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Abstract
Background: Diffusion-weighted imaging (DWI) is a useful technique for characterisation and differentiation
of various tumour entities. We studied the diagnostic value of DWI in children with lymphatic malformation
(LM) and tumours mimicking LM.
Patients and Methods: Twenty consecutive patients (median 8 years, range 36 days to 17 years, females n=6)
with histologically proven LM (n=16) or histologically confirmed masses mimicking LM on ultrasonography
(n=4) underwent routine MRI at 1.5 Tesla including DWI. We retrospectively analysed imaging features on
ultrasonography and MRI with particular emphasis on imaging artefacts secondary to intralesional
haemorrhage.
Results: All tumour manifestations were detectable on DWI. Mean apparent diffusion coefficient (ADC, unit: x
10-3 mm2/s) was high with 2.6 ± 0.3 in non-complicated LM (n=12). Partial signal loss, fluid-fluid levels and low
signal on the ADC map was observed in the presence of intralesional haemorrhage, which coincided with signal
loss in gradient-echo T2*w and with hyperechogenic signal on ultrasonography. Two patients with a large
ranula and an infected branchiogenic cyst showed ADC values similar to LM, while DWI suggested a highly
cellular mass in another patient eventually confirmed with Hodgkin disease.
Conclusion: DWI is a fast, non-invasive and useful supplement to conventional MRI for the differential
diagnosis of complex cystic masses or in cases of tumours of uncertain dignity. Non-complicated lympangioma,
haemorrhagic lymphatic malformation and solid tumours each show characteristic signal patterns on DWI.
Keywords: MRI; diffusion-weighted; lymphatic malformation; differential diagnosis; paediatric

Introduction
Lymphatic malformations (LM), or lymphangiomas,
are rare congenital vascular tumours characterised
by abnormal expansion of lymphatic spaces [1]. This
entity is most common in the head and neck region,
but may be encountered in many other anatomical

regions, including axilla, mediastinum, abdominal
wall, viscera, mesentery and the lower extremity [13]. As LMs are biologically benign, cosmetic issues
constitute the primary concern in many patients.
Yet, depending on location and size of the tumour,
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functional impairment, or even life-threatening
complications, such as air-way obstruction [2] or
small-bowel volvulus [4], may result. While
spontaneous regression or resolution has been
observed in 2% to 40% of patients [5], the majority
of patients needs surgical or interventional therapy
at some point [6]. Haemorrhagic transformation, or
infection, can trigger acute clinical exacerbation in
previously asymptomatic patients, including
progressive swelling and pain [7]. Haemorrhage has
recently been observed in fetal LM [8].
Ultrasonography usually serves as the first line
imaging modality, but MRI offers better visualisation
of tumour extent and possibly accompanying
pathologies and provides a wider range of diagnostic
tools for differential diagnosis and preoperative
planning [9]. Diffusion-weighted MR imaging (DWI)
utilises the varying degree of restriction in Brownian
diffusion in vivo to characterise biological tissues,
mainly in terms of cellularity [10]. Added diagnostic
value of DWI has been reported for paediatric
musculoskeletal tumours [11] and for differential
diagnosis of orbital tumours, including LM, in
children [12]. In fact, one of the first reports on the
utility of DWI in characterising paediatric tumours
featured the case of a young girl with acute
abdominal symptoms in which DWI provided crucial
information for differentiation between suspected
lymphoma
and
atypical
abdominal
lymphangiomatosis [13]. Diagnostic difficulties and
pitfalls occasionally arise in paediatric LM patients
with unusual presentation in terms of clinical
symptoms, tumour location and imaging features.
We therefore used diffusion-weighted MRI to study
the imaging characteristics of LM and lesions
mimicking LM on ultrasonography.

Patients and methods
We retrospectively identified all patients younger
than 18 years of age examined at our institution
between 2010 and 2014 with histologically
confirmed LM (n=16) and histologically confirmed
masses mimicking LM (n=4) at initial presentation.
Three more patients with suspected LM, who had
clinical and imaging follow-up, but no biopsy or
resection, were excluded from this study.
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all diagnostic and therapeutic procedures. A waiver
was granted by our Institutional Review Board for
the retrospective analysis of anonymised routine
imaging data, as presented in this study.
Our study group comprises 20 consecutive patients
with a median age of 8 years (range 36 days to 17
years), including six girls and 14 boys. Twelve
patients underwent clinical work-up and diagnostic
imaging for a newly diagnosed mass. The remaining
eight patients were on follow-up after surgical
resection (follow-up period 2 to 9 years) of
confirmed LM and presented with recurrence or
progression, or persisting disease after incomplete
resection, of previously diagnosed LM. Sixteen of our
20 patients again had ultrasonography prior to MRI
at our institution. Tumour location was in the head
and neck region (n=11), axillary (n=1), in the
abdomen (n=3) and at the lower extremity (n=5).
All routine MRI examinations were completed
according to the oncological standard imaging
protocol of the respective anatomical region, as
implemented at our institution. MRI was performed
at 1.5 Tesla (Magnetom Symphony n=13, Magnetom
Aera n=6, Magnetom Avanto n=1; Siemens
Healthcare, Erlangen, Germany). Eight patients (age
range 36 days to 5 years) were sedated for MRI and
monitored by a paediatric anaesthesiologist. All
scans were acquired in supine position with
commercially available standard RF coils of the
hardware manufacturer, that is, a dedicated neck
coil for all cervical scans and phased-array body coils
for scans of the abdomen and the extremities, and
with an i.v. line in place. The scan protocol
comprised T2-weighted (T2w) imaging, pre-contrast
T1-weighted (T1w) and contrast-enhanced T1w
sequences. A blood-sensitive T2*w gradient-echo
sequence, adapted from a standard neuroimaging
sequence, was scanned in four patients. Prior to i.v.
contrast administration, DWI was acquired as
transverse (axial) single-shot diffusion-weighted
echo-planar imaging (SS-DW-EPI). Typical scan
parameters were repetition time (TR) 4600 ms, echo
time (TE) 137 ms, flip angle 90°, fat saturation, bvalues of 50 and 800 s2/mm, bandwidth 976
Hz/pixel, echo spacing 1.17 ms, epi factor 128, 6
averages, slice thickness 4-6 mm with a scanning
time between 2 min 50s and 5 min 30s, depending
on the size of the scanning volume. All DWI scans
were performed in free-breathing technique.

All study work was conducted in accordance with the
Helsinki Declaration. Informed written consent was
obtained from the legal guardians of all patients for
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Image analysis was conducted offline on a standard
radiological workstation (Syngo Plaza, Siemens
Healthcare, Erlangen, Germany) based on
anonymized MRI data sets. In a consensus reading of
two experienced observers, the readers were
blinded to all patient information, clinical and
histopathological data, treatment status and
previous imaging studies. The imaging features of
each tumour were analysed in terms of
morphological and signal characteristics on
ultrasonography, on T1w imaging with and without
gadolinium contrast, T2w imaging, and T2* imaging,
if available. The intensity of the DWI signal was
recorded as a qualitative measure (high vs. low in
comparison to the anatomical background) by visual
assessment on images acquired at low and at high bvalues. A board-certified paediatric radiologist with
long-standing experience in extracranial diffusionweighted MRI performed all quantitative analyses.
Measurements of the widest diameter was taken in
each mass on conventional MR images and
compared to the sonographically determined
tumour size, as recorded in the radiological
examination report. The mean apparent diffusion
coefficient (ADC, unit: 10-3 mm2/s) was calculated as
the average of three measurements with a single
circular region of interest (ROI) of about 1 cm2 in a
representative part of the mass. In lesions exhibiting
both hypointense and hyperintense portions,
assessment of signal intensity on DW images and
ADC measurement were performed in two
representative parts of the tumour.

Statistical analysis
Normally distributed data is presented as mean ±
standard deviation, data deviating from normal
distribution as median [range]. Data exploration and
spreadsheet analyses were performed with
Microsoft Excel 2007 for Windows.

Results
Patients with newly diagnosed mass
Twelve patients underwent diagnostic work-up for
newly discovered tumours. This group included eight
LMs (patient ID 1 - 4, 6, 12, 13, 16, Table 1). Of these,
four patients presented with acute clinical
symptoms of tenderness, pain and swelling and
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were diagnosed with echogenic masses on initial
ultrasonography performed by primary care
paediatricians or family physicians, which prompted
the preliminary diagnosis of lymphadenopathy, or
lymphoma, followed by immediate referral to our
institution for further diagnostic workup. The four
remaining patients had cystic tumours with little or
no intralesional echogenicity. On ultrasonographic
evaluation at our department, seven of eight
tumours had septation and four tumours were
completely or partially echogenic.
Four patients had newly diagnosed masses other
than LM. One 13-year-old girl (patient ID 17)
presented with a painless cystoid hypoechogenic
mass in the submandibular space measuring 60 mm
in diameter and exhibiting ultrasonographic imaging
features consistent with LM. MRI established the
intra-oral origin of the lesion with protrusion
through the floor of the mouth into the
submandibular region, suggesting a large salivary
gland retention cyst, or ranula. Another patient (ID
18), a 17-year old female, was referred with a
painless solitary cervical hypoechogenic mass and
suspected LM or neurinoma. Ultrasonography at our
institution showed intralesional blood flow in
doppler/duplex mode, conventional MRI visualised
unilateral cervical lymphadenopathy and DWI
confirmed very low ADC, indicating high cellularity,
in the main lesion, suggestive of lymphoma, which
was histologically confirmed as lymphocyte-rich
Hodgkin lymphoma. Another patient (ID 19), a 3year-old boy, with a newly discovered echogenic
cervical mass and painful tenderness for several days
was
referred
for
suspected
lymphoma.
Ultrasonographic examination at our department
showed a complex lesion with multiple septations,
some minor non-echogenic portions and
predominately
homogeneous
intralesional
echogenicity, in which wavering movements of
echogenic particles could be induced by manual
compression. These findings suggesting a
haemorrhagic cystoid lesion, such as haemorrhagic
LM, were supported by MRI. The patient underwent
surgical resection, and immunohistochemical
analysis eventually confirmed a haemorrhagic
venous malformation. The last patient in this group
(ID 20), a 12-year-old boy, presented with
increasingly painful cervical swelling and tenderness
for three weeks and a solitary 42 mm
homogeneously echogenic lateral cervical mass. In
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Table 1. Tumour entity, tumour site and signal characteristics on ultrasonography and MRI
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

tumour
entity
LM
LM
LM
LM
LM
LM
LM
LM
LM
LM
LM
LM
LM
LM
LM
LM
Ranula
Hodgkin
VM
BrC

tumour
site
cerv
abd
extr
abd
cerv
cerv
cerv
cerv
abd
extr
extr
ax
cerv
extr
extr
cerv
cerv
cerv
cerv
cerv

US

T1w

T2w

↑
↑
↓
↑
↓
↓

↑
↑↓
↓
↑
↓
↓

↓
↓

↓
↓

↓
↑
↓
↓

↓
↑
↓

↑↓
↑↓
↑
↑↓
↑
↑
↑
↑
↑
↑
↑
↑↓
↑
↑
↑
↑
↑
↑
↑↓
↑

↓
↑
↑
↑

↓
↓
↓
↑
↓

T2*w

↓↑

↓↑

↓↑
↑

DWI
b=50
↑↓
↑↓
↑
↑↓
↑
↑
↑
↑
↑
↑
↑
↓↑
↑
↑
↑
↑
↑
↔
↑↓
↑

DWI
b=800
↓↓
↓↓
↓
↓↓
↓
↓
↓
↓
↓
↓
↓
↓↓
↓
↓
↓
↓
↓
↑
↓↓
↓

ADC,
10-3 mm2/s
0.9 / 2.5
0.9 / 3.1
2.9
0.6 / 2.5
4.2
3.5
2.7
2.1
2.3
1.8
3.5
0.8 / 2.6
2.9
2.4
2.7
2.6
2.7
0.6
0.4 / 2.6
1.8

ADC = apparent diffusion coefficient; DWI = diffusion-weighted imaging; ID = patient number; LM =
lymphatic malformation; Hodgkin = Morbus Hodgkin; VM = venous malformation; BrC = branchiogenic cyst;
cerv = cervical; abd = abdominal; extr = extremity; US = ultrasonography; ↑ = high signal; ↓ = low signal;
↑↓ = predominately high signal, partially low signal; ↓↑ = predominately low signal, partially high signal,
↓↓ = low signal, partially complete or nearly complete loss of signal, ↔ = intermediate signal

this patient, initial differential diagnosis included
haemorrhagic
lymphoma
and
infected
branchiogenic cyst, the latter diagnosis eventually
confirmed after resection and histological
evaluation.

Patients with diagnostic follow-up of previously
diagnosed and treated LM
This group included eight patients (3 girls; patient ID
5, 7-11, 14, 15) with a median age of 8 years [2 to 15
years]. Residual LM after preceding surgery was
present in 5 patients. Recurrence of LM after surgical
resection was seen in 3 patients. Median tumour size
was 52 mm [9 to 250 mm). The tumours were
located at the neck (n=3), in the abdomen (n=1) and
at the lower extremity (n=4). Ultrasonography,
available in 5 patients, showed uniformly low

intralesional signal
haemorrhage.

without

indication

of

Imaging characteristics of histologically confirmed
LMs
Of 16 histologically confirmed LMs, 12 lesions
(patient ID 3, 5-11, 13-16) showed uniform findings
of low signal intensity on T1w, high signal on T2w,
high signal on DWI b=50, low signal on DWI b=800
and high mean ADC values (unit: 10-3 mm2/s) with an
average of 2.8 ± 0.6, ranging from 1.8 to 4.2. With
gadolinium contrast, none of the tumours showed
any enhancement other than mild signal increase
along the peripheral rim and within intralesional
septations. None of these patients reported acute
clinical symptoms. Correlation with in-house
ultrasonography, available in 9 of 12 patients,
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Table 2. Lesion characterisation based on DWI signal at low and at high b-value and the corresponding ADC
value
DWI
low b-value

DWI
high b-value

ADC map

↑

↓

↑

↑↓

↑

↓

↓

↓

↓

↑

↑

↑

non-restricted diffusion: fluids, cysts
tumours with very low cellularity
highly restricted diffusion:
tumours with high cellularity, cytotoxic
oedema, abscess
signal loss: secondary to susceptibility
artefacts, e.g. haemosiderin, air, metallic
implants
T2 shine-through artefact

ADC = apparent diffusion coefficient; DWI = diffusion-weighted imaging; ↑ = high signal; ↓ = low signal;
↑↓ = low or high signal, depending on T2w signal of the lesion

demonstrated uniformly low-signal echogenicity in
all these masses. Eight LMs were septated on both
ultrasonography and conventional MRI, while one
tumour was seen as a small solitary non-septated
cyst with both imaging modalities. No differences in
MR imaging characteristics were observed between
the four patients with primary diagnosis of LM and
the eight patients with follow-up of previously
diagnosed LM.
The remaining four LM patients (patient ID 1, 2, 4,
12) consistently showed complex lesions in terms of
signal intensity (Fig. 1). While some part of each
tumour had MR imaging findings as seen in the
typical LMs, the remaining mass exhibited varying
degrees of signal alteration with increased signal
intensity on pre-contrast T1w imaging, as well as
partially decreased signal on T2w, DWI b=50 and
DWI b=800. Furthermore, intralesional spots of
complete or nearly complete signal loss were
observed in these patients on diffusion-weighted
images at b=50 and b=800, resulting in mixed lowand-high signal on the corresponding ADC maps.
Findings on T2*w imaging available in two of these
patients showed corresponding loss of signal,
indicating imaging artefacts caused by local
magnetic field inhomogeneity, as seen with

haemosiderin
deposition
secondary
to
haemorrhage. Mean ADC measured in "normal"
portions of the tumour was 2.6 ± 0.3, ranging from
2.5 to 3.1, while mean ADC in tumour parts showing
signal alterations was measured as 0.8 ± 0.2, ranging
from 0.6 to 0.9. In two patients, slightly increased
uptake of gadolinium contrast was noticed along the
peripheral rim and within the septa of the mass. All
four patients presented with acute symptoms and
were seen with echogenic tumours on in-house
ultrasonography. Three of the four LMs showed
septation on ultrasound and on MRI.

Imaging characteristics of tumours mimicking LM
The tumour confirmed as a large submandibular
ranula appeared as a large simple cystic lesion on
ultrasonography and showed all MRI features of a
typical LM with low signal on T1w, high signal on T2w
and DWI b=50, low signal on DWI b=800 and high
mean ADC = 2.7. The extension of the mass through
the floor of the mouth seen on T2w imaging,
however, suggested an intra-oral origin, supposedly
representing a salivary gland retention cyst, which
was confirmed by intra-operative and histological
findings.
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Figure 1. Ultrasonography (a) and MRI (b-g) of the abdomen in a 7-year-old boy (ID 4) with tenderness
and pain in the lower left abdomen for 5 days. A hypoechogenic mass with 7.5 cm in diameter was
suspected as representing lymphoma at initial ultrasonography. DWI (b=50 (b), b=800 (c), ADC (d))
showed a well-defined heterogenic mass with partial signal loss (arrow) and a small high-intensity
fluid level (arrowhead). The lesion was hypointense with partial signal loss (arrow) in T2w (e),
hyperintens on T1w pre-Gd (f) and did not show any significant contrast-enhancement (g). The
patient underwent resection for suspected haemorrhagic lymphatic malformation, and the diagnosis
was confirmed by histological evaluation.

In the patient diagnosed with Hodgkin lymphoma,
conventional MRI demonstrated a soft-tissue
tumour with low T1w signal, intermediate-to-high
T2w signal, and intralesional contrast enhancement.
The key finding in this mass was the markedly
restricted diffusivity with intermediate-to-high
signal on DWI b=50, very high signal on DWI b=800
and homogeneously low mean ADC = 0.6.
The MRI findings in the patient with haemorrhagic
venous malformation resembled the imaging
characteristics of haemorrhagic LM (Fig. 2). Partial
hyperintensity on T1w, partially low signal on T2w,
as well as pronounced partial signal loss on T2*w and
diffusion-weighted imaging all indicated the
presence of haemorrhage. Tumour parts without
signs of haemorrhage showed a high mean ADC =
2.6, while very low ADC = 0.4 was measured in lowsignal parts of the tumour. Contrast-enhanced T1w
imaging did not reveal any significant intralesional
gadolinium uptake. Immunohistochemical staining
in this vascular lesion was positive for CD31 and
CD34, while negative for GLUT1 and D2-40,
establishing the diagnosis of venous malformation
with signs of haemorrhage.
The cervical mass diagnosed as representing an
infected branchiogenic cyst, although strongly and
homogeneously echogenic on ultrasonography,

showed imaging features suggestive of a noncomplicated cystic mass on conventional MRI and on
DWI with the exception of a marked peripheral rim
enhancement after i.v. contrast application (Fig. 3).
Intralesional signal was uniformly high on T2*w
imaging.

Tumour size measured on ultrasonography and MRI
The median difference of tumour size measured on
conventional MRI, as compared to ultrasonography,
was 5 mm at a median tumour size of 49 mm,
indicating a deviation of about 10%, with a range of
-9 mm (tumour smaller on MRI) to 97 mm (tumour
larger on MRI). The highest difference was seen in a
patient with follow-up of a large LM stretching
subcutaneously from the lower thigh to the knee
and the proximal lower leg, measuring 247 mm on
MRI, iwhile a maximum extent of only 150 mm was
recorded on ultrasonography.

Discussion
Our study is the first to systematically explore DWI
imaging features of lymphatic malformations (LM)
and lesions mimicking LM in a relatively large case
series of paediatric patients. Our results indicate
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Figure 2. Ultrasonography (a) and MRI (b-h) of the neck in a 3-year-old boy (ID 19) with rapidly growing
cervial mass and pain for three weeks. As with the patient in Fig. 1, the patient was referred for suspected
lymphoma based on external ultrasonography. The mass appeared predominately hyperechogenic and
showed signs of perilesional blood flow on colour-encoded doppler ultrasound (a). MRI revealed a
multicystic complex mass with a fluid-fluid level discernable on DWI (b=50 (b), b=800 (c), ADC (d), T2w (e),
as well as pre- (f) and post-Gd (g) T1w. The blood-sensitive gradient-echo T2*w sequence (h) shows loss of
signal in part of the lesion, as does DWI. In this setting, DWI alone excludes lymphoma or any other cellrich mass and proves haemorrhage in the suspected cervical lymphatic malformation. The patient
underwent resection, and histological evaluation with additional immunohistochemical staining revealed a
haemorrhagic venous malformation.

that LMs show distinct imaging characteristics on
diffusion-weighted MRI. In contrast to the strongly
restricted diffusivity observed in the vast majority of
paediatric malignancies [10, 11, 14-18], ADC values
in our study were uniformly high in non-complicated
LM. Marked artefacts occurred on DW images in the
presence
of
intralesional
bleeding
and
haemorrhage, supposedly due to local magnetic
field inhomogeneity caused by haemosiderin
deposition, with consecutively low signal on ADC
maps, which must not be mistaken for a sign of
malignancy. To our knowledge, the utility of signal
loss artefacts for diagnostic purposes in single-shot
EPI diffusion-weighted MRI of paediatrics tumours

has not been reported so far. It remains to be seen
whether newly developed, artefact-resistant DWI
techniques, such as read-out segmented multi-shot
echo-planar DWI, still preserve this particular
feature.

In general, imaging of LM and other vascular soft
tissue lesions in children is straight forward and can
be performed reliably with ultrasonography by an
experienced operator [6, 19]. Microcystic or
macrocystic morphology, intralesional fluid signal
and the absence of intratumoral blood flow all
support the diagnosis of non-complicated LM. In
such patients, additional MR imaging may be helpful
in displaying the full size of large lesions prior to
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Figure 3. Ultrasonography (a) and MRI (b-h) of the neck in a 12-year-old boy (ID 20) with left cervikal pain
and clinically suspected mass for two weeks. The cystic lesion was homogeneously hypoechogenic. Unlike
in Fig. 2, intralesional signal characteristics suggest fluid on all MRI sequences (DWI b=50 (b), b=800 (c),
ADC (d), T2w (e), T1w pre- (f) and post-Gd (g)) without any signs of partial or complete signal loss. Lesion
signal on DWI b=800 remains high, representing T2w "shine-through" artefact, rather than restricted
diffusivity, asconfirmed by the high intralesional ADC of 1.8 x 10-3 mm2/s. Blood-sensitive gradient-echo
T2*w (h) does not show signs of haemorrhage. There was mild rim enhancement on fat-saturated
contrast-enhanced T1w (g). Histological evaluation of the surgical specimen confirmed the diagnosis of
an infected branchiogenic cyst.

surgical or interventional treatment, so as not to
underestimate the true extent, or mistake the origin,
of the tumour, as seen in two patients in our study.

lymphoma were eventually diagnosed with
haemorrhagic LM. In one patient, suspected LM
turned out to be Hodgkin disease. These findings
underline a practical demand for second-line
The presence of complex cystic lesions or of mixed
imaging with high diagnostic accuracy, such as MRI
vascular tumours [20, 21], however, occasionally
[22]. The small number of studies available on
poses significant diagnostic difficulties. Young
diffusion-weighted imaging (DWI) in paediatric
patients in pain may not cooperate with the
patients with LM suggest that DWI adds to the
ultrasonographer, the tumour site may not allow
diagnostic performance of conventional MRI [11-13,
satisfactory ultrasonographic evaluation, or various
18]. Probing the diffusivity of water molecules in
degrees of signal alterations due to haemorrhagic
vivo, the DWI signal is assumed to mainly reflect
transformation, infection or vascularised portions of
tissue cellularity and the amount of extracellular
the tumour may hinder accurate and confident
space available for diffusion [10]. Nearly free
ultrasonographic assessment. Of twelve consecutive
diffusion can be expected in the wide fluid-filled
patients in our study with masses newly discovered
spaces characteristic of LM, represented by high
on ultrasonography, six patients had acute clinical
mean ADC values, generally in excess of 1.5 x 10-3
symptoms including five lesions with haemorrhagic
mm2/s, and usually higher than 1.8 x 10-3 mm2/s [11masses and one with acute infection. Of these
13, 18]. The median ADC of 2.8 ± 0.6 [range 1.8 to
twelve patients, only eight were confirmed as having
4.2] in non-complicated LM and the mean ADC of 2.6
LM. Three of the referrals suspected as having
± 0.3 [range 2.5 to 3.1] in non-haemorrhagic portions
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of haemorrhagic LM, as observed in our study,
support the previously published data. In an earlier
study, mean ADC of haemangioma was observed as
1.6 ± 0.2 x 10-3 mm2/s [11], indicating a somewhat
higher cellularity in this vascular tumour entity,
possibly with additional effects of microperfusion on
the DW signal acquired at low b-values [23]. To limit
the influence of microperfusion on our DW imaging,
we routinely choose a non-zero low b-value for DWI
scans, that is b=50 in this study. Solid soft tissue
tumours, and lymphoma in particular, show
characteristic high signal on DW imaging at high bvalues and corresponding low ADC values [24], as
seen in the one lymphoma patient in our study,
indicating highly restricted diffusivity. High signal
observed on diffusion-weighted images measured at
high b-value must always be interpreted in
combination with the corresponding ADC value so as
to avoid mistaking a T2 shine-through artefact for
restricted diffusivity (Figure 3, Table 2). A standard
cranial single-shot echo-planar DWI scan is scanned
within 41 s at our institution and is also diagnostic in
the head-and-neck region. To assure image quality,
we acquire more averages in extra-cranial DWI with
a total scanning time of about 3 minutes for cervical
and about 5 minutes for abdominal scans.
MR imaging features of blood, bleeding and posthaemorrhagic blood degradation are highly complex
and are best understood in the context of
intracranial haemorrhage and complex renal cysts.
Hyperintensity on T1w imaging may represent
blood, but also high-protein content. Gradient echo
T2*w or susceptibility-weighted (SWI) imaging are
specifically designed to trace local magnetic field
inhomogeneities secondary to blood degradation
products, such as haemosiderin. Single-shot
echoplanar diffusion-weighted imaging is also highly
susceptible to disturbances in the local magnetic
field, frequently resulting in degraded image quality
due to distortion and ghosting artefacts. In our
study, marked alterations of signal on diffusionweighted images coincided with signal alterations on
T1w, T2w and, where available, on T2*w imaging.
These signal alterations were observed as a varying
degree of signal loss on DWI measured at low and at
high b-values, as well as on the ADC map.
Furthermore, loss of signal on DWI also coincided
with increased echogenicity on ultrasound. The only
exception in this respect was the patient with the
infected branchiogenic cyst, who showed strong
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hyperechogenicity on ultrasonography, but no signal
loss on DWI, nor on T2*w imaging. In this patient
only, i.v. contrast application contributed substantial
additional information to native scans and DWI.
Based on these findings, susceptibility imaging with
DWI and T2*w may help to differentiate
haemorrhagic cysts from infected cystic lesions in
patients with an hyperechogenic mass without the
need of i.v. contrast application. All five patients
with haemorrhagic lesions showed complex signal
on DWI with at least a small part of the mass
exhibiting "cystic" signal accompanied by fluid-fluid
levels separating high-signal from low-signal
portions of the tumour, the latter apparently
following gravity and being located in the
lower/posterior part of the tumour.
Limitations of our explorative study include the
retrospective design and the relatively small number
of patients available for analysis. In-house
ultrasonography was not available in four of the 20
patients. MRI scans were performed at three
different 1.5 Tesla scanners of the same
manufacturer and with different RF coils, that is
either neck coil or body coil, as appropriate, thus
introducing some variation into the parameters of
the MRI protocols. In an earlier study, we analysed
the variation in ADC for reference tissues at 1.5 and
at 3 Tesla and found little substantial variation [11].
We hold that for MR scanners of the same
manufacturer the variation that arises from different
scanner setup is comparably small to the error
introduced by manual ROI analysis. The number of
masses mimicking LM on initial examination in our
study is small and may not be representative of a
larger paediatric cohort.
In summary, our findings indicate that DWI is a
useful addition to paediatric MRI protocols for
differentiation of extra-cranial masses. DWI is fast,
relatively insensitive to bulk motion, thus allowing
free-breathing scans, and provides a high inherent
contrast without the need of i.v. contrast
application. An interesting finding from our study is
that the high susceptibility of DWI to disturbances in
the local magnetic field, usually considered a
disadvantage and a source of unwanted artefacts,
can actually be employed for diagnostic purposes
and may help to trace haemorrhagic transformation
of cystic tumours. The extent of the signal
alterations induced by intralesional haemorrhage
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and the correlation of signal alterations on standard
MRI sequences and on DWI need to be validated by
further investigation. Recent reports on
intracerebral gadolinium deposition after i.v.
injection of Gd-based contrast agents have raised
concern regarding the long-term safety of these
contrast agents [25], especially in children. The
combination of native MR sequences plus DWI may,
in many patients, characterise vascular lesions and
rule out malignancy with sufficient confidence and
diagnostic accuracy. Based on our results, DWI may
substitute other blood-sensitive scans and thus help
to shorten total acquisition time, which is an
important factor in paediatric MR imaging.

Conclusions
Our study data demonstrate that non-complicated
lymphatic malformations show characteristic signal
patterns on diffusion-weighted MRI. Typical signal
alterations on DWI were observed in haemorrhagic
transformation of LM and in masses mimicking LM
on ultrasonography. Therefore, DWI as a fast and
non-invasive MRI technique may help in the
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differential diagnosis of complex cystic masses or in
cases of tumours of uncertain dignity.
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