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Introduction: Cerebral venous thrombosis (CVT) is a rare disease with highly variable clinical presentation and outcome. Etiological assessment may be negative. The clinical and radiological presentation and evolution can be highly variable. The mechanisms involved in this variability remain unknown.

Objective: The aim of this multicenter French study registered on ClinicalTrials.gov (NCT02013635) was therefore to prospectively recruit a cohort of patients with cerebral venous thrombosis (FPCCVT) in order to study thrombin generation and clot degradation, and to evaluate their influence on clinical radiological characteristics. The first part of the study was to compare our cohort with a reference cohort.

Methods: This prospective, multicenter, French study was conducted from July 2011 to September 2016. Consecutive patients (aged >15 years) referred to the stroke units of 21 French centers and who had a diagnosis of symptomatic CVT were included. All patients gave their written informed consent. The diagnosis of CVT had to be confirmed by imaging. Clinical, radiological, biological, and etiological characteristics were recorded at baseline, at acute phase, at 3 months and at last follow-up visit. Thrombophilia screening and the choice of treatment were performed by the attending physician. All data were compared with data from the International Study on CVT published by Ferro et al.

Results: Two hundred thirty-one patients were included: 117 (50.6%) had isolated intracranial hypertension, 96 (41.5%) had focal syndrome. During hospitalization, 229 (99.1%) patients received anticoagulant treatment. Median length of hospital stay was 10 days. Five patients died during hospitalization (2.2%). At 3 months, 216 patients (97.0%) had follow-up with neurological data based on an outpatient visit. The mean duration of antithrombotic treatment was 9 months, and the mean time to last follow-up was 10.5 months. At the end of follow-up, eight patients had died, and 26 patients were lost to follow-up. At least one risk factor was identified in 200 patients.

Conclusions: We demonstrated that the FPCCVT cohort had radiological, biological, and etiological characteristics similar to the historical ISCVT cohort. Nevertheless, the initial clinical presentation was less severe in our study probably due to an improvement in diagnostic methods between the two studies.
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INTRODUCTION

Cerebral venous thrombosis (CVT) is a rare disease, which is very different from ischemic or hemorrhagic stroke regarding affected populations, clinical characteristics, and prognosis (1, 2). Moreover, its main clinical characteristic is its great diversity. This diversity affects the mode of onset of the disease, which can be highly variable with an acute mode (<2 days), a sub-acute mode (between 2 and 30 days) or a chronic mode (more than 30 days) (3). Moreover, its clinical presentation is also highly variable, ranging from high isolated intracranial hypertension to diffuse encephalopathy and the presence of focal signs associated or not with a picture of cranial hypertension (4).

Imaging for the diagnosis of CVT shows variable images of both the extension of lesions and their evolution when controlled remotely.

The mechanisms that may explain this variability in the mode of onset, the clinical and radiological presentations, and the evolution of this disease are not well-explained.

The aim of this multicenter French research program was therefore to prospectively recruit a cohort of patients with cerebral venous thrombosis (FPCCVT). Then, we described FPCCVT and compared it with a historical cohort but which is a reference: the cohort from International Study on Cerebral Vein and Dural Sinus Thrombosis (ISCVT cohort) (5).



MATERIALS AND METHODS

This prospective, multicenter, French study was conducted from July 2011 to September 2016. Consecutive patients (aged >15 years) referred to the stroke units of 21 French centers and who had a diagnosis of symptomatic CVT were included. A scientific committee was appointed to monitor the study and to evaluate the interest of future biobank research.

All patients (or their parents or guardians) gave their written informed consent. The study protocol was approved by the local review committee on human research. This French cohort “FPCCVT” was recruited through a clinical research program (N° 2010/087/HP) funded by the French Ministry of Health and registered on ClinicalTrials.gov (NCT02013635: Thrombin Generation and Thrombus Degradation in Cerebral Venous Thrombosis: Clinical and Radiological Correlations).


Clinical and Radiological Characteristics

The diagnosis of CVT had to be confirmed by cerebral tomodensitometry venography (CT Venography) and/or magnetic resonance imaging (MRI) combined with MR venography (MRV) and/or digital subtraction angiography (DSA) following established diagnostic criteria (6).

Patients' data, including demographics, medical history, date of onset of CVT, date of hospitalization, time to clinical and radiological confirmation of CVT, treatments and procedures, in-hospital mortality, and ambulatory status at discharge were recorded for each patient. Clinical status was evaluated at admission using Glasgow Coma Scale (GCS) score and the National Institutes of Health Stroke Scale (NIHSS). Presenting syndromes were classified as isolated intracranial hypertension and/or isolated headache, focal syndrome, cavernous sinus syndrome, and diffuse encephalopathy.

If not done at admission, cerebral MRI combined with MRV had to be performed within 72 h. Radiological evolution was evaluated at 3 months after inclusion using cerebral imaging, preferably cerebral MRI with MRV. “Partial recanalization” was defined as recanalization of at least one previously thrombosed sinus or vein in an individual patient with CVT. “No recanalization” was defined as total absence of any type of recanalization in any previously thrombosed sinus or vein. “Complete recanalization” was considered when all previously thrombosed structures met the criteria of complete recanalization.



Etiological Characteristics, Treatment, and Follow-Up

A list of potential risk factors for CVT was attached to the inclusion form to assist investigators with etiological workup, but thrombophilia screening was performed by the attending physician.

The choice and the duration of anticoagulant treatment were at the discretion of the neurologist. All etiological assessments and treatments were systematically recorded during hospitalization, at discharge, and at each follow-up visit. Follow-up visits were performed at 3 months and 1 month after stopping antithrombotic treatment or after a maximum of 13 months if antithrombotic treatment was not stopped. At each follow-up visit, data recorded were current medications (antithrombotic, antiepileptic, etc.) and disability [according to modified Rankin Scale (mRS)]. Outcome was classified according to mRS as good functional outcome (mRS <2) or poor functional outcome (mRS ≥2).



Statistical Analysis

Quantitative data were expressed as median and range or mean and standard deviation. Only qualitative data were compared between the two cohorts. These comparisons were performed with Chi2 test. p-values <0.05 were considered to be statistically significant.




RESULTS


Clinical and Radiological Characteristics at Baseline

Two hundred forty-four patients were initially recruited, 13 of whom refused to participate or did not have a confirmed diagnosis, leaving 231 patients who were included in the FPCCVT. Figure 1 shows the flow chart of the study. Among them, the sex ratio (female/male) was 2.16 and the mean age of patients was 41.2 years (SD = 15.8).


[image: Figure 1]
FIGURE 1. Flow chart of the study.


Demographic and clinical characteristics at baseline are shown in Table 1. The median delay from onset of symptoms to diagnosis was 5 days (range 0–205). The mode of onset was acute in 35.5%, sub-acute in 56.7%, and chronic in 7.8% of patients.


Table 1. Demographic and clinical characteristics of the FPCCVT and ISCVT cohorts at baseline.
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Thirty-six patients (15.7%) had a personal history of venous thrombosis, and 38/214 patients had a familial history of venous thromboembolic disease.

One hundred seventeen patients (50.6%) presented with isolated intracranial hypertension and/or isolated headache, 96 (41.5%) had focal syndrome, 16 (6.9%) had diffuse encephalopathy, 2 (0.9%) had cavernous sinus syndromes and 2 were comatose (GCS <9).

CVT diagnosis was made in emergency with CT Venography and/or with MRI and MRV as presented in Table 2. CVT diagnosis was made with DSA in only six patients with suspicion of CVT (2.6%). Thirty-two patients (13.9%) had one thrombosed vessel. The median number of sinuses with thrombosis was 3 per patient. The most frequently occluded vessels were the superior sagittal sinus in 111 patients (48%), the right transverse sinus in 110 patients (47.6%), the right sigmoid sinus in 93 patients (40.3%), the left transverse sinus in 78 patients (33.8%), and the left sigmoid sinus in 62 patients (26.8%). Seventeen patients (7.3%) presented with isolated cortical vein thrombosis and 17 patients (7.3%) with deep vein system thrombosis. Ninety-three (40.3%) patients had parenchymal cerebral lesions on MRI/CT (32 hemorrhagic lesion, 31 ischemic lesion, 27 both and 3 missing data).


Table 2. Radiological characteristics of the FPCCVT and ISCVT cohorts at baseline.
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Acute Phase

The routine biological characteristics of the 231 patients are presented in Table 3. D-dimer assay was done locally in emergency in 161 patients (69.7%). According to the technique used in each center, values were above the exclusion threshold in 126 patients (78.3%). Among the 38 patients with anemia, 8 had a level of hemoglobin between 5 and 10 g/dl and 2 had hemoglobin below 5 g/dl. Moreover, among the 13 patients with thrombocytopenia, 2 had a platelet count below 100 G/L, and 1 had a platelet count lower than 30 G/L. During hospitalization, 229 (99.1%) patients received anticoagulant treatment (Table 4). The main anticoagulants used were unfractioned heparin and low molecular weight heparin.


Table 3. Routine biological characteristics of the 231 study patients.
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Table 4. Treatments in the acute phase and outcomes at the end of follow-up in the FPCCVT and ISCVT cohorts.
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At Discharge

At discharge, data were available for all 231 patients. Median length of hospital stay was 10 days (mean = 12.4, standard deviation = 7.6). Five patients (2.2%) died during hospitalization, four of brain herniation (despite decompressive craniectomy in one patient) and one of uncontrolled cancer.

Two hundred eight patients (90.0%) returned home, 16 (6.9%) were transferred to a rehabilitation center, and 2 patients were transferred to another medical facility. Two hundred twenty-three (98.7%) of the 226 surviving patients were prescribed curative anticoagulant therapy (188 oral VKA, 18 subcutaneous LMWH, 1 subcutaneous UFH, and 17 DOAC). Forty-six of the 51 patients who had epileptic manifestations were prescribed antiepileptics. Sixteen patients without a history of seizure were treated, and 10 among them presented with cerebral lesions on MRI.



At 3 Months

At 3 months, 216 patients (97.0%) had follow-up with neurological data based on an outpatient visit. Two more patients died as a result of underlying conditions such as cancer and eight were lost to follow-up. For these eight patients lost to follow-up before the visit at 3 months, their condition on the day of hospital discharge was considered for the last follow-up visit. One hundred eighty patients (80.7%) had good functional outcome (mRS <2), and 36 (16.6%) had poor outcome (mRS ≥ 2). Two hundred thirteen patients (98.6%) received anticoagulant treatment, 46 (21.3%) antiepileptic drugs, and 20 (9.3%) anti-edematous treatment. Fifty-six (25.9%) patients were treated with antalgics. Cerebral venous imaging was performed in 211 patients (97.7%) after a median delay of 94.3 days (mean 92, SD: 21.4). Cerebral imaging was MRI with MRV in 202 cases and CT venography in 9 cases. Venous recanalization was achieved in 193 patients (91.4%), complete in 81 (38.4%), and partial in 112 (53.1%). Fifteen patients (7.1%) had no recanalization, and 4 patients (1.9%) presented new sinus or cortical vein thrombosis.



Last Follow-Up

The main characteristics of the last follow-up are presented in Table 4. The mean and median delays to last follow-up were 10.5 and 11.9 months (range 76–543 months), respectively, for 197 (88.3%) of 223 surviving patients. One more patient died of cancer and 18 additional patients were lost to follow-up. For these 18 patients lost to follow-up after the visit at 3 months, their condition on the day of the visit at 3 months was considered for the last follow-up visit.

Among the 205 patients followed up, 97 (47.3%) were no longer treated with anticoagulants, 85 patients (41.5%) were still on anticoagulants, and 20 (9.8%) were on aspirin.

One hundred eighty-one patients had good functional outcome (mRS <2), and 24 had poor outcome (mRS ≥ 2).



Etiological Characteristics

Risk factors and etiologies of CVT are presented in Table 5. At least one risk factor was identified in 200 of the 231 patients (86.6%). Some risk factors were known before the cerebral thrombotic event: six factor V Leiden mutations, one factor II 20210A mutation, one antithrombin deficiency, and one myeloproliferative disease. Others were discovered at the time of the cerebral event. Oral estrogen and progestin treatment users comprised the largest group (91 patients, 57.6%, all women). Among these 91 patients, 11 had an association of oral contraceptive and tobacco; 13.9% (n = 32) of all patients were regular tobacco smokers. Eighty-eight women were on oral estrogen and progestin contraceptives and the median delay between the beginning of treatment and thrombosis was 36 months (1–372). One woman was pregnant, and four had recently given birth. Systemic diseases were reported in 48 patients (20.8%). A local condition was identified in 31 patients (13.4%). The most frequent was intracranial hypotension (10 cases), spontaneous or after lumbar puncture. Local infection was associated in nine patients. Two hundred twenty-eight patients (98.7%) were tested for biological thrombophilia with coagulation inhibitor assays, Factor V Leiden and prothrombin G20210A mutations, and antiphospholipid syndrome. Nevertheless, most of the time, the thrombophilia assessment was incomplete, and for antiphospholipid syndrome, in particular, only 106 patients had a full search with lupus anticoagulant, anti-cardiolipin, and anti-beta2GPI antibodies assays. Regarding genetic thrombophilia, five patients had more than one thrombophilia: one antithrombin deficiency and factor II 20210A mutation, one protein S deficiency and Factor V Leiden mutation, two protein S deficiencies and Factor II 20210A mutation, and one association of homozygous factor V Leiden mutation and heterozygous factor II 20210A mutation. The factor II 20210A mutation was more frequent than the factor V Leiden mutation. In women, these mutations were often associated with oral estrogen contraceptive use, respectively, 10 associations with factor II 2010A and 6 associations with factor V Leiden mutation.


Table 5. Etiological characteristics of the FPCCVT and ISCVT cohort.
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Comparison Between French Prospective Cohort of Cerebral Venous Thrombosis and International Study on Cerebral Vein and Dural Sinus Thrombosis

The two cohorts were similar regarding the mean age of patients, the sex ratio, the delay from onset of symptoms to hospitalization, and the mode of onset of symptoms. Nevertheless, the delay from onset of symptoms to hospitalization or diagnosis was slightly shorter in our study than in the ISCVT study.

In the ISCVT cohort, 143 patients (22.9%) presented with isolated intracranial hypertension (vs. 41.5% in FPCCVT). The initial clinical presentation was slightly different between the two cohorts, with more seizures, visual symptoms, and different focal symptoms in the ISCVT cohort. Moreover, more patients were comatose in the ISCVT cohort. The initial clinical presentation was less severe in our cohort.

The initial anticoagulant treatment was similar between the two cohorts. In FPCCVT, fewer antiepileptic drugs were prescribed because of fewer seizures at initial clinical presentation (22 vs. 50% in ISCVT). In the ISCVT cohort, the median hospital stay was longer: 17 days (mean = 20.4, SD = 14.3), and 27 patients died during hospitalization (4.3%) without a significant difference (p = 0.13). At the end of follow-up, even if the median duration of follow-up was longer in ISCVT than in FPCCVT, outcomes, recurrences, and deaths were not significantly different. Nevertheless, there were more patients lost to follow-up in FPCCVT.

Concerning etiologies, the number of oral contraceptive users was not significantly different between the two cohorts (p = 0.11). In the ISCVT cohort, there were significantly more women with pregnancy/puerperium.

The two cohorts were not significantly different either for patients without risk factors, or for hereditary thrombophilia. Concerning acquired thrombophilia, there was a significant difference for the number of patients with hyperhomocysteinemia, but in our study, the threshold was higher than 15 mmol/L but was not known in the ISCVT study.




DISCUSSION

In this prospective multicenter French study, we evaluated the clinical, radiological, biological, and etiological characteristics of a large and representative cohort of patients with cerebral venous thrombosis. Next, we compared our cohort with the ISCVT cohort, which is the largest published prospective cohort. Since 2004, other cohorts have been published but most are retrospective cohorts.

The two cohorts were similar in mean patient age and sex ratio. The mean time from symptom onset to diagnosis was somewhat shorter in our cohort than in the ISCVT. This may explain why the initial clinical presentation was less severe.

This less severe clinical presentation is reflected in more isolated intracranial hypertension, fewer seizures, and fewer patients with a Glasgow score <13 and a shorter hospital stay. These differences may be explained by the fact that ISCVT patients were included between 1998 and 2001 and FPCCVT patients between 2011 and 2016. Coutinho et al. previously showed an improvement over time in initial CVT presentations due to improved diagnostic methods (7). Twenty-one percent of our patients had epileptic manifestations at the acute phase of CVT, which is less than in the ISCVT cohort but consistent with data in the literature for severe CVT and peripartum CVT (8). Although the initial presentation was less severe in FPCCVT, the subsequent evolution was not so different. At the end of follow-up, there was the same proportion of recurrences and the same proportion of patients with good functional evolution on mRS. However, there was less mortality. This lower mortality cannot be related to a difference in anticoagulant treatment. In fact, unfractionated heparin and low molecular weight heparin were the treatments most commonly used in the two cohorts. All but two of our patients were treated with anticoagulants in the acute phase of CVT despite a relatively high rate of ischemic and/or hemorrhagic brain lesions. This result is in line with recent European recommendations of good practices (9). The mean duration of antithrombotic treatment was 9 months in this series. At the end of the study, almost one half of our patients were still on anticoagulants, which corresponds, according to the guidelines, to idiopathic CVT and to patients presenting with severe thrombophilia or permanent thrombotic risk factors such as myeloproliferative syndrome or cancer (9). Also, the mortality rate in our study was extremely low and was comparable with that in the literature. Coutinho et al., in a systematic review, reported a mortality rate of <5% in the most recent studies (7). The fact that study patients were hospitalized in neurology departments probably explains the non-inclusion of patients with the most severe presentation (severe consciousness alteration) requiring intensive care and/or neurosurgery upon admission.

Recurrences were rare, lower than the rate observed in the literature, but the follow-up in this study was short, on average 10.5 months (13 months maximum) (1), and patients were mainly on anticoagulants throughout follow-up.

The radiological characteristics of our patients at baseline were similar to those in the literature for localization of thrombosis and for parenchymal lesions. In the multicenter retrospective VENOST study (10), as in other studies (11, 12), the superior sagittal sinus was the most frequently occluded sinus, and ~60% of patients had no parenchymal lesion, as in our study but more than in the ISCVT cohort (38%). In contrast, in the VENOST study (10), 48.2% of patients had only one thrombosed vessel and only 13.8% in FPCCVT. We did not perform central review of imaging which could be considered as a methodological limitation. Our rate of complete recanalization was lower than that observed in the literature but we performed control MRI on average 94 days after inclusion (13). This shorter delay could explain the higher number of partial recanalizations observed in our study. However, the recanalization rate is in line with that of previous studies at 3–6 months for complete and partial recanalization (13–15).

Our study highlights heterogeneous etiological assessments (especially for thrombophilia screening) according to centers. However, inclusions finished in 2015, before the publication in 2017 of The European Stroke Organization guidelines (9). It would be interesting to reassess practices following this publication. Despite this heterogeneous assessment, only 13.4% of our patients presented CVT without a condition or risk factor, which is close to the lowest figures reported in the literature (1, 9). Moreover, etiological characteristics of our population were not really different from the ISCVT cohort particularly concerning inherited thrombophilia. Prevalence of inherited thrombophilia was similar in both the cohorts and in the VENOST study (10). In our study, factor II 20210A mutation was more frequent than factor V Leiden mutation as previously described (16, 17). In another study (18), factor V Leiden mutation was more frequent than factor II 20210A mutation. These discrepancies may be explained by the country where the studies were conducted because the prevalence of these two mutations was different according to the countries (19). In our cohort, factor II 20210A mutation was often associated with oral estrogen and progestin contraceptives as previously described (16). These results were in agreement with the fact that the association between factor V or factor II mutations and oral contraceptive use increased the risk of CVT (20, 21).

Concerning acquired thrombophilia, prevalences of antiphospholipid antibodies and hyperhomocysteinemia were different between the two cohorts. Several explanations are possible: first, the detection of these two risk factors was not done in all the patients of our cohort; second the definition of hyperhomocysteinemia was not given in the ISCVT study.

In addition, the related female risk factors were highly different between the two cohorts. Oral contraceptive use was much more common in our cohort. Our cohort was recruited only in France, while ISCVT was an international cohort including patients from European and non-European countries (Mexico). One possible explanation for this difference is that access to hormonal treatments was more difficult 10 years ago than today, especially in some countries such as Mexico where the proportion of women under 40 years of age on oral contraceptives was 15.6% in 2012 (22). Several retrospective cohorts described different percentages: 12% of women in Pakistan and the Middle East (11), 23.5% of women in Tunisia (12), and 13.9% in Turkey (10, 22). Moreover, some studies specified the percentage of women under 50 years old (5, 12, 22), while others did not (10, 11). There were also significantly fewer pregnant or post-partum women in our study than in others, where the proportion ranged from 20 to 54%. This discrepancy could be partially explained by the fact that puerperium is a more frequent risk factor in low-income countries (21, 23).

Anemia was more frequent in FPCCVT than in ISCVT but less frequent than in Tunisian population (28.5%) (12) or in the case-control study of Coutinho et al. (27%) (24). This discrepancy might be explained by the fact that the prevalence of anemia was not a specific research objective in ISCVT and that measurement of hemoglobin was not mandatory. This may have led to under-reporting of anemia, especially of milder cases. The prevalence of anemia in our study was similar to the results of a large registry from India in which hemoglobin concentrations were routinely measured and which reported anemia in 18.4% of patients; the authors used a similar definition for anemia as we did (25). Coutinho et al. (24) and Green et al. (26) concluded that anemia was a risk factor for CVT. In the same manner, thyroid diseases were significantly more frequent in FPCCVT than in ISCVT. Nevertheless, as anemia, the prevalence of thyroid disease was not a specific research objective in ISCVT, and the definition of thyroid disease was not given. Moreover, there are very few published studies on the involvement of thyroid disease in CVT and only case reports of hyperthyroidism (27, 28).



CONCLUSION

In this first part of the study, we have demonstrated that the FPCCVT cohort had similar clinical, radiological, biological, and etiological characteristics to the historical ISCVT cohort. Only initial clinical presentation was less severe in FPCCVT, probably due to improvements in the diagnostic methods of CVT between the two studies.
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