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Abstract

Background: Headache is the most frequent symptom of cerebral venous thrombosis (CVT) but there is limited
information about the frequency and phenotype of headache, weeks to months after cerebral venous thrombosis (post-
cerebral venous thrombosis headache, PCH).

Objective: To assess the frequency, characteristics and predictors of PCH.

Methods: In this cross-sectional study, the frequency and characteristics of PCH were assessed in cerebral venous
thrombosis survivors. Patients were interviewed between six months and five years after the cerebral venous throm-
bosis diagnosis. Clinical and imaging characteristics at the time of cerebral venous thrombosis diagnosis, as well as
history of headache prior to cerebral venous thrombosis were compared in subjects with (Grouppcy) and without PCH
(Groupcontrol)-

Results: Subjects (n = 100; 82% women) were assessed, on average, at |.| + 1.6 years of follow-up. PCH was present in
59% of the patients, phenotypes of tension-type-like headache were present in 31/59 (52.6%) and of migraine-like
headache in 16/59 (27.1%). History of primary headache prior to cerebral venous thrombosis was significantly more
common (OR: 6.4; 95% CI: 1.7-36.3) in Grouppch (33.9%) than in Group.onerol (7-3%).

Conclusion: PCH was present in more than half of the patients. History of prior headache may be a risk factor for
PCH. Prospective studies are required to confirm these findings and determine mechanisms, as well as interventions for
prevention and treatment of PCH.
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typically observed in 85% to 90% of the patients at six
months after diagnosis (5,7).

According to the International Classification of
Headache Disorders (ICHD-3) (8), the headache attrib-
uted to CVT (6.6.1) can be of any type, must have a
temporal relationship with the diagnosis of thrombosis
or lead to the CVT diagnosis. In addition, the progress
of pain must be correlated with improvement or wors-
ening of the thrombosis. Headache is more frequent in
CVT (up to 90% of the patients at the time of diagno-
sis) (4) than in ischemic stroke (9,10).

A prospective study reported headache at onset of
ischemic stroke in 14.9% of 550 patients (10). A new
type of headache was present in 56% of the patients,
while headache with altered characteristics was
reported by 36% (10). According to an international
consensus, phases of recovery after stroke can be clas-
sified as hyperacute, acute, early subacute, late sub-
acute, or chronic (11). At the chronic phase (>6
months) (11) after ischemic stroke, primary-like head-
ache phenotypes (mainly tension-type-like headache)
were reported by 50.6% of 89 subjects (12). The pain
fulfilled criteria for tension-type headache (TTH,
ICHD-3 code 2.) in 28.9% of the patients and for
migraine (ICHD-3 code 1.) (8), in 46.7%. Overall, the
characteristics of post-stroke headache differed
from the characteristics of pain in the acute phase
after stroke. Female sex and pre-ischemic stroke head-
ache were independent predictors of post-stroke
headache (12).

Weeks to months after CVT, headache was reported
by 20% to 47% of the patients, being severe in up to

14% (6,13,14) (Table 1). Until now, headache at the
chronic stage after CVT had not been assessed by struc-
tured interviews. Risk factors, characteristics of the
pain and predictors of persistent post-CVT headache
(PCH) remained to be clarified.

The aims of this study were to describe the frequen-
cy, characteristics and potential clinical/imaging
predictors of PCH. In addition, we compared
characteristics of PCH, headaches attributed to CVT
(ICHD code 6.6.1) and headaches reported prior
to CVT.

Methods

This was an observational, cross-sectional study, based
on face-to-face interviews and assessment of medical
records. Interviews were performed at the CVT
Outpatient Clinic from the Neurology Department at
Hospital das Clinicas/Sao Paulo University, the largest

6 months to 5 years
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CVT
Hospital

Admission

Figure I. Study design.

Table 1. Summary of studies that followed patients with cerebral venous thrombosis for at least 12 months.

Follow-up
First Author, Year Outcomes Design N (months) Results
de Bruijn, 2000 Mini-mental state examination, Double-blinded, 47 185 Headache was not assessed
I5 word memory test, randomized trial
Warrington
Graded Naming Task, Wechsler
Adult Intelligence Scale, Rey
Complex Figure Test
Ferro, 2002 Long-term mortality, functional =~ Observational 142 12 Headache: 59 patients (47%)
recovery and long-term Retrospective and Mild: 46 (37%)
complications Prospective Moderate: 3 (2%)
Severe” 10 (8%)
Ferro, 2004 Death or dependence Observational 624 |6 Severe headache:
(Modified Rankin Scale) Prospective, 88 patients (14.1%)
Multicenter
Koopman, 2009 Frequency of headache, fatigue,  Case-control 44 63 Headache: 19 (43%) of
depression, and cognitive patients with CVT, 4 (9%)
impairment of patients in control group.
Hiltunen, 2016 Modified Rankin Scale, Cross-sectional l6l - Headache more than

Employment

once week: 33 (20%) patients
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hospital in Latin America, from November 2016 to
October 2019. After each interview, medical records
were assessed to retrieve information about the admis-
sion at the time of CVT diagnosis (Figure 1).

This study received ethical approval from our insti-
tutional Research  Ethics Committee (number
56307316.70000.0068). All patients provided written
informed consent.

Subjects

Consecutive patients followed at the CVT outpatient
clinic were screened for eligibility criteria. All CVT
survivors admitted at Hospital das Clinicas were eval-
uated in the CVT clinic.

The inclusion criteria were: outpatient subjects >18
years old; CVT diagnosed between six months and five
years prior to enrollment, confirmed by MRI or venog-
raphy (magnetic resonance venography — MRV,
computed tomography venography, or conventional
angiography); follow-up in the CVT Clinic; written
informed consent to participate in the study. The exclu-
sion criteria were: score of four or higher in the
Modified Rankin Scale (15); inability to answer the
questions from the interview (for instance, due to apha-
sia or cognitive impairment).

Patients’ characteristics

The following characteristics were assessed during a
single face-to-face interview: gender, age, body mass
index (BMI), medications, neurological impairment
according to the National Institute of Health
Stroke Scale (NIHSS) (16), functional independence
according to the modified Rankin Scale (mRS) (15),
cognitive status according to the Mini-Mental
State Examination (MMSE) (17), quality of life
according to the Stroke Impact Scale (SIS) 3.0 (18),
symptoms of depression according to the Patient
Health Questionnaire (PHQ9) (19,20), symptoms of
anxiety according to the General Anxiety Disorder 7
(21,22). All scales were assessed on the day of the
interview.

After the interview and physical examination,
the following information was retrieved from
medical records: age at the time of CVT; symptoms
that led to CVT diagnosis; type and duration of
treatment; neuroimaging results; CVT risk factors
according to the institutional protocol (Supplementary
Figure 1).

An experienced neuroradiologist, blinded to clinical
information, evaluated head computed tomography
(CT), computed tomography venography, magnetic
resonance imaging (MRI) and magnetic resonance
venography (MRYV) performed at the time of CVT
diagnosis to ascertain the presence of venous infarcts,

intracranial hemorrhage and venous sinus(es) affected
by thrombosis. In addition, recanalization was assessed
in all patients who had performed computed
tomography venography or MRV at least three
months after CVT.

Assessment of headaches

Characteristics of the headaches prior to CVT, the
headaches attributed to CVT, and PCH were assessed
during the face-to-face interview.

A structured headache interview (Supplementary
Table 1) (23) was used to evaluate characteristics of:

e Prior history of headache unrelated to CVT — for
instance, migraine (ICHD-3 code 1.) (8) or TTH
(ICHD-3 code 2.) (8).

e Presence of headache attributed to CVT (6.6.1),
defined according to ICHD-3 criteria (8) as any
type of headache in the context of a sinus thrombo-
sis with close temporal relation to that thrombosis,
with headache improvement or worsening parallel
with clinical or radiological improvement or
worsening.

e Presence of PCH defined as at least three episodes of
headache with the same characteristics within the
three months prior to the structured interview.
This time frame was chosen to limit memory bias.

The following characteristics were evaluated: fre-
quency; duration; intensity; location; onset; associated
symptoms; use of analgesic medications; possible trig-
gers; number of days with pain per month; and absence
from work due to pain. Initially, criteria from ICHD-2
(24) were used to classify the headaches. After the pub-
lication of ICHD-3 in 2018 (8), all headaches were
reclassified according to the updated criteria. In sub-
jects with PCH, additional tests were ordered according
to the institutional protocol (Supplementary Table 2).

Outcomes

The primary outcome was the percentage of patients
with PCH. The secondary outcomes were: character-
istics of PCH; comparisons between characteristics of
subjects who reported PCH (Grouppcy) and those who
did not (Groupcenirol), to identify potential predictors
of PCH; within-subject differences between types of
headaches prior to CVT, headaches attributed to
CVT, and PCH.

Headaches before CVT and PCH were classified
according to ICHD-3 (8): for instance, migraine
(ICHD-3 code 1.) (8), TTH (ICHD-3 code 2.) (8), sec-
ondary headaches or other types. Medication-overuse
headache (ICHD-3 code 8.2) (8) was also assessed.
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Sample size

We planned to include 100 consecutive patients fol-
lowed in the clinic in order to assess the primary out-
come in a representative sample of subjects with CVT,
an uncommon type of cerebrovascular disease.

Statistical analysis

Means and standard deviations of normally distributed
data are presented. Otherwise, medians and ranges are
shown. Frequencies of categorical variables were
calculated.

Characteristics of subjects in Grouppcy and in
Groupcontroi Were compared with chi-square tests,
independent t-Student or Mann-Whitney tests, accord-
ing to the nature and distribution of the data.

Wilcoxon tests were used to compare headache
status (yes or no) prior to CVT and in the chronic
phase after CVT, in all of the patients.

The frequencies of phenotypes of headache prior
to CVT and the frequencies of phenotypes
of PCH according to ICDH-3 criteria, considering
all of the patients, were compared with chi-square

tests. P-values <0.05 were considered statistically
significant.

In addition, in Grouppcy, two within-subject compar-
isons were performed with Wicoxon tests: in the sub-
group of patients who presented headache attributed to
CVT, between the type of headache attributed to CVT
(6.6.1) and the type of PCH (same/different headache); in
the subgroup of patients with history of headache prior
to CVT, between the type of headache prior to CVT, and
PCH (same/different headache). Bonferroni’s corrections
for multiple comparisons (25) were performed and p-
values <0.025 were considered statistically significant.

Wilcoxon tests were also used to compare, in the
subgroup of subjects with history of headache prior
to CVT and headache attributed to CVT, the types of
these headaches (same/different).

Multivariate binomial regression was planned with
PCH as the dependent variable. Characteristics of the
patients prior to CVT would be included as indepen-
dent variables in the model, according to results of
between-group comparisons (p<0.05, Grouppcy
versus Groupcenirol) for each variable. Statistical
Analysis was performed with JASP® 0.10.2 and
IBM® SPSS® Statistics 24.

Cerebral venous
thrombosis clinic

(167)

Inclusion criteria

— CVT 6 months—5 years

— 18 y.0. or more

— CVT conforme by imaging
— Informed consent

Exclusion criteria
— mRS of 4 or more
— communication barrier

Inclusion No: 65
criteria (CVT >5 years)
Yes: 102

Exclusion Yes: 02

criteria (1 aphasia + 1 mRS 04)

No: 100 Enrolled

Figure 2. Flow of the subjects through the study.
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Table 2. Characteristics of all subjects and in the subgroups without (Groupcontror) and with (Grouppcy) recurrent headache within

the three months prior to the interview.

Groupcontrol Grouppcn All Subjects

Characteristics (n=4I) (n=59) (n=100) p-value
Woman (%) 31(75.6) 51 (86.4) 82 (82.0) 0.169°
Ethnicity

White 24 (58.5) 29 (49.2) 53 (53.0) 0.448°

Multiracial 17 (41.5) 29 (49.1) 46 (46.0) 0.503*
Age at CVT (years) 404+ 16.0 36.7+£11.8 383+ 137 0.182°
Time from CVT Diagnosis (years) until inclusion in the study 1.7+1.6 2.1+£20 I.1+1.6 0.176°
BMI (kg/m?) 274453 269 +5.1 27.1+£5.2 0.672°
Education (years) 10.1 £34 11.4+£4.1 10838 0.828°
History of Prior Headache (%) 3(7.3) 20 (33.9) 23 (23.0) 0.002°
Current medication overuse headache (%) 0 (0.0) 20 (33.9) 20 (20.0) <0.0017
History of analgesic overuse before CVT (%) I (0.0) 7 (11.9) 8 (8.0) 0.056"
Length of Anticoagulation (days) 351.4+297.7 370.1 £317.1 363.0+308.3 0.647°
PHQ total 6.1 £5.6 105+7.2 8.72+6.908 0.002¢
GAD total 70+63 9.8+6.5 8.64+6.542 0.028°
SIS memory 87.7+ 163 77.1 £22.7 81.4+20.9 0.017°
NIHSS 0-1 (%) 38 (92.7) 55 (93.2) 93 (93.0) 0.917%
NIHSS >1 (%) 3(7.3) 4 (6.8) 7 (7.0) 0.917%
mRS 01 (%) 38 (92.7) 51 (86.4) 89 (89.0) 0.326"
mRS 2-3 (%) 3(7.3) 8 (13.6) I (11.0) 0.326"
Number of visits to hospitals before CVT diagnosis** 2 (1.43) 1.9 (1.1) 2 (1.23) 0.324°

2chi-square. ®Mann Whitney test. “Student-t test.

GAD: Generalized Anxious Disorder; mRS: modified Rankin Scale; NIHSS: National Institute of Health Stroke Scale; PHQ: Patient Health

Questionnaire; SIS: Stroke Impact Scale.

**n some cases, CVT was identified in our hospital, after the patients had been discharged from other hospitals without diagnosis and sought medical

assistance in our Emergency Department.

Table 3. Comparisons between frequencies of different types headache prior to CVT, and of types of headaches at the chronic phase

after cerebral venous thrombosis (PCH)?

Type of Headache prior

Type of headache (n, %) to CVT (n=23) PCH (n=59) p-value

Migraine or migraine-like 11 (47.8) 16 (27.1) 0.005°
Tension-Type or tension-type like 10 (43.5) 31 (52.6) <.0001°
Secondary 0 I (1.7) -
Other types 2 (8.7) 11 (18.6) 071°

*Types of headaches were classified according to ICDH-3 based on characteristics reported by the patients. The terms “migraine” and “tension-type
headache” refer to headaches prior to Cerebral Venous Thrombosis. The terms “migraine-like” and “tension-type like” refer to types of PCH with

phenotypes of these primary headaches.
Bchi-square.

Results

Subjects

Figure 2 shows the flow of subjects through the study.
From 1st November 2016 to 31st October 2019, 100
patients were included (Table 2). The mean age was
38.3+13.7 years and 82% of the patients were
women. Subjects were assessed, on average, at 1.1+
1.6 years after CVT. The minimum interval between
the diagnosis of CVT and the assessment was six

months and the maximum was five years, with
a median of one year. Interviews were performed less
than three years after the diagnosis of CVT in 72% of
the subjects. At the time of inclusion in the study, the
median score in the NIHSS and in the mRS was 0
(ranges: NIHSS, 0-6; mRS, 0-3). The most frequent
risk factors for CVT were use of oral contraceptives
in women (69.5%), followed by the prothrombin gene
mutation G20210A (11%) (Supplementary Table 3). In
18 subjects (18%), no risk factors were identified.
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Headache prior to CVT was reported by 23% of the
patients. Most (91.3%) of the headaches prior to CVT
were primary: migraine (47.8%; ICHD-3 code, 1.) and
tension-type headache (TTH, 43.5%; ICHD-3 code, 2.)
(Table 3). Characteristics of the pain prior to CVT and
associated symptoms are shown in Tables 4 and 5.
The interval between the first symptom and CVT
diagnosis was 21 +4 days (mean + standard deviation)
(Table 2). Presentation was acute (within 0h—48h) in
21% (p=0.193), subacute in 60% (within 6-30 days)
(p =0.354), and chronic (>30 days) in 19% (p =0.068).

Table 4. Pain characteristics and associated symptoms.

Headache
Headache prior  attributed to ~ PCH
to CVT (n=23) CVT (n=93) (n=59)

Type (%)

Tightening 2% (8.7) 9.0 (9.7) 6.0 (10.2)

Pressure 9 (39.1) 56.0 (60.2) 27.0 (45.8)

Stabbing 0 (0.0 6.0 (6.5) 3.0 (5.1)

Throbbing 13 (56.5) 29.0 31.2) 22.0 (37.3)

Burning | (4.3) 3032 2.0 (3.4)

Shock-like 0 (0.0 1.0 (I.1) 2.0 (34)
Location (%)

Bilateral 5(21.7) 46.0 (49.5) 14.0 (23.7)

Left I (4.3) 8.0 (8.6) 2.0 (34)

Right I (43) 12.0 (12.9) 13.0 (22.0)

Right or left 10 (43.5) 6.0 (6.5) 18.0 (30.5)
Site of onset (%)

Forehead 7 (30.4) 13.0 (14.0) 11.0 (18.6)

Eyes 0 (0.0 3.0 (3.2 4.0 (6.8)

Temporal 7 (30.4) 17.0 (18.3) 9.0 (15.3)

Vertex 3 (13.0) 26.0 (28.0) 9.0 (15.3)

Nape 3(13.0) 23.0 (24.7) 9.0 (15.3)

Neck 0 (0.0 1.0 (I.1) 1.0 (1.7)

Temporo-occipital 4 (17.4) 10.0 (10.8) 13.0 (22.0)

*2 subjects reported tightening and pressure.

Headache attributed to CVT (6.6.1) was reported by
93% of the subjects and was the only symptom in 17%.
Other symptoms and signs were: seizures (39%); hemi-
paresis (20%); papilledema (19%); decrease in level of
consciousness (14%); visual loss (12%); diplopia
(11.8%); aphasia (11%); tinnitus (7%), behavioral
abnormalities (7%); dizziness (6%); and coma (4%).

Tables 4 and 5 show the phenotypes of headaches
attributed to CVT (ICHD-3 code 6.6.1). Some subjects
(11/93, 11.8%) had more than one headache pheno-
type. The mean duration of the headache attributed
to CVT (ICHD-3 code 6.6.1) was 1224+ 102 hours. In
17/93 (18.2%) subjects, headache was described as
pressure-type, bilateral, and associated with nausea,
vomiting, or, less frequently, with phono or photopho-
bia. In 11/93 (11.8%) subjects, headaches had charac-
teristics of migraine but red flags such as seizures,
papilledema, visual loss, hemiparesis or cognitive
symptoms were present (26). In one subject with a
migraine-like, new-onset headache, no other symptoms
or signs were present. In 20/23 (87%) subjects with
history of headache prior to CVT, the headache attrib-
uted to CVT (ICHD-3 code 6.6.1) represented a change
in the headache pattern, while 3/23 (13%) did not have
headache attributed to CVT. In these three patients,
CVT was suspected because of other neurological
symptoms. Red flags were present in all of the patients
who presented headache attributed to CVT.

The diagnosis of CVT was confirmed by computed
tomography venography in 89% of the subjects.
MRI and MRV were performed in 74% of the subjects
during hospital admission. Supplementary Table 4
shows the number of thrombosed sinuses, sites of
thromboses, frequencies of venous infarction and hem-
orrhagic lesions as well as the percentage of sinus
recanalization.

Table 5. Symptoms associated with headache prior to cerebral venous thrombosis (CVT), headache attributed to CVT and post-

CVT headache (PCH).

Headache prior

Headache attributed

to CVT (n=23) to CVT (n=93) PCH (n=59)
Other Symptoms (%)
Nausea 8 (34.8) 45.0 (48.4) 25.0 (42.4)
Vomiting I (4.3) 39.0 (41.9) 5.0 (8.5)
Photophobia 11 (47.8) 18.0 (19.4) 17.0 (38.8)
Phonophobia 10 (43.5) 16.0 (17.2) 20.0 (33.9)
Red eyes 0 (0.0) 2.0 (2.2) 0.0 (0.0
Tearing 0 (0.0 3032 1.0 (1.7)
Nasal Obstruction 0 (0.0 2.0 (2.2) 1.0 (1.7)
Dizziness 0 (0.0 7.0 (7.5) 4.0 (6.8)
Aura and other characteristics (%)
Visual 0 (0.0 0.0 (0.0 3.0 (5.1)
Worsening with physical exertion 12 (52.2) 70.0 (75.3) 33.0 (55.9)
Worsening with menses 19 (82.6) - 34.0 (57.6)
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Post-cerebral venous thrombosis headache (PCH)

More than half (59%) of the subjects reported PCH.

Table 3 shows the types of PCH. The most frequent
type of PCH was tension-type-like headache (31/59;
52.6%), followed by migraine-like headache (16/59;
27.1%). Only one subject (1.7%) had a secondary head-
ache attributed to a dural fistula (ICDH-3 code 6.3.3) (8)
at the chronic phase after CVT. Pulsatile tinnitus, aural
fullness, progressive worsening of headache and lack of
response to analgesic drugs were red flags in this case (26).

Characteristics of PCH and associated symptoms
are shown in Tables 4 and 5. The intensity of PCH
was moderate in 28 (47.5%) of the subjects and
severe in 14 (23.7%). The number of days with pain
per month (average + standard deviation) was 13.6 +
9.9 days and the number of days of absence from work,
2.3+ 5.1 per month. Table 6 shows metrics of headache
burden according to the type of PCH.

Comparisons between characteristics of the subjects
in Groupcontror and Grouppcyy

Table 2 and Supplementary Tables 3, 4 and 5 show
characteristics of the subjects in Groupconyo and
Grouppcy. There were no statistically significant
differences in characteristics between Grouppcy and
Groupconirol, €xcept for prior history of headache,
significantly more frequent in Grouppcy (33.9%)
than in Groupcenior (7.3%) (Table 2; OR: 6.4; 95%
CI: 1.7-36.3).

Figure 3 shows the progress of headache according
to history of headache prior to CVT. After CVT, the
headache status (yes/no) significantly changed
(p<0.001; n=100). Most subjects (20/23; 87%) with
history of headache prior to CVT reported PCH, while
almost half (37/77; 48%) of the subjects without
history of headache prior to CVT also reported PCH
(Table 2, Figure 3).

Table 6. Burden from headache after cerebral venous thrombosis.

Variable Migraine-Like Tension-Type-Like Secondary Other Types

Mean (SD) (n=16) (n=3I) (n=0I) (n=11)

Number of headache days per months 15.4 (11.5) 14.2 (9.1) 6 13.4 (10.5)

Number of days with inability to perform 14.2 (9.1) 0.6 (1.6) 2 1.9 (3.6)
instrumental activities of daily living, per month

Duration of the episodes of pain (hours) 13.1 (10) 10.9 (10.2) - 11.6 (11.8)

Visual Analog Scalea 6.9 (2.4) 39 (2.1) 6 6.1 (2.2)

Visual Analog Scale ranges from zero to 10.

gcame headache free at these

History of headache
prior to CVT

ASSESSMENT

Figure 3. Headache prior to cerebral venous thrombosis in subjects with (Grouppcp) or without (Groupconero)) headache at the

chronic phase after cerebral venous thrombosis.
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Only one subject was not treated with anticoagulation
at the time of CVT diagnosis. Only three subjects in
Grouppcy, and three subjects in Groupconto, Were
treated with surgical or endovascular procedures in the
acute phase after the diagnosis of CVT: dural fistula
embolization (1), ventriculoperitoneal shunt+ optic
nerve sheath decompression (1), empyema drainage (1),
ventriculoperitoneal shunt (1), optic nerve sheath decom-
pression (1), intracerebral hemorrhage drainage (1).

At the time of the interview, subjects in Grouppcy
presented a higher burden of depressive and anxious
symptoms, as well as lower scores in the SIS memory
domain, than subjects in Groupcenyor (Table 2 and
Supplementary Table 5). Medication-overuse headache
(ICDH-3 code 8.2) (8) was more frequent (33.9%) in
Grouppcy than in Groupcengror (0%).

Multivariate analysis was not performed because just
one variable (history of prior headache) was significantly
more common in Grouppcy than in Groupcengor. We
opted not to include PHQY9, GAD7 and SIS,emory in
the multivariate regression, because scores in these scales
were measured at the time when PCH was assessed.
Changes in these scales may have occurred after the
onset of persistent headache and in association with fre-
quent episodes of pain. Therefore, their scores should not
be used as “predictors” of headaches after CVT.

Within-subject comparisons between characteristics
of headache prior to CVT, headache attributed to
CVT, and PCH

Figure 4 shows the progress of different types of head-
ache prior to CVT, and to PCH.

In Grouppcp, 56/59 (94.9%) subjects had headache
attributed to CVT (ICHD-3 code 6.6.1). In these 56
subjects, there was a statistically significant difference
(p<0.001) between the type (same/different) of head-
ache attributed to CVT (ICHD-3 code 6.6.1) and the
type of PCH. Only 1/56 (1.8%) patient reported PCH
with the same characteristics of the headache attributed
to CVT. Neuroimaging revealed partial recanalization
of the superior sagittal and lateral sinuses in this
patient.

In Grouppcy (n=159), in the subgroup of patients
with history of headache prior to CVT (n=20), the
type of prior headache (same/different) was not signif-
icantly different from the type of PCH (p=0.9).

All of the subjects with history of headaches prior to
CVT (n=23) presented headache attributed to CVT
(ICHD-3 code 6.6.1). In these subjects, there was a
statistically significant difference between the types of
headaches attributed to CVT (same/different) and the
types of prior headaches (p<0.001).

Individual classification of headaches is shown in
Supplementary Table 6.

Discussion

The frequency of PCH (59%) was higher than rates
reported in other studies (47% in VENOPORT (6);
43% according to the 6-item Headache Impact Test
in functionally independent patients (14); 20% of head-
ache more than once a week in a Finnish cohort (13);
14% of severe headache in ISCVT (5)). This discrep-
ancy is likely due to different ascertainment criteria
because structured headache interviews were not

Migraine
ICDH-3 1. {
11%

No headache <

77%
-~
Other types
2% -
Tension-type
ICDH-3 2. {
10%

BEFORE CVT

Migraine-like
16%

Other types
1%

Tension-type-like
31%

No headache
41%

K Secondary
> ICDH-36.3.3

1.7%

ASSESSMENT

Figure 4. History of prior headache and type of headache in subjects with (Grouppc) or without (Groupconerol) headache at the

chronic phase after cerebral venous thrombosis.
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performed in prior studies. Differences in study design
and characteristics of the patients may also have con-
tributed to differences in rates between the present
study and previous reports.

The most common type of PCH was tension-
type-like headache (52.5%, 31/59), followed by
migraine (27.1%, 16/59). Except for the report from
one patient, PCH was described as different from the
headache attributed to CVT (ICDH-3 6.6.1) and often
fulfilled criteria for primary headaches in the outpa-
tient CVT survivors included in this study. History of
headache prior to CVT was more than four times more
frequent in subjects with PCH than in those without.
Other patients’ characteristics, clinical features at the
time of CVT diagnosis, imaging features (site, extent or
thrombosis recanalization), CVT risk factors and time
since the diagnosis of CVT were not significantly dif-
ferent between the two groups of patients.

On the other hand, both history of headache prior to
CVT and female sex were significantly more frequent in
subjects with headache, compared to headache-free
patients after ischemic stroke (12). This difference
may be related to a ceiling effect in our series that
was predominantly composed of women (82%) com-
pared to the series of ischemic stroke (39.3%).

These findings suggest two main categories of PCH.
In patients with history of headache prior to CVT,
PCH may consist of reactivation of a previous primary
headache, possibly with similar underlying mecha-
nisms. On the other hand, in subjects with no history
of prior headache, PCH seems to represents a new cat-
egory of headache. PCH might be a Persistent
Headache attributed to a past Cerebral Venous
Thrombosis (similar to ICHD-3 6.1.1.2 persistent head-
ache attributed to past ischemic stroke — cerebral
infarction). The criteria for this condition may include:
a new-onset headache different from the headache
attributed to CVT (ICHD-3 code 6.6.1); the pain
may mimic any primary headache, in patients without
history of primary headache disorder; secondary head-
aches associated with complications of CVT (chronic
intracranial hypertension, dural fistulae) must be
excluded. However, PCH may also represent a “de
novo” primary headache, triggered by a relevant clini-
cal event. In order to test these hypotheses, compari-
sons between rates of primary headaches in groups
with or without history of CVT in prospective or
case-control studies are required. New criteria for
PCH should be defined in order to standardize head-
ache classification and to facilitate multicenter collab-
orations (27).

CVT survivors with PCH had significantly higher
rates of medication-overuse headache (ICHD-3 code
8.2), as well as more symptoms of anxiety or depres-
sion than those without PCH. It is not possible to

establish a causal relationship between PCH and
medication-overuse headache or psychiatric condi-
tions in our series, given the design of our study.
The associations between pain, decline in cognitive
functions and symptoms of depression or anxiety
are well recognized in the literature (28-30). These
results highlight the importance of screening CVT
survivors for psychiatric symptoms and chronic use
of painkillers. Also, future work is required to assess
if treatment with prophylactic drugs early after CVT
can decrease the burden of PCH.

Previous guidelines (31-34) provided a list of red
and orange flags to select patients in need of screening
for potential secondary causes, leading to the acronym
SNNOOPI10 (26). Red flags were present in all of the
patients who presented headache attributed to CVT
and were included in this study. A change in headache
pattern, one of the red flags, was present in 87% of the
subjects who had history of headache prior to CVT and
had headache attributed to CVT. Patients who did not
present headache attributed to CVT had other neuro-
logical symptoms or signs.

The main strength of this study is the detailed assess-
ment of headache in a series of patients with CVT, a
rare type of cerebrovascular disease. Clinical evalua-
tion, including mood symptoms and medication-
overuse headache as well as radiological assessment
were thoroughly performed. Headache data were col-
lected blindly to information about CVT location,
extension or treatment. Sites of CVT were assessed
blindly to clinical features.

The main limitations of this study are the retrospec-
tive design and the lack of a control group without
CVT, matched by sex and age. Recall bias may have
influenced the characterization of the headache that led
to CVT diagnosis. Still, we consider recall bias unlikely
because the mean interval between CVT and the inter-
view was not long (average, 1.1 years). Other limita-
tions are: return to work or social/economic burden
attributed to PCH were not evaluated; not all patients
with PCH underwent extensive investigation.

We do not routinely interrupt anticoagulation to
perform lumbar puncture, or order lumbar punctures
in every single patient with PCH in clinical practice. We
chose to order additional tests, including lumbar punc-
ture and computed tomography venography or MRV
when there was a suspicion of secondary headache
(lack of criteria for a primary headache, lack of
response to treatment, signs of intracranial hyperten-
sion or other red flags).

Conclusion

PCH occurred in more than a half of CVT survivors.
Phenotypes pf PCH were similar to phenotypes of
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primary headaches. History of headache prior to
CVT was significantly more frequent in patients
with PCH than in those without. Patients with PCH
often reported pain with moderate or severe intensity
and presented medication-overuse headache (ICDH-3

code 8.2), as well as symptoms of anxiety or
depression.

These results pave the way for future multicenter
studies about diagnostic criteria, underlying mecha-
nisms, prevention and treatment of PCH.

Clinical Implications

criteria for primary headaches.

e Headache was present in 59% of the patients at the chronic phase of cerebral venous thrombosis (CVT).
e Post-CVT headache (PCH) was different from the headache that led to CVT diagnosis and often fulfilled

e The only predictor of PCH was history of headache prior to CVT.
e PCH was associated with symptoms of depression, anxiety and medication-overuse headache.
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