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Abstract
Background The combination of bridging vein rupture/thrombosis and subdural hematoma in infants has recently gained 
attention as highly suggestive of abusive head trauma. While subdural hematomas are frequently observed at birth, there are 
no previous studies of bridging vein rupture/thrombosis prevalence in that context.
Objective To evaluate the prevalence of bridging vein rupture/thrombosis in newborns with and without subdural hematoma.
Materials and methods This bicentric retrospective study (2012–2019) looked at all brain MRIs performed in neonates. We 
noted delivery method, demographic data and intracranial injuries and analyzed any clots at the vertex as potential markers 
of bridging vein rupture/thrombosis.
Results We analyzed 412 MRIs in 412 neonates. Age was (mean ± standard deviation [SD]) 5.4±2.2 days and 312 (76%) 
infants were full term (38.3±2.9 weeks from last menstrual period). The delivery method was vaginal birth for 42% (n=174), 
cesarean section for 43% (n=179), and unknown for 14% (n=59). Subdural hematoma was present in 281 MRIs (68.0%, [95% 
confidence interval = 63.3–72.5]). Six MRIs showed at least one clot at the vertex, assumed to be possible bridging vein 
rupture/thrombosis (1.5%, [0.5–3.1%]). Only one MRI showed more than two clots at the vertex, in a context of maternal 
infection. There was no significant difference in terms of gestational age at birth, delivery method or the presence of subdural 
hematoma or parenchymal injuries between those 6 infants and the 406 others.
Conclusion Bridging vein rupture/thrombosis at birth is very rare and unlikely to be related to subdural hematoma.

Keywords Brain · Bridging vein · Infant · Magnetic resonance imaging · Newborn · Subdural hematoma · Venous 
thrombosis

Introduction

Infant bridging vein rupture/thrombosis has recently gained 
attention as strongly suggestive of abusive head trauma when 
accompanied by subdural hematoma [1]. However, while 

subdural hematomas are common at birth, the prevalence 
of possible bridging vein rupture thrombosis — marked by 
clots at the vertex — has not been evaluated in that context. 
This study compared the prevalence of possible bridging 
vein rupture/thrombosis in newborns with and without sub-
dural hematoma.

The bridging veins arise from the coalescence of the 
superficial cortical veins, run through the subarachnoid 
space, and terminate in the superior sagittal sinus after cross-
ing the deep layer of the dura mater. Their anatomical and 
histological properties make them prone to rupture during 
anterior–posterior acceleration/deceleration movements, 
especially in the subdural portion of their trajectory, caus-
ing a hematoma within the inner layer of the dura mater and 
clots at the point of leakage [2–6].

Bridging vein rupture/thrombosis is familiar to patholo-
gists because it can be analyzed postmortem if care is taken 
when opening the skull [7]. As recent authors have pointed 
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out, bridging vein rupture/thrombosis can also be diagnosed 
in vivo by MRI, and even CT in some cases [4]. It appears 
as small round or tubular clots at the vertex [1, 8]. These 
features warrant attention because they often occur in the 
context of abuse, for which they can be a marker [1, 8–10].

Subdural hematoma, on the other hand, is a common find-
ing after birth, occurring in roughly half of asymptomatic 
neonates [11]. A few obstetric risk factors have been iden-
tified, including prolonged labor or instrumental delivery 
[11–15]. There is still much debate about these risk fac-
tors, however, and subdural hematoma can also be seen after 
uneventful vaginal deliveries [16]. Some authors argue that 
ischemia can cause elevated venous pressure and leakage 
into the subdural space, while others claim that the bleeding 
is caused by birth-trauma-related tears to the falx cerebri or 
tentorium [17]. In a postmortem study from 1938, Craig [18] 
first demonstrated that bridging veins — which the author 
called “veins opening into the [superior longitudinal] sinus” 
— were minimally involved in subdural bleeding. Since that 
time, little attention has been paid to the bridging veins in 
this context, and their potential role in perinatal subdural 
hematoma is still unknown.

Materials and methods

Data acquisition

This bicentric retrospective study included all newborns 
younger than 10 days in whom a brain MRI was performed 
from December 2012 through December 2019 (n=478). 
We excluded all images for vein of Galen or any other 
arteriovenous malformations (n=25). To be included, the 
MRIs had to include good-quality axial T1-weighted, axial 
T2-weighted and T2-weighted gradient echo (GRE) or 
susceptibility-weighted imaging (SWI). Incomplete MRIs 
(n=33) and MRIs with major motion artifacts were excluded 
(n=8) (Fig. 1).

The MRIs were viewed using a standard picture archiving 
and communication system (PACS) workstation. Medical 
records were analyzed for additional data. We recorded the 
following information: date of birth, age at MRI, gender, 
term and method of delivery. The neonates were catego-
rized according to their gestational age at birth (infants were 
considered preterm if gestational age at birth was less than 
37 weeks from last menstruation period) and their method of 
delivery, either spontaneous vaginal delivery, instrumental 
delivery using suction pads or forceps, or cesarean section. 
The medical condition for which MRI was ordered was also 
noted.

In accordance with French law, this study was registered 
with the Commission Nationale de l’Informatique et des 

Libertés (CNIL) and approved by the Comité d’Ethique pour 
la Recherche en Imagerie Médicale (CERIM).

Imaging

Magnetic resonance imaging was performed without special 
sedation or general anesthesia. The neonates could, however, 
be on medication for their intensive care. All MRIs were 
performed without intravenous contrast agent. The technical 
parameters at the two main centers were nearly identical.

Magnetic resonance imaging was performed using a 1.5-
tesla (T) scanner (MAGNETOM Aera; Siemens Health-
care, Erlangen, Germany). The sequences were as fol-
lows: sagittal T1-weighted (repetition time/echo time [TR/
TE]=1,900/54 ms, slice thickness = 5 mm, distance factor 
= 30%); axial T1-W (TR/TE=2,800/60 ms, slice thick-
ness = 4 mm, distance factor = 30%); axial T2-W (TR/
TE=6,520/99 ms, slice thickness = 5 mm, distance factor = 
0%); coronal T2-W (TR/TE=6,520/99 ms, slice thickness = 
5 mm, distance factor = 0%); axial T2-W gradient recalled 
echo (GRE) (TR/TE=1,120/15 ms, slice thickness = 4 mm, 
distance factor = 20%); axial diffusion-weighted imaging 
(DWI) (TR/TE=4,600/89 ms, slice thickness = 4 mm, dis-
tance factor = 20%); and axial susceptibility-weighted imag-
ing (SWI) (TR/TE=50/40 ms, field of view = 160 mm, slice 
thickness = 2 mm, distance factor = 20%).

Evaluation of imaging data

We designed a data collection tool specifically for the study. 
We noted the following:

• Clots at the vertex, visible as T2-W GRE or SWI hypoin-
tensities over the roof of the lateral ventricles. Bridging 
vein rupture/thrombosis was considered present when-
ever a transverse tubular or round clot of any size — even 

Fig. 1  Flow chart shows inclusion and exclusion of cases
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a subtle one — was seen between the inner surface of the 
skull and the midline.

• Subdural hematomas, defined as thin, biconcave lenticu-
lar hyperintensities on the T1 sequences and confirmed 
by corresponding hypointensities on the T2 GRE/SWI 
sequences. Subdural hematomas were classified as pari-
eto-occipital (interhemispheric and/or lateral), temporal 
or infratentorial.

• The path of bridging veins (at least 10 mm in length 
and continuous with the superior sagittal sinus), and 
the sequences on which bridging veins were most easily 
seen.

• Subarachnoid hemorrhages, defined as curvilinear hyper-
intense T1 or hypointense T2 GRE/SWI signal abnor-
malities outlining the cortical ribbon.

• Any pattern of intraparenchymal hemorrhage.
• Intraventricular hemorrhage, visible as a dependent 

hypointensity in at least one ventricle on T2 GRE or SWI 
sequences.

• Any kind of diffuse or focal hypoxic–ischemic injury, 
including neonatal stroke

• Loss of gray–white matter differentiation; cerebral edema 
was assumed when ventricles were not visualized.

• Ventricular enlargement, defined as a transverse atrial 
diameter >10 mm on coronal slices.

• Caput succedaneum, including any kind of scalp swell-
ing.

• Motion artifacts.

In general practice, the initial reading was performed by 
a senior radiologist (C.A., with 30 years of experience). For 
the purpose of this study, we added an independent analysis 
of bridging vein rupture/thrombosis, subdural hematoma and 
subarachnoid hemorrhage by a junior radiologist (M.B., with 
2 years of experience) and a senior radiologist (I.M., with 
7 years of experience). The results from the senior reader 
(I.M.) were used for statistical analysis, and interrater cor-
relations were analyzed.

Statistical analysis

Qualitative variables were described using frequency and 
percentage. Quantitative variables were described using 
mean ± standard deviation. Bridging vein rupture, sub-
dural hematoma and subarachnoid hemorrhage frequencies 
were estimated with their 95% confidence interval (CI). For 
these three findings, we used the Cohen kappa statistic (with 
95% CI) to compare interrater agreement. The kappa val-
ues were interpreted as follows: agreement was considered 
“almost perfect” for κ between 0.81 and 1.00, “substantial” 
for κ=0.61–0.80, “moderate” for κ=0.41–0.60, fair for 
κ=0.21–0.40 and “poor” for κ<0.20. Populations were com-
pared using the Student’s t-test (or Wilcoxon rank sum test) 

for continuous variables and the chi-square test (or Fisher 
exact test) for categorical variables. Statistical analyses were 
conducted using SAS software (SAS Institute, Cary, NC). 
Statistical significance was set at P<0.05.

Results

We reviewed a total of 412 MRIs in 412 neonates.

Population (Table 1)

Our cohort included 163 girls (40%). Age was (mean ± 
standard deviation) 5.4±2.2 days. Of the neonates, 312 were 
full term (76%) and 73 were preterm (18%). Mean gesta-
tional age at birth was 38.3±2.9 weeks from last menstrual 
period.

Forty-two percent of the births were vaginal (n=174). 
Of those, 103 (25%) were spontaneous and 71 (17%) were 
instrumental using forceps or suction cup. Forty-four percent 
(n=179) of the babies were delivered by cesarean section.

The clinical indications for MRI were as follows: suspi-
cion of hypoxic–ischemic encephalopathy (74%, n=306); 
focal or generalized seizures (17%, n=21 and n=49, respec-
tively); suspected malformation (2%, n=9); infection (2%, 
n=8); and an abnormal cranial US (2%, n=7). Other indi-
cations included suspected twin-to-twin transfusion syn-
drome (n=2); twin pregnancy (n=2); abdominal mass stag-
ing (n=1); hypopituitarism (n=1); glucose-6-phosphate 
dehydrogenase (G6PD) deficiency (n=1); and intrauterine 
growth retardation (n=1). The reason for the MRI request 
was unknown in 1% (n=4).

Table 1  Study population characteristics

LMP last menstrual period, n number, SD standard deviation

Demographics n=412

Age in days, mean ± SD 5.4±2.2
Term in weeks LMP, mean ± SD
  Preterm, n (%)
  Full term, n (%)
  Unknown, n (%)

38.3±2.9
73 (18%)
312 (76%)
27 (6%)

Gender, n (%)
  Male
  Female

249 (60%)
163 (40%)

Delivery, n (%)
  Non-instrumental vaginal delivery
  Instrumental vaginal delivery
  Cesarean section
  Unknown

103 (25%)
71 (17%)
179 (44%)
59 (14%)

Clinical indication, n (%)
  Hypoxic–ischemic encephalopathy
  Seizure
  Miscellaneous
  Unknown

306 (74%)
70 (17%)
32 (8%)
4 (1%)
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Bridging vein rupture/thrombosis

Only six MRIs showed one or more clots at the vertex sug-
gesting possible bridging vein rupture/thrombosis (6/412, 
or 1.5%; 95% confidence interval [CI] 0.5–3.1). Interrater 
agreement was almost perfect, at 0.85 (95% CI 0.66–1.00). 
We also evaluated bridging vein visibility to correlate 
clot position with the bridging vein pathways. The course 
of at least one bridging vein per hemisphere was visible 
in 339 cases (82%). They were seen most frequently on 
T2-weighted sequences (244/339, or 72%) (Fig. 2).

There was a statistically significant association between 
female gender and bridging vein rupture/thrombosis. There 
were no other statistically significant differences between 
the populations with and without bridging vein rupture/
thrombosis, particularly regarding the presence of subdural 
hematoma (Table 2).

In one neonate, more than five clots were identified 
along the course of the bridging veins at the vertex bilat-
erally; this was a premature neonate (33 weeks from last 
menstrual period) born by forceps delivery (Fig. 3). Since 
the context was a maternal infection, the clots were likely 
related to infectious thrombosis rather than venous rupture. 

Fig. 2  Patterns of normal bridging vein pathways. a 7-day-old girl 
born at 36 weeks of gestation. Axial T2-W turbo spin-echo brain MRI 
(repetition time/echo time [TR/TE]=6,520/99 ms) exquisitely demon-
strates the bridging vein pathways (arrows). b A 5-day-old boy, born 
at full term. Axial T2-W turbo spin-echo MRI (TR/TE=6,520/99 ms) 
shows the bridging vein pathways (arrows). c Brain clinical image 

in a 4-month-old boy who died from asphyxia (not included in the 
study). The autopsy shows the bridging veins (arrows) as short 
bridges stretched between the surface of the brain and the superior 
sagittal sinus. The ends of bridging veins are attached to the dura 
mater (stars)

Table 2  Statistical analysis 
of bridging vein rupture/
thrombosis

a P-value <0.05 is significant (bold)

Characteristics Bridging vein rupture/ 
thrombosis
n=6

No bridging vein rupture/ 
thrombosis
n=406

P-valuea

Female 5 (83%) 158 (39%) 0.04
Preterm 2 (33%) 71 (19%) 0.32
Indication

  Anoxic encephalopathy 5 (83%) 301 (76%)
  Seizure
  Other

0
1 (17%)

70 (6%)
23 (6%)

0.26

Delivery
  Cesarean section
  Spontaneous vaginal delivery
  Instrumental vaginal delivery

2 (33%)
1 (17%)
3 (50%)

177 (51%)
102 (29%)
68 (20%)

0.21

Subdural hemorrhage 5 (83%) 276 (68%) 0.67
Subarachnoid hemorrhage 0 46 (11%) 1.00
Anoxic–ischemic lesion 3 (50%) 115 (28%) 0.36
Caput succedaneum 2 (33%) 151 (37%) 1.00
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Supra- and infra-tentorial hematomas, brain swelling, and 
anoxic–ischemic lesions with necrotic–hemorrhagic cortical 
changes were also present.

All but one (born at 34 weeks) of the other five neonates 
were full-term babies. Four of those five neonates had a pos-
sible subtle focal bridging vein rupture/thrombosis, based 
on the presence of one unilateral millimeter-size clot along 
the course of a bridging vein. In the fifth neonate, there was 
one millimeter-size clot at the vertex, but the bridging vein 
pathway was not clearly visible (Figs. 4, 5 and 6). In three 
babies, the clot was paramedian, near the superior sagittal 
sinus (Fig. 4). In a fourth baby the clot was lateral, seen on 
both the T2-W GRE and T1-W sequences (Fig. 5). In the 
last neonate, while a clot could be seen on both the T2 and 
T1 sequences, no bridging vein could be identified (Fig. 6). 
These five MRIs had been performed for non-infectious 

anoxic–ischemic encephalopathy. Two neonates had brain 
injuries (to the corpus callosum in one case and to the basal 
ganglia and white matter in the other). Four neonates had 
both supratentorial and infratentorial subdural hematomas. 
Delivery was by spontaneous vaginal delivery in one baby, 
instrumental vaginal delivery in two babies and cesarean 
section in two babies. None of the six neonates with possi-
ble bridging vein rupture/thrombosis exhibited subarachnoid 
hemorrhage or parenchymal petechiae.

Subdural hematomas and other intracranial injuries 
(Tables 3 and 4)

Subdural hematomas were present in 281 MRIs (68.0%; 
95% CI 63.3–72.5). Interrater agreement for subdural 
hematomas was moderate, at 0.41 (95% CI 0.32–0.50). 

Fig. 3  A 5-day-old pre-term 
girl born at 33 weeks of gesta-
tion in the context of mater-
nal infection. a Axial T2-W 
gradient recalled echo brain 
MRI (repetition time/echo time 
[TR/TE]=1,120/15 ms) shows 
multiple tubular clots along 
the bridging vein pathways 
(arrowheads). b Axial T2-W 
turbo spin-echo MRI (TR/
TE=6,520/99 ms) exquisitely 
shows the bridging veins 
(arrows). c, d Axial diffusion-
weighted image (c) (TR/
TE=4,600/89 ms) demon-
strates diffuse anoxic–ischemic 
injuries, with corresponding 
apparent diffusion coefficient 
map (d)
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Subarachnoid hemorrhage was present on 46 MRIs (11.1%; 
95% CI 8.3–14.6). Interrater agreement was substantial, at 
0.67 (95% CI 0.55–0.78). Parenchymal petechiae and intra-
parenchymal hematomas were present on 31 MRIs (7.5%; 
95% CI 5.2–10.5). Anoxic–ischemic lesions were present 
on 118 MRIs (28.6%; 95% CI 24.3–3.3). Stroke was seen 
on 38 MRIs (9.2%; 95% CI 6.4–12.0). Caput succedaneum 
was seen on 153 MRIs (37.1%; 95% CI 32.5–42.0) (Table 3).

Subdural hematoma had a statistically significant asso-
ciation with both spontaneous and instrumental vaginal 
delivery, and had a statistically significant inverse associa-
tion with cesarean delivery. It had no statistically significant 
association with gestational age at birth, caput succedaneum, 
or anoxic–ischemic lesions (Table 4).

All cases of supratentorial hematoma were located pos-
teriorly (i.e. in the parieto-occipital region). Infratentorial 
hematomas were more frequent (n=270) than supratentorial 
hematomas (n=156).

There was no statistically significant association between 
gestational age at birth or delivery method and the presence 
of anoxic–ischemic lesions.

Discussion

To the best of our knowledge, this is the first series to spe-
cifically study bridging vein rupture/thrombosis in neonates. 
Bridging veins have received attention recently because they 

Fig. 4  Bridging vein clot in a 9-day-old girl born full-term at 
41  weeks of gestation. a Axial T2-W gradient recalled echo brain 
MRI (repetition time/echo time [TR/TE]=1,120/15  ms) shows 
a single millimeter-size clot (arrowhead) located along a bridg-

ing vein pathway. b Axial T2-W turbo spin-echo (TSE) MRI (TR/
TE=6,520/99 ms) shows the bridging veins (arrows). c Axial T1-W 
TSE sequence (TR/TE=2,800/60 ms) also shows the bridging veins 
(arrows)

Fig. 5  Bridging vein clot in a 6-day-old girl born preterm at 34 weeks 
of gestation. a Axial T2-W gradient recalled echo brain MRI (repeti-
tion time/echo time [TR/TE]=1,120/15 ms) shows a single millime-
ter-size clot located laterally at the vertex (arrowhead) and possibly 

along a bridging vein pathway. b Axial T2-W turbo spin-echo (TSE) 
sequence (TR/TE=6,520/99  ms) demonstrates both the clot and the 
bridging vein pathway (arrowhead). c Axial T1-W TSE MRI (TR/
TE=2,800/60 ms) shows the clot (arrowhead)
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are known to be ruptured by violent trauma — particularly 
in abusive head trauma, where bridging vein rupture/throm-
bosis is a common finding (80% of cases in one series of 
323 abusive head traumas [19]). Thanks to gradient echo 
and susceptibility-weighted imaging, bridging vein rupture/
thrombosis can now be identified in vivo [1, 7–10, 20]. By 
virtue of their anatomy, bridging veins are prone to rupture 
— especially from abrupt anterior–posterior movements like 
those caused by shaking [21]. While their proximal end is 
firmly anchored by a tight network of subarachnoid cells, 
their distal end, in the superior sagittal sinus, is contained in 
the loose meshwork of the inner layer of the subdural space. 
While the amplitude of side-to-side brain movements is lim-
ited by the rigidity of the falx cerebri, there is no protection 
against anterior–posterior movements. In addition, anatomi-
cal studies have shown that bridging veins enter the superior 
sagittal sinus in a variety of orientations, making them prone 
to rupture no matter how the brain moves in relation to the 
skull [22]. A number of biomechanical studies have modeled 
bridging vein rupture from acceleration movements using 
the finite element method [5, 23, 24].

On the other hand, as the present study confirms, subdural 
hematoma is common at birth; several hypotheses for this 
are discussed [11, 13, 15, 16]. The major result of this study 
is that bridging vein rupture/thrombosis is, in fact, extremely 
rare in neonates with or without subdural hematomas. Like 
all venous ruptures, bridging vein ruptures are tagged by a 
thrombus at the site of the break [7]. Because our study con-
sidered clots of all sizes at the vertex (defined as any slice 
above the roofs of the ventricles) on T2* or susceptibility-
weighted imaging, it is unlikely that we missed any.

Fig. 6  Bridging vein clot in a 9-day-old girl born full-term at 
41  weeks of gestation. a Axial T2-W gradient recalled echo brain 
MRI (repetition time/echo time [TR/TE]=1,120/15 ms) shows a sin-
gle millimeter-size clot located laterally at the vertex (arrowhead). b 

Axial T2-W turbo spin-echo (TSE) sequence (TR/TE=6,520/99 ms) 
does not show any bridging vein pathway. c Axial T1-W TSE MRI 
(TR/TE=2,800/60  ms) demonstrates a bilateral posterior subdural 
hematoma (arrows)

Table 3  Intra−/extracranial injuries in the study cohort

CI confidence interval

Injury Number of MRIs, % [95% CI]

Subdural hematoma 281, 68.0% [63.3–72.5]
Caput succedaneum 153, 37.1% [32.5–42.0]
Subarachnoid hemorrhage 46, 11.1% [8.3–14.6]
Parenchymal petechiae/hematoma 31, 7.5% [5.2–10.5]
Anoxic–ischemic lesions 118, 28.6% [24.3–33.3]
Stroke 38, 9.2% [6.4–12.0]
Intraventricular hemorrhage 37, 9% [6.2–11.8.]
Ventricular enlargement 22, 5.3% [3.2–7.5]

Table 4  Features associated with subdural hematoma

VD vaginal delivery
a P-value <0.05 is significant (bold)

Delivery features Subdural hematoma
n=281

No 
subdural 
hematoma
n=131

P-valuea

Preterm 47 (18%) 26 (21%) 0.49
Delivery
  Caesarean section 90 (38%) 89 (79%) <0.0001
  Non-instrumental 

VD
86 (36%) 17 (15%)

  Instrumental VD 64 (27%) 7 (6%)
Caput succedaneum 111 (40%) 42 (32%) 0.15
Anoxic–ischemic 

lesion
83 (30%) 35 (27%) 0.56
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There were only six cases (1.5%) in which clots were seen 
at the vertex, with almost perfect interrater agreement. The 
only statistically significant difference between the groups with 
and without bridging vein rupture/thrombosis was gender, with 
females over-represented in the bridging vein rupture/throm-
bosis group. This was difficult to interpret because of the small 
number of children with bridging vein rupture/thrombosis. 
Only one of those six cases showed multiple tubular clots at 
the vertex; the context of maternal infection makes it likely that 
the bridging vein rupture/thrombosis was secondary to infec-
tious thrombosis rather than traumatic rupture. In the other 
five cases, clots suggesting bridging vein rupture/thrombosis 
occurred on a single bridging vein and were quite subtle, in 
contrast with the “lollipop” or “tadpole” appearance described 
in the abuse context [1, 8]. The rarity of bridging vein rupture/
thrombosis at birth makes sense because labor and delivery 
involve no high-kinetic anterior–posterior acceleration or rota-
tion of the infant’s head. This result also has major implications 
for understanding the cause of neonatal subdural hematomas, 
which are most likely not from bridging vein rupture/throm-
bosis, in contrast to those seen in abuse [25].

The prevalence of subdural hematomas at birth varies 
depending on whether the study population is symptomatic. 
Our study found subdural hematoma in 68% of cases, con-
sistent with Pollina et al. [13], who reported a similar preva-
lence (73%) in a cohort of symptomatic neonates presenting 
mainly with apnea and seizures. Rooks and al. [11] found a 
lower prevalence (46%) in non-symptomatic neonates.

As stated, this study confirms that neonatal subdural 
hematomas tend to be located posteriorly (we found more 
infratentorial than supratentorial subdural hematomas). This 
study also demonstrates a significant association of subdural 
hematoma with both spontaneous and instrumental delivery, 
and a significant inverse association with cesarean section. 
This suggests a contribution of mechanical forces, which are 
greater in vaginal delivery compared to cesarean section, 
in the causation of birth-related subdural hematoma [11, 
15, 16]. Conversely, while caput succedaneum is usually a 
marker of prolonged labor, this study did not find a statisti-
cally significant association between subdural hematomas 
and caput succedaneum, unlike Rooks et al. [11]. And while 
our study did not focus on obstetric risk factors for subdural 
hematoma, we did find a statistically significant association 
with uneventful vaginal delivery.

Interestingly, the interrater agreement for SDH in this 
study was only moderate, at 0.41 (95% CI 0.32–0.50). This 
might have been a result of the high sensitivity of the T2 GRE 
sequences — and the even higher sensitivity of SWI sequences 
— to hemosiderin deposition, which can lead to over-interpre-
tation, compared with detection of the thin, somewhat subtle 
layer of hemorrhage on T1-weighted sequences. Because the 
prevalence of bridging vein rupture/thrombosis in our cohort 
was very low, however, this had no impact on our results.

While there have been very few studies on this issue, we 
found one report on the rare occurrence of bridging vein rup-
ture/thrombosis at birth in a postmortem study [18]. In that 
study, subdural hemorrhage was found at autopsy in 62 of 
126 newborns; of those, tearing of the “veins opening in the 
sinus” (that is, bridging vein rupture/thrombosis) was found 
in 3 cases and tentorial tears were found in 42 cases. Several 
alternatives have been proposed as possible causes for sub-
dural hematoma at birth. Some argue that hypoxemia leads to 
venous oozing into the subdural space from vessel immaturity. 
According to Cohen and Scheimberg [26], anoxic–ischemic 
encephalopathy leads to increased pressure in the veins and 
oozing into the subdural space. However, our study found no 
statistically significant association between subdural hema-
toma and hypoxic–ischemic encephalopathy, in line with 
the postmortem study by Byard et al. [27], which found no 
subdural hematomas in 82 newborns with anoxic–ischemic 
encephalopathy. Another hypothesis is that subdural hema-
toma might be caused by the falx cerebri or tentorium tearing 
during labor, which could in turn lead to bleeding from the 
subdural plexus [17]. The present study found an association 
between subdural hematomas and forceps use, but not pre-
maturity, two of the determining factors according to Inder 
et al. [17]. Those authors also suggested several factors that 
might make tearing more likely, such as nulliparity, high birth 
weight or duration of labor — factors we did not test. A third 
hypothesis is that neonatal subdural hematoma is caused by 
bleeding from the dural venous plexus, which is well devel-
oped in the suboccipital dura mater and falx cerebelli in 
infants [3]. Whatever the etiology, this study demonstrates 
the possibility of subdural hematoma with cesarean delivery, 
although it is less common than with vaginal birth.

Looking at other intracranial hemorrhages, our results 
agree closely with those of Hong et al. [28], with an 11% 
prevalence of subarachnoid hemorrhage (compared to 7% in 
Hong’s study) and a 7.5% prevalence of intraparenchymal 
hemorrhage (versus 9% in Hong’s study). The higher preva-
lence of intraventricular hemorrhage in our series (9% versus 
3% in Hong’s study) is explained by the larger percentage 
(18%) of premature infants.

The prevalence of perinatal stroke (9%) was lower than 
that found by Dunbar et al. [29] (1 per 1,600–2,300 live 
births) because the newborns in our study were less than 
10 days old, whereas Dunbar et al. included newborns less 
than 28 days old. In fact, the 10-day time interval we chose 
corresponds to the period in which most MRIs to detect 
birth-related injuries are performed.

There are a few limitations to our study. Our study did not 
find an association between subdural hematomas and bridg-
ing vein rupture/thrombosis. However, this non-significance 
result can be related to the small number of neonates with 
bridging vein rupture/thrombosis. Another limitation is 
inherent in the retrospective nature of the study, with some 

939Pediatric Radiology  (2022) 52:932–940

1 3

Association ATIDE 
Centre de Documentation ARIANE



heterogeneity of the MRI sequences performed. This was 
minimized by the routine use of a standardized brain MRI 
protocols in newborns. There was also selection bias related 
to the symptomatic nature of the study population. For ethi-
cal reasons, MRI is generally not done on non-symptomatic 
neonates. The biggest limitation is the lack of pathological 
confirmation, for obvious reasons.

Conclusion

Markers of bridging vein rupture/thrombosis — i.e. clots at 
the vertex — appear to be very rare in the perinatal period 
and are unlikely to be related to neonatal subdural hema-
toma. When bridging vein rupture/thrombosis does occur, 
the clots are small, usually affecting only a single vein. This 
supports the assumption that birth-related subdural hemato-
mas result from a different mechanism than subdural hema-
tomas seen in abusive head trauma. This result also supports 
the idea that bridging vein rupture/thrombosis may represent 
a specific marker for abusive head trauma.
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