a good choice to abort headache attacks when patients were
unresponsive to paracetamol and other NSAIDs are avoided
during the SARS-CoV-2 pandemic.

Headache symptom was associated with diarrhea in
COVID-19 patients (25% vs 15%). Patients diagnosed with
COVID-19 manifested GI distress symptoms including nausea,
vomiting, abdominal pain, and diarrhea [3-5, 8], and headache
was reported around 22% in patients manifesting GI symptoms
[4]. Yet, the mechanism of GI symptoms and headache associ-
ation is not clear; CGRP a neuropeptide released from sensory
nerve endings could link two symptoms [7, 8, 31].

Increased rate of loss of appetite and weight was seen in
patients with headache compared to non-headache COVID-19
patients (54.2%, 44.6% vs 13.7%, 12.7% respectively). The
loss of weight was disproportionate to the diarrhea rate in
patients. Rapid loss of appetite and weight extending beyond
the duration diarrhea was also reported in headache associated
with mild COVID-19 patients [8]. Our study sample showed
low hyposmia rates (5%) and good recovery rate in all pa-
tients, suggesting that the loss of odor was not a predictor
for the outcome of COVID-19 [5].

Our clinical study has some constraints as it was conducted
during extraordinary conditions in pandemic outbreak peak.
Patient recruitment was dependent on patient management
algorithm of the emergency department and infection commit-
tee policy regulated general treatment algorithm including re-
quirement of hospitalization in routine wards. Additionally,
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several reports warning to avoid NSAIDs particularly ibupro-
fen [32] left paracetamol as an only abortive medication for
headaches during COVID-19 infection. Another limitation of
the study was its restriction to hospitalized patients in general
ward without including patients in the ICU and non-
hospitalized mild symptomatic patients. Other potential limi-
tation was lack of long-term follow-up data providing tempo-
ral course of COVID-19 headaches.

This prospective study on headache in COVID-19 has sev-
eral implications. Clinical data was obtained from face-to-face
examination and daily follow-ups. Study was conducted by a
neurology team who were expert in headache area including
peripheral nerve interventions. Also, application of latent class
cluster analysis revealed novel associations of symptoms and
signs clustered around COVID-19 infection headache. The
study also included associations between headache features,
treatment responses, and laboratory findings in COVID-19.
Cutoff values of ROC curves could be used to define
COVID-19 infection headache. We showed for the first time
that clinical features could be helpful for predicting headache
treatment response and GON blocks can be safely used in the
management of COVID-19 infection headache.

Conclusion

Headache symptom in COVID-19 is characterized by new
onset, bilateral, frontal, throbbing, severe, long-lasting attacks
in patients without prior primary headaches. The intensity,
duration, frequency, bilateral frontal location, and treatment
response of COVID-19 headache are related to pulmonary
involvement and IL-6 levels, indicating a significant role of
inflammation and cytokines in determining the headache man-
ifestations in moderately affected hospitalized patients. Latent
class cluster analysis identified 2 distinct class of headaches
depending on the intensity, duration, frequency, pulmonary
involvement, IL-6 levels, and treatment response. ROC curve
cutoff values pointed that VAS > 70, >9 h duration, > 5/10
headache day frequency, and IL-6 >43 pg/mL can be diag-
nostic for COVID-19 headache.
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