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Background: Cerebral venous thrombosis (CVT) is a challenging condition with potential long-term consequences, but it is
also a treatable disorder that offers the possibility of complete recovery. This study was conducted to comprehensively
investigate the clinical features, brain imaging findings, and treatment outcomes of patients diagnosed with cerebral venous
thrombosis.

Materials and Methods: Conducted as a cross-sectional descriptive study, patients diagnosed with cerebral venous thrombosis were
enrolled at Can Tho Central General Hospital between January 2021 and June 2022.

Results: Notably, a substantial proportion of patients (83.4%) exhibited signs of brain damage, with intracranial hemorrhage (50%),
brain infarction (30.9%), subarachnoid hemorrhage (16.6%), and hemorrhagic infarct (4.7%) being the predominant findings.
Thrombosis primarily affected the superior sagittal sinus (85.7%), transverse sinus (52.4%), and sigmoid sinus (42.8%). All patients
received anticoagulation treatment, resulting in a favorable recovery upon hospital discharge for the majority (90.5%), while a small
percentage (9.5%) experienced critical illness or death.

Conclusion: Our study on cerebral venous thrombosis found diverse clinical presentations, primarily headache. Intracranial
hemorrhage was common, affecting superior sagittal, transverse, and sigmoid sinuses. Most patients achieved favorable recoveries
with anticoagulation treatment, emphasizing early intervention’s importance.

The plain language summary: Cerebral venous thrombosis (CVT) is a less common condition when compared to arterial
thrombosis, which has received more research attention. However, CVT has not received the same level of focus and investigation.
The study aimed to comprehensively examine the clinical features, brain imaging findings, and treatment outcomes of patients
diagnosed with CVT. The findings revealed that patients with CVT commonly presented with symptoms such as headache, limb
weakness, seizures, vomiting, and consciousness disorders. Neuroimaging showed significant brain damage, including intracranial
hemorrhage and brain infarction. However, with appropriate anticoagulation treatment, the majority of patients achieved favorable
recoveries. The study emphasizes the importance of early intervention and highlights the need for improved diagnostic accuracy and

treatment strategies for CVT.
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Introduction

Cerebral venous thrombosis is a relatively uncommon condition, comprising approximately 0.5-1% of all cerebrovas-
cular events. Compared to arterial thrombosis, which receives more research focus, CVT has not received the same level
of attention and investigation.'” Consequently, there is a critical need to bridge this research gap and enhance our
understanding of CVT. By exploring the clinical features and neuroimaging findings of CVT, this study aims to improve
diagnostic accuracy and facilitate early intervention, ultimately leading to better patient outcomes.>* The mortality rate
of cerebral venous thrombosis, if left untreated, ranges from 13.8% to 48%. A study conducted in the UK reported
a mortality rate of approximately 0.39 per million population.

One of the primary challenges in diagnosing CVT lies in its diverse clinical manifestations. Patients with CVT often
present with symptoms such as headache, limb weakness, seizures, vomiting, and consciousness disorders.”” This wide
range of symptoms can lead to missed or delayed diagnoses, underscoring the importance of thorough clinical evaluation
and prompt suspicion of CVT in appropriate clinical contexts. Furthermore, the neuroimaging findings play a crucial role
in confirming the diagnosis. Characteristic signs on brain imaging, including intracranial hemorrhage, brain infarction,
subarachnoid hemorrhage, and hemorrhagic infarct, help differentiate CVT from other cerebrovascular conditions.”

Effective treatment of CVT remains a significant challenge. Current management strategies involve the use of
anticoagulation therapy, such as unfractionated heparin or low molecular weight heparin, to reduce the risk of mortality,
irrespective of the presence of cerebral hemorrhage.®”"' However, optimizing treatment outcomes requires a deeper
understanding of the disease’s pathophysiology and identification of factors associated with treatment response. By
evaluating the treatment outcomes of patients with CVT, this study aims to shed light on the efficacy of current
therapeutic approaches and identify areas for improvement.

Despite its relatively low incidence, CVT can have a substantial impact on affected individuals, particularly those in the
working and reproductive age group. The challenges in diagnosing and treating CVT highlight the need for comprehensive
research efforts in this field. However, currently in Vietnam in general, and specifically in the Mekong Delta, there have been
no studies related to cerebral venous thrombosis, as clinical doctors typically focus on diagnosing arterial thrombosis in the
brain. We have observed that although it accounts for a low or very low proportion in diagnostics, cerebral venous thrombosis
also has serious consequences for patients, no less than arterial thrombosis in the brain. Thus, this study aims to contribute to
the existing knowledge by investigating the clinical characteristics, neuroimaging findings, and treatment outcomes of patients
with CVT. The findings generated from this study will help enhance diagnostic accuracy, guide treatment decisions, and
ultimately improve the prognosis and quality of life for individuals affected by CVT.

Materials and Methods

We conducted a prospective, cross-sectional descriptive study at Can Tho Central General Hospital from January 2021 to
June 2022 to investigate data related CVT. Our study included a total of 42 patients aged 16 years and above who had
been diagnosed with CVT at the hospital.

In order to ensure accurate diagnosis, the study included patients who had received a definitive diagnosis of CVT from
aneuroradiologist. This diagnosis was confirmed through specific imaging findings, such as the presence of the dense-triangle
sign on a contrast-enhanced CT scan or MRI results consistent with the classic neuroradiological features of CVT. Laboratory
investigations were also conducted, with the number of tests performed increasing over the study period as more potential
prothrombotic associations were identified. These investigations encompassed a range of parameters, including blood count,
cholesterol, triglycerides, lipoprotein, fibrinogen, protein C, protein S, antithrombin III, and factor V Leiden.

Methods of Data Collection and Evaluation

The patient was brought to the hospital when experiencing neurological symptoms such as headache, seizures, or limb
weakness. Imaging techniques, including CT and MRI, were used to create images of the blood vessels and clots, and DSA was
used to capture images of the affected blood vessels. When imaging results showed cerebral venous thrombosis, we began
collecting patient data through history taking and clinical examination. Patient characteristics, including age, gender, and
related factors such as pregnancy, postpartum, contraceptive use, and a history of renal failure, as well as the time of onset of
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symptoms (acute <2 days and subacute 2—30 days), were recorded. Clinical symptoms were recorded through history taking
and physical examination. Additionally, imaging techniques were used to describe the characteristics of the injury and the
location of the affected venous sinuses. We cross-checked the imaging results with the diagnostic imaging department of the
Central Hospital of Can Tho to determine the appropriateness of the imaging results. After treatment, patient outcomes were
evaluated using the mRS Scores at Discharge, with good treatment outcomes defined as mRS < 2 and poor outcomes defined
as mRS >2. Patient outcomes were assessed in two scenarios: discharge with stable health and death.

Data Processing and Analysis Methods

The data will be encoded, processed, and analyzed using SPSS 20.0 (IBM Corp., New York, the United) software for
statistical analysis. Descriptive statistics will be utilized to summarize quantitative variables by means and standard
deviations (for normally distributed variables), medians (for non-normally distributed variables), and frequencies and
percentages for categorical variables. For categorical variables, the chi-square test with Fisher’s exact test as a correction
will be used, and for continuous variables, the #-test will be used. Univariate analysis will be conducted to identify variables
that are associated with treatment outcomes. Variables that are significantly related to treatment outcomes (p <0.05 through
univariate analysis) will be included in multivariate analysis to adjust OR (Odds Ratio) values and determine the confidence
intervals. Multivariate logistic regression will be used to identify factors related to treatment outcomes.

Research Ethics

The study was conducted with honesty and diligence, and the research findings and recommendations aim to enhance
public health by preventing and managing diseases in the community. Ethical considerations for this study were approved
by the Scientific Review Committee of Can Tho University of Medicine and Pharmacy and the affiliated hospital, in
accordance with the 2013 Helsinki Declaration. (Approval number: 549/PCT-HPDD in 2021). The study obtained the
consent of the patients (Informed consent was obtained from all participants who were 18 years of age and over, and this
study did not include patients under the age of 18).

Results

Table 1 shown that the majority of the participants were in the age range of 30—49, accounting for 59.5% of the total
sample. Participants aged below 30 represented 9.5% of the sample, while those aged 50 and above constituted 31%. The
mean age of the participants was calculated to be 45.5 = 14.3. In terms of gender distribution, females accounted for
a larger proportion, comprising 71.4% of the participants. Males, on the other hand, represented 28.6% of the sample.
Regarding risk factors, contraceptive use was reported as the most prevalent, accounting for 42.8% of cases.

About the onset type, the majority of cases (66.7%) presented with a subacute onset, occurring within a period of 2—
30 days. When examining the specific symptoms associated with the onset of CVT, headache was reported by 54.7% of
the participants. In terms of clinical symptoms, the most commonly reported symptom was headache, observed in 95.2%
of participants. Nausea/vomiting was reported by 35.7% of participants, while seizures were present in 47.6% of cases.

Table 2 provides insights into the types of brain lesions observed. Among the recorded brain lesion types, hemor-
rhagic stroke was the most prevalent, accounting for 50% of cases. When analyzing the occluded venous sinuses, the
superior sagittal sinus was most frequently affected, with occlusion observed in 85.7% of cases. The transverse sinus was
occluded in 52.4% of cases, followed by the sigmoid sinus (42.8%). The straight sinus showed occlusion in 11.9% of
cases, while the cortical vein and cavernous sinus were affected in 4.7% and 9.5% of cases, respectively.

The evaluation of treatment outcomes and functional status at discharge for the study participants with cerebral
venous thrombosis (CVT). The modified Rankin Scale (mRS) scores were utilized to assess the participants’ functional
status. At discharge, 14.3% of the participants achieved an mRS score of 0. The majority of participants (38.1%) obtained
an mRS score of 1 (Table 3). The study evaluates treatment outcomes using the modified Rankin Scale (mRS) scores,
showing that the majority of participants had a stable condition at discharge (90.5%). However, a noteworthy finding is
the unfortunate outcome of death in 9.5% of participants, underscoring the severity of CVT.

Table 4 shown that the patients aged 50 or older had a higher incidence of poor treatment outcomes, with 69.2% exhibiting
mRS scores greater than 2. Conversely, patients under 30 had the lowest incidence of poor outcomes at 25%, and the difference
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Table 1 General Characteristics
Characteristics Frequency (n) Percentage (%)
Age <30 4 9.5
3049 25 59.5
=50 13 31
Mean age 455 + 143
Gender Male 12 28.6
Female 30 714
Risk factors Contraceptive use 18 428
Pregnancy | 24
Postpartum 3 7.1
Renal impairment syndrome | | 24
Onset Type Acute (<2 days) 14 333
Subacute (2-30 days) 28 66.7
Onset Symptoms | Headache 23 54.7
Convulsion 15 357
Weakness in half of body 6 14.3
Distribution of Clinical Symptoms in Generalized Onset
Headache 40 95.2
Nausea. vomiting 15 35.7
Seizures 20 47.6
Impaired consciousness 10 238
Hemiparesis (weakness on one side of the body) | 24 57.1
Cranial nerve palsy I 26.2
Meningitis syndrome 2 4.7
Aphasia 9 21.4
Table 2 Brain Lesion Types
Characteristics Frequency (n) Percentage (%)
Characteristics of Brain Lesion Types
Ischemic Stroke 13 309
Hemorrhagic Stroke 21 50
Hemorrhagic Transformation 2 4.7
Subarachnoid Hemorrhage 7 16.6
(Continued)
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Table 2 (Continued).

Characteristics

Frequency (n)

Percentage (%)

Distribution of Occluded Venous Sinuses

Superior Sagittal Sinus 36 85.7
Straight Sinus 5 11.9
Transverse Sinus 22 524
Sigmoid Sinus 18 42.8
Cortical Vein 2 4.7
Cavernous Sinus 4 9.5

Table 3 Evaluation of Treatment Outcomes

Frequency (n) | Percentage (%)

mRS Scores at Discharge

0 6 14.3
| 16 38.1
2 3 7.15
3 9 21.4
4 3 7.15
5 | 2.4
6 4 9.5
Treatment Outcomes

Stable condition 38 90.5
Death 4 9.5

Table 4 Some Factors Related to Treatment Outcomes

Characteristics Treatment Results e P
Poor n (%) Good n (%)

Age <30 I (25) 3 (75) 6.474 0.039
3049 7 (28) 18 (72)
=50 9 (69.2) 4 (30.8)
Mean age 52.59 + 18.139 | 41.08 = |1.554

Gender Male 2 (l6.7) 10 (83.3) 3.953 0.081
Female 15 (50) 15 (50)

Contraceptive use No 10 (41.7) 14 (58.3) 0.033 0.856
Yes 7 (38.9) I (6l1.1)

(Continued)
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Table 4 (Continued).

Characteristics Treatment Results e P
Poor n (%) Good n (%)

Onset Type Acute (<2 days) 7 (50) 7 (50) 0.791 0.374
Subacute (2-30 days) 10 (35.7) 18 (64.3)

Onset Symptoms Headache 16 (39) 25 (61) 1.506 0.405
Convulsion 9 (47.4) 10 (52.6) 0.684 0.408
Weakness in half of body 17 (68) 8 (32) 19.421 0.001

Venous sinus obstruction | Only | 7 (41.2) 10 (58.8) 0.006 0.939
22 10 (40) 15 (60)

between the two age groups was statistically significant (p=0.039). No significant difference was found in the incidence of poor
treatment outcomes between male and female patients, with 16.7% and 50% respectively exhibiting mRS scores greater than 2
(p>0.05; OR=0.2; CI 95%: 0.037-1.071). Patients who used contraceptives had a slightly lower incidence of poor treatment
outcomes than those who did not, at 38.9% and 41.7%, respectively, but the difference was not statistically significant (p>0.05;
OR=0.891; CI 95%: 0.256-3.102). Patients with acute onset of symptoms (less than 2 days) had a higher rate of poor treatment
outcomes at 50% compared to patients with subacute onset (2-30 days) at 35.7%, but the difference was not statistically
significant (p>0.05; OR=1.8; CI 95%: 0.49-6.618). Patients who experienced clinical symptoms of headache had a slightly
lower incidence of poor treatment outcomes than those who did not, but the difference was not statistically significant (p>0.05).
Patients who experienced clinical symptoms of seizures had a higher incidence of poor treatment outcomes than those who did
not, at 47.4% and 34.8%, respectively, but the difference was not statistically significant (p>0.05; OR=1.688; CI 95%: 0.486—
5.854). Patients who experienced clinical symptoms of limb weakness had a significantly higher incidence of poor treatment
outcomes than those who did not, at 68% and 0%, respectively (p=0.001). Patients who had obstruction in one sinus had
a slightly higher incidence of poor treatment outcomes than those with obstruction in two or more sinuses, at 41.2% and 40%,
respectively, but the difference was not statistically significant (p>0.05; OR=0.952; CI 95%: 0.272-3.338).

Discussion

Principal Finding

The study revealed that the majority of participants (59.5%) were aged between 30 and 49 years, whereas those aged
above 50 constituted 31%. Women were more commonly affected, representing 71.4% of the sample. The most frequent
risk factor was contraceptive use, reported in 42.8% of cases. Headache was the most commonly reported symptom,
observed in 95.2% of participants. Hemorrhagic stroke was the most prevalent brain lesion type, accounting for 50% of
cases. At discharge, the majority of participants (90.5%) had a stable condition, while 9.5% experienced mortality during
treatment. Patients aged 50 or older demonstrated a higher incidence of poor treatment outcomes, whereas patients under
30 had the lowest incidence of poor outcomes. Clinical symptoms of limb weakness were significantly associated with
poor treatment outcomes. These findings underscore the importance of early detection and intervention in patients with
CVT, particularly in older patients and those presenting clinical symptoms of limb weakness.

Comparison with the Previous Work

Clinical Characteristics

The average age of the participants is 45.5 + 14.3 years, which is consistent with the findings of previous studies
conducted by Zenobia (48, range 22-69 years), Matiat (42 + 17), and Mei Ling (43.5 + 16.52).*'":!? Regarding gender
distribution, females constitute the majority at 71.4%, while males account for 28.6%. This outcome is in line with
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research conducted by Zenobia, Matiat, and Samia Ben.*'*'> As the sample size increases, the disparities become more
noticeable, particularly among women of childbearing age who are exposed to a greater number of risk factors compared
to males. In our study, the most prevalent risk factor was contraceptive use, representing 42.8% of the participants, which
is similar to Matiat’s findings of 43%. However, there were variations compared to Ranjan R’s study with 58.9% and
Malekaldar’s study with 18.3%.'*'> This indicates a relatively high prevalence of contraceptive use among women in
contemporary society. According to the findings of the research, the majority of patients experienced a subacute onset,
accounting for 66.7%, followed by an acute onset at 33.3%. There were no instances of a chronic onset. These results are
in accordance with the studies conducted by Malekaldar and Lindgren.'*'®

At the onset, the most prevalent symptoms were headache (54.7%), seizures (33.3%), and hemiparesis (12%). Most
other studies on the clinical manifestations of CVT lack detailed information regarding symptoms at the onset. The
clinical presentation of CVT exhibits a high level of diversity and nonspecificity, which varies depending on factors such
as age, gender, the location of the lesion, and the severity of the injury. In our study, headache was the most prevalent
symptom, reported by 95.2% of participants, similar to the findings of AK Mishra (96,87%), Rajkondawar (83,87%).""”
Headache symptoms often display atypical characteristics and can resemble migraines or muscle tension, but they
typically progress gradually and do not respond to treatment. Hemiparesis ranked second in our study, with a prevalence
rate of 57.1%. Overall, the hemiparesis symptoms in our study were consistent with the results reported by other authors
and were commonly ranked second or third in terms of clinical manifestations. Seizures accounted for 47.6%, ranking
third after headache and hemiparesis. According to ‘s study, seizures had a prevalence rate of 48.39%, ranking third after
headache and vomiting. Q Li reported seizure prevalence rates of 64.3%, respectively.'® The subsequent symptoms in our
study included nausea and vomiting (35.7%), cranial nerve palsy (26.2%), altered consciousness (23.8%), language
disorders (21.4%), and meningeal syndrome (4.7%). Overall, when compared to other authors, the clinical characteristics

observed in our study largely resembled those reported in previous studies.

Characteristics of Brain Imaging
In our study, brain tissue damage was observed in 83.4% of patients with CVT. Among them, cerebral hemorrhage had
the highest prevalence at 50%, followed by cerebral infarction at 30.9%, meningeal hemorrhage at 16.6%, and
hemorrhagic transformation of infarction at 4.7%. These findings align with the study conducted by Walecki, which
reported 88% of patients had transverse sinus thrombosis, 23.5% suffered from hemorrhagic infarction, whereas 47%
were diagnosed with venous infarction without hemorrhage.> However, there are differences compared to authors
Mohammad, who reported cerebral hemorrhage at 26.7% and cerebral infarction at 53.3%;> Mei Ling, who reported
cerebral hemorrhage at 38.3% and cerebral infarction at 53.1%.'" These variations may be attributed to the small sample
size in our study and the diverse nature of brain lesions in CVT.

Regarding the involvement of venous sinuses, the superior sagittal sinus was the most commonly affected, observed
in 85.7% of cases, followed by the transverse sinus at 52.4% and the sigmoid sinus at 42.8%. Less frequently involved
were other venous sinuses such as the straight sinus at 11.9%, cavernous sinus at 9.5%, and cortical veins at 4.7%. These

results are consistent with the studies conducted by Lysitsas, and Mei Ling.'"""

Evaluation of Treatment Outcomes

Based on the mRS score at discharge, 52.4% of patients in our study achieved full recovery (mRS <2), while 30.95%
were dependent (mRS 3-5), and mortality was observed in 9.5% of cases (mRS=6). In the study conducted by Erwin
Stolz, the rate of full recovery was reported as 77%, dependence and mortality at 23%.'® In our study, the proportion of
patients who experienced death or severe outcomes during their hospital stay was 9.5%. Factors significantly related to
a mRS > 3 at 6 months in a logistic regression analysis were age and items la—c of the NIHSS on admission related to
consciousness. This figure exceeds the rates reported by M Wasay (3,3%), Matiat (4%), and Samia Ben (6.6%).%*'> The
outcomes observed in our study were less favorable compared to those reported by other authors such as Erwin Stolz

(15%), which may be attributed to the limited size of our sample.
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Limitations of the Study

Notwithstanding the valuable insights gleaned from this study on cerebral venous thrombosis (CVT), several limitations
must be acknowledged. One limitation pertains to the relatively small sample size, which may limit the generalizability
of the findings. Moreover, the study was executed solely at a single center, which may constrain the applicability of the
results to other populations and settings. Besides that, due to the lack of significant differences in hematological factors
(coagulation), the study did not analyze the correlation between clotting characteristics and the clinical signs and
symptoms of CVT. Lastly, the study did not investigate the long-term outcomes of CVT, which could have provided
crucial information on the chronic impact of the disease and its treatment.

Implications

The findings of this study carry significant implications for the diagnosis and treatment of cerebral venous thrombosis
(CVT). The high prevalence of clinical manifestations observed in this study underscores the need for a heightened index
of suspicion for CVT in patients presenting with symptoms such as headache, limb weakness, seizures, vomiting, and
consciousness disorders. The preponderance of intracranial hemorrhage in this study highlights the criticality of timely
and precise diagnosis to prevent further complications. Moreover, the high recovery rate observed with anticoagulation
therapy emphasizes the importance of prompt and appropriate management in enhancing patient outcomes. These
implications have significant clinical and public health ramifications, and underscore the importance of continued
research and development in improving the diagnosis, treatment, and prevention of CVT.

Further Study

While this study provides valuable insights into the clinical features, neuroimaging findings, and treatment outcomes of
patients with CVT, there is still much to be explored in this field. Future studies could investigate the long-term outcomes of
CVT, including the incidence of recurrent thrombosis and the effects of treatment on quality of life. Additionally, studies could
explore the pathophysiology of CVT, including the risk factors and mechanisms underlying thrombosis formation.

Conclusion

Cerebral venous thrombosis is a condition that occurs more frequently in females and has a subacute onset, with a range
of clinical manifestations. Brain imaging studies commonly show cerebral hemorrhage as the most observed type of brain
tissue damage. The superior sagittal sinus is the most frequently affected venous sinus, followed by the transverse and
sigmoid sinuses. Despite these findings, patients generally show good recovery at the time of discharge.
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