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Abstract: Recanalization times in cerebral venous thrombosis (CVT) patients are generally around six months, but do vary from
patient to patient. The reasons for the variation in the recanalization times between the CVT patients are still a matter of debate. Thus,
in this study, the relation between the uric acid (UA) level, which has been shown to have antioxidant properties in ischemic stroke,
and the recanalization time in CVT patients was investigated. In this context, the CVT patients, who were followed up between January
2015 and May 2020, were analyzed retrospectively. Of the 78 patients, who met the eligibility criteria to be included in the research,
76.9 % were female and 23.1 % were male. It was determined that headache was the most common (73.1 %) symptom, and that the
gynecological reasons were the most common (38.5 %) etiological reasons. A weakly significant negative correlation was found
between the UA levels and the recanalization times in the study group (P = 0.003, r=-0.327). There was a weakly negative correlation
between the UA levels and the recanalization times in female patients (P = 0.046, r= -0.259). The UA levels of male patients were also
found to be negatively correlated with the recanalization times, albeit not statistically significantly. The finding that the recanalization
times were shortened as UA levels were increased in female CVT patients was interpreted as that there is a gender-specific
relationship between the UA levels and the recanalization times in CVT patients.
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therapy in patients with CVT. The recanalization times in
CVT patients commonly range between 3 to 6 months,

1. Introduction
Cerebral venous thrombosis (CVT) is one of the rare

causes of stroke, accounting for 0.5% to 1% of all strokes which sometimes extend to 12 months, but very rarely

(Saposnik et al, 2011). CVT has been known to be
typically more difficult to diagnose as compared to the
diagnoses of ischemic and hemorrhagic strokes, yet its
diagnosis has become relatively easier thanks to the
widespread use of magnetic resonance imaging (MRI)
and increased clinical awareness. Its prevalence in
women is three times more than in men (Ferro et al,
2004; Coutinho et al., 2009). The reason for this disparity
has been attributed to the increased risk of CVT with
pregnancy, puerperal and oral contraceptive use (Stam,
2005). CVT is most commonly seen in individuals of
younger ages, as opposed to arterial stroke, which is
most commonly seen in individuals over the age of 65.
Only 8% of the patients with CVT were reported to be
over 65 years of age (Ferro et al, 2005). Low molecular
weight heparin (LMWH) treatment has been reported as
an effective and safe method for the treatment of CVT.
Venous infarction, hemorrhagic venous infarction or
isolated subarachnoid hemorrhage do not act as a
contraindication in respect of the use of anticoagulant

extend to longer than 12 months. High recanalization
rates have been reported in many studies previously
conducted (Baumgartner et al., 2003; Stolz et al, 2004;
Sidhom et al., 2014; Herweh et al., 2016;).

Uric acid (UA) is an important blood antioxidant in
humans. The plasma concentration of UA is ten times
higher than other antioxidants. UA is responsible for two-
thirds of all free radical scavenging capacity (Becker,
1993). In an experimental study, it was shown that UA
treatment significantly suppressed oxidative stress,
alleviated neuronal damage and reduced infarct volume
in rats with transient focal cerebral ischemia/reperfusion
(Ya et al, 2018). It was also demonstrated in several
studies that UA has a neuroprotective effect when
administered exogenously (Onetti et al., 2015; Justicia et
al, 2017). Despite the controversy over the factors
associated with CVT, there is only a handful of studies
available in the literature that addressed the relation
between CVT and the antioxidant system. In one of these
few studies, it was shown that there was a decrease in
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the antioxidant system level in the acute period of CVT
(Tiwari et al,, 2016).

In view of the foregoing, it is aimed in this study to
investigate the relation between the UA levels and the
recanalization times in CVT patients.

2. Material and Method

The files of 101 patients over the age of 18 who were
diagnosed with CVT by means of magnetic resonance
imaging (MRI) and magnetic resonance venography
(MRV) between January 2015 and May 2020, were
reviewed
followed up for at least three months and whose follow-
up MRVs were taken every three months for the first year
were included in the study. Accordingly, 12 CVT patients,
whose follow-up MRI and MRV were not available, and

retrospectively. The patients that were

11 patients, whose imaging data did not indicate
recanalization, excluded from the study.
Consequentially, the study group consisted of 78 CVT
patients. Demographic characteristics, neurological and
radiological findings, etiological risk factors and

were

treatment details of these patients were recorded.
Etiological risk factors that may be associated with CVT;
namely infections (systemic or focal infections; otitis
media, mastoiditis, sinusitis, etc.), gynecological causes
(pregnancy, puerperium, use of oral contraceptives),
malignancies, hematological causes (thrombocytosis,
anemia, etc.), rheumatological or connective tissue
diseases, causes of thrombophilia (antithrombin III,
protein C-S deficiency, hyperhomocysteinemia, factor V
Leiden mutation, prothrombin II mutation) were
recorded. The patency of the veins in the patients
included in the study was categorized as either partial or
complete recanalization. Normal blood flow in previously
occluded cerebral veins was defined as complete
recanalization, whereas presence of residual thrombus
and of blood flow disruption was defined as partial
recanalization. The follow-up MRVs, which were taken
every 3 months for a year, of the patients who were
followed up with partial recanalization were examined in
terms of complete recanalization during the said term,
and the recanalization times were recorded as the time to
the observation of the first partial recanalization for the
patients who did not develop complete recanalization.
MRIs were not repeated in patients who developed
complete recanalization in the first 3 months.
Neurological outcomes of the patients were categorized
using the Modified Rankin Scale (mRS) as either good
(mRS: 0-1) or poor (mRS: 2-6) based on the clinical
status of the patients at the time of first admission and
six months later. The serum UA levels measured in the
blood samples taken from the patients within the first 24
hours after admission were recorded. Patients with
hepatic and renal dysfunction and those with a history of
heart attack were not included in the study.

The research data were analyzed using the SPSS 20 (IBM
Statistical Package for Social Sciences version 20)
software package. Kolmogorov-Smirnov test was used to

check whether the research data conformed to the
normal distribution or not. Categorical data were
expressed in terms of n (%) values, whereas the
numerical data were expressed in terms of median
(minimum-maximum) values as they did not conform to
normal distribution. Mann-Whitney U test and Kruskal
Wallis tests were used in the analysis of numerical data
that did not conform to normal distribution. Chi-square
test was used to analyze the categorical data. Yates
correction and Fisher's exact tests were applied taking
the expected values in the chi-square test into
consideration. Spearman's correlation analysis was used
to assess the relationship between any two non-normally
distributed numerical data. Probability (p) values of
<0.05 were considered to indicate statistical significance.

3. Results

The median age of the patients was 33 years (min. 18 and
max. 76 years). Of the 78 CVT patients included in the
study, 60 (76.9%) were female and 18 (23.1%) were
male. There was a significant difference between genders
in terms of age distribution (P < 0.001). It was
determined that headache was the most common
(73.1%) symptom, and that the gynecological reasons
were the most common (38.5%) etiological reasons.
Multiple venous involvement was present in 65.4%
(n=51) of the patients and the most frequently involved
vein/sinus was transverse sinus (89.7%). The most
common (21.8%) accompanying MRI
hemorrhagic infarction, and the most frequently (20.5%)

finding was

affected area was the temporal lobe. It was determined
that LMWH treatment was used in 83.3% (n=65) of the
patients and that warfarin sodium treatment was used in
16.7% (n=13) of the patients. The incidence of epileptic
seizures was 20.5% (n=16). Parenchymal lesions were
observed in 14.1% (n=11) of the patients with epileptic
seizures. No parenchymal lesions were observed in 6.4%
(n=5) of the patients with epileptic seizures. There was a
statistically significant correlation between status of
having parenchymal lesion and epileptic seizure (P =
0.025). The most commonly affected vein/sinus in
patients with epileptic seizures was transverse sinus. It
was determined that superior sagittal
transverse sinus were affected in 6 patients, that
transverse sinus was affected in 6 patients, that superior
sagittal sinus was affected in 3 patients, and that deep
veins 1 patient.
demographic data and the radiological findings
pertaining to the patients included in the study are
shown in Table 1 and Table 2, respectively. Of the 7 CVT
patients with vasculitis due to etiological reasons, 4
patients had Behget's Disease, 1 patient had systemic
lupus erythematosus, 1 patient had systemic lupus
erythematosus and Sjogren's syndrome, and another 1
patient had Wegener's granulomatosis.
common causes of infection were focal infections (65%)
such as mastoiditis and otitis.

sinus and

were affected in Clinical and

The most
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Table 1. Clinical and demographic data of patients

n
Age (year), median (min-max) 33(18-76)
Sex (%)

Female 60 (76.9)
Male 18 (23.1)
Etiology (%)
Gynecological reasons (Pregnancy, postpartum, OCS) 30 (38.5)
Thrombophilia
Vasculitis 9 (11.5)
Infection 7(9)
Anemia 19 (24.4)
Multiple causes 3(3.8)
Idiopathic 5(6.4)
Uric acid (mg/dL), Median (min-max) 4(1-11.8)
Recanalization time (months), Median (min- max) 6 (3-24)
Recanalization (%)
Partial 17 (21.8)
Full 61 (78.2)
High homocysteine (%) 13 (16.7)
Drug used (%)
LMWH 65 (83.3)
Warfarin sodium 13 (16.7)
Symptoms (%)
Headache 57 (73.1)
Unconsciousness 3(3.8)
Aphasia 5 (6.4)
Motor deficit 13 (16.7)
Epileptic seizure (%) 16 (20.5)
mRS hospitalization (%)
Good result (0-1) 36 (46.2)
Poor result (2-6) 42 (53.8)
mRS after discharge 6.month (%)
Good result (0-1) 75 (96.2)
Poor result (2-6) 3(3.8)
Table 2. Radiological findings of the patients
n (%)
MRI finding
No parenchymal lesion 42 (53.8)
Infarct 15 (19.2)
Hemorrhage 4(5.1)
Hemorrhagic infarct 17 (21.8)
MRI lesion localization
Temporal 16 (20.5)
Frontal 7 (9)
Parietal 11 (14.1)
Occipital 2 (2.6)
Involved vein/sinus
Superior sagittal sinus 32 (41)
Left transverse 39 (50)
Left sigmoid sinus 26 (33.3)
Right transverse 31 (39.7)
Right sigmoid sinus 19 (24.4)
Jugular vein 20 (25.6)
Deep veins 6 (7.7)
Multiple venous involvement 51 (65.4)

Two of the 5 patients with multiple risk factors in
etiology had a gynecological cause and Behget's disease,
2 had a gynecological cause and factor V Leiden mutation,
and 1 had a malignancy (breast cancer) and anemia.

UA levels were statistically significantly higher in males
than in females (P = 0.001). There was no significant
relationship between age and UA level both in male and

female patient groups (P = 0.515, r=0.086; and P = 0.864,
r=-0.044, respectively). Median UA level was 4 (min.1
and max. 11.8) mg/dL and the range taken as reference
was 2.6 mg/dL to 6 mg/dL. It was determined that 11.5%
of the patients
recanalization time was 6 months (min. 3 months and

had hyperuricemia. The median

max. 24 months). The patient with the longest
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recanalization time (24 months) was the patient with
Wegener's granulomatosis. Complete recanalization was
observed in 78.2% (n=61) of the patients, whereas
partial recanalization was observed in 21.8% (n=17) of
the patients. It was determined that 20.5% (n=16),
61.5% (n=48), 12.8% (n=10), 3.8% (n=3) and 1.3% (n=1)
of the patients had either
recanalization at 3, 6, 9, 12 and 24 months, respectively.
There was no significant difference
recanalization times between the patient groups
categorized according to gender and etiology (P = 0.146
and P = 0.301, respectively). There was no significant
correlation between the recanalization times and the
etiology within the female patient group (P = 0.366).
Additionally, no significant difference was found between
the number of involved veins and the recanalization
(P = 0.795) and between the extent of
recanalization and the clinical outcome (P = 0.473). A
weakly significant negative correlation was found
between the UA levels and the recanalization times in the
study group (P = 0.003, r=-0.327) (Figure 1A). There was
a weakly negative correlation between the UA levels and
the recanalization times in female patients (P = 0.046, r=-

complete or partial

in terms of

times

0.259) (Figure 1B). The UA levels of male patients were
also found to be negatively correlated with the
recanalization times, albeit not statistically significantly
(P = 0.278, r=-0.271) (Figure 1C). There was no
significant difference between the UA levels and the
recanalization times of patients with or without
parenchymal lesions (P = 0.932, P = 0.804). A significant
correlation was observed between the mRS score and the
status of having parenchymal lesion at admission (P <
0.001), which turned into a non-significant correlation at
6-months’ time (P = 0.094). There was no significant
difference between the UA levels of the patients, in whom
either partial or complete recanalization was observed (P
= 0.799). Analysis of the mRS scores of the CVT patients
at admission revealed that 46.2% (n=36) of the patients
had good and 53.8% (n=42) of the patients had poor
neurological outcomes, whereas the analysis of the mRS
scores of the CVT patients at 6-months’ time revealed
that 96.2% (n=75) of the patients had good and 3.8%
(n=3) of the patients had poor neurological outcomes.
There was no mortality in the patient group included in
this study.

The relationship between recanalization time and uric acid level
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Figure 1. Correlation plot of serum uric acid level and recanalization time. The x-axis represents the recanalization time

in months, and the y-axis represents the serum uric acid level in mg/dL. Each dot on the graph represents a patient.

There was a significantly negative correlation between the recanalization times and the serum uric acid levels in the

study group (Figure 1A). There was a significant negative correlation between the recanalization times and the uric acid

levels in the female patient group (Figure 1B). There was also a negative however not a significant correlation between
the recanalization times and the uric acid levels in the male patient group (Figure 1C).

4. Discussion

Similar to the demographic and clinical characteristics of
the CVT patient groups investigated in the previously
conducted studies available in the literature, majority of
the CVT patients included in this study were female
(76.9%) and gynecological reasons were the most
commonly etiological (38.5%).
Complete recanalization was observed in 78.2% (n=61)
of the patients, whereas partial recanalization was
observed in 21.8% (n=17) of the patients.

There are studies in which a better functional outcome

observed reason

was reported in patients with complete recanalization
(Arauz et al, 2016), yet there are also other studies in

which no difference was found between the scope of
recanalization and the clinical outcome, similar to the
finding of this study (José et al, 2004; Herweh et al,
2016). In paralel with the results of the previously
conducted studies available in the literature (Putaala et
al, 2010; Hiltunen et al, 2016), 96.2% of the patients
included in this study were found to have clinically good
outcomes with a good prognosis of CVT, at 6-months’
time after being discharged.

Gazioglu et al. (2017) reported that recanalization rates
were lower in patients with thrombosis in more than one
sinus. In comparison, in this study, no significant
difference was found between the recanalization times in
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terms of number of involved veins. A significant
correlation was observed between the mRS score and the
status of having parenchymal lesion at admission (P <
0.001), which turned into a non-significant correlation at
6-months’ time (P = 0.094). This finding is supported by
the finding of Sing et al.,, who reported that the presence
of parenchymal lesion was not a factor in the clinical
outcome (Singh et al, 2020). Etiological causes are
considered among the important factors affecting the
recanalization Accordingly, anticoagulation
treatment is recommended for the treatment of CVT for a

time.

duration of 3 to 6 months, 6 to 12 months or longer
depending on whether CVT is caused by a temporary risk
factor, an idiopathic cause or a history of thrombophilia
or recurrent thrombosis, respectively (Saposnik et al.,
2011). However, no significant difference was found in
this study in terms of recanalization times between the
patient groups categorized according to gender and
etiology (P = 0.146 and P = 0.301, respectively). Although
it does not have an explicit effect on the recanalization
time, it is important to find the etiologic cause in order to
determine the require long-term
treatment such as thrombophilia and perform the
necessary treatments. The fact that recanalization takes
place on or around 6 months in the vast majority of the

conditions that

CVT patients, that this situation persists for long periods
in patients with partial recanalization, and that there is
no correlation between the extent of recanalization and
prognosis suggests that repeating MRIs every 3 months is
unnecessary in most of the patients. On the other hand,
considering that the rate of patients,
recanalization was observed in the first three months,
was not very low (20.5% in this study), MRI can be
repeated every three months for the first six-month

in whom

period in these patients in order to prevent the
unnecessary use of medication.

There are studies available in the literature in which UA
was shown to increase inflammatory cytokines such as C-
reactive protein (CRP), interleukin 6 (IL-6) and tumor
necrosis factor-alpha (TNF-a) suggesting that it may be
associated with vascular diseases such as coronary artery
disease, ischemic stroke and hypertension (Kanellis and
Kang, 2005). To give an example, Talebi et al. (2020)
found that patients with high serum UA levels had an
increased risk of ischemic stroke, whereas Saadat et al.
(2018) did not find any significant relationship between
serum UA levels and stroke risk factors such as
hypertension, ischemic heart disease and hyperlipidemia.
The rate of hyperuricemia reported in the literature in
patients with ischemic stroke varies between 13% and
30% (Iranmanesh et al., 2012; Serdarevic et al., 2020).
There are studies, in which UA levels were found to have
increased in ischemic stroke patients compared to
healthy control subjects (Lamani and Vishwanath, 2013;
Serdarevic et al, 2020), yet there are also studies in
which no significant difference was found between the
patient and control groups in terms of UA levels (Varga et
al, 2011). The findings on the UA levels in ischemic

stroke patients as to whether it is a vascular risk factor
remain to be controversial. In an experimental study, it
was demonstrated that UA significantly suppressed
damage, and
volume in rats with

oxidative stress, reduced neuronal
decreased infarct
ischemia/reperfusion, due to its antioxidant effect (Ya et
al, 2018). In comparison, in this study, no significant
difference was found between the male and female
patient groups in terms of recanalization times. Yet, there
was a weakly significant negative correlation between
the UA levels and the recanalization times in the study
group (P = 0.003, r=-0.327). In terms of gender, there
was a weakly negative correlation between the UA levels
and the recanalization times in female patients (P =
0.046, r=-0.259), and a negative correlation between the
UA levels and the recanalization times also in male
patients, which was however not statistically significant
(P =0.278, r=-0.271). The fact that UA levels were found
to have increased as the recanalization times have
decreased in both female and male patient groups
suggests that the UA level has a positive effect on the
prognosis in CVT patients. Despite the controversy over
the factors associated with CVT, there is only a handful of
studies available in the literature that addressed the
relation between CVT and the antioxidant system, and UA
levels in particular. The results of this study, one of the
said few studies, support that high serum UA levels in
CVT patients are associated with prognosis based on
gender and are an indicator of good prognosis in female
gender. These results are in line with the results of
another study, one of the few such studies available in
the literature (Song et al.,, 2018).

There were some limitations to this study. First, it was
carried out as a retrospective study; secondly, number of
male patients included in the study was relatively low;
and thirdly, the serum UA levels of patients were not re-
measured during the follow-up period.

In conclusion, the shortening of the recanalization times
as the UA levels increase and the finding of a weak
correlation between the said two parameters were
interpreted as that high UA level has a positive effect on
prognosis in CVT patients. In addition, the fact that a
significant relationship was found between the UA levels
and recanalization times in female patient group was
interpreted as that the UA level is more effective on the
prognosis of female CVT patients than the male CVT
patients. In other words, the results of this study indicate
that there is a gender-specific relationship between the
UA levels and the recanalization times. The decrease in
the antioxidant system level in the acute period in CVT
and the shorter recanalization time in patients with high
UA levels suggest that UA, which has antioxidant
properties, can be used as an effective therapeutic agent.
However, further studies with larger patient groups are
needed to support the results of this study.
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