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Abstract

Background
Incidence, risk factors, clinical presentation, onset of symptoms and age at diagnosis differ between arterial
ischemic stroke (AIS) and cerebral sinovenous thrombosis (CSVT) in the neonate. Distinguishing these two
entities early and clinically can be of eminent importance.

Methods
Active surveillance for AIS and CSVT was performed in 345 German pediatric hospitals. Reported cases were
validated with questionnaires. Only cases con�rmed by cerebral MRI were included in our analysis. Both
groups of patients (AIS and CSVT) were compared with regard to age at diagnose, pattern of clinical
symptoms and risk factors.

Results
Data on 144 AIS and 51 CSVT neonatal cases were collected from 2015 to 2017. The relative risk of AIS was
2.8 [95% CI 2.1; 3.9] times higher compared to CSVT. CSVT patients were more likely to be born premature
(CSVT 14/48, 29.2%; AIS 19/140, 13.2%; p = 0.02), to have signs of perinatal acidosis (e.g. umbilical artery pH 
≤ 7.1 30.2% CSVT vs. 13.5% AIS p = 0.01). Generalized seizures and lethargy were more likely to occur in
infants with CSVT (p < 0.0001). Age at onset of symptoms and at time of diagnoses was shifted to older ages
in CSVT (p < 0.0001).

Conclusion
The risk for AIS is about three times higher than for CSVT in neonates. A higher proportion of critically ill
infants in CSVT and a later onset of symptoms may indicate that perinatal and postnatal risk factors are more
important for CSVT than for AIS. The data point to the need for awareness of CSVT in critical ill infants.

Background
Perinatal stroke comprises a miscellaneous group of cerebrovascular diseases, occurring from 28 weeks’ of
fetal life through 28th postnatal day [1, 2] with an incidence of 1 in 1600-2300 births [3]. Arterial ischemic
stroke (AIS) and cerebral sinovenous thrombosis (CSVT) are the most frequent forms of stroke and usually
become acutely symptomatic within the neonatal period.

Although many cases of perinatal stroke experience normal neurological outcome or only mild disabilities, a
substantial proportion of cases yields in hemiparetic cerebral palsy, epilepsy and cognitive de�ciencies
accounting for impaired quality of life [3]. Initial clinical differentiation of AIS and CSVT can be a challenging
task. Therefore, comparison of AIS and CSVT with respect to risk factors, onset and clinical presentation is of
interest to improve precision of clinical diagnosis and to guide appropriate imaging techniques to con�rm
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suspected diagnosis. A better understanding of causation of clinical presentation and risk factors for these
two entities would be of great value to standardize the clinical approach in the intensive care nursery. In
addition, better identi�cation of clinical differences might support the understanding of underlying etiologies
needed for patient selection for future therapy. So far, there is no population-based study comprising these two
types of acute perinatal stroke. While most studies focus on one type only, we had the unique opportunity to
compare two common types with a population-based dataset with contemporaneous and uniform case
ascertainment in the neonatal period.

Methods
Case ascertainment

From January 1, 2015 to December 31, 2017 all 345 pediatric hospitals in Germany were asked to report any
case of AIS or CSVT in infants less than 28 days of life on a monthly basis. Active surveillance (null option
possible) was carried out by the German Pediatric Surveillance Unit (ESPED) monitoring rare diseases in
childhood [4]. Identi�cation of a case prompted a study speci�c questionnaire �lled out by the responsible
physician to provide detailed case information. Based on these questionnaires, the study group, including a
pediatric neurologist (LG) and three neonatologists (MK, MD., UF) validated the respective case de�nitions for
AIS and CSVT.

Case de�nition

The case de�nition included any case of AIS or CSVT diagnosed within 28 days after birth by cerebral
ultrasound, MRI- or CT-scan. Cases without MRI con�rmation (n=24) were excluded from our study to minimize
misclassi�cation of AIS and CSVT. For further characterization the questionnaire addressed multiple topics
including gestational age, sex, underlying diseases, potential risk factors, time of diagnosis, observed clinical
symptoms and applied imaging techniques describing extent of the injury.

Statistical Analysis

We performed an available case analysis without excluding �les with missing data to avoid loss of e�ciency.
All relevant variables were reported in 90% of the cases. Categorical variables were presented as absolute
numbers and percentage of the available population. Continuous variables were given as median with the
interquartile range (IQR). For comparison appropriate statistical tests were applied.

Age at diagnosis was calculated as time gap in days between birth and date of con�rmation of the diagnosis,
for age at onset of symptoms as time gap in days between birth and reported date of onset of symptoms. To
investigate differences in duration from birth until onset of symptoms and until con�rmation of diagnosis we
applied survival analyses using the product limit estimator and log-rank-test.

Neonates born prior to 37+0 weeks of gestation were considered to be premature. Small for gestational age
(SGA) and large for gestational age (LGA) were de�ned by birthweight below 10th percentile and birthweight
above 90th percentile. We used a 5-minute-Apgar below 7 [5, 6] and an umbilical artery blood pH below 7.1 as
indicator for perinatal asphyxia [7]. A list of additional possible symptoms was offered in the questionnaire
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with the option for multiple answers. If no clinical information was reported we assumed absence of risk
factor.

Relative risk of AIS and CSVT was calculated by using the number of live births in the three year period
provided by the German Federal Statistical o�ce (n=2,314,617) [8].

Due to anonymous reporting in ESPED the need for parental consent was waived. Ethical approval was
obtained by the ethics committee of the Medical Faculty of the Ludwig-Maximilians-University, Munich, Nr 42-
15 (05-04-2015).

We used a signi�cance level of 5% for all analyses. To account for multiple comparisons p-values were
validated by Benjamini-Hochberg Procedure [9]. All statistics have been calculated using SAS, version 9.4 (SAS
Institute Inc., Cary, North Carolina). The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Results
Population
In total, 245 cases were reported to the German pediatric surveillance (ESPED) during the study period. 21
cases were false or double reports, a simultaneous report for AIS and CSVT was given in one case and four
questionnaires were not returned. 22 cases were diagnosed using ultrasound and 2 cases were identi�ed by
CT. These �les were excluded from further analysis in order to include only cases validated by MRI. 51 cases
with CSVT and 144 with AIS remained for further analysis. Based on these data, the relative risk of AIS was 2.8
[95% CI 2.1; 3.9] times higher compared to CSVT.

Neuroimaging
Prior to MRI, cerebral ultrasound was performed in 188 (96.4%) cases. In 60% of cases, AIS or CSVT has been
recognized on initial ultrasound.

Among 144 AIS cases only one brain area was affected in 36 (25%) patients. The most frequent affected areas
were parietal, temporal, frontal and occipital lobe. In 73 cases more than one area was affected. In 35 cases
physicians did not specify the affected brain area, but indicated whether the infarction was right, left or
bilateral. 75 AIS cases were depicted on the left side while 43 cases were identi�ed on the right side and n = 19
cases were affected on both sides (n = 7, side not speci�ed).

Among 51 CSVT cases, a single sinus was affected in 23 cases (45%). Venous thrombosis was detected in 7
out of 23 cases in the transvers sinus and in 16 of 23 cases in the superior sagittal sinus. In 24 cases (47%)
multiple sinuses were affected, predominantly in the combination of superior sagittal and transverse sinus.

Risk factors and case characteristics of AIS and CSVT patients
No differences in anthropometric data and perinatal characteristics were detected (Table 1). Both entities were
more common in boys (AIS 96/144, 66.7%; p < 0.0001; CSVT 34/51, 66.7%; p = 0.02). The ratio of preterm (AIS
13.2%; CSVT 29.2%) infants exceeded the average premature birth rate in Germany (∼8%) [10]. However, CSVT
was identi�ed more often in premature infants compared to AIS cases (p = 0.02) although gestational age was
not signi�cantly different between both groups (Table 1).
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Table 1. Characteristics of AIS and CSVT patients (n=number of questionnaires with available information)
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  AIS    CSVT p-value

n     n  

General infant characteristics

Sex

male

female

Gestational age [weeks+days]

premature infants ( < 37+0)

gestational age preterm infants

[weeks+days]

 

Multiples

Caucasian ethnicity 

Stroke, thrombosis, cardiovascular events or other stroke related events in family

history

144

 

 

140

140

19

 

 

143

140

144

 

96 (66.7)

48 (33.3)

39+3 (35+4;

40+2)

19 (13.2)

34+5 (33+3;

35+4)

 

 

8 (5.6)

135 (96.4)

20 (13.9)

  51

 

 

48

48

14

 

 

50

51

51

 

34 (66.7)

17 (33.3)

39+1 (35+4; 40+3)

14 (29.2)

33+0 (30+6; 34+5)

 

 

3 (6.0)

49 (96.1)

11 (21.6)

 

1.00

 

0.21

0.02

0.09

 

 

1.00

1.00

0.20

Anthropometric infantile data
 

Head circumference at birth [in cm]

Length at birth [in cm]

Birth weight [in Gramm]

SGA (birth weight < 10P)

LGA (birth weight > 90P)

139

142

143

138

138

34 (33; 35.5)

51 (48; 53)

3240 (2760;

3690)

25 (18.1)

15(10.9)

  43

46

48

47

47

34 (32; 35)

50 (47; 53)

3200 (2305;

3690)

6 (12.8)

5 (10.6)

0.17

0.15

0.43

0.40

0.96

Peripartum characteristics
 

Delivery mode

spontaneous delivery

caesarian section

vaginal-operative delivery

 

Umbilical artery pH  ≤ 7.1 

5-minute-Apgar score  < 7

Perinatal asphyxia

Intubation/mask ventilation during

initial care

Hypothermia treatment

142

 

 

 

141

141

144

144

 

144

 

53 (37.3)

71 (50.0)

18 (12.7)

 

19 (13.5)

16 (11.4)

19 (13.2)

30 (20.8)

 

6 (4.2)

  44

 

 

 

43

43

51

51

 

51

 

13 (29.6)

26 (59.1)

5 (11.4)

13 (30.2)

12 (27.9)

13 (25.5)

21 (41.2)

 

7 (13.7)

0.56

 

 

 

0.01

0.01

0.04

0.004

 

0.02

Maternal factors

Maternal age [in years]

Age ≤ 18 or age ≥ 35

Primiparity

138

138

144

30 (27; 34)

32 (23.2)

80 (56.0)

  46

46

51

33 (29; 35)

18 (39.1)

28 (54.9)

0.01

0.04

0.93
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quantitative variables are expressed as median (IQR). Categorical variables are expressed as n (%). P-values are obtained from chi-square or fisher

exact tests for categorical data and from Mann–Whitney U test for continuous variables, significant p-Values after correction for multiple testing

with Benjamini-Hochberg Procedure are printed in bold

 

Clinical signs representing neonatal asphyxia (umbilical artery pH ≤ 7.1, Apgar score < 7 at �ve minutes or
need for intubation/mask ventilation following birth) were more frequent in infants suffering from CSVT
compared to AIS cases. In addition, the proportion of infants treated with therapeutic hypothermia was
signi�cantly higher in CSVT cases (Table 1).

In our study population mothers of infants with AIS were younger and more likely to be either ≤ 18 years or ≥ 
35 years. There were no signi�cant differences in further maternal characteristics (primiparity, rate of abortion),
potential risk factors related to pregnancy (chorioamnionitis, gestational diabetes, hypertensive pregnancy
disorder or oligohydramnios) or maternal behavior (smoking or alcohol consumption during pregnancy) (Table
A1, Additional �le).

All associations remained signi�cant after p-value adjustment for multiple comparison with the Benjamini-
Hochberg procedure except for perinatal asphyxia (corrected p-value = 0.05) (Benjamini-Hochberg p-values not
reported).

Clinical presentation
The most common symptom in both groups was clinical seizure activity (AIS 109/144, 76%; CSVT 35/51, 69%,
Table 2). The type of seizure however, differed between CSVT and AIS cases with focal seizures being more
prevalent in newborns with AIS (p < 0.0001). This was followed by apneic spells (47/144, 33%) in the AIS group
and insu�cient drinking/poor suck (16/51, 31%) in infants suffering from CSVT. Lethargy, as a clinical sign of
encephalopathy was also more common in cases with CSVT (p < 0.0001).

Table 2. Frequency of symptoms 
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  AIS (n=144) CSVT (n=51) p-value  

Seizures

focal

generalised

not specified

 

109 (75.7)

66 (60.6)*

11 (10.1)*

32 (29.4)*

35 (68.6)

7 (20.0)*

18 (51.4)*

10 (28.6)*

0.32

<0.0001

 

Hypoglycaemia 8 (5.6) 6 (11.8) 0.14  

Electrolyte imbalances 2 (1.4) 3 (5.9) 0.11  

Suspicious limb movement 31 (22.2) 11 (21.6) 0.92  

Unspecific symptoms  76 (52.8) 34 (66.7) 0.09  

respiratory dysfunction 21 (14.6) 11 (21.6) 0.25  

apnoea 47 (32.6) 11 (21.6) 0.14  

insufficient drinking/ poor suckling 26 (18.1) 16 (31.4) 0.05  

muscular hypotonic 24 (16.7) 15 (29.4) 0.05  

symptoms suggesting septicaemia 13 (9.0) 8 (15.7) 0.19  

lethargy 6 (4.9) 12 (23.5) <0.0001
 

results are given as n (%), sum of percentage >100 because of multiple symptoms per patient 

p-values are obtained from chi-square or fisher exact tests, significant p-Values after correction for multiple testing with Benjamini-Hochberg

Procedure are printed in bold, *percentage related to total number of seizures

 
Time to onset of symptoms and diagnosis
Information on date of onset of symptoms and date of diagnose were available for n = 37 CSVT and n = 121
AIS cases. Median age at onset of symptoms in infants with AIS was 1 day after birth (IQR 0–2 / range 0–13
days). The median age at onset of symptoms was 2 days in the CSVT group and delayed compared to AIS
cases (IQR 0–10 / range 0–17 days; Mann–Whitney U test p = 0.0002; log rank test p < 0.0001). Accordingly,
CSVT cases were diagnosed later in life with a median of 10 days (IQR 4–14 / range 0–22) whereas AIS was
identi�ed by cerebral imaging with a median of 3 days of life (IQR 1–5 / range 0–19) (Mann–Whitney U test
and log rank test p < 0.0001; Fig. 1) irrespectively of frequency and type of symptoms.

 

Discussion
In this population-based surveillance study, we analyzed the relative risk for AIS and CSVT in a de�ned
population including term and preterm infants. Although AIS is the most common type of perinatal stroke as in
our study, the relative risk was lower than previously reported [2, 11–15]. This could be due to ascertainment by
one data source only, without correction for underreporting. Completeness of case ascertainment by ESPED is
between 30–60% depending on the type of disease [16]. The validity of the relative risk estimate, however, is
not concerning because of likely equal underreporting in both conditions.
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With 29%, we identi�ed a high number of CSVT cases in preterm infants compared to the literature. Incidence
in this population is not well de�ned because in most studies preterm infants have been not included due to
gestational age-related differences in brain and clotting system development. However, premature infants are
at higher risk for dehydration, sepsis, perinatal complications and displacement of occipital bones due to birth
trauma or non-invasive ventilation all known risk factors for CSVT which could impact mechanisms leading to
CSVT [17]. In addition, serial cranial ultrasound in preterm infants can depict thrombosis at an early stage
increasing the number of chance �ndings and asymptomatic cases.

Furthermore, we explored the prevalence of comorbidities, risk factors and symptoms in affected newborn
infants. The pattern of most risk factors and comorbidities in CSVT and AIS in our population was in
accordance with published literature [13, 18–20]. Direct comparison, however yielded several differences,
which are unlikely to be explained by multiple testing. The higher prevalence of perinatal asphyxia in CSVT and
the later onset of symptoms may indicate a more important role of perinatal asphyxia in the causal pathway
of CSVT than for AIS. CSVT is frequently associated with unspeci�c symptoms and acute underlying diseases,
making the diagnosis and to pursue cerebral imaging more challenging and maybe delaying time to
con�rmation [21]. In particular, severe asphyxia requiring hypothermia treatment, previously reported as a risk
factor for CSVT [22], is clearly more common in CSVT than in AIS cases. Risk for CSVT has been attributed to
a prolonged supine position in hypothermia treatment affecting cerebral venous blood �ow [23]. Additionally,
birth trauma may lead to impairment of venous drainage in the central nervous system [23]. Nevertheless, a
clinical picture with generalized seizure activity, encephalopathy and lethargy like in our CSVT population
could mimic hypoxisch-ischemic encephalopathy and may trigger whole body cooling ultimately increasing
the number of hypothermia treated CSVT cases.

Our �ndings regarding onset of symptoms are in accordance with the literature with clinical presentation of
AIS within the �rst 12–72 h after birth in 70–90% [3] but there is scarce data on the onset of symptoms in
CSVT. However, some evidence supports our �nding that newborns with CSVT often present later with
unspeci�c signs within the �rst week of life [24]. In a recent paper we discussed risk factors for AIS and
identi�ed an important role for prenatal risk factors [25]. Perinatal asphyxia in AIS might as well be a
consequence of AIS.

Seizures and/or apnea occur in about 75% of cases with CSVT and are the presenting symptoms in the
literature [26, 27]. The pattern of symptoms in CSVT observed in our study was similar to that description with
seizures, lethargy, poor feeding, apnea or suspicious limb movement as most common symptoms. A study by
Berfelo distinguished between generalized and focal seizures and found generalized seizures to be more
common in infants suffering from CSVT as in our data [12]. In contrast, AIS is an acute arterial event with
interruption of blood �ow followed by impaired tissue oxygenation and ischemic brain damage presenting
mostly with focal seizure activity. In our data, lethargy was more common in CSVT than in AIS cases maybe
re�ecting a more random distribution of brain injury related to limited venous drainage and multiple areas
affected by venous congestion and parenchymal hemorrhages. Thrombosis of cerebral sinuses may even
occur without visible parenchymal lesion or with cerebral lesions secondary to venous congestion or infarction.
Slower formation and progression of brain lesions in CSVT compared to AIS may be a further explanation for
later, subsequent symptoms and diagnosis [28].
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In a study from the Canadian stroke registry, the superior sagittal sinus was reported to be most frequently
affected, followed by the lateral sinus and the straight sinus [29]. Kersbergen et al.[30] showed that in the
majority of CSVT case several sinuses were affected. Our data support these �ndings independent of
gestational age.

The strength of this dataset is the contemporaneous and uniform assessment of risk factors and symptoms in
newborns with AIS or CSVT in a population-based study allowing for valid comparison. A limitation to our data
is the absence of a standardized imaging procedure for diagnosis in all cases. Con�nement to MRI con�rmed
cases with description of the radiographical �ndings may limit this source of bias.

Conclusion
These data show that the relative risk for AIS is higher than for CSVT in neonates. A higher proportion of
infants with perinatal asphyxia and a later onset of symptoms may hint to a more important role of postnatal
risk factors for CSVT than for AIS. A better understanding of the clinical picture, the causality and frequency of
risk factors could help to create a more standardized approach to investigations in the NICU and to select
patient for future neuroprotection studies.
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Figure 1

Cumulative percentage with age at time of diagnosis
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