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Abstract
Objectives Abusive head trauma (AHT) in infants is usually
diagnosed using a multi-disciplinary approach by investigat-
ing the circumstances and identifying morphological indica-
tors, for example, subdural hematomas (SDHs), subdural
hygromas (SDHys), retinal haemorrhages and encephalopa-
thy. The present morphological study investigates the inci-
dence, radiological characteristics and non-radiological co-
factors of bridging vein thrombosis (BVT) in infants with
AHT.
Methods From 2002 to 2013, computed tomography (CT)
and magnetic resonance imaging (MRI) material of 628 in-
fants aged 0-2 years were analysed retrospectively. If avail-
able, medicolegal expert opinions were additionally consid-
ered. Cases with SDHs and/or SDHys were identified and
systematically evaluated as to the presence and characteristics
of BVT.
Results SDHs and/or SDHys were present in 29 of the 81
cases exhibiting morphological abnormalities in the initial CT.
Among these, 11 cases (40 %) had BVT (mean age=
5.0 months). BVT could be best depicted in the T1-weighted
spin echo and T2*/susceptibility-weighted MRI. In one case,
BVT could be depicted indirectly using time-of-flight MR

venography. The predominant (73 %) BVT shape was found
to be tadpole-like (“Tadpole Sign”).
Conclusions In the absence of appropriate accidental trauma,
BVT appears to be a strong indicator of AHT. Therefore, the
BVT/Tadpole Sign represents compelling cause to search for
other signs of AHT.
Key points
•BVT is an excellent indicator of AHT in SDH/SDHy cases.
• Accidental trauma must be ruled out before diagnosing AHT.
•The Tadpole Sign appears to be the most characteristic shape
of BVT.
•BVT can be depicted using CT, MRI and MR venography.
•The Tadpole Sign suggests searching for other signs of AHT.
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Abbreviations
AHT Abusive head trauma
SBS Shaken baby syndrome
SDH Subdural hematoma
SDHy Subdural hygroma
BV Bridging vein
BVT Bridging vein thrombosis
CT Computed tomography
MRI Magnetic resonance imaging
RH Retinal haemorrhages
CCI Craniocerebral injury

Introduction

Abusive head trauma (AHT) caused by violent shaking
(“shaken baby syndrome,” SBS) or direct blunt force to an
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infant’s head is the leading cause of death in child abuse
fatalities [1, 2]. The incidence for children under one year of
age ranges between 14 and 28 per 100,000 live births [3–8]. In
addition to encephalopathy/diffuse axonal injury and retinal
haemorrhage (RH), another morphological sign raising the
suspicion of AHT/SBS is the presence of subdural collections,
especially subdural hematomas (SDHs) and/or subdural
hygromas (SDHys) [9, 10].

It is generally assumed that during violent shaking, SDHs,
and possibly consequential SDHys [11], can result from tear-
ing one or more of the 15 to 20 bridging veins (BVs). These
cortical veins span bridge-like from the surface of the cerebral
cortex through the pia mater and the subarachnoid space to the
venous sinuses within the Dura mater [12–15].

Venous blood from injured BVs opens an artificial
subdural space, which appears to be a cleaving of the
so-called dural border cell layer and, strictly speaking,
should, therefore, actually be referred to as an
“intradural space.” In addition to the resulting SDH,
the venous blood may also lead to clot formation within
or around the BVs. Such a bridging vein thrombosis
(BVT) can be regarded as a strong indicator of the
traumatic nature of SDHs and SDHys in the context
of AHT.

The anatomy and traumatology of BVs were occa-
sionally described in experimental post mortem settings
[14, 16–23]. However, standard autopsy procedures fre-
quently cause artificial post mortem injuries of the BVs
[17, 24] and, therefore, retrospective investigation of
vital BV injuries and BVT, e.g., by means of standard
autopsy protocols, is very difficult.

In living infants, imaging data about BV ruptures and BVT
are likewise sparse. A gold standard for the radiological
depiction of BVT does not exist. In 1999, Barlow et al. were
able to show BVT by means of T2-weighted Gradient-Echo
(T2 GRE) imaging in 4 of 14 AHT cases with SDHs [25]. In
2012, Adamsbaum and Rambaud associated BVT with
hypodense/hypointense subdural collections using computed
tomography (CT) and magnetic resonance imaging (MRI) in
three AHT cases [26]. The authors proposed considering
BVTs as “markers of acutely disrupted veins” with “crucial
diagnostic value,” arguing for the presence of AHT [26].
Recently, Yilmaz et al. demonstrated BVT in two cases with
an AHT-associated SDH by means of susceptibility-weighted
imaging (SWI) in MRI [27].

Systematic studies investigating the morphology of
BVT by means of modern cross-sectional imaging
methods are missing. Therefore, the main objective of
the present study is evaluation of the incidence, radio-
logical characteristics and non-radiological co-factors of
BVT in living infants with an SDH and/or SDHy in
order to increase certainty for forensic physicians and
neuroradiologists in diagnosing AHT.

Material and methods

Data acquisition

With approval of the institution’s ethics committee, the radio-
logical reports of all infants aged between 0 and 2 years who
underwent cranial computed tomography (cCT) between
September 1, 2002 and August 31, 2013 at our radiological
department, which belongs to a tertiary care hospital, were
analysed retrospectively (n=628). This approach was chosen
because the acute diagnostics of suspected craniocerebral
injury (CCI), including AHT, are usually comprised of an
initial cCT.

Of these 628 cases, cases with an SDH and/or SDHy
were identified (from now on referred to as “SDH/
SDHy cases”). Subsequently, all available image mate-
rial of the SDH/SDHy cases was extracted from the
digital archive. The image material consisted of all
initially-performed standard cCT data and, if available,
the cranial magnetic resonance imaging (cMRI) data.
This included at least one T1-weighted (T1) and several
T2-weighted (T2) sequences, such as T2*/susceptibility-
weighted imaging (SWI), being more sensitive for blood
products than simple T2 imaging. However, post-
surgical MRI data were not considered as this image
material does not depict the original traumatic condi-
tions of the pathologies investigated in this study. The
available image material was viewed using a standard
picture archiving and communicating system (PACS)
workstat ion (Centr ici ty PACS, GE Healthcare,
Princeton, NJ). In addition, the final medical reports,
including descriptions of possible injuries other than
AHT, were considered for data supplementation. Thus,
all medical co-findings, the patients’ demographic data,
and the anamneses, usually containing the story told by
the caregivers, were recorded.

In order to classify the infants as either abusive or acciden-
tal head trauma, the cases were matched with archives of the
in-house Institute of Legal Medicine (ILM). If the ILM is
involved in a case, usually requiring a request by the police
or the department of public prosecution, the diagnosis of AHT
is based not only on radiological reports but on the forensic
physicians involved that have access to the complete set of the
available data (medicolegal physical examination, medicole-
gal crime scene investigation, medical records from the hos-
pital, police files and, if deceased, autopsy reports).
Furthermore, forensic physicians in Germany are trained and
experienced in evaluating paediatric injuries not only in dead
children during an autopsy but also in living children during
medicolegal physical examinations. Medicolegal expert opin-
ions, therefore, represent the most objective and best reference
standard for AHT in Germany. If medicolegal expert opinions
of the cases existed, these data were analysed further.
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Imaging

Non-enhanced cCT (100 kV, 140 mA, slice thickness 3 mm,
Kernel J30s) was performed in axial view from the skull base
to the vertex using multi-detector CT systems by SIEMENS
Healthcare (Erlangen, Germany; SOMATOM Sensation 16/
SOMATOM Definition AS/SOMATOM Definition Flash).

Non-enhanced MRI was performed using 1.5 and 3.0 Tesla
MR systems by SIEMENS Healthcare (Erlangen, Germany;
MAGNETOM Symphony [1.5 T]/MAGNETOM Aera
[1.5 T]/MAGNETOM Skyra [3.0 T]). A typical 1.5 Tesla
MRI protocol included the following sequences and parameters:
An axial T1 spin echo (SE) sequence (slice thickness 5mm, TR/
TE 542/7.7, field of view 115×57 mm2, matrix 320×158); two
T2 turbo spin echo (TSE) sequences (axial and sagittal; slice
thickness 2mm [axial and sagittal], TR/TE 4940/112 [axial] and
4050/113 [sagittal], field of view 230×75 mm2 [axial] and
220×110 mm2 [sagittal], matrix 512×168 [axial] and 512×
256 [sagittal]); an axial T2 fluid attenuated inversion recovery
(FLAIR) sequence (slice thickness 5 mm, TR/TE 9000/105,
field of view 115×75 mm2, matrix 256×168); an axial T2
diffusion-weighted imaging (DWI) sequence (slice thickness
5 mm, TR/TE 4000/84, field of view 230×230 mm2, matrix
128×128); and an axial T2 susceptibility-weighted imaging
(SWI) sequence (slice thickness 2 mm, TR/TE 49/40, field of
view 230×106 mm2, matrix 320×147).

Evaluation of image material

The SDH/SDHy cases were then analysed as to the presence,
location, distribution, radiological appearance and general
morphology of BVT. In particular, careful investigation of
the vertex was carried out for assessment of BVs and the
search for BVT. In accordance with previous descriptions
[25–27], we assessed vessel-shaped structures with clear
hyperattenuation in the cCT images, hyper-signal intensity in
the T1 sequences, hypo-signal intensity in the T2 sequences,
and signal loss in the SWI as radiological evidence for BVT.
Evaluations were done in consensus by two radiologists ex-
perienced in the field of paediatric neuroradiology. The exam-
iners were blinded to the medical histories and demographic
characteristics of the patients. A Fisher’s exact test (2×3
contingency table) was used for statistical analysis. A p val-
ue<0.05 was considered to be significant.

Results

Subdural hematomas and hygromas

During the study period, 81 out of 628 cases (13 %) showed
morphologically visible abnormalities via initial non-enhanced

cCT (Table 1); CCI was already assumed by the clinicians in
each of the 81 cases. SDHs and/or SDHys were found in 29 of
the 81 cases (36 %; 10 SDH cases, 11 SDHy cases, 8 SDH+
SDHy cases). At the time of admittance to hospital, AHTwas
strongly suspected in each of the 29 cases.

Among the 29 cases there were 21 (72 %) male and 8
(28 %) female patients with a mean age of 6.6 months. SDHs
and SDHys were located predominantly in the parietal and/or
frontoparietal regions. Additional pre-surgical non-enhanced
cMRI after initial cCTwas carried out in 12 of the 29 patients
(41 %). The authorities ordered medicolegal expert opinions
in 11 of the 29 cases (40 %). In only one of these cases was the
infant’s injuries classified as being consistent with an acciden-
tal cause (fall from loft bed). AHT was strongly suspected in
the other cases.

Bridging vein thromboses

In 11 of the 29 SDH/SDHy cases (40 %), we detected radio-
logical findings in accordance with current BVT descriptions
(Fig. 1 CT, Fig. 2 MRI). Table 2 summarizes the details of all
BVT cases investigated in this study. Among the 11 cases,
there were eight (73 %) male and three (27 %) female patients
with a mean age of 5.0 months. The occurrence of BVT
showed no significant association with the type of subdural
fluid collection (SDH, SDHy, or SDH+SDHy; p=0.1751).

Medicolegal expert opinions were available in five of the
11 cases (45 %) which confirmed the diagnosis of AHT
without exception. In the remaining six cases, the additional
presence of RH (three cases), multiple fractures (three cases),
and scalding (one case) likewise strongly suggest SBS/AHT.
Moreover, the caregivers denied any adequate trauma in all
cases, whereas signs of severe trauma were definitely present.
Thus, there was convincing evidence that all 11 infants with
BVTwere very likely to have been exposed to SBS/AHT.

BVT was exclusively observed in the parasagittal regions
at the convexities of the frontal and/or parietal lobes with
about the same frequency on each brain side. Cranial MRI

Table 1 Cases with morphological abnormalities on the initial cCT.
Among 628 cases of an 11-year period, 81 cases showed morphological
abnormalities

Morphological abnormality on initial cCT n* %

Intracerebral bleeding 8 10

Subarachnoid bleeding 6 7

Subdural hematoma and/or subdural hygroma 29 36

Epidural hematoma 15 19

Skull fractures 55 68

Soft tissue hematoma (skin, sub-galeal) 33 41

* Numbers do not exactly add up to n=81 because of cases with several
abnormalities
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was assessable in four cases. While BVT can be easily over-
seen in the standard axial view, the coronal view appeared to
be more sensitive for locating and evaluating BVT. RH were

diagnosed in seven of the 11 BVT cases (64 %). Skeletal
injuries were found in six cases (55 %).

In eight of the 11 cases (73%), the BVTstrongly resembled
a tadpole, with an oval- to round-shaped “body” representing
thrombotic material within the subarachnoid rather than in the
subdural space, and a bent “tail” reflecting a torn BVexpanded
by clotted blood. Figure 2A and B demonstrate this tadpole-
shaped BVT in different perspectives. Accordingly, we termed
this shape as the “Tadpole Sign”. Figure 1A presents an
incomplete Tadpole Sign. In one case, time-of-flight (TOF)
MR venography was available and showed interruption of
venous fluid signals at the commencement of the BVT
(Fig. 2C). In addition to the tadpole-like shape, three cases
displayed a simple tubular shape (Fig. 1B). In this BVT type
the aforementioned “body of the tadpole” is missing such that
only the injured BV, apparently expanded by clotted blood,
can be recognized.

In four of the 11 BVT cases (36 %), the time interval
between commencement of clinical symptoms (according to
the parents) and performance of the initial cCTwas more than
one day (5, 7, 14 and 15 days). All four cases showed SDHys
alone or in combination with an SDH. The tadpole-like shape
was the only BVT shape observed in these four cases.

Discussion

Child abuse has multiple faces [28–31]. SBS/AHT, as a man-
ifestation of abuse, represents a situation in which missing the
diagnosis can have serious and life-threatening consequences
for the child because repeated maltreatment is likely. For this
reason, more neuroradiological indicators of abuse are desir-
able to increase diagnostic certainty. Classically, SDHs and
SDHys have been widely accepted as such indicators.
However, an infantile SDH can also be a result of non-
traumatic causes [32, 33]. BV injuries are considered a major
traumatic origin of SDHs since BVs vary in their wall

Fig. 1 Bridging vein thrombosis
in CT. A Incomplete Tadpole
sign: Round- to oval-shaped
blood clot in the right parietal
region (“body of the tadpole,”
arrow) directly connected to an
expanded BV (“tail of the
tadpole”) that can only be seen in
this case by further scrolling in the
caudal direction; B Tubular-
shaped BVT in the left frontal
region (arrow)

Fig. 2 Bridging vein thrombosis in MRI (Tadpole Sign). A Coronal T1-
weighted spin echoMR image shows tadpole-like hyper-intense signal in
the left frontal region. The round-shaped thrombotic material (“body of
the tadpole,” arrow head) corresponds to the clot derived from the injured
BV now expanded by clotted blood (“tail of the tadpole,” arrow);BAxial
T2*/SWI MR image again visualizing another tadpole-like BVT forma-
tion in another case;C TOFMR venogramme of an infant’s head with an
SDH. BVT is indirectly demonstrated by interruption of the venous flow
signal at the position of the assumed BV rupture (arrow)
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thickness. In particular, vessel segments that penetrate the
dural border cell layer can have a thickness of only 10 μm,
whereas the wall thickness of the subarachnoid portion range
between 50 and 200 μm [12]. Thus, increased fragility of the
dural segment of a BV is assumed. This might explain why
SDHs are more common than subarachnoid haemorrhages in
AHT cases.

In contrast to SDHs, the pathogenesis of SDHys in the
context of AHT is probably attributed to different mecha-
nisms [11]. On one hand, SDHys can be a delayed
consequence of SDHs [probably by dilution of the SDH
with water and/or cerebrospinal fluid (CSF)], and on the
other hand, SDHys can also appear rapidly (probably by
traumatically-induced arachnoid tears and consecutive CSF
influx). Thus, BV injuries would be expected more likely
in the former situation.

Since the presence of BVT strongly indicates the presence
of BV injury, some light has been shed on this relatively new
radiological criterion, thereby indicating a high diagnostic
potential [25–27]. In the present study, comprising an 11-
year period with 628 infants aged between 0 and 2 years, we
found 29 cases with an SDH and/or SDHy, of which 11 cases
showed BVT. The male sex was overrepresented for both
SDH/SDHy and BVT, a phenomenon possibly due to the
presumed greater fragility of meningeal structures in males
[34]. Furthermore, the mean ages of both groups (SDH/SDHy
and BVT) range within the child development phase associ-
ated with an increased age-related incidence of SBS/AHT.
This is possibly attributable to the increased vulnerability of
infants at that age and the increased challenges of child-care
(e.g., managing crying) [35].

There was convincing evidence that all 11 infants were very
likely to have been exposed to SBS/AHT. Among the SDH/
SDHy cases, BVT appears therefore to be an excellent indicator
of head trauma. Of course, it must be assumed that BVT also
occurs in accidental head trauma. However, our study design did
not allow for the identification of a sufficient number of unam-
biguous accidental head trauma cases that occurred among wit-
nesses in public spaces. For this reason,we believe that this aspect
should be surveyed in a case-control study comparing accidental
with abusive head trauma cases. Hence, based on the observa-
tions of the present study, BVTcan be considered as an additional
marker of AHT, but only if accidental trauma has clearly been
ruled out. In cases with several other signs of child abuse, the
presence of BVT strongly supports the diagnosis of AHT.

Regarding the radiological diagnostic process, we propose
to search for tadpole-like structures within the frontoparietal
region of axial CTor, even better, coronal MR images because
we found this shape to be the most characteristic shape of
BVT in our cohort. We termed this phenomenon as the
Tadpole Sign. It represents a striking shape of BVT in infants
and is relatively easy to identify. The locations of BVT are
consistent with the supposed trauma mechanism (tearing of

BVs caused by acceleration-deceleration and rotational forces
during violent shaking of the infant) [1] and with previous
case reports [25–27].

One may speculate whether the Tadpole Sign can be
interpreted as an acute or early sub-acute sign of BV injury
since the round-shaped thrombus (“body of the tadpole”) locat-
ed adjacent to an enlarged and thrombosed BV (“tail of the
tadpole”) always appeared hyper- to isodense in CT, hyperin-
tense in T1-weighted MRI, and iso- to hypointense in T2-
weightedMRI. However, the CT- andMR-morphologic chang-
es of blood products within an SDH over time [36–39] may not
be directly transferable to clot formations within or associated
with BVs as they rely upon other pathophysiological conditions.

In addition to T2 GRE [25] and SWI [27], another prom-
ising technique for demonstrating BVTor a BV rupture might
be TOF MR venography (Fig. 2C). This technique can depict
thrombosed veins by signal loss in the vessels or discontinu-
ance in the course of the vessel. On the other hand, flow
artefacts and normal variants can be confusing. Perhaps addi-
tional contrast-enhanced imaging might support the evalua-
tion. What needs to be considered, however, is that any
administration of a contrast to infants should be restricted to
indicated situations. To date, no systematic data investigating
the potential of this technique for the purpose of diagnosing
AHT are available.

A significant limitation of our study must be seen in the
retrospective study design. The spectrum of neuroradiological
investigations requested for infants suspected of suffering
from AHT was found to be very heterogeneous and strongly
varies in the course of time due to changing protocols and
guidelines. Moreover, some information was not acquirable in
this setting, e.g., the outcome of all patients. MRI was not
performed in each case, which, in our opinion, should be a
standard procedure in all cases suspecting AHT.

To conclude, careful investigation of the parasagittal
frontoparietal region in cranial CT and MRI of living infants
is very useful for uncovering BVT, which can be recognized
by its tadpole-like appearance in many cases. The presence of
BVT, as indicated by the predominantly observed Tadpole
Sign or, of course, in tubular shape, always represents com-
pelling cause to search for other signs of SBS/AHT, such as
RH or fractures. Further studies are needed to increase the
diagnostic value of BVT.
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