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Abstract

Introduction: Cerebral venous thrombosis (CVT) associated
with pregnancy and puerperium has long been recognized,
with poor information in terms of functional outcomes. Our
objective was to analyze risk factors, clinical, imaging, and
laboratory variables to predict functional outcome and
death in this population. Methods: CVT registries from three
referral centers from Pakistan, Turkey, and Mexico, recruiting
prospective cases, were combined for CVT associated with
pregnancy or puerperium. Datasets and variables were stan-
dardized. Demographic characteristics, presentation, risk
factors, and functional outcomes in pregnancy/puerperium-
related CVT were analyzed. Binary logistic regression was
used to assess predictors of outcome. The main outcome
was modified Rankin score >2 at 30 days and mortality at 30
days. Results: Five hundred fifty-three cases (median age 28

years [IQR 23-34]) of CVT associated with pregnancy and pu-
erperium were included; 439 cases (79.4%) happened in the
puerperium and 20.6% during pregnancy (53.5% occurred
during the first trimester). Anemia (36.7%) and dehydration
(22.9%) were the commonest obstetric risk factors identified.
Predictors of poor outcome (MRS >2) were encephalopathy
(OR 12.8, p < 0.001), cases from Mexican origin (OR 3.1, p =
0.004), fever/puerperal infection (OR 2.7, p = 0.02), and ane-
mia (OR 2.2, p = 0.01). Cases from Mexican origin (OR 12.0, p
=0.003) and Encephalopathy (OR 7.7, p < 0.001), presented
with the highest mortality association in the final adjusted
model. Discussion/Conclusion: In CVT associated with preg-
nancy and puerperium, encephalopathy, fever/puerperal in-
fection, and anemia are associated with bad functional out-
comes, meanwhile encephalopathy and cases from Mexican
origin with higher mortality in the acute (30-days) of CVT on-
set. Anemia and infection are potential reversible predictors
of poor outcome that clinicians should be aware of in order
to prevent poor outcomes in these patients.
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Introduction

Cerebral venous thrombosis (CVT) occurs because of
occlusion to the veins and sinuses draining the brain pa-
renchyma. It is considered a relatively rare condition,
with yearly incidence of 1.32/100,000 general population
in Western Europe and somewhat higher in Asian coun-
tries [1]. Despite being uncommon, it constitutes one of
the most devastating neurological conditions to affect
women in pregnancy and puerperium with incidence
ranging between 11.6 per 100,000 deliveries in developed
countries [2] and 450 per 100,000 deliveries in India [3].

The association between CVT and pregnancy and pu-
erperium has been long recognized [4], and several stud-
ies have reported on clinical features, risk factors, and
outcomes of these women [5-7]. The ISCVT reported
17% of the 465 women included to have pregnancy or
puerperium-related CVT [8]. The Asian CVT registry
from nine countries reported pregnancy and puerperium
to account for 143 of the 479 cases of CVT in women
(29.8%). A similar percentage was reported from the VE-
NOST study from Turkey, where 216 of 777 women had
pregnancy or puerperium related CVT [9]. However, the
absolute number of pregnancy and puerperium-related
CVT patients included in these studies was relatively
small and this aspect was not the main focus of reporting;
more importantly, functional outcomes in this specific
group have been poorly analyzed. Our objective is to ana-
lyze demographic, clinical, and imaging characteristics of
CVT during pregnancy and puerperium from three coun-
tries: Pakistan, Turkey, and Mexico; and to develop a pre-
dictive model for its acute prognosis (functional outcome
and death) in these patients.

Methods

Dataset

Pakistan, located in South Asia, Turkey in Western Asia, and
Mexico in North America are all populous countries, classified as
lower-middle income (Pakistan) and upper-middle income (Mex-
ico and Turkey) economies. The three countries have maintained
registries of long-term consecutive patients for CVT cases, which
include prospective case data on demographics, CVT risk factors
(including those related to obstetric conditions), radiological and
laboratory data, functional outcomes, and other potential risk fac-
tors, collected from third-level stroke centers on each country.

Data from Turkey were collected retrospectively and prospec-
tively from 35 centers across the country and consisted of cases
presenting between 2000 and 2015 [10]. From Pakistan, six centers
contributed data to the Asian CVT registry [11]. Data from Mexi-
co originated from a single tertiary center receiving patients main-
ly from Mexico City.
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Patient Selection

Inclusion criteria were confirmed CVT cases by vascular imag-
ing (CT venography, MR venography, or digital subtraction angi-
ography - DSA), in female cases with the history of concomitant
pregnancy, puerperium (defined as 6 weeks after the child’s birth),
or postabortion; complete information on dataset and medical re-
cords of clinical relevant dependent variables in the dataset (acute
and/or 30-day modified Rankin score [mRS] and death). Exclu-
sion criteria were female patients with no obstetric related-CVT,
relevant incomplete information on the datasets, and presence of
alternate diagnosis of cerebrovascular obstetric conditions (ische-
mic/hemorrhagic stroke).

Outcomes and Clinical Definitions

Functional outcome was assessed using the mRS and catego-
rized as good (mRS 0-2) and bad outcomes (mRS >2), which was
evaluated in person by treating physicians (local certified vascular
neurologists) during in-hospital period and at discharge. For the
purpose of the analysis, there was a composite of discharge and 30-
day mRS to include all available cases from the three datasets, de-
fined as “acute mRS.” Anemia was defined when hemoglobin/he-
matocrit values were lower than expected on each pregnancy tri-
mester or postpartum (according to the WHO and the American
College of Obstetricians and Gynecologists) [12] and marked as
“positive” for the purpose of the analysis.

Clinical syndromes were grouped into isolated intracranial hy-
pertension (presence of headache with or without vomiting and pap-
illedema, with no other clinical findings), focal syndrome (including
focal deficit such as paresis, aphasia, sensitive abnormalities, seizures,
or a combination of them), encephalopathy (when bilateral and mul-
tifocal signs, delirium, or consciousness disturbances [such as stu-
por/coma] occur), and cranial nerve syndrome (isolated of combined
presence of any cranial nerve involvement) [13].

Statistical Analysis

Continuous variables are expressed as means with standard de-
viations, or median and interquartile ranges, according to their nor-
mality distribution. Categorical variables are expressed as counts and
percentages. Age was evaluated with a receiver-operating character-
istic curve, to extract the best discrimination threshold for death/bad
functional outcome for binary regression analysis.

Univariate analysis was performed with Cochran-Mantel-
Haenszel test and Yates’ correction, for those variables (dichotomic
age, risk factors, clinical symptoms, and imaging findings) pre-
defined as predictors of bad functional outcome (mRS >1) and death;
alogistic regression analysis was performed including those variables
with a p value <0.1 in the first part of the model. A Hosmer-Leme-
show Goodness of fit test was used in the adjusted model (backward
conditional stepwise). Odds ratio (OR) and 95% confidence interval
(95% CI) are provided; p values <0.05 were considered significant.
Missing values are reported for each independent variable. All statis-
tical analyses were performed using SPSS version 21.0.

Results

The pooled dataset resulted in 579 female CVT potential
study subjects; 26 (4.5%) cases were excluded due to absent
information on functional outcomes (22 subjects) and un-
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confirmed relationship between CVT and any obstetric
condition (4 subjects). After exclusion, five hundred and
fifty-three cases of CV'T during pregnancy and puerperium
were included in the final analysis. Two-hundred and eight
patients (37.6%) were from Mexico, 195 (35.3%) from Tur-
key, and 150 (27.1%) were from Pakistan. The data spanned
over 4 decades, from 1979 to 2018, and each subsequent
decade saw an increase in the number of cases (1979-1988
= 33 cases, 1989-1998 = 101 cases, 1999-2008 = 130 cases,
and 2009-2018 = 289 cases); Results related to mRS catego-
ries per decade are expressed in Figure 1.

Overall, 439 cases (79.4%) happened in the puerperi-
um (only five happened postabortion) and 114 during
pregnancy (20.6%). The median age of the entire popula-
tion was 28 years (interquartile range 23-34 years), with
a threshold of 25 years (AUC = 0.36, p < 0.001, 95% CI:
0.31-0.41) for mRS = 3-6. The mean duration of puerpe-
rium at the time of diagnosis was 9.6 days (standard de-
viations 7.6). From those cases occurring during preg-
nancy, 53.5% occurred during the first trimester, 16.6%
in the second trimester, and 29.8% in the third trimester.

Cerebral Venous Thrombosis in
Pregnancy and Puerperium

Information from delivery place was available for 307 cas-
es: majority of them delivered in hospital (90.8%), and 28
cases delivered at home.

Risk Factors for CVT

General risk factors assessed in the population are de-
tailed in Table 1; inherited (18.4%, more frequent in pu-
erperium cases [p = 0.01]) and acquired (13.4%) throm-
bophilia were the most common risk conditions present-
ed in the dataset, with known antiphospholipid syndrome
and systemic lupus erythematous as the main conditions
for acquired cases (8.2 and 3.2% respectively); no relevant
associations were found in other risk factors.

Specific obstetric-related factors presented with ane-
mia (36.7%) as the commonest risk factor identified
(more frequent in puerperium cases (p < 0.001)). Fever/
puerperal infection (11.0%), dehydration (22.9%), previ-
ous abortion (14.1%), and preeclampsia (10.0%) were
other frequent risk factors in datasets that collected infor-
mation on them, but important missing values were pres-
ent in these variables (see Table 1).
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Table 1. Clinical, imaging, laboratory, and functional characteristics of pregnancy and puerperium-related CVT?

Pregnancy, n =114 (%) Puerperium, n = 439 (%) Total, N =553 (%) p value
Demographics
Age, median years (IQR) 28 (23-34) 30 (25-34) 28 (23-34) 0.07*
Country
- Pakistan 6(5.3) 144 (32.8) 150 (27.1) <0.001
» Mexico 42 (36.8) 166 (37.8) 208 (37.6)
« Turkey 66 (57.9) 129 (29.4) 195 (35.3)
General risk factors®
Known blood hypertension 5/48 (10.4) 2/310 (0.6%) 7/358 (2.0) <0.001
Active smoking 2/114(1.8) 14/439 (3.2) 16/553 (2.9) 0.41
Inherited thrombophilia 12/114(10.5) 90/439 (20.5) 102/553 (18.4) 0.01
Acquired thrombophilia 9/82(11.0) 30/209 (14.4) 39/291 (13.4) 0.44
+ Known antiphospholipid syndrome 3/42(7.1) 14/166 (8.4) 17/208 (8.2) 0.78
« Known systemic lupus erythematous 4/114 (3.4) 12/381 (3.1) 16/495 (3.2) 0.83
Obstetric-related factors?
Fever/puerperal infection 5/76 (6.6) 50/424 (11.8) 55/500 (11.0) 0.18
Previous abortion 10/48 (20.8) 39/299 (13.0) 49/347 (14.1) 0.15
Anemia 16/114 (14.3) 187/439 (42.6) 203/553 (36.7) <0.001
Preeclampsia 6/48 (12.5) 25/262 (9.5) 31/310(10.0) 0.53
Associated dehydration 2/5 (40.0) 22/100 (22.0) 24/105 (22.9) 0.35
Clinical syndrome®
- Isolated intracranial hypertension 3/114(2.6) 28/439 (6.4) 31/553 (5.6) 0.12
« Focal syndrome 64/114 (56.1) 324/439 (73.8) 388(70.2) <0.001
« Encephalopathy 21/114 (18.4) 88/439 (20.0) 109/553 (19.7) 0.70
« Cranial nerve palsy 9/114(7.9) 25/439 (5.7) 34/553 (6.1) 0.38
Laboratory?®
Protein C or S deficiency 6/114 (5.3) 39/439 (8.9) 45/553 (8.1) 0.21
Hyperhomocysteinemia 0 37/212(17.5) 37/277 (13.4) <0.001
Antithrombin Ill deficiency 0 27/249 (10.8) 27/328 (8.2) 0.002
V Leyden factor mutation 5/62 (8.1) 12/146 (8.2) 17/208 (8.2) 0.97
Antiphospholipid antibodies
« Lupus anticoagulant 3/77 (3.9) 6/190 (3.2) 9/267 (3.4) 0.76
« Anticardiolipin 5/61 (8.2) 17/120 (14.2) 22(12.2) 0.24
- Beta2 glycoprotein 2/13(15.4) 4/32(12.5) 6/45 (13.3) 0.79
Prothrombin mutation 1/55(1.8) 4/124 (3.2) 5/179 (2.8) 0.59
Imaging characteristics®
Venous infarction 42/114 (36.8) 212/436 (48.6) 254/550 (46.2) 0.02
Hemorrhagic infarction 38/114 (33.3) 152/439 (34.6) 190/553 (34.4) 0.84
Deep venous system 7/44 (15.9) 25/289 (8.7) 32/333(9.6) 0.13
Transverse sinus 49/112 (43.8) 168/427 (39.3) 217/539 (40.3) 0.39
Superior sagittal sinus 62/112 (55.4) 296/427 (69.3) 358/539 (66.4) <0.001
Sigmoid/jugular vein 8/110(7.3) 26/418 (6.2) 34/528 (6.4) 0.69
Functional outcome
Good functional outcome (MRS = 0-2) 95/114 (83.3) 355/439 (80.9) 450/553 (81.4) 0.54
Death 3/114 (2.6) 18/439 (4.1) 21/553 (3.8) 0.46

IQR, interquartile range; mRS, modified Rankin score. *p value by the U-Mann Whitney Wilcoxon test. 2Counts and percentages presented according to

missing values on each single variable.

In-Hospital Laboratory Workup

The mentioned measured laboratory tests were con-
comitant with the acute index CVT; due to institutional
policies and the behavior of some of these thrombophilic
factors, they were not systematically measured in all pa-
tients. Among inherited thrombophilias, protein C or S
deficiency was reported in 8.1% of women tested; mean-
while, hyperhomocysteinemia was present in 13.4% of
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cases (more frequent in puerperium, p < 0.001). Of those
women tested for acute antiphospholipidic antibodies,
13.3% were positive for beta-2 glycoprotein, 12.2% for an-
ticardiolipin, and 3.4% for lupus anticoagulant. Anti-
thrombin III deficiency was positive only in puerperium
cases that were tested (8.2%) (see Table 1 for further in-
formation).
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Table 2. Bad functional status (mRS >2) risk at discharge/30 days in obstetric CVT cases

mRS 3-6 uOR pvalue aOR p value

n=103 (%) (C195%)? (C195%)P
Mexico 48/103 (46.6) 1.6 (1.0-2.4) 0.03 3.1(1.4-6.6) 0.004
Age <25 53/103 (51.5) 1.8 (0.3-0.7) <0.001 0.7 (0.3-1.2) 0.19
Fever/puerperal infection 21/86¢ (24.4) 3.6 (1.9-6.6) <0.001 2.7 (1.1-6.2) 0.02
Anemia 54/93¢(58.1) 23(1.7-4.2) <0.001 2.2(1.2-4.2) 0.01
Anticoagulation 25/103 (24.3) 1.7 (1.1-2.9) 0.02 1.6 (0.8-3.1) 0.17
Encephalopathy 52/103 (50.5) 7.0(4.3-11.3) <0.001 12.8 (6.4-25.5) <0.001
Focal syndrome 90/103 (87.4) 3.5(1.9-6.5) <0.001 1.2 (0.5-2.6) 0.71
Hemorrhagic lesion 50/103 (48.5) 2.1(1.3-3.2) 0.001 1.4(0.7-2.6) 0.25
Isolated intracranial hypertension 0 0.8 (0.7-0.9) 0.006 - -

mRS, modified Rankin score; uOR, unadjusted odds ratio; aOR, adjusted odds ratio; Cl, confidence interval.
2Cochran-Mantel-Haenszel test.PHosmer-Lemeshow Goodness of fit test: x>=23.9, df =8, pvalue=0.002 (dependent
variable = mRS >2). “Missing values at the independent variable.

Clinical and Radiological Findings

Focal clinical syndrome (with 53.3% of cases with sei-
zures and 48.8% with motor weakness) was the most
common presentation overall (70.2% of cases, more fre-
quent in puerperium [p < 0.001]), followed by encepha-
lopathy in 19.7% of cases (mainly due to stupor/coma in
all of them). Imaging analysis revealed most of the cases
related to superior sagittal sinus (66.4%) and transverse
sinus (40.3%) thrombosis, with only 9.6% deep venous
system thrombosis cases. Hemorrhagic parenchymal le-
sions were present in 34.4% cases, and venous infarction
in 254 cases (46.2%). Brain edema/midline shift was re-
corded in 35/345 cases (10.1%). More details are provided
in Table 1.

Management and Functional Outcomes

Treatment was initiated with heparin in 351 patients
(65.7%), 100 (18.7%) received antiplatelets, whereas 83
patients were not given any medications. Most patients
(98%) started on antiplatelets were from Mexico and 78
of these had been treated before 1998, reflecting a change
in practice in more recent years. Fifteen patients under-
went thrombolysis and six had decompressive surgery.
Discharge medication data were available for 457 patients
and of these 343 (75.0%) were on oral anticoagulation.
Only 13 patients were discharged on direct oral antico-
agulants.

Acute good functional outcome (mRS 0-2) was pres-
ent in 81.4% cases at discharge/30 days (combined) in the
entire dataset, with no differences among pregnancy and
puerperium; death was present in 21 in-patients (3.8%),

Cerebral Venous Thrombosis in
Pregnancy and Puerperium

most of them from the Mexico dataset (18 cases). No
deaths were reported in the outcomes from Turkey.

On univariate analysis, predictors for bad functional
outcome (mRS >2) included younger patients (<25 years)
(OR 1.8, p < 0.001), Mexican origin (OR 1.6, p = 0.03),
puerperal infection/fever (OR 3.6, p < 0.001), dehydra-
tion (OR 6.5, p <0.001), anemia (OR 2.7, p < 0.001), focal
syndrome (OR 3.5, p < 0.001), encephalopathy (OR 7.0, p
< 0.001), anticoagulation (OR 1.7, p = 0.02), and hemor-
rhagic lesion at the index imaging study (OR 2.1, p =
0.001); isolated intracranial hypertension syndrome be-
have as a good functional outcome predictor (OR 0.8, p =
0.06). When performing the logistic regression analysis,
in the final model dehydration was excluded due to the
amount of missing values in the entire dataset, which af-
fected negatively the final model; therefore cases from
Mexican origin (OR 3.1 [95% CI: 1.4-6.6], p = 0.004), fe-
ver/puerperal infection (OR 2.7 [95% CI: 1.1-6.2], p =
0.02), anemia (OR 2.2 [95% CI: 1.2-4.2], p = 0.01), and
encephalopathy (OR 12.8 [95% CI: 6.4-25.5], p < 0.001)
remained as the strongest associated variables (see Ta-
ble 2).

When analyzing predictors of mortality, unadjusted
association analysis showed younger age (<25 years) (OR
3.5, p =0.003), Mexican origin cases (OR 10.8, p < 0.001),
anemia (OR 3.9, p = 0.003), focal syndrome (OR 4.2, p =
0.04), encephalopathy (OR 3.9, p = 0.001), superior sagit-
tal sinus thrombosis (OR 5.0, p = 0.02), and hemorrhagic
lesion at the index imaging study (OR 3.2, p = 0.007) as
the strongest associated variables; venous infarction (OR
0.3, p = 0.03) appeared protective for acute death. When
adjusted logistic regression analysis was performed, en-
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Table 3. Mortality risk at discharge/30 days in obstetric CVT cases

Death uOR p value aOR p value

n=21(%) (C195%)? (C195%)°
Mexico 19/21 (90.5) 10.8 (3.1-37.1) <0.001 12.0 (2.3-62.4) 0.003
Age <25 14/21 (66.7) 3.5(1.4-8.5) 0.003 0.5 (0.2-1.5) 0.23
Anemia 14/21 (66.7) 3.9(1.5-10.5) 0.003 2.1(0.7-6.1) 0.19
Encephalopathy 10/21 (47.6) 3.9(1.6-9.6) 0.001 7.7 (2.6-22.7) <0.001
Focal syndrome 19/21 (90.5) 4.2 (0.9-18.2) 0.04 1.2(0.2-6.7) 0.85
Superior sagittal sinus 19/21 (90.5) 5.0(1.1-21.7) 0.02 2.8(0.5-14.3) 0.20
Hemorrhagic lesion 13/21(61.9) 3.2(1.3-8.0) 0.007 1.1(0.2-4.7) 0.90
Venous infarction 5/21(23.8) 0.3 (0.1-0.9) 0.03 0.2(0.1-1.2) 0.09

UOR, unadjusted odds ratio; aOR, adjusted odds ratio; Cl, confidence interval. 2 Cochran-Mantel-Haenszel test.
b Hosmer-Lemeshow Goodness of Fit test: 2 = 18.7, df = 8, p value = 0.016 (dependent variable = dead).

cephalopathy (OR 7.7 [95% CI: 2.6-22.7], p = <0.001) and
Mexican origin cases (OR 12.0 [95% CI: 2.3-62.4], p =
0.003) presented with the highest risk association in the
final model (see Table 3).

Discussion

The present study reports on predictors of functional
outcome and mortality in a pooled analysis of CVT re-
lated to pregnancy and puerperium. Our results depict an
increasing recognition of CVT over time with puerperi-
um presenting with the highest number of cases. In our
final adjusted model, encephalopathy was the strongest
risk factor for death and bad functional outcome. Other
significant predictors for these outcomes were anemia,
fever/puerperal infection, and country of origin.

Our data spanned over 4 decades, and there was an al-
most 10-fold increase in the number of cases collected
between the first and last decades. An increase in the in-
cidence of CVT has been reported previously [14, 15].
Although this was not the main intent of the registry,
these increases in number may reflect better diagnostic
modalities and recognition of milder cases [16]. A shift in
the risk factors may be another reason for this observa-
tion. When analyzing country of origin, a trend in Mexi-
can cases in terms of bad functional outcome and death
was observed, although we are aware of the bias of this
finding: most of the older cases come from the Mexican
registry, even with cases older than 1990, when no guide-
lines for this condition were created and also most of the
registered deaths are from Mexico, so an increase in the
association odds was expected.

6 Cerebrovasc Dis
DOI: 10.1159/000527155

It has long been recognized that women in reproduc-
tive age group are at higher risk of stroke, and this risk is
primarily attributable to pregnancy and puerperium-re-
lated CVT [17, 18]. Most of the cases in our dataset oc-
curred in early puerperium, with a mean duration 9.6
days from delivery. This is supported by earlier publica-
tions [18-20]. In a previous report, 34% cases occurred in
week 1, and 59% in weeks 2 and 3 postpartum [17]. An-
other study reported >50% of their patients presenting
within 10 days postpartum [21]. In addition, we also
found the first trimester to be a high-risk period, where
almost 50% of pregnancy CVT was seen, as reported by
Cantu-Brito et al. [22] as well. Previous reports suggest
that women who have had CVT early on in their preg-
nancy tend to have another underlying mechanism for
their hypercoagulable state such as antiphospholipid an-
tibodies [23] and Factor V Leiden mutation, but we found
no such association in our patients. Also, in low- and low-
middle income countries, healthcare pregnancy pro-
grams for unemployed women could be limited, and in
some regions absent; this could explain worse outcomes
when more complicated obstetric cases presented in
younger women; also, anemia is more frequent in young-
er obstetric patients, and as a covariate could be related to
our finding; this should be explored in future prospective
CVT registries.

Encephalopathy (which we defined as either multifocal
or diffuse brain dysfunction evident by multifocal signs and/
or reduction in consciousness) came out as the strongest
predictor for both bad functional outcome and death. Brain
dysfunction associated with CVT has been variably mea-
sured in previous studies [11,24]. Moreover, this association
has been seen in CVT irrespective of the underlying etiology
(obstetric, immune mediated, infective, or neoplastic).
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Dehydration also seems to stand out. Although the in-
formation was available for only 105 cases, almost one
quarter were found to have this risk factor, compared to
38% in the study by Liu et al. [25] and 9.4% in a recent
study by Sarathchandran et al. [26]. A major limitation of
this variable in our analysis was a lack of standard defini-
tion used for its measurement and the number of cases
with missing variables. However, the association found in
univariate analysis warrants further prospective studies
with standard measurement to better understand its im-
pact on outcomes in obstetric CVT.

The median age of our population was 28 years, and
most of the women were less than 40 years of age (89.5%).
Increasing age has been recognized as a risk factor for
CVT [2]. Contrary to this finding, we found younger age
(<25 years) presented with a tendency for poor function-
al outcome and death. Factors that predispose younger
females to CVT might be responsible for this.

Another risk factor that stands out in terms of frequen-
cy in this cohort of obstetric patients is anemia. Earlier
studies have identified it as an important risk factor as-
sociated with all CVT [27, 28] specially the one associated
with pregnancy and puerperium [17]. A case-control
study by Coutinho et al. [27] found that women with CVT
had 3.6 times higher odds of being anemic, and hemoglo-
bin as a continuous variable was inversely related to CVT
diagnosis. In addition, anemia has been associated with
worse clinical outcomes as well as mortality in previous
studies. Liu et al. [29] report a 3.6-fold higher risk of mRS
3-6 and a 5.5 times higher risk of mortality in CVT pa-
tients with anemia. In our cohort of obstetric CVT, de-
spite the fact that anemia was not validated in the final
model as the highest association variable for bad func-
tional outcome and death, it remained as an important
associated factor, which should be explored in terms of
not the presence of hemoglobin decrease, but also hema-
tologic intrinsic effects in hemostasis and thrombi forma-
tion, which was not explored in our study. Protein C/S
deficiency and hyperhomocysteinemia were other fre-
quently identified risk factors present in one-fifth of our
tested patients, a finding contrasting VENOST study
[30], but similar to a report by Klai et al. [31].

The 1-month outcomes we observed in this cohort of
pregnancy and puerperium-related CVT varied signifi-
cantly between countries. Turkey reported no deaths,
whereas Mexico presented most of the mortality. Good
functional outcomes (mRS 0-2) were reported signifi-
cantly more frequently from Turkey compared to the
other two countries. These differences may be accounted
for by a more advanced healthcare system that exists in

Cerebral Venous Thrombosis in
Pregnancy and Puerperium

Turkey compared to the other two countries, which al-
lows for early identification of the condition, but this
finding should also be analyzed cautiously, as Mexican
cohort presents a wider timeline of recruitment, with
cases treated under antiplatelet therapy (before year
2000), which could explain some of the functional out-
comes.

Limitations

There are several limitations we need to acknowl-
edge. First, the data span over 4 decades, and many fac-
tors would have changed over time, including methods
of testing for various risk factors, methods of diagnos-
ing CVT, and importantly treatment modalities. How-
ever, most of the data, >50%, are from the last decade
and, therefore, may be generalizable to CVT cases we
are observing nowadays. Second, differences also exist
across the three countries in terms of resources, and
health systems which would have impacted not just as-
sessment of risk factors but also outcomes. Third, al-
though registries try to maintain data on all consecutive
cases, it is difficult to be certain that all patients were
included over such a long span of time. The absence of
mortality in data from Turkey may indicate some selec-
tion bias over the years. Fourth, functional follow-up
information is based in the acute setting of the CVT, as
data for the 3-6-12 months were not consistent among
the centers, or not available for all cases; therefore, this
should be taken into account in terms of external vali-
dation. Lastly, it is registry-based data and carries all the
limitations attributable to retrospective reviews of such
datasets, including missing data. Thus, we consider a
major limitation since many variables had substantial
amounts of missing data, and complete data might have
resulted in different results.
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