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Abstract: Health policies in transitioning health systems are rarely informed by the social burden
and the incidence shifts in disease epidemiology. Cerebral venous thrombosis (CVT) is a type of
stroke more often affecting younger adults and women, with higher incidences being reported in
recent studies. A retrospective, hospital-based population study was conducted at Cluj-Napoca
Emergency County Hospital across a 5-year period between 2017 and 2021. The overall incidence
and the rates in distinctive gender and age groups were assessed. Length of hospital stay (LHS),
modified Rankin score (mRS) and mortality at discharge and at 3 months were calculated. Fifty-three
patients were included. The median age was 45 years, and 64.2% were women. In our population of
3,043,998 person-years, 53 CVT cases resulted in an incidence of 1.74 per 100,000 (95% CI 1.30-2.27).
CVT incidence was higher in women (2.13 per 100,000, 95% CI 1.47-2.07). There was a statistically
significant difference in LHS between patients with different intracranial complications (Kruskal—-
Wallis, p = 0.008). The discharge mRS correlated with increasing age (rs = 0.334, p = 0.015), transient
risk factors (Fisher’s exact test, p = 0.023) and intracranial complications (Fisher’s exact test, p = 0.022).
In addition, the mRS at 3 months was statistically associated with increasing age (rs = 0.372, p = 0.006)
and transient risk factors (Fisher’s exact test, p = 0.012). In-hospital mortality was 5.7%, and mortality
at follow up was 7.5%, with higher rates in women (5.9% and 8.8%, respectively). Our findings
may provide insight regarding the epidemiological features of certain patient groups more prone to
developing CVT and its complications, informing local and central stakeholders’ efforts to improve
standards of care.

Keywords: cerebral venous thrombosis; incidence; mortality; length of stay

1. Introduction

Cerebral venous thrombosis (CVT) is an uncommon type of stroke that affects younger
adults and women more often than ischemic and hemorrhagic stroke [1-3]. CVT incidence
was previously estimated at around 0.2 to 0.5 per 100,000 per year [4,5], but higher inci-
dences of 1.57 or 1.32 per 100,000 have been reported in recent studies [3,6,7]. Whether the
accessibility to neuroimaging diagnosis and methodological differences between studies
may explain these findings or a true increase in incidence was identified in the last decade
is not clear. No studies on CVT incidence in Romanian populations were found.

First estimates of mortality in CVT patients are derived from autopsy studies per-
formed several decades ago [8]. In the past, CVT was associated with poor prognosis and
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high mortality rate [8]. In recent studies [6,7,9-12], the prognosis became more favorable;
a mortality of 4% to 5% in the acute phase and a declining trend in overall mortality
among patients with CVT have been described [3,13]. The majority of data on CVT patients
was derived from reference cohorts such as the multicenter prospective and retrospective
VENOST study [14] and the International Study on Cerebral Vein and Dural Sinus Throm-
bosis (ISCVT) [1], where a discharge mortality of 4.3% and a mortality of 8.3% at follow up
were reported [1]. Inconsistent with previous studies [6,7,9,10,15,16], no fatal events were
reported among a Romanian cohort of 43 patients in 2014 [11].

Our study was designed to address these inconsistencies as well as the lack of local
epidemiological data. The primary aim was to investigate the incidence and the social
burden of CVT on a Romanian-hospital-based population, by assessing the length of
hospital stay (LHS), modified Rankin scale (mRS) and mortality at discharge and at three
months. The secondary aim was to perform a literature review, comparing our findings
with those reported by other hospital-based population studies on incidence and mortality
in CVT patients.

2. Materials and Methods

A retrospective hospital-population-based study was conducted at Cluj-Napoca Emer-
gency County Hospital (CNECH), the second largest tertiary stroke center in Romania.
Patients were identified through electronic charts based on the relevant International Classi-
fication of Diseases, Tenth Revision (ICD-10) codes for CVT cases during a 5-year period be-
tween 2017 and 2021. Only inhabitants living in the hospital’s catchment area (Cluj County)
were included. The hospital had a catchment area of around 608,800 habitants/year be-
tween 2017 and 2021. All CVT cases in this area are in contact with our hospital at the initial
admission as part of acute management and follow up. Thus, it is possible to estimate
population-based rates for CVT. Population figures for the incidence rates were obtained
from the Romanian National Institute of Statistics [17].

The hospital’s electronic database was searched to identify patients over 18 years
old with a new CVT diagnosis between 1 January 2017 and 31 December 2021. The
following ICD-10 codes were searched for: 163.6, 167.6, 022.5 and O87.3. All clinical and
neuroradiological assessments for the identified CVT cases were reassessed and confirmed
by a senior neurologist. Patients with repeated presentations due to chronic CVT during the
study period were counted as one case in the analysis. Demographic, clinical, radiological
and potential risk factors were investigated for all patients.

To calculate the overall incidence, the observed CVT cases admitted to CNECH were
used as the numerator and the population of Cluj County aged > 18 years as the denomi-
nator. The adult population of Cluj County was 604,635 in 2017, 606,485 in 2018, 608,739 in
2019, 611,508 in 2020 and 612,631 in 2021 [17], resulting in 3,043,998 person-years across
the 5-year period. In addition, the CVT incidences depending on gender and different age
groups were also assessed. Incidence rates were expressed per 100,000 person-years, and
95% confidence intervals (95% CI) were displayed.

To assess the burden of CVT at the regional level, LHS, mRS and mortality at discharge
and at three months were calculated. The influence of the main predictive factors for
outcome in CVT [1] was also investigated.

Since the sample size was narrow, determining the distribution of continuous vari-
ables was important for choosing an appropriate statistical method. As the LHS variable
showed a positively skewed distribution (Shapiro-Wilk test, p = 0.001), the median and the
interquartile range were used to describe these data. Logarithmic transformations [18] for
LHS were performed, but the data became more skewed, departing from normal distribu-
tion (Shapiro-Wilk test, p < 0.001); therefore, non-parametric tests were selected. Spearman
correlation was used to investigate the association between age and LHS, mRS at discharge
or mRS at three months. Categorical data were presented as counts and percentages. The
differences between groups of categorical data were assessed using chi-square or Fisher’s
exact test, and the effect size was described using Crammer’s V values. The significance
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level alpha was 0.05. Statistical analyses were performed using IBM SPSS Statistics, version
26.0. The study protocol was approved by the Independent Ethics Committee of CNECH.

3. Results
3.1. Study Population

Among the 53 patients included, the median age was 45 years (range: 18-89), and 64.2%
were women. Table 1 shows the demographics, risk factors and clinical and radiological
findings among all included patients. In all, 60.4% of patients presented with acute onset.
The most prevalent symptom was headache, followed by motor weakness, seizures and
nausea/vomiting. Most patients developed CVT involving two or more sinuses/veins.
Among those with only one sinus involved, the most frequent sites were the transverse
sinus and the superior sagittal sinus. CVT risk factors were found in 75.47% of the patients,
and most patients had at least one identified risk factor. The most frequent transient risk
factors in women were pregnancy or puerperium and oral contraceptive use, whereas
head trauma and local infections were the only transient risk factors encountered in men.
Thrombophilia was by far the most common persistent risk factor in all patients. No
transient or persistent risk factors were found in thirteen patients. Furthermore, 18.8% of
patients presented at least two intracranial lesions on CT or MRI. Venous infarction was the
most common radiological finding among all patients. Parenchymal hemorrhage was more
frequent in men and subarachnoid hemorrhage in women.

Table 1. Demographic, clinical, radiological and risk factor data presented as total and percentage.

Patient Characteristics I;Il"o=ta51:,5 N 532721:.’20 % N = 1;/;?1;& 8%
Median age (interquartile range), years 45 (29) 45 (22) 44 (40)
Type of onset, N (%)
Acute 32 (60.4%) 20 (58.8%) 12 (63.2%)
Subacute 16 (30.2%) 10 (29.4%) 6 (31.6%)
Chronic 5(9.4%) 4 (11.8%) 1(5.2%)
Clinical presentation, N (%)
Headache 31 (58.5%) 22 (64.7%) 9 (47.4%)
Nausea/vomiting 10 (18.9%) 6 (17.6%) 4 (21.1%)
Motor weakness 19 (35.8%) 14 (41.2%) 5 (26.3%)
Seizures 14 (26.4%) 6 (17.6%) 8 (42.1%)
Coma 9 (17%) 6 (17.6%) 3 (15.8%)
Speech disturbances 6 (11.3%) 6 (17.6%) 0
Cranial nerve palsies 5(9.43%) 2 (5.8%) 3 (15.8%)
Cerebellar signs 4 (7.5%) 4 (11.8%) 0
Sinus/vein involved, N (%)
Transverse sinus 8 (15.1%) 6 (17.6%) 2 (10.5%)
Superior sagittal sinus 5 (9.4%) 2 (5.9%) 3 (15.8%)
Cavernous sinus 3 (5.7%) 0 3 (15.8%)
Cortical veins 3 (5.7%) 3 (8.8%) 0
Two or more sinuses/veins involved 34 (64.1%) 23 (67.7%) 11 (57.9%)
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Table 1. Cont.

Patient Characteristics 1;11"0=ta51é N 532’121:.’20 " N = 1;/![;,‘139;.8" "
Transient risk factors, N (%)
Pregnancy and puerperium 4 (7.5%) 4 (11.8%) 0
Oral contraceptives 4 (7.5%) 4 (11.8%) 0
Head trauma 6 (11.3%) 3 (8.8%) 3 (15.8%)
Local infections 4 (7.5%) 2 (5.9%) 2 (10.5%)
SARS-CoV-2 infection 1 (1.88%) 1 (2.94%) 0
Adenoviral-vector-based SARS-CoV-2 vaccination 1 (1.88%) 0 1(5.2%)
Two or more transient risk factors 2 (3.8%) 2 (5.9%) 0
Persistent risk factors, N (%)
Prior thromboembolism 3 (5.7%) 2 (5.9%) 1 (5.3%)
Thrombophilia 13 (24.5%) 7 (20.6%) 6 (31.6%)
Neoplasia 4 (7.5%) 4 (11.7%) 0
Two or more persistent risk factors 7 (13.2%) 5 (14.7%) 2 (10.5%)
Without transient or persistent risk factors, N (%) 13 (24.52%) 7 (20.56%) 6 (31.6%)
Complications, N (%)

Venous infarct 9 (17%) 7 (20.6%) 2 (10.5%)
Subarachnoid hemorrhage 3 (5.7%) 2 (5.9%) 1(5.3%)
Parenchymal hemorrhage 3 (5.7%) 0 3 (15.7%)
Two or more complications 10 (18.8%) 9 (26.4%) 1 (5.3%)

Without complications 28 (52.8%) 16 (47.1%) 12 (63.2%)

3.2. The Incidence of CVT

In our population of 3,043,998 person-years, 53 identified cases resulted in an incidence
of 1.74 per 100,000 (95% CI 1.30-2.27). The incidence of CVT across a 5-year period and
incidence figures for different gender and age groups are depicted in Figure 1 and in Table 2,
respectively. CVT incidence was higher in women compared to men. The highest incidence
of CVT was found in 2021 (3.59 per 100,000, 95% CI 2.25-5.43). Across the 5-year period,
CVT incidence seems to follow a general ascending trend; although, in 2020, a decline
in incidence was registered. The CVT incidence in patients between 18 and 49 years old
increased 4.5-fold in 2021 compared to 2017. The highest overall incidence among all
gender and age groups was found for women in the 1849 age group (2.43 per 100,000,
95% CI1.43-3.62). Only in the 50-69 age group, the incidence rates for men and women
were similar.

3.3. The Burden of CVT

The median LHS was 10 days (interquartile range 7). There was a statistically signifi-
cant difference in LHS between patients with different intracranial lesions (Kruskal-Wallis,
x2(4) = 13.906, p = 0.008), with a mean rank of LHS of 17.44 for venous infarct patients, 24
for subarachnoid hemorrhage patients, 41.83 for intracranial hemorrhage patients and 39.6
in patients who had developed multiple complications. No associations between LHS and
age (rs = 0.077, p > 0.05), gender (Mann—-Whitney, p > 0.05), CVT location, risk factors or
mRS were found (Kruskal-Wallis, p > 0.05).

The median of mRS at discharge was 2 (interquartile range 2). A positive moderate
relationship between discharge mRS and age was seen (rs = 0.334, p = 0.015), indicating
that 11.15% of the variation of discharge mRS was explained by age (rs> = 0.1115). More-
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over, there was a significant difference in discharge mRS between patients with different
transient risk factors (Fisher’s exact test, p = 0.023, Cramer’s V of 0.473, medium effect size).
Women in pregnancy/puerperium or using oral contraceptive had an mRS between 0 and
3. Patients with traumatic brain injury presented a higher mRS of 2-4, and 50% of patients
with infections died during hospitalization. A significant association was found between
discharge mRS and intracranial lesions (Fisher’s exact test, p = 0.022, Cramer’s V of 0.434,
medium effect size). Most patients with venous infarction had an mRS of 0-2, while those
who developed multiple lesions had an mRS > 2 at discharge. Meanwhile, 66.7% of patients
with intraparenchymal hemorrhage had a discharge mRS of 4. No statistical associations
between mRS and gender, CVT location or persistent risk factors were found (chi-square,
p > 0.05).

The median of mRS at follow up was 1 (interquartile range 2). A positive moderate
relationship between 3-month mRS and age was seen (rs = 0.372, p = 0.006), indicating that
13.83% of the variation of 3-month mRS was explained by age (rs> = 0.1383). A significant
association between mRS and transient risk factors was found (Fisher’s exact test, p = 0.012,
Cramer’s V of 0.461, medium effect size). Most patients without transient risk factors had
a 3-month mRS between 0 and 2. No statistical associations between 3-month mRS and
gender, CVT location, intracranial lesions or persistent risk factors were found (chi-square,
p > 0.05). Figure 2 depicts the distribution of mRS at discharge and at three months among
different age groups.

4.5
4
3.5
3
2.5
2
1.5
1
0.5

0
2017 2018 2019 2020 2021

Total incidence Incidence for women Incidence for men

Figure 1. Incidence of CVT across 5-year period.

In-hospital mortality was 5.7% for the total sample, with higher rates in women
compared to males. The >70 age group showed the highest discharge mortality (16.7%).
Mortality at follow up was 7.5%. Three-month mortality was higher for women. A
significant association between mortality at follow up and age groups was found (Fisher’s
exact test, p = 0.003, Cramer’s V of 0.577, strong effect size). Overall, 50% of patients over
70 years old died at 3 months after CVT compared to 3.3% of patients between 18 and
49 years old. No patients from the 5069 years age group died in the first three months.

Table 3 displays our results regarding the incidence and mortality of CVT in relation
to previous hospital-based population studies in different countries. Based on the country
of origin, studies were classified as coming from high-, upper- or lower-middle-income
countries using the definition of the World Bank [19]. Among high-income countries, an
increasing trend in incidence and a decline in mortality at discharge and follow up were
identified across the last 40 years. A tendency for increased age at CVT diagnosis could be
observed. Fewer and heterogenous data from upper- and lower-middle-income countries
were found. The median age and proportion of women from our study were similar to
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those reported by the VENOST study [14], but the overall incidence found in our cohort
was comparable to recent incidences observed in studies in high-income countries.

Table 2. Incidence of CVT across the 5-year period regarding gender and age groups (95% CI).

2017 2018 2019 2020 2021 Overall
Incidence
. 0.82 0.98 1.97 1.30 3.59
Incidence/year (0.26-1.92) (0.36-2.15) (1.09-3.44) (0.56-2.57) (2.25-5.43) 1.74 (1.30-2.27)
157 125 2.19 1.55 4.04
Women (0.51-3.68) (0.34-3.22) (0.88-4.51) (0.50-3.63) (2.12-6.91) 2.13 (1.47-2.97)
0.69 1.72 1.03 3.09
Men 0 (008-250)  (0.56-4.03) (021-3.01) (141-5.87) 1.31(079-2.04)
. 0.86 1.75 1.77 0.59 3.89
Incidence/18-49y (17 5 5py (0.64-3.81) (0.65-3.85) (0.07-2.15) (2.07-6.66) 1.76 (1.19-2.53)
1.72 2.32 1.76 0.59 5.36
Women (0.35-5.04) (0.63-5.95) (0.36-5.15) (0.01-3.29) (2.45-10.1) 2:43 (1.43-3.62)
1.17 1.77 0.59 241
Men 0 (0.01-4.23) (0.03-5.19) (0.01-3.33) (0.06-6.17) 118 (0.05-2.17)
. 0.57 2.18 2.67 371
Incidence/50-69y ) 113 20) 0 (0.05-5.58) (0.08-6.25) (1.49-7.64) 1.86 (1.08-2.08)
1.09 2.07 407 2.01
Women (0.02-6.07) 0 (0.02-7.47) (1.11-10.4) (0.02-7.29) 187 (0.08-3.56)
2.30 113 5.58
Men 0 0 (0.02-8.32) (0.02-6.29) (1.82-13.0) 1.85 (0.80-3.65)
. 1.18 231 112 2.20
Incidence/>70'y (0.03-6.61) 0 (0.28-8.34) (0.28-6.26) (0.26-7.98) 1.37(0.50-2.99)
1.95 3.80 3.64
Women (0.49-10.8) 0 (0.46-13.7) 0 (0.44-13.1) 189 (0.61-4.44)
2.85
Men 0 0 0 072-158) 0 0.58 (0.14-3.25)
m mRS=0 mRS=1 mRS=2 mRS=3 mRS=4 mRS=5 W mRS=6
D
18-49y
sM
p [
50-69 y
3M 3
D | i 1 |
70y e 4T

Figure 2. Discharge (D) and three-month (3M) mRS distribution on age groups. Data labels represent
number of patients per mRS group.
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Table 3. Different studies reporting the incidence and the mortality of CVT on local populations compared to ISCVT.
Lower-
. . . . Middle-
ISCVT [1] High-Income Countries Upper-Middle-Income Countries Income
Countries
. Hong Kong . Netherlands . VENOST[14], Romania
Country 21 Countries  Portugal [15] [16] Australia [6] 71 France [10]  Norway [9] Italy [12] Mexico [20] Tarkey (Our Study) Iran [21]
Time interval 1998-2002 1980-1998 1995-1998 2005-2011 2008-2010 2011-2016 2011-2017 2012-2019 1999-2008 2000-2015 2017-2021 2001-2004
Sample size 624 142 13 105 94 194 62 32 24 1144 53 122
Incidence NR 0.22 0.34 1.57 1.32 NR 1.75 16 NR NR 1.74 1.23
per 100,000
Median age 37 (16-86) 35 30 49 41 40 46 41 30 40 45 26
Women, % 74.5% 72% 77% 52% 72% 68.4% 53% 75% 83% 67.9% 64.2% 79%
LHS, median 17 NR NR NR NR 10 NR 20 22 NR 10 NR
Discharge mortality 4.3% 6% 8% 9% 1% 2.9% 3% 0% 8% NR 5.7% NR
Mortality at 8.3% NR NR 12% 3% 3.4% 3% 0% NR NR 7.5% NR
follow up

ISCVT = International Study on Cerebral Vein and Dural Sinus Thrombosis, NR = not reported.
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4. Discussion
4.1. The Incidence of CVT

The overall incidence of CVT found in this study corroborates those of other recent
studies from Norway [9], Italy [12], Australia [6] and two Dutch [7] provinces, reporting
higher annual CVT incidence than previous studies [15,16,21].

CVT incidence varies in distinct parts of the world due to distinctive socioeconomic
and demographic features or risk factors [9]. A cohort derived from four prospective
international studies [22] showed that the incidence of venous thromboembolism was
higher in high-income countries compared to upper-middle-income countries and lower-
middle-/low-income countries. The diagnosis of thrombosis events seems to be affected by
reduced access to hospital and diagnostic facilities in low-income countries [22]. Regarding
Romania, the increasing accessibility to CT and MRI venography may explain the higher
incidence comparable to that reported by high-income countries.

In our study, the incidence for women was higher compared with other studies (2.13
per 100,000 person-years, 95% CI 1.47-2.97) [6,9,10,12,21]. It was shown that the CVT risk
in women using oral contraceptives is 7.59 times higher compared to that in women not
taking oral contraception [23]. Combined oral contraceptives (COCs) represented 8.8%
of contraceptive use prevalence, reaching 15.4% or more in high-income countries [24].
A cross-sectional survey [25] on COC use conducted in 2014 on women in community
pharmacies in Cluj-Napoca revealed that 38.9% of women had used COCs for more than
two years, out of which more than half bought the pills without prescription from a
pharmacy at least once [25], raising concerns about harmful use.

A recent meta-analysis [23] on pregnancy-related strokes reported an incidence of
9.1 cases of CVT per 100,000 pregnancies, with CVT accounting for from 9% up to 48% of
total pregnancy-related strokes. In our study, 11.8% of patients presented pregnancy-related
CVT, half of them occurring in the first two postpartum weeks. Interestingly, the other half
of patients developed CVT in the first trimester, which is exceedingly rare. Incongruent with
other studies [23,26], the patients had associated complications such as bilateral thalamic
infarction and parenchymal hemorrhages.

In the 50-69 age group, the incidence rates for men and women were equal, similar to
other studies reporting no predilection toward women in elderly CVT patients [2,27-29].
This finding could be explained by a decreasing trend in CVT incidence in women aged
50-69, attributed to the absence of gender-specific risk factors, especially COCs and preg-
nancy/puerperium state.

The lowest incidence of CVT was found in men over 70 years old probably due to
a poor life expectancy in men compared to women (70 years old versus 79 years old)
and an overrepresentation of women among all age groups (171,104 men compared to
264,374 women reported across the 5-year analyzed period) [17]. An important clinical
finding in multiple studies [27,29] on CVT in older patients is the absence of headache in
patients over 55 years old, but in our study, no significant difference between different
age groups and the presence of headache or other CVT symptoms was found (chi-square,
p > 0.05).

4.2. The Burden of CVT

In our study, the median LHS was 10 days, which was similar to the median LHS
found in a French study [10], but much lower compared to that in the ISCVT [1] study
probably due to different study periods (1998-2002 in ISCVT versus 2017-2021 in our study).
A decreased LHS was reported by recent American studies (median LHS = 4) [30,31], with
longer LHS being associated with age and male gender. In our study, no association
between LHS and age, gender, CVT location, risk factors or outcome was found.

Discharge mRS increased with age, which is similar to the case in previous studies [1,14].
Half of the patients who had any infections (nose, throat, ear or extracranial) as the cause
of their CVT died, and patients who developed CVT after previous cranial trauma had an
mRS of 2 to 4 at discharge (Fisher’s exact test, p = 0.023). These findings are similar to those
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of the ISCVT cohort [1] that reported a 3.34-fold increased risk of death or dependency in
patients with infections and CVT. Patients with two or more intracranial complications
had an mRS > 2 at discharge. Furthermore, 66.7% of patients with parenchymal hemor-
rhage presented an mRS of 4; these results are also similar to those reported by ISCVT
investigators [1].

Risk factors associated with poor prognosis at 3 months were similar to those found
in acute phase: age, infections and cranial trauma. Neither parenchymal hemorrhage
nor persistent risk factors such as cancer influenced the outcome at 3 months (chi-square,
p > 0.05), which is different from ISCVT [1] and VENOST [14] studies, which found that
any malignancy is associated with a 2.9 increased risk of death or dependency [1].

The in-hospital mortality rate was 5.7%, similar to that in previous hospital-based
studies [6,7,9,10,15,16,20,21]. In the ISCVT [1], a discharge mortality rate of 4.3% and
mortality of 8% at follow up were reported. Among high-income countries [6,7,9,10,15,16]
(Table 3), a trend in declining mortality in adult patients diagnosed with CVT was observed
at least in the last decade. A significant inverse correlation between mortality and year
of patient recruitment (r = —0.72, p < 0.001) was reported [13]. The sensitivity analysis of
the studies from high-income countries reported a similar inverse correlation (r = —0.70,
p < 0.001) [13]. Interestingly, after the exclusion of studies published before 1990, the inverse
correlation persisted (r = —0.51, p < 0.001), but when all studies published before 2000 were
excluded, the correlation disappeared (r = —0.06, p = 0.67) [13].

Part of the decline in mortality is due to the general improvement of hospital care
and increasing availability of neuroimaging techniques and recent therapeutic strate-
gies. Before the implementation of cerebral angiography, CVT was diagnosed with cer-
tainty only at surgery or autopsy, with the selection bias of patients in severe clinical
condition [13,32] being common in the first mortality studies. The severity of CVT cases
has also decreased over time, with fewer cases of coma or severe neurological deficits being
identified [7,13,21]. Moreover, the introduction of anticoagulation [33] and decompressive
hemicraniectomy [34] improved the survival of patients. A shift in risk factors associated
with CVT may also explain the decline in mortality and increase in incidence. Across the
years, traumatic and septic CVT have decreased, while the number of women using oral
contraceptives increased [13]. It is known that trauma- or sepsis-related CVT has a worse
prognosis [35] compared to a favorable outcome in patients using oral contraceptives [2] as
was found in our cohort.

It is important to observe shifts in the pattern of incidence and mortality in patients
with CVT, also considering the pre-pandemic and pandemic periods. CVT is a rare but
severe complication after SARS-CoV-2 infection [36-38], and CVT has been reported fol-
lowing immunization [39], especially with adenovirus-vector-based [40] and ChAdOx1-S
vaccines [41]. Our sample included a patient with a moderate form of COVID-19 infection—
associated CVT and a patient who developed CVT after 10 days from adenovirus-vector-
based SARS-CoV-2 vaccination. CVT occurring after adenoviral-vector-based COVID-19
vaccination is usually associated with vaccine-induced immune thrombotic thrombocy-
topenia and the presence of antibodies against platelet factor 4 (PF4) [42,43], but the platelet
counts of our patient were normal across multiple blood tests, and PF4 antibodies were
not evaluated.

4.3. Limitations

The demographics, clinical features and associated risk factors suggest that our study
included a sample of patients that is representative for CVT [1]. The sample size may be
regarded as narrow with 53 cases, but the study extended across five years and screened all
acute cerebrovascular presentations at the second-largest stroke center in Romania. Another
limitation is the retrospective design of the study, but because an extensive assessment of
the anonymized electronic medical records was performed, it is unlikely that this design
might have introduced bias.
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5. Conclusions

This study investigated the burden of CVT in a Romanian-hospital-based population
and compared regional findings with cross-sectional studies from different countries. These
results have clinical practice implications concerning additional investigations and the
management and prognosis of CVT. The diagnosis of one subsequent disease or risk factor
in CVT patients should not limit the search for additional comorbidities or risk factors.
Furthermore, as infections, cranial trauma and intracranial hemorrhage are potential pre-
dictors of poor outcome, patients showing these features should be thoroughly investigated
and monitored. CVT shows an increasing incidence particularly in the 18-49 age group
in the Romanian population across the last five years. In the presence of suggestive CVT
symptoms in this age group, a CT angiography at the emergency department should be con-
sidered to exclude CVT. Further multicenter prospective studies on Romanian populations
should be conducted to assess the incidence and the burden of CVT.

Author Contributions: Conceptualization, A.S., S.I., S.S. and D.EM.; methodology, A.S., S.I, S.S.,
H.S., HM.D. and D.EM.; software, S.S., HM.D. and P.S.P,; validation, A.S.,S.I1.,S.S., H.S. and D.EM.;
formal analysis, A.S., S.S.,, HM.D. and P.S.P; investigation, A.S., S.I,, S.S., H.S. and D.EM.; data
curation, C.B.,, PN.H., A.C,, I.V. and D.M.; writing—original draft preparation, HM.D., C.B., PN.H.,
A.C., I.V.and D.M,; writing—review and editing, A.S., S.I.,S.S., H.S. and D.EM.; visualization, A.S.,
H.M.D. and PS.P; supervision, A.S., S.I,, S.S. and D.EM. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Independent Ethics Committee of CNECH (No. 51214,
6 December 2021).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data available on request due to privacy or ethical issues. The data
presented in this study are available on request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

Ferro, ].M.; Canhao, P.; Stam, ].; Bousser, M.-G.; Barinagarrementeria, F.; ISCVT Investigators. Prognosis of Cerebral Vein and
Dural Sinus Thrombosis: Results of the International Study on Cerebral Vein and Dural Sinus Thrombosis (ISCVT). Stroke 2004,
35, 664—670. [CrossRef] [PubMed]

Coutinho, ].M.; Ferro, ] M; Canhado, P,; Barinagarrementeria, F.; Cantt, C.; Bousser, M.-G.; Stam, ]. Cerebral Venous and Sinus
Thrombosis in Women. Stroke 2009, 40, 2356-2361. [CrossRef] [PubMed]

Silvis, S.M.; de Sousa, D.A.; Ferro, ].M.; Coutinho, J.M. Cerebral Venous Thrombosis. Nat. Rev. Neurol. 2017, 13, 555-565.
[CrossRef] [PubMed]

Stam, J. Thrombosis of the Cerebral Veins and Sinuses. N. Engl. ]. Med. 2005, 352, 1791-1798. [CrossRef]

Bousser, M.-G.; Ferro, ]. M. Cerebral Venous Thrombosis: An Update. Lancet Neurol. 2007, 6, 162-170. [CrossRef]

Devasagayam, S.; Wyatt, B.; Leyden, J.; Kleinig, T. Cerebral Venous Sinus Thrombosis Incidence Is Higher Than Previously
Thought. Stroke 2016, 47, 2180-2182. [CrossRef]

Coutinho, ].M.; Zuurbier, S.M.; Aramideh, M.; Stam, J. The Incidence of Cerebral Venous Thrombosis: A Cross-Sectional Study.
Stroke 2012, 43, 3375-3377. [CrossRef]

Kalbag, R.; Woolf, A. Cerebral Venous Thrombosis; Oxford University Press: London, UK, 1967.

Kristoffersen, E.S.; Harper, C.E.; Vetvik, K.G.; Zarnovicky, S.; Hansen, ].M.; Faiz, K.W. Incidence and Mortality of Cerebral Venous
Thrombosis in a Norwegian Population. Stroke 2020, 51, 3023-3029. [CrossRef]

Triquenot Bagan, A.; Crassard, I.; Drouet, L.; Barbieux-Guillot, M.; Marlu, R.; Robinet-Borgomino, E.; Morange, P.-E.; Wolff,
V.; Grunebaum, L.; Klapczynski, F,; et al. Cerebral Venous Thrombosis: Clinical, Radiological, Biological, and Etiological
Characteristics of a French Prospective Cohort (FPCCVT)—Comparison with ISCVT Cohort. Front. Neurol. 2021, 12, 753110.
[CrossRef]

Balasa, R.; Daboczi, M.; Costache, O.; Maier, S.; Bajko, Z.; Motdtaianu, A.; Balasa, A. Risk factors and diagnosis of cerebral venous
thrombosis: Data from a cohort of 45 Romanian patients. Acta Marisiensis-Ser. Med. 2014, 60, 207-214. [CrossRef]


http://doi.org/10.1161/01.STR.0000117571.76197.26
http://www.ncbi.nlm.nih.gov/pubmed/14976332
http://doi.org/10.1161/STROKEAHA.108.543884
http://www.ncbi.nlm.nih.gov/pubmed/19478226
http://doi.org/10.1038/nrneurol.2017.104
http://www.ncbi.nlm.nih.gov/pubmed/28820187
http://doi.org/10.1056/NEJMra042354
http://doi.org/10.1016/S1474-4422(07)70029-7
http://doi.org/10.1161/STROKEAHA.116.013617
http://doi.org/10.1161/STROKEAHA.112.671453
http://doi.org/10.1161/STROKEAHA.120.030800
http://doi.org/10.3389/fneur.2021.753110
http://doi.org/10.2478/amma-2014-0044

Life 2022, 12, 1825 11 of 12

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

Foschi, M.; Pavolucci, L.; Rondelli, F.; Amore, G.; Spinardi, L.; Rinaldi, R.; Favaretto, E.; Favero, L.; Russo, M.; Pensato, U.; et al.
Clinicoradiological Profile and Functional Outcome of Acute Cerebral Venous Thrombosis: A Hospital-Based Cohort Study.
Cureus 2021, 13, €17898. [CrossRef] [PubMed]

Coutinho, ]. M.; Zuurbier, S.M.; Stam, J. Declining Mortality in Cerebral Venous Thrombosis: A Systematic Review. Stroke 2014, 45,
1338-1341. [CrossRef] [PubMed]

Duman, T,; Uluduz, D.; Midji, I; Bektas, H.; Kablan, Y.; Goksel, B.K.; Milanlioglu, A.; Necioglu Orken, D.; Aluclu, U.; VENOST
Study Group. A Multicenter Study of 1144 Patients with Cerebral Venous Thrombosis: The VENOST Study. J. Stroke Cerebrovasc.
Dis. 2017, 26, 1848-1857. [CrossRef] [PubMed]

Ferro, ].M.; Correia, M.; Pontes, C.; Baptista, M.V,; Pita, F.; Cerebral Venous Thrombosis Portuguese Collaborative Study Group
(Venoport). Cerebral Vein and Dural Sinus Thrombosis in Portugal: 1980-1998. Cerebrovasc. Dis. 2001, 11, 177-182. [CrossRef]
[PubMed]

Mak, W.; Mok, K.Y; Tsoi, T.H.; Cheung, R.T.; Ho, S.L.; Chang, C.M. Cerebral Venous Thrombosis in Hong Kong. Cerebrovasc. Dis.
2001, 11, 282-283. [CrossRef] [PubMed]

TEMPO Online. Available online: http:/ /statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table (accessed on 30
September 2022).

Feng, C.; Wang, H.; Lu, N.; Chen, T.; He, H,; Lu, Y.; Tu, X.M. Log-Transformation and Its Implications for Data Analysis. Shanghai
Arch. Psychiatry 2014, 26, 105-109. [CrossRef] [PubMed]

World Bank Open Data | Data. Available online: https://data.worldbank.org/ (accessed on 1 October 2022).

Rodriguez-Rubio, L.R.; Medina-Cérdova, L.L.; Andrade-Ramos, M.A.; Gonzalez-Padilla, C.; Bafiuelos-Becerra, L.J.; Chiquete,
E.; Coronado-Magarna, H.; Pérez-Flores, G.; Rojas-Andrews, A.; Gonzélez-Cornejo, S.; et al. Cerebral venous thrombosis at the
Hospital Civil de Guadalajara “Fray Antonio Alcalde”. Rev. Mex. Neurocienc. 2009, 10, 177-183.

Janghorbani, M.; Zare, M.; Saadatnia, M.; Mousavi, S.A.; Mojarrad, M.; Asgari, E. Cerebral Vein and Dural Sinus Thrombosis in
Adults in Isfahan, Iran: Frequency and Seasonal Variation. Acta Neurol. Scand. 2008, 117, 117-121. [CrossRef]

Siegal, D.M.; Eikelboom, ].W.; Lee, S.F,; Rangarajan, S.; Bosch, J.; Zhu, J.; Yusuf, S.; the Venous Thromboembolism Collaboration.
Variations in Incidence of Venous Thromboembolism in Low-, Middle-, and High-Income Countries. Cardiovasc. Res. 2021, 117,
576-584. [CrossRef]

Swartz, R.H.; Cayley, M.L.; Foley, N.; Ladhani, N.N.N.; Leffert, L.; Bushnell, C.; McClure, J.A.; Lindsay, M.P. The Incidence of
Pregnancy-Related Stroke: A Systematic Review and Meta-Analysis. Int. |. Stroke 2017, 12, 687-697. [CrossRef]

Christin-Maitre, S. History of Oral Contraceptive Drugs and Their Use Worldwide. Best Pract. Res. Clin. Endocrinol. Metab. 2013,
27,3-12. [CrossRef] [PubMed]

Farca, A.; Popa, A.D.; Mardale, S.; Leucu, D.-C.; Mogo, C. Counselling, Knowledge and Attitudes towards Combined Oral
Contraceptives: A Cross-sectional Survey among Romanian Women. Farmacia 2017, 65, 954-961.

Axelerad, A.D.; Zlotea, L.A ; Sirbu, C.A_; Stroe, A.Z.; Axelerad, S.D.; Cambrea, S.C.; Muja, L.E. Case Reports of Pregnancy-Related
Cerebral Venous Thrombosis in the Neurology Department of the Emergency Clinical Hospital in Constanta. Life 2022, 12, 90.
[CrossRef] [PubMed]

Zuurbier, S.M.; Hiltunen, S.; Lindgren, E.; Silvis, S.M.; Jood, K.; Devasagayam, S.; Kleinig, T.].; Silver, EL.; Mandell, D.M.; Putaala,
J.; et al. Cerebral Venous Thrombosis in Older Patients. Stroke 2018, 49, 197-200. [CrossRef]

Dentali, F,; Poli, D.; Scoditti, U.; Di Minno, M.N.D.; De Stefano, V.; Stefano, V.D.; Siragusa, S.; Kostal, M.; Palareti, G.; Sartori,
M.T.; et al. Long-Term Outcomes of Patients with Cerebral Vein Thrombosis: A Multicenter Study. J. Thromb. Haemost. 2012, 10,
1297-1302. [CrossRef] [PubMed]

Ferro, ] M.; Canhao, P,; Bousser, M.-G.; Stam, ].; Barinagarrementeria, F.; ISCVT Investigators. Cerebral Vein and Dural Sinus
Thrombosis in Elderly Patients. Stroke 2005, 36, 1927-1932. [CrossRef]

Holcombe, A.; Mohr, N.; Farooqui, M.; Dandapat, S.; Dai, B.; Zevallos, C.B.; Quispe-Orozco, D.; Siddiqui, F.; Ortega-Gutierrez,
S. Patterns of Care and Clinical Outcomes in Patients with Cerebral Sinus Venous Thrombosis. . Stroke Cerebrovasc. Dis. 2020,
29,105313. [CrossRef]

Birnbaum, J.A.; Labagnara, K.F,; Unda, S.R.; Altschul, D.J. Analyzing the Effect of Weekend and July Admission on Patient
Outcomes Following Non-Pyogenic Intracranial Venous Thrombosis. Interdiscip. Neurosurg. 2020, 22, 100797. [CrossRef]
Bousser, M.-G. Cerebral Venous Thrombosis. Stroke 1999, 30, 481-483. [CrossRef]

Coutinho, J.; de Bruijn, S.F; Deveber, G.; Stam, J. Anticoagulation for Cerebral Venous Sinus Thrombosis. Cochrane Database Syst.
Rev. 2011, CD002005. [CrossRef]

Ferro, J.M.; Crassard, I.; Coutinho, ].M.; Canhado, P.; Barinagarrementeria, F.; Cucchiara, B.; Derex, L.; Lichy, C.; Masjuan, J.;
Massaro, A.; et al. Decompressive Surgery in Cerebrovenous Thrombosis: A Multicenter Registry and a Systematic Review of
Individual Patient Data. Stroke 2011, 42, 2825-2831. [CrossRef] [PubMed]

Nasr, D.M.; Brinjikji, W.; Cloft, H.J.; Saposnik, G.; Rabinstein, A.A. Mortality in Cerebral Venous Thrombosis: Results from the
National Inpatient Sample Database. Cerebrovasc. Dis. 2013, 35, 40—44. [CrossRef] [PubMed]

Tu, TM.; Goh, C; Tan, YK.; Leow, A.S.; Pang, Y.Z.; Chien, J.; Shafi, H.; Chan, B.P; Hui, A.; Koh, J.; et al. Cerebral Venous
Thrombosis in Patients with COVID-19 Infection: A Case Series and Systematic Review. J. Stroke Cerebrovasc. Dis. 2020, 29, 105379.
[CrossRef]


http://doi.org/10.7759/cureus.17898
http://www.ncbi.nlm.nih.gov/pubmed/34532197
http://doi.org/10.1161/STROKEAHA.113.004666
http://www.ncbi.nlm.nih.gov/pubmed/24699058
http://doi.org/10.1016/j.jstrokecerebrovasdis.2017.04.020
http://www.ncbi.nlm.nih.gov/pubmed/28583818
http://doi.org/10.1159/000047635
http://www.ncbi.nlm.nih.gov/pubmed/11306764
http://doi.org/10.1159/000047652
http://www.ncbi.nlm.nih.gov/pubmed/11306780
http://statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table
http://doi.org/10.3969/j.issn.1002-0829.2014.02.009
http://www.ncbi.nlm.nih.gov/pubmed/25092958
https://data.worldbank.org/
http://doi.org/10.1111/j.1600-0404.2007.00915.x
http://doi.org/10.1093/cvr/cvaa044
http://doi.org/10.1177/1747493017723271
http://doi.org/10.1016/j.beem.2012.11.004
http://www.ncbi.nlm.nih.gov/pubmed/23384741
http://doi.org/10.3390/life12010090
http://www.ncbi.nlm.nih.gov/pubmed/35054483
http://doi.org/10.1161/STROKEAHA.117.019483
http://doi.org/10.1111/j.1538-7836.2012.04774.x
http://www.ncbi.nlm.nih.gov/pubmed/22578023
http://doi.org/10.1161/01.STR.0000177894.05495.54
http://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105313
http://doi.org/10.1016/j.inat.2020.100797
http://doi.org/10.1161/01.STR.30.3.481
http://doi.org/10.1002/14651858.CD002005.pub2
http://doi.org/10.1161/STROKEAHA.111.615393
http://www.ncbi.nlm.nih.gov/pubmed/21799156
http://doi.org/10.1159/000343653
http://www.ncbi.nlm.nih.gov/pubmed/23428995
http://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105379

Life 2022, 12, 1825 12 of 12

37.

38.

39.

40.

41.

42.

43.

Hameed, S.; Wasay, M.; Soomro, B.A.; Mansour, O.; Abd-Allah, F; Tu, T.; Farhat, R.; Shahbaz, N.; Hashim, H.; Alamgir, W.; et al.
Cerebral Venous Thrombosis Associated with COVID-19 Infection: An Observational, Multicenter Study. Cerebrovasc. Dis. Extra
2021, 11, 55-60. [CrossRef] [PubMed]

Al-Mufti, F; Amuluru, K,; Sahni, R.; Bekelis, K.; Karimi, R.; Ogulnick, J.; Cooper, J.; Overby, P.; Nuoman, R.; Tiwari, A.; et al.
Cerebral Venous Thrombosis in COVID-19: A New York Metropolitan Cohort Study. AJNR Am. ]. Neuroradiol. 2021, 42, 1196-1200.
[CrossRef]

Tu, TM.; Yi, S.J.; Koh, ].S.; Saffari, S.E.; Hoe, R.H.M.; Chen, G.J.; Chiew, H.].; Tham, C.H.; Seet, C.Y.H.; Yong, M.H.; et al. Incidence
of Cerebral Venous Thrombosis Following SARS-CoV-2 Infection vs MRNA SARS-CoV-2 Vaccination in Singapore. JAMA Netw.
Open 2022, 5, €222940. [CrossRef] [PubMed]

See, I.; Su, J.R,; Lale, A.; Woo, E.].; Guh, A.Y.; Shimabukuro, T.T.; Streiff, M.B.; Rao, A.K.; Wheeler, A.P,; Beavers, S.E,; et al. US
Case Reports of Cerebral Venous Sinus Thrombosis with Thrombocytopenia After Ad26.COV2.S Vaccination, 2 March to 21 April
2021. JAMA 2021, 325, 2448-2456. [CrossRef]

Pottegard, A.; Lund, L.C.; Karlstad, &.; Dahl, ].; Andersen, M.; Hallas, J.; Lidegaard, @.; Tapia, G.; Gulseth, H.L.; Ruiz, PL.-D; et al.
Arterial Events, Venous Thromboembolism, Thrombocytopenia, and Bleeding after Vaccination with Oxford-AstraZeneca
ChAdOx1-S in Denmark and Norway: Population Based Cohort Study. BMJ 2021, 373, n1114. [CrossRef]

Muir, K.-L.; Kallam, A.; Koepsell, S.A.; Gundabolu, K. Thrombotic Thrombocytopenia after Ad26.COV2.S Vaccination. N. Engl. J.
Med. 2021, 384, 1964-1965. [CrossRef]

Greinacher, A.; Thiele, T.; Warkentin, T.E.; Weisser, K.; Kyrle, P.A.; Eichinger, S. Thrombotic Thrombocytopenia after ChAdOx1
NCov-19 Vaccination. N. Engl. ]. Med. 2021, 384, 2092-2101. [CrossRef]


http://doi.org/10.1159/000516641
http://www.ncbi.nlm.nih.gov/pubmed/33975306
http://doi.org/10.3174/ajnr.A7134
http://doi.org/10.1001/jamanetworkopen.2022.2940
http://www.ncbi.nlm.nih.gov/pubmed/35297971
http://doi.org/10.1001/jama.2021.7517
http://doi.org/10.1136/bmj.n1114
http://doi.org/10.1056/NEJMc2105869
http://doi.org/10.1056/NEJMoa2104840

	Introduction 
	Materials and Methods 
	Results 
	Study Population 
	The Incidence of CVT 
	The Burden of CVT 

	Discussion 
	The Incidence of CVT 
	The Burden of CVT 
	Limitations 

	Conclusions 
	References

