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FRONTIER

Brainstem tegmental lesions in neonates with hypoxicischemic encephalopathy: Magnetic resonance diagnosis
and clinical outcome
Carlo Cosimo Quattrocchi, Giuseppe Fariello, Daniela Longo

Abstract

Carlo Cosimo Quattrocchi, Department of Medicine and
Surgery, Università Campus Bio-Medico di Roma, 00128 Rome,
Italy

Lesions of the brainstem have been reported in the
clinical scenarios of hypoxic-ischemic encephalopathy
(HIE), although the prevalence of these lesions is
probably underestimated. Neuropathologic studies
have demonstrated brainstem involvement in severely
asphyxiated infants as an indicator of poor outcome.
Among survivors to HIE, the most frequent clinical
complaints that may be predicted by brainstem lesions
include feeding problems, speech, language and commu
nication problems and visual impairments. Clinical
series, including vascular and metabolic etiologies, have
found selective involvement of the brainstem with the
demonstration of symmetric bilateral columnar lesions
of the tegmentum. The role of brainstem lesions in
HIE is currently a matter of debate, especially when
tegmental lesions are present in the absence of supratentorial lesions. Differential diagnosis of tegmental
lesions in neonates and infants include congenital meta
bolic syndromes and drug-related processes. Brainstem
injury with the presence of supratentorial lesions is a
predictor of poor outcome and high rates of mortality
and morbidity. Further investigation will be conducted
to identify specific sites of the brainstem that are
vulnerable to hypoxic-ischemic and toxic-metabolic
insults.
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Core tip: Brainstem tegmental lesions in neonates with
hypoxico-ischemic encephalopathy: Magnetic resonance
diagnosis and clinical outcome.
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Quattrocchi CC et al . Brainstem tegmentum in neonates
stem involvement in severely asphyxiated infants
[18-20]
[20]
as an indicator of poor outcome
. Leech et al
reported brainstem injury in 93% of asphyxiated infants,
especially after prolonged insults. Several gray matter
nuclei were involved including the substantia nigra,
inferior colliculi, inferior olives, the nuclei of cranial nerves
Ⅲ, Ⅳ and Ⅵ, the superior olive, the vestibular nuclei,
and the nuclei of the solitary tract, gracile tracts, cuneate
[20]
tracts and reticular formation . A neuropathologic study
in autoptic cases of patients with various developmental
disorders including HIE and congenital metabolic errors
highlighted the involvement of the central tegmental
[21]
tract (CTT) . CTT is located between the medio-central
tegmentum of the pons and dorsomedial part of the
medulla oblongata and has been reported to be included
in the dentato-rubro-olivary system, also called Guillain–
Mollaret triangle, whose lesions are associated with the
[22]
inferior olivary nucleus hypertrophic degeneration .
The physiopathological mechanisms underlying HIErelated brainstem alterations are currently unknown and
debated. From a topographical point of view, selective
vulnerability of the tegmentum, territorial vasculariza
tion, haemodynamic compensatory mechanisms under
hypoxia, metabolic and biochemical mechanisms have
been advocated. In fact: (1) the tegmentum of the
brainstem represents the watershed area of the vertebrobasilar vascularization between the terminal territories
[15,23]
of the paramedian and circumferential branches
(Figure 1); (2) the dorsal brainstem has higher metabolic
demands than the ventral one and could be selectively
[24]
damaged under hypoxic-ischemic conditions ; and (3)
experimental studies in mammals have shown that blood
[25]
flow of the brainstem increases after acute hypoxia ,
as opposed to a blood flow reduction in the cerebrum,
suggesting a relative protection of the brainstem fetal
circulation. In summary, neuropathologic studies in
humans and experimental studies lead to consider
the brainstem a less vulnerable site to HIE, with the
tegmentum being considered at risk only in the context
[26]
of severe total brain injury .
[14,15,27-29]
More recent clinical series
have reported
on neonates with less severe birth asphyxia than
previous neuropathology reports and found selective
involvement of the brainstem with the demonstration of
symmetric columnar bilateral lesions of the brainstem
tegmentum, even in the absence of supratentorial
lesions in some cases. In neonates with isolated injury
of the brainstem tegmentum, MR imaging shows faint
hyperintense signal on T2 weighted images that is
associated with the clinical pattern of the so-called
“dorsal brainstem syndrome”. Bilateral and symmetric
lesions of the tegmentum are found that involve the
dorsal para-central portions on axial planes and the
medulla oblongata and caudal pons cranio-caudally,
with sparing of the rostral pons and midbrain (Figure
2). As it has been speculated, these brainstem sites are
supplied by branches of the vertebro-basilar artery with
less flow compensation from the anterior circulation, as
compared with the midbrain; also fetal risk factors may

lesions in neonates with hypoxic-ischemic encephalopathy:
Magnetic resonance diagnosis and clinical outcome. World J
Radiol 2016; 8(2): 117-123 Available from: URL: http://www.
wjgnet.com/1949-8470/full/v8/i2/117.htm DOI: http://dx.doi.
org/10.4329/wjr.v8.i2.117

HYPOXIC-ISCHEMIC ENCEPHALOPATHY
IN NEONATES
Neonatal hypoxic-ischemic encephalopathy (HIE) is a
pathological pattern secondary to perinatal events that
[1]
reduce blood flow in the brain of neonates . Most cases
of encephalopathy in neonates born at term are related
to HIE that occurs in utero or during the delivery from
[2]
different intrapartum conditions . Despite strategies
of therapeutic hypothermia such as the whole body
cooling have been adopted as a standard treatment for
HIE and data from the TOBY (Total Body Hypothermia
for Neonatal Encephalopathy) trial have demonstrated
its efficacy in improving neurologic outcomes at 18 mo
[3,4]
and at 6-7 years of age , HIE is still an important
cause of early mortality or morbidity and adverse
[1]
neurodevelopmental outcome in children .
In pre-term or very low birthweight neonates,
periventricular leukomalacia is observed in at least 50%
[2]
of the cases . In infants born at 32 gestation weeks
and above, neonatal and perinatal strokes are expected
[5]
in about 1 in 4000 live births and encephalopathy is
[6]
expected in up to 2 per 1000 term live births .
Brain magnetic resonance (MR) is able to discri
minate normal from pathological patterns in the neonatal
[7]
brain . Three typical MR imaging patterns have been
recognized in neonates with HIE: (1) “watershed”,
involving the cerebral cortex and subcortical white
matter especially in the posterior lobes, following a
mild to moderate hypotension or a partial hypoxia
with prolonged duration; (2) “basal ganglia-thalamus”,
following an acute short-duration severe hypoxic or
profound hypotensive event; and (3) “total brain injury”,
involving supra- and infra-tentorial areas following a
[8]
prolonged and severe hypoxic or hypotensive event .
While peripheral and basal ganglia-thalamus patterns
involve supra-tentorial structures exclusively, the total
brain injury shows diffuse supra-tentorial involvement
that may be associated with damage of the dorsal
[8,9]
brainstem and/or the entire cerebral cortex .

Involvement of the brainstem in HIE and MR diagnosis

Lesions of the brainstem have been reported at MR
[10-15]
imaging in the clinical scenarios of HIE
, although the
prevalence of these lesions is probably underestimated
due to the small size of the brainstem, to the need of
dedicated MR protocols under sedation in neonates
and, probably, to the “satisfaction of search” effect
when diffuse supra-tentorial lesions are present in the
[16,17]
condition of total brain injury
.
Neuropathologic studies have demonstrated brain
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Figure 1 Schematic diagram of the brainstem vasculature. A: Rostral pons; B: Caudal pons; C: Rostral medulla oblongata; D: Caudal medulla oblongata. Basilar
artery, the terminal paramedian, short circumferential and long circumferential arteries are depicted. Blue shaded areas represent the tegmental watershed areas that
are most frequently affected in neonates and infants with dorsal brainstem syndrome and a history of hypoxic-ischemic encephalopathy.
[15]

exist and confer vulnerability to the brainstem, even
[24]
after not prolonged periods of hypoxia/hypotension ,
[15,29]
such as polyhydramnios or oligoidramnios
. More
over, unknown genetic susceptibility could be taken into
consideration.
Differential diagnosis for this MR pattern includes
the columnar-shaped bilateral and symmetric T2 hyper
intense signal of the central tegmental tracts that have
[21,30-32]
been reported in various developmental disorders
,
metabolic diseases including non-ketotic hypergly
[33]
[34]
cinemia , mitochondrial diseases , perinatal asphy
[27]
xia , during vigabatrin treatment, and even in control
[35]
children younger than 25 mo of age , with a prevalence
of about 5% in children ranging between 1 and 6 years
[36]
of age . A physiological maturation process that may
be influenced by different genetic, metabolic or toxic
factors has been proposed to explain its presence in both
[35]
control and diseased children . These lesions usually
show net margins on T2 weighted images, involve the
dorsal para-central portions on axial planes and the pons
and midbrain in a preferential manner (Figure 3).
In summary, the discrepancy between neuropa
thology reports, experimental studies in animals and
clinical observations has generated a debate on the
role of brainstem lesions in HIE. In fact, the severity of
hypoxic-ischemic injury is an important issue to consider
when interpreting results from autopsy studies and
comparing them to clinical studies that are conducted
on neonates who survived to HIE; also, the pathologic
conditions and related events that lead to HIE in
neonates are complex and very difficult to replicate in
the experimental design of animal studies. Nevertheless,
neonates with HIE and isolated brainstem lesions (in the
absence of detectable supratentorial injury) suggest that
a “brainstem watershed pattern” of brain HIE-related
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injury might exist, although rare in prevalence

.

Clinico-radiological correlation and outcome

Tegmental lesions of the brainstem involve several
structures that are crucial for vital functions: The
tegmentum of the medulla oblongata includes the XII
nerve nucleus, dorsal nucleus of the Ⅹ cranial nerve,
nucleus ambiguus, gracile nucleus of Goll, cuneate
nucleus of Burdach, spinal nucleus of the trigeminal
nerve, reticular formation, solitary tract and the preBotzinger complex, crucial for the stereotyped sequence
[37]
of feeding and respiration ; the tegmentum of the
pons includes the Ⅶ and Ⅵ cranial nerve nucleus, spinal
nucleus, main sensory nucleus and mesencephalic
nucleus of the Ⅴ cranial nerve and reticular formation;
the tegmentum of the midbrain includes the central
nucleus of the inferior colliculus, the Ⅲ and Ⅳ cranial
nerve nucleus, the mesencephalic nucleus of the Ⅴ
cranial nerve, locus coeruleus, and reticular formation.
In the clinical scenario of total asphyxia the involve
ment of the brainstem in neonates has been associated
with oculomotor disturbances, bilateral facial nerve
palsy, ventilatory disturbances, and impaired sucking
[8,15]
and swallowing
. These patients also show hypotonia,
spastic tetraplegia, seizures, and psychomotor delay in
different combinations and carry a high risk of postnatal
[15]
mortality . Association studies do not demonstrate
causality, especially in the case of respiratory and
swallowing alterations that are finely modulated by
the functional and structural connectivity between the
brainstem, suprabulbar cortex and basal ganglia. Never
theless, the central pattern generators of these functions
[37]
are located in the brainstem and their damage needs
to be considered in neonates and infants with HIE.
A preferential involvement of the brainstem with
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Figure 2 Brainstem tegmental lesions and oral motor dysfunction. An infant with perinatal asphyxia due to knotting of umbilical cord around the neck is shown.
Apgar score at five minutes after birth. Eighteen days after birth (panels B, F, J and N), MR images show faint T2 hyperintense (white arrows in F, J, and N) bilateral
and symmetric tegmental lesions of the caudal pons and medulla oblongata. Forty days after birth (panels C, D, G, H, K, L, O and P), MR images confirm T2
hyperintense (white arrows in G, K, and O) and T1 hypointense (white arrows in H, L, and P) bilateral and symmetric tegmental lesions of the caudal pons and medulla
oblongata. No signal alterations are detected at the level of the cranial pons (B-D) and at supratentorial level (Q). At 1 mo, an upper GI tract X-ray showed iodinated
contrast (Iopamidol, IOPAMIRO 300) inhalation (black arrow in panel R points to the right bronchus). Gastrostomy was performed. At the age of 2 years, psychomotor
delay and dysphagia are present. Sagittal views of the brainstem (panels A, E, I and M) are used for reference of axial images. MR: Magnetic resonance.

specific involvement of the facial and abducens nuclei
has been known as Möbius syndrome. A spectrum of
symptoms caused by lesions located rostral and caudal
to these nuclei may be associated with other oculomotor
nerve nuclei and with dysphagia-gastroesophageal reflux
[15,29]
complex
. Heterogeneity of clinical presentation,
[38]
and genetic loci involved in Möbius synd
outcome
[39,40]
rome
led to propose a syndromic spectrum that may
also include the rarely reported cases of neonates with
[41]
a history of HIE or perinatal sentinel events of HIE ,
who present tegmental lesions without supratentorial
[15,29]
involvement at MR imaging
. A recent systematic
review conducted on the literature published between
1980 and 2011 has shown that there is currently
limited evidence on the relationship of early sucking
and swallowing problems in neonatal brain injury with
[42]
patterns of neonatal brain injury . Early sucking and
swallowing problems were reported to be present in 35%
to 48% of infants with different types of neonatal brain
injury. However, data from the few available relevant
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studies were shown to be heterogeneous in terms of the
research design, levels of evidence (levels Ⅱ, Ⅲ and Ⅳ),
infant populations described, and assessment measures
[42]
used .
When lesions in the brainstem are diagnosed with
basal ganglia-thalamus and/or cortex lesions, the
outcome is often dismal and brainstem injury is the
[43,44]
most powerful predictor of death
in children with
HIE, with up to 50% of children dying in the neonatal
[45]
period or during infancy . Among survivors to HIE, the
most frequent clinical complaints that may be predicted
by brainstem lesions include feeding problems, speech,
language and communication problems and visual
impairments. Prediction of these symptoms is crucial
to appropriately plan the short and long term care of
an infant who has suffered with HIE and counsel the
parents for a better neurocognitive development and
[44]
outcome .
Feeding problems can range from some difficulties
with swallowing solids or liquids to being unable to
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Figure 3 Brainstem tegmental lesions of the central tegmental tracts. A 1-year-old infant shows generalized hypotonia, macrocephaly and psycho-motor
developmental delay, without a history of hypoxic-ischemic encephalopathy or adverse perinatal events. A genetic syndrome is suspected and is currently not known.
MR images show isolated T2 hyperintense (white arrows in B, E, and H) and T1 hypointense (white arrows in C, F, and I) bilateral and symmetric tegmental lesions
of the pons and caudal midbrain. Faint T2 hyperintense signal is observed at the rostral medulla oblongata. Columnar shape of alterations is demonstrated in coronal
T2 weighted images (J). No signal alterations are detected at the supratentorial level (J). Sagittal views of the brainstem (A, D, and G) are used for reference of axial
images. MR: Magnetic resonance.

to identify brainstem lesions. Also the wide range of
differential diagnoses for T2 hyperintense tegmental
lesions requires careful analysis of images and often
second opinion for a correct interpretation. Prospective
multicenter studies should be designed to conduct
analyses on larger and homogeneous populations of
neonates and infants. Such studies will help to identify
vulnerable children carrying susceptibility genes, to find
mechanisms of early vulnerability of the brainstem to
hypoxic-ischemic damage and to predict motor and/or
neurocognitive outcomes.

feed orally with the need for long-term gavage feeding.
When gavage feeding is necessary, almost all neonates
[15,45]
show involvement of the brainstem
. Logistic regre
ssion analyses have shown that only the severity of
basal ganglia-thalamus and mesencephalic injury are
independently associated with feeding impairment and
that only the severity of basal ganglia-thalamus injury
and pontine involvement are independently associated
[45]
with gastrostomy insertion .
These data show that assessment of the brainstem
on neonatal MRI may provide important prognostic
information about the severity of feeding impairments
in survivors to neonatal HIE.
Despite their impact on children quality of life and
prevention of malnutrition and other complications,
gavage feeding and gastrostomy are procedures that are
not easily accepted by parents. Thus, early identification
of infants likely to need these procedures, allows early
implementation of strategies in the care of children and
[45]
their families .
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TOPIC HIGHLIGHT
2016 Inflammatory Bowel Disease: Global view

Role of imaging in the evaluation of inflammatory bowel
disease: how much is too much?
Kelly Haas, Erika Rubesova, Dorsey Bass
with waxing and waning disease course that requires
reassessment of disease status as well as screening for
complications throughout a patient’s lifetime. Laboratory
testing, endoscopic assessment, and fecal biomarkers
are often used in the initial diagnosis and ongoing moni
toring of a patient with IBD. Imaging plays an integral
role in the diagnosis and evaluation of IBD. Different
imaging modalities can be used over the course of a
patient’s lifetime, from the initial screening and diagnosis
of IBD, to determining the extent of intestinal involve
ment, monitoring for disease activity, and evaluating for
complications of uncontrolled IBD. The various imaging
modalities available to the provider each have a unique
set of risks and benefits when considering cost, radiation
exposure, need for anesthesia, and image quality. In this
article we review the imaging techniques available for
the evaluation of IBD including fluoroscopic small bowel
follow-through, computed tomography enterography,
magnetic resonance enterography, and transabdominal
ultrasound with particular focus on the judicious use of
imaging and the risks and benefits of each option. We
also review the risks of ionizing radiation, strategies
to reduce exposure to ionizing radiation, and current
imaging guidelines among pediatric and adult patient
with IBD.
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Core tip: Imaging plays a key role in the diagnosis
and lifelong evaluation of a patient with inflammatory
bowel disease (IBD). Several imaging modalities are
available, each with a unique set of risks and benefits
when considering cost, anesthesia risk in the pediatric
population, ionizing radiation, image quality, and avai
lability. In this article, we review the imaging techniques

Abstract
Inflammatory bowel disease (IBD) is a lifelong condition
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available for evaluation of IBD, with particular focus
on judicious use of ionizing radiation. We also review
current imaging guidelines among pediatric and adult
patients with IBD.

sensitivity in detecting IBD activity. Lastly, we will review
the hazards of ionizing radiation and discuss how this
may impact the optimal timing and type of imaging in
the best interest of the patient.
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TYPES OF IMAGING
Fluoroscopic small bowel follow-through

Small bowel imaging with fluoroscopic barium small
bowel follow-through (SBFT) was at one time considered
the gold standard in evaluating pediatric IBD and is still
used in the initial diagnosis of IBD despite the increasing
availability of magnetic resonance enterography (MRE)
and computed tomography enterography (CTE). This
fluoroscopic study involves drinking barium contrast with
serial X-ray images as the contrast progresses through
the small intestine to the cecum. SBFT can provide an
assessment of the small intestinal luminal anatomy by
evaluating for strictures or wall thickening but generally
does not provide information on colonic inflammation
(Figure 1). SBFT has many benefits including relatively
low cost, wide availability, and the ability to complete the
study without sedation in the pediatric population. The
downsides of SBFT include radiation exposure, length of
study, operator dependent quality of images, and lack
of extraintestinalevaluation (Table 1). The effective dose
of radiation for SBFT in a pediatric patient is estimated
[6]
to be 1.8-2.2 millisieverts (mSv) with an average
[7]
effective dose of 5 mSv in the adult population , though
the actual radiation exposure can increase based on
number of films obtained and radiologist technique.
Based on several retrospective studies among
pediatric patients with IBD, the sensitivity of SBFT in
detecting terminal ileum inflammation using histology
as a gold standard is 45%-76% with specificity of
[8-10]
67%-96%
. A prospective study among adults with
newly diagnosed IBD similarly showed the sensitivity and
specificity of SBFT detecting terminal ileum inflamma
[11]
tion was 67%-72% and 100% respectively . This
study found that there was not a statistically significant
difference in the sensitivity in detecting terminal ileitis
between SBFT, CTE and MRE, but CTE and MRE had
significantly greater sensitivity for detection of extra
[11]
intestinal complications . Overall, SBFT is an imaging
technique that has a role in identifying small bowel
inflammation given its low cost and ease of performing
the study. However, it has been falling out of favor given
risks of radiation and improved sensitivity in detecting
extraintestinal complications with newer cross sectional
imaging techniques.

INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn’s
disease (CD) and ulcerative colitis (UC), is a relapsing
and remitting lifelong illness often diagnosed in child
hood or early adulthood that is increasing in prevalence.
Over 3 million people have inflammatory bowel dis
[1,2]
ease worldwide . The prevalence is thought to be
as high as 249 per 100000 in North America and 505
[3]
per 100000 in Europe . There is a global rise in the
incidence of pediatric onset inflammatory bowel disease;
approximately 25% of patients with IBD are diagnosed
[4,5]
in childhood or adolescence . Though the exact
etiology of IBD remains unclear, it is thought to be a
combination of immune dysregulation, environmental
factors, and dysbiosis in a genetically predisposed host.
The diagnosis of IBD involves a detailed history
and physical exam, laboratory testing, imaging, and
endoscopic evaluation. Serum blood tests, fecal bio
markers, and imaging are important noninvasive tools to
distinguish IBD from non-inflammatory conditions with
similar clinical presentations. Imaging can be especially
helpful in the screening and evaluation of possible IBD
to rule out other abdominal pathology. Low cost, limited
radiation, and feasibility are particularly important
during the screening and evaluation of patients with
possible IBD. Previously used imaging techniques
such as enteroclysis and nuclear medicine studies
(positron emission topography scan or tagged white
blood cell scan) have fallen out of favor due to newer
cross sectional imaging techniques such as magnetic
resonance imaging (MRI) without the risk of ionizing
radiation. It can be challenging to identify an imaging
modality with sufficient sensitivity while limiting cost and
radiation to the patient.
Imaging also plays a pivotal role in monitoring disease
activity, determining extent of small bowel involvement,
and identifying complications such as abscesses or bowel
obstruction. The additional information imaging provides
beyond endoscopic assessment may alter therapeutic
decisions and impact future disease course. In this
review, we will discuss the increasingly important role
imaging plays as a noninvasive measure of disease activity
in the long term management of IBD patients. We will
summarize the different imaging modalities available
with an emphasis on the risks and benefits as well as the
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CTE

CTE was first described in 1997 as a modification of
standard abdominal computed tomography (CT) to
[12]
better evaluate the small bowel in CD . Patients typi
cally drink 1-2 Lofa neutral or low-density oral contrast
mixture and receive intravenous (IV) contrast during
the study to optimize luminal distention and assessment
[13]
of the bowel wall . Diagnostic criteria for IBD disease
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Table 1 Summary of risks and benefits of imaging studies for evaluation of inflammatory bowel disease
Imaging
study
SBFT

Utility

Approximate
radiation

Length of study

Pediatric
sedation

Relative
cost

Contrast

Baseline diagnosis

Pediatric 2 mSv
Adult 5 mSv
Pediatric 3-16 mSv
Adult 5-20 mSv

Total: 1-3 h
Scan time: 1 h
Total: 1 h
Scan time: Several
minutes

None

$

Oral < 1 L

45%-76%[8-10]

67%-100%[8-10]

None

$$

Oral 1-2 L,
intravenous

84%[23]

95%[23]

None

Total: 1-2 h
Scan time 1-2 h

$$$

Oral 1-2 L,
intravenous

93%[23]

93%[23]

None

Total: 30-60 min
Scan time: 30 min

Often depending
on hospital
protocol
None

$

Oral < 1 L

90%[23]

96%[23]

CTE

Baseline diagnosis,
follow-up,
contraindication to
MRE
MRE
Baseline diagnosis,
follow-up,
complications of IBD
Ultrasound
Screening if low
suspicion for IBD,
monitoring of disease
activity

Sensitivity
Specificity
diagnosing IBD diagnosing IBD

SBFT: Small bowel follow through; CTE: Computed tomography enterography; MRE: Magnetic resonance enterography; mSv: Millisieverts; IBD:
Inflammatory bowel disease.

A

B

Figure 1 Small bowel follow-through examination in two patients with
Crohn’s disease. A and B demonstrate mucosal irregularity and luminal
narrowing of the terminal ileum (arrows).

Figure 2 Axial computed tomography image of the pelvis in an adolescent
boy with Crohn’s disease. It demonstrates bowel wall thickening of the distal
small bowel and enhancement of the mucosa (arrow). There is surrounding free
fluid (arrowhead).

activity using CTE include bowel wall thickening, bowel
hyperemia, submucosal fat deposition, and lympha
[14,15]
denopathy
(Figure 2). This cross-sectional imaging
technique can evaluate for complications of IBD including
[14,15]
bowel obstruction, fistula, perforation, or abscess
.
The advantages of CTE include rapid scan time, crosssectional imaging for evaluation of extraintestinal
complications, relatively lower cost compared to MRE,
and ability to perform the study without sedation in
children (Table 1).
The main disadvantage to CTE is exposure to ionizing
radiation, though the need to ingest a large volume of
contrast and cost may also be prohibitive. The estimated
effective dose of radiation is approximately 10 mSv
for standard abdominal CT and 10-20 mSv for CTE in
[7,16]
the adult population
. In the pediatric population,
estimated effective doses as low as 2.9-4 mSv have
been reported for abdominal CT using multiple detector
[6]
computed tomography and varied 64-320 detector
[17]
CT scanners . Newer adaptive iterative dose reduction
techniques have been described that greatly reduce the
radiation exposure among pediatric patients undergoing
CTE from 16.7 milligray (mGy) to 6.1 mGy, with minimal
[18]
reduction in diagnostic sensitivity and specificity .
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Similarly, newly proposed CTE imaging techniques
using low-dose radiation and noise reduction techniques
among adults can reduce effective dose radiation
[19]
exposure by 53%-60% from 15-20 mSv to 5-7 mSv .
Ultimately, effective doses of radiation from abdominal
CT and CTE are dependent on protocols at individual
institutions and can vary greatly, but promising new
techniques may be able to reduce the radiation exposure
to levels equivalent to SBFT.
CTE was previously recommended as the imaging
study of choice in initial diagnosis and suspected com
[20]
plications of CD among adults and children , but
it has fallen out of favor as MRE has become more
widely available with faster scanning protocols for pedia
[20-22]
trics
. According to a recent meta-analysis,sensitivity
and specificity of CTE in diagnosing IBD is 84% and 95%
[23]
respectively , with growing evidence that CTE is more
sensitive than SBFT in diagnosing IBD among adults and
[11,24-26]
children
. CTE is useful both in the initial diagnosis
of IBD as well as monitoring disease activity and scree
ning for complications over the course of a patient’s
lifetime. CTE findings including unsuspected penetrating
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A

B

Figure 3 Magnetic resonance enterography study of the pelvis in an adolescent patient with active Crohn’s disease. T2 weighted image (A) demonstrating
free fluid (arrowhead) and bowel wall thickening (arrow); T1 weighted image (B) with contrast demonstrating enhancement of the bowel and increased mesenteric
vascularity (arrow).
[23]

disease, fistula, abscess, or stricture have been shown to
alter medical management plans in 61% of patients and
lead to interventional procedures in 18% of patients with
[27]
known or suspected CD . CTE remains an instrumental
study in diagnosing IBD, monitoring disease activity,
and identifying complications; though the risk of ionizing
radiation often limits its use to emergency situations
when MRE is not feasible.

of 93% in diagnosing IBD . MRE is the preferred
study for evaluation of perianal disease and possible
[34,35]
fistulas
. There is not a statistically significant diffe
rence between CTE and MRE in diagnostic accuracy
[36]
for detecting active inflammation in IBD . However,
MRE is superior to CTE for differentiating bowel fibrosis
from active inflammation (sensitivity 57% and 42%,
[36]
specificity 82% and 68% respectively) . The addition
of diffusion weighted imaging on MRE has been shown
to aid in identifying colonic inflammation and improve
diagnostic confidence among children with IBD without
[37,38]
the need for IV contrast
. Newer techniques such as
automated motility mapping analysis can improve the
identification of inflammatory lesions among patients
[39]
with IBD . MRE has also been shown to detect endo
scopic remission with 83% accuracy and aphthous ulcer
healing with 90% accuracy in a prospective multicenter
[40]
study . The ability of MRE to confirm the absence of
disease rather than to identify inflammation or com
plications of IBD is novel. Future studies are needed to
determine if this imaging modality will play a larger role
in noninvasive routine CD monitoring.

MRE

MRE has become an increasingly important cross sec
tional imaging modality in the initial diagnosis of IBD
as well as disease activity monitoring. Patients typically
drink 1-2 L of a hyper osmolar oral contrast material
to distend the bowel lumen, which can be difficult for
younger patients and is often not well tolerated. Intra
venous gadolinium contrast and spasmolytic medications
such as glucagon are often administered during the
[28,29]
study
. The imaging procedure generally takes 1-2 h
to complete, and patients must comply with instructions
to hold their breath intermittently. Historically, young
children undergo anesthesia for this procedure, but
newer protocols to reduce scan time, limit oral contrast,
and enlist child life team support have made MRE with
[30-32]
out anesthesia more feasible
. Signs of active IBD
using MRE include bowel wall thickening, increased T2
bowel wall signal, bowel wall hyperemia, and creeping
[29,33]
fat
(Figure 3). The major benefit of MRE is the
absence of ionizing radiation.Other advantages include
the ability to evaluate extraintestinal manifestations of
disease activity and to obtain a dynamic assessment
of the bowel with real time imaging sequences. The
potential disadvantages of MRE are lack of availability at
certain centers, longer scan time with possible need for
sedation in younger children, and higher cost than other
imaging techniques (Table 1).
MRE is now recommended as the imaging modality
of choice for the diagnosis of IBD among children,
monitoring disease activity among children and adults,
and evaluation of perianal disease among children and
[20-22]
adults
. A meta-analysis of prospective studies
shows MRE has a sensitivity of 93% and specificity
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Ultrasound

Transabdominal ultrasound is a well-established imaging
technique for the evaluation of IBD among children
and adolescents; though primarily used in Europe, it
is gaining popularity in North America. More recently,
intraluminal contrast enhanced ultrasound (SICUS)
has been used with improved bowel visualization. It
involves drinking a relatively small volume (200-500
ml) of non-absorbable contrast solution approximately
30 min prior to abdominal ultrasound, and the scan
time generally takes less than an hour. Conventional
ultrasound is typically performed first using a 3.5-5 MHz
probe to evaluate for extraintestinal abnormalities; then
a high frequency 7.5-17 Hz probe is used to evaluate
bowel wall thickness as well as Doppler assessment of
[41]
blood flow to the intestine . Sonographic evidence
of active IBD include bowel wall thickening greater
[41]
than 3 mm and bowel wall hyperemia
(Figure 4).
Abdominal ultrasound can also assess for extraintestinal
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IONIZING RADIATION
One of the strongest arguments for the prudent use of
certain imaging techniques such as SBFT and CTE is the
long term risks of ionizing radiation. Much of what we
understand about the risks of ionizing radiation comes
from studies among atomic bomb survivors.Studies have
demonstrated a linear no-threshold relationship between
radiation exposure dose and risk of solid tumors; the risk
[48]
is greatest among those exposed during childhood .
Some epidemiological data suggests that cumulative
radiation exposure as low as 50 mSv may increase risk
[49]
of certain solid tumors . A recent study demonstrated
multiple CT scans in childhood with cumulative radia
tion exposure of 50 mSv tripled the relative risk of
[50]
leukemia and brain cancer . Retrospective data among
the pediatric IBD population suggests the average
cumulative effective dose (CED) over an extended period
of time was 20.5 mSv among children with CD and
[51]
11.7 mSv with UC . Retrospective data among adults
with IBD estimates CED was 20.1 mSv for patients
[52]
with CD and 15.1 mSv with UC . Approximately 5.8%
of children and 7.1%-13% of adults with IBD had an
[51-53]
estimated CED > 50 mSv
. Children and adults with
CD, history of prior surgery, and prednisone use are
[51,52]
more likely to have increased radiation exposure
.
Adults with IBD are also at risk for increased radiation
[52]
exposure within the first year after diagnosis .
Strategies for reducing ionizing radiation exposure
include limiting unnecessary imaging studies and cho
osing an imaging modality without ionizing radiation
when possible. The use of CT has increased particularly
in the emergency department (ED) in the past 10
[54]
years . Despite the increasing use of abdominal CT
among adults with CD in the ED from 47% of encoun
ters to 78% of encounters over an 8-year period,
there was no significant difference in the detection of
complications of IBD including perforation, obstruction,
[55]
or abscess . Alternative imaging techniques without
the risk of ionizing radiation such as ultrasound and
MRI are preferred in patients who are clinically stable to
undergo such evaluation. Imaging forms without ionizing
radiation are particularly beneficial among the pediatric
population who are at greater risk of the harmful effects
of ionizing radiation and have a lifetime of periodic
imaging for possible complications of IBD or assessment
of disease activity ahead of them.

Figure 4 Transabdominal ultrasound in a 12-year-old boy with Crohn’s
disease. It demonstrates bowel wall thickening of the terminal ileum.

complications such as abscess, lymphadenopathy,
or other complications of active IBD such as stricture
or fistula. Bowel ultrasound has many advantages
including low cost, lack of ionizing radiation, dynamic
real-time bowel assessment, and no need for sedation
in the pediatric population (Table 1). The potential dis
advantage of bowel ultrasound is the need for a skilled
operator to provide optimal sensitivity and imaging,
which may not be available in all centers.
Ultrasound has been shown to have similar sensitivity
and specificity in identifying IBD compared to MRE and
[23]
CTE . Though most studies use bowel wall thickening
greater than 3 mm as a marker of active inflammation,
studies have also demonstrated that bowel hyperemia
as measured by Doppler blood flow is associated
[41,42]
with active bowel inflammation
. A meta-analysis
showed abdominal ultrasound had a sensitivity of
[23]
89.7% and a specificity of 95.6% for diagnosing IBD .
One group demonstrated 57% sensitivity in detecting
[43]
undiagnosed CD among adults
and 76% sensitivity
[44]
among undiagnosed children
with transabdominal
ultrasound. Addition of enteral contrastdemonstrated
improved sensitivity to as high as 94% among adults
and 100% among children. Further studies are needed
to confirm these findings. SICUS has excellent accuracy
in diagnosing complications of CD such as stricture,
[45]
abscess, and fistula compared to surgical findings .
Abdominal ultrasound findings have also been shown
to correlate with endoscopic severity in moderate to
[46]
severe UC . Though still an experimental technique,
some studies have shown that IV microbubble contrast
can also be used to better detect vascular density and
[47]
predict IBD disease activity .
Ultrasound is cost-effective, highly accurate in
detecting bowel inflammation, and does not involve
ionizing radiation or sedation. It is particularly beneficial
in the pediatric population and in monitoring disease
activity over time given these attributes. The routine
use of bowel ultrasound has not been adopted in North
America though it is widely used in Europe. There is
concern that the diagnostic accuracy is operator depen
dent, and this may impact the utility in more widespread
use.
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IMAGING GUIDELINES
There are many clinical scenarios from initial presentation
and diagnosis to assessment for disease complications
years after diagnosis where imaging is necessary to
evaluate a patient with IBD. When considering the
potential risks of imaging-including ionizing radiation,
cost, and potential need for sedation in the pediatric
population-it is prudent to consider the minimum imag
ing all patients with IBD require. Pediatric and adult
guidelines in the United States and Europe recommend
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small bowel imaging for any patient with newly diagnosed
CD or newly diagnosed UC with atypical endoscopic
[21,22,56]
appearance of colonic inflammation
. It has been
proposed that ultrasound or MRE are the preferred
imaging modalities in pediatric patients with suspected
IBD; MRE or CTE are recommended for complete
assessment of the small bowel in newly diagnosed
pediatric patients with IBD; and MRE is the modality of
[56]
choice for assessment of complications of IBD . Adult
and pediatric European guidelines recommend MRE as
the imaging modality of choice for assessment of the
small bowel in newly diagnosed CD or atypical UC as well
as for monitoring therapeutic response and screening for
[21,22]
complications of IBD
. There are no evidence-based
guidelines currently that describe the minimum necessary
frequency of abdominal imaging in IBD.Studies have
shown MRE to be accurate in detecting mucosal healing
[40]
and therapeutic response , but it remains unclear what
the optimal interval for repeat imaging may be and how
to implement in clinical practice.
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CONCLUSION

11

Imaging plays a pivotal role in the diagnosis and
ongoing evaluation of IBD activity over the course of
a patient’s life. Noninvasive imaging techniques with
out ionizing radiation such as ultrasound and MRE are
likely to become increasingly important in monitoring
for disease activity. This may be particularly true for
the growing pediatric IBD population given concerns
for potential risks of repeated anesthesia and invasive
procedures to assess for disease activity during child
hood. No imaging modality is perfect, but each option
has a potential role in the evaluation of IBD. It is the
clinician’s responsibility to weigh the risks and benefits
in each unique clinical scenario while considering
patient stability, availability, and what information is
needed. We advocate for the judicious use of imaging
studies that require ionizing radiation, and to consider
an alternative method of evaluation when possible.
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Abstract
Congenital abnormalities of the kidney and urinary
tract (CAKUT) include a wide range of abnormalities
ranging from asymptomatic ectopic kidneys to life
threatening renal agenesis (bilateral). Many of them are
detected in the antenatal or immediate postnatal with a
significant proportion identified in the adult population
with varying degree of severity. CAKUT can be classified
on embryological basis in to abnormalities in the
renal parenchymal development, aberrant embryonic
migration and abnormalities of the collecting system.
Renal parenchymal abnormalities include multi cystic
dysplastic kidneys, renal hypoplasia, number (agenesis
or supernumerary), shape and cystic renal diseases.
Aberrant embryonic migration encompasses abnormal
location and fusion anomalies. Collecting system
abnormalities include duplex kidneys and Pelvi ureteric
junction obstruction. Ultrasonography (US) is typically
the first imaging performed as it is easily available, noninvasive and radiation free used both antenatally and
postnatally. Computed tomography (CT) and magnetic
resonance imaging (MRI) are useful to confirm the
ultrasound detected abnormality, detection of complex
malformations, demonstration of collecting system
and vascular anatomy and more importantly for early
detection of complications like renal calculi, infection
and malignancies. As CAKUT are one of the leading
causes of end stage renal disease, it is important for
the radiologists to be familiar with the varying imaging
appearances of CAKUT on US, CT and MRI, thereby
helping in prompt diagnosis and optimal management.
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of gestation. It is non-functional in human beings
th
and regresses by 4 week leaving no adult lineage
and replaced by mesonephros which later forms the
portion of the male and female genital tracts. The
th
kidneys develop during the 4 week of gestation by the
union of the ureteric bud with the metanephric mass
of intermediate mesoderm at the level of the first or
second sacral segment. The kidneys initially lie close
to each other with the hila directed anteriorly in the
th
th
pelvis. During 4 to 8 weeks of gestation both kidneys
gradually ascend to the lumbar region moving further
apart from each other and rotate medially almost 90
[3,4]
degrees with the hila now facing anteromedially .

Congenital abnormalities of the kidney and urinary
tract; End stage renal disease; Horse shoe kidneys
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Congenital abnormalities of the kidney and
urinary tract (CAKUT) are one of the leading causes
of end stage renal disease. They can be classified on
embryological basis in to three major categories: (1)
abnormalities in the renal parenchymal development;
(2) aberrant embryonic migration; and (3) abnormalities
of the collecting system. Ultrasonography, computed
tomography and magnetic resonance imaging are the
primary imaging modalities used in the detection of
various CAKUT. Clinical features vary widely depending
on the type, severity and laterality of renal anomaly.
Timely diagnosis is crucial in selected anomalies to
minimize renal damage, prevent or delay the onset of
end stage renal disease (ESRD), and provide supportive
care to avoid complications of ESRD.

CLASSIFICATION

Ramanathan S, Kumar D, Khanna M, Al Heidous M, Sheikh A,
Virmani V, Palaniappan Y. Multi-modality imaging review of
congenital abnormalities of kidney and upper urinary tract. World
J Radiol 2016; 8(2): 132-141 Available from: URL: http://www.
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Congenital anomalies of the kidneys can be classified
on embryological basis in to abnormalities in the
renal parenchymal development, aberrant embryonic
[5]
migration and abnormalities of the collecting system .
Renal parenchymal abnormalities include multi cystic
dysplastic kidneys (MCDK), renal hypoplasia, number
(agenesis or supernumary), shape and cystic renal
diseases. Aberrant embryonic migration encompasses
abnormal location and fusion anomalies. Collecting
system abnormalities include duplex kidneys and Pelvi
ureteric junction obstruction (PUJO). We have included
only upper urinary system anomalies in this review.

INTRODUCTION

CLINICAL PRESENTATION AND IMAGING
APPROACH

Congenital abnormalities of the kidney and urinary
tract occur in 3-6 per 1000 live births and is the leading
cause of end-stage renal disease (ESRD) in children
and also cause subsequent renal problems in adulthood
like stone formation, infection, hypertension, and renal
[1]
failure . The North American Pediatric Renal Trials and
Collaborative Studies report indicated that 30% to 50%
of cases of ESRD are related to congenital anomalies of
[2]
the kidney and the urinary tract . Therefore, it is crucial
to have early diagnosis and management, whether
medical or surgical, to minimize renal damage and to
avoid or delay end-stage renal damage. Imaging helps
in the early diagnosis, follow-up, surgical planning,
detection of complications and associated renal and
extra renal malformations. This review summarizes
the various congenital anomalies of kidneys and upper
urinary tract, their embryological basis, clinical presen
tation, imaging features and complications.

Clinical features vary widely depending on the type,
severity and laterality of renal anomaly. Many of them
like hypoplasia, ectopic kidneys, and anomalies in shape
can be asymptomatic and detected incidentally in adults.
Others like renal agenesis, MCDK, bilateral PUJO and
cystic renal diseases can present early either antenatally
with oligohydramnios or later with urinary tract infection,
hypertension, proteinuria, renal impairment, abdominal
[6]
mass, hematuria or stones .
Antenatal screening ultrasonography (US) allows
demonstration of fetal kidneys and urinary bladder from
early second trimester and enables to detect a number
of major congenital anomalies of the urinary system.
The ultrasound examination of the normal urinary tract
consists of the assessment of the presence, location
and size of both kidneys and the evaluation of their
structure and echogenicity. Evaluation of fetal bladder,
external genitalia and the amount of amniotic fluid
compliments the examination. Abnormalities detected
in antenatal US include hydronephrosis, hydroureter,
thickened bladder, cystic kidney, small or dysplastic
kidney and absent kidney. Antenatal detection of renal
abnormalities warrants postnatal physical examination
and postnatal renal ultrasound soon after birth and
[5,7]
again at 4-6 wk of age .
Cross sectional imaging include computed tomo

RELEVANT EMBRYOLOGY
The kidneys develop from three structures which
succeed each other: The pronephros and the meso
nephric and metanephric ducts. Pronephros is the
most immature form of kidney and develops from
rd
intermediate mesoderm towards the end of 3 week
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A

B

C

D

Figure 1 A 35-year-old man with left renal agenesis. Coronal (A and B) and axial (C and D) contrast enhanced CT shows absent left kidney (arrowhead) and
absent left seminal vesicle (arrow). CT: Computed tomography.

A

B

RENAL PARENCHYMAL MALFORMATION
Anomalies in number

Renal agenesis: Complete absence of one or both
kidneys indicates renal agenesis. It thought to result
from a lack of induction of the metanephric blastema by
the ureteral bud. Bilateral agenesis is incompatible with
life and is associated with pulmonary hypoplasia and
limb defects. Unilateral renal agenesis is not uncommon,
[11]
seen in 1/1300 pregnancies . It is often asymptomatic
and compensatory hypertrophy in other kidney may
cause glomerulosclerosis in adults. Unilateral renal
agenesis is often incidentally detected in adults in US
or CT performed for other reasons. Associated abnor
malities can be seen like ipsilateral seminal vesicle
cyst, ipsilateral absence of seminal vesicle or mullerian
[12,13]
abnormalities
(Figures 1 and 2).

Figure 2 A 40-year-old man with left renal agenesis. Coronal T2W magnetic
resonance imaging abdomen (A) and pelvis (B) shows absent left kidney
(arrowhead) and left seminal vesicle cyst (arrow).

graphy (CT) and magnetic resonance imaging (MRI) help
in resolving the complex anatomy, ectopic kidneys not
detected on US, duplex collecting system, preoperative
evaluation in PUJO and to look for complications like
pyelonephritis, renal stones, and malignancies. Non
contrast CT can detect renal stones and nephrocalcinosis.
CT urography is useful in duplex system, their complex
course, distal opening and associated other genitouri
nary malformations. MRI has the advantages of lack
of ionizing radiation, better soft tissue contrast and
detection of collecting system abnormalities even without
[8]
contrast . Disadvantage is requirement of sedation in
[3,9,10]
small children, cost and availability
.

WJR|www.wjgnet.com

Supernumary kidneys: A supernumerary kidney
is an uncommon urogenital anomaly with less than
100 cases reported in the literature. In this one or
more accessory kidneys are seen often on the left
and caudal to the native kidney. Mostly the accessory
kidney is smaller in size with reduced function. It can be
detected on US, CT, MRI and Nuclear Medicine studies
like dimercaptosuccinic acid (DMSA) and diethylene
triamine pentaacetic acid (DTPA) scans. US is useful
in the morphological characterisation while the rest
aid in functional assessment. Supernumary kidneys
commonly have associated various urogenital and non
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B

A

C

Figure 3 Persistent fetal lobulations. A: USG shows pseudomass from hypertrophied column of Bertin (arrow); B: USG shows Dromedary hump (arrow) from
splenic impression (arrowhead); C: Coronal CT shows small LK with persistent fetal lobulations (arrow) inbetween the pyramids. CT: Computed tomography; USG:
Ultrasonogram; LK: Left kidney.

A

B

C

D

Figure 4 A 50-year-old woman with suspicious solid mass in left kidney on ultrasonogram. Coronal (A and C), axial (B) and sagittal (D) computed tomography
showing hypertrophied column of Bertin in interpolar region of LK (arrows) showing density and enhancement pattern similar to adjacent normal renal cortex. LK: Left
kidney.
[14,15]

urogenital anomalies

.

of renal cortical tissue which separates the pyramids
towards the central parenchyma. It is important as it can
be mistaken for a renal mass on US. It is usually located
in the mid portion of the left kidney. Key to correct
identification is the fact that it is in continuity with, and
have signature of normal renal parenchyma regardless
[17,18]
of the type of imaging modality, CT or MRI
(Figures
3-5).

Anomalies in shape

Persistent fetal lobulations: Persistent fetal lobu
lations is a normal variant seen in adult kidneys due
to incomplete fusion of the developing renal lobules
and could be mistaken for renal scarring. However it
is seen as smooth indentation of the renal outline inbetween the pyramids on ultrasonogram (USG), CT OR
MRI as compared to renal scarring where indentation
is not smooth, asymmetrical and it overlies the renal
[16]
pyramids (Figure 3).

Dromedary hump: Normal variant of renal contour
appearing as focal contour bulge, caused by the splenic
impression onto the superolateral left kidney. It can
mimic a renal mass and the key to diagnosis is it is
identical to renal parenchyma in density/signal intensity

Hypertrophied column of bertini: It is the extension
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A

B

Figure 5 A 60-year-old man with suspicious mass in the left kidney on ultrasonogram. Coronal T2W (A) and contrast enhanced T1W magnetic resonance
imaging (B) shows hypertrophied column of Bertin in interpolar region of LK (arrows). LK: Left kidney.

A

B

Figure 6 A 35-year-old man presented with right flank pain and incidental left renal hypoplasia. Coronal (A) and axial (B) non-contrast computed tomography
shows uniformly small left kidney with no scarring (arrow). Compensatory hypertrophy of right kidney seen with tiny calculi.

on both precontrast and contrast sequences. Another
clue is calyces underlying the hump extend further
[16]
laterally into the hump than the other calyces (Figure
3).

pyelonephritis or chronic vascular diseases in adults.
Atrophic kidneys from pyelonephritis usually show
irregular outline from scarring with focal dilatation/
clubbing of calices in contrast to smooth outline and
non-dilated calices in global hypoplasia. Small smooth
kidney from chronic vascular diseases are difficult
[4]
to differentiate from hypoplasia . Segmental renal
hypoplasia also known as Ask-Upmark kidney is a cause
of secondary hypertension in young adults. Imaging
reveals small nonfunctioning kidney or focal hypoplasia
of upper or lower pole and final diagnosis is made on
[4,5,20]
characteristic histological features
(Figures 6 and 7).

Renal hilar lip: A renal hilar lip is an infolding of the
cortex at the level of the renal sinus giving a pseudo
mass appearance. Again cortical signature and careful
evaluation of contiguous images on CT or MRI help in
[19]
resolving the confusion .
Junctional parenchymal defect: It is a normal variant
seen as a triangular echogenic area due to the extension
of sinus fat into the cortex. It results from embryonic
fusion of renunculi. It can be distinguished from small
angiomyolipoma (AML) or scar by its continuity with
renal sinus fat and its typical location in interpolar
[16,17]
region
.

Renal dysplasia

MCDK is a developmental disorder of the kidney, in which
the normal renal parenchyma is replaced by multiple,
non-communicating cysts of varying size with poorly
identified echogenic parenchyma and atretic upper
[21]
ureters. The incidence is about 1/4300 pregnancies .
USG (antenatal or postnatal) is diagnostic and should be
differentiated from hydronephrosis which have commu
[7]
nicating cysts . Polycystic kidney disease presenting in
adults shows multiple non communicating cysts similar
to MCDK. However adult age of onset, bilateralism,
enlarged kidney, intervening normal renal parenchyma
and positive family history are helpful in differentiating

Renal hypoplasia

Renal hypoplasia refers to congenital small kidney
with lesser number of calices and papilla (< 6) due to
incomplete renal development. It is often unilateral
and can have normal or mildly reduced function. It
can be global or segmental. Global hypoplasia needs
to be differentiated from atrophic kidneys due to
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Figure 7 A 45-year-old man presenting with recurrent lower abdominal pain. Coronal non-contrast computed tomography (A and B) shows hypoplastic right
kidney (short arrow) and ectopic left kidney (long arrow). Nuclear scan (C) show small poorly functioning right kidney (short arrow) and ectopic left kidney (long
arrow).

A

B

Right kidney

C

Left kidney
POSTV
RT
Anterior
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Figure 8 A 15-year-old girl with non-specific abdominal pain. USG (A and B) shows normal right kidney and multiple non communicating cysts replacing left
kidney. Nuclear scan (C) non functioning left kidney (arrows). USG: Ultrasonogram.
[22]

from MCDK . DMSA can be performed to establish
non functioning kidney (Figure 8). In 25%-40% the
contralateral kidney will also be abnormal, reflux being
the most frequently associated anomaly and should
be investigated with a voiding cysto urethrogram. The
natural course in utero is variable and the final result is
[23]
a non-functional kidney . Bilateral multicystic kidney
disease occurs in about 10%-20% of cases and is a
lethal condition.

Simple renal ectopia is seen in 1:3000 and bilateral in
[24]
10% of cases . The location, in order of frequency,
may be pelvic, iliac, abdominal or chest. Ectopic kidney
is usually smaller with varying degree of malrotation.
The ureter has a length according to the location of
the kidney and blood supply is from iliac or infrarenal
abdominal aorta with typically multiple arteries. USG
is diagnostic in most of the cases and cross sectional
imaging or nuclear medicine studies are needed when
USG visualized is suboptimal due to bowel gas, small
[25]
kidneys or intrathoracic location . Crossed renal ectopia
is seen in 1:7000 and often incidentally detected. It
can be fused in 85% where the ectopic kidney fuses
[9,26]
with the orthotopic kidneys
. Commonest fusion
pattern is fusion of lower pole of orthotopic kidney to the
upper pole of crossed ectopic kidney. Other described
patterns include sigmoid, L shaped, discoid and cake
kidneys. USG shows absent kidney on one side and
careful evaluation often reveals it on the opposite
lumbar or iliac region. Often there is associated other
genitourinary malformations and ectopic kidneys are
complicated by stones, infection or hypertension from
[3]
multiple anomalous arteries . CT urography is helpful in
confirming the diagnosis and demonstration of collecting
system, arterial supply and complications. Ectopic
kidneys need to be differentiated from renal transplants,
nephroptosis, surgical repositioning of kidneys and

ABNORMAL MIGRATION
Congenital renal anomalies in the position and in the
renal fusion are the result of impaired cephalic migration
from the pelvis to the flank of the ureteric bud and
metanephric blastema. This process of ascent begins in
th
th
5 week and ends at 9 week of gestation. It includes
both ectopic location of kidneys and abnormal fusion of
whole or part of the kidneys.

Ectopic kidneys

Renal ectopia is a congenital renal anomaly characterized
by abnormal location of kidneys outside the flank region
(L1-L3 vertebral levels). It can be simple ectopia where
ectopic kidney is located on the same as its ureter or
crossed ectopia when it is located on the opposite from
its ureteric orifice. Both can be unilateral or bilateral.
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Figure 10 A 30-year-old man with crossed ectopia without fusion. Intra
venous urography shows crossed ectopia of left kidney (long arrow) below the
normal right kidney (short arrow). Note ureter of ectopic left kidney crossing to
left side (black arrow) and empty left renal fossa (arrowhead).

Figure 9 A 40-year-old man with long standing recurrent lower abdominal
pain. Coronal non-contrast computed tomography (A and B) shows ectopic left
kidney in the pelvis with stag horn calculus causing hydronephrosis (arrows).

A

B

Figure 11 A 42-year-old man with crossed fused ectopia on the right side. Coronal contrast enhanced computed tomography (A and B) shows empty left renal
fossa (arrowhead) with crossed fused ectopic left kidney (long arrow) fused with the right kidney (short arrow) which shows infiltrating transitional cell carcinoma.

nephrectomy (Figures 9-11).

of awareness could lead to overlooking the diagnosis
with underestimation of renal length or mistaking the
[17,29,30]
preaortic tissue for mass or lymphnode
. CT
and MRI help in delineating the details of collecting
system and arterial anatomy, differentiating functioning
isthmus from fibrous tissue and for early detection of
complications (Figures 13 and 14).

Horse shoe kidney

Horseshoe kidney is the most common congenital
[27]
anomaly seen in 1 in 500 adults . It is formed by fusion
across the midline of two distinct functioning kidneys,
one on each side of the midline. They are connected
by an isthmus of functioning renal parenchyma or
fibrous tissue. In the vast majority of cases the fusion
is between the lower poles (90%). In the remainder
the superior or both the superior or inferior poles are
fused. It is due to normal ascent of kidneys impaired by
inferior mesenteric artery which hooks over the isthmus
resulting in a lower abdominal location and abnormal
rotation, especially at the lower poles (Figure 12). The
pelvis and ureters are anterior, ventrally crossing the
[3]
isthmus . Horse shoe kidney is prone to numerous
complications due to its location and poor drainage like
hydronephrosis, secondary to pelviureteric junction
obstruction, renal calculus, infection, increased incidence
of malignancy (Wilms tumour, transitional cell carcinoma,
[28]
carcinoid and possibly renal cell carcinoma)
and
increased susceptibility to trauma. On USG, clue to
diagnosis is poor visualization of bilateral lower pole
which should alert the sonographer to look for abnormal
tissue anterior to aorta representing the isthmus. Lack
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ABNORMAL COLLECTING SYSTEM
Duplex collecting system

A duplex collecting system is one of the most common
congenital renal tract abnormalities, characterised by
an incomplete fusion of upper and lower pole moieties
resulting in a variety of complete or incomplete dupli
cations of the collecting system. Duplication occurs
when two separate ureteric buds arise from a single
[31]
Wolffian duct . Based on the degree of fusion, it can
present as bifid renal pelvis, partial ureteric duplication
(Y-shaped ureter), incomplete ureteric duplication
with ureters joining near or in bladder wall (V-shaped
ureter) and complete ureteric duplication with separate
[32,33]
ureteric orifices
. This is often asymptomatic and
incidentally detected. USG has limited role in detecting
duplication when no hydronephrosis. CTU and MRU
are the modality of choice and help in demonstrating
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A

Figure 13 A 32-year-old woman with combined horse shoe kidney and
duplex ureters. Coronal volume rendered image (A) and Maximum intensity
projection image (B) images show horse-shoe kidney with bilateral duplex
ureters joining at the midureter level (long arrow) on left side and close to
bladder (short arrow) on the right side.

Figure 12 Schematic diagram showing the horse shoe kidneys due to
the arrested migration of isthmus as the inferior mesenteric artery (white
arrow) hooks over the isthmus (black arrow).

A

B

B

T2

T1

C

D

T1-pre

T1 post

Figure 14 A 43-year-old man on follow up for horse shoe kidney. Axial T2W (A) and T1W (B) MRI show horse shoe kidney (long arrow) with heterogenous mass
in the left renal moiety showing T1 hyperintensity suggestive of blood products. Coronal T1 precontrast (C) and post contrast (D) MRI shows mild enhancement in the
renal mass (short arrows). Histopathology came out as renal carcinoid. MRI: Magnetic resonance imaging.

the detailed anatomy of the collecting system, level of
[29,34]
fusion and status of ureteric orifices
. Double ureters
follow Weigert-Meyer rule (Upper moiety ureter inserts
ectopically inferior and medial to the lower pole moiety
ureter). Upper moiety often ends in an ureterocele
with obstruction and lower pole moiety shows reflux.
Because of this upper pole moiety shows hydronephrosis
causing mass effect on the lower pole which is seen as
[35-37]
drooping lily sign on intravenous urogram
. Drooping
lily sign is a classic urographic sign which refers to the
inferolateral displacement of the opacified lower pole
moiety due to an obstructed (and unopacified) upper
[36]
pole moiety . Upper pole moiety ureter can insert into
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the prostatic urethra in males or vaginal vault in females
(Figures 15 and 16).

PUJO

Congenital PUJO is one of the commonest causes of
antenatal hydronephrosis reported in 1 per 500 live
[38]
births . Etiology is debatable and include inadequate
canalization during 10-12 wk of gestation, extrinsic
obstructions secondary to bands, kinks, and aberrant
[39]
vessels . Patients can be asymptomatic or present
with recurrent urinary tract infections, stone formation
or palpable flank mass. Classically intermittent pain after
drinking large volumes of fluid or fluids with a diuretic
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A

B

C

L
Released

Figure 15 A 25-year-old man with bilateral duplex kidneys and “drooping
lily” sign on the left side. One hour delayed radiograph after computed
tomography urogram shows bilateral duplex system with hydronephrotic left
upper moiety (long arrow) displacing the lower moiety (short arrow).

A

B

Figure 16 Different forms of duplex kidneys based on the level of fusion.
A: Bifid renal pelvis; B: Y shaped ureter; C: V shaped ureter (short arrow). Also
seen left lower ureteric stricture (long arrow).

C

Figure 17 A 24-year-old man with bilateral flank pain. A: Computed tomography scannogram shows bilateral large round renal calculi; B: Coronal Volume rendered
image shows narrowing at bilateral Pelvi-ureteric junction; C: Coronal maximum intensity projection image shows bilateral ballooning of pelvis (arrows) with large
round renal pelvic calculi.

effect is described, due to the reduced outflow from the
renal pelvis into the ureter (Dietl’s crisis). Antenatal and
postnatal USG are diagnostic and show disproportionately
dilated renal pelvis with mild dilatation of calices and
[40]
non dilated ureters . DTPA is performed to assess
the degree of obstruction and split renal function. CT
is helpful in demonstrating the crossing vessels before
[41]
surgical planning
(Figure 17). Depending on the
degree of obstruction and residual function, surgery is
often performed in the form of pyeloplasty or stenting.

2
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establishment of a radiation protection culture (RPC) in
every Radiology Department. RPC is a newly introduced
concept. The term culture describes the combination
of attitudes, beliefs, practices and rules among the
professionals, staff and patients regarding to radia
tion protection. Most of the time, the challenge is to
improve rather than to build a RPC. The establishment
of a RPC requires continuing education of the staff and
professional, effective communication among stake
holders of all levels and implementation of quality
assurance programs. The RPC creation is being driven
from the highest level. Leadership, professionals and
associate societies are recognized to play a vital role in
the embedding and promotion of RPC in a Medical Unit.
The establishment of a RPC enables the reduction of
the radiation dose, enhances radiation risk awareness,
minimizes unsafe practices, and improves the quality
of a radiation protection program. The purpose of this
review paper is to describe the role and highlight the
importance of establishing a strong RPC in Radiology
Departments with an emphasis on promoting RPC in the
Interventional Radiology environment.
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Core tip: Radiation protection culture (RPC) is a com
bination of knowledge, beliefs and practices related
to radiation safety. The establishment of a RPC in a
Radiology Department demands substantial knowledge
of radiation risks, safety rules and active participation of
all stakeholders. Professionals have the key role in the
creation of a RPC. A strong RPC provides more effective
diagnosis and treatment, improves patient and staff
safety and reduces radiation exposure. The objective of
our study is to highlight the role of RPC in a Radiology
Department with an emphasis on promoting RPC in the
Interventional Radiology environment.

Abstract
The increased use of ionization radiation for diagnostic
and therapeutic purposes, the rapid advances in
computed tomography as well as the high radiation
doses delivered by interventional procedures have
raised serious safety and health concerns for both
patients and medical staff and have necessitated the
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experience of radiation protection in all its aspects for
patients, workers, population and environment, and in
all exposure situations, combining scientific and social
[2]
dimensions” . In other words, RPC is the assembly
of attitudes, strategies and practices among staff
and leaders that should be emphasized in radiation
protection safety. As it is obvious, RPC is a part of safety
culture oriented on the effects and risks of ionization
radiation.
Each Radiology Department has guidelines and
practical rules for the safe use of ionizing radiation even
if not all members of the department are aware of that.
Does this actual mean that every Radiology Department
has a RPC program? On this question, opinions diverge.
Some support that RPC exists in every Radiology Depart
ment; however this culture can be positive or negative,
strong or weak. Others recognize that culture is a com
bination of attitudes and regulations and claim that RPC is
either present or absent within a Radiology Department.
In authors’ opinion, RPC exists in most Radiology
Departments. The challenge is to improve rather than to
build a RPC. Most often, it proves to be more difficult to
improve an existing culture rather than to create a new
one as workers and all stakeholders must unlearn the old
behaviors and practices before they adopt the new ones.
The objectives of RPC are to provide a safe working
environment, promote knowledge of radiation risks,
minimize unsafe practices, control radiation risks, share
responsibility among workers and improve the quality
of an already existing radiation protection program. All
the aforementioned objectives are achieved through
the active participation and interaction of all the workers
inside the department.

Ploussi A, Efstathopoulos EP. Importance of establishing
radiation protection culture in Radiology Department. World J
Radiol 2016; 8(2): 142-147 Available from: URL: http://www.
wjgnet.com/1949-8470/full/v8/i2/142.htm DOI: http://dx.doi.
org/10.4329/wjr.v8.i2.142

INTRODUCTION
Culture is one of the most complicated and obscure
concepts. Among the many definitions one may find in
the literature, the most attractive one for the purpose of
this text is that culture is “…the total range of activities
and ideas of a group of people with shared traditions,
which are transmitted and reinforced by members of
[1]
the group…” . The term culture is not only associated
with a high level of art, civilization and religion but also
strongly affects business, communication, marketing
and safety.
During the recent years the concept of safety
culture has been gaining ground in organizations mainly
due to the rapid advancement of technology and the
concern about employees’ health and safety. Safety
culture reflects attitudes, values, norms and practices
that professional and employees share concerning risk
and safety. Safety culture is often used in conjunction
with terms like “nuclear safety culture”, “patient safety
culture”, “health safety culture”, “occupational safety
culture”, “organization safety culture” and “environment
safety culture”.
Regarding the safe use of ionizing radiation in
the medical field and nuclear industry, International
Radiation Protection Association (IRPA) first established
the concept of radiation protection culture (RPC) in
2008 following the proposal of the French Society for
Radiation Protection. The proposal was favourably
greeted by the participating Associate Societies, the
World Health Organisation (WHO) and the European
ALARA Network. At the first Workshop of IRPA on
RPC in 2009, professionals proposed a number of
definitions for RPC and prepared the action plan for the
development of a strong RPC. Two years later, after a
series of meetings, the Association published the final
draft on Guiding Principles for Establishing a RPC and
very recently, in June 2014, the draft was issued in its
[2]
final form and published in the website of IRPA .
Hence, the RPC is a newly introduced concept
for professionals, staff and patients. The goal of this
paper is to provide the role of RPC with an emphasis
on promoting RPC in the Interventional Radiology en
vironment.

WHY THE ESTABLISHMENT OF RPC
IS IMPORTANT IN A RADIOLOGY
DEPARTMENT
The increasing use of ionization radiation for diagnostic
and therapeutic purposes especially in higher dose
procedures such as computed tomography (CT) and
interventional radiology have raised serious safety and
health concerns for both patients and medical staff.
During the last 15-year period the number of CT
examinations has almost tripled and now contribute to
more than 60% of the total collective dose from X-ray
[3,4]
examinations . A typical head CT scan, which is the
most frequent CT examination in adults and children,
delivers an effective dose of about 4 mSv whereas the
effective doses for abdomen and coronary angiography
CT examinations can reach 25 and 32 mSv, respectively
[5,6]
(Figure 1) .
The concern for the increased use of CT exams
is more pronounced for pediatric patients. A recent
survey revealed that the frequency of CT examinations
has doubled in children under 5 years old while it has
[7]
tripled in older children the last 20 years . Pediatric
patients are more sensitive to radiation-induced risks

A DEFINITION FOR RPC
A thorough understanding of the term RPC is the first
step towards developing a strong RPC in a Radiology
Department. According to IRPA, RPC is defined as “The
combination of knowledge, values, behaviours and

WJR|www.wjgnet.com

143

February 28, 2016|Volume 8|Issue 2|

Ploussi A et al . RPC in a Radiology Department
wrong practices and the improper or no use of radiation
protection tools.

CT examinations
Chest-abdomen-pelvis
Coronary angiography

WAYS OF ESTABLISHMENT A RPC

Pelvis

The key role for the implementation of RPC in a Ra
diology Department is initially the development of a
strategic plan where every decision and process takes
into account radiation safety of staff and patients. Then
this strategic plan must be turned into an action plan in
order to create the conditions for the incorporation of
radiation safety in the routine work of the department.
But how we can achieve the establishment of a RPC
program in Radiology Departments and how easy is it to
apply a “culture” on a daily basis?
The most important factor contributing to the creation
of a RPC is the continuous education and training of the
staff and professionals with the attendance of courses,
workshops, seminars and electronic-learning programs
in a normal periodical basis. Theoretical education and
practical training in radiation protection aim to ensure
that healthcare professionals will obtain a strong
foundation in radiation protection and a basic knowledge
of the technology of each modality. Education is an
essential aspect for the optimization of clinical protocols
and the reduction of radiation exposure. Physicians,
radiographers, nurses and other medical staff need to
have a substantial knowledge of radiation protection
regulations and a comprehensive understanding of the
factors that affect patient and occupational dose in order
to minimize the harmful effects of ionizing radiation.
Medical staff should be adequately trained in order to
keep the dose as low as reasonably achievable (ALARA
principle), be familiar with radiation quantity units, pay
special attention to radiation protection of pregnant
and pediatric patients and proper use of the radiation
protection equipment.
Literature review revealed that there is poor edu
cation in radiation protection of medical staff. A study
[14]
from Salerno et al on the evaluation of radiation risks
knowledge in pediatric fellows and resident demon
strated that only 35% of medical staff have sufficient
knowledge for radiation risk from common radiological
examinations. Furthermore, it is impressive to be noted
[15]
that a multicenter study conducted by Vano et al
in
pediatric interventional cardiology departments in Latin
America revealed that only 64% of the physicians used
their personnel dosimeter and only 36% were aware
[16]
of the doses received. European Commission
and
more recently the International Commission of Radiation
[17]
Protection
published guidelines highlighting the need
for education and training of medical staff on radiation
protection. It is important to understand that education
does not only offer new knowledge but also facilitates
the development of new skills and attitudes.
The active stakeholder engagement of all levels in
cluding health authorities, researchers, medical staff and
patients is the second milestone for the establishment
of a RPC. In a Radiology Department, multi-disciplinary

Abdomen
Chest CT for pulmonary embolism
Chest
Head
0

5 10 15 20 25 30 35 40 45
Effective dose (mSv)

Figure 1 Effective dose from various computed tomography examinations[5,6].
CT: Computed tomography.

compared to adults due to their longer post-exposure
life expectancy and their rapidly dividing cells. Two
recent epidemiological studies on large pediatric popu
lations demonstrated positive association between
radiation exposures received from CT scans and cancer
[8,9]
incidence . It is worth mentioning that even today
there is lack of optimized, size-based protocols for
pediatric procedures in clinical routine and therefore
children may be over-exposed to radiation.
Concerning the field of interventional radiology (IR),
the new advances in fluoroscopy imaging equipment as
well as the development of new interventional tools and
devices (balloon, catheters, stents) led to a significant
increase of 78% in interventional (non-CT) procedures
[3]
the period between 1998-2008 .
Radiation protection and safety is an extremely
important issue for IR medical staff. IR procedures are
usually complex, demands high fluoroscopy times, high
dose rates and a large number of cine acquisitions.
Therefore, they deliver high radiation doses both
to patients and medical staff. Figure 2 presents the
effective dose from various IR examinations for patients
[5,10,11]
and medical staff
. IR procedures deliver effective
[5]
dose to the patients ranging from 5 to 160 mSv and
[3]
contribute about 8% to collective dose even though
they consist of a small percentage in the total number
of X-ray examinations performed in a given population.
Variations in the value of occupational doses for the
same type of procedure are largely due variations in
the X-ray equipment, the technique, the training of
health professionals on radiation protection issues, the
optimization of protocols as well as to the availability and
use of protection tools.
There are several reports in the literature concerning
radiation-induced deterministic effects on both patients
[12,13]
and medical staff during IR procedures
. The most
common deterministic effects in patients are erythema,
skin necrosis, hair loss and permanent epilation as well
as cataract formation in occupational settings. Most
of the time, the deterministic injuries arise from the
poor knowledge on radiation protection rules, the lack
of quality assurance programs, the performance of
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Figure 2 Effective doses from various interventional radiology procedures. A: Patients[5]; B: Occupational[10,11]. TIPS: Transjugular intrahepatic portosystemic
shunt; CPTA: Carotid percutaneous transluminal angioplasty; ERCP: Endoscopic retrograde cholangiopancreatography; PCNL: Percutaneous nephrolithotomy; PCI:
Percutaneous coronary intervention; IR: Interventional radiology.

collaboration is needed. Radiologists, medical physicists,
radiographers, nurses and other specialists must colla
borate closely one to each other, in order to ensure
patient safety and best clinical outcome. RPC is strongly
dependent on the behavior of all stakeholders. The
effective communication among workers leads to the
creation of a supportive and motivating work envir
onment where everyone has a clear role. A positive
workplace is characterized by trust and respect among
stakeholders and allows the exchange of experience and
knowledge. A strong leadership increases the radiation
risk awareness and allows the performance of safer
practices, which prompts minimizing errors.
Quality assurance (QA) program is another essential
step in the implementation of RPC. According to WHO,
the QA program in diagnostic radiology is defined as
“an organized effort by the staff operating a facility
to ensure that the diagnostic images produced are of
sufficiently high quality so that they consistently provide
adequate diagnostic information at the lowest possible
cost and with the least possible exposure of the patient
[18]
to radiation’’ . The objectives of a QA program is to
improve patient care and comfort, ensure accurate dia
gnosis and proper function of the equipment, produce
high quality images following the ALARA principle,
ensure patient and staff safety and minimize cost. A
QA program should include the following major ele
[19,20]
ments
: (1) Responsibility: There should be an
assignment of the responsibility with specific duties for
the performance of QA procedures. Both managers and
employee are responsible for the implementation and
improvement of QA programs in clinical routine; (2)
Equipment specifications: Accurate specifications must
be provided for each modality according to the facilities
needs; (3) Standards for image quality: Standards,
criteria and limits for diagnostic acceptable images
should be documented and accessible; (4) Monitoring
and maintenance: Monitoring, testing and maintenance
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of radiology equipment should be established and
performed on a regular basis; (5) Evaluation: There
must be regularly recurring evaluation of the adequacy
and effectiveness of the X-ray equipment performance
and the QA program itself; (6) Records: Every depart
ment should keep records about the equipment, quality
control tests, dosimetry data, maintenance and repair
of the modalities. The records must be easily accessible
to the staff; (7) Manual: The manual must include list of
duties and responsibilities of the staff as well as a list of
the tests to be performed; (8) Education: QA specialists
shall have continuing education and training in order
to be qualified and up-to-date; (9) Committee: Each
department should establish a committee composed of
radiologists, medical physicists and radiographers with
the top priority being the QA and the radiation safety;
and (10) Review: Ongoing review of the QA program is
important in order to assess the effectiveness of the QA
procedures.

THE ROLE OF PROFESSIONALS AND
STAFF
The implementation of a RPC should be driven from
the highest level. Managers, medical professionals
and workers should be directly involved and have a
key role in the execution of RPC in every department.
Radiation protection experts enhance safety culture,
provide leadership, develop relationships with the
administration and the employees and are responsible
for the staff training and the creation of guidelines and
recommendations under the guidance of radiation
protection associates (e.g., IRPA). Managers should
be able to change unsafe practices and behavioral
hazards, recognize safe practices and report accidents
in order to prevent recurrence. Furthermore, the health
care staff should implement the guidelines and the
recommendations, ensure the proper practice of exami
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nations, improve patient health care and build trust
between patients and staff.

5

THE IMPACT OF RPC
The direct impact of the implementation of RPC is
the substantial reduction of radiation dose on both
[21]
patients and staff. Fetterly et al showed a significant
reduction of about 40% on cumulative skin dose of
patients in an invasive cardiovascular laboratory after
the establishment of a safety culture. The ways in which
the safety culture was achieved included a number of
practical and technical changes such as reporting of high
air-kerma procedures, training for fellows on radiation
exposure safety issues, maximum distance between
the X-ray source and patient, increased use of X-ray
beam spectral filters and reduced fluoroscopy frame
rates. A strong RPC enables more efficient diagnosis
and treatment and helps minimize harmful effects. The
foundation of a RPC program has an important effect on
the operation of the Radiology Department: It improves
the efficiency and service quality, reduces cost and
incorrect practices and promotes a good reputation.

6

CONCLUSION

10

7

8

9

RPC is a combination of attitudes, priorities, policies and
practices concerning radiation safety. The foundation
of a RPC program is a dynamic process that needs
continuous evaluation and systematic improvement
with the use of quantitative and qualitative tools in order
to examine how well the RPC is being implemented
and to check whether the program is achieving the
desired goals. RPC should be an integral part of clinical
routine and demands deep knowledge of radiation risks,
safety rules and active participation of all stakeholders.
Insufficient knowledge and lack of collaboration are
the most significant barriers in the implementation of
RPC. For the successful establishment of a strong RPC
program, authorities, professionals, employee and
patients must fully comprehend the role and the impact
of RPC in a Radiology Department and fill the gap bet
ween theory and practice.
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MINIREVIEWS

Advances in determining abdominal aortic aneurysm size
and growth
Nikolaos Kontopodis, Stella Lioudaki, Dimitrios Pantidis, George Papadopoulos, Efstratios Georgakarakos,
Christos V Ioannou

Abstract

Nikolaos Kontopodis, Stella Lioudaki, Dimitrios Pantidis,
George Papadopoulos, Christos V Ioannou, Department of
Cardiothoracic and Vascular Surgery, University of Crete Medical
School, 71100 Heraklion, Greece

Abdominal aortic aneurysm is a common pathology
in the aging population of the developed world which
carries a significant mortality in excess of 80% in case
of rupture. Aneurysmal disease probably represents
the only surgical condition in which size is such a
critical determinant of the need for intervention and
therefore the ability to accurately and reproducibly
record aneurysm size and growth over time is of
outmost importance. In the same time that imaging
techniques may be limited by intra- and inter-observer
variability and there may be inconsistencies due to
different modalities [ultrasound, computed tomography
(CT)], rapid technologic advancement have taken
aortic imaging to the next level. Digital imaging, multidetector scanners, thin slice CT and most- importantly
the ability to perform 3-dimensional reconstruction and
image post-processing have currently become widely
available rendering most of the imaging modalities used
in the past out of date. The aim of the current article is
to report on various imaging methods and current state
of the art techniques used to record aneurysm size and
growth. Moreover we aim to emphasize on the future
research directions and report on techniques which
probably will be widely used and incorporated in clinical
practice in the near future.

Efstratios Georgakarakos, Department of Vascular Surgery,
Democritus University of Thrace, University Hospital of Alexand
roupolis, 68100 Alexandroupolis, Greece
Author contributions: Kontopodis N conceived the subject and
wrote the article; Lioudaki S collected data and critically revised
paper; Pantidis D collected data and summarized evidence in
Tables; Papadopoulos G collected data and designed images;
Georgakarakos E and Ioannou CV had the overall responsibility,
revised manuscript and gave final approval for submission.
Conflict-of-interest statement: Authors declare no conflict of
interest for this article.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Christos V Ioannou, MD, PhD,
Assistant Professor, Head of Vascular Surgery, Department of
Cardiothoracic and Vascular Surgery, University of Crete Medical
School, PO Box 1352, 71110 Heraklion,
Greece. ioannou@med.uoc.gr
Telephone: +30-281-3402379
Fax: +30-281-0375365

Key words: Abdominal aortic aneurysm; Size; Growth;
Maximum diameter; Volume; Ultrasound; Computed
tomography
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Received: June 6, 2015
Peer-review started: June 7, 2015
First decision: August 16, 2015
Revised: September 6, 2015
Accepted: December 17, 2015
Article in press: December 18, 2015
Published online: February 28, 2016

WJR|www.wjgnet.com

Core tip: Abdominal aortic aneurysms probably re
present the only surgical condition in which size is such
a critical determinant of the need for intervention.
Recent advances in imaging techniques have raised new
possibilities in medical imaging regarding aneurysmal
disease making size recordings more accurate and
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[10-12]

based
. Therefore cut-off points have been set by
the European Society for Vascular Surgery (SVS) and
the SVS (Dmax ≥ 55 mm, GR ≥ 10 mm/year) that
are generally thought appropriate for intervention to
[10,11]
be recommended
. Unfortunately landmark studies
comparing open surgery vs observation alone took place
in the early 90 s, thus before the advents of thin-slice
computed tomography (CT), digital imaging and the
three-dimensional (3D) reconstruction of AAA surface
become widely available. Therefore they have used
either ultrasonography (US) (UKSAT trial) or axial CT
[13,14]
measurements (ADAM trial)
. On the other hand the
most recent randomized trials comparing endovascular
aneurysm repair (EVAR) with surveillance, have used
orthogonal maximum diameter measurements to deter
[15,16]
mine aneurysm size (PIVOTAL, CAESAR)
. Currently,
reporting standards for endovascular aneurysm repair
from the SVS recommend that AAA size is most accu
rately measured using orthogonal measurements,
perpendicular to the centerline of flow after 3D recon
[17]
struction of the 2D CT images .
Moreover in contemporary clinical practice, EVAR
becomes increasingly popular among physicians, having
overcome open surgery and currently 80% of all AAA
elective repairs are being performed by endovascular
[18]
means . This is due to its less invasive nature, reduced
peri-operative morbidity and mortality, decreased
length of hospitalization, need for blood products, inten
[6-9]
sive care unit stay, etc . Nevertheless this modality
is hampered by the continuous need for surveillance
at specific time intervals to assess the successful
exclusion of the aneurysm sac from systemic circulation
and pressurization. Increase in aneurysm size postprocedurally, usually indicates the need for re-inter
[10,11]
ventions to avoid risk of late aneurysm rupture
.
Therefore AAA size and expansion rate except being
essential variables to set the indication for elective
repair, are also important determinants of the successful
exclusion of AAAs post-EVAR. Except Dmax, aneurysm
volume has been suggested to accurately display
changes in aneurysm size after EVAR.
Therefore in the same time that reproducible and
accurate methods to record AAA size are needed,
there may be inconsistencies due to different imaging
modalities (i.e., US, CT) but also different modes of mea
surements (i.e., axial vs orthogonal CT measurements,
Dmax vs Volume measurements, etc.). Subsequently
the aim of this review is to report on different imaging
techniques and assess their comparability and their value
to accurately display aneurysm size and growth and
assist therapeutic management of these patients.

reproducible than ever. This review article summarizes
available techniques, reports state of the art imaging
modalities and discusses future perspectives regarding
aortic aneurysms’ imaging and decision making.
Kontopodis N, Lioudaki S, Pantidis D, Papadopoulos G,
Georgakarakos E, Ioannou CV. Advances in determining
abdominal aortic aneurysm size and growth. World J Radiol
2016; 8(2): 148-158 Available from: URL: http://www.wjgnet.
com/1949-8470/full/v8/i2/148.htm DOI: http://dx.doi.org/10.4329/
wjr.v8.i2.148

INTRODUCTION
Abdominal aortic aneurysm (AAA) is a focal, balloonlike dilation of the aorta exceeding 50% of its normal
diameter which is a common health problem in western
societies. Aneurysmal disease is growing in prevalence
in the elderly population, with approximately 150000
[1,2]
new cases being diagnosed every year . The most
feared complication of this condition is rupture which is
often reported as an intra-abdominal catastrophe since
it is accompanied by an overall mortality rate in excess
th
of 80% in the same time that it is ranked as the 13
[3]
most common cause of death in the United States .
Diagnostic and therapeutic protocols regarding
AAAs, aim to prevent this disastrous scenario and
elective AAA repair with either surgical or endovascular
means is being employed for this purpose. Nevertheless
and despite the technological progress and accumulated
experience which have led to significant improvement
of surgical outcomes, current repair techniques are
not without complications, while most AAA patients
[4,5]
are elderly with several co-morbidities . Accordingly,
the randomized control trials comparing surgical and
endovascular techniques for AAA repair report a periprocedural mortality rate of 0.6% to 6.2% for the
former and a 0.6%-2.1% for the latter techniques.
Therefore clinicians often have to balance between
surgical risk on one hand and risk of rupture on the
other in order to set the indication for AAA elective
[6-9]
repair .
Currently aneurysm size and growth rate are being
used as the only indices to determine the need for
intervention vs surveillance of AAAs since there is firm
scientific evidence that increased size and rapid growth
[10,11]
indicate a high rupture risk
. In fact AAAs represent
the only surgical condition in which size is such a critical
determinant of the need to intervene. Although, there
are certain limitations in the prognostic value of these
variables and there is an ongoing search for additional
risk markers to be found (i.e., biomechanical parameters,
morphometric characteristics, blood biomarkers, etc.)
current guidelines for AAA management consider
aneurysm size, as it is defined by its maximum diameter
(Dmax) as well as aneurysm growth rate (GR) as
the only variables in which therapeutic decisions are
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ULTRASOUND MEASUREMENTS
Ultrasound was the initial imaging modality used to
record aneurysm size, still being the preferred technique
[19]
for AAAs screening and surveillance . It has the
advantage of wide availability, low cost, and freedom
from radiation exposure while it has been reported to
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[20-22]

have a high sensitivity for the detection of AAAs
.
On the other hand US imaging is hampered by the
fact that ultrasound waves are disrupted by air and
therefore it may not be an ideal imaging technique for
organs obscured by the bowel while in large patients,
imaging may be ambiguous. In the same time there
may be a high operator dependency.
[23]
According to Jaakkola et al , the inter-observer
difference in US was < 2 mm in 65% of the anter
oposterior and 61% of the transverse measurements
and > 5 mm in 11% of the anteroposterior and 14%
in the transverse measurements in 102 observer-pairs
for all aortas. This difference was significantly larger
with reference to AAAs compared to normal aortas.
Specifically, for the latter group 78% of differences were
< 2 mm and 4% were > 5 mm whereas corresponding
values for AAAs were 53% and 16% respectively.
Interestingly, in 5% of cases differences exceeded 10
mm. These authors used the term clinically acceptable
difference, which was defined as 5 mm and found 84%
of measurements to be below this threshold with regard
to the anteroposterior AAA diameter.
[24]
Singh et al
subsequently confirmed abovemen
tioned findings, indicating that both the intra- and
interobserver variability were less than 4 mm for all
sonographers in measurements of maximal infrarenal
aortic diameter for both anteroposterior and transverse
Dmax recordings. Specifically they found that 96% and
97% of measurements presented a difference < 4 mm
and 88% and 93% of these measurements differed <
3 mm. Nevertheless this report is limited by the fact
that almost all examinations regarded normal aortas
whereas only one AAA was included.
[25]
Ellis et al investigated repeatability, observer bias
and instrument bias of ultrasound and found that the
repeatability of maximum aortic diameter measurement
by US was better for anterorposterior than transverse
diameter, with coefficients of repeatability 3.0-7.5 mm
and 10-15 mm respectively. According to their results,
at best a single, experienced observer, using the same
instrument may provide aortic diameters using US
accurate to within 5 mm, but more commonly such
aortic diameter is only accurate to within 8 mm.
[26]
Hartshorne et al in a more recent study reported
that the reproducibility coefficients for differences
between different operators were 3 mm for inner to
inner wall and 4.2 mm for outer to outer wall indicating
that in the same time that there was an expected
difference in AAA diameter between the two methods of
0.27 mm, inner to inner wall method was measurably
more reproducible.
A recent systematic review studying the repro
ducibility of ultrasound measurement of the abdominal
aortic diameter included 9 studies and found that
6/9 reported intraobserver repeatability coefficients
for anteroposterior aortic diameter measurements of
1.6-4.4 mm, which were below the 5 mm level generally
regarded as acceptable. In the same time, 5/9 studies
had interobserver reproducibility below the level of 5
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mm but 4/9 reported poor reproducibility ranging from
(-2 to 5.2) to (-10.5 to 10.4), which may introduce
significant inaccuracies on management of AAA patients.
These authors concluded that since various studies
use different methodologies with no standardized
measurement techniques, a standard training and
formal quality assurance of ultrasound measurements
are important components of an effective AAA screening
[27]
program .
Overall, among asymptomatic patients, ultrasound
detects the presence of an abdominal aortic aneurysm
accurately, reproducibly, and at low cost. There is
evidence in the literature to support the use of antero
posterior rather than transverse diameter measurement
[25]
since the latter has worse repeatability . Both the
external and the internal diameter may be measured
bearing in mind that that evidence from the UKSAT
[13]
study was based on external aortic diameter . In
the same time the MASS trial, the largest aneurysm
screening trial, recorded internal aortic diameter which
may be more reproducibly recorded but generally is
approximately 3 mm smaller than external diameter,
while other screening trials have reported data based on
[19,28-30]
external aortic diameter
. Accordingly, ultrasound
is the preferred imaging modality for screening, but may
be inadequate to accurately record aneurysm size and
growth which are important determinants of rupture
[11]
risk .

2D Dmax CT MEASUREMENTS
[31]

As early as in 1995, Lederle et al
published a report
based on the population of the ADAM trial which
included 806 subjects with an AAA indicating that the
interobserver difference between local and central CT
measurements of AAA diameter was 2 mm or less in
65% of pairs, but in 17% it was at least 5 mm. For
intraobserver pairs of central CT re-measurements,
90% differed by 2 mm or less, 70% were within 1 mm,
and only one differed by 5 mm, which is suggestive of
the superior CT reproducibility and reliability compare
to US measurements. Moreover out of 258 ultrasoundmeasured and central CT pairs, the difference was 2
mm or less in 44% and at least 5 mm in 33%. Finally
ultrasound measurements were smaller than central CT
measurements by an average of 2.7 mm. These results
were produced with the use of older technologies
meaning, previous generation CT scanners, use of 10
mm slice thickness without intravenous contrast and
measuring maximum external diameter in any direction.
In another report published in 2002 which generally
used similar CT parameters as those abovementioned,
the authors compared US to CT measurements in ane
urysmal aortas and found that the limits of agreement
between methods was 8.7 ± 7.3 mm for anteroposterior
measurements and 10.2 ± 11.0 mm for transverse
measurements. Therefore it could be expected that
95% of differences would be less than 8.0 mm in
anteroposterior measurements and less than 10.6 mm
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Figure 1 An abdominal aortic aneurysm after three dimensional reconstruction. In panel A the axis are not perpendicular to the vessel lumen while in panel B
they are. An overestimation of the maximum diameter has been observed using axial versus orthogonal measurements.

in transverse measurements. A clinically acceptable
difference (< 5 mm) was found in 76% and 67%
for anteroposterior and transverse measurements
respectively and therefore 1 out of 4 patients scanned,
would have a difference greater 5 mm between US and
[32]
CT measurements .
[33]
Sprouse et al studied a total of 334 AAA patients
and found a significantly larger Dmax when this was
evaluated with CT than with ultrasound (56.9 mm vs
47.4 mm, P < 0.001). Moreover Dmax measured with
CT was greater than that measured with US in 95%
of cases. The correlation coefficient between these
recordings indicated a strong correlation of 0.705,
but interestingly, the difference between the two
methods was less than 10 mm in only 51%. Limits of
agreement exceeded the limits of clinical acceptability
and therefore these authors postulated that assessment
of AAA diameter with CT and US is not equivalent and
that maximal AAA diameter at CT is significantly and
consistently larger than maximal diameter at US.
[34]
Singh et al confirmed these results and indicated
that US slightly underestimated the diameter in normal
aortas and tended to overestimate the diameter in
aneurysmal aortas compared to CT measurements. In
555 US-CT pairs, the absolute differences were < 2 mm
in 62%, 60% and 77% in anteroposterior, transverse
and maximum diameter in any plane, respectively. The
corresponding figures for an absolute difference of 5
mm or more were 14%, 18% and 8%, respectively
while variability increased with increasing diameter.
Overall, it may be suggested that CT is more repro
ducible than ultrasound, in the same time that standard
axial CT imaging generally results in larger diameter
recordings which likely reflects the fact that aortic crosssection obtained by axial imaging does not account
for vessel tortuosity or may be elliptical and therefore
could overestimate AAA size. In the same time that the
advantages of portability and decreased expense have
made ultrasound the preferred diagnostic technique
for aneurysm screening and surveillance CT is the
primary modality for operative planning, given its
capacity to determine the extent and morphology of the
[11]
aneurysm .
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3D Dmax CT MEASUREMENTS
The advents of thin-slice CT, digital imaging and more
importantly technological advances that have made
3D-reconstruction of AAA surface feasible, have
recently allowed for more accurate measurements of
AAA size parameters. Many vascular centers currently
use modern imaging and analytic technology that
allows precise computer-based measurement as well
as automatic centerline determination. Therefore and
in order to avoid overestimation of the AAA maximum
diameter on axial CT slices due to vessel tortuosity and
elliptical cross-sections, reporting standards of the SVS
recommend that diameter should be measured in an
orthogonal plane, meaning perpendicular to the vessel
[17]
centerline of flow . Figure 1 presents an AAA after 3D
reconstruction, using commercially available software
and displaying differences between orthogonal and axial
diameter measurements.
[35]
Sprouse et al
compared between US, axial CT
and orthogonal CT measurements of AAA maximum
diameter as obtained after 3D reconstruction. They
suggested that mean axial Dmax was significantly
larger than that measured by US or in an orthogonal
plane. The difference between US and orthogonal
CT measurements was insignificant. Moreover these
authors indicated that when aortic angulation was <
25°, axial CT, US and orthogonal CT Dmax were similar
while, when aortic angulation was > 25° , axial CT
Dmax was significantly larger. The limits of agreement
between axial CT measurements and those obtained by
US or orthogonal CT were poor and exceeded clinical
acceptability (5 mm). On the contrary the variation
between US and orthogonal CT recordings was minimal
with an acceptable limits of agreement.
[36]
Similarly, Manning et al compared between ultra
sound, axial and orthogonal maximum diameter mea
surements in order to record discrepancies between
various methods. They indicated that the mean of each
series of readings on CT was significantly larger than the
mean US measurement, and that CT measurements
also differed significantly from each other. The axial CT
diameter was larger than the orthogonal by a mean
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A

B

DAXIAL = 44 mm
DORTHOGONAL = 44 mm

DAXIAL = 59 mm
DORTHOGONAL = 47 mm

Figure 2 Two abdominal aortic aneurysms are presented after three dimensional reconstruction of the computed tomography images. In the left panels
cross sections are perpendicular to the y-axis of the CT scanner coordinator system (axial), while in the right panels cross-section are perpendicular to the centerline
of flow (orthogonal). Large discrepancies between methods may be encountered in case of high regional asymmetry as in case B. CT: Computed tomography.

meter measurements for two AAAs, one of which
would display large discrepancy due to high regional
asymmetry. Moreover we were the first to examine
discrepancies in growth rate determination using various
CT measurements. There were insignificant differences
in growth rates when determined using orthogonal or
axial measurements in both examinations (median
growth rate: 2.3 and 3.3 mm/year respectively P = 0.2)
in the same time that there were remarkable differences
when orthogonal measurements were used at initial
and axial measurements at follow-up examination or
vice versa (median growth rate: 4.9 and 0.9 mm/year
respectively P < 0.001). Therefore growth rates of
AAAs should be calculated using the same method
of measurements in both CTs otherwise there can be
[38]
significant discrepancies .
Overall it can be concluded that the advents of thinslice CT, digital imaging and readily available software
to perform 3D-reconstruction, have rendered previously
described measuring methods out-of-date. However,
one should bear in mind that current thresholds to
determine the need for intervention are based on older
studies, using less sophisticated techniques. Therefore
if someone considers the UKSAT trial, surgical repair
would be indicated for aneurysms > 55 mm of maximal
[13]
US anteroposterior diameter . According to the study
[36]
by Manning et al , the currently recommended CT
measurement technique, shows consistent bias toward
a larger diameter value than US measured diameter,
with a mean difference of 7 mm which means that,
what would be a 56 mm aneurysm by current standards
is actually a 49 mm aneurysm using UKSAT method
which would lead to the surveillance rather than surgical
correction of this aneurysm. The current SVS reporting
standards recommend that diameter should be recorded
perpendicular to the line of blood flow in order to display
[17]
actual aneurysm size . Nevertheless, diameters
measured in this way, actually have not previously been
used in the trials that have determined appropriate
thresholds for surgical AAA repair. Overall, a summary
of studies comparing different techniques to record AAA

of 2.4 ± 5 mm. The US diameter was smaller than CT
axial by 9.6 ± 8.0 mm and CT orthogonal diameter
by 7.3 ± 7.0 mm, while AAA size did not significantly
affect these differences. Seventy-eight percent of 120
pairs of intraobserver CT measurements and 65% of
interobserver CT measurements differed by < 2 mm.
Therefore, CT-based measurements of aneurysm size
tended to be larger than the US measurement and axial
are consistently larger than orthogonal diameters.
Others have compared between US and CT measure
ments and found a larger AAA maximum diameter of
2.1 mm with the latter modality, in the same time that
limits of agreement were -5.5 to 9.6 mm, exceeding
clinical acceptability. Mean difference was higher in
subjects with a maximum diameter between 50-55
mm as assessed by ultrasound compared to those
presenting with larger AAAs above 55 mm (3.9 mm
vs 1 mm). Remarkably, 70% of those patients with a
US recording between 50 and 55 mm had CT scans
revealing diameters greater than 55 mm. Therefore
these authors conclude that significant differences
between imaging modalities do exist and recommend
AAAs measuring > 50 mm on US, to undergo earlier CT
[37]
imaging .
Our study group specifically examined discrepancies
between axial and orthogonal CT measurements in
sixty CT scans and showed that there is a consistent
overestimation of AAAs maximum diameter when mea
sured on an axial plane. Although the mean difference
between measurements was low there was a wide range
among cases that can change therapeutic decisions
in a significant 20% of cases. Asymmetry of the axial
sections can easily be determined from 2D CT slices by
introducing Shape Index which is defined as: Section
minor axis/section major axis. In case of high regional
asymmetry (shape index ≤ 0.8) an overestimation of
maximum diameter by > 5 mm might be expected.
In this instance orthogonal measurements should be
pursued to determine actual aneurysm size. For shape
index > 0.8, axial measurements alone are usually
adequate. Figure 2 presents axial and orthogonal dia
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Table 1 Summary of studies comparing between various Dmax measurements
Ref.
Lederle et al[31]
Jaakkola et al[23]

Journal, yr

Variables

Main results

Highlights

J Vasc Surg, 1995

US, CTaxial

US smaller than CTaxial an average of
0.27 cm
Mean AAA anteroposterior CTaxialUS difference was 2.6 ± 3.9 mm. Mean
transverse difference was 0.8 ± 4.4
In AAAs the mean diameter did not
differ significantly

Difference < 0.2 cm in 44% and > 0.5 cm in 33% of
patients
Interobsever differences < 5 mm in 84% of the US and
91% of the CTaxial recordings

Eur J Vasc Endovasc US, CTaxial
Surg, 1996

Wanhainen et al[32] Eur J Vasc Endovasc US, CTaxial
Surg, 2002
Sprouse et al[33]

J Vasc Surg, 2003

US, CTaxial

Singh et al[34]

Eur J Vasc Endovasc US, CTaxial
Surg, 2004

Sprouse et al[35]

Eur J Vasc Endovasc US, CTaxial
Surg, 2004
CTorth

Manning et al[36]

Foo et al[37]

J Vasc Surg, 2009

US, CTaxial,
CTorth

Eur J Vasc Endovasc
Surg, 2011

US, CTorth

Kontopodis et al[38] Eur J Radiol, 2013

CTaxial,
CTorth

95% of differences between US and CTaxial are expected
to be < 8.0 mm in anteroposterior and < 10.6 mm in
transverse measurements
CTaxial (5.69 ± 0.89 cm) significantly
Strong correlation between CTmax and US (r = 0.705),
larger than US (4.74 ± 0.91 cm)
but difference < 1.0 cm in only 51% of cases
Total: US smaller by -0.11 mm, aortas <
Differences > 5 mm are expected in 8% of patients.
30 mm: US smaller by -0.64 mm, aortas
Variability increases with increasing diameter
30-39 mm: CT smaller by 0.67 mm,
aortas > 40 mm: CT smaller 1.09 mm
Mean CTaxial (58.0 mm) significantly
When aortic angulation was < 25°, Daxial (55.3 mm),
larger than USmax (53.9 mm) or CTorth US (54.3 mm), and Dorth (54.1 mm) were similar. When
(54.7 mm). Insignificant difference
aortic angulation was > 25°, Daxial (60.1 mm) was
between US and Dorth
significantly larger than US (53.8 mm) and Dorth (55.0
mm)
US smaller than CTaxial by 9.6 mm and
Of all CT recordings, diameter perpendicular to
CTorth by 7.3 mm
the maximal ellipse on axial sections most closely
approximates the findings of US and therefore this most
closely approximates criteria used in the UKSAT
US underestimated AAA size compared
Limits of agreement were -0.55 to 0.96 cm, exceeding
to CTorth by a mean difference of 0.21 (± clinical acceptability. 70% of patients with US < 5.5 cm
0.39) cm
presented CTorth > 5.5 cm
CTaxial greater than CT orth by 2 mm 20% of the CTs presented Daxial above and Dorth below
(range: 0-12.3 mm)
5.5 cm which is threshold for repair. Growth rates should
be determined with either axial or orthogonal technique
not interchanging between methods

AAA: Abdominal aortic aneurysm; CT: Computed tomography; CTorth: Orthogonal maximum diameter measured from CT images; CTaxial: Axial
maximum diameter measured from CT images; US: Ultrasonography.
[41]

Dmax are presented in Table 1.

Similarly, Kauffmann et al investigated the ability of
a semi-automated segmentation combined with 3D-3D
registration between baseline and follow-up examinations
to enable fast volumetric follow-up by operators with
minimal training in untreated AAA patients to evaluate
the software’s ability to detect growth. They were able
to show an excellent interobserver agreement with a
repeatability coefficient < 3 mm for Dmax, < 7% for
relative Dmax growth, < 6 ml for volume and < 6%
for relative volume growth. Remarkably, using absolute
growth, 22/28 patients had volumetric increase above
the 95% limits of agreement whereas 18/28 patients had
diameter increase above the 95% limits of agreement.
Thus, 4/28 (14.3%) of patients had discordance between
volumetric and diameter changes during follow-up. These
authors conclude that AAA volume was a more sensitive
mean to detect AAA growth than Dmax. It should be
mentioned that the average time to segment the AAA
was < 4 min which shows the ease of this method.
[42]
Kritpracha et al
studied 68 patients post-EVAR in
order to detect size changes and compared between
diameter and volume measurements. They used a
cutoff value of 5 mm for diameter and 10% for volume
change to define significant size change. The volume
recordings identified AAA size change in 81% of studies
(15% increase and 66% decrease) whereas orthogonal

3D VOLUMETRIC INDICES
Currently, commercially available software allow image
post-processing and accurate as well as rapid volume
[39]
recording of aneurysmal sac . Subsequently this latter
variable has been tested against the traditional index of
Dmax regarding its accuracy in determining aneurysm
size and its sensitivity to capture aneurysm growth over
time.
[40]
Parr et al in a study including 57 patients indicated
that the reproducibility of measurements regarding
both aortic volume and diameter was excellent with
an average coefficient of variation < 4%. When they
classified size changes according to the 95% limits of
agreement for each outcome (aortic expansion: When
volume or diameter changes exceeded the appropriate
limit of agreement and stasis: When volume or diameter
changes were below the appropriate limit of agreement)
they found that a significant 42% of patients who had
increased aortic volume did not display corresponding
axial or orthogonal diameter changes. Therefore despite
the fact that total aortic volume and maximum diameter
can both be measured reproducibly, volume changes
are not always reflected by similar changes in diameter.
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80 mL

0.005). Significant association with need for surgical
repair could only be established for AAA volumes but
not for maximum diameter. Subsequently, an AAA
that presented a rapid volume increase presented a
10-fold risk to reach appropriate thresholds for surgical
repair compared to an AAA presenting a slow volume
increase. The risk was only 3-fold when accounting
for Dmax growth. Sensitivity and specificity to predict
need for surgical intervention were superior for volume
measurements (Sensitivity 80% vs 66%, Specificity
[44]
74% vs 63%) . Figure 3 displays an AAA which
despite presenting a small Dmax increase, had a rapid
volumetric growth.
Overall it can be postulated that according to
published literature volumetric indices may be superior
compared to Dmax for both untreated AAA surveillance
[41,45,46]
but also to determine size changes post-EVAR
.
This may be due to the fact that since AAA volumes are
much larger than corresponding diameters, absolute
changes over time may be bigger and allow for an
increased sensitivity in measurements. In a simplified
model of AAA expansion a growth of 1 mm in diameter
would equal an increase of 10 ml for an AAA of 60 mm
[40]
length . Furthermore, in the same time that diameter
measurements only record AAA size at one site, not
taking into account changes at other sites, volume
measurements also reflect the gradual changes of
aneurysm morphology such as lengthening and there
fore may be more appropriate in order to record changes
[40,44]
in AAA size than maximum diameter
. Findings of
studies comparing Dmax vs Volume measurements are
presented in Table 2.

105 mL

1 yr

51 mm
55 mm

Figure 3 A case of an abdominal aortic aneurysm. An increase of 4 mm/
year (may not be considered significant according to current standards taking
into account increases > 5 mm), is accompanied by an increase or 20 mL
representing 25% of its initial volume which is significant. Volume growth is not
always represented in Dmax increase.

Dmax showed AAA size change less frequently (57% of
studies, 4% increase and 53% decrease). Volume was
stable in 19% of studies, while Dmax showed a greater
number of stable AAAs (43%). Among the 20 studies
with increased volume, Dmax increased in only 5 (25%).
[43]
van Keulen et al
in a study examining patients
having undergone EVAR, indicated that transverse
diameter measurements would have missed 63% and
orthogonal measurements would have missed 50% of
the volume increases, in patients with type Ⅱ endoleaks.
Therefore in the presence of type Ⅱ endoleaks (in
which there is still no consensus about reintervention),
volumetry may provide a useful parameter to discri
minate between type Ⅱ endoleaks that either do or do
not need reintervention.
In a recent study from our institution we aimed
to examine if 3D volumetric measurements during
assessment of AAA expansion, associate with the need
for surgical repair, and compare to the traditionally used
maximum diameter measurements. Firstly, we found
that 25/34 AAAs presented volumetric growth rates
above the respective upper 95% level of agreement
while the same applied to 19/34 AAAs with respect to
diameter measurements. This means that 6/34 (18%)
of AAAs, according to volume measurements presented
a growth beyond inter-observer variability while they
did not display significant change regarding diameter
measurements. Moreover there was a strong correlation
between volume and diameter growth rates which
was statistically significant (Spearman’s rho 0.6, P =
0.002). The most remarkable result of this report is the
increased contingency between high growth rate as
determined by AAA volume and need for intervention,
which was not confirmed for diameter measurements.
Specifically, with regard to Dmax growth rates 10 of
the 15 AAAs that underwent intervention were in the
high growth rate and 5 in the low growth rate group
(P = 0.17). Taking into account AAA volume 12 of the
15 AAAs having undergone surgical correction were in
the high and only 3 in the low growth rate group (P =
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REGIONAL GROWTH MEASUREMENTS
Since aneurysm rupture is in fact a material failure of
the aneurysmal tissue to withhold stress due to systemic
pressurization which is a localized phenomenon, spatial
distribution of mechanical properties of the aneurysmal
wall has been suggested to be of critical importance for
[47]
AAAs natural history . Indeed, aneurysm rupture or
non-rupture is determined on a pinpoint comparison of
wall strength and stress for every point of the aneurysm
surface, which would ultimately lead to rupture whenever
the forces exerted on the wall, exceed strength of it.
[48]
Raghavan et al
explored the regional distribution of
wall thickness and failure properties in human AAAs
indicating that thickness varied regionally and between
different AAAs from as low as 0.23 mm at a rupture site
to 4.26 mm at a calcified site. Wall thickness was slightly
lower in the posterior and right regions, while the failure
tension of specimen strips varied regionally and between
AAAs from as low as 5.5 N/cm close to a blister site in
the ruptured AAA to 42.3 N/cm at the undilated neck of
an unruptured AAA. Similarly, a wide variation of failure
2
stress was recorded ranging from 33.6 to 235.1 N/cm
in the same time that there was no perceptible pattern
in failure properties along the circumference.
Subsequently the use of universal size variables
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Table 2 Summary of studies comparing between orthogonal diameter computed tomography and volume measurements
Ref.

Journal, yr

Population

Definition of size-change

Wever et al[45]

Eur J Vasc Endovasc Surg,
2000

Post-EVAR

LOAs

Prinssen et al[46]

Post-EVAR

Kritpracha et al[42]

Eur J Vasc Endovasc Surg,
2003
JEVT, 2004

van Keulen et al[43]

J Endovasc Ther, 2009

Post-EVAR

Parr et al[40]

Eur J Radiol, 2011

Small AAAs

Kauffmann et al[41]

Eur J Radiol, 2012

Small AAAs

Kontopodis et al[44]

Eur J Radiol, 2014

Small AAAs

Post-EVAR

Main results

37%, discordance Dmax and volume measurements. A decrease
in aneurysm size was missed using Dmax in 14% of cases and
an increase in 19% of cases
NA
Volume data resulted in more "good/wait" while Diameter data
resulted in more "not good/further diagnostics"-decisions
10% for volume, 5 mm
Volume changed in 81% of studies (15% increase and 66%
for diameter
decrease). Dmax changed 57% (4% increase and 53% decrease).
Among 20 studies with increased volume, Dmax increased in
only 5
5% for volume, 5 mm for Volumetry detected aneurysm growth in 24% and shrinkage in
diameter
54% of patients, which was reflected by Dmax in 10.6% and 28%
respectively
LOAs
42% of patients who had increased aortic volume did not
display corresponding diameter changes
LOAs
4/28 (14.3%) patients presented volume increase which was not
reflected in Dmax
LOAs
18% of patients who had increased aortic volume did not
display corresponding diameter changes. AAAs presenting
rapid volume increase had a 10-fold risk to be operated, while
the risk was 3-fold for rapid Dmax increase

LOAs: Limits of agreement; AAA: Ab dominal aortic aneurysm; EVAR: Endovascular aneurysm repair; NA: Not available.

as maximum diameter and volume, in order to record
aneurysm expansion is inherently hampered by the
lack of information about regional distribution of growth
rate. Our study group has previously developed a
methodology to record regional growth and applied
this to a rapidly growing AAA. For this purpose the
centerlines of the aneurysmal wall as well as lumen
surfaces were created and used to extract perpendicular
cross sections every 1 mm. To determine the aneurysm’s
pattern of expansion, cross-sectional area change from
initial to follow-up examination was plotted against the
distance from aortic bifurcation which was considered
as the reference point for registration of initial and final
CT angiograms. ILT thickness and eccentricity of ILT
deposition were also recorded along the aneurysm for
both AAA models. Maximum AAA and ILT cross-sectional
areas were observed at the same distance from aortic
bifurcation that was 4 cm for both AAA models as
[49,50]
presented in Figure 4
.
[51]
In the same context, Martufi et al
monitored
diameter development over the entire aneurysm to
record sites of the fastest diameter growth. They
suggested that development of an AAA’s maximum
diameter or its volume over time can assess the mean
diameter growth but not the maximum diameter
growth. Interestingly, the annual diameter growth
measured at the site of maximum expansion was
16%, almost four times larger than the mean diameter
expansion of 4.4%. According to this study the site of
maximum diameter growth did not coincide with the
position of the maximum baseline. Moreover the overall
aneurysm sac length increased from 84 to 89 mm
during the follow-up, which relates to a median annual
longitudinal growth of 3.5% in the same time that the
neck length shortened, on average, by 6.2% per year.
Therefore these authors postulate that neither maximum
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diameter nor volume measurements, are able to record
the fastest diameter growth of the aneurysm sac and
consequently, expansion-related wall weakening might
be inappropriately reflected by this type of surveillance
data. In contrast, localized spots of fast diameter growth
can be detected through multiple centerline based
diameter measurements over the entire aneurysm sac.

CONCLUSION
Currently, significant technological advancements re
garding abdominal imaging have made AAA size and
growth recordings more accurate and reproducible
than ever. According to evidence reported in the
literature which has also been implemented in current
guidelines, ultrasound may be used as the primary
imaging modality for aneurysm screening and follow up
and a policy of ultrasonographic surveillance is advised
for small asymptomatic AAAs. In order to accurately
capture aneurysm size and determine need but also
method (i.e., open surgery or EVAR) for AAA repair,
CT imaging is appropriate additional to US, if an AAA
is approaching a size requiring intervention, or if rapid
growth is suspected. Moreover, standards for reporting
on EVAR highlight the significance of orthogonal diameter
measurements indicating that preferably, maximum
diameter should be measured perpendicular to the
centerline of flow with 3D-reconstruction of CT images.
The potential role of volumetric indices is also underlined
since taking into account that variations in size occur in
three dimensions, relatively small diameter shifts that
may be difficult to accurately measure with conventional
imaging techniques, may be correlated with a significant
change in aneurysm volume. Finally regional growth
recordings are based in a sound biomechanical ground
and therefore may represent the emerging method to
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Figure 4 Cross-sections perpendicular to the centerline with regard to sectional areas for initial and follow-up abdominal aortic aneurysm-models.
Maximum sectional areas present values of 22.5 cm2 and 15 cm2 respectively. Color scale on the centerlines depicts distance along the centerline with 8 cm
representing aortic bifurcation. Sections areas are displayed against distance along the centerline indicating that maximum values are obtained in the same distance
from aortic bifurcation (approximately 4 cm). Figure originally published at Kontopodis et al[50].

capture aneurysm size and growth which will become
increasingly used in the future.
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MINIREVIEWS

Blunt pancreatic trauma: A persistent diagnostic
conundrum?
Atin Kumar, Ananya Panda, Shivanand Gamanagatti
care, pancreatic trauma remains a persistent challenge
to radiologists and surgeons alike. Early detection of
pancreatic trauma is essential to prevent subsequent
complications. However early pancreatic injury is often
subtle on computed tomography (CT) and can be missed
unless specifically looked for. Signs of pancreatic injury
on CT include laceration, transection, bulky pancreas,
heterogeneous enhancement, peripancreatic fluid
and signs of pancreatitis. Pan-creatic ductal injury is a
vital decision-making parameter as ductal injury is an
indication for laparotomy. While lacerations involving
more than half of pancreatic parenchyma are suggestive
of ductal injury on CT, ductal injuries can be directly
assessed on magnetic resonance imaging (MRI) or enco
scopic retrograde cholangio-pancreatography. Pancreatic
trauma also shows temporal evolution with increase in
extent of injury with time. Hence early CT scans may
underestimate the extent of injures and sequential imag
ing with CT or MRI is important in pancreatic trauma.
Sequential imaging is also needed for successful nonoperative management of pancreatic injury. Accurate
early detection on initial CT and adopting a multimodality
and sequential imaging strategy can improve outcome in
pancreatic trauma.

Atin Kumar, Ananya Panda, Shivanand Gamanagatti,
Department of Radiology, All India Institute of Medical Sciences,
New Delhi 110029, India
Author contributions: Kumar A was responsible for deciding
the overall contents and flow of information in the paper and
editing the images; Panda A was responsible for the actual writing
and organisng references and tables; Gamanagatti S gave inputs
on contents and provided images.
Conflict-of-interest statement: The authors declare no conflicts
of interest regarding this manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dr. Atin Kumar, MD, DNB, Additional
Professor, Department of Radiodiagnosis, All India Institute
of Medical Sciences, Ansari Nagar, Room no 63, New Delhi
110029, India. dratinkumar@gmail.com
Telephone: +91-98-68398507
Fax: +91-11-26588663

Key words: Computed tomography; Magnetic resonance
imaging; Pancreatic trauma; Complications; Magnetic
resonance cholangiopancreatography; Management;
Pancreatic injury; Review

Received: June 1, 2015
Peer-review started: June 4, 2015
First decision: July 31, 2015
Revised: August 24, 2015
Accepted: December 13, 2015
Article in press: December 15, 2015
Published online: February 28, 2016

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic trauma is an uncommon injury
in blunt trauma abdomen. Despite improved multide
tector computed tomography (CT) technology, early
diagnosis of pancreatic trauma remains difficult.
Moreover, pancreatic injury shows evolution with time
which affects CT performance in early stages after
injury. Diagnosis of pancreatic ductal injury is vital
to decide operative vs non-operative management.

Abstract
Blunt pancreatic trauma is an uncommon injury but has
high morbidity and mortality. In modern era of trauma
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monly occurring just left to the mesenteric vessels at
[10]
the junction of neck and body . A slightly left-sided
force of impact directed at left upper quadrant causes
injury to distal pancreas along with spleen, left kidney
and stomach. Similarly right sided forces injure the
head or uncinate process of pancreas along with liver,
[9,12]
gall bladder and duodenum
. Hence concomitant
injuries of adjacent organs are not uncommon in blunt
pancreatic trauma and should be actively sought for
while analysing CT scans. Children are more susceptible
to pancreatic injury because of the minimal protective
[11]
retroperitoneal fat mantle unlike adults .

Magnetic resonance imaging (MRI) with magnetic
resonance cholangiopancreatography has superseded
encoscopic retrograde cholangio-pancreatography
(ERCP) in evaluation of duct in acute injury. This review
discusses injury mechanisms, laboratory diagnosis,
CT and MRI evaluation, role of ERCP and contrastenhanced ultrasound, management and complications
of pancreatic trauma. Evolution of pancreatic injury
has been specifically discussed as it has important
management implications.
Kumar A, Panda A, Gamanagatti S. Blunt pancreatic trauma:
A persistent diagnostic conundrum? World J Radiol 2016;
8(2): 159-173 Available from: URL: http://www.wjgnet.
com/1949-8470/full/v8/i2/159.htm DOI: http://dx.doi.org/10.4329/
wjr.v8.i2.159

CLINICAL AND LABORATORY
DIAGNOSIS
Pancreatic injury should be suspected in all polytrauma
patients or in patients with history of any high-risk
mechanism of injury. Due to the deep retroperitoneal
location of pancreas, early diagnosis of pancreatic
injury may be missed. Isolated pancreatic trauma may
be clinically occult initially and can present later with
complications while in polytrauma patients, pancreatic
trauma may be masked by signs of more severe
[13]
other organ injuries . Clinically, patients may present
with diffuse abdominal or epigastric pain, epigastric
ecchymosis , abdominal guarding, tenderness and absent
bowel sounds and along with metabolic acidosis and
leucocytosis secondary to the inflammatory response
[13,14]
induced by leakage of pancreatic enzymes
.
Both serum amylase and lipase are unreliable
markers for pancreatic trauma. While serum amylase is
usually elevated after pancreatic trauma, it can also be
[15]
normal in up to 40% of patients . Thus initial serum
amylase levels are neither sensitive nor specific for
diagnosis of pancreatic trauma and can also be elevated
[16,17]
in non-pancreatic abdominal and bowel injuries
. In
a retrospective study of 1821 pediatric trauma patients
[16]
by Adamson et al , 116 (23%) had elevated amylase
or lipase levels while only eight patients had pancreatic
injury. Seventy-four of 116 (64%) patients with elevated
amylase/lipase levels underwent abdominal and pelvic
CT scanning, yet 38 (51%) of these had completely
normal scans. Many patients with elevated levels under
went screening CT scans based on amylase/lipase levels
alone and had no evidence of pancreatic injury. Hence
serum amylase determinations may support clinical
suspicion in the diagnosis of pancreatic trauma but are
not reliable or cost effective as screening tools. Moreover,
serum amylase levels are also time-dependent and
[18]
in two studies by Matsuno et al
and Takishima et
[19]
al , statistically significant increased serum amylase
levels were seen only two and three hours after trauma
respectively.
Determination of pancreatic amylase isoenzyme
also does not add to the diagnosis as demonstrated
[20]
by Bouwman et al . The major concern raised by
an elevated amylase level is differentiation between

INTRODUCTION
Pancreatic trauma in blunt trauma abdomen is an un
[1]
common injury with an incidence of 2%-5% . Despite
its relatively uncommon incidence, diagnosis and mana
gement of pancreatic trauma remains a persistent
challenge and generates continuous debate and search
for new paradigms in trauma literature. While the deep
retroperitoneal location of pancreas protects it from
less severe trauma, it also renders diagnosis of injury
more difficult. In an acute setting, pancreatic injury
produces severe physiologic dysfunction and traumatic
pancreatitis; chiefly due to leakage of enzymes from
pancreatic ductal injury while in the chronic setting,
duct injury leads to pseudocyst and pancreatic fistula
[2,3]
formation . Computed tomography (CT) remains the
mainstay for diagnosis of pancreatic trauma. Recently,
with emphasis on early detection of ductal injury and an
increasing trend towards non-operative management
of low-grade pancreatic injuries, magnetic resonance
imaging (MRI), encoscopic retrograde cholangio-pancrea
tography (ERCP) and endoscopic stenting have also
been incorporated into pancreatic trauma management
[2,4-8]
protocols
.
This article provides a review of pancreatic injury
and discusses the mechanisms of injury, clinical and
laboratory diagnosis, classification, imaging techniques,
management, outcome and complications of blunt
pancreatic trauma.

MECHANISMS OF INJURY
The common mechanisms of blunt pancreatic trauma
are motor vehicle accidents (steering wheel and seatbelt impact injuries) in adults and impact due to bicycle
[9-11]
handlebar injuries in children
. Other mechanisms
include fall of heavy objects over abdomen, fall from
height and direct blunt assault to abdomen. Injury
occurs due to the anteroposterior force compressing
the pancreas against the spine with injury most com
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are useful in definitive diagnosis of ductal injury both in
early and late cases while a newer modality like contrastenhanced ultrasound (CEUS) has also been evaluated in
pancreatic trauma.

Table 1 The American Association of Surgery for Trauma[25]
organ injury scale pancreatic injury scale
Grade
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ

Description
Hematoma: Minor contusion without duct injury
Laceration: Superficial laceration without duct injury
Hematoma: Major contusion without duct injury or tissue loss
Laceration: Major laceration without duct injury or tissue loss
Laceration: Distal transection or parenchymal injury with duct
injury
Laceration: Proximal transection1 or parenchymal injury
involving ampulla or bile duct
Laceration: Massive disruption of pancreatic head

CT
CT is the modality of choice for evaluating pancreatic
injury in polytrauma patients. CT has a reportedly
variable sensitivity (65%-80%) and specificity for
[9,27,28]
detecting pancreatic trauma
. With older generation
single slice and helical CT scanners, diagnosis of pan
creatic trauma was unreliable and detection of subtle
[13,29]
signs of early pancreatic injury was difficult
. Newer
multidetector CT (MDCT) scanners allow volumetric
data acquisition and isovoxel reconstruction, thereby
improving the sensitivity and the standard of diagno
[30-33]
sis
. Applications such as curved multiplanar recon
struction (MPR) reconstruction are helpful in evaluating
an anatomically curved and obliquely located organ
[33]
like the pancreas . Improved ductal visualisation has
also been noted by MPR and minimum intensity pro
[34,35]
jections
.
[30]
Teh et al
were the first ones to publish data
regarding evaluation of blunt pancreatic injuries with
modern-era high resolution CT scanners. In a cohort of
50 patients with pancreatic trauma, operative correlation
was available in 33 patients. CT ﬁndings corresponded
precisely to the operative ﬁndings in 18 patients (55%).
In the subset of 11 patients with conﬁrmed pancreatic
ductal injury (PDI), CT scan was truly positive in 10
patients, falsely positive in 2 patients, and falsely
negative in 1 patient. Thus while CT was 55% sensitive
for pancreatic injury, it was 91% sensitive and 91%
[30]
speciﬁc for pancreatic ductal injury .
[32]
A multicentre study by Phelan et al
involving 20
centres and both 16 detector and 64 detector scanners
found that sensitivity of CT in detecting pancreatic
injury varied between 47%-60% (depending on type of
scanner used). For PDI, the sensitivity was 52%-54%
and specificity was 90%-95%.
[33]
In a study published by us , operative correlation
was available in 24 patients and MDCT correctly
identified the surgical grade in 22 out of 24 patients
(91.7%). In the subset of 19 patients with PDI, CT
correctly identified ductal injury in 18/19 patients
(true positives) and correctly ruled out ductal injury
in all 5/5 patients (true negatives) giving a sensitivity,
specificity and accuracy of 94.7%, 100.0% and 95.8%
respectively for PDI. The one patient, in whom CT did
not identify ductal injury, had imaging appearances of
contusion (grade Ⅱ) on CT while MRI performed 15 h
later showed laceration (grade Ⅲ injury). Discrepancy
in CT and operative findings in this patient was more
likely due to evolution of injury rather than failure of
[33]
MDCT technology .
Thus, MDCT scanners have improved accuracy
for detecting pancreatic injury as compared to older

1

Proximal injury is defined as lying to the right of the superior mesenteric
vein.

pancreatic trauma and small bowel injury, which cannot
be differentiated by measurement of amylase isoenzyme
[9]
also .
While absolute values of serum amylase do not
correspond to the grade and severity of injury, hypera
mylasemia in general, is an indicator of development
of complications, pancreatic fistula and pseudocyst
[21]
formation . Also while initial amylase may be normal,
repeat amylase measurements at later intervals,
persistent or significant hyperamylasemia (more than
three times baseline) are suggestive. Thus the trend
of serum amylase/lipase levels (increase/decrease)
rather than any absolute value are helpful indicators of
pancreatic involvement and development of subsequent
[18,19]
complications
.

CLASSIFICATION OF PANCREATIC
INJURY
The classification of pancreatic trauma has evolved over
the years. The earlier used clinical (grade Ⅰ-Ⅳ) and
[22-24]
CT based grading systems
have given way to an
universally accepted American Association of Surgery
for Trauma (AAST)-organ injury scale (OIS) grading of
pancreatic trauma (Table 1). This is a surgical grading
and has management implications. First proposed by
[25,26]
Moore et al
in 1990, the grading system has stood
the test of time and remains unchanged in the latest
revision.

IMAGING IN PANCREATIC TRAUMA
The objectives of imaging are: (1) to detect pancreatic
trauma as early as possible to mitigate the consequences
of delayed diagnosis; (2) to identify ductal injury; i.e.,
identify grade 3 and above injuries as ductal involvement
has higher morbidity and mortality; (3) to evaluate
evolution of pancreatic trauma; and (4) to diagnose
complications and facilitate image-guided interventions.
With these objectives in mind, CT is the workhorse
of imaging in pancreatic trauma. MRI with magnetic
resonance cholangiopancreatography (MRCP) and ERCP
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Table 2 Computed tomography signs of pancreatic injury
"Hard" signs/specific signs
Fracture of the pancreas
Pancreatic laceration
Focal or diffuse pancreatic enlargement/edema
Pancreatic hematoma
Active bleeding/extravasation of intravenous contrast

[9,10,12,27,38-41]

"Soft" signs/suggestive signs
Fluid separating the splenic vein from posterior aspect of pancreas
Fluid surrounding the superior mesenteric artery/(SMV cuff sign)
Fluid in the anterior and posterior pararenal spaces
Fluid in transverse mesocolon and lesser sac
Inﬂammatory changes in peripancreatic fat and mesentery
Thickening of the left anterior renal fascia
Delayed signs
Pancreatic ductal dilatation
Pseudocyst formation/peripancreatic ﬂuid collection

SMV: Superior mesenteric vein.

A

B

Figure 1 A 3-year-old girl with history of fall of heavy object over abdomen.
CECT axial image shows full thickness laceration (grade Ⅲ injury) of neck of
pancreas at level of splenoportal confluence (white arrow). Also note peripancreatic
fluid (arrowhead) and fluid between splenic vein and body of pancreas (black
arrow). Patient underwent a distal pancreatectomy. CECT: Contrast enhanced
computed tomography.

Figure 2 A 27-year-old woman with road traffic accident. CECT axial (A)
and coronal (B) images show full thickness laceration in the head of pancreas
(white arrows). The laceration is located to the right of splenoportal confluence
suggestive of grade Ⅳ injury. There is also fluid around the superior mesenteric
vein (black arrow) and adjacent superior mesentery artery; the so-called “SMV
cuff” sign seen in proximal injuries of pancreas. CECT: Contrast enhanced
computed tomography; SMV: Superior mesenteric vein.

generation scanners.

CT signs of pancreatic trauma

Signs of pancreatic trauma can be divided into “hard”
signs and “soft” signs (Table 2). “Hard” signs are
specific and definitive CT evidence of pancreatic injury.
“soft” signs are basically due to associated pancreatitis
and, though non-specific, are supportive and should
make one raise a possibility of pancreatic involvement
in a patient with an appropriate mechanism of injury
and associated injuries.

CT imaging technique
[31]

Wong et al assessed overall accuracies of multiphasic
CT in detecting main duct injuries and found that
accuracies were 97.9% (pancreatic parenchymal phase),
100.0% (portal venous phase), and 96.8% (equilibrium
phase) respectively. Thus the portal venous phase CT
was the most accurate scan to detect pancreatic duct
injurie.
In our level 1 apex trauma centre, we currently
perform dual-phase protocol (arterial and venous phase)
in all adult patients with focussed abdominal sonography
for trauma (FAST) positive status and a portal venous
phase scan in pediatric patients or patients with FAST
negative status. Thus, pancreas is primarily assessed in
portal venous phase. Both thin-section axial images and
MPR images in sagittal, coronal and oblique planes are
routinely viewed on 3D workstation. We also generate
curved MPR images to estimate depth of laceration in
equivocal cases to comment on ductal injury. As gen
[36]
erally accepted in trauma CT protocols
oral contrast
is not administered prior to initial CT scanning while oral
contrast is given in patients come for routine follow-up
CT scans.
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Hard signs (for grading pancreatic injuries)

Pancreatic laceration (AAST grade Ⅲ and above) is
seen as a low-attenuating line oriented perpendicular
to the long-axis of pancreas. The line ideally represents
separation of fragments with fluid or blood within the
fragments (Figures 1 and 2). However in early stage, a
laceration may only be seen as a low-attenuation band
without separation of fragments and may be undere
stimated as a contusion (Figure 3). Also a laceration may
be seen on only one or two sections and can be missed
if not carefully looked for. Pancreatic lacerations should
also be differentiated from clefts. Usually the presence
of fluid within the gap along with associated signs of
inflammation favours laceration while a cleft is lined by
[9,10,12,27,37-41]
fat with clear surrounding area
.
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A

B

Figure 3 A 35-year-old truck driver with history of steering wheel impact injury. CECT axial (A) and coronal oblique (B) images show a full thickness
hypoattenuating band involving neck and body of pancreas (white arrow). On imaging, it was considered as a major contusion/grade Ⅱ injury. Intraoperatively, full
thickness laceration with duct injury was found suggestive of grade Ⅲ injury and distal pancreatectomy was done. CECT: Contrast enhanced computed tomography.

A

B

Figure 4 A 30-year-old man with road traffic accident. CECT axial (A) and coronal MPR (B) images show the hypoattenuating and bulky head of pancreas
suggestive of major contusion with fluid in pancreaticoduodenal groove (arrow). Intra-operatively a hematoma was found in head and neck of pancreas (grade Ⅱ
injury). No active surgical intervention was done for pancreatic injury. CECT: Contrast enhanced computed tomography; MPR: Multiplanar reconstruction.

Soft signs (reflective of pancreatic injury-associated
inflammatory changes)

Lacerations can be divided into superficial or deep.
Superficial lacerations involve less than 50% of the
gland thickness and imply non-involvement of the duct.
Deep lacerations involve more than 50% of the gland
and imply duct disruption. This 50% depth of laceration
is used as a substitute marker for ductal involvement as
the duct often cannot be made out or traced on CT. A
full thickness laceration involves the whole thickness of
gland and is termed as transection or fracture (Figure 1).
Pancreatic contusion (AAST grade Ⅰ and Ⅱ injury)
is characterised by: (1) diffuse or focal enlargement;
(2) heterogeneously attenuating pancreas; or (3) focal
area of hypoattenuation against the background of
normally enhancing pancreas (Figure 4). Usually less
than involvement of one anatomical division of pancreas
(head, neck, body or tail) is considered as minor con
tusion (AAST grade Ⅰ) or more than one anatomical
division is considered a major contusion (AAST Grade
Ⅱ).
An area of hyperattenuation within the substance of
the gland is suggestive of pancreatic hematoma which
is a very specific sign of pancreatic trauma (Figure
5). Similarly active extravasation within the gland,
i.e., contrast leak which increases on delayed scan, is
[9]
specific for pancreatic injury (Figure 6).
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Fluid between distal pancreas and splenic vein was first
[39]
described by Lane et al
and was found in 90% of
cases of pancreatic injury in their study. Normally the
splenic vein is closely apposed to the posterior aspect
of the pancreas or is separated from the pancreas by
a thin layer of fat. In a patient with fluid insinuating
between the splenic vein and the pancreas and a history
of abdominal trauma, a pancreatic injury should be
suspected. The fluid is believed to represent either
a leak from transected duct or blood tracking into
peripancreatic tissues and is more commonly seen in
distal pancreatic injuries (Figures 1 and 5). Similarly,
SMV cuff sign may be seen in more proximal injuries
involving neck region (Figure 2).
Peripancreatic fat stranding and fluid collections
around the pancreas in combination with one or more
signs to be strongly predictive of pancreatic injury.
Peripancreatic fluid collections in lesser sac, pararenal
spaces and transverse mesocolon are seen in 70%-90%
[39,42]
in patients with pancreatic injury
. Similarly inflam
matory changes such as thickening of anterior renal facia
[42]
was seen in 44% of patients with pancreatic trauma
(Figures 1 and 5).
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A

B

Figure 5 A 35-year-old man with road traffic accident. CECT axial image at time of trauma (A) shows distal transection with fragments that separated by
hyperattenuating fluid suggestive of hematoma (long white arrow). The left anterior renal fascia is also thickened (arrowhead). Patient underwent distal pancreatectomy
and 4 wk follow up CECT axial image (B) show a post-operative collection in lesser sac (black arrow). CECT: Contrast enhanced computed tomography.

A

B

C

Figure 6 A 40-year-old man with history of fall of heavy object over abdomen. CECT axial images, initial scan (A) and delayed scan (B) show complete
disruption of head of pancreas with a large retroperitoneal hematoma replacing the head region. There is active extravasation of contrast (arrows). On coronal oblique
image (C), the disrupted head of pancreas (arrow) with active contrast extravasation can be seen. Surgically, a crush injury (grade Ⅴ) was confirmed and patient
underwent Whipple’s procedure. The patient eventually died due to sepsis and multiorgan failure. CECT: Contrast enhanced computed tomography.

While in isolation, soft signs may not be diagnostic
of pancreatic injury, they are often found in combination
with each other or with a hard sign such as pancreatic
laceration/transection. Patients with only soft signs on
CT should be closely monitored clinically, biochemically
and radiologically with follow-up CT scan or MRI for
confirmation of pancreatic injury.

seen as linear T2 hyperintense areas within the gland
(Figure 8). On MRI, the lacerations can be seen directly
extending to the duct unlike CT. Pancreatic hematoma
is seen as intrapancreatic T1 hyperintense area which
[43]
has variablesignal intensity on T2 weighted images .
Apart from confirming ductal injury, MRI is useful in
confirming ductal integrity so that surgeons can safely
proceed with conservative management (Figure 9).
MRI is also useful in evaluating evolution of pancreatic
injury as described later. Thus in our institution, MRI is
performed if CT findings are equivocal or if conservative
management is planned to evaluate the MPD. The
MRI protocol in our institution include axial T1 and T2
weighted images, axial and coronal fast spoiled gradient
echo imaging with steady state precession (TRUFISP)
and single shot fast spin-echo (SSFSE) T2-weighted
MR imaging (T2 HASTE) sequences and heavily T2weighted 3D sequences for MRCP.
MRI is useful in follow-up of conservatively managed
cases or to diagnose sequelae of pancreatic trauma
such as pseudocysts, pancreatic strictures and chronic
[6,44-46]
pancreatitis
. MRI is also useful for follow-up
evaluation in children as it provides a non-radiation
alternative to CT.

MAGNETIC RESONANCE IMAGING
MRI with MRCP serves as a problem solving tool in
pancreatic trauma. In acute pancreatic trauma wherein
diagnosis of ductal injury is imperative, MRI is a noninvasive alternative to ERCP to evaluate pancreatic duct.
The other advantages of MRI over ERCP include its
ability to demonstrate the status of the duct upstream
of the laceration, better definition of parenchymal injury
and the extent and location of peripancreatic fluid
collections.
MRI also has good correlation with CT and can
well demonstrate features of pancreatic parenchymal
injuries such as pancreatic contusion, lacerations and
[33,38]
hematomas
. Pancreatic contusions are seen as focal
T2 hyperintense areas (Figure 7) while lacerations are
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B

Figure 7 A 25-year-old man with history of blunt trauma abdomen. CECT axial image (A) shows injury of distal pancreas (white arrow). MRI T2 HASTE axial
image show T2 weighted hyperintensity in pancreatic body suggestive of contusion/edema with a small laceration (black arrow). CECT: Contrast enhanced computed
tomography; MRI: Magnetic resonance imaging.

advantages include cost, learning curve, short window
time to obtain useful information and limited information
regarding extent of other injuries sustained by the
[48,49]
patients compared to CT
.

ERCP
ERCP is considered the traditional gold standard for
pancreatic ductal injury but has been superseded by
MRCP in acute pancreatic trauma. While ERCP can
directly visualise ductal injury, disadvantages include its
invasive nature, high rate of complications (5%-15%)
such as pancreatitis, cholangitis and duodenal perforation
and the lack of availability of the technique or trained
[50,51]
personnel to do this procedure on emergent basis
.
Because of its tendency to induce iatrogenic pancreatitis,
most trauma surgeons are wary of subjecting critical
polytrauma patients to ERCP in an acute setting. However,
in subacute cases and in chronic follow-up cases, ERCP
provides therapeutic options such as duct stenting
and pancreatic sphincterotomies for pancreatic fistula,
[52-54]
pseudocysts and strictures
. Also with recent em
phasis on non-operative management, endoscopic trans
papillary drainage and ERCP guided stenting can also be
done for partial duct disruptions and in isolated grade 3
[5]
injuries respectively to avoid laparotomy .

Figure 8 Magnetic resonance imaging T2 HASTE axial image of a 23-yearold man with road traffic accident show linear full thickness laceration in
proximal body (arrow) suggestive of grade Ⅲ injury.

Secretin-enhanced MRCP, i.e., MRCP obtained after
intravenous injection of secretin may be helpful to
further characterise pancreatic ductal injury. Secretin
increases the output of pancreatic secretions and can
be used to actively demonstrate leak from the disrupted
[47]
pancreatic duct .

CEUS
CEUS using SonoVue® (sulphur hexafluoride, Bracco,
Milan, Italy) has also been described for pancreatic
[48]
trauma . Unlike conventional US which performs poorly
in detecting pancreatic injuries, CEUS provides better
contrast between normal and contused pancreas due
to differential blood supply. Pancreatic injuries appear
as anechoic or hypoechoic irregular perfusion defects in
both arterial and parenchymal phases. In a study by Lv
[49]
et al , in comparison to CT, CEUS detected pancreatic
injuries in 21/22 patients with a detection rate of 95.5%.
Because of its portability, CEUS can be employed as a
part of initial US protocol during resuscitation to detect
solid organ injuries. CEUS may also serve as a nonradiation alternative to CT for follow-up in known cases
of pancreatic trauma to assess pancreatic disruptions,
peripancreatic collections and pseudocysts. The dis
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EVOLUTION OF PANCREATIC INJURY
Another factor affecting diagnostic performance in
pancreatic trauma is the evolution of pancreatic injury.
Findings can be subtle in early cases leading to a low CT
[11]
sensitivity. In the study by Arkovitz et al , CT had an
85% sensitivity within the initial 24 h after pancreatic
injury while overall sensitivity was 90%. The pancreas
can appear normal in 20%-40% of patients with acute
blunt pancreatic injuries, especially when imaging is
done within the first 12 h after injury. This is due to the
obscuration of the fracture plane, hemorrhage, and
close apposition of the pancreatic fragments. On repeat
scanning at 12 to 24 h; an abnormality which was
initially ambiguous or subtle becomes more evident.
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Figure 9 A 25-year-old man was involved in road traffic accident. CECT axial image (A) shows ill-defined hypoattenuating area in neck of pancreas suggestive of
contusion (arrow). MRI done 10 h after CT shows extent of contusion better with wider area of involvement on both T2 HASTE (B) and TRUFISP (C) images. MRCP
thick MPR (D) image shows ductal integrity. Patient was conservatively managed and follow-up imaging showed decrease in area of contusion. CECT: Contrast
enhanced computed tomography; MPR: Multiplanar reconstruction; TRUFISP: True fast imaging with steady-state free precession; MRI: Magnetic resonance imaging;
MRCP: Magnetic resonance pancreatography; CT: Computed tomography.
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B

C

Figure 10 A 23-year-old woman with history of road traffic accident. Day 1 CECT axial image (A) shows ill-defined contusion in pancreatic neck (arrow). No
obvious laceration was seen. Day 3 CECT axial (B) and coronal oblique (C) images show a full-thickness laceration in neck of pancreas s/o grade Ⅲ injury with ductal
involvement. Patient was operated and distal pancreatectomy was done. Thus there was evolution of injury from contusion to laceration. CECT: Contrast enhanced
computed tomography.
[32]

Findings become more radiologically apparent over time
with the development of post-traumatic pancreatitis,
edema, leakage of pancreatic enzymes, and subsequent
[9,29]
auto-digestion of the surrounding parenchyma
. The
delay in CT findings of pancreatic injury is especially
pronounced in pediatric or thin patients who often lack
the contrast provided by surrounding adipose tissue
[11,55]
to appreciate pancreatic injuries
. CT can either
miss or underestimate depth of laceration too in very
early stage because accumulation of fluid within the
gap and separation of fragments is a time-dependent
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phenomenon (Figure 10). Thus, the inability to detect
early pancreatic trauma even with advanced multi
detector CT technology is not a reflection of failure of
technology but due to the natural history and evolution
[32]
of trauma .
Delayed diagnosis or the missed early diagnosis is
more likely in patients with isolated pancreatic injuries,
absent or minimal other associated abdominal injuries or
in those undergoing non-operative management without
[56]
any follow-up imaging . Thus it is recommended to
do a sequential imaging along with correlation with
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Figure 11 A 22-year-old man with history of fall of heavy object over abdomen. CECT axial image (A) shows bulky heterogeneously attenuating head of
pancreas (arrow). MRI done 28 h after CT (B) shows similar findings with bulky head and altered signal intensity with adjacent fluid (arrow B). No definite laceration
seen. Follow-up MRI on day 6 (C) shows a Y shaped laceration in inferior part of head and uncinate process. However the main pancreatic duct was normal (arrow D).
Since the MPD was not involved, conservative management was continued. CECT: Contrast enhanced computed tomography; MRI: Magnetic resonance imaging; CT:
Computed tomography.

clinical and laboratory parameters to avoid a missed
[57]
diagnosis .
Another scenario where sequential imaging plays
a role is in non-operative management of pancreatic
injury. The key factor in non-operative management
is identification of low grade pancreatic injury (grade
2 or less) like contusion and superficial laceration
not involving duct as these injuries can be managed
conservatively. An inability to correctly estimate the
grade of injury on first day imaging and absence of
follow-up imaging with either CT, MRI, MRCP or ERCP
is associated with higher incidence of failure of non[8]
operative management in pancreatic injury . Thus,
once a pancreatic trauma is identified and the patient is
considered for non-operative management, follow-up
imaging with either CT or MRI should be done again to
[58]
look for evolution of findings and guide management .
Follow-up imaging with MRI is preferred because of its
superior soft tissue resolution, lack of radiation exposure
and its ability to directly evaluate the duct. If a followup MRI reveals ductal integrity, then conservative
management can be continued while evidence of ductal
involvement on follow-up would necessitate surgical
intervention (Figures 11 and 12).

grade/ severity of injury; (2) location of injury; (3) other
associated abdominal injuries; and (4) time elapsed after
[2,9,14]
injury
. If CT shows ductal involvement (more than
50% depth of laceration), the operative management
is preferred. If CT is equivocal, MRI (or ERCP) should
be done to look for ductal involvement followed by
laparotomy in presence of ductal involvement.
Low grade pancreatic injuries are usually managed
conservatively. If laparotomy is indicated in these
patients for other associated abdominal injuries, then
simple external drainage of pancreatic bed can be done
concomitantly. The management options based on
grade of pancreatic injury have been summarised in
Table 3.
For grade Ⅰ and Ⅱ injuries, placement of suction
drain suffices to promote external drainage of pancreatic
secretions and promote natural healing of minor ductal
injuries. Omental pancreatorrhaphy may be done
after repair of superficial lacerations and placement of
[2]
omental graft over site of injury to promote healing .
For grade Ⅲ injuries, distal pancreatectomy is the
standard surgery of choice. Associated splenic injuries
may necessitateconcomitant splenectomy. If the injury
occurs at the neck, then pancreaticojejunostomy may
be done as an alternative to distal pancreatectomy to
[59]
preserve the intact entire distal pancreas .
For grade Ⅳ injuries, currently pancreatic drainage
is recommended as part of damage control surgery.

MANAGEMENT
Management of pancreatic trauma depends on: (1)
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Figure 12 A 35-year-old man with history of road traffic accident. CECT axial image (A) shows bulky hypoattenuating pancreas (black arrow) with peripancreatic
fluid. No definite laceration was seen on CT and patient was kept on conservative management. MRI done 4 d later show hematoma/collection in neck of pancreas (long
white arrows B and C). The duct was seen to communicate with the hematoma and MRCP showed cut off of duct at site of injury (short white arrow D). The patient
subsequently underwent distal pancreatectomy. CECT: Contrast enhanced computed tomography; MRI: Magnetic resonance imaging; MRCP: Magnetic resonance
pancreatography; CT: Computed tomography.

Table 3 Treatment options for isolated pancreatic injuries
based on the American Association of Surgery for Trauma
[2,14,60]
pancreas organ injury scale

are often associated with duodenal injuries which
may be subjected to primary repair and diversion or
duodenum is resected along with pancreas.

AAST grade

Non-operative management

Ⅰ

Treatment options

Literature on non operative management of injuries
(NOMI) mostly pertains to pediatric patients with
[65,66]
reported outcomes similar to operative management
.
[8]
However this approach can also be extended to adults .
Proper patient selection (patients with low-grade
injuries, isolated pancreatic injuries and absence of
ductal involvement on MRI or ERCP), continuous patient
monitoring and radiological follow-up and availability of
radiological or endoscopic interventions for management
of local/pancreatic complications are keystones to
[8,67]
successful NOMI
. In case of clinical and radiological
progression of injury, subsequent surgical management
is preferred over endoscopy as the laparotomy has better
[2,3]
outcomes with lesser complications .

Observation/conservative management
Simple external drainage
Omental pancreatorrhaphy and drainage

Ⅱ

Observation/conservative management
Simple external drainage
Omental pancreatorrhaphy and drainage

Ⅲ

Distal pancreatectomy +/- splenectomy
Roux-en-Y distal pancreatojejunostomy

Ⅳ

Simple drainage in damage control situations
Pancreatoduodenectomy (Whipple procedure)
Distal Roux-en-Y pancreatojejunostomy
Anterior Roux-en-Y pancreatojejunostomy
Endoscopically placed stent

Ⅴ

Pancreatoduodenectomy
Drainage in damage control situations

AAST: American Association of Surgery for Trauma.

COMPLICATIONS, MORBIDITY AND
MORTALITY

When clinical condition improves, then either resection
or reconstruction with pancreatic enteric anastomosis
[60,61]
may be done
.
For grade Ⅴ injuries, Whipple’s procedure (pancr
[62]
eaticoduodenectomy) may be done at first stage .
However since most patients with grade Ⅴ injuries are
poor candidates to withstand extensive surgeries, initial
damage control with drainage followed by resection[63,64]
anastomosis may be done
. Grade Ⅳ and Ⅴ injuries

WJR|www.wjgnet.com

Despite the relatively low incidence of pancreatic
trauma, morbidity and mortality are high. While isolated
pancreatic trauma has an incidence of less than 30%
[68]
and a lower mortality of 3%-10% , the overall mor
bidity is 30%-50% and mortality is 10%-30%. There
is a proportionately direct increase in adverse outcome
with: (1) increasing grade of injury; (2) associated organ
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Pancreatic pseudocysts more commonly occur after
missed injuries to distal pancreas or as a sequelae of
[14,66]
NOMI
. These are commonly located anterior to
body and tail of pancreas. MRCP or ERCP should be
done to look for communication with pancreatic duct.
If communication is present, endoscopic stenting along
[78,79]
with CT guided percutaneous drainage is done
.
If there is no communication with pancreatic duct,
drainage alone is sufficient. If closely apposing stomach
or bowel walls, surgical or endoscopic cystogastostomy
[77]
or cystoenterosotmy are other therapeutic options .
Peripancreatic abscess/infected walled-off collections
usually occur secondary to contamination from hollow
viscus or from skin flora through the external drain.
These increase morbidity and mortality due to ensuing
[61,69,80]
sepsis
. On imaging, air foci within peripancreatic
collections are suggestive of infection (Figure 14). How
ever, if external drainage is maintained, presence of air
foci may be normal. In such cases MRI can show debris
within the collections while positive culture of fluid in
the presence of fever, leucocytosis and acidosis are
diagnostic.
Vascular complications such as pseudoaneurysms
either occur due to complications of surgery or secondary
[81,82]
to erosion of vessel wall by pancreatic enzymes
.
Post-pancreatitis and post-traumatic pancreatic pseu
doaneurysms commonly involve splenic, gastroduodenal
and common hepatic arteries. Pseudoaneurysms are
potentially life threatening events and if untreated can
rupture leading to haemorrhagic death. Imminent rupture
or bleeding pseudoaneuryms manifest as upper gastro
intestinal bleed (hematemesis/melena) or hemobilia.
If patient is hemodynamically stable, CT angiography
is the modality of choice to diagnose site and size of
pseudoaneurysms followed by angio-embolization with
coils, glue or thrombin. If hemodynamically unstable,
[83-85]
patients can directed be taken for embolization
. In
cases of failure of embolization or in cases non-amenable
to embolization, surgical management is done (Figure
15).
Pancreatic duct strictures and chronic obstructive
pancreatitis can occur as sequelae of NOMI wherein
fibrosis at injury site can lead to pancreatic duct
strictures. Chronic obstruction and raised intraductal
pressure leads to chronic obstructive pancreatitis,
[72]
presenting months to years after trauma (Figure 16).
MRI is useful in diagnosis while ERCP and endoscopic
stenting are therapeutic. Other options include surgical
pancreaticojejunostomy and distal pancreatectomy for
[77]
distal strictures .

Figure 13 A 22-year-old man with history of road traffic accident, presenting
on day 17 after trauma. CECT axial image shows injury to distal body and tail of
pancreas with peripancreatic collection (arrow). No imaging was done at time of
trauma. Features are suggestive of traumatic pancreatitis following initial missed
injury. Patient was conservatively managed with percutaneous drainage. CECT:
Contrast enhanced computed tomography.

injuries; and (3) delay in diagnosis with failure to identify
[3,9,13,24,29,69,70]
ductal injuries
.
Approximately, one-third of the patients survive
the first 48 h develop complications due to pancreatic
injury. Complications include traumatic pancreatitis,
pancreatitis induced vascular complications such as
pseudoaneurysms, pseudocysts, pancreatic fistulas,
intraabdominal abscesses, pancreatic strictures and
chronic obstructive pancreatitis, wound complications,
[14,69,71-73]
septicaemia and multiorgan failure
.
Post-traumatic pancreatitis occurs due to missed
or delayed diagnosis of ductal injury. The incidence of
[74]
pancreatitis is 17% after pancreatic injury . Patients
present with abdominal pain and hyperamylasemia. CT
demonstrates typical imaging features of pancreatitis
with bulky, heterogeneously enhancing pancreas, intra
pancreatic and peripancreatic collections and can lead
to sepsis and multiorgan failure (Figure 13). Treatment
is usually conservative while pancreatectomy, debri
dement and drainage may be done for failure of con
servative treatment. Patients may also present with
recurrent episodes of pancreatitis months after trauma
due to persistent duct leak. This may require surgical
[74]
intervention or endoscopic stenting .
Pancreatic fistula is one of the commonest com
plications after pancreatic trauma. Its incidence varies
from 20% in isolated pancreatic trauma to 35% in
[61,75,76]
combined pancreaticoduodenal injuries
. Fistula
output more than 200 mL/d is a low output fistula while
output more than 500 mL/d is a high output fistula.
Conservative management with CT guided drainage
[77]
of fistula over weeks is the treatment of choice . In
case of persistently high output drainage or internal
communication with a hollow viscus or pleural cavity,
ERCP may be done to delineate the fistulous anatomy
[5]
followed by surgery or endoscopic stenting . Proximal
fistulas are better treated by stenting or Roux-en-Y
procedures while distal fistulas are treated by pancrea
[3,14]
tectomy
.
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SUMMARY
Pancreatic trauma remains a difficult diagnosis with high
morbidity and mortality. While MDCT is the mainstay
for diagnosing pancreatic injury, early scans may miss
pancreatic trauma, especially if not carefully looked
for. Thus radiologists should have a very high index
of suspicion for pancreatic injury and should carefully
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Figure 14 A 45-year-old man with missed pancreatic injury. CECT coronal (A) and axial (B) image done weeks after injury shows an ill-defined walled off
necrosis (arrow A) with air foci within (arrow B). CT guided pigtail drainage of collection was done (C) with antibiotic coverage. CECT: Contrast enhanced computed
tomography; CT: Computed tomography.
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Figure 15 Post-traumatic common hepatic artery pseudoaneurysm 22 years old man with blunt trauma abdomen. CECT axial image shows injury to head
of pancreas (arrow A). MRI done 3 d later showed well defined lesion in head of pancreas with heterogeneous signal intensity on T1 weighted image (arrow B) and
hyperintense on TRUFISP image (arrow C). A possibility of pseudoaneurysm was given. Angiogram showed pseudoaneurysm arising from proximal common hepatic
artery (arrow D) which was embolised with Nester coils (arrow E). CECT: Contrast enhanced computed tomography; MRI: Magnetic resonance imaging; TRUFISP:
True fast imaging with steady-state free precession.
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Figure 16 A 40-year-old male with previous history of pancreatic trauma. Injury was missed at time of presentation. Follow up MRI T2 HASTE images (A and
B) and MRCP image (C) show dilated main pancreatic duct and side branches (arrows A and B) with cut off in proximal body region (arrow C) suggestive of posttraumatic pancreatic stricture. MRI: Magnetic resonance imaging; MRCP: Magnetic resonance pancreatography.
WJR|www.wjgnet.com
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evaluate all CT scans for signs of pancreatic involvement.
Early diagnosis of ductal injury is essential to improve
outcomes. If ductal involvement is equivocal on CT, MRI
should be done to comment on ductal injury vs integrity
and guide management. ERCP has selective role in
management of complications of pancreatic trauma and
its complications. Since pancreatic injury is an evolving
process, serial imaging with CT or MRI should be done
to look for temporal evolution and for follow-up in nonoperative management of pancreatic trauma. Radiology
also plays a crucial role in follow-up and management of
complications in pancreatic trauma.
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Benign neck masses showing restricted diffusion: Is there a
histological basis for discordant behavior?
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Abstract

Abanti Das, Ashu S Bhalla, Raju Sharma, Atin Kumar,
Shivanand Gamanagatti, Department of Radiodiagnosis, All
India Institute of Medical Sciences, New Delhi 110029, India

Diffusion weighted imaging (DWI) evolved as a com
plementary tool to morphologic imaging by offering
additional functional information about lesions. Although
the technique utilizes movement of water molecules
to characterize biological tissues in terms of their cellu
larity, there are other factors related to the histological
constitution of lesions which can have a significant
bearing on DWI. Benign lesions with atypical histology
including presence of lymphoid stroma, inherently
increased cellularity or abundant extracellular collagen
can impede movement of water molecules similar to
malignant tissues and thereby, show restricted diffusion.
Knowledge of these atypical entities while interpreting
DWI in clinical practice can avoid potential misdiagnosis.
This review aims to present an imaging spectrum of
such benign neck masses which, owing to their distinct
histology, can show discordant behavior on DWI.
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Core tip: Diffusion weighted imaging improves lesion
characterization by providing functional information.
However, apart from tissue cellularity, histological
background of the lesion can significantly influence the
diffusion characteristics of the lesion. Consequently, even
benign lesions with atypical histology can show restricted
diffusion leading to potential errors in diagnosis.
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tumors.
Histologically, it is an adenoma containing both
solid and cystic areas. The cysts are lined by papillary
projections containing oncocytic epithelial cells, while
the supporting stroma contains abundant lymphoid
[5]
tissue with lymphoid follicles and germinal centres
(Figure 1). These tumors have also been shown to have
the highest microvessel count of all the parotid gland
[6]
tumours .
The appearance of Warthin’s tumour on DWI has
been well documented in literature. Despite a wide
range of reported mean apparent diffusion coefficient
-3
2
(ADC) values ranging from 0.72 to 0.96 × 10 mm /s,
the presence of restricted diffusion has been reported
[7-10]
[11]
uniformly in this entity
(Figure 1). Motoori et al
have in fact, reported an overlap of mean ADC values
with those of malignant salivary gland tumors, especially
salivary duct carcinoma. The proposed reason for such
an appearance is the presence of predominant lymphoid
stroma along with cysts containing thick proteinaceous
content which inhibit free movement of water
[5]
molecules . Hence one needs to be aware of this entity
and not to depend solely on DWI for characterization of
parotid gland lesions.

INTRODUCTION
Diffusion weighted imaging (DWI) was introduced as an
adjunct to conventional magnetic resonance imaging
(MRI) to enable better characterization of biological
tissues. This MR technique interrogates diffusivity of
water molecules in tissues and the functional information
obtained can be used to predict the biological nature
of tissues. Clinical application of this technique began
in early nineties with neuroimaging, mainly due to
favourable MR characteristics and technical factors,
but gradually its use has been extended to extracranial
sites. Its application in head and neck lesions include
characterization of cervical lymph nodes, salivary gland
tumours, skull base lesions, differentiation of necrotic and
viable parts of tumours with varying levels of success.
The basic principle of DWI is based on the fact that
water molecules are always in random “Brownian”
motion. This free movement is somewhat impeded in
biological tissues due to interaction of water molecules
with cell membranes and intracellular organelles. Benign
tissues with relatively sparse cellularity and smaller
nucleus to cytoplasmic ratio have sufficient space and
[1]
allow relatively free mobility of water molecules .
This translates into facilitated diffusion on DWI. On the
other hand, malignant tissues have densely packed
cells which tend to have a larger nucleus occupying a
relatively larger area of cytoplasm (higher nucleus to
cytoplasmic ratio). As a result, malignant tissues offer
more resistance to free movement of water molecules
resulting in restricted diffusion.
However, while interpreting DWI in clinical practice;
one needs to be aware of the fact that apart from
tissue cellularity, tumours can have other histologic
attributes including matrix composition which can have
significant bearing on diffusion characteristics. Examples
include fibrous tissues with extracellular collagen and
lymphoid stroma which is known to show restricted
[2]
diffusion . In addition, some atypical entities despite
being benign can have inherently increased cellularity
and hence, can mimic malignant lesions on DWI. Prior
knowledge of these lesions can reduce the possibility of
potential misdiagnosis thereby, improving the diagnostic
accuracy.
This article presents a spectrum of benign neck
masses which show restricted pattern of diffusion and
hence can lead to potential errors in diagnosis.

NERVE SHEATH TUMOUR
Benign nerve sheath tumours are common in head
and neck region accounting for about 25%-45% of all
[12]
locations . Histologically, they belong to two distinct
groups namely schwannoma and neurofibroma, with
the former being more common. Anatomically, para
pharyngeal space is the most common location of
nerve sheath tumours. Majority arise from the vagus
nerve followed by cervical sympathetic chain and
glossopharyngeal nerve. They mostly present as slowgrowing, painless masses and hence, are late to come
to clinical attention.
Schwannomas are known to have a heteroge
neous appearance due to high propensity of cystic
degeneration, xanthomatous changes and microhe
[13]
morrhages (Figure 2). Two distinct patterns of cellular
arrangement are noted in schwannoma: Antoni A
and Antoni B. Antoni A areas are highly cellular and
composed of compact stacked arrangement of elongated
cells. Alternating with these are relatively hypocellular
Antoni B areas which contain loosely spaced cells with
[14]
intervening microcystic spaces filled with mucin (Figure
2).
Diffusion characteristics of schwannoms are not well
[15]
documented in literature. Sener
reported facilitated
diffusion in their series of six solid vestibular schwan
noma while, isolated case reports have mentioned
restricted diffusion in benign schwannomas. However,
all the studies mention variable diffusion characteristics
[16-20]
with a wide range of mean ADC values
. From a
histological point of view, presence of areas of relative
hypocellularity adjacent to either hypercellular or
collagenous areas can probably explain the regional

WARTHIN’S TUMOUR
Warthin’s tumour (papillary cystadenoma lymphoma
tosum) is the second most common benign salivary
gland neoplasm following pleomorphic adenoma.
It constitutes about 4%-15% of all salivary gland
[3]
neoplasms . It commonly presents as slow-growing
painless masses in middle-aged men, occurring almost
exclusively in parotid gland mostly involving the lower
[4]
portion over the angle of mandible . Bilaterality and
multicentricity are frequently observed in this group of
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Figure 1 Warthin’s tumour in right parotid gland in a 60-year-old man. A: Axial T2W FS image shows heterogeneous solid-cystic mass arising exophytically from
right parotid gland with mildly hyperintense septae and mural nodules (dashed arrow) while cystic areas are hypointense (solid arrow); B and C: DWI at b1000 (B)
s/mm² and ADC map (C) show restricted diffusion in septae and mural nodules of the mass; D: Photomicrograph shows a well encapsulated tumor comprising of acini
with oncocytic change separated by sheets of lymphocytes (H-E; original magnification: × 100). DWI: Diffusion weighted imaging; ADC: Apparent diffusion coefficient.
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E

F
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D

Figure 2 Left parapharyngeal space nerve sheath tumour in a 35-year-old lady. A: Axial T2W FS image shows multiple intensely T2 hyperintense areas within
suggestive of cystic degeneration (dashed arrow); B: Sagittal T2W image shows blood fluid level within the cystic areas (dashed arrow) along with thickened distal
exiting nerve (solid arrow); C: Axial T1W FS post contrast image shows intense enhancement in solid areas of the mass while cystic areas are hypointense; D and E:
DWI at b1000 (D) s/mm² and ADC map (E) show restricted diffusion in solid areas of the mass (dashed arrow) while cystic areas show free diffusion (solid arrows); F:
Photomicrograph shows alternating hypercellular (Antoni A) and hypocellular (Antoni B) areas (H-E; original magnification: × 100). DWI: Diffusion weighted imaging;
ADC: Apparent diffusion coefficient.
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Figure 3 Carotid body tumour in a 30-year-old lady. A and B: Axial T2W images show heterogeneously hyperintense mass in left carotid space splaying the
bifurcation of left common carotid artery (arrow in B) with encasement of both ECA and ICA (dashed arrow and solid arrow in A, respectively); C and D: DWI
at b500 s/mm² (C) and ADC map (D) show restricted diffusion in the mass; E: Photomicrographs show tumor cells arranged in Zellballen pattern separated by thin
fibrovascular septae (H-E; original magnification: × 200); F and G: S-100 immunostain demonstrating prominence of sustentacular cells at the periphery of the tumor
cell nests (F, original magnification, × 200) and tumor cells are immunopositive for synaptophysin (G, original magnification: × 200). DWI: Diffusion weighted imaging;
ADC: Apparent diffusion coefficient; ECA: External carotid artery; ICA: Internal carotid artery.

variation of diffusion characteristics in the same lesion.
Peripheral areas of restriction likely correspond to
hypercellular areas or areas with dense fibrous stroma
while central areas of free diffusion correspond to
hypocellular or cystic areas (Figure 2).

ICA.
Histologically, these tumours show a biphasic pattern
composed of chief cells and supporting sustentacular
cells with a fibrovascular stroma. The chief cells are
more numerous and are compactly organized into cell
rests known as zellballen pattern. The chief cells occupy
central position in these clusters surrounded peripherally
by sustentacular cells which characteristically have
long cytoplasmic processes. This arrangement gives
an overall whorled configuration to the cell clusters.
The background stroma shows varying degree of
hyalinization which tends to be higher in carotid body
tumour. Immunohistochemical techniques can detect
specific markers elicited by chief and sustentacular cells
which includes chromagranin (present in neurosecretory
granules of chief cells) and S-100 (sustentacular cell
[23]
marker) and are widely used for diagnosis (Figure 3).
The DWI appearance of paragangliomas has not
been well documented in literature. Aschenbach et
[24]
al in their study of skull base lesions evaluated seven
paragangliomas and found a mean ADC value of 1.304
-3
2
± 0.257 × 10 mm /s which was significantly different
from other jugular fossa lesions. Others have reported
hyperintense signal in urinary bladder paragangliomas
[25]
on DWI, implying restricted diffusion . DWI has also
been used to differentiate between benign and mali
gnant paragangliomas with the latter showing signi
ficantly lower mean ADC values than the former (0.918
-3
2
-3
± 0.124) × 10 mm /s vs (1.175 ± 0.132) × 10
2 [26]
mm /s .

PARAGANGLIOMA
Paragangliomas are tumours of neural crest origin that
occur along the distribution of these cells in specific
locations of body. In head and neck, four common
locations are observed: Carotid body at bifurcation of
common carotid artery, jugular foramen, along the
course of vagus nerve and middle ear cavity. Other less
[21]
common locations include sella turcica , pineal gland,
cavernous sinus and orbit. They comprise about 0.6% all
[22]
tumours of head and neck . Paraganglioma occurring
in the neck produce characteristic displacement of adja
cent vessels which help in their identification. Carotid
body tumour splays the bifurcation of common carotid
artery, encasing external carotid artery (ECA) and
internal carotid artery (ICA) as it grows. However, the
[23]
vessel lumen is usually not compromised
(Figure 3).
Paraganglioma arising along the course of vagus nerve
usually arise either from the superior ganglion (jugular
ganglion) which is close to jugular foramen or from
inferior ganglion (nodose ganglion). When arising from
inferior ganglion, they produce anteromedial displace
ment of carotid vessels and posterolateral displacement
of internal jugular vein, without any splaying of ECA and
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Figure 4 Craniofacial meningioma in a 7-year-old girl. A: Axial T1W image shows isointense homogenous mass involving bilateral cavernous sinuses (solid
arrows) encasing bilateral ICAs and extending to right orbit causing proptosis (dashed arrow); B: Coronal T2W image shows intracranial extension in right middle
cranial fossa (solid arrow) with mild perilesional edema in adjacent cerebral parenchyma (dashed arrow); C: Sagittal T1W FS post-gadolinium image reveals intense
homogeneous enhancement in the mass; D: ADC map showing homogenous restricted diffusion in the mass; E: Photomicrograph show tumour composed of spindled
to polygonal cells with moderate amount of cytoplasm, vesicular nuclei and whorl formation at places (H-E; original magnification: × 400). ADC: Apparent diffusion
coefficient; ICA: Internal carotid artery.

Such atypical behavior of paragangliomas on DWI can
be explained to some extent, by the compact histological
arrangement of its constituent cells. These tumours
show whorled arrangement of cells with presence of
variable amount of collagen deposition in their stroma
which leaves little extracellular space for free movement
of water molecules (Figure 3). This hypothesis can
be extrapolated to explain the lower ADC observed in
malignant pheochromocytomas with increased cellularity
and reduced extracellular space compared to their benign
counterparts. However, a definite histological explanation
warrants large scale studies to validate these findings.

4). They frequently show psammoma bodies and
[27,29]
intranuclear pseudo-inclusions
. In addition, various
histologic subtypes have been identified including
meningothelial, fibrous, angiomatous, transitional, psam
momatous or atypical. Increased collagen formation
has been noted in meningiomas irrespective of tumour
grade which has been attributed to presence of menin
[28]
giothelial cells . Such fibrous stroma coupled with
heterogeneous histologic composition leads to variable
diffusion characteristics.
There are limited studies documenting the role of
DWI in meningiomas. While the major emphasis has
been on differentiation of benign and atypical/malignant
meningiomas using mean and normalized ADC values,
the variable nature of diffusion characteristics in benign
[30-32]
meningiomas has also been mentioned
(Figure 4).
[32]
Hakyemez et al
have reported different ranges
of mean ADC values in different subtypes of benign
meningiomas. Others have also mentioned variable
signal intensity of benign meningiomas on DWI with
malignant/atypical meningiomas showing relative re
[31]
striction compared to their benign counterparts .

MENINGIOMA
Primary extracranial meningiomas are rare tumours
(< 2%) and their most common location includes head
and neck especially sinonasal region, ear, temporal
[27]
bone and scalp . Their origin is hypothesized to be
from arachnoidal cells which tend to migrate outside
the neuraxis producing extracranial meningiomas. In
about 20% cases, extracranial meningiomas have an
intracranial extension. These tumors have a female
preponderance which can be attributed to presence of
[28]
progesterone-dependent growth .
Histologically, meningiomas are made up of whorls of
neoplastic epitheloid cells with indistinct borders (Figure
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SOLITARY FIBROUS TUMOUR
Solitary fibrous tumour (SFT) is a rare neoplasm of
[33]
mesenchymal origin . Although, most frequently seen
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Figure 5 Solitary fibrous tumour in a 24-year-old man. A: Coronal T2W image shows well defined left parapharyngeal space mass with heterogeneously
hyperintense signal. The core is more hyperintense than the periphery. Multiple tortuous flow voids seen in the mass (solid arrows); B and C: DWI at b1000 (B)
s/mm² and corresponding ADC map (C) show restricted diffusion in the periphery of the mass (dashed arrows) while the centre shows free diffusion (solid arrow);
D: Photomicrographs show alternating cellular and hypocellular areas with abundant collagen (H-E; original magnification: × 200); E and F: Masson trichrome stain
highlighting abundant collagen (E; original magnification: × 200); tumor cells are diffusely immunopositive for CD34 (F; original magnification: × 400). DWI: Diffusion
weighted imaging; ADC: Apparent diffusion coefficient.

to arise from pleura, occasional SFTs have been docu
mented at various extra-pleural sites including lung,
mediastinum, pericardium, liver and head and neck.
Extracranial head and neck SFTs have been reported
in oral cavity, paranasal sinuses, orbit, nasal cavity and
parapharyngeal space. Most of these tumours are benign
with complete surgical excision being the treatment of
choice.
Histologically, they are well circumscribed masses
predominantly populated by spindle cells with abundant
extracellular collagen. Distinct immunohistochemical
features characterize these tumours which include
diffuse CD34 positivity and epithelial membrane antigen
[34]
negativity
(Figure 5). Some tumours may show
hypocellular areas with profuse extra-cellular collagen
[35]
deposition alternating with hypercellular areas .
MRI reveals heterogeneous appearance of SFTs on
T2 weighted images. They show focal areas of relative
T2 hypointensity interspersed with hyperintense areas
which corresponds to hypocellular collagenous areas
and hypercellular areas respectively. These contrasting
signal intensities on T2 weighted images produce the
[36]
so called “yin-yang” appearance . These tumours
are usually hypervascular with frequent presence of
[37]
vascular flow voids . Diffusion weighted imaging
shows areas of restricted diffusion in some parts of
these lesions which has been attributed to the presence
[36,38]
of focal areas of hypercellularity in them
(Figure 5).
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HEMANGIOPERICYTOMA
Hemangiopericytoma (HPC) is a rare mesenchymal
neoplasm originating from Zimmermann pericytes which
are modified smooth muscle cells outlining capillaries
[39]
and post-capillary venules . Although any age group
can be affected, they are most frequently seen in fifth
[40]
and sixth decades . About 15%-30% of them occur
in head and neck which is the third most common
site following lower extremities and retroperitoneum[41]
pelvis, respectively . Tumours in head and neck
commonly arise in the neck, perioral soft tissue and
[41]
sinonasal tract . Sinonasal HPCs are believed to have
less aggressive biological behaviour compared to their
peripheral counterparts. Complete surgical excision with
negative margins is the treatment of choice.
HPCs belong to the same histological spectrum as
SFTs with common imaging and clinical features. They
are hypercellular and vascular lesions with compact
arrangement of cells containing scant cytoplasm (Figure
6). Dilated vessels are interspersed showing a branching
[42]
pattern resembling “staghorn” appearance .
DWI has been used to differentiate intracranial HPCs
from meningiomas based on significantly lower minADC
values in meningiomas as compared to HPCs (0.875 ±
-3
2
-3
2
0.014 × 10 mm /s and 1.116 ± 0.127 × 10 mm /s,
[43]
respectively) . The possible explanation being offered
is a relatively lower cellularity and prominent vascularity
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A

B

C

Figure 6 Sinonasal hemangiopericytoma in a 45-year-old lady. A: Coronal T2W image shows mildly expansile sinonasal mass involving, extending to bilateral
ethmoid sinuses. Small intracranial extension noted in anterior cranial fossa (dashed arrow); Retained secretions in right maxillary sinus (solid arrow); B: ADC map
shows restricted diffusion in the mass; C: Photomicrograph shows spindle cells with mild pleomorphism (H-E; original magnification: × 100). ADC: Apparent diffusion
coefficient.
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C

D

Figure 7 Myoepithelial tumour in a 36-year-old man. A and B: Sagittal T2W image shows well defined T2 hyperintense mass arising from posterior part of soft
palate (dashed arrow in A and B) and into the oropharynx (solid arrow in A and B); C: ADC map shows restricted diffusion in the mass; D: Photomicrograph shows
cells with abundant cytoplasm and minimal pleomorphism (H-E; original magnification: × 100).

in HPCs as compared to meningiomas. However, owing
to the inherently hypercellular tumour matrix of HPCs,
free movement of water molecules is hindered producing
a qualitative pattern of restricted diffusion (Figure 6).

7). They belong to the same histological spectrum
as pleomorphic adenoma but are more aggressive.
However, World Health Organization has recognized
it as a separate entity showing less than 5% or no
ductal and acinar differentiation, which are present in
[45]
pleomorphic adenoma .
Histologically, myoepithelial tumours can be com
posed of spindle-shaped, plasmacytoid, epitheloid or
clear cells in varying proportions. The growth pattern can
[46]
appear as solid (non-myxoid), reticular or mixed type .
Histological subtype is related to the location of these
tumours. Plasmacytoid type occurs more commonly in

MYOEPITHELIAL TUMOUR
Myoepithelial tumours are rare benign neoplasms
constituting about 1%-1.5% of salivary tumours.
About 40% of them occur in parotid glands followed
by submandibular glands and minor salivary glands;
[44,45]
most common location being the palate
(Figure
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Table 1 Space-wise distribution of benign entities showing
restricted diffusion in head and neck
Neck space

5

Benign entities with restricted diffusion

Parapharyngeal space
Carotid space
Parotid space
Oral cavity
Sinonasal cavity

Ear/temporal bone

Miscellaneous

Nerve sheath tumour
Paraganglioma
Nerve sheath tumour
Warthin’s tumour
Myoepithelial tumour
Myoepithelial tumour
Meningioma
Hemangiopericytoma
Solitary fibrous tumour
Paraganglioma (glomus tympanicum)
Meningioma
Nerve sheath tumour
Nerve sheath tumour
Hemangiopericytoma
Solitary fibrous tumour

6

7

8

9

minor salivary glands of oral cavity, while spindle-cell and
[47]
clear cell type are more often seen in parotid glands .
The background stroma is composed of variable amount
of fibro-collagenous or myxoid stroma.
The MR imaging appearance of myoepithelial
tumours has sporadically been reported in literature.
They are isointense on T1 weighted image and intensely
hyperintense on T2 weighted images with homogenous
contrast enhancement. However, their behavior on DWI
has not been documented earlier. We have observed
hyperintense signal on DWI in myoepithelial tumour
which can possibly be attributed to its plasmacytoid
histology characterized by closely packed arrangement
of neoplastic cells (Figure 7). However, keeping in view
the variable histological make-up of these tumours, they
can have variable appearance on DWI. Further studies
are therefore, needed to validate these findings.
DWI has long been used successfully for diagnosis
and characterization of lesions as benign and malignant;
there are few atypical entities which do not conform
to the expected behavior according to their biological
nature. While some of these entities occur in specific
neck spaces, others are more non-specific in their
distribution (Table 1). A knowledge of these exceptions
and their preferred distribution in various neck spaces
helps to narrow the possible list of differential diagnoses
and avoid possible errors in diagnosis.
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MINIREVIEWS

Xanthogranulomatous cholecystitis: What every radiologist
should know
Vaibhav P Singh, S Rajesh, Chhagan Bihari, Saloni N Desai, Sudheer S Pargewar, Ankur Arora
mon variant of chronic cholecystitis characterized by
xanthogranulomatous inflammation of the gallbladder.
Intramural accumulation of lipid-laden macrophages
and acute and chronic inflammatory cells is the hallmark
of the disease. The xanthogranulomatous inflammation
of the gallbladder can be very severe and can spill
over to the neighbouring structures like liver, bowel
and stomach resulting in dense adhesions, perforation,
abscess formation, fistulous communication with
adjacent bowel. Striking gallbladder wall thickening
and dense local adhesions can be easily mistaken for
carcinoma of the gallbladder, both intraoperatively
as well as on preoperative imaging. Besides, cases of
concomitant gallbladder carcinoma complicating XGC
have also been reported in literature. So, we have
done a review of the imaging features of XGC in order
to better understand the entity as well as to increase
the diagnostic yield of the disease summarizing the
characteristic imaging findings and associations of XGC.
Among other findings, presence of intramural hypodense
nodules is considered diagnostic of this entity. However,
in some cases, an imaging diagnosis of XGC is virtually
impossible. Fine needle aspiration cytology might be
handy in such patients. A preoperative counselling
should include possibility of differential diagnosis of
gallbladder cancer in not so characteristic cases.
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Core tip: A pre-operative diagnosis of xanthogranulo
matous cholecystitis always comes handy for the
surgeons. Diagnosing atypical cases can be challenging
and acknowledge of pathological changes occurring in
the disease along with the spectrum of imaging findings
can be a useful armoury in hands of the radiologist.
So we have tried to give a concise review of this entity
emphasizing on radiological and pathological aspects.
Few points in differential diagnosing with other entities

Abstract
Xanthogranulomatous cholecystitis (XGC) is an uncom
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skin, and extension of the inflammatory process to the
[10]
liver, colon, or surrounding soft tissues .
[11]
Yu et al found that elevation of tumor biomarkers
is frequent in XGC which further creates confusion in
differentiating the disease with carcinoma of gallbladder.

especially carcinoma gallbladder have also been entailed.
Singh VP, Rajesh S, Bihari C, Desai SN, Pargewar SS, Arora
A. Xanthogranulomatous cholecystitis: What every radiologist
should know. World J Radiol 2016; 8(2): 183-191 Available from:
URL: http://www.wjgnet.com/1949-8470/full/v8/i2/183.htm DOI:
http://dx.doi.org/10.4329/wjr.v8.i2.183

PATHOLOGY
XGC is characterized pathologically by the presence of
greyish-yellow nodules or streaks in the gallbladder wall
which are mainly caused by lipid laden macrophages.
The exact etiopathogenesis is unclear. One proposed
theory behind the xanthogranulomatous etiology is
mucosal ulceration or rupture of Rokitansky-Aschoff
sinuses due to increased intraluminal pressure secondary
to gallbladder or cystic duct obstruction which leads to
entry of bile in gallbladder wall. This intramural bile is
incompletely engulfed by the macrophages leading to
chronic granulomatous inflammatory response (Figure
1A).
The histological diagnosis is based on diffuse or
focal mural changes in the form of xanthoma cells
(foamy histiocytes containing lipids and bile pigment),
giant multinucleate histiocytes and acute or chronic
inflammatory cells. These histiocytes are positive for
CD68 on immunohistochemistry (Figures 1B, C and
2). Microabscesses also tend to form in the gallbladder
wall and finally a fibrous reaction and scarring results
[12]
from healing of the inflammatory reaction . Rupture of
gallbladder serosal lining and spread of the inflammatory
response leads to adhesions with adjacent liver, duo
denum and transverse colon (Figure 3).
XGC is associated with gallbladder carcinoma in
[13]
8.5% to 30.5% cases . Gallbladder carcinoma may
provide route for bile entry into the stroma owing to its
[14]
greater degree of tissue destruction . Obstruction of
the cystic duct by a neoplasm may initiate the histiocytic
[15]
inflammatory process of XGC . The association is
important because when both lesions are present in the
same specimen, there is a possibility of overlooking the
[16]
carcinoma altogether .
Possibility of coexisting infection has also been
[17]
proposed. Howard et al
have reported that intra
operative cultures of the bile and gallbladder have
been positive usually for Escherichia coli, Klebsiella,
Enterococcus and, less frequently, for Pseudomonas,
Serratia and Staphylococcus aureus.

INTRODUCTION
Xanthogranulomatous cholecystitis (XGC) is a chronic
inflammatory disease of the gallbladder characterized
by focal or diffuse destructive inflammatory process
followed by marked proliferative fibrosis along with
[1]
infiltration of macrophages and foamy cells .
[2]
The nomenclature was done by McCoy et al in 1976
though it was first described in 1970 by Christensen et
[3]
[3]
[4]
al . Christensen et al and Amazon et al had noted
a pseudotumoral form of chronic cholecystitis that was
characterized by the presence of xanthoma-like foam
cells and scarring and that contained ceroid (wax-like)
nodules in an inflammed gallbladder wall. They used
the terms fibroxanthogranulomatous inflammation and
ceroid granulomas of the gallbladder, respectively, which
[3,4]
are now known as synonyms of XGC .

DEMOGRAPHICS
Albeit a common gallbladder pathology with an incidence
rate of 0.7% to 10 %, it has been sparsely described in
[1]
literature and is poorly understood . It occurs in a wide
range of age groups but the incidence is higher in the
sixth and seventh decades of life. It’s occurrence in a two
[5]
month old infant has also been described in literature .
Male preponderance has been reported with a male to
[6]
female ratio of 2:1 . However one of the Indian studies
found a marked female preponderance with a male to
[7]
female ratio of 1:9 . The most important association
of XGC is with gall stones which are seen in as many as
[8]
80% of cases .

CLINICAL FEATURES AND LABORATORY
MARKERS
Patients can present with features of acute cholecystitis
(22%), chronic cholecystitis (88%), pain (95%), obstruc
tive jaundice (22%), cholangitis (2%) and palpable mass
[6]
(5%) . On examination, a palpable mass or positive
Murphy’s sign can be localised. However, these clinical
features are not specific for XGC and often no clinical
difference between patients with XGC and carcinoma
[9]
gallbladder can be found .
Leukocytosis has been observed though there is no
specific biochemical test or liver function discordance
pointing towards the diagnosis of XGC. Complications
are present in 32% of cases and include perforation,
abscess formation, fistulous tracts to the duodenum or

WJR|www.wjgnet.com

RADIOLOGICAL FINDINGS
Ultrasonography

The sonographic findings include the presence of
gallstones or sludge and moderate to marked focal or
[18]
diffuse thickening of the gallbladder wall. Parra et al
observed that the wall thickening was hyperechoic in
comparison to the liver in 100% of patients (Figure
4). Presence of hypoechoic nodules or bands in the
thickened wall can occasionally be seen, the presence of
which is considered a characteristic finding. Hypoechoic
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A

B

C

Figure 1 High power and low power view. A: High power (HE, 200 ×) view showing inspissated bile (black arrows) with giant cells (blue arrows) in the vicinity.
Green arrows denote histiocytes while the yellow arrows denote lymphoid cells; B: Low power (HE, 40 ×) view showing sheets of lympho-histiocytes in the gallbladder
wall; C: High power (HE, 200 ×) view showing myofibroblasts (black arrows) with inflammatory cells (white arrows).

CT findings include - diffuse or focal wall thickening,
intramural hypoattenuating nodules in thickened walls,
luminal surface enhancement (LSE) with continuous
mucosal lines or mucosal lines with focal breach.
Cholelithiasis and choledocholithiasis are often seen
associated with XGC.
Gallbladder wall thickening can range from 4.0 mm
[21]
to 18.5 mm and is usually diffuse in nature . Diffuse
gallbladder (GB) wall thickening has been observed
in 88.9% and 87.8% of patients by two independent
[22]
[21]
researchers Goshima et al
and Zhao et al
re
spectively. Focal thickening is less commonly seen in
XGC, and is more likely to be associated with carcinoma
of gallbladder. Diffuse thickening associated with XGC is
usually symmetrical but diffuse asymmetrical thickening
[21,22]
has also been described with XGC in 22.2% cases
.
To the best of our knowledge, XGC presenting as mass
replacing gallbladder, intra-luminal mass or polypoidal
mass-like thickening has not yet been described in
literature.
The intramural nodules detected on imaging studies
[21]
(85.7% and 61.1% by Zhao et al
and Goshima et
[22]
al
respectively) are either xanthogranulomas or
abscesses. Occupation of a large area of the thickened
gallbladder wall by intramural nodules is highly sugges
[23]
tive of XGC
(Figure 6). Xanthogranulomas are more
often revealed on imaging than abscesses though the
[15]
later cause more clinical complications . In acute
inflammatory phase intramural nodules were abscesses
[15]
in contrast to xanthogranulomas in the latter phase .

CD68

Figure 2 Immunohistochemistry revealing positivity for CD68 signifying
sheets of histiocytes.

nodules on sonography have been observed in 15% and
[18]
[19]
73% cases by Parra et al and Kim et al respectively.
Hypoechoic band has been observed in around 19%
[18,20]
cases of XGC
. Xanthogranulomatous nodules
behave as well-defined hypoechoic areas on sonography
(Figure 5). Hypoechoic bands might be caused by a
[18]
more generalized involvement of the mucosa . Compli
cations like perforation, abscess and hepatic infiltration
[18,19]
can also be seen on sonography
.

Computed tomography

Computed tomography (CT) findings of patients pre
senting with acute symptoms and patients presenting
[21]
with chronic symptoms are usually not much different .
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A

B

C

D

Figure 3 Rupture of gallbladder serosal lining and spread of the inflammatory response leads to adhesions with adjacent liver, duodenum and transverse
colon. Gross pathology specimen (A) demonstrating a thickened gallbladder wall (dotted arrow) showing multiple yellowish nodules (xanthoma nodules) within (short
arrows). Infiltration into the adjoining liver parenchyma is seen (black arrows). Black arrowheads denote the normal liver parechyma while the white arrowheads
denote gallbladder lumen. Corresponding computed tomography images (B) of the same patient showing focal mural thickening involving the gallbladder fundal region
with poor fat planes and infiltration into the adjacent hepatic parenchyma (black arrows). Magnetic resonance axial and coronal images (C and D) of the same patient
showing heterogeneous mass like thickening involving the gallbladder fundal region with poor fat planes to adjacent hepatic parenchyma (black arrows).

A

B
G B

CAL

Figure 4 Ultrasound image showing a well distended gallbladder. The diffuse
hyperechoic wall thickening (arrow, A) and obstructive calculus in gallbladder neck
region (arrow, B). GB: Gallbladder.

Figure 5 A well distended gallbladder showing diffuse hyperechoic wall
thickening (long arrow). Note is made of a small mucosal defect (short arrow)
with a small hypoechoic collection in thickened gallbladder wall.

A continuous mucosal lining is more often observed
with XGC (66.7% of cases) compared to a disrupted
[22]
mucosal lining (33.3%) . XGC is pathology of gallb
ladder wall and hence mucosal surface is intact or
only focally denuded. On the contrary, carcinoma of
gallbladder arises from the gallbladder epithelium and
causes mucosal disruption in majority of the cases.
Mucosal line disruption has been observed in 82.2%
cases of carcinoma of gallbladder. Mucosal disruption in
XGC is only seen with diffuse thickening of the gallbladder
wall and patients with disrupted mucosal lining are more

likely to have complications .
LSE is defined as enhancement of the gallbladder
wall predominantly at the luminal surface. This finding
[21]
was noted in 85.7% of cases by Zhao et al and 70%
[24]
cases by Shuto et al . LSE noted in XGC is more
apparent in the portal venous phase and represents
[21,24]
preservation of the epithelial layer
. This further
points towards the intramural location of the disease
process with an intact overlying mucosa as opposed to
the disrupted mucosa in gallbladder carcinoma.
Cholelithiasis, choledocholithiasis (Figure 7), hepa
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A

B

A

Figure 6 Axial computed tomography section showing multiple hypodense
nodules (black arrows) in a diffusely thickened gallbladder wall (A) and
the same patient showing gallbladder neck calculus (white arrow) (B). Also
seen is an area of mucosal defect with associated small intramural collection
(black arrowhead).

Figure 7 Axial T2W image (A) and corresponding magnetic resonance
cholangiopancreatography image (B). Axial T2W image (A) showing multiple
gallbladder calculi with a diffusely thickened wall showing multiple intramural
nodules (short arrow). Note is also made of a small filling defect involving the
ampullary common duct (long arrow). Corresponding MRCP image (B) showing
multiple intramural nodules (white arrowhead) along with a dilated pancreaticobiliary system secondary to calculus in ampullary region. MRCP: Magnetic
resonance cholangiopancreatography.

A

Figure 8 Axial arterial phase computed tomography image showing an
area of hyper perfusion in the segment Ⅴ of liver adjoining a gallbladder
showing diffusely thickened walls. Also noted is the blurring of interfaces
between gallbladder wall and adjoining liver parenchyma. Liver infiltration can
demonstrate an early enhancement of the parenchyma which pathologically
corresponds with accumulation of inflammatory cells and abundant fibrosis.

B

Figure 9 Axial computed tomography sections (A and B) showing thickened
and irregular walls with small intramural and pericholecystic collections.
Note the extension of the inflammatory process to involve the duodenum (white
arrow) and pancreatic head (black arrow). Also pericholecystic fat strandings are
seen (white arrowhead).

ticolithiasis have all been described frequently with XGC.
Resultant gallbladder distention and biliary dilatation
can be observed (Figure 7).
The infiltration of adjacent structurescan manifest
as pericholecystic fat strandings, blurring of interface
between gallbladder and liver, early enhancement of
liver (or transient hepatic attenuation difference) (Figure
8), infiltration of bowel (duodenum/colon) (Figure 9),
infiltration of stomach and invasion of abdominal wall
(Figure 10). While pericholecystic fat stranding and
blurring of interface between gallbladder and liver are
quite frequent, the other findings are sparsely observed.
Liver infiltration can result in an early enhancement
[21]
of parenchyma in 40% of cases
(Figure 8). Other
complications include gallbladder perforation, abscess
formation (Figure 11) or fistulous communications.
Involvement of the biliary tree by the inflammatory
process (xanthogranulomatous choledochitis) can also
[25]
be seen . However, the absence of intrahepatic biliary
dilatation is more frequently observed in XGC and is an
important finding in differentiating it from carcinoma of
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gallbladder.
Occurrence of lymphadenopathy (> 10 mm in short
axis diameter) has been variably described by different
[21]
researchers. While Zhao et al
have described an
[22]
incidence of 10.2%, Goshima et al
found an incid
ence of 90%. But both the researchers were of the
opinion that loco-regional lymphadenopathy can be
useful in differentiation from carcinoma of gallbladder.
Only 41% patients with gallbladder carcinoma showed
homogeneous enhancement of enlarged nodes
[22]
compared to 100% patients with XGC .
Associated gallbladder or biliary malignancies can
[13]
also be visualized on CT . Notably, Indian researchers,
[13]
Krishnani et al
have described a high coexistence
of carcinoma gallbladder with XGC (19.6% of cases).
Although the causative mechanism behind the asso
ciation between the two entities is unclear, both are
complications of cholelithiasis and cholecystitis of a
particular duration. XGC may obscure the adenocarcino
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B

C

D

Figure 10 Axial sequential T2W magnetic resonance images (A-D) showing multiple hyper-intense intramural collections in gallbladder (long arrow) with
extension of inflammatory process into the pericholecystic region, poor fat planes and involvement of the anterior abdominal wall (multiple short arrows).
Note presence of intraluminal calculus (white arrowhead).

A

Figure 11 Coronal computed tomography section image showing multiple
hypodense nodules (short arrows) in thickened gallbladder wall with an
associated abscess in the adjoining liver (long arrow).

B

Figure 12 3.0 T magnetic resonance axial chemical shift imaging using
in-phase (A) and out-phase sequences (B). Presence of intramural fat is
markedly evident in the form of loss of signal from gallbladder wall on out of
phase imaging (arrow) compared to in-phase image (arrow).

[13]

ma . Also, the extent of carcinoma may be considerably
overestimated or underestimated, especially since XGC is
also known to form adhesions to other organs; features
[9]
conventionally attributed to malignancies .

nodule on magnetic resonance imaging (MRI) can
be attributed to the presence of diverse contents like
foamy histiocytes, lymphocytes, plasma cells, poly
morphonuclear leucocytes, fibrosis, giant cells, micro
[22]
abscess and necrosis within these nodules . The
researchers also observed that few nodules (2 out of
11) were detected only on CT and not seen on MRI
and attributed this to a lower spatial resolution of MRI.
Areas of iso- to slightly high signal intensity on T2weighted images, showing slight enhancement at early
phase and strong enhancement during delayed phase
of dynamic study, corresponded with areas of abundant

Magnetic resonance imaging

In-phase and opposed-phase chemical shift imaging
is helpful in demonstrating fat within the thickened
[26]
gallbladder wall in patients with XGC
(Figure 12).
[21]
Zhao et al
subjected intramural nodules to chemical
shift imaging. Seventy-seven point seven percent of
XGC nodules showed reduced signal intensity on outof-phase images. This variable nature of the intramural
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necklace sign” is noted (Figure 13). Intramural foci of
adenomyomatosis are often small and aligned in a linear
[29]
fashion . Presence of intramural nodules covering a
large area of thickened gallbladder wall is specific for
[30]
XGC . Rate of complications is higher in XGC compared
to adenomyomatosis. Inflammatory changes outside
the gallbladder should raise suspicion of XGC over
[31]
adenomyomatosis .

Table 1 Summary of imaging findings of xanthogranulomatous
cholecystitis
Findings
Diffuse or focal mural thickening
Luminal surface enhancement
Intramural fat
Hypodense/hypoechoic nodules or bands
Associations
Cholelithiasis
Choledocholithiasis
Gallbladder carcinoma
Complications
Gallbladder perforation
Abscesses
Adhesions and fistulas to liver, duodenum, gatric outlet, colon
(hepatic flexure/transverse colon) and anterior abdominal wall

Carcinoma of gallbladder

Although accurate pre-operative differentiation of XGC
from carcinoma purely on the basis of radiological and
clinical features may be difficult, there are some pointers
on imaging that have been found to be helpful. In a
[22]
study done by Goshima et al , five CT findings showed
significant difference between XGC and carcinoma of
gallbladder. These findings were diffuse gallbladder wall
thickening, continuous mucosal lining, intramural hypoattenuating nodules in the thickened walls, absence of
macroscopic hepatic invasion and absence of intrahepatic
[22]
bile duct dilatation . They reported that the diagnostic
accuracy of XGC increases with the presence of three
or more of the above mentioned findings. Besides,
presence of regional lymphadenopathy is more prevalent
in carcinoma compared to XGC. While 58.9% cases with
gallbladder carcinoma had retroperitoneal lymph nodes
enlargement, only 10.2% cases of XGC had mild lymph
[21]
node enlargement (1-1.5 cm in diameter) .

[24]

xanthogranulomas . Areas with very high signal
intensity on T2-weighted images without enhancement
[24]
corresponded with necrosis and/or abscesses .
LSE of gallbladder wall represented preservation
[24]
of the epithelial layer . The early-enhanced areas of
the liver bed on dynamic CT and MR images can be
seen sometimes associated with XGC which correspond
with accumulation of inflammatory cells and abundant
[24]
fibrosis .
[27]
Kang et al have revealed the benefit of diffusionweighted magnetic resonance imaging (DWI) in differen
tiating XGC from the wall-thickening type of gallbladder
cancer. Diffusion restriction was more frequently seen in
gallbladder cancer (68%) than in XGC (7%). They also
found out that the mean ADC value of XGC was higher
than that of the wall-thickening type of gallbladder
-3
2
cancer with statistical significance (1.637 × 10 mm /s
-3
2
[27]
vs 1.076 × 10 mm /s respectively, P = 0.005) .
The authors concluded that the addition of DWI to
conventional MRI improves discrimination between XGC
and the wall-thickening type of gallbladder cancer.

Actinomycosis of the gallbladder

Actinomycosis of the gallbladder presenting as a mass
with extensive infiltration into surrounding structures
by sonography and CT is very difficult to differentiate
from gallbladder carcinoma and XGC, as radiologic
[32]
features overlap considerably . In cases where a
correct diagnosis is impossible, either close clinical and
radiological follow up or imaging-guided aspiration or
biopsy may be useful.

Positron emission tomography

MANAGEMENT

[28]

Sawada et al have described positive uptake of XGC
18
on F-FDG positron emission tomography (PET) scan
which again adds to the confusion. They have described
the expression of GLUT1 and GLUT3 receptors in XGC
to be the causative factor behind the false positive
[28]
PET scan . Radiological feature of XGC have been
summarized in Table 1.

Fine needle aspiration cytology (FNAC) plays an
important role in making pre-operative differentiation
between carcinoma and XGC or in co-existent lesions.
Percutaneous as well as endoscopic needle biopsy
can be done in patients suspicious of malignancy. In
personal experience of the authors, approaching the
lesion with a transhepatic route can minimise the risk
of potential complications. The sensitivity of detecting
malignancy is around 80% when adenocarcinoma
is associated with XGC and overall sensitivity and
specificity of detecting carcinoma is approximately 90%
[14]
and 94% respectively .
Most gallbladder carcinomas associated with XGC
occur in the GB neck region which is due to increased
pressure within the gallbladder. Thus, careful observation
of the GB neck and cystic duct region by endoscopic
ultrasound (EUS) and adequate sampling from this
region can greatly reduce the incidence of false negative

DIFFERENTIAL DIAGNOSIS
Adenomyomatosis

Gallbladder adenomyomatosis is a process of diffuse
epithelial and smooth muscle proliferation likely in
response to chronic gallbladder obstruction. Dilated
Rokitansky-Aschoff sinuses contribute to formation of
intramural diverticula that may contain bile, cholesterol,
sludge or stones. Cholesterol crystals show characteristic
reverberation or V-shaped comet tail artefacts on
sonography. On T2-weighted MRI a characteristic “pearl
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A

B

C

D

Figure 13 Axial (A) and coronal (B-D) T2W magnetic resonance images showing multiple curvilinearly arranged hyperintense intramural cavities (arrows)
in gallbladder fundal region (“pearl necklace” appearance) - a characteristic feature of gallbladder adenomyomatosis.

diagnosis of co-existing gallbladder carcinomas. Hijioka
[33]
et al have reported an accuracy of 93.3% using EUS
guided FNAC.
At operation,XGC may give appearance of an ad
vanced gallbladder carcinoma due to wall thickening
[12]
and local destructive spread of inflammation . A car
[12]
cinoma may be masked by the severe inflammation .
Intraoperative frozen section investigation or FNAC has
been suggested to confirm the diagnosis. In cases with
no invasion of adjacent organs these tools are indicated
because they can change the surgical strategy (e.g.,
simple cholecystectomy vs associated liver resection).
Complete resection of the gallbladder is not always
possible especially due to poor visualization of the
Calot’s triangle. Prolonged operating time and technical
difficulties are noted along with a high conversion rate
[34]
(laparoscopic to open cholecystectomy) of upto 80% .
The complication rates may be as high as 20% and
[12]
length of hospital stay is also generally longer .

2
3
4
5

6
7

8

CONCLUSION

9

XGC can be a diagnostic dilemma and a correct preoperative diagnosis can be aided by awareness of
characteristic findings on CT and MRI. In some cases
diagnosing this entity only on imaging can be extremely
challenging and FNAC may be helpful in pre-operative
diagnosis.

10
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AIM: To determine swallowing outcomes and hyo
laryngeal mechanics associated with post radiation
therapy head and neck cancer (rtHNC) patients using
videofluoroscopic swallow studies.
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fluoroscopic images of rtHNC patients (n = 21) were
compared with age and gender matched controls
(n = 21). Penetration-aspiration of the bolus and
bolus residue were measured as swallowing outcome
variables. Timing and displacement measurements of
the anterior and posterior muscular slings elevating the
hyolaryngeal complex were acquired. Coordinate data
of anatomical landmarks mapping the action of the
anterior muscles (suprahyoid muscles) and posterior
muscles (long pharyngeal muscles) were used to
calculate the distance measurements, and slice numbers
were used to calculate time intervals. Canonical variate
analysis with post-hoc discriminant function analysis
was performed on coordinate data to determine
multivariate mechanics of swallowing associated with
treatment. Pharyngeal constriction ratio (PCR) was also
measured to determine if weak pharyngeal constriction
is associated with post radiation therapy.

Pearson WG Jr, Davidoff AA, Smith ZM, Adams DE, Langmore
SE. Impaired swallowing mechanics of post radiation therapy
head and neck cancer patients: A retrospective videofluoroscopic
study. World J Radiol 2016; 8(2): 192-199 Available from: URL:
http://www.wjgnet.com/1949-8470/full/v8/i2/192.htm DOI: http://
dx.doi.org/10.4329/wjr.v8.i2.192

INTRODUCTION
The oropharyngeal phase of swallowing is a complex
physiological process involving the conversion of a
respiratory conduit into an alimentary canal in less than
one second. Videofluoroscopic swallowing studies, also
known as modified barium swallows (MBS), are the
standard instrumental tool for assessing oropharyngeal
swallowing safety and efficiency. Swallowing safety is
threatened when a bolus penetrates or is aspirated into
the airway. The retention of a bolus in the valleculae
or piriform sinuses is an indication of swallowing ine
fficiency. Reduced hyolaryngeal elevation is thought
to underlie incomplete clearance of the bolus from
[1]
the pharynx . Residual bolus retained in pharyngeal
spaces such as the piriform sinuses (residue) is pre
[2]
dictive of aspiration . Both outcomes are observed
among post radiation therapy head and neck cancer
[3]
(rtHNC) patients . However, the underlying mechanics
associated with these outcomes is poorly understood.
Recent anatomical and magnetic resonance imaging
(MRI) studies have shown that two muscular slings
elevate the hyolaryngeal complex to stretch open the
[4-6]
upper esophageal sphincter in young healthy adults .
It is not known if altered function of one or both of these
slings is associated with poor swallowing outcomes
(penetration, aspiration, or residue). To determine if
poor swallowing outcomes are associated with altered
function of the two-sling mechanism, we compared
kinematic and morphological data collected from MBS
imaging of rtHNC patients with age and gender matched
controls.
The hyolaryngeal complex is comprised of the hyoid
bone, laryngeal cartilages, and associated structures
including the cricopharyngeus muscle, which forms the
upper esophageal sphincter. Two muscular slings elevate
[5]
the hyolaryngeal complex in swallowing (Figure 1). The
suprahyoid muscles (mylohyoid, geniohyoid, stylohyoid,
and digastric) form an anterior sling with proximal
attachments to the mandible and cranial base and distal
attachments to the body of the hyoid, which translates
force to the larynx via the thyrohyoid membrane and
[4]
likely assisted by the thyrohyoid muscle . A posterior
sling comprised of the long pharyngeal muscles (sty
lopharyngeus, palatopharyngeus and salpingopharyn
geus) has superior attachments to the styloid process,
auditory tube, and structures associated with the palate,
and inferior attachments inserting primarily on the lateral
[7,8]
pharyngeal wall and thyroid cartilage . These muscular
slings function to elevate the hyolaryngeal complex and

RESULTS: The rtHNC group was characterized by poor
swallowing outcomes compared to the control group in
regards to: Penetration-aspiration scale (P < 0.0001),
normalized residue ratio scale (NRRS) for the valleculae
(P = 0.002) and NRRS for the piriform sinuses (P =
0.003). Timing and distance measurements of the
anterior muscular sling were not significantly different
in the two groups, whereas for the PMS time of dis
placement was abbreviated (P = 0.002) and distance
of excursion was reduced (P = 0.02) in the rtHNC
group. A canonical variate analysis shows a significant
reduction in pharyngeal mechanics in the rtHNC group
(P < 0.0001). The PCR was significantly higher in
the test group than the control group (P = 0.0001)
indicating reduced efficiency in pharyngeal clearance.
CONCLUSION: Using videofluoroscopy, this study
shows rtHNC patients have worse swallowing outcomes
associated with reduced hyolaryngeal mechanics and
pharyngeal constriction compared with controls.
Key words: Swallow mechanics; Post radiation; Head
and neck cancer; Fluoroscopy; Anatomy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Quality videofluoroscopic imaging of barium
swallows is useful to determine swallowing outcomes for
safe and efficient swallowing, conventional kinematics,
and underlying functional anatomy associated with
outcomes. This retrospective study of radiation therapy
head and neck cancer (rtHNC) patients compared
with age and gender matched controls and found
that swallowing outcomes were significantly worse in
rtHNC patients. Conventional kinematics indicated a
reduction in laryngeal elevation. Computational analysis
of swallowing mechanics using coordinate data of
anatomical landmarks is here used to visualize impaired
functional anatomy associated with poor outcomes in
order to suggest particular targets for rehabilitation.

WJR|www.wjgnet.com

193

February 28, 2016|Volume 8|Issue 2|

Pearson WG Jr et al . Post rtHNC swallowing mechanics
Table 1 Inter-rater reliability of each swallowing outcome and kinematic measurement as determined by
intraclass correlation coefficients

Penetration-aspiration scale
Normalized residue ratio scale (valleculae)
Normalized residue ratio scale (piriform recess)
Anterior sling distance measurement
Posterior sling distance measurement
Anterior sling time measurement
Posterior sling time measurement
Pharyngeal constriction ratio

6

3

Lower 95%CI limit

Upper 95%CI limit

0.87
0.93
0.91
0.87
0.88
0.88
0.90
0.81

0.75
0.85
0.82
0.75
0.77
0.74
0.77
0.66

0.93
0.97
0.96
0.93
0.94
0.95
0.96
0.90

made to attach a radiopaque marker to each subject
as an external scalar. Images were produced by a GE
Precision Fluoroscopic unit and recorded digitally by a
computer workstation at 30 frames/s. QuickTime™ soft
ware was used to trim each imaging study to include
one episode of cued lateral view 5 mL swallows of thin
liquid barium solution [Varibar Thin Liquid (40% wt/
vol)].
Ninety-three patients with MBS studies were iden
tified. Dysphagic patients related to rtHNC were placed
in the test group (n = 28), while patients complaining
of swallowing difficulty who showed no instrumental
evidence of dysphagia were placed in the control group (n
= 45). Of the 28 subjects in the rtHNC group, two lacked
scalars and five could not be age or gender matched
with the “normal” group. This left a final cohort of 21
subjects in each group composed of 14 males and 7
females with a mean age of 64 ± 13 years (test group)
and 63 ± 11 years (control group).
Swallowing outcomes were collected along with
spatial and temporal data from video files using ImageJ
image analysis software equipped with QuickTime™
plug-ins (http://rsbweb.nih.gov/ij). Raters blinded to
group assignment analyzed video files. Reliability was
tested for all measurements by using a second judge to
re-measure variables in 50% of MBS studies. Inter-rater
reliability is reported in Table 1. In swallowing episodes
requiring more than one swallow to clear the bolus,
measurements were taken from the first swallow.
To measure penetration and aspiration we used a
1-8 ordinal scale called the penetration-aspiration scale
[14]
(PAS) . In the PAS scoring system 1-2 is considered
functionally normal, 3-5 indicates bolus penetration into
the laryngeal vestibule, and 6-8 indicates aspiration
of the bolus into the airway. To quantify residue we
used the normalized residue ratio scale (NRRS) for
[15]
the valleculae and piriform sinuses . The NRRS is a
continuous measurement that incorporates the ratio
of residue relative to pharyngeal space (valleculae and
piriform sinuses) and the amount of residue scaled by
an internal anatomical scalar (C2-C4 measurement
described above). Differences in PAS in the two groups
were evaluated using Mann-Whitney U tests, and diffe
rences in NRRS for the valleculae and piriform sinuses
were compared using two-tailed t-tests with Bonferroni
correction (α = 0.05, P < 0.025).

7
5

1

Intraclass correlation coefficient

4
8

Anterior muscular sling
1 Geniohyoid
2 Anterior digastric
3 Mylohyoid
4 Stylohyoid
5 Posterior digastric
Posterior muscular sling
6 Palatopharyngeus
7 Salpingopharyngeus
8 Stylopharyngeus

2

Figure 1 Two-sling mechanism for hyolaryngeal elevation in swallowing.

stretch open the upper esophageal sphincter, but it is
unknown whether pathology changes the function of the
two-sling mechanism.
High quality MBS imaging that is well collimated
provides data useful for analyzing outcomes as well
[9]
as the underlying mechanisms of swallowing . In
this study, outcome variables measuring penetrationaspiration and residue were used to verify differences
[10]
between test and control groups , whereas kinematic
[11,12]
measurements
and multivariate morphometric analy
[6]
sis were used to determine which of the two slings
described above is impaired. Additionally, the pharyngeal
constriction ratio (PCR), a reliable surrogate for strength
of pharyngeal constriction, was measured for each group
to document the effect of treatment on the pharyngeal
[13]
constrictor muscles and the long pharyngeal muscles .
We hypothesized that swallowing outcome variables,
kinematic measurements, multivariate morphometric
analysis, and PCR of the rtHNC group will indicate
impairment when compared to the control group.

MATERIALS AND METHODS
Under a research protocol approved by the Boston
University Medical Campus Institutional Review Board,
a review of patient records was used to establish a test
and control group. MBS imaging studies were recorded
under routine radiographic protocols. An attempt was
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3

2

3
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1
5

9
8

6
7

1

8

Figure 2 Pictured here are the nine coordinates mapping three skeletal
levers (in red) and muscular slings displacing the hyolaryngeal complex
with coordinates 1, 3, 8, 9 mapping the anterior muscular sling (in blue)
and coordinates 2, 3, 6, 7 mapping the posterior muscular sling (in green).

7

Figure 3 Procrustes fit of coordinates adjusts for differences in rotation
and scale.

differences in scale and rotation between all subjects
at both excursion points. Following the procrustes
superimposition of coordinates, a canonical variate
analysis was executed with classification variables
assigned to each set of coordinates named by condition
(test and control group) and excursion (minimum and
maximum position of the hyolaryngeal complex).
To evaluate differences in pharyngeal constriction
between test and control groups, the PCR was measured
[13]
using the lateral view MBS studies . PCR is a ratio of
the area of the hypopharynx at maximum constriction
to the area of the hypopharynx at rest. Significance of
differences in PCR was determined using a two-tailed
t-test.

Kinematic data collected from video files included
duration and displacement measurements representing
the anterior and posterior slings. The movement of the
hyoid towards the mandible represented the action of
the anterior muscular sling (AMS). The movement of the
larynx towards the cranial base represented the action
of the posterior muscular sling (PMS). Each AMS and
PMS time and distance measurement was measured
at minimum and maximum elevation. For the AMS, the
minimum position was defined as one frame prior to the
first rostral movement of the hyoid related to pharyngeal
swallowing and maximum position was defined as the
most rostral movement of the hyoid during swallowing.
For the PMS, the minimum position was defined as one
frame prior to the first rostral movement of the larynx
during pharyngeal swallowing and maximum position
was defined as the frame where the larynx reaches its
superior position during swallowing.
Duration of AMS and PMS movement was deter
mined by dividing the difference in minimum and
maximum frame numbers by 30 (fps). Displacement
of the hyoid (representing the action of the AMS) and
elevation of the posteroinferior edge of the cricoid
toward the cranial base (representing the action of
the PMS) were calculated using a coordinate mapping
technique designed to track the components of the two[16]
sling mechanism of hyolaryngeal elevation (Figure 2).
Displacement measurements of the hyoid and larynx
were mathematically calculated from coordinate data.
Timing and spatial measurements were compared using
two-tailed t-tests with Bonferroni correction (α = 0.05,
P < 0.025).
The nine coordinates mapping the elements of
the anterior and PMSs in order to calculate kinematic
variables were also used in a computational analysis
of swallowing mechanics. The coordinate data set
included nine coordinates for each subject at minimum
and maximum excursion for the test group and control
group. MorphoJ, software for geometric morphometric
analysis, was used to perform a procrustes fit of all
[17]
coordinates
(Figure 3). The procrustes fit resolved
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9

RESULTS
All swallowing outcome variables indicated significantly
worse swallowing in the rtHNC group than in the control
group. PAS scores were highly significantly (P < 0.0001)
greater in rtHNC (4.43 ± 2.42) than in the control
(1.29 ± 0.56), NRRS scores for the valleculae were
significantly (P = 0.002) greater in rtHNC (0.22 ± 0.20)
than in the control (0.05 ± 0.11), and NRRS scores
for the piriform sinuses were significantly (P = 0.003)
greater in HNC (0.31 ± 0.36) than in the control (0.05
± 0.14).
The duration of PMS elevating the larynx was
significantly (P = 0.002) briefer in rtHNC (0.29 ±
0.11 s) than in the control (0.48 ± 0.23 s), and the
displacement of the larynx by the posterior sling
muscles is significantly (P = 0.02) reduced in rtHNC
(0.89 ± 0.63 cm) than in the control (1.41 ± 0.73 cm).
While these PMS measurements showed significant
differences, the AMS measurements did not (Figure 4).
PCR was highly significantly (P = 0.0001) worse in
rtHNC (0.16 ± 0.11) than in the control (0.05 ± 0.04).
The scatter plot of canonical variate scores with
classification variable highlighted indicated that CV1
is associated with the excursion of the hyolaryngeal
complex and CV2 is associated the test and control
groups (Figure 5). Swallowing mechanics indicated by
differences in shape change was highly significantly (P
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Time and distance measurements of
minimum to maximum hyolaryngeal excursion
Control group (normals)
Test group (HNC)
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Figure 4 Significant differences between control and test groups. HNC: Head and neck cancer.

the test group. Finally, a computational analysis of
swallowing mechanics confirms that the long pharyngeal
muscles are implicated in this cohort of dysphagic
patients, and that extending the head and neck while
swallowing is presumably attempted to compensate for
loss of pharyngeal function.

Canonical variate analysis
Canonical variate 2 rtHNC vs control
(17% of variance)

4
Control minimum

Control maximum

2

0

Swallowing outcomes

Poor swallowing outcomes among rtHNC patients,
including increased penetration-aspiration and residue,
[18,19]
are consistent with other findings in the literature
.
However, this is the first time that the NRRS has been
used to quantify residue in head and neck cancer
patients. These findings confirm that the test and control
groups used here are appropriate for a retrospective
pseudo-experimental design for investigating underlying
mechanisms of dysphagia, specifically focusing on
the role of the two-sling mechanism of hyolaryngeal
elevation.

-2
rtHNC minimum
-4
-6

-4

-2

rtHNC maximum
0

2

4

6

Canonical variate 1 minimum vs
maximum hyolaryngeal excursion
(81% of variance)

Figure 5 Canonical variate analysis showing differences in coordinate confi
guration plotted by canonical variate scores with classification variables
highlighted. rtHNC: Radiation therapy head and neck cancer.

Kinematic measurements

Reduced hyolaryngeal elevation and hyoid movement
[20,21]
has been noted among rtHNC patients
, and
reduced hyoid and laryngeal motility have also been
[10,22]
associated with penetration-aspiration
. Association
of the structures that underlie laryngeal elevation with
poor swallowing outcomes has not been reported. Our
data indicate a significantly diminished function of the
PMS among rtHNC patients in both time and distance
measurements with a large effect size changes for both
timing and distance measurements (Cohen’s D = 1.46
for timing and 0.77 for distance). This is consistent with
findings in the radiation oncology literature that the
longitudinal PMS presumed to lie within the pharyngeal
constrictor region of interest in computed tomography

< 0.0001) reduced in the rtHNC (D = 2.98) than in the
control (D = 4.54). Eigenvectors for each coordinate
demonstrate the direction and degree of covariant
shape change of the control (Figure 6) and test (Figure 7)
groups for visual comparison.

DISCUSSION
This study shows significant differences in swallowing
safety and efficiency as measured by PAS and NRRS,
respectively. Kinematic measurements showed that
reduced function of the PMS which elevates the hyo
laryngeal complex is associated with rtHNC. In contrast,
the anterior sling was not significantly reduced in
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Figure 6 Eigenvectors indicating mechanics of hyolaryngeal elevation of
the control group from minimum (dotted lines) to maximum (solid lines)
excursion.

Figure 7 Eigenvectors indicating mechanics of hyolaryngeal elevation of
the radiation therapy head and neck cancer group from minimum (dotted
lines) to maximum (solid lines) excursion.

scans are more important than the anterior sling of
[18,23]
muscles to swallowing function
. However, other
published studies of rtHNC patients showed decreased
[20]
hyoid displacement . While our results do not reach
statistical significance, timing and distance measure
ments of the hyoid was reduced when compared to the
test group. The cohort did show a significant though
small effect size change with Cohen’s D = 0.30 for
distance and a medium effect size change for timing with
Cohen’s D = 0.48. With these additional statistics, what
can be said is that impairment of the posterior sling is
much greater than the anterior sling in this cohort. The
consensus in the literature is that the suprahyoid muscles
(AMS) along with the thyrohyoid elevate the hyolaryngeal
[24-26]
complex
. However, the results of this study indicate
that the PMS appears to have a more significant role
in swallowing dysfunction in rtHNC patients. Previous
studies have not consistently taken into account the twosling mechanism of hyolaryngeal elevation.
It is important to note that we did not include hyolar
yngeal approximation, the movement of the anterior
aspect of the larynx towards the hyoid bone, in this
study. This movement is thought to be the unique
[27]
function of the thyrohyoid muscle . However, in a
cohort of young healthy subjects the thyrohyoid was not
[4]
found to be consistently active . It has also been shown
that the stylopharyngeus attaches to the larynx and
[5,28]
elevates the thyroid cartilage toward the hyoid bone
.
Conversely, it could be argued that the thyrohyoid (if
active) assists the approximation of the posterior larynx
towards the cranial base, which would in turn confound
our PMS measurement. However, data show that the
long pharyngeal muscles have a significantly greater
mechanical advantage than the thyrohyoid in elevating
[5]
the larynx .

and translates force to the larynx. A simple distance
measurement cannot determine if the anterior sling
muscles or the posterior sling muscles underlie elevation
of the larynx. We propose a more informative approach
using vectors to characterize how various elements
interact as an integrated apparatus. In this present study
we introduce a computational analysis of swallowing
mechanics using a multivariate morphometric analysis of
coordinates that map the two muscular slings elevating
the hyoid, and the movement of the cranial base,
mandible, and vertebrae as three skeletal levers from
which the swallowing apparatus is suspended. Here
we use a multivariate morphometric analysis of these
coordinates to visualize vectors representing underlying
muscle groups displacing the hyolaryngeal complex.
Canonical variate analysis of landmark coordinates
showed overall shape changes judged on the basis
of the Mahalanobis distance statistic (D-score). The
Mahalanobis distance, also referred to as a generalized
distance, is a dimensionless quantity that indicates how
the covariance of one set of variables (in this study, a
set of 9 coordinates) differs from the mean. A smaller
D-score is interpreted as less overall shape change to
the swallowing apparatus as mapped by 9 coordinates.
As predicted, mean D-scores of the control group at
maximum excursion were greater than the test group.
More interesting than the overall shape change
scores are the eigenvector plots for each group (Figures
6 and 7). By comparing vectors of control and test
groups it can be observed that there are small diffe
rences in the covariant distance of hyoid movement
or pharyngeal shortening. The large differences are
associated with laryngeal elevation and extension of
the head and neck in the test group. This observation
suggests that subjects with reduced hyolaryngeal
elevation may attempt to compensate by hyperextending the neck. More importantly, the vectors show
that the long pharyngeal muscles, not the suprahyoid
muscles, underlie this impairment. This visual analysis
indicates that the long pharyngeal muscles are primary
[29]
targets for rehabilitation . These kinds of multivariate
observations of an interrelated dynamic system are not

Computational analysis of multivariate swallowing
mechanics

Deglutition is a dynamic process of interrelated struc
tures that covary in function, a fact that complicates
univariate kinematic studies of swallowing. For example,
the thyrohyoid membrane connects the hyoid and larynx
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patients receiving radiation treatment second to cancer remission is swallowing
function. Radiation damage to tissues can reduce salivary flow, and fibrosis
impacts swallowing mechanics. Swallowing exercises have been shown to help
mitigate the impact of fibrosis, and targeted treatment is thought to improve
swallowing safety and facilitate patient compliance. A thorough understanding
of swallowing mechanics associated with impairment enables clinicians to
provide effective dysphagia management. In this paper multiple methods were
used to document the impact of head and neck cancer treatment on swallowing
safety, efficiency, and mechanics.

possible using kinematic variables alone.

Relative importance of pharyngeal constriction

While this study demonstrates that the two-sling me
chanism is important to hyolaryngeal elevation, we
cannot say that reduced function of the two-sling
mechanism is solely responsible for the poor swallowing
outcomes. It is also possible that the functional
difference between the groups could be explained by the
significantly different degrees of pharyngeal constriction
as measured by the PCR between the test and control
groups (P = 0.0001). A higher PCR indicates weaker
[13]
pharyngeal constriction . A Spearman rank-order
correlation of PCR with the PAS for the entire sample
was r = 0.74, whereas distance measurements of the
PMS correlated with PAS was r = -0.42, suggesting that
poor swallowing outcomes in rtHNC patients are more
strongly correlated with PCR than with PMS function. A
recent study shows the correlation between PCR and
[30]
residue as measured by NRRS . However, it is likely
that a reduced function of the posterior sling contributes
[31]
to higher PCR. Leonard et al
have suggested that
reduced hyolaryngeal approximation, a function that
can be related to the PMS, is associated with weaker
pharyngeal constriction.
It remains unclear how to best characterize diffe
rences in the two-sling mechanism associated with
disordered swallowing. While diminished PMS function is
indicated by kinematic measurements, eigenvectors of
coordinates also demonstrate differences in the skeletal
elements of the two-sling mechanism (Figures 6 and
7). Computational analysis of swallowing is currently
being developed to include tongue base retraction and
pharyngeal wall movement to provide a comprehensive
approach to determining swallowing mechanics under
lying effective and disordered swallowing. Registration
of soft tissue landmarks is a confounding factor in this
development.
In conclusion, this study demonstrates significant
differences in swallowing outcomes between rtHNC
patients and “normal” controls. We demonstrate reduced
laryngeal elevation kinematics attributable to deficits
in the PMS in the rtHNC group compared to the control
group. Furthermore, multivariate computational analysis
of swallowing reveals functional differences in the twosling mechanism associated with pathology includ
ing different positioning of skeletal levers in addition
to reduced laryngeal elevation. Whether the shape
changes in the test group represent compensatory or
maladaptive behaviors remains unclear. While video
fluoroscopic imaging has been in use for some time, the
investigative and diagnostic power of this modality is
likely underutilized.

Research frontiers

Modified barium swallows (MBS) studies are the diagnostic standard for
dysphagia. These imaging studies are often underutilized to merely establish
penetration-aspiration status. However, this singular assessment does not
provide useful information to clinicians managing swallowing rehabilitation.
Many methods have been developed to address this problem. Analytical tools
applied to high quality imaging are essential to achieve better outcomes for
patients.

Innovations and breakthroughs

Kinematic methods that document timing and movement of swallowing
structures have been in use in research for some time and are now clinically
accessible. In recent years the MBS impairment profile was developed allowing
for a standardized, reliable and valid approach for the clinical assessment of
swallowing physiology. In this paper coordinate mapping of muscle functional
groups underlying oropharyngeal swallowing, coordinates are reliably collected
using digital analysis tools such as ImageJ. These coordinates are used to
calculate displacement measurements and for multivariate morphometric
analysis using computational tools such as MorphoJ.

Applications

Computational analysis of swallowing mechanics allows for visualization of
impaired functional anatomy of swallowing and can guide rehabilitation efforts
along with other useful measurements. Future directions include patient specific
analysis to guide dysphagia management.

Terminology

Computational analysis of swallowing mechanics is a multivariate morphometric
analysis of coordinates mapping the functional anatomy of swallowing and
swallowing impairment using MBS imaging.

Peer-review

This is a very good manuscript studying the effects of radiotherapy in the
swallowing mechanism of patients. The method used, the evaluation of data
and the presentation is excellent (very instructive figures, extensive statistics,
etc.).
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Abstract
AIM: To compare 2-deoxy-2-(18F)fluoro-D-glucose(18F18
18
FDG) and F-sodium ( F-NaF) positron emission
tomography/computed tomography (PET/CT) accuracy
in breast cancer patients with clinically/radiologically
suspected or known bone metastases.

Core tip: 18F-fluorodeoxyglucose (18F-FDG) and 18F-sodium
18
positron ( F-NaF) positron emission tomography/
computed tomography (PET/CT) is undoubtedly an
accurate and validated imaging tool in the general
population of breast cancer patients for the detection of
bone metastasis in most cases. However, thanks to its
18
extremely high sensitivity, F-NaF PET/CT could have
an adjunctive value in selected patients, significantly
impacting their management (i.e. , small CT-evident
sclerotic lesions, high clinical suspicious of relapse, and
18
negative F-FDG PET and conventional imaging). This
sensitivity might be particularly relevant for patients who
are candidates for surgery or radiotherapy.

METHODS: A total of 45 consecutive patients with
breast cancer and the presence or clinical/biochemical
or radiological suspicion of bone metastatic disease
18
18
underwent F-FDG and F-fluoride PET/CT. Imaging
results were compared with histopathology when
available, or clinical and radiological follow-up of at least
1 year. For each technique we calculated: Sensitivity
(Se), specificity (Sp), overall accuracy, positive and
negative predictive values, error rate, and Youden’s index.
2
McNemar’s χ test was used to test the difference in
sensitivity and specificity between the two diagnostic
methods. All analyses were computed on a patient
basis, and then on a lesion basis, with consideration
ofthe density of independent lesions on the coregistered CT (sclerotic, lytic, mixed, no-lesions) and the
divergent site of disease (skull, spine, ribs, extremities,
18
pelvis). The impact of adding F-NaF PET/CT to the
work-up of patients was also measured in terms of
18
change in their management due to F-NaF PET/CT
findings.

Capitanio S, Bongioanni F, Piccardo A, Campus C, Gonella
R, Tixi L, Naseri M, Pennone M, Altrinetti V, Buschiazzo A,
Bossert I, Fiz F, Bruno A, DeCensi A, Sambuceti G, Morbelli S.
Comparisons between glucose analogue 2-deoxy-2-(18F)fluoro-Dglucose and 18F-sodium fluoride positron emission tomography/
computed tomography in breast cancer patients with bone
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RESULTS: The two imaging methods of 18F-FDG and
18
F-fluoride PET/CT were significantly different at the
patient-based analysis: Accuracy was 86.7% and
2
84.4%, respectively (McNemar’s χ = 6.23, df = 1, P
= 0.01). Overall, 244 bone lesions were detected in
our analysis. The overall accuracy of the two methods
was significantly different at lesion-based analysis
2
(McNemar’s χ = 93.4, df = 1, P < 0.0001). In the
18
lesion density-based and site-based analysis, F-FDG
PET/CT provided more accurate results in the detection
of CT-negative metastasis (P < 0.002) and vertebral
18
localizations (P < 0.002); F-NaF PET/CT was more
accurate in detecting sclerotic (P < 0.005) and rib
18
lesions (P < 0.04). F-NaF PET/CT led to a change
of management in 3 of the 45 patients (6.6%) by
18
revealing findings that were not detected at F-FDG
PET/CT.

INTRODUCTION
Breast cancer is the most prevalent form of cancer in
[1-3]
women of Western countries , with the skeleton being
the most common site of distant metastases. Presence,
distribution, and type of bone localizations have relevant
[4,5]
prognostic implications . In particular, with the grow
ing availability of new therapeutic strategies which could
potentially improve survival, the early detection of bone
[6,7]
metastases has gained pivotal importance .
Conventional bone scintigraphy (BS) remains the
most suitable technique for whole-body screening of
bone metastasis due to its low cost and high availability.
However, BS has several important limitations, and
so additional imaging procedures are often necessary
to determine the real significance of scintigraphic
[8]
abnormalities .
During the last decade, positron emission tomography
(PET) has evolved from a research tool to an established
imaging modality for the staging of different types of
malignant tumors, owing to its better spatial resolution
and superior image quality with respect to conventional
single-photon imaging. Among PET tracers, glucose
18
18
analogue 2-deoxy-2-( F)fluoro-D-glucose ( F-FDG) has
become the most widely used in clinical routine, resulting
[9]
in a major impact on the practice of oncology . In breast
18
cancer patients, F-FDG-PET enables the detection

CONCLUSION: 18F-FDG PET/CT is a reliable imaging
tool in the detection of bone metastasis in most cases,
with a diagnostic accuracy that is slightly, but signi
18
ficantly, superior to that of F-NaF PET/CT in the
general population of breast cancer patients. However,
18
the extremely high sensitivity of F-fluoride PET/CT
can exploit its diagnostic potential in specific clinical
settings (i.e. , small CT-evident sclerotic lesions, high
18
clinical suspicious of relapse, and negative F-FDG PET
and conventional imaging).
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of neoplastic lesions on the basis of their increased
glucose metabolism, potentially allowing for an accurate
assessment of local disease, lymph nodes, and visceral
metastases in a single imaging study. Furthermore, by
directly reflecting tumor cell viability in bone metastases,
this technique can potentially be used for therapy
18
response assessments. In fact, changes in F-FDG
activity after therapy may reflect an early response to
[10]
therapy that could be potentially prognostic .
Characterization of bone metastases is also possible
18
18
with F-sodium fluoride ( F-NaF), which reflects the
increased regional blood flow and osteoblastic bone
[8]
reaction . Specifically, greater activity of remodeling
and bone turnover determines greater blood flow and
18
exchange surface for F-fluoride ion absorption and
subsequent irreversible incorporation into the bone
[11-13]
matrix as fluorapatite
.
Both PET tracers have shown a better diagnostic
value compared to BS in detecting bone metastases
in patients with breast cancer and several other malig
[14-20]
nancies
. Conversely, very limited and controversial
information exists in comparing the diagnostic accuracy
18
18
[19,21,22]
of F-FDG and F-NaF PET
. The different uptake
mechanisms of these two tracers might be comple
mentary in the context of evaluating lytic and sclerotic
lesions, which can both coexist in bone localizations of
[23]
breast cancer patients .
[24]
Furthermore, it has been suggested
that anato
mical localization of the lesions could also influence the
accuracy of each technique; this finding is likely to be
related to the morphology of bone metastasis. In fact,
the involvement of different skeletal segments could
[25,26]
determine different degrees of osteoblastic reaction
.
At the time of writing, controversial results have been
reported about the accuracy of these two tracers in
[19,21,22]
breast cancer patients
, with some authors even
[27,28]
18
proposing their combined use
. In particular, F-FDG
PET/computed tomography (CT) can provide information
about the presence/absence of disease in the skeleton,
as well as in non-skeletal districts. In this context, it not
18
been clearly investigated whether F-NaF PET/CT can
provide incremental information for the management of
breast cancer patients that have already been evaluated
18
by means of F-FDG PET/CT.
The current study aims to evaluate the role of the
two imaging modalities in the restaging of breast cancer
patients with clinically/radiologically suspected or known
metastatic bone lesions. In particular, we planned to
verify whether the accuracy of the two imaging methods
could be influenced by lesion density and location.

legal guardians, provided informed written consent prior
to study enrollment, and practices were performed in
accordance with the ethical standards laid down in the
Declaration of Helsinki. We included only patients who
performed the two PET scans within 1 mo and did not
received chemotherapy or radiotherapy between the two
examinations. By contrast, chemotherapy administration
in the month before the two PET/CT exams was not an
exclusion criterion. Patient characteristics are listed in
Table 1.

PET/CT protocols

Image acquisition was performed according to standard
[29,30]
procedures and international guidelines
.
18
Patients were submitted to F-NaF PET/CT using
two 16 slices PET/CT hybrid systems: (1) Biograph
16 (Siemens Medical Solutions, Knoxville TN, United
States); and (2) Discovery LS (GE Medical Systems,
Milwaukee, WI, United States) according to the standard
[31]
procedure as previously detailed .

Image interpretation
18

Standard references

MATERIALS AND METHODS

Since a bone biopsy of all lesions for histology was not
considered appropriate for obvious ethical reasons, the
radiological and clinical follow-up at 12 mo served as
the standard of reference for the final evaluation of the
results as true-positive, true-negative, false-positive,
and false-negative. Follow-up information included
physical examination, laboratory tests, tumor markers,

Patient population

Between January 2010 and June 2012, 45 breast
cancer patients were referred to our institutions for the
18
18
execution of both F-NaF and F-FDG PET/CT for the
restaging of clinically/radiologicallysuspected or proven
metastatic bone lesions. All study participants, or their

WJR|www.wjgnet.com

18

Each F-FDG-PET/CT and F-NaF-PET/CT scan were
independently evaluated by two nuclear medicine
physicians aware of the patient’s clinical history but
blinded to the results of the other PET/CT scan and that
of other cross-sectional morphological imaging modalities
[magnetic resonance imaging (MRI)/CT]. In cases of
disagreement,a consensus obtained among readers
18
was used for the final decision. For both F-NaF and
18
F-FDG PET/CT, scans were interpreted as negative
for bone lesions when no pathologic tracer uptake
was present within the skeleton. In cases of increased
uptake within the joints, the exam was also considered
18
18
negative. Similarly, for both F-NaF and F-FDG, avid
lesions were diagnosed as benign when degenerative
changes or fractures were detected on non-diagnostic CT.
Conversely, the presence of focal tracer uptake associated
with suspicious or indeterminate morphological changes
on non-diagnostic CT were considered as positive.
18
18
Similarly, for both F-NaF and F-FDG, high and focal
uptake in the absence of lesions on the non-diagnostic
CT was considered likely to be “micro-scleroses”, and
thus classified as positive/malignant.
For each lesion, density on the co-registered CT was
recorded and lesions were divided into four groups:
Sclerotic, lytic, mixed, and no-lesions. Similarly, lesion
localizations were also recorded to assess the impact
of the divergent disease sites (skull, spine, ribs, extre
mities, and pelvis).
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Table 1 Patient characteristics (n = 45)

Table 2 Patient-based analysis: Performance comparisons
18
18
between 2-deoxy-2-( F)fluoro-D-glucose and F-sodium
positron emission tomography/computed tomography

Demography
Age (yr)
Stage at diagnosis
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Histology
Ductal
Lobular
Other
Tumor receptor (+/-/unknown)
Estrogen receptor
PgR
c-erb B2
Site of metastatic disease other than bone
Lung
Liver
Lymph nodes
Systemic therapy
First-line
Second-line
Third-line
Bisphosphonates
Follow-up (mean 28 mo range 22-39)
Patients with disease progression
Patients dead from disease

61 ± 10

18

F-FDG

5
21
14
5

Sensitivity (%)
Specificity (%)
Positive predictive value (%)
Negative predictive value (%)
Error rate (%)
Accuracy (%)
Youden's index

35
8
2

18

F-NaF

75.00 (55.10-88.00) 91.67 (74.15-97.68)
99.00 (84.54-100)
76.19 (54.91-89.37)
99.00 (82.41-100)
81.48 (63.3 91.82)
77.78 (59.24-89.39) 88.89 (67.2-96.90)
13.33 (6.26-26.18)
15.56 (7.75-28.78)
86.67 (73.82-93.74) 84.44 (71.22-92.25)
0.75 (0.75-0.74)
0.6786 (0.68-0.6718)

Estimated parameters corresponding to each technique are presented with
95%CI between square brackets. 18F-FDG: 2-deoxy-2-(18F)fluoro-D-glucose;
18
F-NaF: 18F-sodium.

39/2/4
29/11/5
14/24/7

The two imaging methods were significantly diffe
rent in the patient-based analysis, with anaccuracy of
2
86.7% and 84.4%, respectively (McNemar’s χ = 6.23,
df = 1, P = 0.01.). See Table 2 for details on sensitivity,
specificity, and predictive values of the two PET/CT
modalities.

27%
20%
30%
81%
62%
36%
22%

Overall lesion-based analysis

58%
30%

Overall, 244 bone lesions were detected in our analysis.
The overall accuracy of the two methods was significantly
2
different in the lesion-based analysis (McNemar’s χ
18
= 93.4, df = 1, P < 0.0001). F-NaF showed high
sensitivity (90.5%), but a very low specificity (17.5%).
18
By contrast, although F-FDG PET/CT showed a lower
sensitivity (66%), it was characterized by a significantly
higher specificity (96.2%).

and other independent imaging studies (CT, MRI,
18
F-FDG PET/CT, X-ray studies, and bone scans).

Statistical analysis

For statistical analysis we used the “R” software pro
[32]
[33]
gram
and DiagnosisMed software package . We
18
18
compared F-NaF PET/CT and F-FDG PET/CT results
through patient-, lesion density-, and site-based analyses.
Cochran Q test followed by multiple comparisons
using McNemar’s test with continuity correction and
Bonferroni adjustment were used in order to assess
differences among imaging modalities. P values less
than 0.05 were considered statistically significant. The
18
impact of adding F-NaF PET/CT to the work-up of
patients was also measured in terms of changes to their
management due to findings related to this functional
imaging.
The statistical methods of this study were reviewed
by a biomedical statistician.

Lesion density- and site-based analysis

Significant differences were highlighted in the lesion
18
density- and site- based analysis, as F-FDG PET/CT
was more accurate in the detection of CT-negative meta
stasis (P < 0.002),vertebral localizations (P < 0.002),
and sclerotic (P < 0.005) and rib lesions (P < 0.04).
No significant differences were highlighted with respect
to accuracy in evaluating lytic and mixed lesions, or in
lesions localized in the skull, distal extremities or pelvis.
See Table 3 for details on sensitivity, specificity, and
accuracy. Figures 1-3 show representative examples of
the different performance of the two imaging modalities.

Impact on patient management

18

Findings that were found only in F-NaF PET/CT imag
ing led to a change of management for 3 of the 45
patients (6.6%). In particular, two patients underwent
chemotherapy rather than targeted radiotherapy due to
the detection of further skeletal lesions. One patient was
excluded from surgical treatment of lung metastasis
due to the presence of bone involvement.

RESULTS
Overall diagnostic accuracy and patient-based analysis

Sixteen patients were negative and 16 patients were
positive at both imaging modalities. Eleven and two
18
patients were positive only ata single tracer ( F-FDG
18
and F-NaF, respectively). Histology was used as
standard references in two patients (specifically in
one patient who was true positive for bone marrow
18
involvement at F-FDG PET and in one patient who was
true positive for the presence of an osteosclerotic lesion
18
in the ribs detected by F-NaF only).
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DISCUSSION
18

In this study, we aimed to elucidate the role of F-FDG
18
and F-NaF PET/CT in restaging breast cancer patients
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A

B

C

D

E

F

Figure 1 A 49-year-old breast cancer patient with bone relapse. A lytic lesion on the fifth lumbar vertebra was detected with computed tomography in absence
of local pain (A). The lesion showed high uptake both at 18F-FDG PET/CT (B) and 18F-NaF PET/CT (C), thus confirming its malignant nature. No further 18F-FDG
avid metastasis was highlighted (E). By contrast a focal area of high 18F-NaF uptake was evident in the anterior branch of the seventh rib on the left side (F). This
area was indeed corresponding to a small sclerotic indeterminate lesion on the CT and was considered as a further site of disease (D). The patient started systemic
therapy rather than a targeted radiotherapy on the fifth lumbar vertebra. 18F-FDG: 2-deoxy-2-(18F)fluoro-D-glucose; 18F-NaF: 18F-sodium; PET/CT: Positron emission
tomography/computed tomography.

Table 3 Sites and density characteristics showing different performance between
18
18
2-deoxy-2-( F)fluoro-D-glucose and F-sodium positron emission tomography/
computed tomography
18

n
Density
Osteosclerotic
Sensitivity (%):
Specificity (%):
No lesion/bone marrow
Sensitivity(%):
Specificity(%):
Site
Spine
Sensitivity (%):
Specificity (%):
Ribs
Sensitivity (%):
Specificity (%):

F-FDG

18

P

F-NaF

89

0.005
42.86 (15.82-74.95)
97.00 (60.97-97.00)

99.00 (64.57-99.00)
48.15 (35.39-61.15)

100.00 (60.97-100.00)
100.00 (34.24-100.00)

48.15 (30.74-66.01)
100.00 (34.24-100.00)

65.38 (51.80-76.85)
98.00 (88.30-98.00)

100.00 (93.12-100.00)
13.45 (0.61-27.18)

83.96 (75.81-89.74)
78.37 (52.33-92.50)

96.23 (90.70-98.52)
78.57 (52.41-92.43)

29

0.002

81

0.002

118

0.04

18

F-FDG: 2-deoxy-2-(18F)fluoro-D-glucose; 18F-NaF: 18F-sodium.
18

metastasis and lesions located in the spine, while F-NaF
PET/CT performed better with respect to osteosclerotic
and rib lesions. Our results support the view that, when
a functional method is needed, information derived by
18
F-FDG can correctly classify most breast cancer patients
with suspected or known bone metastasis. However, the
lesion-based analysis highlighted significant differences
between the two imaging methods, which emphasize
the different complementary information provided by

with bone lesions by means of patient-, density-, and
site-based analyses.
Slight, but significant, differences were highlighted
18
18
between F-FDG and F-NaF in the patient-based
analysis, with the former showing higher specificity and
the latter being characterized by higher sensitivity. These
differences were more markedly evident at the lesion18
based analysis, where F-FDG showed higher accuracy
for detecting CT-negative (likely bone marrow confined)

WJR|www.wjgnet.com

204

February 28, 2016|Volume 8|Issue 2|

Capitanio S et al . 18F-FDG vs

A

F-NaF PET/CT

18

B

C

Figure 2 Evidence of the complementary features of 2-deoxy-2-(18F)fluoro-D-glucose and 18F-sodium positron emission tomography/computed tomography
in the pelvis of the same breast cancer patient. An 18F-NaF avid sclerotic lesion was detected in the right sacrum in absence of significant 18F-FDG uptake. By
contrast high uptake of 18F-FDG was present in a small lytic lesion in the left iliac bone. Due to the absence of a significant local bone reaction, this small lesion did not
show any uptake of 18F-NaF. Both lesions corresponded to metastatic sites of disease and disappeared after chemotherapy. 18F-FDG: 2-deoxy-2-(18F)fluoro-D-glucose;
18
F-NaF: 18F-sodium; PET/CT: Positron emission tomography/computed tomography.

A

B

Figure 3 This area is likely to correspond to a bone marrow-confined metastasis not yet characterized by bone remodeling and thus falsely negative in
both multidetector computed tomography and 18F-sodium positron emission tomography/computed tomography. No structural lesions or area of 18F-NaF
uptake are evident in the vertebral column of this breast cancer patient (A); by contrast an area of high focal 18F-FDG uptake was present in the sixth dorsal vertebra (B).
18
F-NaF: 18F-sodium; 18F-FDG: 2-deoxy-2-(18F)fluoro-D-glucose.

the two tracers. In fact, these data fit with the different
distribution mechanisms of the two tracers into bone
18
metastases. More specifically, F-FDG accumulates into
[34,35]
18
viable, metabolically-active tumor cells
, while F-NaF
is incorporated into bone crystals within the forming
fluorapatite matrix, and thus tends to preferentially
[36,37]
accumulate at sites of actively mineralizing bone
.
Osseous metastases seed into the red bone marrow
rather than the cortical bone, and this might explain the
18
extremely high accuracy of F-FDG PET in detecting

WJR|www.wjgnet.com

metastases confined in the bone marrow, especially at an
[38,39]
earlier stage before the occurrence of bone reaction
.
18
Accordingly, it has been suggested that F-FDG PET/CT
can be assensitive as magnetic resonance imaging in
[40,41]
this setting
. The relatively poor cellularity that may
characterize sclerotic metastases, with relatively smaller
volumes of tumor tissue in individual lesions, may
18
influence the degree of F-FDG uptake given the small
[42]
number of elements able to trap it .
These findings are thus coherent with the fact
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that F-FDG uptake is more specific for malignant
18
lesions than bone metabolism tracers, while F-NaF is
characterized by an extremely high sensitivity, rather
[43]
than specificity, for both sclerotic and lytic lesions .
Surprisingly, both radiotracers showed high accuracy
in the detection of lytic localizations, and no differences
18
were highlighted between the accuracy of F-FDG or
18
F-NaF in the evaluation of this type of lesion. Previous
18
studies compared the accuracy of F-FDG PET/CT and
18
BS with respect to lytic lesions and found that F-FDG
[42,44]
PET/CT is superior to BS in this setting
. Accordingly,
the present findings support the concept that, although
18
F-NaF and BS highlight the same pathophysiological
mechanisms (increased osteoblastic activity), the
greater spatial resolution of PET accounts for the better
18
[24,43,45]
diagnostic accuracy of F-NaF with respect to BS
.
In fact, thanks to its better spatial resolution, this tracer
is even capable of capturing the increased mineral
metabolism related to the thin reactive border that may
surround a lytic lesion. By contrast, this subtle reaction
is generally too small to be detected by the limited
spatial resolution of BS. However, it must be underlined
18
that the extremely high sensitivity of F-NaF PET/CT in
the detection of both lytic and sclerotic metastases is
[30]
paralleled by a relatively low specificity .
This behavior might represent an important limi
18
tation in the use of F-NaF PET and strongly advise
in favor of the use of hybrid PET/CT imaging, thus
18
increasing the specificity of F-NaF PET thanks to the
CT-based characterization of bone remodeling (i.e.,
[31]
exclusion of clearly degenerative lesions) .
Significant differences between the two tracers were
also found in the site-based analysis. In particular, the
18
F-FDG results were more accurate in detecting lesions
18
located in the spine, while F-NaF provided a more
accurate characterization of rib lesions. This could be
related to the different structural modification induced by
metastases as a function of their anatomical localization.
Small lesions in the ribs can show an intense osteoblastic
response, even in the presence of poor cellularity, and
18
[25]
can therefore be easily identified by means of F-NaF .
18
By contrast, the highlighted superiority of F-FDG PET
in the evaluation of spine lesions can be explained by
the fact that many lesions located in the spine were,
in this study, characterized by an absence of structural
correlates in the co-registered CT. On the other hand, the
age of our patient population (mean 60 years) may have
18
also influenced the low accuracy of F-NaF for spine
lesions. In fact, the presence of areas of non-specific
18
F-NaF uptake due to age-related degenerative changes
may partially explain the relatively lower accuracy of
18
F-NaF in this site. This finding is in line with the notion
18
that F-NaF is more accurate than BS, especially for
[46]
evaluating vertebral localizations . In fact, thanks
18
to the greater resolution and fusion with CT, F-NaF
can reduce the number off alse positive/indeterminate
18
findings due to degenerative lesions. Although F-FDG
can also be influenced by degenerative changes, the
intensity and focality of these uptakes are lower with
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respect to bone metastasis; the glucose analogue is thus
superior to both bone metabolism tracers in this setting.
18
Finally, when the specific influence of F-NaF was
evaluated with respect to patient management, we
18
found that adding F-NaF PET to patient work-up led to
a change in management in 3 out of 45 patients, due
18
to it revealing metastases undetected by F-FDG scan.
These findings may underline that the extremely high
18
sensitivity of F-NaF uptake can be useful in evaluating
patients who are candidates for regional therapy (i.e.,
surgery or radiotherapy) with the aim of excluding
patients with further occult metastases.
The present study has some limitations. It is a
two center, retrospective study whose results may
have been influenced by its patient population’s high
pre-test probability of bone metastasis. Although
the number of included patients was relatively small,
it was comparable, or even higher, with respect to
similar studies on the impact of different functional
imaging techniques in breast cancer patients with bone
[47,48]
metastasis
. Histological confirmation of metastases
was not obtained in the majority of patients, for both
practical and ethical reasons. A clinical, biochemical,
and radiological follow-up of 12 mo was used as the
standard of reference. Obviously, 12-mo follow-up
findings might not be sufficient to exhaustively depict
disease status. However, sclerotic and/or lytic bone
[49,50]
lesions on CT are mostly accepted as metastases
.
Additionally, in many other studies, clinical biopsy
was performed only in a minority of patients and com
parative imaging modalities were used as standard in
[51]
order to assess metastatic bone involvement .
18
In conclusion, F-FDG PET/CT is a reliable imaging
tool in the detection of bone metastasis in most cases,
with a high diagnostic accuracy and superior specificity
18
with respect to F-NaF PET/CT in the general population
of breast cancer patients. However, the extremely high
18
sensitivity of F-NaF PET/CT can exploit its diagnostic
potential in specific clinical settings, such as small CTevident sclerotic lesions, possibly changing patient
staging or management. Similarly, given the hereby
proven complementary role of the two tracers, breast
18
cancer patients could be candidates for F-NaF when,
18
despite negative results in F-FDG and other imaging
methods, they have suggestive clinical and biochemical
18
sign of disease. Therefore F-NaF PET/CT emerges as
a powerful “second-line” functional imaging tool, which
may be of use in selected patients on the basis of their
specific clinical history, in order to identify a priori in
18
those patients in which F-NaF PET/CT may significantly
impact their management.
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Early detection of bone metastases is of pivotal importance in breast cancer
patients. To this purpose, besides conventional bone scintigraphy, positron
emission tomography has become an established imaging modality, with
better spatial resolution and superior image quality. Among positron emission
tomography (PET) tracers, 2-deoxy-2-( 18 F)fluoro-D-glucose ( 18 F-FDG)
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represents the most widely used tracer in clinical routine, and can provide
information about the presence or absence of disease in the skeleton, as well
as in non-skeletal districts. However, characterization of bone metastases is
also possible with 18F-sodium fluoride (18F-NaF). In this context, it has not yet
been clearly investigated whether 18F-NaF PET/computed tomography (CT) can
provide incremental information concerning breast cancer patients that have
already been evaluated by means of FDG PET/CT.

7
8
9

Research frontiers

To date, controversial results have been reported about the accuracy of the two
PET tracers in breast cancer patients,with some authors even proposing their
combined use. This work aims to clarify whether, at least in specific conditions,
these two tracers could be complementary in order to improve diagnostic
accuracy in bone lesion characterization.

10

Innovations and breakthroughs

This work aims to compare the role of 18F-FDG and 18F-NaF PET/CT in re
staging breast cancer patients with bone lesions through patient-, lesion
density-, and site-based analyses. A more prompt and accurate characterization
of bone alterations could lead to more accurate patient management.

11

Applications

Besides 18F-FDG, 18F-NaF PET/CT emerges as a powerful “second-line”
functional imaging tool, which may be useful in selected patients on the basis of
their specific clinical history.

Terminology

12
13

18

Glucose analogue F-FDG PET enables the detection of neoplastic lesions on
the basis of their increased glucose metabolism directly reflecting tumor cell
viability, thereby allowing forthe characterization of skeletal and extra-skeletal
lesions. On the other hand, 18F-NaF reflects the increased regional blood flow
and osteoblastic bone reaction being irreversibly incorporated into the bone
matrix as fluorapatite.

14

Peer-review

An agreement on which is the best PET tracer in the characterization of bone
lesions has not been yet been reached. In this study, the authors compared
18
F-FDG and 18F-NaF PET/CT accuracy in the restaging of breast cancer
patients. They observed that, despite 18F-FDG PET/CT possibly being
considered the most reliable tool in the general population of breast cancer
patients, it can exploit its diagnostic potential in specific clinical settings. These
results were interesting and provided important information concerning the
most appropriate management of breast cancer patients with suspected bone
metastases.
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Abstract
AIM: To report the results of functional magnetic
resonance imaging (fMRI) studies pertaining internet
addiction disorder (IAD) in young adults.
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METHODS: We conducted a systematic review on
PubMed, focusing our attention on fMRI studies involving
adult IAD patients, free from any comorbid psychiatric
condition. The following search words were used, both
alone and in combination: fMRI, internet addiction,
internet dependence, functional neuroimaging. The
th
search was conducted on April 20 , 2015 and yielded
58 records. Inclusion criteria were the following: Articles
written in English, patients’ age ≥ 18 years, patients
affected by IAD, studies providing fMRI results during
resting state or cognitive/emotional paradigms. Structural
MRI studies, functional imaging techniques other than
fMRI, studies involving adolescents, patients with
comorbid psychiatric, neurological or medical conditions
were excluded. By reading titles and abstracts, we
excluded 30 records. By reading the full texts of the 28
remaining articles, we identified 18 papers meeting our
inclusion criteria and therefore included in the qualitative
synthesis.
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RESULTS: We found 18 studies fulfilling our inclusion
criteria, 17 of them conducted in Asia, and including a
total number of 666 tested subjects. The included studies
reported data acquired during resting state or different
paradigms, such as cue-reactivity, guessing or cognitive
control tasks. The enrolled patients were usually males
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Sepede G et al . Neuroimaging of internet addiction
(IGD) (also called videogame addiction), is included
[2]
in the section 3 as a topic deserving future studies .
[3]
A recent meta-analysis on IAD involving more than
89000 participants from 31 nations reported a global
prevalence estimate of 6%, with the higher prevalence
in the Middle East (10.9%) and the lowest prevalence
in Northern and Western Europe (2.6%). A higher
prevalence of IAD was significantly associated with
lower subjective and environmental conditions. A recent
[4]
study conducted on Indian college students reported
8% of moderate IAD and identified the following
variables as risk factors: Male gender, continuous
availability online, using the internet more for making
new friendships/relationships and less for coursework/
assignment. Due to their high computer skill and easy
Internet access, young adults are at augmented risk for
[5]
IAD .
Some of the clinical characteristics of IAD are
similar to those observed in behavioral or substance
misuse disorders (loss of control, craving, withdrawal
symptoms), Obsessive Compulsive Disorder, or Bipolar
Disorder so the nature of IAD (primary psychiatric disor
der or “online variant” of other psychiatric conditions) is
[6-9]
still debated .
Functional imaging techniques increase the possibility
to investigate the neural basis of IAD, enhancing the
sensitivity and the statistical power of clinical data.
Functional magnetic resonance imaging (fMRI), in
particular, is a worldwide used non-invasive technique
to study the neural underpinnings of psychiatric disor
[10-12]
ders
. By means of fMRI, brain signal changes may
be analyzed in terms of functional fluctuations with
respect to a given “baseline” (activations/deactivations
analysis) or in terms of functional connectivity among
different brain regions (network analysis). Metabolic
activity changes in the brain can be monitored during
the execution of paradigms (task related fMRI) or
during the spontaneous cerebral activity (resting state
[13-16]
fMRI)
.
Aim of the present study was to systematically
review the resting state and task related fMRI studies
conducted on adult subjects with IAD, looking for relia
ble biomarkers of this challenging mental condition.

(95.4%) and very young (21-25 years). The most
represented IAD subtype, reported in more than 85% of
patients, was the internet gaming disorder, or videogame
addiction. In the resting state studies, the more relevant
abnormalities were localized in the superior temporal
gyrus, limbic, medial frontal and parietal regions. When
analyzing the task related fmri studies, we found that less
than half of the papers reported behavioral differences
between patients and normal controls, but all of them
found significant differences in cortical and subcortical
brain regions involved in cognitive control and reward
processing: Orbitofrontal cortex, insula, anterior and
posterior cingulate cortex, temporal and parietal regions,
brain stem and caudate nucleus.
CONCLUSION: IAD may seriously affect young adults’
brain functions. It needs to be studied more in depth to
provide a clear diagnosis and an adequate treatment.
Key words: Internet addiction; Pathologic internet
use; Functional magnetic resonance imaging; Internet
gaming disorder; Functional neuroimaging
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We systematically reviewed the functional
magnetic resonance imaging studies on adults affected
by internet addiction disorder (IAD), without any other
psychiatric condition. We found 18 studies, mostly
conducted in East Asia and enrolling young males with
internet gaming disorder. Internet addicts showed
functional alterations in regions involved in cognitive
control and reward/punishment sensitivity (orbitofrontal
cortex, anterior and posterior cingulate, insula, dor
solateral prefrontal cortex, temporoparietal regions,
brain stem and caudate nucleus) that are similar to
those observed in substance use disorder. IAD is a
disabling condition needing careful consideration due to
its severe impact on young people’s brain functioning.
Sepede G, Tavino M, Santacroce R, Fiori F, Salerno RM, Di
Giannantonio M. Functional magnetic resonance imaging
of internet addiction in young adults. World J Radiol 2016;
8(2): 210-225 Available from: URL: http://www.wjgnet.
com/1949-8470/full/v8/i2/210.htm DOI: http://dx.doi.org/10.4329/
wjr.v8.i2.210

MATERIALS AND METHODS
We searched PubMed to identify fMRI studies investi
gating IAD in adult subjects. The following search
words were used, both alone and in combination: fMRI,
Internet addiction, Internet dependence, functional
th
neuroimaging. The search was conducted on April 20 ,
2015 and yielded 58 records.
Inclusion criteria were the following: Articles written
in English, patients’ age ≥ 18 years, patients affected
by IAD, studies providing fMRI results during resting
state or cognitive/emotional paradigms. Structural MRI
studies, functional imaging techniques other than fMRI,
studies involving adolescents, patients with comorbid
psychiatric, neurological or medical conditions were

INTRODUCTION
Internet addiction disorder (IAD), also called pathologic/
problematic internet use (PIU), may be defined as an
impulse control disorder characterized by an uncon
trolled Internet use, associated with a significant fun
[1]
ctional impairment or clinical distress . IAD is not
classified as a mental disorder in the Diagnostic and
Statistical Manual of Mental Disorders-fifth edition,
but a subtype of IAD, the internet gaming disorder
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Sepede G et al . Neuroimaging of internet addiction
Records identified through PUBMED searching
(n = 58)

Full-text articles assessed for eligibility
(n = 28)

Records excluded
(n = 30)
Full-text articles excluded, with reasons (n = 9)
Comorbid psychiatric conditions (n = 5)
Not involving clinical internet addiction disorder patients (n = 3)
Unavailable/incomplete data (n = 2)

Studies included in qualitative synthesis
(n = 18)

Figure 1 Flow diagram of the systematic review.

excluded.
By reading titles and abstracts, we excluded 30
records. By reading the full texts of the 28 remaining
articles, we identified 18 papers meeting our inclusion
criteria and therefore included in the qualitative synthesis
(Figure 1).

(usually > 80, in a few studies > 50). To diagnose IGD,
online gaming was also required to be the principal
Internet activity (more than 80% of the time spent
online or more than 30 h/wk).
In order to exclude subjects with comorbid psy
chiatric conditions or substance use disorders, structured
interviews and psychometric scales to address depre
ssion, anxiety, impulsivity, substance addiction were
usually provided.
MRI data were acquired with a 3 T scanner in 17
[19]
studies, and with a 1.5 T scanner in one study . In 4
articles, only resting state fMRI was recorded, whereas
13 articles reported task related fMRI data, and one
paper acquired both resting state and task related
[31]
functional activations . Seventeen studies were trans
versal observational reports, whereas the paper by Han
[19]
et al was a 6-wk longitudinal study.
The participants in the 18 selected studies were all
free of any psychopharmacological treatment at the
moment of the scanning (and at study enter for the
above mentioned longitudinal study).

Biostatistics

Statistics were performed by Dr. Gianna Sepede, who
has a certificated experience in Biomedical Statistics,
Systematic Reviews and Meta-analysis. In the present
paper, PRISMA 2009 checklist (http://www.prismastatement.org/) was used to describe eligibility criteria,
conduct the search, select the studies and report the
qualitative synthesis results. Statistical methods were
therefore adequately described, correct and conducted
on homogeneous data. Number of subjects and dropouts
were given. When appropriate, confidence limits and
significant P values were calculated and reported.

RESULTS

Resting state fMRI studies on IAD

We found 18 papers fulfilling our inclusion criteria, all
[17-35]
published from 2009 to 2015
. The studies were all
conducted in the Asian Continent (China, South Korea,
Taiwan), with the only exception of the paper published
[23]
by Lorenz et al , which was conducted in Germany.
In total, 666 subjects were tested by the 18 studies
included in the qualitative synthesis: 347 patients with
IAD (IADp), 304 normal comparisons (NC) and 15
subjects with Alcohol Use Disorder (AUDp) The large
majority of IADp were male (n = 331, 95.4%) and
very young (mean age ranged from 21 to 25 year).
The number of patients involved in each study ranged
from 8 to 74. For what regards the subtypes of IAD,
[19-24,26-34]
15 out of 18 studies focused on IGD
, so more
than 85% of all the IADp (n = 297) were IGD patients
(IGDp). Different diagnostic criteria were used to assess
IAD, such as Beard’s Diagnostic criteria for Internet
[35]
addiction , Ko’s diagnostic criteria of Internet addiction
[36]
for college students , Chinese Internet addiction test
[37]
(C-IAT)
and Grüsser and Thalemann’s computer
[38]
game addiction criteria .
The most used questionnaire to assess the severity
[1]
of IAD was the Young’s IAT , with different cut-off
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[18,21,31,32,34]

A total number of five studies were selected
.
The characteristic of the groups and the results of the
studies are reported in Table 1. Right-handedness was
[18,21,31,34]
an inclusion criterion in 4 studies
, as well as
[21,31,32,34]
male gender
. A total number of 298 subjects
(Males n = 280, 94%), all medication free, were
involved: 159 IADp (140 IGDp), 124 NC and 15 AUDp.
Patients were usually very young (mean age ranging
from 21 to 24 years).
In all the five selected studies, fMRI images were
acquired using a 3 T scanner and scan duration ranged
from 7 to 9 min. Resting state functional connectivity
(RsFc) and/or Regional Homogeneity (ReHo) were calcu
lated to assess between group differences. As a result,
all the selected studies identified significant differences
between patients and controls.
[18]
Liu et al , in their research on 19 IAD patients,
reported an increased synchronization among frontal
areas, cingulate gyrus, temporal and occipital regions,
cerebellum and brain stem, with respect to matched
normal comparisons. So the authors suggested an
altered functional connectivity in regions belonging
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Table 1 Resting state functional magnetic resonance imaging studies in internet addiction disorder
Ref.

Design and aims

Liu et al[18]

Participants

Resting state fMRI study n = 38, age range 18-25 yr
Aim: To analyze encephalic Medication free 100%
functional characteristic of
Right-handed 100%
IAD under resting state
Normal neurological
examination 100%
No comorbid psychiatric
disorders
Groups: IGA n = 19
Mean age: 21.0 ± 1.3 yr
Males n = 11 (57.9%)
NC n = 19 (50%)
Mean age: 20.0 ± 1.8 yr
Males n = 11 (57.9%)
Resting state fMRI study
n = 29, age 24.2 ± 3.8 yr
Aim: To investigate the
Males 100%
effects of long-time online
Medication free 100%
game playing on visual and
Right-handed 100%
auditory brain regions
No nicotine, cocaine or
marijuana use
Groups: IGD n = 15;
Age 24.2 ± 3.5 yr
NC n = 14;
Age 24.6 ± 3.8 yr

Dong et al[21]

1

Dong et al[31]

Resting-state and task
related fMRI
Aim: To examine the Fc of
ECN during both resting
state and Stroop task
performing

Kim et al[32]

Resting state fMRI study
Aim: To compare the brain
functioning of IGD, AUD,
and NC during resting state

Zhang et al[34]

Resting state fMRI study
fMRI in young adults with
Internet gaming disorder
using rsFC
Aim: To study resting-state
functional connectivity of
the insula in IGD

WJR|www.wjgnet.com

n = 71
Age 22.35
Males 100%
Medication free 100%
Right-handed 100%
No DSM 5 psychiatric
disorders
Groups: IGD n = 35
Age 22.2 ± 3.8 yr
NC n = 36
Age 22.8 ± 2.4 yr
n = 45
Males 100%
Medication free 100%
Groups: IGD n = 16
Age 21.6 ± 5.9 yr
AUD n = 14
Age 28.6 ± 5.9 yr
NC n = 15
Age 25.4 ± 5.9 yr
IGD were significantly
younger than AUD
(P < 0.01)

n = 115
Males 100%;
Medication free 100%
Right-handed 100%;
Groups: IGD n = 74
age 22.3 ± 2 yr;
n = 57 alcohol drinkers
n = 8 cigarette smokers
NC n = 41;
age 23.0 ± 2.1 yr
n = 29 alcohol drinkers

Diagnostic criteria and
evaluation scales

fMRI methods

fMRI results

IAD: Beard's DQIA "5 +
Scanner: 3 T
Between group significant effects:
1 criteria" plus any one FMRI Scan duration:
ReHo
of: ≥ 6 h/d for 3 mo
9 min
IAD > NC in: Cerebellum,
Decline in academic
Software used: SPM2 brainstem, R CG, bilateral PH, R
performance
FL, L SFG, L precuneus, R PoCG,
Unable to maintain
ReHo measured by
R MOG, R ITG, L STG, MTG
normal school learning
means of KCC
Signal analyzed:
BOLD
Both whole brain and
ROI based analysis

IGD: YIAT ≥ 80
Scanner: 3 T
> 80% of the online time FMRI Scan duration:
was spent playing
9 min
videogames
Software used:
BDI < 5;
DPARSF;
MINI: No Axis Ⅰ
ReHo measured by
psychiatric disorders
means of KCC;
Signal analyzed:
BOLD;
Both whole brain and
ROI based analysis
Seed based
connectivity analysis
IGD: Young's IAT ≥ 50
Scanner: 3 T
> 80% of the online time
Rs fMRI Scan
was spent playing
duration: 7 min
videogames
Software used: REST,
BDI < 5
DPARSF, SPM8, FSL
MINI: No Axis Ⅰ
Signal analyzed:
psychiatric disorders
BOLD
Whole brain analysis

Between group significant effects:
ReHo
IGA > NC in: Bilateral brainstem,
bilateral IPL, L posterior
cerebellum, L MiFG;
IGA < NC in: L STG, L ITG, L OL,
L PL

Between group significant effects:
RsFc
IGD < NC in: Total ECN and L
ECN

For all participants:
Scanner: 3 T
Between group significant effects:
WAIS Ⅲ ≥ 80
Rs fMRI Scan
ReHo
For IGD: YIAT ≥ 70
duration: 8 min
(1) IGD vs NC
> 4.5 h/d were spent
Software used:
IGD > NC in L PCC
playing online
DPARSF, SPM8,
IGD < NC in R STG
For AUD: SCID criteria
REST
(2) IGD vs AUD
AUDIT-K
ReHo measured by
IGD < NC in R STG
< 2 h/d were spent
means of KCC
(3) AUD vs NC
online
Signal analyzed:
AUD > NC in R PCC, R insula, L
Other scales
BOLD
MTG
administered to all
Whole brain analysis
AUD < NC in R ACC
subjects:
BDI: IGD and AUD >
NC (P < 0.01)
BAI: AUD > NC (P <
0.01)
BIS-11: IGD and AUD >
NC (P < 0.01)
IGD: CIAS ≥ 67
Scanner: 3 T
Between group significant effects:
Internet gaming > 14
Rs fMRI Scan
RsFC;
h/wk for 1 yr
duration: 7 min
L anterior insula
Playing as the principal
Software used:
IGD > NC in R putamen, R
online activity
DPABI, REST, SPM8
angular gyrus, IFG
NC: CIAS < 60
Signal analyzed:
R anterior insula;
BOLD
IGD > NC in ACC, middle CG,
internet gaming <
Seed based
L angular gyrus, L precuneus,
2 h/wk
connectivity analysis
Bilateral SFG and STG
Other scales: FTND
L posterior insula
BDI: IGD > NC
IGD > NC in bilateral PoCG, L
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Cigarette use and
frequency of alcohol use
were higher in IGD with
respect to NC (P < 0.05
and P < 0.01)
No comorbid psychiatric
disorders

(P < 0.001);
BAI: IGD > NC (P <
0.01)

precentral gyrus, R SMA, STG;
R posterior insula;
IGD > NC in bilateral STG

1

Only resting state results are showed. AUD: Alcohol use disorder; IAD: Internet addiction disorder; IGD: Internet gaming disorder; NC: Normal controls;
AUDIT-K: Korean version of alcohol use disorder identification test; BAI: Beck anxiety inventory; BDI: Beck depression inventory; BIS-11: Barratt
impulsiveness scale-version 11; CIAS: Chen internet addiction scale; DQIA: Beard’s diagnostic questionnaire for internet addiction; FTND: Fagerstrom
test for nicotine dependence; MINI: Mini international neuropsychiatric interview; SCID: Structured clinical interview for DSM-IV; YIAT: Young’s
internet addiction test; WAIS: Wechsler adult intelligence scale; DPARSF: Data processing assistant for resting-state fMRI; KCC: Kendall’s coefficient
of concordance; ReHo: Regional homogeneity; RsFC: Resting state functional connectivity; SPM: Statistical parametric mapping; R: Right; L: Left; ACC:
Anterior cingulate cortex; CG: Cingulate gyrus; ECN: Executive control network; FL: Frontal lobe; IFG: Inferior frontal gyrus; IPL: Inferior parietal lobule;
ITG: Inferior temporal gyrus; MiFG: Middle frontal gyrus; MOG: Middle occipital gyrus; MTG: Middle temporal gyrus; OL: Occipital lobe; PCC: Posterior
cingulate cortex; PH: Parahippocampus; PL: Parietal lobe; PoCG: Postcentral gyrus; SFG: Superior frontal gyrus; SMA: Supplementary motor area; STG:
Superior temporal gyrus.

to the reward system of the brain. All the four papers
[21,31,32,34]
focused on IGD patients
reported significant
[21]
between group effects. Dong et al
observed that,
when compared to controls, IGD patients showed an
enhanced ReHo in sensorimotor coordination areas
(brainstem, cerebellum, bilateral inferior parietal lobule,
and left middle frontal gyrus), and a reduced ReHO in
left-sided visual and auditory cortex. In a larger sample
[31]
of IGD patients, Dong and colleagues
observed a
reduced functional connectivity in areas belonging to
the Executive Control Network, especially in the left
hemisphere: Ventromedial prefrontal cortex, dorsolateral
prefrontal cortex and parietal cortex.
[32]
In a recent study, Kim et al compared the resting
state brain functioning of IGD patients not only with
healthy subjects, but also with a group of AUD patients,
looking for similarities and differences between these
two “addictive conditions”. As a result, they found
that both IGD and AUD shared an augmented ReHo
in posterior cingulate cortex with respect to healthy
controls, whereas a reduced ReHo in the right superior
temporal gyrus was observed in the IGD patients
only. The authors also reported a negative correlation
between the left inferior temporal cortex and the level of
impulsivity.
To assess the role of the insular cortex in IGD, Zhang
[34]
et al conducted a seed-based resting state connectivity
study in 74 patients with IGD and compared them with
41 normal controls. IGD patients exhibited enhanced
rsFC between the anterior insula and anterior cingulate
cortex, precuneus, angular gyrus and basal ganglia (all
areas involved in cognitive control, salience, attention
and craving). When analyzing the posterior part of the
insula, they found an augmented rsFC in areas playing
a key role in sensory-motor integration, such as post
central and precentral gyrus, supplementary motor area
and superior temporal gyrus. Moreover, they observed a
positive correlation between the insula-superior temporal
gyrus connectivity and the level of IGD severity.
Summarizing the rsfMRI studies, the more relevant
abnormalities observed in IGD were localized in the
superior temporal gyrus. Other important alterations
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were detected in limbic areas, medial frontal regions
(anterior cingulate cortex, supplementary motor area)
and parietal regions. Results in not gaming IAD were
limited due to the small number of patients involved
(n = 19) and reported altered functioning in rewardrelated brain regions (frontal, parietal, temporal regions,
cingulated gyrus, brain stem and cerebellum).

Task-related fMRI studies on IAD

We found 14 studies reporting task-related neural
[17,19,20,22-31,33]
correlates of IAD
. The characteristic of the
groups and the results of the studies are reported in
Table 2. Right-handedness was an inclusion criterion
[19,23]
in all but two studies
. Only male participants were
included in 13 studies, whereas a mixed gender sample
[33]
was enrolled by Liu et al (2015).
A total number of 368 subjects (males n = 352,
95.6%: Mean age ranging from 21 to 25 years) were
involved: 188 IADs (IGDs n = 157) and 180 NC. Parti
cipants were all medication free at the moment of the
scanning and at study enter for the longitudinal study
[19]
by Han et al . FMRI images were acquired using a 3 T
scanner and scan duration ranged from 5 to 30 min.
The paradigms administered to the participants were:
[17,19,33]
cue-reactivity tasks (three studies)
, guessing
[20,25,26]
tasks (three studies)
or cognitive control tasks of
[22-24,27-31]
different kinds (eight studies)
. In more than half
[20,22,24,27,28,30,31,33]
of the studies
no behavioral differences
were found between cases and controls, but all of them
reported significant group effects in functional activation
of several brain regions, especially orbitofrontal gyrus,
anterior cingulate cortex, insula, dorsolateral prefrontal
cortex, precuneus, posterior cingulate cortex and
superior temporal gyrus.
In cue-reactivity paradigms, addicted subjects
are exposed to stimuli designed to elicit a craving for
substance or behavior: In case of IAD, i.e., viewing
images or videos related to videogames or Internet
[17,39,40]
scenarios
.
In probabilistic guessing tasks, participants are
required to bet on different outcomes (i.e., on cards,
dices, colors) and their brain response to win or loss
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Table 2 Task related functional magnetic resonance imaging studies on internet addiction disorder
Ref.
Ko et al[17]

Design and aims

Participants

Task related fMRI study

n = 20;
Males 100%
Medication free
100%
Right-handed
100%

Aim: To identify the neural
substrates of IGD by means
of a cue-reactivity paradigm

Normal
neurological
examination 100%
No comorbid
psychiatric
disorders or
substance use
Groups:
IGD n = 10

Han et al[19]

Dong et al[20]

Diagnostic criteria Task and behavioral
and evaluation scales
results
DCIA-C
MINI
CIAS

Task related fMRI study

AUDIT

Signal analyzed:
BOLD

Whole brain
and ROI based
analysis

Scanner: 1.5 T

Between group
significant effects:

fMRI scan
duration: 7.5 min

At baseline:

Acquisition
method: Block
design
Software used:
Brain voyager

(1) IGD > NC in: L
occipital lobe, cuneus, L
DLPFC, L PH
After 6 wk of Bupropion
treatment on IGD:

Signal analyzed: (2) Significant decreased
BOLD
activation in L DLPFC
Acquisition time:
(1) At study enter
(baseline);
(2) After 6 wk
of Bupropion
treatment
Whole brain
analysis
Scanner: 3 T

Task used: Guessing
Between group
task
significant effects:
Aim: To investigate reward
For IGD: YIAT > 80 Task design: TwofMRI scan
In WIN condition: IGD >
and punishment processing
choices gain or loss
duration: 16.3
NC in L OFC (BA 11)
in IGD during a guessing
guessing task
min
Right-handed
C-IAT criteria
Behavioral results:
Acquisition
In LOSS condition: NC >
task
100%
No between
method: Block
IGD in ACC
group significant
design
Normal
Spending most of
Software used:
differences in
neurological
their time playing
SPM5
accuracy and
examination 100%
online Internet
reaction times
games
No comorbid
For NC: YIAT < 20
Signal analyzed:
psychiatric
BOLD
disorders or
substance use
disorders
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MINI

fMRI results

Task used: CueScanner: 3 T
Between group
reactivity paradigm.
significant effects: IGD
Task design:
fMRI scan
> NC in: R OFC, R basal
Videogame viewing duration: 4.8 min ganglia (caudatum and
Behavioral results:
Acquisition
accumbens), bilateral
Gaming craving:
method: Block
ACC, bilateral MFG, R
IGD > NC
design
DLPFC
Software used:
SPM2

FTND
Gaming craving
scale
Mean age: 22 ± 1.5 For IGD: Addiction
yr
to World of Warcraft
NC n = 10
Playing > 30 h/wk
Mean age: 22.7 ±
1.3 yr
Six-week open label
n = 19;
SCID
Task used: Cuepharmacological study with
Males 100%
reactivity paradigm.
task related fMRI acquisition
Aim: To evaluate the efficacy Medication free
BDI < 17
Task design:
of bupropion SR in reducing (at study enter)
Videogame viewing
game craving and influencing
100%
Normal
7 point Gaming
Behavioral results:
brain activity in IGD
neurological
Craving VAS
Gaming craving:
examination 100%
IGD > NC
No comorbid
For IGD: YIAT > 50 Bupropion effects
psychiatric
in the IGD group:
disorders or
Significant decreases
substance use
of: Craving (23.6%,
disorders
P = 0.04)
Groups: IGD n = Playing > 4 h/d and Playing game time
11
30 h/wk
(35.4%, P = 0.01)
Mean age: 21.5 ±
Addiction to star YIAT scores (15.4%,
5.6 yr
craft
P = 0.01)
Study treatment:
Bupropion SR for
6 wk
NC n = 8

Mean age: 20.3 ±
4.1 yr
n = 27;
Males 100%
Medication free
100%

fMRI methods
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Dong et al[22]

Task related fMRI study
Aim: To identify the neural
correlates of response
inhibition in individuals with
and without IGD

Lorenz et al[23]

Dong et al[24]

Task related fMRI study

Groups: IGD n =
14
Mean age: 23.4 ±
3.3 yr
NC n = 13
Mean age: 24.1 ±
3.2 yr
n = 24;
Males 100%
Medication free
100%
Right-handed
100%
No comorbid
psychiatric
disorders or
substance use
disorders
Non smokers
100%
Groups: IGD n =
12
Mean age: 23.6 ±
3.5 yr
NC n = 12
Mean age: 24.2 ±
3.1 yr
n = 17;
Males 100%

Whole brain
analysis

For all participants: Task used: Cognitive
Scanner: 3 T
Between group
BDI < 13
control task
significant effects:
For IGD: YIAT > 80 Task design: ThreefMRI scan
During Stroop effect:
choices color-word duration: 12 min IGD > HC in: ACC, PCC,
Stroop task
L insula, MiFG, MFG, L
C-IAT criteria
Behavioral results:
Acquisition
thalamus, R IFG, R SFG
No between
method: Eventgroup significant
related design
Spending most of
Software used:
differences
their time playing
SPM5
online Internet
games
YIAT < 20

Signal analyzed:
BOLD
Whole brain
analysis

World of warcraft
Task used:
Scanner: 3 T
addiction inventory Attentional bias/cue
reactivity task
Aim: To assess neural
Groups: IGD n = 8
CSVK
Task design: TwofMRI scan
correlates of attentional bias
choice dot probe
duration: 30 min
and cue reactivity in IGD
paradigm during SP
and LP trials
Mean age: 25 ± 7.4
Vocabulary test
Stimulus class:
Acquisition
yr
(WST-IQ)
method: Block
design

Task related fMRI study
Aim: To investigate errormonitoring ability in IGD
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Between group
significant effects
During SP trials

IGD > NC in bilateral
ACC, R MPFC, L OFC,
L PH, MTG, precuneus,
cerebellum, R amygdala
NC n = 9
Test of attention
(1) IAPS based
Software used:
During LP trials IGD
emotional images
SPM8b
> NC in: R IFG, R
(neutral and positive
Hippocampus, bilateral
valences)
lingual gyrus and R
calcarine gyrus
Mean age: 24.8 ±
Social interaction
(2) Computer
Signal analyzed: PPI results: IGD > NC in
6.9 yr
anxiety scale
generated stimuli
BOLD
connectivity between R
(neutral images and
IFG and:
World of Warcraft
based images)
STAI
Behavioral results:
Whole brain
IFG, orbital gyrus,
analysis
MFG, MTG, MOG, STG,
BDI
In SP trials: IGD:
Connectivity
ITG, Angular gyrus,
BIS 11
RT congruent < RT analysis: Post hoc precuneus, basal ganglia
Iowa Gambling test
incongruent
PPI, using R IFG
For IGD: ≥ 3
as seed region
Grüsser and
Thalemann’s criteria
for computer game
addiction
n = 30;
MINI
Task used: Cognitive
Scanner: 3 T
Between group
Males 100%
control task
significant effects
Medication free
For IGD
Task design: ThreefMRI scan
During correct responses:
100%
choices color-word duration: 12 min
Stroop task
Right-handed
YIAT > 80
Focus: Error
Acquisition
IGD < NC in OFC and
100%
monitoring
method: EventACC
related design
Non smokers
Spending > 80% of Behavioral results:
Software used:
During incorrect
100%
their time online
No significant
SPM8
responses: IGD > NC in
playing games
between
ACC
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Dong et al[25]

Dong et al[26]

No comorbid
psychiatric
disorders or
substance use
disorders
Groups: IGD n =
15
Mean age: 23.8 ±
3.7 yr
NC n = 15
Mean age: 24.1 ±
3.3 yr
Task related fMRI study
n = 31;
Males 100%
Aim: To investigate brain
Medication free
correlates of decision-making
100%
in IAD
Right-handed
100%
No comorbid
psychiatric
disorders or
substance use
disorders
Groups: IAD n =
16
Mean age 21.4 ±
3.1 yr
NC n = 15
Mean age: 22.1 ±
3.6 yr
Task related fMRI study
n = 31;
Males 100%
Aim: To investigate reward/ Medication free
punishment sensitivities in
100%
IGD during a guessing task
Right-handed
100%
No comorbid
psychiatric
disorders or
substance use
disorders
Groups: IGD n =
16
Mean age 21.4 ±
3.1 yr
NC n = 15

Mean age: 22.1 ±
3.6 yr

Dong et al[27]

Task related fMRI study
Aim: To explore cognitive
flexibility in IGD during a
color-word Stroop task

n = 30;
Males 100%
Medication free
100%
Right-handed
100%
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For NC: YIAT < 30

group effects

Signal analyzed:
BOLD

Whole brain
analysis

MINI

Task used: Guessing
Scanner: 3 T
Between group
task
significant effects
BDI < 5
Task design: TwofMRI scan
In WIN condition: IAD >
choices gain or loss duration: 21 min NC in: ACC, insula and
guessing task
IFG
For IAD: YIAT > 80 Behavioral results:
Acquisition
IAD < NC in: PCC and
method: Block
caudatum
design
For NC: YIAT < 30 In LOSS condition: Software used: In LOSS condition: IAD >
RT
SPM5
NC in: Inferior CG

IAD > NC

Signal analyzed:
BOLD
Whole brain
analysis

IAD < NC in: PCC

MINI

Task used: Guessing
Scanner: 3 T
Between group
task
significant effects
BDI < 5
Task design: TwofMRI scan
In WIN condition: IGD >
choices gain or loss duration: 21 min
NC in L SFG
guessing task
For IGD: YIAT > 80
No behavioral
Acquisition
In LOSS condition: IGD >
response was
method: Block
NC in L SFG
required
design
Spending > 80% of Post scanning selfSoftware used:
IGD < NC in bilateral
their time online report questionnaire
SPM5
PCC
playing games

For NC: YIAT < 30

(1) On subjective
Signal analyzed: In WIN-LOSS contrast
experiences
BOLD
condition
During LOSS
Whole brain
IGD > NC in L SFG
condition:
analysis
IGD < NC in
reporting negative
emotions
(2) On craving for
win:
IGD > NC in both
WIN and LOSS
conditions
MINI
Task used: Cognitive
Scanner: 3 T
Between group
control task
significant effects
BDI < 5
Task design: ThreefMRI scan
Task switching
choices color-word duration: 16 min
Stroop task
For IGD: YIAT > 80
Focus: Cognitive
Acquisition
(1) From difficult to easy
flexibility during
method: Eventcondition
task switching (from related design
easy to difficult
condition and
viceversa)
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Ko et al[28]

Liu et al[29]

No comorbid
psychiatric
disorders or
substance use
disorders
Groups: IGD n =
15
Mean age 21.2 ±
3.2 yr
NC n = 15
Mean age: 22.1 ±
3.6 yr
Task related fMRI study
n = 49;
Males 100%
Aim: To evaluate impulsivity Medication free
and brain correlates of
100%
response inhibition and error
Right-handed
processing in IGD
100%

Task related fMRI study
Aim: To investigate brain
correlates of response
inhibition under gaming cue
distraction in IGD

No comorbid
psychiatric
disorders or
substance use
disorders
Groups: IGD n =
26
Mean age 24.6 ±
3.2
NC n = 23
Mean age: 24.4 ±
2.1 yr
n = 22;
Males 100%
Medication free
100%

Spending > 80% of
their time online
playing games

Task related fMRI study
Aim: To evaluate neural
correlates of response
inhibition among subjects
with IGD
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Software used:
SPM5

For NC: YIAT < 30

MINI
CIAS

BIS-11

Dickman’s
impulsivity scale

For IGD: Fulfilling
DCIA criteria
Addiction to online
gaming

DCIA-C
MINI

Right-handed
100%

CIAS

No comorbid
psychiatric
disorders or
substance use
disorders
Groups: IGD n =
11
Mean age 23.4 ±
2.3 yr

FTND < 5

NC n = 11
Mean age: 22.4 ±
1.7 yr

Chen et al[30]

Behavioral results:
No significant
between group
differences

n = 30;
Males 100%
Medication free
100%
Right-handed
100%

MINI

No comorbid
psychiatric
disorders or
substance use
disorders

BIS-11

CIAS

218

IGD > NC in: Bilateral
insula, R STG

Signal analyzed: (2) From easy to difficult
BOLD
condition: IGD > NC in:
Whole brain
Bilateral precuneus, L
analysis
STG, L angular gyrus

Task used: Cognitive
control task
Task design: Go/
No-go Task
Behavioral results:
No significant
between group
differences

Scanner: 3 T
fMRI scan
duration: 15.5
min
Acquisition
method: eventrelated design
Software used:
SPM5

Between group
significant effects
During response
inhibition
IGD > NC in bilateral
caudate and L OFG (BA
47)
During error processing

Signal analyzed:
BOLD
Whole brain
and ROI based
analysis

IGD < NC in R insula

Task used: Cognitive
Scanner: 3 T
control task
Task design:
fMRI scan
Modified Go/no-go duration: 8.5 min
Task with gaming
cue distracters
Behavioral results:
Acquisition
During gaming
method: Block
distracting
design
condition
Commission errors Software used:
IGD > NC
SPM5

Between group
significant effects
During no gaming
distracting condition

IGD > NC in R SPL

During gaming
distracting condition

Signal analyzed: NC > IGD in R DLPFC, R
BOLD
SPL and cerebellum
Whole brain
ROI based analysis
and ROI based
results
analysis
In IGD
R DLPFC and R
SPL activations were
positively associated to
commission errors during
gaming distracting
condition
Task used: Cognitive
Scanner: 3 T
Between group
control task
significant effects
Task design: Go/nofMRI scan
During response
go Task
duration: 6 min
inhibition
Behavioral results:
Acquisition
NC > IGD in R SMA/
No significant
method: Block
pre-SMA
between group
design
Software used:
differences
SPM5
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Dong et al[31]

1

Liu et al[33]

Groups: IGD n = For IGD: Fulfilling
15
DCIA criteria
Mean age 24.7 ± Addiction to World
3.1 yr
of Warcraft
NC n = 15
Mean age: 24.5 ±
2.8 yr
Resting-state and task related All participants: n
IGD: YIAT ≥ 50 Task used: Cognitive
fMRI
= 71 age 22.35
control task
Aim: To examine the Fc of Participants who > 80% of the online Task design: ThreeECN during both resting state performed the
time was spent
choices color-word
and Stroop task performing fMRI Stroop task: playing videogames
Stroop task
n = 35
Males 100%
BDI < 5
Behavioral results:
No significant
between group
differences
Medication free
MINI: No Axis Ⅰ
100%
psychiatric disorders
Right-handed
IAD
100%
No DSM 5
psychiatric
disorders
Groups
performing fMRI
Stroop task:
IGD n = 16
NC n = 15
Task related fMRI study
n = 38;
HAM-A
Task used: CueMales 58%
reactivity paradigm.
Aim: To investigate brain
Medication free
BDI
Task design:
function in IGD individuals
100%
Videogame viewing
Right-handed
For IGD: Beard's
No behavioral
during a cue-reactivity
100%
DQIA "5 + 1 criteria"
response was
paradigm
plus any one of:
required
No comorbid
≥ 6 h/d for 3 mo;
psychiatric
Decline in academic
disorders or
performance; Unable
substance use
to maintain normal
disorders
school learning
Groups: IGD n =
19
Males n = 11 (58%)
Mean age 21.4 ±
1.0 yr
NC n = 19
Mean age: 20.1 ±
1.1 yr
Males n = 11 (58%)

Signal analyzed:
BOLD
ROI based
analysis

Scanner: 3 T
fMRI scan
duration: 15 min

Between group
significant effects
During incongruent
trials: IGD > NC in
bilateral SFG

Acquisition
method: Eventrelated design

IGD < NC in L

Software used:
SPM8
Signal analyzed:
BOLD
Whole brain
and ROI based
analysis

DLPFC, ACC and left
OFC

Scanner: 3 T

Between group
significant effects
fMRI scan
IGD > NC in: R SPL, R
duration: 7.5 min precuneus, R insula, R
Acquisition
CG, R STG, L brain stem
method: Block
design
Software used:
Brain Voyager

Signal analyzed:
BOLD
Whole brain
analysis

1

Only task related fMRI results are showed. IAD: Internet addiction disorder; IGD: Internet gaming disorder; NC: Normal controls; AUDIT: Alcohol
use disorder identification test; BDI: Beck depression inventory; BIS-11: Barratt impulsiveness scale-version 11; CIAS: Chen internet addiction scale;
C-IAT: Chinese internet addiction test; CSVK: Pathological computer gaming scale; DCIA-C: Diagnostic criteria of Internet addiction for college students;
FTND: Fagerstrom test for nicotine dependence; HAM-A: Hamilton anxiety scale; IAPS: International affective picture system; MINI: Mini international
neuropsychiatric interview; RT: reaction times; SCID: Structured clinical interview for DSM-IV; VAS: Visual analogue scale; YIAT: Young’s internet
addiction test; R: Right; L: Left; ACC: Anterior cingulate cortex; CG: Cingulate gyrus; DLPFC: Dorsolateral prefrontal cortex; IFG: Inferior frontal gyrus;
IPL: Inferior parietal lobule; ITG: Inferior temporal gyrus; MFG: Medial frontal gyrus; MPFC: Medial prefrontal cortex; MiFG: Middle frontal gyrus;
MOG: Middle occipital gyrus; MTG: Middle temporal gyrus; OFC: Orbitofrontal cortex; PCC: Posterior cingulate cortex; PH: Parahippocampus; SMA:
Supplementary motor area; SFG: Superior frontal gyrus; SPM: Statistical parametric mapping; SPL: Superior parietal lobe; STG: Superior temporal gyrus;
SP: Short presentation; LP: Long presentation.

conditions can be analyzed, to evaluate reward and
[41]
punishment neural systems .
In cognitive control tasks, participants have to choice
between different conflicting responses. Stimuli can
be manipulated to increase difficulty and to measure
particular cognitive abilities, such as sustained attention,
response inhibition, impulsivity, task switching ability
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and error processing. Frequently used cognitive control
tasks are the Stroop tasks: Participants are required to
detect only a salient characteristic of the stimuli, ignoring
the others (i.e., color words printed in different colored
ink and participants have to ignore the word and name
[42]
its color) . When the different features of the stimuli
are incongruent, the task difficulty increases and affects
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[43]

the performance (Stroop effect) . Another important
category of control tasks is the “go no-go paradigm”:
Stimuli (i.e., digits, letters, shapes) are presented in a
continuous stream and participants perform a binary
decision on each stimulus. One of the outcomes requires
participants to make a motor response (go), whereas
the other requires participants to withhold a response
[44]
(no-go) .
When the study is focused on the influence of
emotion or salience on selective attention, dot prob
paradigms are frequently used: Participants view neutral
or salient stimuli appearing randomly on either side of
the screen, then a dot is presented in the location of one
former stimulus and participants have to indicate the
correct location of the dot, so an attentional bias toward
[45,46]
salient stimuli can be detected
.

revealed that during win condition IGDs showed an
higher activation of left orbitofrontal cortex (BA11) with
respect to NC, whereas in loss condition the opposite
was true for anterior cingulate cortex activation. So the
authors concluded that a reduced sensitivity to negative
experiences (monetary loss) and an augmented
sensitivity to positive events (monetary gain) throughout
an altered functioning of orbitofrontal cortex and anterior
cingulate cortex could explain why IADp persisted in
their habit despite the negative consequences on their
everyday life.
[25]
Using a similar guessing task, Dong et al
found
that IGDp were significantly slower than NC when
exposed to continuous losses, whereas no behavioral
group effects were observed after continuous wins.
In terms of brain activations, IGDs showed a reduced
activation of posterior cingulate cortex and an increased
activation of inferior frontal gyrus during both win and
loss conditions, whereas an augmented activation
of anterior cingulate cortex and insula was observed
during win condition only. These results suggested that
decision-making ability was impaired in IGDp, due to a
functional inefficiency in the inferior frontal gyrus (higher
activation but lower behavioral performance) and a
reduced involvement of posterior cingulate cortex and
caudate. In the same study sample, with a modified
guessing paradigm (a different control condition was
[26]
added to wins and losses) Dong et al
asked the
participants to describe their subjective experience after
the scan section: IGDp reported higher craving for win
in both continuous win and loss conditions and reduced
negative emotions during loss conditions. In terms of
functional activations, the results were similar, but not
[25]
identical to those previously reported
(probably due
to the different control condition): IGDp hyperactivated
the left superior frontal gyrus in both wins and losses
(but the level of activation was higher during wins) and
hypoactivated the posterior cingulate cortex during
losses. The authors concluded that superior frontal
gyrus in IGDp was insensitive to negative situations and
posterior cingulate cortex failed to exert its cognitive
control on environmental changes.

Cue-reactivity task fMRI studies in IAD

In their study on 10 IGDp addicted to the videogame
[17]
World of Warcraft (WOW) Ko et al
found that IGDp
reported a higher gaming urge when passive viewing
WOW images with respect to NC. Moreover, a significant
higher activation was observed in right orbitofrontal
cortex, right basal ganglia (caudatum and accumbens),
bilateral anterior cingulate cortex, bilateral medial
prefrontal cortex, right dorsolateral prefrontal cortex.
[19]
Han et al
conducted a six-week open label phar
macological study aiming to evaluate bupropion efficacy
in reducing game craving and modulate brain activa
tion in 11 IGDp addicted to the videogame Starcraft.
At baseline, all participants were medication free and
the authors observed an higher game urging and an
augmented activation of left dorsolateral prefrontal
cortex, L parahippocampus, left occipital lobe and
cuneus in IGDp, with respect to NC during Starcraft cue
presentation. After bupropion treatment, a significant
decreased activation of left dorsolateral prefrontal
cortex was observed in IGDp. Bupropion, being an anti
depressant agent modulating dopamine and norepine
phrine reuptake, was reported to be efficacious in
patients with substance use disorder, with or without
[47,48]
comorbid mood disorders
and in pathological gam
[49]
bling . So the authors hypothesized that bupropion
reduced craving in IGD by modulating dorsolateral
prefrontal cortex functional activity.
In a recent study using videogame stimuli, Liu et
[33]
al (2015) enrolled a mixed-gender sample of 19 IGDp
(males 58%) and reported a significant dysfunction of
the frontal cortex, with increased activation in right-sided
temporo-parietal and limbic regions: Superior parietal
lobe, insula, cingulate gyrus and superior temporal
gyrus.

Cognitive control task fMRI studies in IAD

In the eight cognitive controls fMRI studies we selected,
[22,24,27,31]
Stroop tasks were used in four studies
, go/no[28-30]
go paradigms in three studies
and a dot/prob
[23]
paradigm in one study .
[22]
Dong et al
enrolled 12 male, drug free and nosmokers IGDp and compared them with healthy peers
during a three-choices color-word Stroop task. The
groups did not differ in terms of behavioral performance,
but during Stroop effect (incongruent - congruent stimuli
contrast) IGDp showed a significant hyperactivation
in anterior cingulate cortex, posterior cingulate cortex,
left insula, middle frontal gyrus, medial frontal gyrus,
left thalamus, right inferior frontal gyrus, right superior
frontal gyrus.
The authors speculated that a greater activation of

Guessing task fMRI studies in IAD

To evaluate reward and punishment sensitivity in IGDp,
[20]
Dong et al simulated a gain/loss situation: Participants
had to choice between two covered playing cards and at
the end of the fMRI scan session they received a money
sum based on their wins and losses. fMRI data analysis
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posterior cingulate cortex in IGD group could indicate a
failure to optimize task related attentional resources due
to an incomplete disengagement of Default Mode Net
work. Furthermore, the hyperactivation of the anterior
cingulate cortex, insula and prefrontal regions might
reflect a cognitive inefficiency of fronto-limbic regions
playing a key role in conflict monitoring and “top down”
inhibitory control.
[24]
In a larger sample, Dong et al
administered the
same Stroop paradigm with an event-related design and
separately analyzed the functional correlates of correct
and error responses to stimuli. IGDp and NC performed
similarly, but differences emerged in activation patterns:
during correct responses IGDp failed to activate anterior
cingulate cortex and orbitofrontal cortex, whereas an
abnormal activation of anterior cingulate cortex was
observed during errors, thus suggesting an impaired
error monitoring ability.
[27]
More recently, Dong et al analyzed the cognitive
flexibility of a group of IGD during a modified version
of the Stroop task, adding a monetary reward for
correct responses and creating easy and difficult task
conditions. The two group did not significantly differ
behaviorally. On the other hand, when the task switched
from difficult to easy condition IGDp activated the
bilateral insula and right superior temporal gyrus more
than NC; when the task switched from easy to difficult
condition, they hyperactivated the bilateral precuneus,
left superior temporal gyrus and left angular gyrus. The
authors hypothesized that an higher (and therefore
less efficient) activation of limbic and temporoparietal
regions playing a key role in inhibitory control and
cognitive flexibility was a biomarker of IGD.
The same inhibitory control impairment was found
[31]
in another study by Dong et al . As a part of a larger
resting state connectivity study, a subsample of IGDs
performed a Stroop task during an event related fMRI
scanning. The authors observed that during incongruent
trials, IGDs showed an augmented activation of bilateral
superior frontal gyrus and a reduced activation of left
dorsolateral prefrontal cortex, left orbitofrontal cortex
and anterior cingulate cortex, all regions implicated in
executive control.
[28]
Ko et al
used a go/no-go paradigm with digit
stimuli to assess response inhibition and error processing
in 26 male IGDp. The authors did not found significant
behavioral deficits in IGDp, with respect to NC. On the
contrary, when analyzing fMRI data, they reported
significant group effects: During successful response
inhibition, IGDp activated the bilateral caudate and left
orbitofrontal gyrus more than NC; during error commi
ttion they failed to activate the right insula. Orbitofrontal
gyrus and insula are key regions in modulating inhibitory
control and error processing, so the authors suggested
that IGDp needed to hyperactivate the orbitofrontal
gyrus to successfully perform the task and compensate
for the insular hypofunction.
[30]
In a recent article, Chen et al used a block design
to analyze the functional correlates of cognitive control in
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IGDp by means of a short go/no-go task. Even though
behaviorally intact, IGDp showed a reduced activation
of supplementary motor area/pre supplementary motor
area, a key region in selecting the appropriate behavior,
withholding wrong responses.
[29]
Liu et al enrolled a mixed gender sample of IGDp
and used a modified go/no-go paradigm, entering gam
ing picture as background distracters. They observed
similar group performance in the original paradigm,
but more commission errors during the cue distraction
condition in the IGD group. Moreover, during the original
task, IGDp hyperactivated the right superior parietal
lobe, whereas during the gaming distracting condition
they hypoactivated right dorsolateral prefrontal cortex,
right superior parietal lobe and cerebellum. A Region of
Interest based analysis revealed that in IGDp the rate
of commission errors was positively associated with the
right dorsolateral prefrontal cortex and right superior
parietal lobe activation. The authors therefore suggested
that gaming cues significantly affected inhibitory control
in IGDp, throughout a failure of dorsolateral prefrontal
cortex and superior parietal lobe function.
A cognitive task with emotional and cue distracters
[23]
was also used by Lorenz et al
in a small group of
IGDp: They administered a two-choice dot probe
paradigm during short (SP) and long presentation (LP)
trials in order to elicit attentional bias and cue reactivity,
respectively. Stimuli were International Affective Pic
ture System based emotional images (with neutral
or positive valence) and computer generated images
(neutral pictures or images based on World of Warcraft
videogame). IGDp showed a significant attentional
bias vs both game related and affective pictures with
positive valence. Compared to NC, IGDp showed an
abnormal activation of medial prefrontal cortex, anterior
cingulate cortex, left orbitofrontal cortex and amygdala
during SP trials and of occipital regions, right inferior
frontal gyrus and right hippocampus during LP trials. In
authors’ opinion, IGDp patients showed a behavioral and
neural response similar to that observed in patients with
substance use disorder, giving more attention to positive
stimuli.

DISCUSSION
In this paper we systematically reviewed the resting
state and task related fMRI studies on adult patients
with IAD. All but one of the papers included in our qualita
tive synthesis were conducted in the Asian continent,
confirming the great attention given to this potential
[50]
harmful condition by Eastern governments .
The majority of the studies were conducted on
young male IGDp (mean age ≤ 25 years), with only
a few females and subjects with non-gaming Internet
addiction. To avoid any confounding effects of other
conditions, we included only studies conducted in
subjects free of any comorbid psychiatric or substance
use disorder.
Summarizing the literature findings, we highlighted
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that IGDp differed from healthy comparisons in the
functioning of several brain regions involved in reward
and executive control/attention processing, even when
they were behaviorally intact.
In particular, the most reported cortical dysfunctions
were located in orbitofrontal gyrus, anterior cingulate
cortex, insula, dorsolateral prefrontal cortex, superior
temporal gyrus, inferior frontal gyrus, precuneus and pos
terior cingulate cortex, whereas for subcortical regions,
functional alterations were often found in brainstem and
caudate.
Orbitofrontal cortex is involved in decision-making,
value-guided behaviors and reward/punishment sen
[51,52]
sitivity
: Through its multiple connections with
prefrontal, limbic and sensorial regions, it estimates the
potential reward of a given stimulus and the appropriate
behavior in order to achieve a positive outcome. In
patients with substance addiction, an altered functioning
of orbitofrontal cortex has been linked to craving and
[53]
impaired decision-making . Anterior cingulate cortex
and insular cortex are both relevant in sustained atten
[54]
tion, conflict monitoring, error signaling
and pro
[55]
cessing of unpleasant stimuli . They provide a hub
between different cerebral systems, binding emotion to
[56,57]
cognition
. Altered functioning of anterior cingulate
cortex and insula have been found in alcohol and drug
[58,59]
addiction
.
Dorsolateral prefrontal cortex is a region involved in
[60]
different cognitive tasks, such as working memory
[61]
and motor skill learning . An abnormal activation
of dorsolateral prefrontal cortex was found in heavy
alcohol drinkers with respect to light drinkers during a
[62]
go/no go task and in pathological gamblers during a
[63]
cue-reactivity task .
Superior temporal gyrus was found activated in
the processing of audiovisual stimuli with an emotional
[64]
[65]
content and during task shifting . A reduced activa
tion of superior temporal gyrus was reported in cocaine
[66]
addicts during a Stroop task .
Inferior frontal gyrus has a role in cognitive inhibi
[67]
[68]
[69]
tion , target detection , decision making
and
[70]
emotional processing . In response to decision-making
involving uncertainty and during aversive interoceptive
processing, young adults with problematic use of cocaine
and amphetamine exhibited a reduced inferior frontal
gyrus activation with respect to both former stimulant
[71]
users and healthy controls . The precuneus has a
pivotal role in self-consciousness, visuo-spatial imagery,
[72]
episodic memory retrieval and target detection during
[73]
high difficulty tasks . In their work on internet addicts
[74]
with comorbid nicotine dependence, Ko et al reported
an increased activation of precuneus during game cue
exposure in acutely ill IGDp, but not in remitted IGD.
Posterior cingulate cortex is considered part of
[75]
the default mode of the brain
and its deactivation
during high demanding cognitive tasks is seen as an
[76]
expression of a reallocation of processing resources .
An altered function of posterior cingulate cortex and
other components of Default Mode Network was
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reported in cocaine addicts, especially in those with
[77]
chronic use .
The importance of brainstem in providing ascending
and descending pathways between brain and body is
[78]
well documented . In particular, prefrontal regions and
anterior cingulate cortex are deeply connected to the
brainstem, so a dysfunction of this subcortical structure
[79]
leads to attentional and executive impairment .
Caudate nucleus is involved in posture, motor control
[80]
and modulation of approach/attachment behavior . In
response to alcohol cues, heavy alcohol users showed
higher caudate activation with respect to moderate
[81]
users .
Radiological imaging is a useful research strategy
in psychiatric and neurological fields, and may be consi
dered as a form of “molecular pathological epidemi
[82,83]
ology”
, an interdisciplinary research area aiming
to investigate the complex relationships among genes,
environment, molecular alterations and long term out
[84]
come of clinical disorders .
Taken together, the results of our systematic review
suggest that young adult with IGD, without any other
psychiatric disorder, showed a pattern of functional
brain alterations similar to those observed in substance
addiction.
Altered functioning of anterior and posterior cingulate
cortex, prefrontal and parietal regions, limbic areas
and subcortical structures results in impaired response
inhibition and abnormal sensitivity to reward and pu
nishment. As observed in substance use disorders,
patients with IAD show a reduced cognitive flexibility,
more stereotyped responses and inappropriate behavior,
with negative consequences on social and working
[85-87]
life
.

Limits of the study

The majority of patients enrolled in the reviewed studies
were males IGDp, so the conclusions can’t be extended
to other subtypes of IAD or to female patients. Focusing
our review on adult subjects, we excluded fMRI studies
conducted on pediatric and adolescent populations.
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Internet addiction disorder (IAD) is an impulse control disorder characterized by
an uncontrolled Internet use, associated with a significant functional impairment
or clinical distress. Even if it is not classified as a mental disorder in the current
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), it
is a highly debated condition, due to its relevant prevalence among adolescents
and young adults.

Research frontiers

Some of the clinical characteristics of IAD, such as loss of control, craving and
withdrawal symptoms when patients are not allowed to use the Internet are
similar to those observed in behavioral or substance use disorders. Therefore,
in the last years several neuroimaging studies have been conducted aiming
to investigate the relation between the clinical presentation of IAD and the
functioning of cortical and subcortical regions involved in reward processing
and cognitive control.
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Innovations and breakthroughs
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Neuroimaging research is nowadays a promising approach to fill the gap
between the molecular basis of psychiatric disorders and their clinical
manifestations. The scientific literature on debated diagnosis such as IAD is
rapidly growing, so providing an updated review of the last published data
may be of interest for the readers. Focusing the authors’ systematic review
on homogeneous study samples (only adult patients, no psychiatric comorbid
conditions allowed) results of different researches can be easily compared to
find similarities and discordances.

12

13

Applications

In clinical settings, patients with the same psychiatric condition often differ
from one another in terms of clinical symptoms, response to pharmacological
treatments and long-term outcome. Studying their brains and behaviors in
details could help to provide more accurate diagnosis and treatments.

14
15

Terminology

16

IAD: An impulse control disorder characterized by an uncontrolled Internet use,
associated with a significant functional impairment or clinical distress; IGD: A
subtype of IAD, also called videogame addiction, characterized by excessive
online gaming as the principal Internet activity.
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