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ABSTRACT

Background Cerebral sinovenous thrombosis in
children is a serious disorder, and information is
needed about its prevention and treatment.

Methods The Canadian Pediatric Ischemic Stroke
Registry was initiated in 1992 at the 16 pediatric ter-
tiary care centers in Canada. Children (newborn to 18
years of age) with symptoms and radiographic con-
firmation of sinovenous thrombosis were included.

Results During the first six years of the registry,
160 consecutive children with sinovenous thrombo-
sis were enrolled, and the incidence of the disorder
was 0.67 case per 100,000 children per year. Neonates
were most commonly affected. Fifty-eight percent of
the children had seizures, 76 percent had diffuse neu-
rologic signs, and 42 percent had focal neurologic
signs. Risk factors included head and neck disorders
(in 29 percent), acute systemic illnesses (in 54 per-
cent), chronic systemic diseases (in 36 percent), and
prothrombotic states (in 41 percent). Venous infarcts
occurred in 41 percent of the children. Fifty-three per-
cent of the children received antithrombotic agents.
Neurologic deficits were present in 38 percent of the
children, and 8 percent died; half the deaths were due
to sinovenous thrombosis. Predictors of adverse neu-
rologic outcomes were seizures at presentation and
venous infarcts.

Conclusions Sinovenous thrombosis in children
affects primarily neonates and results in neurologic
impairment or death in approximately half the cases.
The occurrence of venous infarcts or seizures portends
a poor outcome. (N Engl J Med 2001;345:417-23.)
Copyright © 2001 Massachusetts Medical Society.

EREBRAL sinovenous thrombosis in chil-

dren is a rare disorder but one that is in-

creasingly diagnosed because of greater

clinical awareness, sensitive neuroimaging
techniques, and the survival of children with previ-
ously lethal diseases that confer a predisposition to
sinovenous thrombosis.!® The literature on sinovenous
thrombosis in children consists only of case reports
and analyses of small case series.#10 Extrapolating the
results of studies of adults to children is of limited
value because of large age-related differences in the
hemostatic, vascular, and neurologic systems. An un-
derstanding of the epidemiology of sinovenous throm-
bosis in children is necessary to define critical clinical
settings and develop interventional strategies. The Ca-
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nadian Pediatric Ischemic Stroke Registry was estab-
lished to obtain comprehensive prospective epidemi-
ologic data on stroke, including sinovenous thrombo-
sis, in children.

METHODS

Patients

All 16 pediatric tertiary care centers in Canada participated in
the registry. Children from birth (with a gestational age of more
than 36 weeks) to 18 years of age were eligible for the study if
they had radiologically confirmed sinovenous thrombosis. The chil-
dren were classified as neonates (less than 1 month old) or non-
neonates (1 month to 18 years old). A neurologist at each center
maintained a prospective list of consecutive children with objectively
diagnosed sinovenous thrombosis. A research nurse visited each
center at regular intervals, checked the completeness of patient
identification by searching the medical-records data base for dis-
charge diagnoses, with the use of the International Classification
of Diseases, Ninth Revision (ICD-9) codes for sinovenous throm-
bosis (437.6 and 325),!! and filled out standardized data-collec-
tion forms. The data were entered into a central data base, reviewed
for inaccuracies, missing data, and inconsistencies, and corrected
according to a review of medical records and discussions with the
site investigators. The institutional research-ethics board at each
institution approved the study. Data on children with sinovenous
thrombosis who were enrolled in the registry between January 1,
1992, and December 31, 1997, are included in this report.

In a substudy, performed to assess the completeness of the as-
certainment of cases, the Canadian data base for health informa-
tion was searched for cases of sinovenous thrombosis in children
during the study period, with the use of the same ICD-9 codes for
sinovenous thrombosis. Cases in Ontario, the province with the
largest population, were matched to those in the registry.
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Clinical Features

Basic demographic information was recorded, as well as neuro-
logic manifestations of sinovenous thrombosis, which were classi-
fied as seizures, diffuse neurologic signs, and focal neurologic signs.

Risk Factors

Findings that were recorded as risk factors included disorders of
the head and neck (including local infection), acute systemic illness,
chronic systemic disease, and prothrombotic disorders. Standard as-
says for prothrombotic disorders were used at each center, includ-
ing activity assays for antithrombin, protein C, protein S, and the
lupus anticoagulant; immunologic assays for anticardiolipin anti-
body; and molecular assays for the presence of factor V Leiden
and the G20210A mutation in the prothrombin gene.

Radiologic Evaluation

Sinovenous thrombosis was confirmed by computed tomogra-
phy (CT), magnetic resonance imaging (MRI) with or without
magnetic resonance venography (MRV), conventional angiography,
or transfontanel power Doppler ultrasonography. The results of
MRI, with the results of MRV when available, were compared with
the results of CT or those of power Doppler ultrasonography when
both sets of data were available.

The location of the thrombosis was classified as superficial or
deep. The presence and nature of parenchymal lesions were noted.
Infarcts were classified as nonhemorrhagic or hemorrhagic. Extra-
parenchymal hemorrhages were classified as subdural, subarachnoid,
or intraventricular.

Treatment

The use of antithrombotic agents, other medical therapies, and
surgery was recorded. Overt clinical bleeding requiring transfu-
sion therapy, bleeding viewed as excessive and prompting the ces-
sation of anticoagulant therapy, and confirmed bleeding into the
central nervous system were considered to be major episodes of
bleeding. Recurrent thrombosis was defined as a confirmed throm-
botic event within or outside the central nervous system.

Neurologic Outcome

The neurologic outcome, based on the assessment at the last
follow-up visit, was classified as normal (no neurologic deficits) or
abnormal (one or more neurologic deficits). Neurologic deficits and
death due to sinovenous thrombosis were classified as adverse out-
comes. Seizures were classified as adverse outcomes only if they
occurred after discharge from the acute care hospital and were treat-
ed with anticonvulsant agents.

Statistical Analysis

The incidence of sinovenous thrombosis was calculated on the
basis of the Canadian population of persons 18 years of age or
younger.!2 The following variables were tabulated: patient enroll-
ment in each province, age at the time of presentation, sex, neu-
rologic manifestations, risk factors, radiologic findings, treatment,
adverse outcomes, and cause of death.

Statistical analyses were performed with the use of Stat-View
5.1.13 Univariate analyses were performed with the chi-square test
or Fisher’s exact test for categorical data and with Student’s t-test
for continuous data. Potentially important differences between ne-
onates and nonneonates were tested for each of the variables not-
ed above. Univariate analyses were also performed to identity pre-
dictors of an adverse outcome; variables included in these analyses
were age, sex, presence or absence of seizures, presence or ab-
sence of infarcts, location of thrombosis, involvement of single or
multiple sinuses, and presence or absence of treatment with anti-
thrombotic agents. Multivariate analyses were planned if more than
three variables were found to be significantly associated with an ad-
verse outcome (P<<0.05) in the univariate analyses.
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RESULTS
Patients

A total of 160 consecutive children with sino-
venous thrombosis were enrolled in the registry: 69
neonates and 91 nonneonates. The geographic dis-
tribution of the patients reflected that of the general
population in Canada, with Ontario having the larg-
est number of patients (52 percent). The substudy
showed that the registry included 97 percent of the
children who were classified as having an ICD-9 code
for sinovenous thrombosis in the Ontario health-infor-
mation data base. The incidence of sinovenous throm-
bosis was 0.67 case per 100,000 children per year
(95 percent confidence interval, 0.55 to 0.76). Infor-
mation was available for more than 95 percent of the
children unless otherwise indicated.

Demographic and Clinical Characteristics

Forty-three percent of the children were neonates,
and 54 percent were less than one year old (Fig. 1);
54 percent were male and 46 percent were female.
Seizures were more common and both focal and dif-
fuse neurologic signs less common in neonates than
in nonneonates (Table 1).

Risk Factors

Risk factors were present in all but four patients
(2 percent) and were related to age (Table 2). Acute
systemic illnesses were present in 84 percent of neo-
nates; the most frequent illnesses were perinatal com-
plications (in 51 percent) and dehydration (in 30 per-
cent). The perinatal complications included hypoxia at
birth (in 30 cases), premature rupture of membranes
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Figure 1. Age Distribution among 160 Children with Sinovenous
Thrombosis.

The portion of the first bar below the horizontal line indicates
infants less than one month old.
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TABLE 1. NEUROLOGIC MANIFESTATIONS OF SINOVENOUS
THROMBOSIS IN 160 CHILDREN.*

NEuRrOLOGIC ToTAL NEONATES NONNEONATES P
MANIFESTATION (N=160) (N=69) (N=91) VALUEt
no. of children (%)
Scizures
Any 93 (58) 49 (71) 44 (48) 0.006
Generalized 42 (26) 19 (28) 23 (25)
Not specified 29 (18) 16 (23) 13 (14)
Focal 27 (17) 17 (25) 10 (11)
None 63 (39) 17 (25) 46 (51)
Diffuse neurologic signs
Any 122 (76) 40 (58) 82 (90) <0.001
Decreased level of 70 (44) 25 (306) 45 (49)
consciousness
Headache 54 (34) 0 54 (59)
Jittery movements 27 (17) 14 (20) 13 (14)
Papilledema 20 (12) 0 20 (22)
None 34(21) 26(38) 8 (9)
Focal neurologic signs
Any 68 (42) 20 (29) 48 (53) 0.004
Hemiparesis 21 (13) 4 (6) 17 (19)
Visual impairment 16 (10) 0 16 (18)
Cranial-nerve palsies 15 (9) 5(7) 10 (11)
Ataxia 6 (4) 0 6 (7)
Speech impairment 6 (4) 0 6 (7)
Hemisensory loss 3(2) 0 3(3)
Other 26 (16) 17 (25) 9 (10)
None 88 (55) 46 (67) 42 (46)

*Data were available for more than 95 percent of children in all catego-
ries. Children may have had more than one neurologic manifestation. All
percentages were calculated with a denominator of 160 for the total group,
69 for neonates (<1 month old), and 91 for nonneonates (1 month to 18
years old).

1P values (two-sided) are for comparisons between neonates and non-
neonates. Headache, visual impairment, ataxia, speech impairment, and hem-
isensory loss were excluded from the statistical analysis because they are
generally not observed in one of the age groups.

(in 4), maternal infection (in 4), placental abruption
(in 2), and gestational diabetes (in 2). Head and neck
disorders were common in nonneonates (38 percent),
and in both neonates and nonneonates, the majority
of these disorders (61 percent) were infections. Chron-
ic systemic diseases were also common in nonneonates
(present in 60 percent) and were diverse in nature.
Tests for prothrombotic disorders were performed
in 123 of the 160 patients (77 percent), of whom 39
(32 percent) had abnormal results. The most frequent
abnormality was the presence of anticardiolipin anti-
body (in 10 children), with IgG titers ranging from
15 to 60 IgG phospholipid units per milliliter. Other
abnormalities included decreased levels of protein C
(in nine children), antithrombin (in seven), protein
S (in five), fibrinogen (in two), and plasminogen (in
one) and the presence of a lupus anticoagulant (in
four), factor V Leiden (in three), and the G20210A
prothrombin-gene mutation (in one). The deficien-
cies of antithrombin, protein C, and protein S were
in many cases caused by an acquired disorder such
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TABLE 2. RisKk FACTORS FOR SINOVENOUS THROMBOSIS. *

Non-
ToTAL NEONATES ~ NEONATES P
Risk FACTOR (N=160) (N=69) (N=91)  Varuet
no. of children (%)
Head and neck disorder 46 (29) 11 (16) 35 (38) <0.001
Infection 28 (18) 7 (10) 21 (23)
Other 20 (12) 5(7) 15 (16)
Acute systemic illness
Any 86 (54) 58(84) 28 (31) <0.001
Dehydration 40 (25) 21(30) 19 (21)
Perinatal complications 38 (24) 35(51) 3(3)
Bacterial sepsis 15 (9) 11 (16) 4 (4)
None 69 (43) 9 (13) 60 (66)
Chronic systemic disease
Any 58 (36) 3(4) 55 (60) <0.001
Connective-tissue disease 22 (14) 1(1) 21 (23)
Hematologic disorder 20 (12) 2(3) 18 (20)
Cancer 12 (8) 0 12 (13)
Cardiac disease 8 (5) 0 8(9)
Disorder requiring indwell- 8 (5) 0 8(9)
ing catheter
None 97 (61) 62 (90) 35 (38)
Prothrombotic state 50 (41) 10 (20) 40 (54) <0.001
Prothrombotic disorder 39 (32) 10 (20) 29 (39)
Procoagulant drug 14 (11) 0 14 (19)
Other 29 (18) 8(12) 21 (23)
None 4(2) 1(1) 3(3)

*For all risk factors except prothrombotic disorders, data were available
for more than 95 percent of the children. Children may have had more
than one risk factor. The percentages were calculated with a denominator
of 160 for the total group, 69 for neonates (<1 month old), and 91 for
nonneonates (1 month to 18 years old). Data on prothrombotic disorders
were available for 123 of the 160 children (77 percent): 49 neonates and
74 nonneonates.

1D values (two-sided) are for comparisons between neonates and non-
neonates. Perinatal complications, connective-tissue disease, and cancer
were excluded from the statistical analysis because they are generally not
observed in one of the age groups.

as liver disease, the nephrotic syndrome, or dissemi-
nated intravascular coagulation. Procoagulant drugs
were given to 14 children: 11 received asparaginase,
and 3 received oral contraceptives.

Radiologic Findings

CT was performed in 153 children (96 percent),
MRI with or without MRV in 114 (71 percent), and
conventional angiography in 13 (8 percent), with
power Doppler ultrasonography in 12 neonates (8 per-
cent). Among the 104 children who underwent CT
and MRI, CT did not reveal sinovenous thrombosis
in 17 children (16 percent). Power Doppler ultraso-
nography detected sinovenous thrombosis in 10 of
the 12 neonates who underwent both power Doppler
ultrasonography and MRI.

Figure 2 shows the structures that were most fre-
quently involved. The location of the thrombosis was
superficial in 137 children (86 percent) and deep in
60 (38 percent), with no significant differences be-
tween neonates and nonneonates (Table 3). Multiple
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Cortical veins (6%)

Internal cerebral
vein (10%)

Superior sagittal
sinus (55%)

Jugular vein (9%)

Lateral sinuses (51%)

Straight sinus (24%)

Vein of Galen (9%)

Figure 2. Lateral View of the Cerebral Sinovenous System.

The structures that are most susceptible to sinovenous thrombosis in children are shown, with the rela-
tive frequency of involvement given in parentheses. A patient may have multiple sites of involvement.

sinuses were involved in 78 children (49 percent).
The lateral sinus was more frequently involved in non-
neonates than in neonates (60 percent vs. 39 per-
cent) (P=0.01).

Cerebral parenchymal infarcts were present in 66
children (41 percent): 29 neonates and 37 nonneo-
nates. The infarcts were nonhemorrhagic in 21 of the
66 children and hemorrhagic in 45. Twenty-four ne-
onates (35 percent) had hemorrhagic infarcts, as com-
pared with 21 nonneonates (23 percent, P=0.05).
Parenchymal lesions other than infarcts were present
in 11 children; the lesions included brain tumors, ar-
teriovenous malformations, and multifocal white-mat-
ter lesions. Extraparenchymal hemorrhage was pres-
ent in 14 children (9 percent).

Treatment

Antithrombotic therapy was given to 85 children
(53 percent): 25 neonates (36 percent) and 60 non-
neonates (66 percent) (Table 4). Most children were

420 - N Engl ] Med, Vol. 345, No. 6 - August 9, 2001

treated for three months, and none died or had neu-
rologic deterioration because of hemorrhagic com-
plications. Fifty-one neonates (74 percent) required
anticonvulsant therapy, as compared with 38 nonne-
onates (42 percent). Surgical procedures, performed
in 21 children (13 percent), consisted of mastoidec-
tomy and shunt placement.

Outcome

The neurologic outcome could be assessed in 143
children (89 percent): 61 of 69 neonates (88 per-
cent) and 82 of 91 nonneonates (90 percent). The
mean interval from thrombosis to the last follow-up
visit was 1.6 years (range, 0.05 to 5.2). Of these 143
children, 77 (54 percent) were normal, 54 (38 per-
cent) had neurologic deficits, and 12 (8 percent) had
died. The neurologic deficits were motor impairment
in 80 percent of cases, cognitive impairment in 10
percent, developmental delay in 9 percent, speech
impairment in 6 percent, visual impairment in 6 per-
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TABLE 3. LOCATION OF THROMBOSIS. *

TABLE 4. TYPE OF TREATMENT.*

Non-
ToTAL NEONATES  NEONATES P
LocaTion (N=160) (N=69) (N=91)  VaALuet
no. of children (%)

Superficial 137 (86) 55 (80) 82 (90) 1.03

Superior sagittal sinus 88 (55) 43 (62) 45 (49)

Lateral sinus 82 (51) 27 (39) 55 (60)

Cortical vein 10 (6) 2(3) 8(9)
Deep 60 (38) 27 (39) 33 (36) 0.83

Straight sinus 39 (24) 21 (30) 18 (20)

Internal cerebral vein 16 (10) 7 (10) 9 (10)

Vein of Galen 14 (9) 8 (12) 6 (7)

Jugular vein 14 (9) 1(1) 13 (14)

*Data were available for more than 95 percent of children in all catego-
ries. Children may have had thrombosis in more than one location. All per-
centages were calculated with a denominator of 160 for the total group, 69
for neonates (<1 month old), and 91 for nonneonates (1 month to 18
years old).

1P values (two-sided) are for comparisons between neonates and non-
neonates.

cent, and other impairments in 26 percent. Of the
12 deaths, 6 were attributable to sinovenous throm-
bosis and the remainder were attributable to other
associated diseases. Predictors of adverse neurologic
outcomes included seizures at presentation in nonne-
onates (P=0.02) and the presence of infarcts (non-
hemorrhagic or hemorrhagic) in neonates and non-
neonates (P=0.03). Seizures were present at follow-up
in 12 neonates (20 percent) and 9 nonneonates (11
percent, P=0.22). Nineteen children (13 percent)
had symptomatic recurrent thrombosis: 5 neonates
(8 percent) and 14 nonneonates (17 percent, P=
0.19). Recurrent thrombosis was cerebral in 12 chil-
dren and noncerebral in 7.

DISCUSSION

The Canadian Pediatric Ischemic Stroke Registry
was the source of the data for this large, population-
based study of the epidemiology of sinovenous throm-
bosis during childhood. The incidence of sinovenous
thrombosis was 0.67 case per 100,000 children per
year, and neonates were the most commonly affected
age group. There were age-related differences in the
neurologic manifestations of sinovenous thrombosis,
and specific risk factors were identified, including head
and neck infections and prothrombotic states. Venous
infarcts and the occurrence of seizures predicted a
poor neurologic outcome.

The registry data pose several methodologic issues
that need to be addressed. First, a potential limitation
of the data is bias in case ascertainment. Our sub-
study, however, showed that the registry data account-
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Non-
TotAL NEONATES  NEONATES P

TREATMENT (N=160) (N=69) (N=91)  VaLuet

no. of children (%)

Antithrombotic therapy 85(53) 25(36) 60 (66) <0.001
Low-molecular-weight 50 (31) 20(29) 30 (33)

heparin
Unfractionated heparin 35 (22) 6(9) 29 (32)
Oral anticoagulant 39 (24) 1(1) 38 (42)
Aspirin 9 (6) 0 9 (10)
Urokinase 1(1) 0 1(1)

Other medical therapy 142 (89) 63 (91) 79 (87) 0.62
Antibiotics 94 (59) 47 (68) 47 (52)
Anticonvulsants 89 (56) 51 (74) 38 (42)
Corticosteroids 31 (19) 2(3) 29 (32)
Chemotherapy for un- 7 (4) 0 7 (8)

derlying tumor
Other 31 (19) 10 (14) 21 (23)
Surgery 21 (13) 3(4) 18 (20) 0.008

*Data were available for more than 95 percent of children in all catego-
ries. Children may have received more than one type of treatment. All per-
centages were calculated with a denominator of 160 for the total group, 69
for neonates (<1 month old), and 91 for nonneonates (1 month to 18
years old).

1P values (two-sided) are for comparisons between neonates and non-
neonates. Chemotherapy was excluded from the statistical analysis because
it generally does not apply to neonates.

ed for 97 percent of children with sinovenous throm-
bosis in Ontario, where the majority of the patients
lived. Second, the patient cohort was divided into
neonates and nonneonates rather than into patients
with septic and those with nonseptic sinovenous
thrombosis, which is the conventional classification.
The validity of the registry classification was support-
ed by the striking differences between the neonatal
and nonneonatal groups, and analyses of the registry
data according to the presence or absence of sepsis did
not reveal any significant differences (data not shown).

Third, testing for prothrombotic disorders was not
required, and neither factor V Leiden nor the
G20210A mutation in the prothrombin gene had
been discovered in the ecarly years of the registry.
However, 77 percent of the children were tested, and
the results were similar to those in smaller studies in
which consecutive children were tested.'*!® Fourth,
one of the limitations of any registry is a lack of stand-
ardized data on the long-term outcome. Despite this
limitation, data on the neurologic outcome were avail-
able for 89 percent of the children in the Canadian
registry, and the findings were similar to those in a
smaller, hospital-based cohort study.16

The main neurologic manifestations of sinovenous
thrombosis in the nonneonates in our study were
similar to those reported in adults!”: a decreased level
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of consciousness, headache, focal neurologic signs
such as hemiparesis, and cranial-nerve palsies. In con-
trast, the primary neurologic manifestations in the ne-
onates were seizures and diffuse neurologic signs. The
increased frequency of seizures in this group may re-
flect the general propensity of infants to have seizures.
The frequency of seizures and diffuse neurologic signs
means that clinicians must have a high index of sus-
picion for sinovenous thrombosis in neonates.

The risk factors for sinovenous thrombosis in our
study were age dependent, were frequently multiple,
and were often different from those reported in
adults.1718 Perinatal complications, of which hypoxic
encephalopathy was most common, predominated in
the neonates. Head and neck infections, such as oti-
tis media, mastoiditis, and sinusitis, predominated in
preschool children, whereas chronic diseases such as
connective-tissue disorders were more frequent in
older children. Risk factors that are common in adults,
such as pregnancy,!® cancer,20-2! and use of oral con-
traceptives,?? were rare in our study. Idiopathic sino-
venous thrombosis represented only 3 percent of cas-
es, as compared with an estimated 10 to 25 percent
of cases in adults.l”

Prothrombotic states may cause or contribute to
sinovenous thrombosis in both adults and children.
In adults, the frequency of prothrombotic disorders
is 15 to 21 percent; the G20210A prothrombin-
gene mutation and the presence of factor V Leiden
are the most common genetic disorders.2325 In chil-
dren with sinovenous thrombosis, the frequency of
prothrombotic disorders is 12 to 50 percent, and the
presence of anticardiolipin antibody is the most com-
mon acquired disorder.1415.26:30 In our study, 32 per-
cent of the children who underwent testing for pro-
thrombotic disorders had at least one abnormality; the
presence of anticardiolipin antibody was the most
common acquired disorder, and the presence of factor
V Leiden was the most common genetic disorder.
Other prothrombotic disorders were due to under-
lying diseases. Whether acquired prothrombotic dis-
orders cause sinovenous thrombosis in children or are
merely associated with it remains to be determined.

The registry offered a unique opportunity to com-
pare the accuracy of the various radiographic tests
used to diagnose sinovenous thrombosis in children.
Although CT scans were obtained in 96 percent of
the children, they detected the disorder in only 84
percent of the children who also underwent MRI
with MRV. Previous studies have suggested that CT
scans may also have false positive results in neonates
because of an increased hematocrit, a decreased den-
sity of unmyelinated white matter, and slower venous
flow — factors that may result in radiographic find-
ings that mimic the dense-triangle sign.3! Transfon-
tanel power Doppler ultrasonography is a powerful
tool for the noninvasive diagnosis and monitoring of
neonatal sinovenous thrombosis.3? At this time, the
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optimal technique for establishing the diagnosis in
children is MRI with MRV.

The use of anticoagulant therapy in adults with si-
novenous thrombosis is based on data from four clin-
ical trials that showed an improved neurologic out-
come with this treatment.?336 The extrapolation of
these results to children with sinovenous thrombosis,
particularly neonates, is problematic, because the ratio
of efficacy to safety may differ from that in adults.
The registry data show that anticoagulants are fre-
quently used in children with sinovenous thrombosis,
especially in nonneonates (66 percent). Although the
potential benefit of anticoagulants in children with
sinovenous thrombosis cannot be determined from
the registry data, the results of our study suggest that
anticoagulant therapy is not associated with serious
hemorrhage in selected patients and that such therapy
warrants further evaluation, particularly in neonates.

The long-term neurologic outcome of sinovenous
thrombosis in children is unclear.1® The best avail-
able estimate is that after a mean of 2.1 years, 77 per-
cent of neonates and 52 percent of nonneonates are
neurologically normal.’6 Our findings are consistent
with those estimates. Long-term follow-up of affect-
ed children is very important, especially in neonates,
since the onset of signs of neurologic injury is delayed
in this age group. Given the increasing incidence of
sinovenous thrombosis in children, the variations in
treatment, and the adverse outcomes in half the chil-
dren with this disorder, studies are needed to iden-
tify more effective immediate and secondary preven-
tive therapies.
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