DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Incidence and risk factors of cerebral sinovenous thrombosis in

infants

ANNA-LISA SORG'

| RUDIGER VON KRIES' | MATHIAS KLEMME? | LUCIA GERSTL® | ANDREAS BEYERLEIN* |

NICHOLAS LACK® | URSULA FELDERHOFF-MUSER® | MARK DZIETKQ®

1 Institute of Social Paediatrics and Adolescent Medicine, Division of Paediatric Epidemiology, Ludwig-Maximilians-University Munich, Munich; 2 Department of
Neonatology, University Children’s Hospital and Perinatal Centre, Ludwig-Maximilians-University Munich, Munich; 3 Department of Paediatric Neurology, University
Children’s Hospital, Ludwig-Maximilians-University Munich, Munich; 4 Institute of Computational Biology, Helmholtz Zentrum Miinchen, Neuherberg; 5 Bavarian Quality
Assurance for In-Patient Medical Care, Munich; 6 Department of Paediatrics I, Neonatology, University Duisburg-Essen, Essen, Germany.

Correspondence to Mark Dzietko, Department of Paediatrics I, Division of Neonatology; University Duisburg-Essen, Hufelandstrasse 55, Essen 45147, Germany.

E-mail: mark.dzietko@uk-essen.de

PUBLICATION DATA

Accepted for publication 15th December
2020.

Published online

ABBREVIATIONS

CSVT Cerebral sinovenous thrombosis

ESPED German Paediatric Surveillance
Unit

AIM To describe the incidence of term and preterm neonatal cerebral sinovenous thrombosis
(CSVT) and identify perinatal risk factors.

METHOD This was a national capture-recapture calculation-corrected surveillance and nested
case-control study. Infants born preterm and at term with magnetic resonance imaging-
confirmed neonatal CSVT were identified by surveillance in all paediatric hospitals in
Germany (2015-2017). Incidence was corrected for underreporting using a capture-recapture
method in one federal state and then extrapolated nationwide. We reviewed PubMed for
comparisons with previously reported incidence estimators. We used a population-based
perinatal database for quality assurance to select four controls per case and applied
univariate and multivariable regression for risk factor analysis.

RESULTS Fifty-one newborn infants (34 males, 17 females; 14 born preterm) with neonatal
CSVT were reported in the 3-year period. The incidence of term and preterm neonatal CSVT
was 6.6 (95% confidence interval [Cl] 4.4-8.7) per 100 000 live births. Median age at time of
confirmation of the diagnosis was 9.95 days (range 0-39d). In the univariate analysis, male
sex, preterm birth, hypoxia and related indicators (umbilical artery pH <7.1; 5-minute Apgar

score <7; intubation/mask ventilation; perinatal asphyxia), operative vaginal delivery,
emergency Caesarean section, and pathological fetal Doppler sonography were associated
(p<0.05) with neonatal CSVT. Multivariable regression yielded hypoxia (odds ratio=20.3; 95%
Cl 8.1-50.8) as the independent risk factor.

INTERPRETATION Incidence of neonatal CSVT was within the range of other population-based
studies. The results suggest that hypoxia is an important perinatal risk factor for the

aetiology of neonatal CSVT.

Although cerebral sinovenous thrombosis (CSVT) in new-
born infants (hereafter termed ‘neonatal CSVT”) is a rare
event, infants are at the highest risk since more than half
of all CSVTs in childhood are diagnosed during the
neonatal period.' The true rate of neonatal CSVT is still
unknown and possibly underestimated. Due to improved
quality of imaging modalities, it may be increasingly diag-
nosed. Population-based studies are rare and may be
fraught with incomplete underreporting of cases unless
corrected for underreporting.

It is assumed that the combination of different maternal,
perinatal, and neonatal risk factors contribute to the
thrombotic process based on the classic Virchow triad: vas-
cular lesions, impaired blood flow, and hypercoagulability.’
However, little is known about the actual impact of these
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risk factors on the aetiology of neonatal CSVT. Identifica-
tion of risk factors may help to enhance the understanding
of the underlying pathophysiology; comprehensive under-
standing of risk factors is required for evidence-based pre-
vention, treatment, and clinical management. Several risk
factors have so far been suggested in register studies.’ !
However, to identify relevant risk factors, a comparison
with a representative population of newborns without
impairment is needed, which to our knowledge has not
been done yet.

We investigated the epidemiology and risk factors of
neonatal CSV'T in a population-based study using a second
ascertainment source for incidence estimation and a case—
control design of four population-based controls for each
case for the investigation of risk factors.
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METHOD

Study design and case definition

In 2015 to 2017, the German paediatric surveillance unit,
which monitors rare diseases in childhood, performed a
nationwide active surveillance of perinatal stroke in all 345
German paediatric hospitals, which were requested to
report any case of CSVT in infants (<28 postnatal days or
calculated date of birth, any gestational age) and to com-
plete an anonymous questionnaire respectively. Case ascer-
tainment via ESPED (German Paediatric Surveillance
Unit;  Erhebungseinheit  fiir ~ Seltene  Pidiatrische
Erkrankungen in Deutschland) was reported previously in
detail.'">"* The questionnaire asked for data on clinical
symptoms, potential risk factors, diagnostic procedure,
localization, and therapy. Any reported cases of neonatal
CSVT in infants born at term and preterm including
symptomatic and subclinical cases were eligible. This anal-
ysis was confined to cases with a confirmatory magnetic
resonance imaging (MRI) scan. Questionnaires were inde-
pendently reviewed by a study team of three neonatologists
and one paediatric neurologist to validate the diagnosis of

neonatal CSVT.

Incidence estimation

Underreporting of cases is a known weakness of surveil-
lance systems, but capture-recapture methodology using a
second independent data source provides a means for valid
incidence estimation despite underreporting.'* To bill
treatment fees, clinics have to provide several items of
information to assert the claims, including the Interna-
tional Classification of Diseases (ICD) codes for the diag-
noses related to medical treatment.

The German Modification of the International Statistical
Classification of Diseases and Related Health Problems,
10th Revision (ICD-10) published by the World Health
Organization is the basis of the payment system for outpa-
tient and inpatient care and is used for hospital diagnosis
statistics and quality assurance purposes in Germany.'’
This information (called hospital discharge documentation)
is collected centrally in each clinic in an electronic data
system. Generally applicable coding guidelines and spe-
cially trained staff provide a uniform coding system in all
hospitals. Hospital discharge documentation was used as
the second data source in this study.

Request of hospital discharge data was confined to pae-
diatric hospitals of one federal state (North-Rhine West-
phalia) reflecting 22% of all births in Germany. All 65
paediatric hospitals in North-Rhine Westphalia were asked
to electronically scan their hospital discharge diagnoses
data system for cases of neonatal CSVT during the study
period with the use of the ICD-10, German Modification
code GO8 (diagnoses are coded according to the ICD-10,
German Modification). Far wider than the instructions
within the ICD-10, German Modification is the compre-
hensive system of rules pertaining to the ICD-10. This
basic information also applies to the ICD-10, German
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What this paper adds

* The population-based incidence estimation for neonatal cerebral sinovenous
thrombosis (CSVT) in Germany is 6.6 per 100 000 live births.

® Preterm birth and complicated delivery were identified as risk factors for
neonatal CSVT.

® Mutual multivariable adjustment revealed hypoxia as an independent risk
factor associated with neonatal CSVT.

Modification. However, priority is given to section-specific
encoding guidelines.ls The ICD-10, German Modification
is close to the ICD-10 and there is no difference in the
ICD code in the first three digits. Identified cases were
matched to those reported via the ESPED in North-Rhine
Westphalia. All cases ascertained by review of the hospital
discharge diagnoses were validated by two neonatologists
(MD and UF) based on the anonymized patients’ discharge
summaries including MRI reports. Hospitals providing
hospital discharge data (=36 out of 65) are representative
of all hospitals in North-Rhine Westphalia regarding the
number of hospital beds, annual admissions, birth rates,
and distribution of centres in terms of level of care.

Identification of common cases in both data sources was
made by linking date of birth, sex, birthweight, date of
hospital admission, place and name of the notifying hospi-
tal, and the first three digits of the postal code of the place
of residence. Capture-recapture uses Bayesian probability
theory to estimate the true number of cases. The calcula-
tion of the total number of neonatal CSVT cases and the
95% confidence intervals (Cls) were performed using
Chapman’s nearly unbiased estimator.

For nationwide incidence estimation, we extrapolated
the results of North-Rhine Westphalia for Germany by
assuming that the proportions of matches for ESPED and
hospital discharge in North-Rhine Westphalia reflect the
respective proportions for the whole of Germany. The
annual number of live births provided by the German Fed-
eral Statistical office was used to calculate the incidence
rate for neonatal CSVT."”

Search strategy

To compare our incidence estimate to those reported in
the literature, we performed a review to identify all studies
reporting the incidence of neonatal CSVT in PubMed on
3rd October 2020. We used the search terms: ‘sino*’
[Title/Abstract] OR ‘sinus*’ [Title/Abstract] OR ‘venous*’
[Title/Abstract] AND ‘thrombosis’ [Title/Abstract] AND
‘cerebral’ [Title/Abstract] AND ‘child*> OR ‘neonate’” OR
‘infant’ OR ‘newborn’ OR ‘perinatal’ NOT (case report).
The asterisk represents any group of characters, including
no character, after the search term. We further limited the
search to full text availability and scanned reference lists
for relevant publications.

Risk factor analysis

To assess the underlying aetiology of neonatal CSVT, the
study aimed to investigate risk factors by comparison to
control infants in a case—control study. We randomly



selected four controls per case from the data set of the
Bavarian Working Group for Quality Assessment (Bay-
erische Arbeitsgemeinschaft fiir Qualitdtssicherung). The
Bavarian Working Group for Quality Assessment data set,
which has been described previously,'? comprises all deliv-
eries in obstetric units of the federal state of Bavaria. The
Bavarian Working Group for Quality Assessment is part of
a nationwide benchmarking network for the assessment of
clinical performance in German hospitals. Medical and
paramedical hospital staff routinely record data electroni-
cally.

Control infants were matched to cases with neonatal
CSVT on birth year only. The risk factor analysis is based
on 48 ESPED cases and 192 controls. ESPED is an ongo-
ing case ascertainment system. Three cases were reported
after control selection and could not be included in the
risk factor analysis. Only 48 of 51 cases could be examined.
Comparison of risk factors in case and control infants was
based on the available case analysis.

Clinical experience suggests differences in risk factors
and clinical presentation of neonatal CSVT between
infants born preterm and at term. Therefore, we stratified
the univariate analyses by preterm birth as sensitivity anal-
ysis.

Variable definition

Description of the risk factors as documented in ESPED
and the Bavarian Working Group for Quality Assessment
was given previously.'? Infants born before 37 completed
weeks of gestation are defined as born preterm, small for
gestational age with a birthweight below the 10th centile,
and large for gestational age with a birthweight above the
90th centile.'® A 5-minute Apgar score below 7 and an
umbilical artery blood pH below 7.1 were considered as
indicators for perinatal acidosis. Hypoxia was defined by
any of the following: a 5-minute Apgar score below 7; an
umbilical artery blood pH below 7.1; a diagnosis of perina-
tal asphyxia; or the need for intubation or mask ventilation
during initial care. A history of abortion and miscarriage
was assumed when the number of preceding pregnancies
exceeded the number of live births. Mothers 18-years-old
or younger or 35-years-old or older were considered as
high-risk pregnancies. Reported maternal diagnoses of pre-
eclampsia, eclampsia, HELLP syndrome (haemolysis, ele-
vated liver enzymes, and a low platelet count), or preg-
nancy-induced hypertension were grouped as the variable

‘hypertensive pregnancy disorder’. Operative vaginal deliv-
ery consisted of ventouse and forceps deliveries.

Congenital thrombophilia is a known risk factor for
neonatal CSVT. We asked the treating physicians what
kind of prothrombotic diagnostics they had performed and
whether these values were within normal limits or patho-
logical. Unfortunately, this information was not available
in the control data set and could not be included in the
univariate analysis.

Statistical analysis for risk factor analysis

In the univariate analysis, we calculated odds ratios (ORs)
and 95% ClIs with Firth’s bias correction; p-values were
based on y? or Fisher’s exact test.

To identify the most relevant independent risk factors,
we performed a mutual multivariable analysis with Firth’s
bias correction including all variables with a univariate
p<0.2.

We used a significance level of 5% for all analyses. All
statistics were calculated using SAS v9.4 (SAS Institute,
Cary, NC, USA). The data supporting the findings and
the programme code of this study are available from the
corresponding author upon reasonable request.

The ethics committee of the Ludwig-Maximilians-
University of Munich gave ethical approval (no. 42 15 [05-
04-2015]). Due to anonymous reporting in the ESPED
and because Bavarian Working Group for Quality Assess-
ment data are anonymous, routinely documented data,
informed consent was not required.

RESULTS

Incidence of neonatal CSVT

In the 3-year study period, 60 cases of neonatal CSVT
were reported from all German paediatric hospitals to the
ESPED. Nine were excluded because diagnosis was based
on ultrasound only. All remaining cases (n=51, 34 males,
17 females) were confirmed by MRI scan.

Ten of the 51 cases (20%) were born and treated in
North-Rhine Westphalia and formed the basis for the cap-
ture-recapture calculation. We identified nine cases of
neonatal CSVT with ICD-10, German Modification code
GO8 from hospital discharge lists, which were validated
using discharge summaries and MRI reports. Three out of
nine were identical with reports in the ESPED (Fig. SI,
online supporting information). Based on seven cases
reported only in the ESPED database, six only in the

Table 1: Capture-recapture estimation of nationwide neonatal cerebral sinovenous thrombosis incidence (extrapolation based on the proportion of
matches in the ESPED and hospital discharge documentation in North-Rhine Westphalia)

Number Capture-recapture
Exclusively  Exclusively hospital of estimated total number of
ESPED discharge cases? matches?® cases, n 95% ClI Incidence rate (95% ClI)
North-Rhine 7 6 3 27 12-41 5.2 (2.3-8.2) per 100 000 live births
Westphalia
Nationwide® 36 31 15 152 103-201 6.6 (4.4-8.7) per 100 000 live births

®Extrapolated from the North-Rhine Westphalia survey. ESPED, German Paediatric Surveillance Unit; Cl, confidence interval.
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Table 2: Prothrombotic risk factors in infants with neonatal cerebral
sinovenous thrombosis (7=48)

Prothrombotic risk Number of cases with Pathological test

factor performed tests (%) result (%)

Antithrombin 38 (79) 4 (11)
deficiency

Protein C deficiency 29 (60) 2 (7)
Protein S deficiency 29 (60) 2(7)
Factor V Leiden 18 (38) 3(17)
Prothrombin 11 (5) 2 (27)
mutation

Plasminogen 2 (4) -
activator inhibitors

Homocysteine 10 (21) -
increase

Lipoprotein(a) 13 (27) -
Lupus 12 (25) -
anticoagulant

Activated protein C 13 (27) 3(23)
resistance

Anti-cardiolipin 10 (21) -
antibodies

Antiphospholipid 10 (21) -
antibodies

hospital discharge database, and three cases identified in
both data sets, the capture-recapture method yielded an
estimated incidence of neonatal CSVT in North-Rhine
Westphalia of 5.2 (95% CI 2.3-8.2) per 100 000 live
births.

Extrapolating the results of the North-Rhine Westphalia
region, data yielded a nationwide incidence for neonatal
CSVT of 6.6 (95% CI 4.4-8.7) per 100 000 live births
(Table 1). Study data indicated an increased incidence of
neonatal CSVT in infants born preterm (see the risk factor
analysis). However, due to an insufficient number of cases
and the capture-recapture methodology in one federal
state, no valid incidence estimates were possible with
regard to gestational age.

We screened the titles and abstracts of 69 publications
(Fig. S2, online supporting information). Of these, six
papers pertained to the incidence of neonatal CSVT
(Table S1, online supporting information)."”'*?? These
studies reported a broad range of incidence estimates
between 0.82 and 40.7 per 100 000 live births, which prob-
ably reflects differences in study periods, data sampling,
and case definition. One study was hospital-based,”” two
were multicentre,”?' and three were population-
based."'*** Two studies included infants born preterm in
the incidence calculation.'*°

Case characteristics

A detailed case description is shown in Table S2 (online
supporting information). Of the 48 neonatal CSVT cases
(n=32, 67% males) examined in the risk factor analysis, 14
(29.2%) were born preterm with a mean gestational age of
32" weeks (range 287°-36"wks). Three of these infants
born preterm were twins. All but two were white, one was
Asian, and one African. Median age at time of confirmation
of diagnosis was 9.95 days (range 0-39d). One patient,
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who was 39 days old at confirmation of diagnosis, was
born at 28" weeks of gestation. Diagnosis was made
before the calculated date of birth. Median age at diagnosis
(12d) in the group of infants born preterm was significantly
higher compared to infants born at term (7d, p=0.02).

Sixty per cent (29 out of 48) of all infants with CSVT
and more frequently cases of preterm birth (13 out of 14,
93% infants born preterm vs 18 out of 34, 53% infants
born at term) needed intensive medical care. Seven cases
(five born at term and two born preterm) received chest
compressions during initial care. Twenty-seven per cent
(13 out of 48, nine born at term and four born preterm)
suffered from perinatal asphyxia, 17% (8 out of 48, five
born at term and three born preterm) developed intraven-
tricular haemorrhage, and 13% (6 out of 48, five born at
term and one born preterm) had sepsis.

The most common clinical symptom was seizure,
observed in 31 (65%) cases, which was equally frequent in
infants born preterm and at term. Other reported symp-
toms were hypotonia (31%, 15 out of 48), insufficient
sucking (31%, 15 out of 48), lethargy (23%, 11 out of 48),
apnoea (23%, 11 out of 48), respiratory dysfunction (21%,
10 out of 48), pathological limb movement (21%, 10 out
of 48), hypoglycaemia (13%, 6 out of 48), and electrolyte
imbalance (6%, 3 out of 48). Table S3 (online supporting
information) shows the symptoms for infants born preterm
and at term separately, with no major differences noted. In
seven infants (four of them born preterm), no clinical neu-
rological symptoms attributed to stroke were reported.
Seven had seizures as the only presenting symptom.

Established prothrombotic risk factors are shown in
Table 2. The results reveal that in clinical practice, com-
plete prothrombotic screening is not performed in every
case. In 7 out of 48 (15%) of cases, only a basic coagula-
tion diagnostic (e.g. quick/partial thromboplastin time) was
performed but no testing for specific prothrombotic risk
factors was carried out. In 11 out of 48 cases (23%), at
least one established prothrombotic risk factor was found.
Most had a single prothrombotic risk factor and only three
cases presented with combined risk factors. Antithrombin
deficiency was detected in 4 out of 38 (11%) tested cases,
protein C and protein S deficiency in 2 out of 29 (7%)
each, Factor V Leiden in 3 out of 18 (17%), prothrombin
mutation in 2 out of 11 (18%), and activated protein C
resistance in 3 out of 13 (23%).

Eighty-four per cent (26 out of 31) of infants with sei-
zures were treated with phenobarbital (#=15), levetiracetam
(n=5), or both medications (z=2). In four cases, the anti-
seizure medication used was not specified. Most infants (45
out of 48) received anticoagulation with heparin (31 low-
molecular-weight, four unfractionated, nine both, one not
specified). Forty-two infants were discharged with low-
molecular-weight heparin. Four patients were treated with
antiviral therapy, 22 with antibiotics, and seven received
treatment for hypothermia.

The most frequently affected vessel was the superior
sagittal sinus (#=25 infants born at term, »=9 infants born



Table 3: Univariate analyses of maternal and neonatal characteristics in infants with cerebral sinovenous thrombosis (CSVT) versus infants in the

comparison group

Neonatal CSVT group, n

Comparison group, n

n (%) n (%) OR (95% ClI) p
Infant characteristics
Male sex 48 32 (66.7) 192 95 (49.5) 2.0 (1.0-3.9) 0.03
Preterm birth 48 14 (29.2) 192 18 (9.4) 4.0 (1.8-8.8) <0.001
SGA (birthweight <10th centile) 48 6 (12.5) 192 18 (9.4) 1.4 (0.5-3.8) 0.52
LGA (birthweight >90th centile) 48  5(10.4) 192 23(12.0) 0.9 (0.3-2.5) 1.00
Hypoxia 48 25 (52.1) 192 12 (6.3) 15.7 (7.0-35.2)  <0.001
Umbilical artery pH <7.1 43 13 (30.2) 192 4(2.1) 18.5 (5.8-569.3)  <0.001
Apgar score (5 min) <7 43 12 (27.9) 191 0 (0) 151.9 (7.8-00) <0.001
Perinatal asphyxia 48 13 (27.1) 192 2 (1.0) 29.0 (6.9— <0.001
122.2)
Intubation/mask ventilation during initial 48 20 (41.7) 178 8 (4.5) 14.4 (5.8-35.7) <0.001
care
Multiple births 48 3 (6.3) 192 7 (3.7) 1.9 (0.5-7.5) 0.42
Maternal factors
Age <18y or >35y 46 18 (39.1) 192 58 (30.2) 1.5 (0.8-2.9) 0.24
History of abortions or miscarriage 40 7 (17.5) 192 42 (21.9) 0.8 (0.3-1.9) 0.54
Gestational diabetes 48  5(10.4) 192 9 (4.7) 2.4 (0.8-7.6) 0.13
Hypertensive pregnancy disorders 48 5(10.4) 192 5 (2.6) 4.3 (1.2-15.6) 0.03
Nulliparity 41 28 (68.3) 192 99 (51.6) 2.0 (1.0-4.0) 0.05
Obstetric and peripartum characteristics
Spontaneous delivery?® 43 12 (27.9) 192 113 (58.9) 1
Operative vaginal delivery 5(11.6) 14 (7.3) 3.4 (1.1-11.0) <0.001
Planned Caesarean section 5(11.6) 32 (16.7) 1.5 (0.5-4.6)
Emergency Caesarean section 21 (48.8) 33(17.2) 5.8 (2.6-13.0)
Pathological fetal Doppler sonography 48 3 (6.3) 192 1(0.5) 9.8 (1.1-85.4) 0.03
Chorioamnionitis 48  1(2.1) 192 0 (0) 12.3 (0.1-00) 0.20
Oligohydramnios 48  0(0) 192 3 (1.6) 0.6 (0.02-17.3) 1.00
Polyhydramnios 48  1(2.1) 192 1(0.5) 4.0 (0.2-65.6) 0.36
Umbilical cord abnormalities 48 4 (8.3) 192 14 (7.3) 1.2 (0.4-3.9) 0.76

Bold type indicates statistical significance with p<0.05. p-values were obtained using y? or Fisher's exact test. ?Reference category. OR,
odds ratio; Cl, confidence interval; SGA, small for gestational age; LGA, large for gestational age.

preterm), followed by the transverse sinus (z=16 infants
born at term, #=8 infants born preterm), straight sinus
(n=8 infants born at term, #=1 infant born preterm), and
inferior sagittal sinus (z=3 infants born at term, »=1 infant
born preterm). In 21 cases (#=16 infants born at term, 7=5
infants born preterm), multiple sinuses were involved. In
four cases (=3 infants born at term, #»=1 infant born pre-
term), no localization was reported.

One infant born extremely preterm (born 28™®wks of
gestation) with suspected genetic muscular disease died 15
days after birth. All other patients were discharged. In
some cases, neurological symptoms like hypotonia (25%,
12 out of 48), insufficient sucking (7 out of 48, 15%),
pathological limb movement (8 out of 48, 17%), and
opisthotonos (1 out of 48, 2%) were observed at the time
of discharge.

Risk factor analysis

Table 3 shows the univariate analysis in 48 cases of
neonatal CSVT and 192 control infants. Male sex, pre-
term birth, and indicators for hypoxia (umbilical artery
blood pH <7.1, 5-minute Apgar score <7, intuba-
tion/mask ventilation during initial care, and perinatal
asphyxia) were significantly associated with neonatal
CSVT. Maternal complications significantly associated
with neonatal CSVT included emergency Caesarean

section, operative vaginal delivery, and pathological fetal
Doppler sonography.

At least one perinatal risk factor (preterm birth, hypoxia,
emergency Caesarean section, or operative vaginal delivery)
was present in 40 (83%) cases but only in 65 (34%) of the
controls (p<0.001). After multivariable mutual adjustment,
only hypoxia with an OR of 10.4 (95% CI 3.9-27.7) was a
strong independent risk factor.

In the stratified univariate analysis by preterm birth, 14
infants born preterm and 18 controls born preterm were
compared, as well as 34 infants born at term versus 174
controls born at term (Tables S4 and S5, online supporting
information). Other than the delivery mode (with 75%
delivered by emergency Caesarean section in infants born
preterm vs 33% in the infants born preterm control
group), no risk factors could be identified in the analysis of
the cohort born preterm, which is most likely due to the
small number of cases. Further adjustment by gestational
age is needed in future investigations of risk factors in
infants born preterm. Univariate risk factor analysis of
infants born at term only revealed comparable results to
the overall analysis.

DISCUSSION
In this population-based surveillance study, we observed a
neonatal CSVT incidence of 6.6 per 100 000 live births
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after correction for underreporting. In the univariate analy-
sis, we identified significant associations to neonatal CSVT
for several risk factors. Hypoxia was independently associ-
ated with neonatal CSVT in the multivariable model.

There are only a few published population-based esti-
mates for neonatal CSVT incidence. The largest study,
which included children up to the age of 16 years, was
conducted by the Canadian Pediatric Ischemic Stroke Reg-
istry and also used correction for underreporting; however,
it did not apply capture-recapture.'’® Incidence estimates
for infants with neonatal CSVT of 40.7 per 100 000 live
births have been reported in a subsequent review paper by
Shroff and deVeber;' however, they did not provide infor-
mation on the imaging techniques used. The high inci-
dence of neonatal CSVT suggested in this paper, on a
cohort of infants diagnosed between 1992 and 1997, might
be caused by diagnoses not necessarily based on up-to-date
imaging techniques.

The study by Berfelo et al.,” although confined to 6 out
of 10 level III neonatal care units, provides population-
based estimates because of a defined catchment area and
population. The yearly neonatal CSVT incidence in the
Netherlands ranged from 1.4 (95% CI 0.04-8.01) per
100 000 live births in 2000 to 12 (95% CI 5.20-23.73) per
100 000 live births in 2007. Since data were sourced from
a database that is likely to be complete, underreporting is
unlikely. All cases were validated with MRI. However, the
authors chose to report yearly incidence estimates exclud-
ing infants born preterm. Therefore, the results cannot
easily be compared to our estimate, although the range of
annual point estimates of incidence includes our findings.

The study by Grunt et al.'” included infants born pre-
term in the incidence estimate. Like our study, it was
based on physician reporting. The lower point estimate of
3.4 per 100 000 live births might have been caused by the
absence of a secondary source to adjust for underreporting.
The population-based study by Tuckuviene et al.*® with a
low incidence estimate of 0.82 (95% CI 0.39-1.71) per
100 000 live births included only seven neonatal cases.

The synopsis of the available incidence reports based on
population-based settings suggests that the estimate of 6.6
(4.4-8.7) per 100 000 live births might reflect the inci-
dence for neonatal CSVT to be expected in high-income
populations with imaging facilities that use MRI on a regu-
lar basis.

Some of the identified risk factors have already been
suggested in previous studies but not yet confirmed with a
control group.'** Male sex is a risk factor as described
previously for other types of perinatal stroke.'? The patho-
physiological role of sex in the aetiology of stroke is not
yet clear. The influence of hormones has been discussed as
a potential cause.”*

All of Virchow’s criteria may be relevant in neonatal
CSVT. Compression of the large venous sinuses or disten-
sion of vessel walls during delivery could have a potential
impact on brain perfusion and perhaps trigger neonatal
CSVT. Hypoxia is associated with impaired cerebral blood
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flow and hypercoagulopathy. Hypoxia, defined as low
umbilical artery blood pH, low Apgar score, a diagnosis of
perinatal asphyxia, or the need for ventilation during initial
care, was indeed identified as a strong risk factor in our
study. The International Paediatric Stroke Study, as well
as others, reported a high percentage of infants with
hypoxia, acidosis, and resuscitation among newborns with
CSVT.510.25.26

In the univariate analysis, emergency Caesarean section
was another strong risk factor and is likely a precursor of
perinatal complications. Therefore, emergency Caesarean
section might be a predictor for the development of neona-
tal CSVT. Previous reports hinted to a high proportion of
complicated deliveries among infants with neonatal
CSW.5’7’27’28

Maternal complications like gestational hypertension,
pre-eclampsia, gestational diabetes, or chorioamnionitis
were previously assumed to be related to neonatal
CSVT.”? It is unclear whether failure to confirm these risk
factors in our data is related to lack of power; chorioam-
nionitis was diagnosed in only one mother and in none of
the controls. In the study by Wu et al.,” 20% (6 out of 30)
of all mothers of infants with neonatal CSVT had
chorioamnionitis. Although plausible explanations regard-
ing the association of these risk factors with the develop-
ment of neonatal CSVT are conceivable, the impact of
maternal determinants in the aetiology of neonatal CSVT
might be less relevant than previously suggested.

In addition, preterm birth was identified as a risk factor
in the univariate analysis but may also be a precursor of
perinatal and postnatal complications. A higher risk for
neonatal CSVT in infants born preterm has already been
described;?® however, data about infants with neonatal
CSVT born preterm are scarce.

Sepsis, meningitis, dehydration, and cardiac disease were
identified in a number of cases, suggesting a potential role
for the aetiology of neonatal CSVT.>'%3%3! Neonatal sep-
sis was a common complication in our cases. Unfortu-
nately, the control data set in our analysis includes only
perinatal data. Therefore, we could not verify these poten-
tial risk factors.

Study strengths

These are the most recent estimates for neonatal CSVT
incidence from a high-income country in a contemporary
health care setting with comprehensive access to modern
imaging techniques. The population-based design with
correction of underreporting by a second data source and
availability of an appropriate control group are the unique
and substantial strengths of the study. Limiting analysis to
MRI-confirmed cases and a considerable study size further
support the relevance of the results.

Study limitations

On-site case validation and independent neuroimaging
evaluation from the reporting hospitals to review the origi-
nal data was not possible due to the study structure of the



ESPED and data protection regulations in Germany.
Physician awareness guided diagnostic procedures, the
inclusion of patients, and interpretation of neuroimaging
results. However, we had access to discharge records or
questionnaires with detailed case descriptions including
imaging, which were used to validate data regarding plausi-
bility. Through the ESPED centre, it was also possible to
make enquiries with the treating physicians.

The basis of the capture-recapture calculation and
nationwide extrapolation of incidence are based on the data
from only one federal state. The number of patients in a
confined area is limited due to the rareness of the disease.
In particular, the small number of matches limits the preci-
sion of the estimate.

We cannot definitely rule out that some of the control
infants might be individuals with neonatal CSVT; however,
the probability is low. Even if we assume the highest
reported incidence of neonatal CSVT (40.7 per 100 000
live births), the probability that at least one neonatal
patient with CSVT was included in the control group is
7.5%.

We could have analysed perinatal and maternal risk fac-
tors. Congenital thrombophilia and postnatal risk factors
could not be addressed. The cause of neonatal CSVT in
the affected child is likely to be an interplay of a number
of risk factors from different domains.

Finally, the criterion to include all variables with a uni-
variate p<0.2 in the multivariate analysis was determined
arbitrarily.

CONCLUSION

The most probable estimate for the contemporary inci-
dence of neonatal CSVT in high-income countries is 6.6
per 100 000 live births. Hypoxia is the most important
perinatal risk factor for the aetiology of neonatal CSVT.
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