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Writing a radiological book dedicated to a symptom, rather than to an organ 
or a disease process, is quite unusual. It is, however, a much needed new way 
to present radiology. As a matter of fact, patients come to the Radiology 
Department complaining of symptoms and signs and with a request for imag-
ing in order to identify their origin. I do really believe that the better the 
radiologist understands his/her patient’s complaints, the better he/she is able 
to choose the correct imaging modalities to evaluate them and to provide a 
correct interpretation of their findings. The editors of this volume have pre-
pared a radiological textbook that takes into consideration the patient’s symp-
toms first: in this case, the book is dedicated to the symptom of pain.

Our discipline has a central role in healthcare: all diagnoses and decisions 
on patients’ management are mostly based on the results of imaging, and 
image-guided procedures allow minimally invasive therapies in many cases. 
However, the radiologist is almost unknown to the patient, and many people 
do not even know that we are physicians.

It is quite important to learn how to work through this “clinical- radiological 
approach.” On one side, it makes us able to provide a better service to our 
patients; on the other, it teaches how to get closer to patients, to understand 
better their symptoms, and to link them to our results. This underlines our 
role as physicians and, I am sure, makes it perceived by our patients too.

Clinical chapters are written by clinicians, and this reinforces the “clinical- 
radiological approach” of the book by providing information on what clini-
cians want from our examinations. I am sure this volume will prove useful not 
only to radiologists but also to emergency medicine physicians and to col-
leagues of other specialties who want to understand which are the best tests 
to use to identify the causes of pain in different areas of the body and what are 
the results they can expect from them.

M. A. Cova and F. Stacul have to be thanked for guiding the preparation of 
this book through a novel way and for helping the authors of the different 
chapters in following it. I am sure this is the starting point of a new teaching 
method in radiology.

January 2019 Lorenzo E. Derchi 
Department of Health Sciences (DISSAL) 

University of Genoa 
Genoa, Italy
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Pain can be a major clinical challenge. Its correct assessment is often related 
to a careful analysis of the patient history, to an accurate physical examina-
tion, to the evaluation of laboratory data, and to an appropriate referral to 
diagnostic imaging.

This book addresses pain imaging aspects in both neuro and body, thus 
updating the international literature scenario on the topic. Actually, books on 
pain imaging published so far provided a partial approach to this issue, con-
sidering specific fields only. The book aims to provide a comprehensive 
clinical- radiological approach, and it underlines the need of a close coopera-
tion among clinicians and radiologists. It offers differential diagnoses for a 
number of painful syndromes, as many of them can mimic one other, and it 
aims to help in the diagnostic management of these patients, suggesting the 
most appropriate diagnostic algorithm.

The book is structured into sections for each anatomical macro-area (the 
brain, spine, thorax, abdomen, and pelvis), and dedicated chapters cover the 
topics from both a clinical and radiological point of view.

Following introductive chapters considering mechanisms of pain and the 
brain imaging of pain, the neurological section approaches headache, trigem-
inal neuralgia, and spine pain. As to the thorax, both vascular and nonvascular 
causes of pain are addressed. A number of disease possibly responsible of 
abdominal pain are considered, including biliary colic and cholecystitis, pan-
creatitis, renal colic, pyelonephritis, bowel obstruction, bowel perforation, 
inflammatory bowel disease, and vascular disease. Finally, some diseases 
causing pelvic pain are addressed, namely, uterine disease, ovarian disease, 
endometriosis, and testicular disease.

The chapters offer a state-of-the-art approach to clinical challenging situ-
ations and provide up-to-date knowledge on the present contribution of imag-
ing techniques, thanks to the newest technological developments.

The book provides electronic supplementary material including radiologi-
cal images that allow a comprehensive evaluation of some cases that were 
included in the chapters. This approach allows the reader to consider a full set 
of images, thus getting an overall view of the anatomical involvement by the 
disease overcoming the limit of evaluating just a single selected image.
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We strongly hope the book could be a valuable tool for radiologists, neu-
roradiologists, neurologists, clinicians, and surgeons, working in general hos-
pitals and teaching hospitals, from residents to consultants.

Trieste, Italy Maria Assunta Cova 
 Fulvio Stacul 
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Mechanisms of Pain

Paolo Manganotti and Stefano Tamburin

Neuropathic pain (NP) afflicts 6–8% of the 
 general population and has a severe burden on 
quality of life, sleep, and mood and a heavy 
impact in terms of disability [1]. Although its 
prevalence overlaps to that of very common 
pathologies, such as diabetes mellitus and bron-
chial asthma, NP still represents a difficult condi-
tion to diagnose and treat, both for the general 
practitioner and for the specialist in neurology, 
pain therapy, or physical and rehabilitation 
medicine.

NP is defined as “pain that arises as a direct 
consequence of a lesion or disease involving the 
somatosensory system” [2]. This definition 
allows a clear distinction with nociceptive pain, 
which is caused by an actually or potentially dan-
gerous stimulus for a tissue or organ, in the pres-
ence of a normal functioning of the somatosensory 
system.

The site of the injury or disease also allows to 
classify the NP in either peripheral or central 
(Table 1.1).

Based on the evidence from animal models 
and the clinical conditions of NP, the pathophysi-
ological mechanisms of NP are traditionally clas-
sified into peripheral and central ones (Table 1.2).
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S. Tamburin 
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Verona, Italy
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Table 1.1 Some common neuropathic pain conditions 
according to the site of damage of the somatosensory 
system

Peripheral nervous system—mononeuropathy
  Post-traumatic mononeuropathy
  Entrapment mononeuropathy (e.g., carpal tunnel 

syndrome)
  Postsurgical mononeuropathy
  Trigeminal neuralgia
  Cervical and lumbosacral radiculopathy
  Diabetic painful monoradiculopathy and 

mononeuropathy
  Postherpetic neuralgia
Peripheral nervous system—multineuropathy
  Brachial and lumbosacral plexopathy
  Vasculitic multineuropathy
Peripheral nervous system—polyneuropathy
  Diabetic symmetrical and small fiber polyneuropathy
  Metabolic neuropathy
  Immune-mediated polyneuropathy
  Chemotherapy-induced polyneuropathy
  HIV-related polyneuropathy
Central nervous system—spinal cord lesions
  Traumatic lesions of the spinal cord
  Inflammatory myelopathy
  Spondylotic myelopathy
Central nervous system—brain
  Central post-stroke pain
Central nervous system—multiple sites of lesions
  Multiple sclerosis-related neuropathic pain

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-99822-0_1&domain=pdf
mailto:pmanganotti@units.it
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1.1  Peripheral Mechanisms

The alterations affecting the peripheral nerve 
involve the unmyelinated C and small-caliber 
myelinated Aδ nociceptive fibers, but some stud-
ies also suggest the involvement of large-caliber 
myelinated fibers, which do not carry the noci-
ceptive information.

Different type of nerves and receptors can 
carry pain sensation. For example, the epidermal 
mechanoreceptors for touch are composed of 
Meissner corpuscles, Merkel cells, and free nerve 
endings. In the dermis, there are Ruffini endings 
and Pacinian corpuscles in a glabrous (or hair-
less) skin, whereas there is a complex combina-
tion of mechanoreceptors and their associated 
nerves and hair follicle receptors in a hairy skin 
[3]. The low-threshold mechanoreceptors 
(LTMR) were found to be the major activators of 
Aβ and C fibers, and LTMR around hair follicles 
were posited to activate C fibers. These mechano-
receptors are selectively connected to the nerves. 
Meissner corpuscles connect to Aα and β fibers 
for stroking, Merkel cells connect to Aα and β 
fibers for pressure, and Ruffini corpuscles con-
nect to Aα and β fibers during skin stretching. 
The primary sensory afferents innervating the 
human skin are connected to the nerves as fol-
lows: discriminative touch nociceptors for pain 

are connected to Aβ fibers, nociceptors for pain 
connect to Aδ fibers, and polymodal nociceptors 
for pain, emotional touch, and itch connect to C 
fibers [4]. Pacinian corpuscles and a part of the 
lanceolate endings surrounding hair roots some-
times show rapidly adapting firing responses. 
From this, we posit that to achieve a long-lasting 
effect, vibration may be the most potent type of 
stimulation. These mechanoreceptors have vari-
ous types of mechanosensitive (TRP) channels: 
TRPV1–TRPV4, TRPA1, TRPM8, and TRPCs 
in keratinocytes. Many signaling chemicals 
have been proposed including NGF, bradykinin, 
5-HT, ATP, H+, glutamate, somatostatin, and 
GABA.  Among them, only ATP and H+ are 
known to be associated with TRP channel activa-
tion. In the dorsal root ganglion (DRG) and dor-
sal horn (DH), essential modification of the pain 
signal may occur through interactions among 
astrocytes, microglia, and presynaptic and post-
synaptic neurons. Peripheral nerve fibers show 
alterations of voltage-dependent sodium and 
potassium channels and an abnormal expression 
of receptors of the transient receptor potential 
family. Similar alterations have been documented 
in the dorsal root ganglia, the site cell bodies of 
the first-order sensory neurons, which give rise to 
peripheral nerve fibers. Following a painful 
 stimulus, if sufficient numbers of a particular 

Table 1.2 Some pathophysiological mechanisms of neuropathic pain according to the site of the nervous system

Site of the nervous system Mechanism
Peripheral nervous 
system

Peripheral nerve
Dorsal root ganglion

Release of pain-related inflammatory mediators
Upregulation of transient potential receptors
Increased activity or increased expression in voltage-gated sodium 
and potassium channels
Hyperexcitability of neuronal soma
Increased synthesis of proinflammatory cytokines
Infiltration of activated macrophages

Central nervous 
system

Dorsal horn neuron 
(spinal cord)
Descending systems 
(brainstem)
Brain

Increased release of glutamate and substance P
Increased expression of voltage-gated sodium and calcium channels
Loss of γ-aminobutyric acidergic neurons
Functional reorganization of nociceptive neurons
Hyperactivation of N-methyl-d-aspartate or glutamate metabotropic 
receptors
Microglial activation
Loss of function in inhibitory opioidergic, serotoninergic, and 
noradrenergic pathways
Functional reorganization in the somatosensory thalamic and cortical 
nociceptive neurons

P. Manganotti and S. Tamburin
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type, or types, of nociceptor are activated, an 
afferent volley will be produced. The afferent 
volley travels along the peripheral nociceptor and 
enters the spinal cord via the dorsal horn [5]. The 
whole of these alterations leads to a hyperexcit-
ability of the peripheral nerve and the dorsal root 
ganglion, which can be responsible for both 
spontaneous and evoked pain to either Tinel 
maneuvers or root stretching (i.e., Lasegue and 
Wassermann maneuvers).

1.2  Spinal Mechanisms

Beyond the peripheral nociceptor and dorsal 
horn, depending on the type of nociceptor acti-
vated, pain-related information ascends in the 
contralateral spinothalamic tract (STT), but there 
are also direct connections to the medulla and 
brainstem via the spino-reticular (SRT) and 
spino-mesencephalic (SMT) tracts and to the 
hypothalamus via the spino-hypothalamic tract 
(SHT). Outside of the thalamus, there are spinal 
projections to the ventrolateral medulla, parabra-
chial nucleus, periaqueductal gray (PAG), and 
brainstem reticular formation. Of particular inter-
est is the role of these structures in both inhibit-
ing and facilitating nociceptive transmission and 
subsequent pain perception [6].

Numerous animal models have documented 
abnormalities in second-order nociceptive neu-
rons, which are found in the dorsal horn of the 
spinal cord. These alterations include changes in 
the calcium channels and neurotransmitters and 
neuromediators. These changes, together, shift 
the spinal excitability balance toward excitation 
rather than inhibition and result in a set of phe-
nomena that characterize the so-called spinal 
sensitization [7, 8].

Changes in neuroplastic receptive fields at spi-
nal level may be responsible for phenomena such 
as the extraterritorial expansion of pain and sen-
sory symptoms, for example, in patients with 
simple carpal tunnel syndrome [7].

A reduction in the strength of opioidergic, 
serotoninergic, and noradrenergic pain control 
descending systems, which are located in the 
brainstem and project to the dorsal horn of the 

spinal cord, has been documented in animal 
 models of chronic NP [1].

The drugs that are currently available for the 
treatment of NP aim to correct the alterations 
listed above, which occur mainly at the neuronal 
level. For example, some antiepileptic drugs 
(e.g., phenytoin, carbamazepine) can reduce the 
hyperexcitability of the peripheral nerve by 
blocking the voltage-dependent sodium chan-
nels. The drugs that are active on the α2δ subunit 
of calcium channels (i.e., gabapentin, pregabalin) 
can reduce spinal sensitization. Opioids and 
serotonin- noradrenaline reuptake inhibitor anti-
depressants (i.e., duloxetine, venlafaxine) may 
potentiate pain control descending inhibitory sys-
tems. Tricyclics (e.g., amitriptyline) may control 
NP through multiple mechanisms. Meta-analyses 
and guidelines document that these classes of 
drugs are effective in reducing NP, although in a 
limited number of patients [2] and with an unfa-
vorable side effect profile in a consistent number 
of cases.

1.3  Central Mechanisms 
and Pain Matrix

Neuroimaging studies have revolutioned the 
understanding of the involvement of the cortex in 
pain sensation. Not only is the pain primarily 
being represented in the primary somatosensory 
cortex (S1), but large distributed brain networks 
were found to be active during painful stimula-
tion [9–12]. The cortical and subcortical brain 
regions found to be commonly activated from 
these early studies by nociceptive stimulation 
included anterior cingulate cortex, insula, frontal 
cortices, S1, second somatosensory cortex (S2), 
and amygdala and are often referred to as the 
“pain matrix” [13].

Because pain signals are important for sur-
vival, it is as important to regulate pain signaling 
in the central nervous system. The brainstem has 
a tonic regulatory influence from the spinal cord 
dorsal root level (Table  1.2). There are also 
strong  suggestions that the analgesic system is 
heavily related to the endogenous opioid sys-
tems. The brainstem integrates information from 

1 Mechanisms of Pain
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autonomic, homeostatic, affective, and limbic 
brain centers and can participate to the descend-
ing control of pain [14]. The relationship between 
reported pain intensity and the peripheral stimu-
lus that evokes it depends on many factors such 
as the level of arousal, anxiety, depression, atten-
tion, and expectation or anticipation. These fac-
tors are in the process of being characterized on 
the physiological and pharmacological levels by 
means of functional imaging. These “psychologi-
cal” factors are in turn regulated by overt and 
covert information as well as more general con-
textual cues that establish the significance of the 
stimulus and help determine an appropriate 
response to it. Simple manipulations with atten-
tion alter the subjective pain experience as well 
as the corresponding pattern of activation during 
painful stimulation [15]. Functional and connec-
tivity analyses in neuroimaging suggest that the 
increased activity within prefrontal and cingulate 
cortices during distraction decreases pain percep-
tion via the descending pain modulatory system, 
presumably via anti-nociceptive pathways [16].

The complex mechanism of pain at spinal 
and central system based on sensitization and 
modulation can explain in most occasions the 
limited efficacy of current NP treatments. The 
first, and probably the most important reason, is 
that many of the evidence in favor of the mecha-
nisms described above come from animal mod-
els of NP, where the main outcome is usually the 
reduction of pain evoked by mechanical or ther-
mal stimuli [17]. Indeed, this type of outcome 
cannot capture the complexity and multidimen-
sional features of pain in humans, whereby the 
main complaint is spontaneous pain [17]. The 
second reason is that the treatment of pain 
should aim to reduce the negative effects of pain 
on mood, sleep and quality of life, features that 
are difficult to explore in animal models. The 
third reason is that current models do not allow 
to understand the complex mechanisms that 
take place in patients with NP in several brain 
areas, which include thalamic and cortical areas 
that cannot be explored in animal models [18, 
19] and have been just studied by neuroimaging 
in humans.
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Brain Imaging of Pain

Massimo Caulo, Valerio Maruotti, 
and Antonio Ferretti

2.1  Introduction

Pain is not just a warning symptom informing our 
body of actual or potential damage to the tissue, 
but it is an unpleasant sensation with sensory, 
emotional, and cognitive dimensions occurring 
after nervous system lesions. Neuroimaging 
techniques provide a tool for understanding the 
mechanisms involved in perception and 
modulation of the pain experience. Brain 
functional magnetic resonance imaging shows 
that multiple pain conditions are associated with 
changes within large-scale distributed networks 
involved in sensory, motor, autonomic, cognitive, 
and emotional functions. The importance of the 

brain for pain perception derives from patients 
with cerebral lesions. Traditionally pain has been 
conceptualized as the neural substrate that pas-
sively reflects peripheral changes following 
injury. Today it is clear that the conscious percep-
tion of a sensory stimulus cannot be completed in 
sensory areas, but rather there is an extensive, 
interconnected network of cortical and subcorti-
cal areas. The group of brain structures jointly 
activated by painful stimuli is commonly called 
“the pain matrix.” Generally, the ascending pain 
processes divide signals into localization and 
emotional/motivation centers (Fig.  2.1). The 
brain regions involved in processing pain depend 
on the type of pain experienced (acute and 
chronic pain) and on the different pathologies.

2.2  Structural and Functional 
Neuroimaging Techniques

2.2.1  Magnetic Resonance  
Imaging (MRI)

MRI uses a strong static magnetic field and radio-
frequency (RF) waves to create multiplanar cross-
sectional images. The main parameters on which 
the image contrast is based are T1 and T2. T1 (the 
longitudinal relaxation time) is a measure of how 
long atomic nuclei take to realign longitudinally 
with the main magnetic field, after they have been 
knocked over by an RF pulse. T2 (the transverse 
relaxation time) is a measure of how long a group 
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of atomic nuclei that have been knocked over by 
an RF pulse take to become maximally disordered 
in the transverse plane. Different tissues have dif-
ferent T1 and T2. Images with T2 weighting are 
most commonly used when looking for pathol-
ogy, while T1-weighted images are more com-
monly used to highlight anatomy [1].

2.2.2  Functional Magnetic 
Resonance Imaging (fMRI)

Beyond the study of normal and pathological brain 
anatomy, MRI has been used during the last 
20 years to investigate brain functions with a tech-
nique generally defined as functional MRI (fMRI). 
Since its introduction [2] fMRI has become an 

indispensable tool in neuroscience research and in 
clinical neurological and neurosurgical practice. 
fMRI is classically performed using the blood-
oxygen-level- dependent contrast (BOLDc) tech-
nique. The functional contrast is based on 
deoxyhemoglobin which acts as an endogenous 
contrast medium. Deoxyhemoglobin is a paramag-
netic molecule, thus creating magnetic field distor-
tions within and around the blood vessels that 
affect T2*- and T2-weighted images. fMRI is 
based on the hemodynamic response triggered by 
an increase of neuronal activity related to a given 
stimulus or task. Briefly, an increased neuronal 
activity triggers a local vasodilation (the neurovas-
cular coupling mechanism), altering cerebral blood 
flow (CBF) and cerebral blood volume (CBV). 
These physiological responses are needed to 

INSp

INSa
SI

SII
ACC

PFC

Amvgdala PAG

Thalamus

STc

Fig. 2.1 Schematic representation of the pain matrix. 
Nociceptive inputs enter the spinal dorsal horn and ascend 
through the contralateral spinothalamic tract (STc) to the 
thalamus. The medial pathway (yellow square and red 
arrows) projects from the medial thalamus to the anterior 
cingulate cortex (ACC), anterior insular cortex (INSa), 
and amygdala; the medial pathway processes the affective- 
motivational component of pain. The lateral pathway 

(light blue square and blue arrows) projects from the lat-
eral thalamus to the primary and secondary somatosen-
sory cortices (SI and SII) and posterior insular cortex 
(INSp); the lateral pathway processes the corporal speci-
ficity of bodily pain. Inhibitory projections (black arrows) 
descend from the prefrontal cortex (PFC), via the periaq-
ueductal gray matter (PAG), to the spinal cord

M. Caulo et al.
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 support the increased oxygen metabolism of acti-
vated neuronal pools. These hemodynamic and 
metabolic changes alter the local deoxyhemoglo-
bin content, producing a slight alteration in the MR 
signal [3]. fMRI is usually performed using T2*-
weighted echo-planar imaging sequences that are 
the most sensitive to the BOLD effect, allowing to 
map regional brain activation robustly and with 
good spatial resolution. The BOLD technique can 
also be used to study the brain at rest by mapping 
temporally synchronous, spatially distributed, 
spontaneous signal fluctuations and generating 
measures of functional connectivity [4].

BOLD fMRI has enough temporal resolution 
(around 1 s) to allow the study of acute pain with 
paradigms alternating short periods of pain 
followed by short periods that are pain-free, 
causing a hemodynamic response in the activated 
brain regions. However these paradigms are not 
well suited to study chronic or sustained pain 
since these conditions cannot be easily switched 
on and off [5]. Furthermore, due to its complex 
nature, the BOLD signal is not able to offer 
quantitative physiological measurements referred 
to a particular brain condition. In these and 
similar applications, fMRI based on arterial spin 
labeling (ASL) can be more appropriate.

ASL [6] provides a direct measure of cerebral 
blood flow using magnetically labeled water in the 
blood to act as an endogenous diffusible tracer. 
The blood water is magnetically labeled in the 
main cerebral feeding arteries with radiofrequency 
pulses that invert the direction of nuclei magnetic 
moment. When the bolus of magnetically inverted 
blood reaches the different brain regions, it will 
affect the MRI signal according to the local 
CBF. ASL is able to measure both absolute levels 
of CBF and perfusion changes triggered by neuro-
nal activity [7–9]. Despite a lower sensitivity and 
temporal resolution with respect to BOLD, these 
features make ASL fMRI an ideal technique to 
study brain functioning when control and stimulus 
conditions cannot be rapidly alternated. In addi-
tion, compared with BOLD, ASL offers increased 
spatial specificity to neuronal activity due to the 
capillary/tissue origin of the signal [10]. fMRI 
ASL techniques have consequently been used to 
assess the central processing of pain in patients 
with migraine [11] and chronic pain [12].

2.2.3  PET

Positron emission tomography (PET) can mea-
sure changes in hemodynamic, metabolic, or 
chemical events at receptor and neurotransmitter 
reuptake sites or neurotransmitter precursor 
uptake in living tissues.

Although PET is an invasive technique 
requiring the injection of a radioactive tracer 
(e.g., H2

15O or 18F-FDG) and suffers from low 
spatial and temporal resolution with respect to 
fMRI, it can quantify regional CBF, oxygen 
uptake, and glucose metabolism in physiologi-
cal units. Thus, PET can be used to indirectly 
and directly measure different aspects of the 
neuronal response to painful stimuli. PET is 
also unique in its ability to evaluate the neuro-
chemical components of central pain process-
ing by using tracers which directly measure 
events within the central opioid and dopaminer-
gic systems [13].

2.2.4  MEG

Magnetoencephalography (MEG) is an electro-
physiological technique that has higher temporal 
resolution than fMRI and PET, but lacks good 
spatial resolution.

MEG detects the tiny magnetic field gener-
ated by postsynaptic ionic currents of synchron-
ically active pyramidal cortical neurons, 
oriented in palisade. These postsynaptic poten-
tials reflect the integrative information process-
ing of signals coming from the thalamus, 
brainstem, and other cortical areas. The mag-
netic currents are detected by arrays of super-
conducting quantum interference devices 
(SQUIDs) in a magnetically shielded  room. 
Heavy magnetical shielding is necessary to 
attenuate external magnetic fields, since 
 neuromagnetic fields are very weak. These tech-
nical requirements make the MEG device rela-
tively expensive [14]. MEG studies are often 
used to evaluate separate temporal components 
of the cerebral pain response, for instance, in 
relation to expectation [15, 16] or the process-
ing of first and second pain due to the varying 
conduction times by A and C fibers [17].

2 Brain Imaging of Pain
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2.2.5  NIRS

Near-infrared spectroscopy (NIRS) is a noninva-
sive, relatively inexpensive portable optical imag-
ing technique based on the principle that diffusion 
and absorption of light in the near- infrared (NIR) 
range (700–1000 nm) is sensitive to blood oxygen-
ation. This light is able to pass through the skin, 
soft tissue, and skull with relative ease and can pen-
etrate brain tissue to a depth of up to 8 cm in infants 
and 5 cm in adults. It measures the hemodynamic 
response to neural activity based on the different 
absorption properties of biological chromophores. 
The hemodynamic signal obtained with the NIRS 
technique is based on the absorption of NIRS light 
depending on the oxygenation state of hemoglobin 
circulating through the tissues. NIRS quantifies 
levels of oxygenated and deoxygenated hemoglo-
bin in brain tissue and allows for calculation of 
absolute changes in blood flow and cerebral blood 
volume [18]. Functional NIRS research is rapidly 
expanding across a wide range of areas. This tech-
nique can be usefully applied to assess cerebral 
hemodynamic changes associated with pain in 
infants and in non- collaborative patients [19].

2.3  Structural Neuroimaging 
of Pain

Neuropathic pain can arise as a direct conse-
quence of a lesion or disease affecting the somato-
sensory system at central and peripheral level.

2.3.1  Central Post Stroke Pain

Central pain results from a primary lesion or 
 dysfunction of the central nervous system in 
 different pathologies: stroke, multiple sclerosis, 
spinal cord injury, syringomyelia, vascular mal-
formations, infections, and traumatic brain injury.

Déjerine and Roussy described initially 
patients with severe, persistent, paroxysmal, and 
often intolerable pains on the hemiplegic side 
related to lesions of the thalamus and parts of the 
posterior limb of the internal capsule [20].

Central post stroke pain (CPSP) can develop 
after both hemorrhagic and ischemic lesions in 

 sensory pathway of the central nervous system [21]. 
The onset is usually within the first few months, but 
it can occur some years later, and it is often gradual 
coinciding with improvements in sensory loss [22]. 
Abnormalities in either thermal (particularly cold) 
or pain (e.g., pinprick) sensation are found in more 
than 90% of patients, whereas sensory loss in other 
modalities (such as touch and vibration) is less fre-
quent [23]. Pain can be localized within the entire 
area of sensory abnormalities or within a fraction of 
this area [24]. Non-sensory findings depend on the 
localization and severity of the cerebrovascular 
lesion. Pain is characterized by an intense spontane-
ous or evoked pain, typically constant and often 
made worse by touch, movement, emotions, and 
temperature changes. It is often described as con-
stant burning or aching, with paresthesia and intol-
erable intermittent stabbing. Allodynia and 
hyperalgesia are usually present [25].

The stroke can be anywhere along the somato-
sensory system from the cortex to spinal cord, 
although lateral medullary (Wallenberg syndrome) 
and thalamic infarctions have the highest inci-
dence. Wallenberg syndrome is the most frequent 
ischemic stroke in posterior circulation (Fig. 2.2). 
It is most often secondary to intracranial vertebral 
artery or posterior inferior cerebellar artery (PICA) 
occlusion due to atherothrombosis, embolism, and 
sometimes to spontaneous dissection of the verte-
bral arteries. A complete Wallenberg syndrome is 
not common. Facial pain is homolateral to lesion. 
Different combinations of the following homolat-
eral (ataxia, vertigo, diplopia, nystagmus, Horner’s 
syndrome, hiccups, hoarseness, dysphonia, dys-
phagia, dysarthria, decreased gag reflex) and con-
tralateral deficits (loss of pain and temperature 
sensation over the side of body) may all be found. 
The thalamus plays an important role in the under-
lying mechanisms of central pain, and CPSP is 
common after lesions affecting the thalamus. The 
thalamus may be involved by ischemic and hemor-
rhagic stroke, in particular in hypertension 
(Fig. 2.3). Ischemic stroke is most often secondary 
to intracranial occlusion due to atherothrombosis 
of the posterior cerebral artery. In thalamic lesions 
pain is located in the contralateral hemibody. The 
side of lesion is not a consistent predictor of pain 
[26]. Lesions can be located in the posterolateral, 
ventral posterior lateral, and medial nuclei [27]. 

M. Caulo et al.
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a b

Fig. 2.2 Wallenberg syndrome: axial FLAIR (a) and T2 (b) MR images showing a hyperintense ischemic lesion in the 
left posterolateral medulla oblongata

a b

Fig. 2.3 Thalamic stroke: axial FLAIR (a) and T2 (b) MR images showing a hyperintense ischemic lesion in the left 
lateral thalamus

2 Brain Imaging of Pain
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In  addition to Wallenberg syndrome, trigeminal 
nuclei can be involved in hypertensive hemor-
rhage, cavernous angiomas, arteriovenous malfor-
mations (AVMs), or trauma (Duret’s hemorrhage) 
[28]. The most common cause is hypertension in 
middle-aged elderly patients and cavernous angio-
mas in young.

2.3.2  Multiple Sclerosis

Multiple sclerosis (MS) is an unpredictable auto-
immune and neurodegenerative disease of the cen-
tral nervous system characterized by demyelination 
and axonal loss. It is a heterogeneous disease with 
a variety of sign and symptoms depending on the 
site of lesions that leads to motor, sensory, and 
cognitive impairment [29].

Chronic pain is one of the most frequent 
MS-associated symptoms that dramatically 
reduces the quality of life. Pain in multiple sclero-

sis (MS) has a variable prevalence of 20–90%. 
Patients usually have more disability at expanded 
disability severity score (EDSS), depression, and 
anxiety. Imaging studies showed that lesions are 
most commonly reported in the brainstem and less 
commonly in the spinal cord [30].

MS patients can suffer from nociceptive pain 
(such as pain resulting from musculoskeletal 
problems), neuropathic pain, or a mixed nocicep-
tive/neuropathic pain (e.g., tonic painful spasms 
or spasticity). The most common MS-associated 
chronic neuropathic pain conditions are dyses-
thetic pain in the lower extremities, paroxysmal 
pain, (Lhermitte’s phenomenon and trigeminal 
neuralgia), migraine, and tension-type headache.

Lhermitte’s phenomenon, defined as a tran-
sient short-lasting sensation related to neck flex-
ion in the back of the neck, the spine, and into the 
legs and arms, has a prevalence from 9 to 41%. It 
is frequently associated with posterior columns 
lesions of the cervical spinal cord (Fig.  2.4). 

a b

Fig. 2.4 Cervical spinal cord lesion in a patient with multiple sclerosis. Sagittal (a) and axial (b) T2 MR images show-
ing a hyperintense demyelinating lesion in the posterior columns

M. Caulo et al.
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Hyperexcitability resulting by miscommunica-
tion between the lesioned nerves is considered as 
the main pathophysiological mechanism.

The pathophysiology of trigeminal neuralgia 
(TN) in MS patients involves CNS demyelination 
along the fifth cranial nerve at “entry zone” or at 
the main sensory nucleus. If a patient under the 
age of 50 presents face pain, MS is the most com-
mon etiology. In MS patients, the facial neuro-
pathic pain syndrome is similar to classic 
TN. While classic TN is caused by neurovascular 
compression of the fifth cranial nerve (CN V), 
MS-related lesions correlate with MRI lesions in 
the trigeminal nucleus, nerve, and brainstem. 
Conventional MRI, better high-resolution MRI at 
3 T, demonstrates demyelination in the trigemi-
nal root entry zone and intrapontine tracts 
(Fig. 2.5) that could extend in either direction to 
the trans- cisternal part of the nerve and to both 
ascending and descending trigeminal nuclei [31].

2.4  Functional Neuroimaging 
of Pain

The first half of the twentieth century was domi-
nated by the idea that pain integration in the cen-
tral nervous system was limited to subcortical 
structures, not extending beyond the thalamus.

Further studies suggested that the pain experi-
ence reflected interacting sensory, affective, and 
cognitive dimensions that could influence each 
other and implied that it could only be conceived 
as a conscious sensation.

The first human brain imaging studies of pain 
using PET and SPECT indicated that multiple 
cortical and subcortical regions are activated by 
noxious stimuli in normal subjects [13]. Since 
then many other functional hemodynamic and 
neurophysiologic studies (PET, MEG fMRI, 
ASL) confirmed that pain activates several brain 
regions. The group of brain structures jointly 
activated by painful stimuli is commonly 
described as “the pain matrix.” The pain matrix 
includes the thalamus, basal ganglia, anterior cin-
gulate cortex (ACC), insula, amygdala, primary 
and secondary somatosensory cortices (S1 and 
S2), prefrontal cortex (PFC), and the periaque-
ductal gray (PAG) [32] (Fig. 2.6).

A division of function between the lateral 
and medial components of the human pain pro-
cessing system of the brain was yet proposed 
several decades ago [33]. The lateral pain sys-
tem is formed by the lateral thalamic nuclei, the 
primary and secondary somatosensory cortices 
(SI and SII, respectively), and posterior insula 
[34]. Activation of these areas is thought to sup-
port the corporal specificity of bodily pain and 
transmits information about the intensity, loca-
tion, and duration of noxious stimuli. The 
medial pain system is formed by medial tha-
lamic nuclei, anterior cingulate cortex (ACC), 
amygdala, and anterior insula and participates 
in affective and attentional concomitants of pain 
sensation or perceiving pain as an unpleasant 
experience [32].

Also the descending pain modulation sys-
tem  includes the PFC and ACC and exerts its 

a b

Fig. 2.5 Trigeminal neuralgia in a patient with multiple sclerosis. Axial FLAIR (a) and T2 (b) MR images showing a 
demyelinating lesion in the left lateral pons near the root entry zone

2 Brain Imaging of Pain



14

a

c

b

Fig. 2.6 BOLD fMRI activations during painful electri-
cal stimulation of the left ankle. (a) Sagittal view: SI, 
anterior cingulate and thalamus activations. (b) Axial 
view: putamen, bilateral insula, and left thalamus activa-
tions. (c) Coronal view: left SI, bilateral SII, and left thala-

mus activations. Images are displayed using the 
neurological convention, i.e., right is right, left is left. 
(Courtesy of Piero Chiacchiaretta PhD, University of 
Chieti, Italy)
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 influence on the periaqueductal gray matter and 
thalamus [35].

SI is located posteriorly to the central sulcus, 
across the surface of the postcentral gyrus and 
seems to have the same somatotopy in the pro-
cessing of nonpainful and painful somatosensory 
stimuli [36]. SII is hidden in the upper bank of 
the lateral sulcus in the parietal operculum. It has 
a functional segregation of the subregions 
involved in the processing of nonpainful and 
painful somatosensory stimuli [16]. Indeed, the 
posterior but not the anterior SII increases its 
activation as a function of the stimulus intensity 
from nonpainful to painful levels [37] (Fig. 2.7).

No clear somatotopic organization has been 
reported for painful input, but a topographic 
organization of SII is reported for nonpainful 
somatosensory input [38].

In the somatosensory system, SI is presumed 
to receive the peripheral afferents involved in the 
encoding of spatial and sensory-discriminative 
aspects and to dispatch the received input to 
higher order cortical areas, such as contralateral 
SII. Contralateral SII sends transcallosal fibers to 
ipsilateral SII [39].

The nociceptive system has a parallel structure 
in which SI and SII would receive in parallel pain-
ful stimuli [40]. Also pain sensory informations 

cSI

cSI cSI

cSIIa

cSIIa

cSIIp

cSIIp

iSIIa

iSIIa

iSIIp

iSIIp

–20
P < 10

P < 10–4

Fig. 2.7 Activated areas in the somatosensory cortex dur-
ing painful electrical stimulation of the right median 
nerve, obtained from a group of healthy individuals. The 
activations are superimposed onto structural images of an 
individual brain using the neurological convention, i.e., 

right is right, left is left. Top left, contralateral SI; top 
right, bilateral SII anterior and posterior subregions; 
bottom left, anterior SII areas and contralateral SI; bottom 
right, posterior SII areas and contralateral SI. Reproduced 
from Ferretti et al. [37] with permission
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are processed bilaterally by the two SII areas [41]. 
This parallel organization bypasses several cor-
tico-cortical and transcallosal connections short-
ening the processing time of the painful stimulus. 
SII is consistent with the complexity of thalamic 
projections from several relays within a multi-
functional network involved in noxious stimulus 
recognition, learning, and memory, autonomic 
reactions to noxious stimuli, affective aspects of 
pain-related learning, and memory [38].

ACC has a robust activation across different 
stimulus modalities and measurement techniques 
although the locus of this activation varies among 
studies. The perigenual or rostral ACC seems to 
be related to affective reactions to pain, while 
mid-cingulate is related to cognitive processes 
[42]. After cingulotomy subjects may feel pain 
but they are not disturbed by it. The insula shows 
the highest incidence of activity during painful 
stimulation. The activations of the posterior por-
tion of the insula may be more related to sensory 
aspects of pain, while the more anterior portion is 
more related to emotional, cognitive, and mem-
ory characteristics of pain perception (Fig. 2.8). 
In addition, a somatotopic representation exists 
in the posterior insula for nociceptive stimuli 
[43]. Strong evidences suggest that the posterior 
operculo-insular cortex is the only known corti-
cal region where direct stimulation can induce 
acute physical pain [44] and focal cortical injury 
to that region entails selective deficits of pain and 

temperature sensations while leaving other 
somatosensory modalities intact [45].

Emotional state is a large factor in how pain is 
perceived, with negative emotions enhancing 
pain-evoked activity in ACC and insula and pain 
perception [46].

In the absence of physical stimulus, expect-
ing or anticipating pain activates SI, ACC, 
insula, PAG, PFC, and ventral striatum [47]. 
Also, attending to pain is related to stronger 
pain impact [48]. fMRI studies show that in 
attention- demanding task while experiencing 
pain, there is decreased activity in SII, PAG/
midbrain, thalamus, and insula resulting in 
reduced pain perception [49]. The complexity of 
a task plays also a relevant role on the subjective 
pain rating [35].

Habituation also occurs in pain network. 
Repetitive applications of identical painful stim-
uli decrease pain ratings and decrease BOLD 
responses to painful stimuli in the thalamus, 
insula, and SII, mediated by the rACC [50].

Cortical activation has been studied related 
to different types of painful stimuli: cutaneous 
noxious cold, muscle stimulation using electric 
shock or hypertonic saline, capsaicin, colonic 
distension, rectal distension, gastric distension, 
esophageal distension, ischemia, cutaneous 
electric shock, ascorbic acid, and laser heat. 
These stimuli produce many similar activations 
in cortical and subcortical areas [51].

R L
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Contralateral hemisphere z = 18
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Fig. 2.8 Perfusion MRI 
study with ASL 
technique (pCASL 
sequence) after 
capsaicin application in 
the anteromedial aspect 
of the lower right leg. 
Note the increased CBF 
in the dorsal insula of 
the left hemisphere. 
Modified from 
Segerdahl et al. [43] 
with permission
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2.4.1  Pain Network 
and Connectivity

Painful stimuli induce a robust activation directly 
proportional to the intensity of the stimulus into 
the pain matrix. Connectivity in the pain matrix 
revealed synchronous activity in the bilateral SI 
cortex, mid-cingulate cortex, posterior insula, 
and bilateral SII, but not in ACC, one of the brain 
regions most consistently associated with affec-
tive dimension of pain. Similar results were 
obtained placing a seed in SII. When ACC and 
anterior insula are used as the seed regions for 
connectivity analysis, significant synchronous 
activity is observed in several brain regions 
including bilateral ACC, mid-cingulate cortex, 
bilateral anterior and middle insula, thalamus, 
caudate, orbital PFC, LPFC, and cerebellum, but 
not in SI or SII. These data confirm a functional 
segregation of lateral and medial pain system, 
supporting different functions [52, 53].

In addition, painful stimulation induces a 
simultaneous decrease in activation in several 
brain regions, including some of the “core struc-
tures” of the default mode network (DMN) [54]. 
The DMN maintains its typical temporal proper-
ties during painful stimulation although an 
increase of connectivity was found between the 
left prefrontal cortex and posterior cingulate cor-
tex-precuneus and a decrease in the lateral pari-
etal cortex [55] (Fig. 2.9).

Functional connectivity analyses indicate that 
the activity of areas displaying pain-evoked 
changes in the same direction is highly correlated, 
though there are no significant correlations 
between brain activations and deactivations 
indicating that activations and deactivations 
might underlie different aspects of the pain 
experience [52].

2.4.2  Pain in Infants

Most of the tools that have been developed for 
assessing pain perception in infants encompass 
either behavioral (brow bulge, eye squeeze, 
nasolabial furrow, qualities of infant cry, flexion 
of fingers and toes) or physiological (heart rate, 

arterial oxygen saturation, and blood pressure) 
responses or combine both into a composite 
measure. Behavioral responses, particularly 
facial actions, are the most sensitive and specific 
pain indicators in infants. NIRS response to 
painful stimuli found a significant increase over 
the somatosensory cortex in oxyhemoglobin, 
total hemoglobin, and deoxyhemoglobin. 
Biobehavioral pain scores found a significant 
correlation with NIRS response. Also the areas of 
BOLD response to painful stimulation are similar 
in infants and adults, with amygdala and the 
orbitofrontal cortex not activated in infants. The 
cortical response depends on the age, the 
gestational age, and awake/sleep states of the 
infants. It is directly associated with postnatal 
age and inversely correlated with gestational age. 
Less robust cortical responses are also observed 
in neonates asleep versus awake [56].

2.4.3  Chronic Pain

Painful conditions that usually end without treat-
ment or that respond to simple analgesic mea-
sures may also become intractable and develop 
into a long-lasting condition: chronic pain. 
Chronic pain (CP) is considered as a condition 
affecting normal brain function and causing cog-
nitive impairment, depression, sleeping distur-
bances, and decision-making abnormalities. 
Altered cortical dynamics have been demon-
strated using functional magnetic resonance 
imaging in patients with CP [57]. A  prominent 
difference between acute and chronic pain con-
sists in the major activation, in the latter, of brain 
regions involved in cognitive and/or emotional 
pain processing. Evidence of frontal- limbic dys-
function comes also from PET studies suggesting 
abnormal opioidergic transmission within fron-
tal-limbic regions in patients with CP [41]. CP 
disrupts the dynamics of the default mode net-
work. Various types of CP (chronic back pain 
complex, regional pain syndrome, knee osteoar-
thritis, diabetic neuropathy, fibromyalgia) are 
associated with MR functional connectivity 
changes within the DMN [52]. The most com-
mon reorganization consists in an increased asso-
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Fig. 2.9 Modulation of the DMN during painful electri-
cal stimulation of the right median nerve. DMN was sepa-
rated from a single-subject functional MR imaging data 
set at independent component analysis. Brain areas of the 
DMN are colored in yellow-orange or azure in case of a 
positive or negative correlation with the task. cSI contra-
lateral primary somatosensory area, INS insula, IPL 

 inferior parietal lobule, iSI ipsilateral primary somatosen-
sory area, MFG middle frontal gyrus, MPFC medial pre-
frontal cortex, PCC posterior cingulate cortex- precuneus, 
SII secondary somatosensory area, SMA supplementary 
motor area, THAL thalamus. Images are displayed using 
the neurological convention, i.e., right is right, left is left. 
Reproduced from Mantini et al. [55] with permission
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ciation of the medial prefrontal cortex (MPFC) 
with the insula and dissociation from the poste-
rior components of the DMN (precuneus). The 
precuneus is involved in autobiographical and 
episodic memory retrieval and mentalizing. It is 
primarily involved in elaborating and integrating 
information rather than directly processing stim-
uli [52]. The functional correlation of insular 
regions with portions of the MPFC correlates 
with the intensity and the extent of pain and 
decreases after successful treatment of pain [58].

The decreased MPFC connectivity with the pre-
cuneus is directly related to the increased connec-
tivity with the insular cortex, suggesting that 
chronic pain might modulate higher cognitive pro-
cesses by altering normative functions of the DMN.

The extent of this reorganization is a function 
of the intensity of the chronic pain and the 
duration, with functional changes occurring after 
more than a decade living with chronic pain. In 
addition an increase of functional connectivity 
between the PFC and nucleus accumbens pre-
dicts pain persistence, suggesting that the frontal- 
striatal connection is involved in the transition 
from acute to chronic pain.

Prolonged pain can lead to neuroplastic 
changes at the cortical level, which induce central 
sensitization [46].

2.4.4  Phantom Limb Pain (PLP)

Arm amputation often can be followed by pain 
sensation in the missing limb (PLP). It occurs in 
up to 80% of amputees and may be exacerbated 
by many physical (e.g., temperature changes) and 
psychological (e.g., stress) factors. It is usually 
described as stabbing, throbbing, burning, or 
cramping and commonly starts in the first week 
after amputation. The duration of PLP is 
unpredictable, resolving in months or persisting 
for years.

The cause of phantom pain experience has 
commonly been attributed to maladaptive 
plasticity of the primary sensorimotor cortex 
contralateral to the amputation. The 
representations of body parts adjacent to the 
missing limb expand and invade the deprived 
cortex leading to phantom limb pain. The degree 

of cortical reorganization appears to be directly 
related to the degree of phantom pain, and 
imaging studies have correlated greater extent of 
somatosensory cortex changes with more intense 
phantom limb experience. A greater phantom 
pain is associated with more local activity and 
more structural integrity within the phantom 
cortex and with disrupted interregional functional 
connectivity of the primary sensorimotor cortex 
of the other body parts [59].
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Headache: Clinical Features

Antonio Granato and Paolo Manganotti

Headache is one of the most common medical 
complaints of civilized humans; nevertheless 
severe and chronic headaches are only 
infrequently caused by organic disease. Although 
the overall headache prevalence figures vary, in 
most studies headache prevalence lifetime is over 
70%, and it is higher in women than men, partly 
due to the high female preponderance of migraine, 
tension-type headache and several other types of 
headache [1, 2]. The female preponderance of 
headache disorders has been attributed to a 
possible influence of female hormones. In cross- 
sectional studies the prevalence of headache 
decreases after middle age, probably because 
subjects may become headache-free with 
increasing age [1].

In 1988, for the first time, the International 
Headache Society (IHS) instituted a classification 
system for headache that became a standard for 
headache diagnosis and clinical research. The 
current IHS classification (the International 
Classification of Headache Disorder, third edition 

[ICHD-3]) provides operational definitions for 
all headaches types [3]. It divides headaches into 
two broad categories: the primary (Table 3.1) and 
secondary headache disorders (Table 3.2). Most 
headaches seen in practice belong to the category 
of primary headaches, where there is no underly-
ing structural cause identifiable. Less than 10% 
headaches in practice belong to the category of 
secondary headaches where there is an underly-
ing condition that can sometimes be ominous and 
life-threatening.

The first task in evaluating a headache patient 
is to identify or exclude secondary headache 
based on the history, the general medical and the 
neurologic examination. If suspicious features 
are present, diagnostic testing may also be neces-
sary. Once secondary headaches are excluded, 
the task is to then diagnose one, or more than one, 
specific primary disorder. Thus, the diagnosis of 
primary headache disorder is based on the 
patient’s report of symptoms of previous attacks, 
and accurate diagnosis requires explicit rules 
about the required symptom features.

3.1  Primary Headaches

3.1.1  Migraine

Migraine is an important and fascinating disorder 
due to its high prevalence and disabling severity. 
The total sum of suffering caused by migraine is 
probably higher than that of any other kind of 
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headache. Migraine is essentially a common epi-
sodic headache with a 1-year prevalence of 
approximately 15–18% in women, 6–12% in 
men, and 4% in children. The different types of 
migraine are shown in Table 3.1. Migraine with-
out aura is the most common form (more than 
85% of the migraine pathology). The frequency 
of migraine with aura in the general population is 
about 8%, while the frequency of migraineurs in 
which migraine without aura and migraine with 
aura are associated is 37%. Migraine prevalence 
is consistently higher in women than men, both 
in migraine without aura (15–18% female; 
10–12% male) and in migraine with aura (3.8–
9% female; 1.3–4% male) [4]. Diagnostic criteria 
for migraine without and with aura are shown in 
Tables 3.3 and 3.4.

The migraine attack can be divided into four 
phases: premonitory (prodrome), which occurs 
hours or days before the headache; the aura, 
which immediately precedes the headache; the 
headache; and the postdrome.

3.1.1.1  Premonitory Phase
Premonitory phenomena occur 2–48  h before 
headache onset in about 7–88% of migraineurs. 
They consist of psychologic, neurologic, or 
general (constitutional, autonomic) symptoms 
and can be divided into excitatory and inhibitory 
phenomena (Table 3.5) [5]. Each patient, before a 
migraine attack, can perceive more than one 
premonitory symptom, on average 3–12. Changes 

Table 3.1 The primary headaches (first two classifica-
tion levels) [3]

1. Migraine
  1.1 Migraine without aura
  1.2 Migraine with aura
  1.3 Chronic migraine
  1.4 Complications of migraine
  1.5 Probable migraine
  1.6  Episodic syndromes that may be associated with 

migraine
2. Tension-type headache (TTH)
  2.1 Infrequent episodic tension-type headache
  2.2 Frequent episodic tension-type headache
  2.3 Chronic tension-type headache
  2.4 Probable tension-type headache
3. Trigeminal autonomic cephalalgias (TACs)
  3.1 Cluster headache
  3.2 Paroxysmal hemicrania
  3.3  Short-lasting unilateral neuralgiform headache 

attacks
  3.4 Hemicrania continua
  3.5 Probable trigeminal autonomic cephalalgia
4. Other primary headache disorders
   4.1 Primary cough headache
   4.2 Primary exercise headache
   4.3  Primary headache associated with sexual 

activity
   4.4 Primary thunderclap headache
   4.5 Cold-stimulus headache
   4.6 External-pressure headache
   4.7 Primary stabbing headache
   4.8 Nummular headache
   4.9 Hypnic headache
  4.10 New daily persistent headache (NDPH)

Table 3.2 The secondary headaches (first classification 
level) [3]

   5.  Headache attributed to trauma or injury to the 
head and/or neck

   6.  Headache attributed to cranial and/or cervical 
vascular disorder

   7.  Headache attributed to non-vascular intracranial 
disorder

   8.  Headache attributed to a substance or its 
withdrawal

   9. Headache attributed to infection
  10. Headache attributed to disorder of homoeostasis
  11.  Headache or facial pain attributed to disorder of 

the cranium, neck, eyes, ears, nose, sinuses, 
teeth, mouth, or other facial or cervical 
structures

  12. Headache attributed to psychiatric disorder

Table 3.3 Diagnostic criteria of migraine without aura [3]

A. At least five attacks fulfilling criteria B–D
B.  Headache attacks lasting 4–72 h (when untreated 

or unsuccessfully treated)
C.  Headache has at least two of the following four 

characteristics
   1. Unilateral location
   2. Pulsating quality
   3. Moderate or severe pain intensity
   4.  Aggravation by or causing avoidance of routine 

physical activity (e.g. walking or climbing stairs)
D. During headache at least one of the following
   1. Nausea and/or vomiting
   2. Photophobia and phonophobia
E.  Not better accounted for by another ICHD-3 

diagnosis
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in mood and behaviour are the most typical and 
frequent symptoms. In 82% of patients, the warn-
ing symptoms are followed by a migraine attack 
in more than 50% of cases. Headache appears 
after more than 24 h in 19% of cases and between 
6 and 24 h in 68%.

Precipitating factors, alone or in combination 
with other exogenous exposures, can induce 
headache attacks in susceptible individuals. 
Multifactorial trigger mechanism for individual 
attacks are suggested, because the presence of a 
factor does not always precipitate an attack in the 
same individual and only subgroups of headache 
sufferers are sensitive to any specific factor. 

Precipitants appear to be more common in 
patients with migraine without aura than in those 
with migraine with aura. Trigger factors are 
shown in Table  3.6, the most common being 
menstruation, dietary factors (alcoholic drinks, 
chocolate, cheese, citrus fruit, fried fatty foods), 
stress, and mental tension [6].

3.1.1.2  Aura
A pathophysiologic disturbance (probably corti-
cal spreading depression or its human analogue) 
that gradually spreads through the cerebral cortex 
underlies the aura symptoms.

Migraine with aura is defined in ICHD-3 as 
recurrent attacks, lasting minutes, of unilateral 
fully reversible visual, sensory, or other central 
nervous system symptoms that usually develop 
gradually and are usually followed by head-
ache  and associated migraine symptoms [3] 
(Table 3.4). The criterion of the gradual develop-
ment of symptoms over a period of more than 
5  min is essential; particular attention must be 
paid to diagnosing an acute-onset migrainous 
aura, since it may mimic another potentially dan-
gerous cerebral disease (e.g. cerebrovascular 
disorder or epileptic seizure). Epidemiological 
and population studies have shown that, in most 

Table 3.4 Diagnostic criteria of migraine with aura [3]

A. At least two attacks fulfilling criteria B and C
B.  One or more of the following fully reversible aura 

symptoms
  1. Visual
  2. Sensory
  3. Speech and/or language
  4. Motor
  5. Brainstem
  6. Retinal
C. At least three of the following six characteristics
  1.  At least one aura symptom spreads gradually over 

5 min
  2. Two or more aura symptoms occur in succession
  3. Each individual aura symptom lasts 5–60 min
  4. At least one aura symptom is unilateral
  5. At least one aura symptom is positive
  6.  The aura is accompanied, or followed within 

60 min, by headache
D.  Not better accounted for by another ICHD-3 

diagnosis

Table 3.5 Premonitory symptoms in migraine

Excitatory symptoms Inhibitory symptoms
Irritability Apathy
Physical hyperactivity Psychophysical slowing, 

weakness
Insomnia Drowsiness
Craving for 
carbohydrates

Anorexia

Euphoria Depressed mood
Diarrhoea Constipation
Increased diuresis Abdominal swelling
Yawning Slowed speech
Thirst Difficulty in concentration

Cold sensation

Table 3.6 Factors precipitating migraine attack

Psychological factors Hormonal changes
Emotions Menstruation
Stress Ovulation
Relaxation after stressful 
period

Contraception

Changes in mood
Environmental factors Other factors
Climatic factors Deficiency or excess 

of sleep
Altitude Hypoglycaemia
Exposure to the sun or bright 
light

Fatigue

Noise Fever
Intense smell Irregular feeding
Smoke
Food and eating habits Drugs
Alcohol Nitroglycerine
Nitrates, glutamate, tyramine, 
phenylethylamine

Reserpine

Vinegar, citrus, tea, coffee Fenfluramine
Aspartame Oestrogens

3 Headache: Clinical Features
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cases, the duration of visual, sensory, and apha-
sic symptoms is less than 60 min, and often the 
visual and sensory aura has a duration of 30 min. 
The headache following the aura may have 
migraine (54%) or non-migraine (40%) features, 
or in some cases the algic phase may also be 
absent (9%) [7, 8]. Visual aura is the most com-
mon (98%), followed by sensory (36%) and 
aphasic aura (10%) [8]. Two or more aura symp-
toms occur in 60% of patients with typical aura 
with migrainous headache, in 70% with typical 
aura with non-migrainous headache, in 33% 
with typical aura without headache, and in 81% 
with migraine with brainstem aura [7]. The aura 
always requires careful investigation to discrimi-
nate secondary pathologies.

It is often difficult for patients to describe ret-
rospectively the temporal relationships between 
aura and headache. Viana et al. [8] reported that 
headache started when the aura stopped or after a 
free interval of time after the end of aura in 49% 
of patients, during aura in 38%, and rarely before 
aura (12%).

With increasing age, there is often a reduction 
in the duration and intensity of the algic phase 
until its disappearance (typical aura without 
headache). The disappearance of headache with 
persistence of the aura may be observed also 
during pregnancy.

Types of Aura Symptoms

Visual Aura
Visual typical aura begins as a “patch” or as uni-
lateral zigzag lines (fortification spectra) (81%), 
often trembling (87%), white (47%) or coloured 
(33%), or rarely colourless (14%) or black (3%). 
The fortification slowly moves away from the 
centre of vision while expanding in size and 
finally disappeared at the extreme lateral margin 
of the visual field (Figs. 3.1 and 3.2)  [9–11]. A 
scotoma is left in the wake of the expanding 
visual disturbance about 50% of the time. In 
3–4%, visual symptoms develop in the reverse 
order, starting laterally in the visual field. The 
localization of the aura is more frequently unilat-
eral (69%). In the majority of patients (69%), the 
visual aura is characterized by the gradual devel-

opment of symptoms (within 5–30 min in 82% of 
cases, within 31–60  min in 11%, and in more 
than 60 min in 4%).

Sensory Aura
Sensory aura is second in frequency to visual 
symptoms. The typical sensory aura is unilateral 
(84%) and it has a cheirooral distribution. In fact 
it begins at the level of the hand (97%) and then 
enlarges to the arm (78%) and then affects the 
face (67%) and the tongue (62%), more rarely 
legs and feet (24%) and the rest of the body 
(18%) [7]. Sensory symptoms tend to progress in 
less than 30 min (82%), and the total duration is 
usually less than 1 h (80%). When occurring with 
motor aura, the symptoms tend to last longer.

Language Aura
Not infrequently, patients report that speech 
occurs as the spreading paraesthesias reach the 
face or the tongue, and in many cases it is difficult 
to decide whether dysarthria or aphasia is present. 
The aphasic aura is characterized by the presence 
of paraphasias (>70%) or by difficulties in 
understanding the speech or reading (about 30%). 
Dysarthria is rarely described and often in 
association with motor aura [12, 13].

Motor Aura
Weakness or paralysis is an uncommon migrain-
ous aura and, when it occurs, is transient, resolv-
ing without evidence of infarction. Paresis 
usually develops focally and gradually spread to 
involve more and more muscles. Quite often it is 
associated with unilateral impaired coordination; 
visual disturbances (bright flashes or scotomas); 
sensory, aphasic, or brainstem symptoms; and 
rarely consciousness disorders. Each non-motor 
aura symptom lasts 5–60  min, and motor 
symptoms last <72 h [3]. This form of migraine 
with aura is rare (prevalence of 0.01% in general 
population), and it is defined familial hemiplegic 
migraine (if at least one first- or second-degree 
relative has migraine aura including motor 
weakness) or sporadic hemiplegic migraine (if 
no first- or second-degree relative has migraine 
aura including motor weakness).

A. Granato and P. Manganotti
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Less Typical Aura Symptoms
Symptoms less frequently occurring in the aura 
are reported in Table 3.7. Such symptoms suggest 
the involvement, by the spreading depression, of 
cortical and subcortical areas different from those 
interested in the classics symptoms of the aura.

3.1.1.3  Headache
Migraine is a recurrent headache disorder mani-
festing in attacks lasting 4–72 h, with pain char-
acterized by unilateral localization, pulsating 

quality, moderate or severe intensity, aggravation 
by routine physical activity, and association with 
nausea and/or photo- and phonophobia [3].

The onset is usually gradual and often the 
patient is not able to identify the location of the 
pain and to define its characteristics. Within 
about an hour, the intensity becomes severe and 
limits the patient’s activities. Headache may 
begin during sleep by waking up the patient when 
the intensity is already moderate or severe. More 
frequently it occurs in the morning or at the 

Fig. 3.1 Fortification 
spectra [9]
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beginning of the afternoon [14]. Pain is bilateral 
in 40% and unilateral in 60% of cases; it consis-
tently occurs on the same side in 20% of patients 
[15]. Migraineurs whose headache alternates 
sides do not develop more consistently  lateral-
ized headache with the passage of time. Pain usu-
ally begins at the ocular and frontotemporal area 
and then spreads to the rest of the head. Less fre-
quently, the initial localization is in the  occipital 
region and in the neck. Occipital pain is rare in 
child and requires  particular diagnostic  attention, 

in order to exclude a secondary pathology. 
Headache has pulsating quality in 73.5%, burn-
ing in 73.8%, pressing in 75.4%, and stubbing in 
42.6% of attacks [16]. Pain varies greatly in 
intensity, ranging from annoying to incapacitat-
ing, although most migraineurs report at least 
moderate pain; it reaches the acme in an hour or 
less in 48.1% of attacks [17]. Physical activity or 
simple head movement commonly aggravates the 
pain. Patients prefer to lie down in a quiet, dark 
room, pressing their head on the side of the pain 
or tightening a band around the head. About 90% 
of patients feel nauseated during their migraine 
headache and 75% of them vomit during some 
attacks. Most patients are aware of an exaggera-
tion of brightness of light and some feel pain on 
exposure to light (photophobia). Moreover, about 
80% of patients are subject to phonophobia; in 
particular they complain that their hearing 
becomes more acute during migraine so that the 
faintest sound seems to be louder and more dis-
turbing. A heightened sense of smell is also com-
mon. Drummond found that the mean pupil 
diameter in migraine patients was smaller during 
headache than that of normal controls and was 
significantly smaller on the affected side in 
patients with unilateral headache [18].

3.1.1.4  Postdrome
Remaining symptoms are found in about 80% of 
migraineurs. A feeling of exhaustion and lethargy 
may remain for several days after the cessation of 

Fig. 3.2 Fortification spectra [10]

Table 3.7 Less typical aura symptoms

Visual symptoms Other symptoms
Macropsia Olfactory hallucinations
Micropsia Gustatory hallucinations
Pelopsia Oscillacusis
Teleopsia Acalculia
Rotated vision Neglect
Mosaic vision Automatic behaviour
Allaesthesia Disorientation
Polyopia Depersonalization
Déjà vu Transient global amnesia
Jamais vu Anxiety
Palinopsia
Reduction of visual 
attention
Achromatopsia
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headache. The patient may have impaired concen-
tration or feel tired, washed out, irritable, and list-
less. Some people feel unusually refreshed or 
euphoric after an attack. Muscle weakness, ach-
ing, and anorexia or food cravings can occur [5].

3.1.2  Tension-Type Headache

Tension-type headache (TTH) is by far the most 
common form of headache. In Russel’s review 
the 1-year prevalence of tension-type headache 
ranges from 11% to 93% [19]. Differences in 
definitions and methodology may be largely 
responsible for this variation. The highest per-
centage found in industrialized countries, espe-
cially in Denmark, ranges between 75% and 
83% in women and around 68% in men [20]. 
Genetics is not very important in episodic TTH, 
while concordance appears high in case of high- 
frequency TTH [21]. In general, TTH is slightly 
more prevalent in women than men (male-to- 
female ratio about 1:1.3). The sex distribution of 
episodic TTH is controversial; on the contrary, 
frequent or chronic TTH consistently shows 
female predominance (sex ratio F/M is 1.16  in 
episodic TTH and 2.0 in chronic TTH) [22]. In 
both sexes, the prevalence seems to peak between 
the ages of 30 and 39 years and then to decline 
with age.

IHS define the criteria that must be present to 
diagnose TTH (Table 3.8) and distinguish it from 
migraine [3]. Neither premonitory symptoms 

nor neurologic aura symptoms occur with TTH. 
In contrast to migraine, the typical pain charac-
teristics of TTH are not pulsating, not unilateral, 
not severe in intensity, and not aggravated by rou-
tine physical activity.

Typically, pain is bilateral in almost 90% of 
subjects [20], strictly unilateral pain accounts 
for 4–12.5%, and in order of frequency, the 
location of TTH is occipital, parietal, tempo-
ral, and frontal. A band-like topography, 
including frontal and occipital areas, is rather 
typical.

Headache is usually dull and persistent and 
undulates in intensity during the day. It is often 
described as a feeling of heaviness, pressure, 
weight on the head, or tightness rather than pain. 
Some patients experience sudden jabs of pain on 
one side or at the back of the head superimposed 
on a general background of discomfort. The 
intensity of headache varies with the mood, the 
symptoms being more severe when the patient is 
depressed. In the chronic form, the patient either 
awakens with headache or notices it shortly after 
getting up, and it remains throughout the day, 
without regard to the emotional content of the 
day’s activities.

The intensity of headache is typically mild or 
moderate in 87–99% of subjects, but severity 
increases markedly with increasing frequency [1].

Lack of aggravation of pain by physical 
activity is almost always present in TTH and is 
one of the best criteria to distinguish it from 
migraine.

TTH is not accompanied by nausea and vom-
iting, and their presence actually rules out the 
diagnosis. Nevertheless, 18% of patients with 
TTH can report mild or moderate anorexia during 
the pain. Photophobia or phonophobia may be 
present, but the presence of both symptoms is not 
allowed in the ICHD-3 criteria.

Psychometric tests in patients with TTH and 
controls reveal significantly higher levels of 
anxiety, depression, and suppressed anger in 
TTH patients [23]. The frequency of TTH rises 
with increasing frequency of daily annoyances, 
and at least one psychosocial stress event or 
psychiatric disorder is noted in 85% of patients 
with TTH [24].

Table 3.8 Diagnostic criteria of tension-type headache 
(adapted from [3])

A. Headache lasting from 30 min to 7 days
B. At least two of the following four characteristics
  1. Bilateral location
  2. Pressing or tightening (non-pulsating) quality
  3. Mild or moderate intensity
  4.  Not aggravated by routine physical activity such 

as walking or climbing stairs
C. Both of the following
  1. No nausea or vomiting
  2.  No more than one of photophobia or 

phonophobia
D.  Not better accounted for by another ICHD-3 

diagnosis
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3.1.3  Trigeminal Autonomic 
Cephalalgias (TACS)

The trigeminal autonomic cephalalgias (TACs) 
are a group of primary headache disorders that 
share similarities. The primary feature common to 
all is attacks of severe or extreme, strictly unilat-
eral headache of different durations, accompanied 
by prominent cranial parasympathetic autonomic 
symptoms, which include conjunctival injection, 
lacrimation, periorbital oedema, aural fullness, 
rhinorrhoea, facial flushing, or pallor. Meiosis and 
ptosis, an incomplete Horner’s syndrome, are 
mediated by third-order sympathetic fibres sur-
rounding the ipsilateral carotid artery. This sym-
pathetic activation may be a downstream effect of 
an increase in local parasympathetic tone [25].

TACs consist of cluster headache (CH), par-
oxysmal hemicrania (PH), short-lasting unilat-
eral neuralgiform headache attacks with 
conjunctival injection and tearing (SUNCT)/
short-lasting neuralgiform headache attacks with 
cranial autonomic features (SUNA), and 
hemicrania continua (HC) [3]. These conditions 
are distinguished by their attack duration and 
frequency, as well as response to treatment. The 
primary differentiating features of TACs are 
described in Table 3.9 [26].

3.1.3.1  Cluster Headache
Cluster headache may be defined as a severe uni-
lateral head of facial pain, which lasts from 
15  min to 3  h, associated commonly with 
ipsilateral conjunctival injection, lacrimation, 
nasal congestion, eyelid oedema, forehead and 
facial sweating or flushing, miosis or ptosis, and 
sense of agitation, usually recurring once or more 
daily for a period of weeks or months (Table 3.10). 

The term “cluster headache” derives from the 
tendency of the pain to appear in bouts, separated 
by intervals of complete freedom.

The episodic form recurs in periods lasting 
7 days to 1 year, separated by pain-free periods 
lasting at least 1  month. Commonly, bouts last 
between 2 and 12 weeks and most patients have 
one or two clusters per year [27]. About 10–15% 
of patients have chronic CH, with attacks 
occurring for more than 1 year without remission 
or with remission periods lasting less than 
1 month.

Lifetime and 1 year prevalence are 124 and 53 
cases per 100,000 population, respectively; the 
incidence is approximately 2–10 per 100,000 per 
year, and the illness usually starts in the second to 
fourth decades of life [28, 29]. CH is predomi-
nantly a male disease, with a male-to- female 
ratio of 4.3; it was higher in chronic (15.0) 
 compared with episodic form (3.8) [29].

Table 3.9 Characteristics of the individual TACs (adapted from [26])

Cluster headache Paroxysmal hemicrania SUNCT Hemicrania continua
Attacks/day 1–8 1–40 3–300 Continuous
Attack duration 15–180 min 2–30 min 1–600 s Hours to days
Pain intensity Very severe Very severe Severe Varying
Typical pain location Orbital, frontotemporal Orbital, frontotemporal Trigeminal Orbital, frontotemporal
Typical age of onset 20–40 20–70 35–65 35–50
Male/female 2.5/1 1/1 2/1 1/2,8
Restlessness 90% 80% 65% During exacerbation

Table 3.10 Diagnostic criteria of cluster headache [3]

A. At least five attacks fulfilling criteria B–D
B.  Severe or very severe unilateral orbital, 

supraorbital, and/or temporal pain lasting 
15–180 min (when untreated)

C. Either or both of the following
 1.  At least one of the following symptoms or signs, 

ipsilateral to the headache
   (a) Conjunctival injection and/or lacrimation
   (b) Nasal congestion and/or rhinorrhoea
   (c) Eyelid oedema
   (d) Forehead and facial sweating
   (e) Miosis and/or ptosis
 2. A sense of restlessness or agitation
D.  Occurring with a frequency between one every 

other day and eight per day
E.  Not better accounted for by another ICHD-3 

diagnosis
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Cluster attacks usually have their onset once 
or twice a day, usually in the same hours, with 
peaks between 1–2  a.m., 1–3  p.m., and 9  p.m. 
The main “entraining” factors of cluster attacks 
can be considered some phases of sleep, REM in 
particular.

Pain attacks are typically unilateral, extremely 
severe, localized deeply in and around the eye, 
commonly radiating to the supraorbital region, 
temple, maxilla, and upper gum on the same side 
of the face. In some patients the ipsilateral nos-
tril aches and burns, and a few complain of ach-
ing in the roof of the mouth. In other patients, the 
lower gums, jaw, or chin is also involved. 
Presentation with pain in the gums or jaw may 
be interpreted as toothache. In 15% of patients, 
pain may change side from one cluster to another, 
more rarely (5%) within the same cluster period 
[27]. The quality of pain is constant, boring, 
pressing, or burning when reaching its peak. 
During attacks and more rarely between attacks, 
patients may be supersensitive to touch in the 
affected areas; in some patient discomfort per-
sists in the symptomatic area between attacks. 
A minority of patients describe the pain as throb-
bing or pulsating. The severity of attacks usually 
increases in the first few days or weeks. The 
intensity of pain increases rapidly, reaching the 
peak in less than 10 min. The maximum inten-
sity lasts about 30 min and tends to decrease in 
40 min. During the crisis the patient is restless 
and tends to isolate himself, walk, and continu-
ally change the position of the body.

In certain patients cluster periods occur at reg-
ular intervals or fixed seasons; in particular, the 
incidence is higher in February and June and 
lower in August and November.

Accompanying signs and symptoms are 
mostly described on the pain side and suggest a 
disturbance in the function of the autonomic 
nervous system. They are typical for CH attacks 
and must be considered for the diagnosis. The 
frequency, which can vary in percentage 
according to the studies (Table  3.11), and the 
intensity of the autonomic features seem to 
correlate mainly to the severity of pain during the 
attack. All the accompanying autonomic 
symptoms are transient, lasting only for the 

duration of the attack, with the exception of a 
partial Horner’s syndrome with ptosis or meiosis, 
both of which may persist after many acute 
attacks, although this is rare. Lacrimation and 
conjunctival injection are the most common local 
signs of autonomic involvement; less frequent 
are nasal stuffiness and rhinorrhoea. Forehead 
sweating, facial flushing, and oedema are rare. 
Cardiovascular accompanying findings are 
increase in heart rate at the onset of the attacks, 
rhythm disturbances (frequent premature ven-
tricular beats, transient episodes of atrial fibrilla-
tion, first-degree atrioventricular block or 
sinoatrial block), and systolic blood pressure 
increase. Autonomic features not included in the 
ICHD-3 criteria include nausea, phonophobia, 
photophobia, and osmophobia.

Once a cluster period begins, individual head-
aches can be triggered or precipitated by alcohol 
(in particular red wine) and other vasodilators (i.e. 
nitroglycerin or histamine). When in remission, 
alcohol rarely precipitates an attack. The use of 
alcohol and cigarettes is higher in patients with 
CH compared to controls or patients with other 
primary headaches (66–95% in CH vs. 17–33% in 
other primary headaches) [30].

3.1.3.2  Paroxysmal Hemicrania
Paroxysmal hemicranias (PH) is a rare headache 
condition with an estimated 1-year prevalence of 
0.5 per 1000 or less [31]. PH attacks are 
excruciating, occurring several times a day, with 
a mean of 11 and median length of 19 min. Pain 
tends to affect men and women equally. Bouts are 

Table 3.11 Frequency of autonomic signs and symp-
toms in cluster headache

Autonomic signs and symptoms
Lacrimation 80–84%
Conjunctival injection 58–84%
Incomplete Horner’s syndrome 57–69%
Rhinorrhoea 38–76%
Nasal congestion 38–54%
Eyelid oedema 10–21%
Facial sweating 6.5–21%
Nausea 40%
Phonophobia 12–39%
Photophobia 5–72%
Osmophobia 7%
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strictly unilateral, rarely can shift sides between 
attacks, most commonly affect the first division 
of the trigeminal nerve, and are associated with 
unilateral cranial autonomic symptoms [3, 32] 
(Table 3.12). In contrast to CH, there is no circa-
dian or circannual element to the timing of head-
ache. Using the same criteria as for CH, PH is 
classified as either episodic (20–35%) or chronic 
(65–80%). Roughly, two-thirds of patients with 
PH will have accompanying photophobia and 
phonophobia, most characteristically lateralized 
to the same side as the pain. Additionally, such as 
CH, agitation and restlessness are common dur-
ing attacks, in contrast to migraine [33]. While 
most attacks in PH arise spontaneously, about 
10% are triggered mechanically; in particular the 
C2–C3 region of the neck is particularly sensitive 
[32]. An absolute response to indomethacin is 
diagnostic.

3.1.4  SUNCT/SUNA

SUNCT and SUNA occur at a similar frequency 
as PH [31, 34]. SUNCT is characterized by still 
shorter and more frequent attacks than 
PH. These are, per definition, accompanied by 
conjunctival injection, lacrimation, and other 
cranial autonomic symptoms and last 1–600 s, 

occurring up to 100 times a day (Table  3.13). 
Attacks can be triggered by mechanical stimuli 
to the skin and can also occur as repetitive stabs. 
In contrast to trigeminal neuralgia, a refractory 
period subsequent to an attack is not typical 
[35]. Pain distribution is typically orbital or 
periorbital, and the character can be electric or 
shock-like, hence the name neuralgiform. 
Between attacks, most patients are completely 
pain-free, and only seldom do attacks occur at 
night. In SUNA, there may be any number of the 
previously described cranial autonomic fea-
tures, but only one or neither of conjunctival 
injection and tearing.

3.1.4.1  Hemicrania Continua
HC is considered rare but is likely underreported. 
Pain is typically mild to moderate and not as 
severe as with the other TACs, but it never remits 
completely, waxing and waning throughout the 
day. During exacerbations pain is severe or very 
severe, and photophobia, phonophobia, nausea, 
and autonomic symptoms ipsilateral to the pain 
are prominent (Table  3.14). As with the other 
TACs, pain is unilateral, and in contrast to 
migraine, the patient may become restless and 
agitated during exacerbations [36]. HC is more 
commonly found in women and exists in two 
forms, remitting and unremitting, with the latter 
being the most common. Like PH, HC responds 
absolutely to indomethacin.

Table 3.12 Diagnostic criteria of paroxysmal hemi-
crania [3]

A. At least 20 attacks fulfilling criteria B–E
B.  Severe unilateral orbital, supraorbital, and/or 

temporal pain lasting 2–30 min
C. Either or both of the following
 1.  At least one of the following symptoms or signs, 

ipsilateral to the headache
   (a) Conjunctival injection and/or lacrimation
   (b) Nasal congestion and/or rhinorrhoea
   (c) Eyelid oedema
   (d) Forehead and facial sweating
   (e) Miosis and/or ptosis
 2. A sense of restlessness or agitation
D.  Occurring with a frequency of >5 per day
E.  Prevented absolutely by therapeutic doses of 

indomethacin
F.  Not better accounted for by another ICHD-3 

diagnosis

Table 3.13 Diagnostic criteria of short-lasting unilateral 
neuralgiform headache attacks [3]

A. At least 20 attacks fulfilling criteria B–D
B.  Moderate or severe unilateral head pain, with orbital, 

supraorbital, temporal, and/or other trigeminal 
distributions, lasting for 1–600 s and occurring as 
single stabs or series of stabs or in a saw-tooth pattern

C.  At least one of the following five cranial autonomic 
symptoms or signs, ipsilateral to the pain

  1. Conjunctival injection and/or lacrimation
  2. Nasal congestion and/or rhinorrhoea
  3. Eyelid oedema
  4. Forehead and facial sweating
  5. Miosis and/or ptosis
D. Occurring with a frequency of at least one a day
E.  Not better accounted for by another ICHD-3 

diagnosis

A. Granato and P. Manganotti



33

3.1.5  Other Primary Headache 
Disorders

The other primary headaches (Table 3.1) include 
clinically heterogeneous disorders with poorly 
understood pathogenesis and treatment based on 
anecdotal reports or uncontrolled trials. These 
entities are a challenging diagnostic problem as 
can be primary or secondary; in fact, headaches 
with similar characteristics to several of these 
disorders can be symptomatic of other causes, 
also life-threatening. It is mandatory, when they 
first present, to carefully evaluate the patient with 
prompt imaging or other appropriate tests.

3.1.5.1  Primary Cough Headache
The lifetime prevalence of cough headache is 
reported to be 1%. Age of onset tends to be more 
than 40  years with a male predominance. The 
head pain is sudden onset, bilateral, and 
precipitated (rather than aggravated, as occurs in 
migraine) by coughing, straining, or Valsalva 
manoeuvre. The duration ranges from 1  s to 
120  min. Typically pain arises moments after 
coughing, reaches a peak almost instantaneously, 
and then subsides over several seconds or 
minutes. Most patients are pain-free between 
attacks but some may have a dull headache 
afterwards which persists for hours. Typically, 
migrainous features such as photophobia and 

phonophobia are uncommon. Associated 
symptoms such as vertigo, nausea, and sleep 
abnormality have been reported by up to two- 
thirds of patients. The syndrome of cough 
headache is symptomatic in about 40% of cases, 
and the majority of patients in whom this is so 
have Arnold-Chiari malformation type I.

3.1.6  Primary Exercise Headache

Prevalence ranges between 12 and 30% [37]. 
In contrast to primary cough headache, the disor-
der is more prevalent in younger individuals (gen-
erally below the age of 50) with a personal or 
family history of migraine. It occurs particularly 
during hot weather or at high altitude. Unlike pri-
mary cough headache, which can be triggered by 
short-lasting trains of efforts (i.e. Valsalva-like 
manoeuvres), primary exercise headache is a 
headache brought on by, and occurring only dur-
ing or after, prolonged physical exercise. Pain can 
be prevented by avoidance of physical exertion; it 
can be of thunderclap or gradual onset, bilateral 
and less commonly unilateral, pulsating in qual-
ity, and with or without migrainous features. 
Symptoms persist less than 48 h.

3.1.7  Primary Headache Associated 
with Sexual Activity

The estimated prevalence of headache related to 
sexual activity is 1% [38]. There is a male 
preponderance. The mean age of onset is in the 
fourth decade, and up to 40% of all cases run a 
chronic course over more than a year. Pain 
increases in intensity with increasing of sexual 
excitement and has an abrupt explosive intensity 
just before or with orgasm. Headache is bilateral 
in two-thirds of cases, occipitally localized in 
80% of cases. It has pressing, pulsating, or 
“exploding” quality and lasts from 1 min to 24 h 
with severe intensity and up to 72  h with mild 
intensity [3]. Primary sexual headache occurs 
independently of the type of sexual activity and is 
not accompanied by autonomic or vegetative 
symptoms in most cases.

Table 3.14 Diagnostic criteria of hemicrania continua [3]

A. Unilateral headache fulfilling criteria B–D
B.  Present for >3 months, with exacerbations of 

moderate or greater intensity
C. Either or both of the following
 1.  At least one of the following symptoms or signs, 

ipsilateral to the headache
   (a) Conjunctival injection and/or lacrimation
   (b) Nasal congestion and/or rhinorrhoea
   (c) Eyelid oedema
   (d) Forehead and facial sweating
   (e) Miosis and/or ptosis
 2.  A sense of restlessness or agitation or aggravation 

of the pain by movement
D.  Responds absolutely to therapeutic doses of 

indomethacin
E.  Not better accounted for by another ICHD-3 

diagnosis
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3.1.8  Primary Thunderclap 
Headache

Thunderclap headache (TCH) is a severe head-
ache of the explosive type that appears suddenly, 
like a “clap of thunder”, with pain peak intensity 
occurring at onset (usually within 30  s). 
Thunderclap headache is a rare type of headache 
with an incidence of 43 cases per 100,000 adults 
per year. Primary TCH closely mimics secondary 
forms of TCH, and therefore appropriate 
instrumental investigations are absolutely 
mandatory to rule out possible organic causes. 
Thunderclap headache is a sudden onset severe 
headache, which reaches maximum severity 
within a minute, and lasts for more than 5 min 
[3]. The total duration is variable, but generally it 
persists several hours and then gradually 
decreases and sometimes persists for a few 
weeks. Nausea and vomiting may occur from the 
onset. Headache is often occipitally localized, 
although it may be widespread. In some patients 
recurrent episodes can be triggered by modest 
physical efforts and in others then can occur at 
rest for periods ranging from 7–10 days up to a 
year. Other primary headaches, such as cough, 
exercise, and sexual headache, can sometimes 
occur with the features of thunderclap headache.

3.1.9  Other Primary Headache 
Disorders

Among other primary headaches, the IHS classi-
fies cold-stimulus headache, external- pressure 
headache, primary stabbing headache, nummu-
lar headache, hypnic headache, and new daily 
persistent headache (NDPH) (Table 3.1) (IHS).

Cold-stimulus headache is caused by a cold 
stimulus applied externally to the head or ingested 
or inhaled. Patients develop intense, short-lasting, 
stabbing headache frontally or temporally, and 
pain resolves in 10–30 min after removal of the 
cold stimulus.

External-pressure headache results from sus-
tained compression of or traction on pericranial 
soft tissues, for example, with a tight band 
around the head, hat or helmet, or diving mask.

Primary stabbing headache consists in tran-
sient and localized stabs of pain in the head that 
occur spontaneously in the absence of organic 
disease [3]. The prevalence of primary stabbing 
headache varies from 2 to 35%; this discrepancy 
in part is likely to be related to the populations 
studied [39]. In more than 50% of cases, the dis-
order is associated with other primary headaches, 
in particular in 40% of migraineurs and 30% of 
cluster headache sufferers. Patients describe pain 
as needle-, nail-, or pinprick-like. Head pain 
occurs as a single jab or a series of jabs. In the 
majority of patients, jabs last 1–2 s at a time, at 
most for 10 s. Although pain is reported to be pre-
dominantly in the distribution of the first division 
of the trigeminal nerve, in patient cohorts it is fre-
quently experienced in the distribution of C2 [40]. 
Pain can be unifocal or multifocal in site. Attacks 
occur with irregular frequency, from once to many 
times a day. Pain is usually spontaneous and with-
out additional features. However, in patients who 
also have migraine, jabs can be associated with 
migraine attacks or occur independently.

Nummular headache (NH) is a rare well- 
defined primary clinical condition characterized 
by local pain that occurs in a small (typically 
1–6 cm in diameter), rounded, or elliptical area of 
the head [3, 41]. NH is characterized by 
circumscribed areas of mild to moderate head 
pain which is usually chronic and continuous but 
can also be remitting and relapsing. Superimposed 
on the continuous pain may be associated 
lancinating jabs of pain that may vary from 
seconds to hours. The affected area may also 
have paraesthesias, dysesthesias, and allodynia 
even during periods of remission. The most 
characteristic feature of NH is its precise 
localization over a localized area over the scalp. 
The most common area described is the parietal 
area, although other areas as well as bilateral and 
multifocal involvement have been described. 
Only a limited number of patients have been 
described worldwide. NH has also been described 
in patients with intracranial lesions.

Hypnic headache is a rare pathology. Attacks 
develop only during sleep, cause wakening, and 
last for up to 4 h, usually without characteristic- 
associated symptoms [3]. The pain is typically 
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moderately severe, generalized, dull, and fea-
tureless. Attacks usually last 15–240  min and 
can occur up to six times per night, with the 
mean number of one per night [42]. Pain can be 
unilateral, throbbing, with nausea and only 
uncommonly presents with autonomic features, 
photophobia, and phonophobia.

New daily persistent headache (NDPH) is a 
persistent headache, daily from its onset, and 
lasts more than 3 months [3]. Eighty percent of 
patients remember the exact date of headache 
onset. From a cohort of 56 patients, 30% 
associated onset with an infection, 12% with 
extracranial surgery, and 12% a stressful life 
event [43]. Thirty-eight percent had a prior 
history of episodic headache, most commonly 
migraine. None had a prior history of chronic 
headache. NDPH may have features suggestive 
of either migraine or tension-type headache, also 
in their chronic form. NDPH has a self-limiting 
form that typically resolves within several months 
without therapy and a refractory form that is 
resistant to aggressive treatment regimens. 
Accompanying phenomena are also frequent 
(nausea 68%, photophobia 66%, phonophobia 
61%, throbbing pain 54%, and visual aura 9%).

3.2  Secondary Headaches

There are only four main types of primary head-
aches; in contrast, the causes of secondary or 
symptomatic headaches are numerous (Table 3.2). 
Quite often secondary headaches have the same 
characteristics as migraine or tension-type 
headache; therefore, it is sometimes difficult to 
determine whether the pain is secondary or 
primary. The IHS classification chooses a close 
temporal relationship as the decisive factor. If a 
headache occurs for the first time in close 
temporal proximity to an organic disorder, it is 
coded as a secondary headache. If it occurs a long 
time after the organic disorder, it is not accepted 
as a secondary headache.

In the initial evaluation, whenever faced with 
a primary headache that presents in atypical fash-
ion or when the IHS criteria are not fulfilled, it is 
important to exclude a secondary form. In the 

same way, the experienced physician must look 
for “headache alarms” or “red flags” (Table 3.15) 
that suggest the possibility of a secondary head-
ache disorder; in these cases it is imperative to 
investigate and rule out an underlying secondary 
condition that can sometimes be life-threatening.

Careful history taking and physical examina-
tion remain the most important part of the assess-
ment of the headache patient [44]. A thorough 
history should investigate the onset of headache, 
the quality, the location and irradiation of pain, 
associated symptoms experienced before and 
 during the headache, concomitant medical 
 conditions, medication use, recent trauma, or 
interventions. The examination should then target 
areas identified as abnormal during the headache 
history. Blood testing and dosage of inflammation 
indexes should be performed in all headache 
patients especially when an infective or inflam-
matory condition is suspected. In the emergency 
department, non-contrast computed tomography 
(CT) is the preferred imaging study and is used to 
rule out haemorrhage, while most patients should 
perform a magnetic resonance imaging (MRI) 
brain scan followed by CT/MRI angiography if 
brain vessel disease is suspected (such as cervical 
artery dissection, aneurysms, and cerebral venous 
thrombosis). Lumbar puncture may help to diag-
nose subarachnoid haemorrhage (SAH), infec-
tion, tumours, and disorders related to CSF 
hypertension or hypotension.

Table 3.15 Headache “red flags”

 1.  Acute or sudden onset headache or first or worst 
headache

 2. New-onset headache
 3. Headache with neurologic symptoms or signs
 4. Headache onset after age 50
 5. Progressive or worsening headache
 6. Headache with change in pattern
 7.  Headache during exertion, with coughing, with 

sneezing, related to sexual activity or with Valsalva 
manoeuvre

 8. Headache with postural link
 9.  Headache with systemic symptoms (fever, weight 

loss, cough)
10.  Headache in a setting of malignancy or diabetes 

mellitus or retroviral disease
11. Headache with a history of head or neck injury
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We report the clinical features of the main sec-
ondary life-threatening headaches that can be 
found in the emergency department and that may 
occur, at least in the initial phase, only with head-
ache: subarachnoid haemorrhage, intracerebral 
haemorrhage, cerebral venous thrombosis, cervi-
cal artery dissection, brain tumours, and intracra-
nial infections.

3.2.1  Subarachnoid Haemorrhage

Subarachnoid haemorrhage (SAH) is a serious 
condition, related to high mortality and disability 
rates. The most common causes of SAH are a 
ruptured saccular aneurysm or angioma (the ratio 
of aneurysm to angioma varies from 5:1 to 25:1), 
a head injury, or an intracerebral haemorrhage. 
Less commonly, bleeding may be a result of 
blood dyscrasias, cerebral tumour, or some form 
of arteritis. A sudden headache that has never 
been previously experienced and that is accom-
panied by depressed consciousness and neck 
stiffness is the hallmark of SAH. Patients describe 
pain as “worst ever”, “tremendous”, exploding”, 
“bursting”, and “unbearable”. IHS classifies SAH 
as pain with sudden or thunderclap onset [3]. 
Although headache is initially focal and lateral-
ized, pain rapidly generalizes and radiates into 
the occipitonuchal region. When blood seeps into 
the spinal subarachnoid space, back pain, menin-
gism, and radicular symptoms follow. The dura-
tion of SAH-related headache varies, with the 
minor haemorrhage, from 2 to 3 days and up to 
several days with large haemorrhages. The excru-
ciating headache that usually drives the patient to 
seek medical care lasts 1–2 h. Neurologic symp-
toms and signs accompanying SAH are neck 
stiffness, disorientation, nausea, vomiting, altered 
mentation, focal neurologic deficits, seizures, 
and unconsciousness.

One or more brief severe headaches may pre-
cede SAH by several months. Such “sentinel” 
headaches have been reported from 10% up to 
43% of patients who later developed SAH [45]. 
These headaches are usually bioccipital, bifrontal, 
or unilateral and are unlike anything the patient 
has never experienced before. They may be 

associated with vomiting and neck stiffness, 
suggesting that they are caused by a small 
preliminary leak.

3.2.2  Intracerebral Haemorrhage

Headache accompanies intracerebral haemor-
rhage in about 60% of cases and is more common 
in cerebellar and lobar haemorrhage than in tha-
lamic, caudate, capsuloputaminal, or brainstem 
haemorrhage. Headache is a presenting feature in 
those patients with signs of meningeal irritation or 
CT evidence of intraventricular or subarachnoid 
bleeding, hydrocephalus, transtentorial hernia-
tion, or midline shift. In most patients, the head-
ache is overshadowed by the rapid onset of a 
devastating neurologic deficit, drowsiness, or 
vomiting. Headache associated with intracerebral 
haemorrhage is often unilateral and of mild or 
moderate severity; nausea, vomiting, and severe 
hypertension are often associated features. On the 
contrary, headache associated with cerebellar 
haemorrhage is often acute and can be maximal at 
onset and severe, mimicking SAH; occipital loca-
tion and associated neck stiffness are common 
[46]. Although cerebellar haemorrhage often pro-
gresses to brainstem compression within hours, it 
is unpredictable and can occur in days. Brainstem 
compression is related to impaired level of con-
sciousness and neurologic focal deficits.

3.2.3  Cerebral Venous Thrombosis

The estimated incidence of cerebral venous 
thrombosis (CVT) is 5–8/100,000 per year; there 
is a female preponderance, with mean age of 
onset in the third and fourth decade [47]. Headache 
can be due to the causes or the consequences of 
the venous occlusion. Causes of CTV can be focal 
(such as head trauma, intracranial tumour, cere-
bral abscess, meningitis, or cranial infections) or 
general (primary or secondary polycythaemia or 
any systemic infection). Headache as a conse-
quence of venous occlusion is due to intracranial 
hypertension secondary to impaired cerebrospinal 
fluid absorption or from chronic raised venous 
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pressure. Headache is the most frequent symptom 
of CVT, presenting in 80–90% of cases, and it is 
often the initial symptom [47]. It has no specific 
characteristics; it is most often diffuse, progres-
sive, and severe, but can be unilateral and sudden 
(as thunderclap), or mild, and sometimes mimics 
other primary headaches. Pain is usually constant, 
but it can be intermittent, particularly initially, and 
can never occur in attacks. In 95% of cases, it is 
associated with neurologic signs that point to an 
organic intracranial disorder.

3.2.4  Cervical Artery Dissection

Cervical dissections are important causes of isch-
emic stroke. They affect the internal carotid artery 
(ICA) more frequently than the vertebral artery 
(VA) and are more common extracranially than 
intracranially. The incidence is 2–3/100,000 per 
year for ICA and 1/100,000 for VA [48]. Cephalic 
pain is the most frequent symptom (55–100%) 
and the most frequent inaugural symptom (33–
86% of cases). The mode of onset is variable, it 
may be gradual, over a few hours or days in 85% 
of ICA dissection and in 72% of VA dissection, or 
it may be sudden. There are no specific character-
istics of cephalic pain in ICA/VA dissections. 
Headache is usually ipsilateral to the dissection; 
however bilateral and diffuse pain can occur, even 
when the dissection is unilateral. In ICA dissec-
tions, pain is more frequently localized in the 
upper lateral cervical regions, with ipsilateral 
mandible, eye or ear irradiation. With VA dissec-
tions, pain is usually located in the occiput and 
posterior neck and more frequently felt medially 
than laterally, even when dissection is unilateral 
[49]. Headache is severe in 75% of cases, 
described excruciating or as thunderclap, but it 
can also be very mild and ignored. It is as fre-
quently aching, pressing or sharp in quality, and 
throbbing [49]. In over 90% of cases, headache 
resolves in less than 10 days. Head pain is rarely 
the only sign of dissection; in most cases neuro-
logic signs occur immediately (70%) or after 
3–15 days (30%) [48]. Cervical artery dissection 
may be associated with intracranial artery dissec-
tion, which is a potential cause of SAH.

3.2.5  Brain Tumours

Headaches are initially present in 20% of patients 
with brain tumour and rise to about 60% during 
the disease [50], without differences in frequency 
between primary and metastatic neoplasms. 
Unless an intracranial neoplasm or other space- 
occupying lesion affects a strategic position along 
the line of the drainage pathways of the cerebral 
ventricles, it is able to reach a considerable size 
before causing headache. Since intracranial ves-
sels have to be pushed aside before pain is regis-
tered, infiltrating tumours, such as gliomas, may 
extend throughout one hemisphere without caus-
ing headache, because the position of vessels may 
remain undisturbed until the last stages of the dis-
ease. The incidence of headache in primary brain 
tumours is related to the rate of growth and loca-
tion. Slow-growing, low-grade supratentorial 
tumours are more likely to cause seizures than to 
cause headaches, whereas the faster-growing 
malignant neoplasms cause headaches in about 
half of patients. Tumours that obstruct cerebrospi-
nal fluid pathways are commonly associated with 
headache.

The cephalic pain may mimic primary head-
aches, such as tension-type headache (77%) or 
migraine (9%) [51]. Pain is usually intermittent 
and tends to develop and resolve over several 
hours. It occurs more frequently at night and 
sometimes awakes the patient from sleep; it 
worsens with bending and with the Valsalva 
manoeuvre [52]. The most common headache 
location is frontal or frontotemporal, particularly 
in patients with a supratentorial tumour; how-
ever, occipital and diffuse headaches also com-
monly occur. Neck and occipital pain 
accompanies headache in patients with infraten-
torial tumours or increased intracranial hyper-
tension. The intensity is commonly moderate, 
and it becomes severe, constant, associated with 
nausea and vomiting, and not relieved by com-
mon analgesics when increased intracranial 
hypertension occurs [51]. Brain-tumour head-
ache without other symptoms is uncommon 
(8%); only few brain- tumour headaches last 
more than 10  weeks without other symptoms 
developing [49, 53].
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3.2.6  Intracranial Infections

Headache is common in intracranial infections, 
including meningitis, encephalitis, brain abscess, 
and subdural empyema.

Bursting headache is the initial symptom of 
acute bacterial meningitis, rapidly increasing in 
severity over minutes, generalized or frontal, 
with radiation down the neck and into the spinal 
region, and associated with photophobia, nausea, 
neck stiffness, fever, and general malaise. Patients 
adopt a flexed posture with head retraction. 
Neurologic signs and cognitive functions vary 
according to the stage and progress of the disease 
[54]. Other subacute clinical patterns depend on 
other factors, such as the responsible microor-
ganism, age of patients, and immunosuppression. 
In these cases, headache, fever, muscle weakness, 
and behavioural disorders may be the only symp-
toms lasting from weeks to months and may 
increase in severity due to meningeal irritation, 
worsening of intracranial pressure, and 
hydrocephalus.

In acute encephalitis, abrupt and severe head-
ache may occur early and is associated with con-
fusion, delirium, coma, and focal neurologic 
deficit. Occasionally, a prodrome of less severe 
but constant headache associated with malaise, 
mild fever, and myalgia may precede the onset of 
the neurologic deficit by several days. The clini-
cal pictures may be mild up to catastrophic, 
depending on the type of microorganism.

Brain abscess occurs with an incidence of 
about 1 per 100,000. Causes of brain abscess are 
skull fracture, neurosurgical procedure, and pen-
etrating injury (10%); infections of the paranasal 
sinus, middle ear, or mastoid (40%); pulmonary 
infections (10%); infective endocarditis (20%); 
and no identifiable source (20%). Headache is 
usually the first manifestation. Fever is often 
absent. In acute abscess, headache is persistent 
and severe; in the chronic form, headache is par-
oxysmal and gradually worsens. Nausea, vomit-
ing, focal neurologic signs, and depressed level 
of consciousness follow the headache, more rap-
idly in the acute forms [55].

Subdural empyema is an intracranial infec-
tion between the inner surface of the dura and 

the outer portion of the arachnoid that usually 
arises in the frontal or ethmoid sinuses. Less 
common sites of origin include the sphenoid and 
maxillary sinuses, the middle ear, and the mas-
toids. The infection usually enters the subdural 
space by direct extension through the bone and 
dura or by thrombophlebitis of the venous 
sinuses. Patients initially report an exacerbation 
of local pain due to chronic sinusitis or mastoid-
itis; fever, meningism, focal neurologic deficits, 
and alteration in the level of consciousness occur 
within 1–2 weeks [56].
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4.1  Introduction

Headache is one of the most frequent reported 
symptoms in neurological clinical practice. 
Nevertheless only a relatively small group of 
patients needs neuroimaging in order to confirm 
the diagnosis. Mainly the cause and the diagno-
sis are based on the clinical history and neuro-
logical examination and are focused on 
symptoms or signs which prompt further diag-
nostic testing. Neuroimaging usually is not 
required in the setting of primary headaches, 
although it can show same pathological fea-
tures, but it is important in the evaluation of the 
secondary ones in order to exclude potentially 
curable headaches [1].

4.2  Imaging Modalities

Imaging modalities in the diagnostic algorithm of 
headache are computed tomography (CT), mag-
netic resonance (MR), and angiography.

CT is the preferred technique in the emer-
gency setting, usually to rule out an intracranial 
mass or hemorrhage. Evaluation with bone win-
dows is useful to exclude bone lesions or infec-
tious disease of paranasal sinuses. In addition, in 
the presence of hemorrhage, it could be useful to 
perform a CT angiography (CTA) to evaluate the 
presence of aneurysms or vascular malforma-
tions. A CT scan after contrast media administra-
tion, in venous phase, could also rule out venous 
cerebral thrombosis. More recently CT perfu-
sion, performed during contrast media adminis-
tration and dynamic continuous scan acquisition 
of a brain volume (whole brain with newest CT), 
is applied in many centers in the evaluation of 
patients with acute onset of neurological deficit 
in suspected acute stroke. CT perfusion may help 
in the differentiation between acute stroke and 
migrainous aura.

MR is the technique of choice in the evalua-
tion of patients with headache. The technique 
varies depending on different clinical issues. 
Whereas in the study of primary headache con-
trast media administration is not needed, con-
trarily it is useful in the evaluation of secondary 
headaches. In primary headache the examination 
consists mainly of T1, T2, and FLAIR imaging. 
A MR angiography (MRA) without contrast 
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media could be added to exclude aneurysms. In 
case of suspected intracranial occlusion or steno-
sis or in the presence of coils, an MRA with con-
trast media is more accurate. Considering 
secondary headaches, several sequences could be 
added to the standard protocol, including GE T2 
or SWI sequences and diffusion-weighted (DWI) 
sequences, and in most of the cases, contrast 
media should be administrated. In particular the 
administration of contrast media is mandatory if 
there is a suspect of meningeal pathology, in case 
of neoplasms or, in skull base, orbital and 
rhinogenic causes of headache. In case of 
hydrocephalus, a phase-contrast sequence could 
be applied to evaluate cerebrospinal fluid 
dynamics.

Digital subtraction angiography (DSA) is of 
value in vascular pathology both as a diagnostic 
and therapeutic tool.

4.3  Imaging Findings

4.3.1  Primary Headaches

Primary headaches are those where there is no 
underlying cause identifiable and where the diag-
nosis is arrived at through detailed history and pat-
tern recognition. Approximately 90% of headaches 
are of the primary type. Such headaches mainly 
include tension headache, cluster headache, tri-
geminal autonomic cephalgias, and migraine.

4.3.1.1  Migraine
Migraine is a common neurological disorder, 
characterized by paroxysmal attacks of typically 
unilateral throbbing headache accompanied by 
nausea, photophobia, and phonophobia that occur 
with or without aura [2]. Around 25% of people 
with migraine present transient and reversible 
neurological symptoms that resolve before the 
onset of headache (migraine aura). Once the aura 
is resolved, headache might be mild or even 
absent. The most frequent type of aura is 
characterized by visual symptoms with 
fortification spectra or scintillating scotoma. A 
subset of migraine attacks may manifest with 
acute neurologic symptoms that can also be 

found in acute stroke. Sensory aura is less 
prevalent and almost always accompanied by 
visual symptoms [3]. The incidence of migraine 
attacks varies considerably between individuals; 
some have several attacks a month, but others 
have less than a month. In particular attacks of 
migraine with aura present with a lower 
frequency, ranging from one to two episodes in a 
year to one or more attacks in a month [4].

The diagnosis of migraine is based on anam-
nestic and clinical data; however, substantial 
problems may arise in the acute phase because 
accurate information is often incomplete or diffi-
cult to obtain [5], especially in those patients that 
clinically mimic an ischemic stroke. 
Distinguishing between migrainous aura, cere-
bral ischemia, and Todd paralysis following a sei-
zure may be difficult, but accurate differential 
diagnosis is mandatory for a correct treatment.

The role of imaging and specifically of con-
ventional MRI is still debated. The association of 
migraine phenomena with neuroimaging abnor-
malities, as demonstrated by CT and MRI, has 
been the subject of much debate [6].

Possible MRI findings, especially in patients 
with migraine with aura (MA), are supratentorial, 
but also subcortical deep white matter lesions 
(Fig.  4.1), silent posterior circulation territory 
infarcts, and infratentorial T2-hyperintense 
lesions [7] (Fig.  4.2). Lesions most frequently 
described in migraine patients are silent infarct- 
like lesions with the aspect of white matter T2 or 
FLAIR hyperintensities at MRI [8], but white 
matter hyperintensities can also be seen in 
apparently healthy people [9]. In the most 
important recent study, the CAMERA analysis 
(Cerebral Abnormalities in Migraine, an 
Epidemiological Risk Analysis), that analyzed a 
total of 295 patients, 161 affected by MA, the 
authors detected a significant incidence of silent 
brain infarction in the posterior territory, the 
majority located in cerebellum and more 
pronounced in patients with MA (8%). Females 
with migraine also presented deep white matter 
lesions, with a higher incidence in patients with 
higher attack frequency [10].

In the study of Uggetti et al., their results are 
in opposition with all previous studies, as they 
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did not find a statistically significant difference in 
incidence of white matter hyperintensities 
between patients with MA and controls [11].

Some authors report reversible splenial lesions 
of the corpus callosum in patients with migraine 
with aura [12].

Functional neuroimaging of patients with 
headache is useful to study the pathophysiology 
rather than for diagnostic purposes. To understand 

the functional imaging possibilities in headaches, 
it is necessary to remember how pain structures 
participate in painful conditions other than 
headache. In migraine with aura the primary 
event occurs in the cortex and, including 
hypothalamus and thalamus, it finishes in the 
cortex, manifesting pain. In migraine without 
aura, brain stem findings suggest a dysfunctional 
pain system [13].

a b

c

Fig. 4.1 Patient with migraine and aura. Axial SE 
T2-weighted (a) and FLAIR (b) sequences show 
supratentorial white matter hyperintensities. Incidental 

aneurysms were found on MRA (c) at the middle cerebral 
artery bifurcation and anterior communicating artery
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MR imaging has demonstrated that migrain-
ous aura may be associated with perfusion abnor-
malities (CBF measurements). Usually, there is 
hypoperfusion in more than one vascular territory 
during the migrainous aura, lasting for a few 
hours (~4), which holds the greatest potential to 
differentiate migraine from stroke, where hypo-
perfusion is usually limited to a single vascular 
territory. A possible differential diagnosis for this 
pattern of hypoperfusion is severe stenosis of the 
extracranial vessels; however, this can be assessed 
by MRA of the extracranial vessels. Some pub-
lished studies report hyperperfusion; however, 
this mainly occurs during the headache stage, 
6–24 h after the onset of symptoms [14–19]. In 
literature an occipital predominance of vasocon-
striction during the aura is reported [20].

Cerebral perfusion changes during migraine 
with aura have been described also by BOLD 
functional MRI studies. In the typical visual aura 
of migraine, functional MRI has revealed 
multiple neurovascular events in the occipital 
cortex, resuming the cortical spreading depression 
(CSD):

 1. An initial hyperemia lasting 3.0–4.5  min, 
spreading at a rate of 3.5 mm per min.

 2. Followed by mild hypoperfusion lasting 
1–2 h.

 3. An attenuated response to visual activation.
 4. Like CSD, in migraine aura, the first affected 

area is the first to recover [13].

Resnick et  al. [21] described reversible 
changes located in the right parieto-occipital 
cortex on DWI images in a patient with acute 
onset of headache. The presence of positive DWI 
images, with the absence of low apparent 
diffusion coefficient value, could be in accordance 
with focal prolonged hyperperfusion associated 
with vasogenic leakage.

Cerebral perfusion abnormalities may be stud-
ied also with CT perfusion; early studies of 
migraine with aura reveal regional CBF changes 
of focal hyperemia and spreading oligemia from 
posterior brain regions. The pathophysiology of 
the CBF during the acute migraine aura phase 
and into the period post-headache remains 
unclear. In the work of Shah et  al. [22], they 
describe the transition from the initial phase of 
stroke-like symptoms (aura) to an asymptomatic 
stage, using noninvasive perfusion techniques. 
There is initial hypoperfusion of the entire left 
cerebral hemisphere, and the resolution of stroke- 
like symptoms in 72  h correlates with 
hyperperfusion and corresponds to decreased 
MTT and elevated CBF.  It is proposed that a 
“metabolic burnout” leads to possible 
vasodilation, as there is a gradual increase in 
CBF (hyperperfusion) seen within the entire left 
hemisphere. Prior studies from case reports 
reveal cortical hyperperfusion on the day of 
migraine aura that carries on until as late as day 
14 [23]. There was no documentation of initial 
hypoperfusion that then resulted in hyperperfusion 
in any prior case [23]. Perhaps the prolonged and 
severe symptoms of their case indicate a higher 
chance of CBF changes occurring as a two-phase 
process, or possibly other studies have missed the 
critical moments when such a two-phase process 
can be imaged. Despite the findings in the 
literature, in some of our cases (unpublished 
data) no perfusion defects could be demonstrated.

Noninvasive perfusion techniques allow iden-
tifying areas of acute cerebral ischemia and 

Fig. 4.2 Patient with migraine and aura. Axial SE 
T2-weighted image: hyperintense specific lesion in the 
right cerebellum
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infarction to assist in determination of the need 
for thrombolysis with tissue plasminogen 
activator (tPA). Advanced imaging techniques 
can be expected to show differentiation between 
migraine and stroke.

Hemiplegic Migraine
Familial (FHM) and sporadic hemiplegic 
migraine (SHM) are subtypes of migraine 
characterized by transient motor weakness during 
the aura phase and caused by mutations in 
CACNA1A, ATP1A2, or SCN1A. Its incidence is 
of 0.01% [24], with the familial and sporadic 
types occurring with equal frequency.

The pathogenesis of hemiplegic migraine is 
not well established; however, it is hypothesized 
that it arises from a wave of neuronal excitation 
in the gray matter that spreads across the cerebral 
cortex [25].

The diagnosis of hemiplegic migraine is made 
clinically in accordance with international guide-
lines [2]. Hallmark symptoms are intermittent 
episodes of motor weakness that spontaneously 
settle over time ranging from hours to weeks.

Neuroimaging in acute attacks of hemiplegic 
migraine is often normal. However, imaging may 
reveal cerebral cortical hyperintensity and edema 

[26, 27] contralateral to the hemiparesis. These 
abnormalities seen on imaging often resolve 
within weeks to months after an attack.

Repeated ictal and postictal neuroimaging 
revealed cytotoxic edema during attacks leading 
to brain atrophy which halted after cessation of 
severe HM attacks [28]. A complication of this 
type of migraine is a migrainous infarction 
(Fig. 4.3).

Retinal Migraine
Retinal migraine is a rare entity characterized by 
headache associated with transient monocular 
visual disturbances. While fully reversible mon-
ocular phenomena and normal ophthalmological 
examination between the attacks are the hallmark 
of retinal migraine according to the International 
Headache Society (IHS) classification [2], an 
association with persistent monocular visual loss 
and abnormal ophthalmological findings has 
been reported. Recurrent attacks of retinal 
migraine may weaken the optic nerve, with a 
final migraine attack that provokes a permanent 
visual loss, caused by a threshold rupture of the 
reduced functional reserve. Vasoconstriction as a 
potential cause for permanent defects in migraine 
may be supported by MRI angiography.

a b

Fig. 4.3 Hemiplegic migraine. Routine MRI exam: Axial 
SE T2W image (a), FLAIR (b), and MR angiography (c) 
show no pathologic features. Follow-up MR exam during 

prolonged left hemiplegia: SE T2W image (d), FLAIR 
(e), and DWI (f) show acute ischemic stroke in the right 
thalamus and posterior arm of internal capsule
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MRI, through STIR T2 sequences, may also 
prove signal alteration of the optic nerve involved, 
associated with slight bilateral distension of the 
perioptic subarachnoid spaces. Also at 6 days and 
2 months follow-up, a slight pallor and minimal 
atrophy of the optic disk involved compared to 
the ipsilateral may be identified [29].

Chronic Migraine
Chronic migraine (CM) usually evolves slowly 
from episodic migraine (EM) and approximately 
2.5% of episodic migraineurs transition to CM 
each year [30]. Risk factors for chronification 

include high headache frequency and overuse of 
acute headache medications among others such 
as obesity, low educational level, or female 
sex [31].

The conventional MR patterns are the same as 
those in episodic migraine. Moreover CM 
patients show alterations in gray matter volume 
(GMV) compared to matched healthy controls 
when analyzed with voxel-based morphometry 
(VBM). In whole brain analysis testing at a sig-
nificant threshold of p < 0.05 (FEW-corrected), a 
cluster of GMV increase has been observed 
with  a peak maximum in the amygdala and an 

c d

e f

Fig. 4.3 (continued)

M. Ukmar et al.



47

 extension into the putamen [32], which are 
regions involved in pain perception and process-
ing, but also in affective and cognitive aspects of 
pain. GMV increase may reflect a remodeling of 
the central nervous system due to repetitive head-
ache attacks leading to chronic sensitization and 
a continuous ictal-like state of the brain in chronic 
migraineurs.

Migrainous Infarction
According to the IHS criteria, migrainous infarc-
tion is a typical attack of migrainous aura in a 
patient with previous history of MA and evidence 
of cerebral ischemia proven by neuroimaging.

Migrainous infarction is considered a rare 
complication of migraine. Epidemiologic studies 
have shown that 0.5–1.5% of all ischemic strokes 
are migrainous infarctions [33, 34]. Among 
younger patients with unusual etiology, migrain-
ous infarction was reported to account for 13% of 
first-ever ischemic strokes [35].

Transient neurologic symptoms are typical for 
MA, but differentiation among MA, transient 
ischemic attacks, and migrainous infarction can 
be very difficult or even impossible on clinical 
grounds alone. Brain imaging (CT and MRI) is 
essential for diagnosis of migrainous infarction 
according to the criteria of the International 

Headache Society (IHS) [2]. Silent infarctions 
were detected predominantly in the posterior cir-
culation territory, especially thanks to 
T2-weighted and FLAIR images [36, 37] 
(Fig. 4.4). Compared to CT, MRI has proven to 
be more efficient, especially in acute onsets, 
since differentiation between migrainous aura 
and cerebral ischemia can be difficult in the first 
hours using clinical criteria alone. In these cases 
DWI provides relevant additional information 
substantially influencing further management. 
Given the high sensitivity to detect acute isch-
emic lesions including even small lacunar or 
punctuate cortical infarcts, DWI is extremely 
valuable in the hyperacute phase for positive 
stroke diagnosis and exclusion of stroke mimics 
such as migrainous aura symptoms [38–40] and 
should therefore be preferred in the acute 
setting.

4.3.1.2  Tension-Type Headache (TTH)
TTH has a high prevalence in general population 
ranging between 30 and 78% in several studies, 
and according to ICHD-3 beta [2] and the EHF 
committee [41], patients with TTH do not exhibit 
structural brain abnormalities on routine MRI 
scans. Therefore when clinical features fulfill the 
diagnostic criteria for TTH, further neuroimaging 

a b

Fig. 4.4 Migrainous infarction. Axial SE T2-weighted image (a) and DWI (b). Chronic ischemic stroke in right tem-
poral-occipital lobe in a patient with migraine
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investigation is not needed, unless three first-line 
preventive treatments fail [41]. The pathogenesis 
of TTH remains incompletely understood. 
Peripheral pain mechanisms are most likely to 
predominate in TTH, whereas involvement of 
central pain mechanisms remains to be 
determined. Only one study values the functional 
abnormalities in patients with TTH using fMRI 
and regional homogeneity (ReHo). Their results 
suggest that TTH patients exhibit reduced 
synchronization of neuronal activity in several 
areas involved in the integration and processing 
of pain [42]. According to Chen et  al. [43], 
several areas such as primary somatosensory 
cortex, anterior cingulated cortex, and anterior 
insula undergo gray matter density dynamic and 
reversible changes in episodic TTH patients 
between pain and pain-free phases, valuated with 
voxel-based morphometry (VBM) analysis.

4.3.1.3  Trigeminal Autonomic 
Cephalalgias (TACs)

The trigeminal autonomic cephalalgias are a 
group of primary headache disorders relatively 
rare in comparison with migraine or TTH. TACs 
are characterized by pain with a unilateral tri-
geminal distribution that occurs in association 
with ipsilateral cranial autonomic features and 
with typical periodicity or cycling of the attacks 
and bouts. The group includes cluster headache, 
paroxysmal hemicrania, hemicrania continua, 
short-lasting unilateral neuralgiform headache 
attacks with conjunctival injection and tearing 
(SUNCT), and short-lasting unilateral neuralgi-
form headache attacks with cranial autonomic 
symptoms (SUNA). They differ in attack dura-
tion, frequency, and response to therapy. Due to 
the characteristic presentation, diagnosis is 
mainly clinical. However the EHF committee 
recommends for all TACs a brain MRI with 
detailed study of the pituitary area and cavern-
ous sinus, in order to exclude secondary causes 
[41, 44]. A recent review reports several struc-
tural lesions causing symptoms that are indistin-
guishable from those of idiopathic TACs: 
tumors, mainly pituitary adenomas, carotid dis-
section, cerebral infarctions, trigeminal nerve 

compression by vascular structures, and multi-
ple sclerosis plaques [45].

In recent times neuroimaging has made sub-
stantial contributions to understanding of this 
syndrome [46]. Iacovelli et al. reviewed several 
studies which used PET, SPECT, fMRI, MRS, 
and VBM to better understand the pathophysi-
ology of TACs [47]. All the abnormalities 
shown by these imaging techniques can be 
summarized in three major observations: poste-
rior hypothalamic activation during the attacks, 
involvement of the pain matrix, and involve-
ment of the central opioid system. DTI study 
results on functional connectivity anomalies in 
TACs, especially cluster headache, are very 
diverse and partly contradictory on superficial 
examination, showing very widespread altera-
tions all over the brain, underlining a complex 
pain network rather than a single defected 
structure [48].

4.3.2  Secondary Headaches

Here are several types of headache due to other 
primary causes and could be classified as follows, 
according to ICHD-3b secondary headaches 
(Table 4.1).

The choice of the neuroimaging modality 
depends on the characteristics of headache: 
patients with sudden onset and peak intensity of 
headache should perform an emergent CT 

Table 4.1 Causes of secondary headaches according to 
ICHD-3b

1.  Headache attributed to trauma or injury to the head 
and/or neck

2.  Headache attributed to cranial or cervical vascular 
disorder

3.  Headache attributed to nonvascular intracranial 
disorder

4. Headache attributed to a substance or its withdrawal
5. Headache attributed to infection
6. Headache attributed to disorder of homoeostasis
7.  Headache or facial pain attributed to disorder of the 

cranium, neck, eyes, ears, nose, sinuses, teeth, 
mouth, or other facial or cervical structure

8. Painful cranial neuropathies and other facial pains
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without contrast to rule out intracranial hemor-
rhage. Additional imaging may be needed 
depending on the cause of headache at initial 
findings of CT. Brain MRI is better compared to 
CT to evaluate the posterior fossa, acute infarcts, 
and mass lesions. Contrast enhancement should 
be administrated in suspicion of meningitis, 
neoplasm, demyelination, and low CSF pressure 
conditions [49].

4.3.2.1  Headache Attributed  
to Trauma or Injury  
to the Head and/or Neck

It is among the most common secondary head-
ache disorders. When a headache occurs for the 
first time in close temporal relation to trauma or 
injury to the head and/or neck, it is coded as a 
secondary headache attributed to the trauma or 
injury. It has to develop within 7 days of trauma 
or injury or within 7  days after regaining con-
sciousness and/or the ability to sense and report 
pain when these have been lost following trauma 
or injury. Although this 7-day interval is some-
what arbitrary, and although some experts argue 
that headache may develop after a longer interval 
in a minority of patients, there is not enough evi-
dence at this time to change this requirement. 
During the first 3  months from onset, they are 
considered acute; if they continue beyond that 
period, they are designated as persistent [2].

Neuroimaging is indicated if there is skull 
fracture, focal neurologic deficit, or progression 
of symptoms (Fig. 4.5). With acute head trauma, 
noncontrast head CT is the primary imaging 
procedure of choice. MRI with GRE, FLAIR, 
and SVI and imaging with diffusion-weighted 
sequence are reserved for severe acute head 
trauma and in cases in which the patient is much 
worse on clinical examination than can be 
explained by CT results. MRI is the primary 
imaging modality for evaluating delayed effects 
of brain injury. Furthermore, if MRI and CT are 
negative but neuropsychological evaluation 
identifies impairment of mood, executive 
function, or cognitive endurance, then diffusion 
tensor imaging might be useful to support the 
clinical diagnosis [1].

4.3.2.2  Headache Attributed to Cranial 
or Cervical Vascular Disorder

Ischemic Stroke
In patients with cerebrovascular event symptoms 
such as paresis, ataxia and loss of speech are the 
predominant clinical features. Nonetheless head-
ache has been frequently reported in several stud-
ies, with a range of 8–34% [50]. Stroke- related 
headache can be a sentinel headache (before 
stroke onset), an onset headache, or a late-onset 
headache [51], and the characteristic is more sim-
ilar to the criteria of tension-type headache than 
migraine [52]. In a lesion mapping study, Seifert 
et al. found that ischemic strokes that involve the 
insular cortex, in particular the anterior part, are 
highly associated with the development of head-
ache. Similar to the insula, the somatosensory 
cortex has also been demonstrated to be also 
involved in pain processing during ischemic 
stroke [50]. Moreover, Chen et al. reported that 
strokes that arise in the cerebellum, medulla, or 

Fig. 4.5 Subdural hematoma; history of trauma in patient 
with mild left hemiparesis and headache. Axial CT scan: 
right subdural hematoma with mass effect and median 
line shift
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posterior cerebral artery cortex are more likely to 
be associated with onset headache compared 
with other cerebral territories [51]. Recently, 
Seifert et  al. found a correlation between head-
ache phenotype and specific lesion patterns: pul-
sating headache occurred with widespread 
cortical and subcortical strokes, while tension-
type headache was not related to specific lesion 
pattern [53].

Subarachnoid Hemorrhage (SAH)
SAH is the most common cause of persistent, 
intense, and incapacitating headache of abrupt 
onset (thunderclap headache) with a high mor-
tality rate (nearly 50%) and a high disability rate 
(about 50%) [2]. SAH may be caused by aneu-
rysmal rupture or non-aneurysmal causes [54]:

• Arteriovenous malformation
• Dural arteriovenous fistula
• Cavernous angioma
• Vertebral dissection
• Vasculitis
• Amyloid angiopathy
• Cerebral venous thrombosis
• Reversible cerebral vasoconstriction syndrome
• Perimesencephalic SAH

Unenhanced CT performed within 6  h of 
symptom onset has 100% sensitivity in detect-
ing SAH as hyperdensity within the subarach-
noid spaces. Within 24  h, sensitivity is 
approximately 93%, falling to 50% at 4  days, 
with the majority of examinations normal at 
10  days, as the aging hemorrhage becomes 
more isodense to water over time, making it 
harder to detect in the subacute and chronic 
phases [54]. A minor bleed may be missed on 
the initial CT so, if the clinical suspicion 
remains high, a LP revealing high opening 
pressure and elevated RBC count should be 
performed [55]. Although CT remains the exam 
of choice in the acute setting, MRI can be very 
sensitive for detection of SAH: T2* sequences 
have shown sensitivity of 94% in the acute 
phase (within 4 days) and 100% in the subacute 
phase (after 4  days), while FLAIR sequences 
have sensitivity of 81% acutely and 87% in the 
subacute phase. On T2* sequences SAH is seen 

as low signal intensity while on FLAIR 
sequences is seen as hyperintensity in the sub-
arachnoid spaces; however, it should be kept in 
mind that there are other multiple causes of 
subarachnoid hyperintensity [49, 54].

After detecting SAH, other imaging investiga-
tion should be undertaken to determine the etiol-
ogy: a ruptured aneurysm account for 80% of 
non-traumatic SAH. DSA remains the gold stan-
dard for the detection of aneurysms, but in the 
emergency setting, CTA is performed: CTA has 
100% sensitivity and specificity for the detection 
of aneurysms >3 mm; it might be less sensitive and 
accurate than DSA for aneurysms <3  mm [55]. 
MRA is a possible alternative to CTA or DSA for 
aneurysm detection: 3D TOF MRA at high mag-
netic field (3.0 T) can safely replace DSA in the 
diagnostic work-up of patients with small aneu-
rysm with a sensitivity of more than 95% [56]. 
Sacciform aneurysms usually develop at vessel 
bifurcation or branching points, and most of them 
occur at typical locations within or near the circle 
of Willis: the most common locations are the mid-
dle cerebral artery bifurcation and along the ante-
rior communicating artery, followed by the origin 
of posterior communicating artery and ophthalmic 
artery, while in the posterior circulation, the tip of 
the basilar artery and the origins of the posterior 
inferior cerebellar arteries are the most common 
locations [54]. Hemorrhage localized to the basal 
cisterns are indicators of aneurysmal SAH, and 
patterns of hemorrhage help to predict site of 
aneurysm, particularly ruptured middle cerebral 
artery or anterior communicating artery aneu-
rysms; parenchymal hematoma is an excellent pre-
dictor of the site of a ruptured aneurysm [54]. If 
the initial angiogram is negative, a second DSA 
should be performed in the first 2 weeks. The indi-
cations for a second DSA include heavy blood 
load, small aneurysm size, and vasospasm, hema-
toma, or thrombosis within the aneurysm [49]. In 
case of negative imaging, in particular DSA, “sine 
causa” SAH should be considered (Fig. 4.6).

Other Intracranial Hemorrhages
While subdural and epidural hematomas are 
often related to head trauma, intraparenchymal 
cerebral hemorrhage (ICH) may underlie several 
different pathologies (Table 4.2).
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ICH due to hypertension typically affects 
patients of 60–70  years old and has a 30–50% 
mortality rate. On CT exam acute ICH due to 
hypertension classically presents as an intra-axial 
hyperdense region of hemorrhage centered within 

the basal ganglia, cerebellum, or occipital lobes. 
The hemorrhage may vary in size from a relatively 
small hematoma without significant mass effect 
to very large hematomas with significant local 
mass effect and brain herniation that need 

a b

c d

Fig. 4.6 SAH: Patient with thunderclap headache. Axial 
CT scan (a) detects SAH as hyperdensity within the 
perimesencephalic cistern. On axial FLAIR images (b, c) 

mild hyperintense signal is detected in prepontine cistern 
and temporo-occipital sulci. On T2W image (d) only 
slight linear hypointensity is shown in prepontine cistern

4 Imaging of Headache



52

emergent surgical decompression or evacuation 
[57]. Acute ICH in nonclassical intra-axial loca-
tion or acute ICH in patient younger than 50 
should prompt consideration of other causes of 
bleeding, and additional diagnostic information 
may be obtained by CTA and/or MRI [57].

In cerebral amyloid angiopathy (CAA), the 
deposition of amyloid-b peptide within cerebral 
arterial walls results in cerebral microhemor-
rhages, sulcal SAH, or larger ICH. There are sev-
eral imaging characteristics to differentiate ICH 
due to CAA rather than hypertension: ICH sec-
ondary to CAA is firstly identified by CT as a 
hyperdense intra-axial hemorrhage in the subcor-
tical region sparing the basal ganglia, posterior 
fossa, and brain stem. There may be diffuse white 
matter hypoattenuation in both cerebral hemi-
spheres that represents underlying microangio-
pathic changes. MRI may more strongly suggest 
the diagnosis of CAA by the presence of numer-
ous small microhemorrhages presenting as foci 
of susceptibility blooming on GRE or SWI 
sequences in the subcortical white matter sparing 
basal ganglia, cerebellum, and brain stem. Other 
typical MRI findings are ICHs at different ages 
and hyperintensity focal or confluent white 
matter areas on T2/FLAIR sequences represent-
ing microangiopathy [57] (Fig. 4.7).

Table 4.2 Causes of solitary or multiple intraparenchy-
mal cerebral hemorrhage (ICH)

Solitary ICH Multiple ICHs
Hypertension Cavernous 

malformation
Cerebral amyloid angiopathy Chronic hypertension
Primary and secondary 
neoplasms

Cerebral amyloid 
angiopathy

Cerebral aneurysms Hemorrhagic 
metastases

Cerebral arteriovenous 
malformations

Coagulopathy

Dural arteriovenous fistulae Cerebral venous 
thrombosis

Cerebral venous thrombosis
Coagulopathy

a b

Fig. 4.7 Amyloid angiopathy. Axial SE T2-weighted (a) 
and FLAIR (b) sequences show a diffuse enlargement of 
perimesencephalic subarachnoid spaces associated with 
focal and partially confluent hyperintense white matter 

subcortical and periventricular areas. GRE T2* sequence 
(c) allows the identification of cortical, subcortical, and 
subarachnoid hemosiderin deposition
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Another frequent cause of ICH is cerebrovas-
cular disease which includes aneurysms, arterio-
venous malformations (AVMs) (Fig.  4.8), 
cavernous malformation (Fig. 4.9), dural arterio-
venous fistulae (DAVF), hemorrhagic conversion 
of ischemic stroke, vasculitis, and cortical venous 
or venous sinus thrombosis.

AVMs are ten times less common than aneu-
rysms and generally affect young patients. They 
tend to be solitary, and they are composed of a 
nidus of vessels through which arteriovenous 
shunting occurs. Their rupture can result with 
either acute ICH, SAH, or intraventricular hem-
orrhage (IVH) presenting in the acute setting on 
CT as hyperdensity within these compartments. 
AVMs may be identified by CTA, MRA, or 
DSA. DSA is the gold standard showing a tightly 
packed mass of enlarged feeding arteries that 
supply a central nidus; one or more dilated veins 
drain the nidus, and the abnormal opacification of 

c

Fig. 4.7 (continued)

a b

Fig. 4.8 ICH caused by ruptured AVM. On axial CT scan 
(a) a right temporo-occipital ICH, associated with sub-
arachnoid and perimesencephalic hemorrhage, was found. 
Axial SE T2w (b), coronal SE T2w (c), and axial SE T1w 

(d) sequences show the early subacute ICH with small 
vessels along transverse sinus. MRA (e) and further DSA 
(f) demonstrate the presence of an underlying AVM asso-
ciated with dural fistula
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veins occurs in the arterial phase, representing 
shunting. DSA should be performed in every 
patient presenting with a ruptured cerebral AVM 
to determine whether the presence of a nidal or 
perinidal aneurysm may require emergent endo-
vascular or surgical treatment [57, 58].

Headache commonly represents a conse-
quence of ICH or seizures which are the two 
main manifestations of cavernous malformations 
[2] (Fig. 4.9): on CT these lesions can be seen as 
a focal hyperdensity. MRI is the modality of 
choice demonstrating a typical popcorn appear-
ance with a rim of signal loss due to hemosiderin; 
the T1 and T2 signal intensity depends on the age 
of the blood products and fluid-fluid levels may 

be evident. GRE or SWI sequences have higher 
sensitivity in detecting small cavernous malfor-
mations than conventional SE sequences. When 
these lesions bleed, they may increase in size on 
imaging, showing acute ICH and associated 
vasogenic edema [58].

Cervical Carotid or Vertebral  
Artery Dissection
Cranial cervical dissection is one of the most fre-
quent causes of stroke in young patients. 
Headache with or without neck pain can be the 
only manifestation of cervical artery dissection 
(Fig. 4.10). It is the most frequent symptom, usu-
ally unilateral, severe, and persistent; it can 

c d

e f

Fig. 4.8 (continued)
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a b

Fig. 4.9 Cavernous malformation in patient with headache. Axial SE T2w (a) and SE T1w (b) sequences show a large 
cavernoma in left frontal lobe with subacute bleeding

a

b

c

d

Fig. 4.10 Carotid artery dissection in patient with head-
ache. An hyperintense right carotid artery signal was found 
on axial SE T2w images (a); the lack of visualization of the 

right carotid artery signal was confirmed on MRA sequences 
(b). A further CTA scan on coronal and axial plane (c, d) 
confirmed the presence of a carotid artery dissection flap
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remain isolated or precede signs of cerebral or 
retinal ischemic stroke. Cervical artery dissection 
may be associated with intracranial artery dissec-
tion, which is a potential cause of SAH [2]. The 
first diagnostic imaging modalities include CTA 
and MRA. Reported sensitivity and specificity of 
CTA and MRA for diagnosis of craniocervical 
arterial dissection are relatively similar, although 
sensitivity for vertebral arterial dissection may be 
less [59]; however, a contrast- enhanced MRA 
may show signal loss within the vertebral artery 
(Fig. 4.11). Acutely, it is difficult to visualize a 
dissection on T1-weighted images with fat satu-
ration due to obscuration from the surrounding 
tissue. In the subacute stage, the dissection 
appears as a crescent-shaped hyperintensity 
around an eccentric flow void corresponding to 
the vessel lumen [49]. DSA is the gold standard, 
and the angiographic features include luminal 

narrowing, vessel irregularity, wall thickening/
hematoma, pseudoaneurysm formation, and inti-
mal flap [54].

Cerebral Venous Sinus Thrombosis (CVST)
In 80–90% of cases, CVST presents with head-
ache which can be an isolated symptom and may 
present as thunderclap or progressive headache. 
Headache may be associated also with focal signs 
(neurological deficits or seizures) and/or signs of 
subacute encephalopathy, intracranial hyperten-
sion, or cavernous sinus syndrome [2].

Although cerebral angiography is considered 
the gold standard for the evaluation of CVST, 
nowadays, CT is usually the first exam performed 
[60]. Unenhanced CT is often abnormal in 
patients with neurological signs: a fresh clot is 
visible as a hyperdensity in cortical veins or dural 
venous sinuses. This should be confirmed by 

a b

c

Fig. 4.11 Vertebral artery dissection in patient with acute 
cervical pain and headache. Axial SE T1w image (a) 
shows a focal hyperintensity in the lumen of the left verte-

bral artery. MRA source image (b) shows the intimal flap 
within the vessel (arrow), and MIP reconstruction (c) con-
firms the absence of flow signal in the left vertebral artery
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contrast-enhanced CT (venography CT) showing 
the hallmark empty delta sign [54] (Fig. 4.12).

On conventional MRI the absence of a flow 
void and the presence of altered signal intensity 
in the sinus are primary findings of sinus throm-
bosis; slow or turbulent flow may also cause 
altered sinus signal intensity. The signal intensity 
on T1- and T2-weighted sequences depends on 

the age of the thrombus: isointense signal on 
T1-weighted sequences and hypointense signal 
on T2-weighted sequences in early acute stages 
(1–5 days), hyperintensity signal on both T1- and 
T2-weighted sequences from 5 to 15  days, and 
isointense signal on T1-weighted sequence and 
hyperintensity on T2-weighted sequences at later 
stages [49]. T2* sequences may be an important 

a b

c

Fig. 4.12 Cerebral venous thrombosis in intractable 
headache. Axial unenhanced CT scan (a) shows 
hyperdensity in the lumen of the superior sagittal sinus. 

Axial and coronal contrast-enhanced CT scans (b, c) 
confirm the presence of an empty delta sign, representing 
lack of contrast media filling in venous fresh clot
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diagnostic aid: the presence of paramagnetic 
blood breakdown products (deoxyhemoglobin 
and metahemoglobin) produces blooming arti-
facts in the thrombosed venous segment [54]. 
PD-weighted sequences could also help in the 
detection of thrombus which appears as a hyper-
intense defect (Fig.  4.7). Magnetic resonance 
venography (MRV) with phase-contrast imaging 
is helpful for the diagnosis and follow-up of 
CVST. However, MRV may not detect the throm-
bus, showing only absence of signal in the 
occluded vein; sometimes it may be difficult to 
differentiate it from normal anatomic variants 
such as sinus hypoplasia, flow asymmetry, or 
arachnoid granulation [49]. Therefore the use of 
3D T1-weighted GRE CE sequences is highly 
recommended as shown by recent studies that 
demonstrate its highest sensitivity for CVST 
detection compared with other MRI sequences 
[60, 61] (Fig. 4.13). Recently, ASL-PWI has been 
proposed as a further MRI sequence to help 
 identify CVST presenting a bright sinus signal 

intensity [62]. Cerebral venous thrombosis 
results in an increased venous pressure that can 
lower cerebral perfusion pressure and induces 
parenchymal changes due to vasogenic edema, 
cytotoxic edema, intracranial hemorrhage, and 
subarachnoid hemorrhage [62]. Edema can be 
predominantly cytotoxic or vasogenic, hence 
with mixed DWI signal alterations (Fig.  4.8). 
CVST leads to venous infarction in about 50% of 
cases, but distribution of venous drainage areas is 
subject to variation. However, there are some 
characteristics that may guide to proper diagno-
sis: bilaterally involvement of deep structures 
(cerebral deep vein thrombosis) or parasagittal 
regions (sagittal sinus thrombosis), as well as 
uni- and bilateral changes in peripheral areas of 
brain lobes or the temporal lobe (cortical vein 
thrombosis) [54]. Parenchymal hemorrhage is 
present in 30% of cases: flame-shaped, irregular 
zones of lobar hemorrhage in the parasagittal 
frontal and parietal lobes are typical findings in 
patients with superior sagittal sinus thrombosis, 

Fig. 4.13 Cerebral venous thrombosis in patient with 
headache. Unenhanced CT scan (a) shows hyperdensity in 
superior sagittal sinus (SSS) with empty delta sign on 
enhanced CT (b). MRI shows hyperintense signal at the 
level of frontoparietal sulci on FLAIR image (c); it 
confirmed the presence of a subacute thrombus in SSS and 

cortical veins on T1 w image (d) and lack of opacification 
after contrast media (e, f). Follow-up scan demonstrated 
resolution of the thrombosis with disappearance of 
hyperintensity on FLAIR image (g), thrombus on T1w 
image (h), and complete opacification of SSS (i, j)

a b
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Fig. 4.13 (continued)
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Fig. 4.13 (continued)
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whether hemorrhage in the temporal and occipi-
tal lobes is more typical of transverse sinus 
thrombosis. T2* sequences have high sensitivity 
in the depiction of parenchymal hemorrhage. 
Rarely CVST may be associated also with SAH 
[54]. Recent studies evaluated the usefulness of 
ASL-PWI sequences to determine the hypoperfu-
sion of brain parenchyma drained by the throm-
bosed sinus, showing a decreased CBF in the 
affected area [62].

Reversible Vasoconstriction  
Syndrome (RCVS)
RCVS is a term used to group reversible angi-
opathies that present with a sudden thunderclap 
headache with or without focal neurological 
deficits and/or seizures, recurrent in 1 month and 
triggered by several factors such as sexual activ-
ity, exertion, and Valsalva maneuver. Typically 
RCVS presents with multifocal arterial vasocon-
striction. During the first week after clinical 
onset, neuroimaging investigation can be normal 
[2]. Abnormal findings may develop later, reveal-
ing cortical SAH over the convexities of the 
cerebral hemispheres, intracerebral hemorrhage 
(ICH), infarction in a watershed zone, or brain 
edema [49]. Ischemic stroke is the most com-
mon, followed by isolated convexity SAH and 
isolated ICH. Brain infarcts and hemorrhages are 
typically located in watershed zones, usually in 
posterior regions, in a pattern which can be simi-
lar to that of an atypical posterior reversible leu-
koencephalopathy syndrome (PRES) (there is a 
10% overlap with this condition) [54] (Figs. 4.14 
and 4.15).

MRI may be more sensitive than CT for 
detecting subtle cortical SAH, cerebral edema, 
infarction, and leukoencephalopathy. The gold 
standard for diagnosis is DSA which detects the 
typical alternating areas of arterial constriction 
and dilatation, often called “beading,” in multiple 
vascular beds [63]. These alterations are usually 
bilateral and multiple and affect all intracerebral 
arteries and their branches, while the extracranial 
segments of the internal carotid and vertebral 
arteries are rarely involved. These changes usu-
ally resolve within 3 months [54, 64]. CT angiog-
raphy and MRA are alternative and less invasive 

methods for identifying the arterial changes [63]. 
Furthermore, the ASL MRI perfusion maps may 
reveal hypoperfusion of several cerebral areas as 
reported by Komatsu et al. [65].

Cerebral Autosomal Dominant 
Arteriopathy with Subcortical Infarcts 
and Leukoencephalopathy (CADASIL)
CADASIL is the most common monogenetic 
cause of adult onset progressive cerebrovascular 
disease. It is an autosomal dominant arteriopathy 
characterized by migraine usually with aura pre-
senting in early adulthood (at a mean age of 30), 
recurrent ischemic events, mood disturbances, 
progressive cognitive impairment mostly affect-
ing executive function, and acute encephalopathy 
[49, 66]. Onset of radiologic manifestations 
closely mirrors the onset of migraine with mean 
age of imaging abnormalities starting at 30 years. 
By the age of 35, essentially all patients with 
CADASIL have abnormal MRI findings [66]. 
MRI is the most clinically relevant imaging 
modality. In early stages nonspecific periventricu-
lar and subcortical hyperintensities on T2/FLAIR 
sequences may be seen. The typical radiologic 
findings of advanced stages of CADASIL are con-
fluent, large, symmetrical white matter changes 
on T2/FLAIR sequences, particularly in the ante-
rior temporal poles, external capsula, and superior 
frontal gyrus [66]. Anterior temporal pole altera-
tions have a high sensitivity and specificity for 
this disease (approximatively 90% for each) 
(Fig. 4.16). DWI sequences may show acute and 
subacute ischemic events. GRE sequences may 
show in a variable number of cases (30–70%) 
cerebral micro-bleeds most commonly affecting 
the thalami, basal ganglia, and brain stem [66, 
67]. The MRI findings that are most strongly 
related to clinical deficit are number and volume 
of lacunes, brain atrophy, and white matter dis-
ease [68]. Recently DTI has been used to charac-
terize tissue damage in CADASIL: DTI helps 
demonstrating the extensive microstructural 
changes involving intra- and interhemispheric 
cerebral, thalamocortical, and cerebro-cerebellar 
connections; moreover the severity of microstruc-
tural changes correlates with extension of T2/
FLAIR hyperintensities [69].
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Fig. 4.14 RCVS in patient with thunderclap headache 
and seizures. Axial SE T2w (a) and FLAIR (b) sequences 
show a left parietal subcortical white matter hyperintensity, 
sparing the cerebral cortex, with no significant alterations 

on DWI (c) and SE T1w + Gd (d) sequences. The GRE 
T2*w sequence helps identify parietal and frontal SAH 
(e)

a b

c d
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4.3.2.3  Headache Attributed 
to Nonvascular Intracranial 
Disorders

Spontaneous Intracranial Hypotension
Spontaneous intracranial hypotension (IH) 
occurs as a result of spinal cerebral fluid leak 
due to iatrogenic, traumatic, or spontaneous 
causes. Typically IH presents with orthostatic 
headaches associated with other symptoms 
such as neck pain, tinnitus, change in hearing, 
photophobia, and nausea. Some patients how-
ever do not present classical symptoms, but 
show atypical clinical presentation with non-
orthostatic headaches or absence of headaches 
[70]. CT has little diagnostic value although 
subdural fluid collections or increased tentorial 
enhancement may be detected [49]. MRI with 
gadolinium administration has an important 
role in diagnosis of IH, particularly in atypical 
clinical presentation. Typical MRI findings of 

e

Fig. 4.14 (continued)

a b

Fig. 4.15 Patient with prolonged severe hypertension 
and headache—PRESS.  Bilateral parieto-occipital 
cortical-subcortical focal hyperintensities on axial SE 

T2w images (a) with no signal restriction on DWI (b). 
MRI control after 3 weeks (c, d) shows no focal alterations 
with complete resolution of the previous findings
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a b

Fig. 4.16 Recurrent headache and stroke episodes in 
patients with CADASIL.  Large, confluent, symmetrical 
subcortical white matter hyperintensities on SE T2w (a) 

and FLAIR (b) sequences, with involvement of the exter-
nal capsula and the anterior temporal poles

c d

Fig. 4.15 (continued)
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IH include diffuse, non- nodular, pachymenin-
geal enhancement, engorgement and enhance-
ment of cerebral venous sinuses, and pituitary 
gland enlargement. Coronal and sagittal images 
may show downward displacement of the brain, 
tonsillar herniation, flattening of the pons and 
optic chiasm, and decreased size of subarach-
noid cisterns [49, 70]. Subdural fluid collec-
tions may be present as a late finding of 
untreated IH; when moderate or large in size, 
there can be secondary hemorrhage causing 
subdural hematomas because of stretching and 
rupture of bridging veins [70]. Spine abnormal-
ities associated with IH can be detected with 
MRI, and they include extra- arachnoid fluid 
collections, spinal meningeal enhancement, 
engorgement of epidural venous plexus, and 
intradural spinal veins [70, 71]. A coronal MR 
myelography has been recommended for 
detecting the leakage of CSF as a first-choice 
modality, followed by axial MRI and if neces-
sary CT myelography [70] (Fig. 4.17).

Increased Cerebrospinal Fluid Pressure
CSF circulatory dysfunction can likewise be a 
source of headache. A particular form of this is 
the cerebral pseudotumor, which can arise as a 
primary disorder (idiopathic intracranial hyper-
tension) or from secondary causes such as exog-
enous agents or venous sinus thrombosis [49].

The most common diagnostic sign is papill-
edema on the fundoscopic exam. Visual acuity 
and visual fields using perimetry need to be docu-
mented on these patients because of the potential 
for visual loss. A lumbar puncture opening pres-
sure of at least 259 mm supports the diagnosis of 
pseudotumor cerebri syndrome [49].

CT or MRI of the brain is required prior to 
performing the diagnostic lumbar puncture to 
rule out a space-occupying lesion. CT should be 
normal and without evidence of intracranial mass 
or hydrocephalus.

MRI is the examination of choice to help sup-
port the diagnosis. Typical imaging findings are 
flattening of the papilla in axial T2w images as well 

a b

Fig. 4.17 Long-standing intractable headache in patient 
with spontaneous intracranial hypotension. T2w image 
(a) shows slight enlargement of subdural frontal space. A 
subtle hyperintense subdural collection is seen on FLAIR 

image (b) and diffuse thickening and pachymeningeal 
enhancement is seen on T1w image after contrast media 
(c). Myelo-RM (d, e) well demonstrates spontaneous CSF 
leakage at the level of C2–C3
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as a gyrose optic nerve. Coronal images reveal an 
enhancement of the optic nerve sheath; this phe-
nomenon can be easily assessed using T2w images 
with fat saturation. Additionally, sagittal views fre-
quently reveal that the pituitary gland is flattened 
(so-called empty sella  syndrome) or tonsillar 
descent (Fig. 4.18). Venous angiography frequently 
reveals stenosis in the transverse sinus [72].

Intracranial Neoplasia
Headaches caused by brain tumors have been 
classically described as severe, early morning, or 
nocturnal headaches associated with nausea and 
vomiting. In these types of patients, headache has 
developed in temporal relation to the intracranial 
neoplasia or let to its discovery. It usually signifi-
cantly worsens in parallel with worsening of the 

a b c

Fig. 4.18 Intracranial hypertension and headache. 
Sagittal (a) and coronal (b) STIR images and sagittal SE 
T1-weighted image (c) show flattened posterior sclera 

(arrow) (a), prominent subarachnoid space around the 
optic nerve (b), and partial empty sella (c)

c d e

Fig. 4.17 (continued)
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intracranial neoplasia and may significantly 
improve in temporal relation to the successful 
treatment of the neoplasia [2]. However, several 
studies have shown that headaches arising from 
brain tumors can present with the same phenotype 
as primary headache disorders such as migraine 
or tension-type headaches. Most patients have 
atypical features, and only 17% of patients fit the 
classic brain tumor headache descriptions [73].

Imaging, both CT and MRI, rules out space- 
occupying lesions or hydrocephalus. MRI, 
however, is more sensible than CT for the 

detection and evaluation of the extension of the 
tumor. This is particularly true for some brain 
regions (such as sellar, auditory canal, etc.) or 
meningeal pathology (Fig.  4.19). A particular 
case of tumor, which causes headache, is the 
colloid cyst. This is a protein-rich cyst of the 
roof of the third ventricle emanating from the 
endoderm [74]. Colloid cysts can be an inciden-
tal finding in cranial imaging or can manifest 
themselves with headaches. Headaches arising 
from a colloid cyst of the third ventricle are 
often thunderclap and recurrent. Headaches 

a b

c

Fig. 4.19 Carcinomatous meningitis—intractable head-
ache in patient with previous breast cancer. Axial SE T2w 
image (a), axial and sagittal SE T1w image after Gd (b, c): 

mild enlargement of the cerebellar sulci on T2W images 
(a) and diffuse leptomeningeal enhancement on T1W 
images after CM (b, c)
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may improve in the supine position and are 
often located in the bilateral frontoparietal or 
fronto- occipital regions. The cyst may cause 
obstructive hydrocephalus as it is located close 
to the foramen of Monro. There are no restricted 
diffusion and hyperintensity seen on FLAIR 

sequences. On T1-weighted images, the central 
portion of the mass is hyperintense, whereas 
the periphery is isointense. The central portion 
is markedly hypointense, while the peripheral 
portion is isointense in T2-weighted images 
[75] (Fig. 4.20).

a b

c d

Fig. 4.20 Colloid cyst in patient with positional head-
ache. Hyperdense cyst in the third ventricle at the level of 
Monro foramen is visible on axial CT scan (a). It appears 

hypointense on axial SE T2w sequence (b) and hyperin-
tense on axial SE T1w sequence (c) and does not enhance 
after Gd administration on SE T1 sequences (d)
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Chiari Malformation Type I
Chiari malformation type I (CM1) headaches 
are often precipitated by cough or Valsalva 
maneuver. There may be associated symptoms 
of brain stem, cerebellar, or cervical dysfunc-
tion. The associated headaches are occipital or 
suboccipital and generally last longer than pri-
mary cough headaches which last several sec-
onds to a few minutes (although some patients 
experience mild to moderate headache for 2 h) 
[2]. MRI is required for the diagnosis to obtain 
detailed sagittal images. Brain MRI shows at 
least 5 mm of caudal descent of the cerebellar 
tonsils which appear “peglike” and pointed. 
Other MRI findings include crowding of sub-
arachnoid space at craniocervical junction and 
kinking of the medullary cervical junction and 
brain stem [76]. Tonsillar herniation of less than 
5  mm does not exclude the diagnosis, if other 
features on brain MRI are present and patient is 
symptomatic. Asymptomatic tonsillar ectopia 
may be differentiated from symptomatic CM1 
using CSF flow studies. An abnormal CSF flow 
pattern is seen in CM1 [77]. A spinal MRI is 
necessary to look for syringomyelia which may 
be seen in 40% of the patients, commonly 
located between the C4 and C6 levels [78]. 
Tonsillar ectopia may also be caused by disor-
ders producing high and low CSF pressure, 
including mass lesions, which are distinct from 
a true Chiari malformation (Fig. 4.21).

4.3.2.4  Headache Attributed 
to Intracranial Infection

In cases of cerebral infections, these can be focal 
(i.e., abscess) or diffuse. In the latter situation, a 
distinction can be made between inflammation of 
the cerebral parenchyma (encephalitis) and cere-
bral membranes (meningitis).

The guiding symptoms of intracranial infec-
tion are headache and fever. Depending on the 
site and extent of the infection, additional neuro-
logical symptoms, including death, may occur.

Particular attention, however, should be paid 
to immune system-compromised and HIV- 
positive patients [79]. Intracranial pathology is 
found in cases of new-onset headache in up to 
82% of these patients [80, 81]. Therefore cerebral 
imaging should be performed after new-onset 

headache or if existing symptoms change in type 
or intensity.

Meningitis is a clinical diagnosis supported by 
testing cerebrospinal fluid. The use of imaging 
therefore is to exclude contraindications for a 
lumbar puncture [82]. Performing non-enhanced 
CT is sufficient here. In cases of bacterial menin-
gitis and in those with unfavorable progression of 
the disease, CT or MRI with contrast media 
should be performed (Fig. 4.22).

If encephalitis is suspected, an MRI should be 
performed. Inflammatory changes appear as 
hyperintense signal alterations in FLAIR images 
and in diffusion-weighted images can be distin-
guished earlier as hyperintense signal alteration. 
Administration of contrast agent is required, and 
contrast-enhanced images should be acquired on 
at least two planes.

4.3.2.5  Painful Cranial Neuropathies 
and Other Facial Pains

Glossopharyngeal Neuralgia
Glossopharyngeal neuralgia (GN) is an uncom-
mon facial pain syndrome and is often misdiag-
nosed as trigeminal neuralgia. Generally, GN is 

Fig. 4.21 Arnold-Chiari type I and headache. Sagittal 
T2w image: caudal descent of cerebellar tonsils. 
Narrowing of subarachnoid space at craniocervical 
junction
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caused by neurovascular compression, while 
trauma, neoplasms, infection, or an elongated 
styloid process represent only a minor percent-
age. Imaging of the neck is necessary to exclude 

a neoplasm of the hypopharynx, larynx, or piri-
form sinus or an elongated styloid process 
(Fig. 4.23). MRI is the exam of choice to rule out 
the presence of a neurovascular compression: the 

a b

c

Fig. 4.22 TBC meningitis in patient with headache and 
subtle left hemiparesis. CT scan after CM (a), SE 
T2-weighted image (b), SE T1w image after CM (c). 
Meningeal thickening and enhancement at the level of 

right insula is demonstrated both in CT (a) and T1W 
image after contrast media administration (c). No clear 
pathologic sign is shown on T2w image (b)
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combination of high-resolution 3D T2-weighted 
imaging with 3D time-of-flight angiography and 
3D T1-weighted gadolinium-enhanced sequences 
is considered the standard of reference for the 
detection of neurovascular compression and can 
successfully guide neurosurgical treatment [83]. 
MRI allows precise assessment of the relation-
ship between the IX nerve and the conflicting 
artery in the supraolivary fossette, which is the 
site of origin of the IX nerve; the posterior infe-
rior cerebellar artery and less frequently the ante-
rior inferior cerebellar artery are responsible for 
nerve compression [83, 84] (Fig. 4.24).

Tolosa-Hunt Syndrome
Tolosa-Hunt syndrome (THS) is a very rare dis-
order characterized by unilateral orbital pain 
associated with paresis of one or more of the 
third, fourth, and/or fifth cranial nerves. It is a 
benign condition caused by granulomatous 
inflammation in the cavernous sinus, superior 
orbital fissure, or both which resolve promptly 
after corticosteroid treatment [2, 85]. MRI is 
important to rule out other pathologies of the cav-
ernous sinus such as neoplasms, infections, vas-
cular abnormalities, and venous thrombosis as 

a b

c d e

Fig. 4.23 Eagle syndrome in patient with parapharyngeal chronic pain. CT MIP sagittal (a, b) and 3D reconstruction 
(c–e) show an elongated styloid process on the left associated with calcification of stylohyoid ligament
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the cause of symptoms. Typical MRI findings in 
THS include enlargement of the cavernous sinus 
due to soft tissue extending through the superior 
orbital fissure into the orbital apex. The soft tis-
sue lesion shows isointense signal intensity on 
T1w and iso-hypointense signal intensity on T2w 
sequences with enhancement after contrast media 
injection. The follow-up MRI after corticosteroid 
therapy shows resolution of radiological findings 
which supports the diagnosis and also identifies 
the relapse early [85–87].

Optic Neuritis
Optic neuritis (ON) is characterized by unilat-
eral or bilateral pain localized in retro-orbital, 
orbital, frontal, and/or temporal regions, aggra-
vated by eye movement and accompanied by 
impairment of central vision [2]. The optic 
nerve is not well characterized on conventional 
brain MRI sequences because of its small size 
and surrounding orbital fat; therefore an orbital 
MRI protocol is used, with T1 and T2 sequences 
obtained before and after gadolinium injection 
and with fat suppression sequences since the 
orbital portion of the optic nerve is surrounded 
by fat (Fig. 4.25). ON is a common presentation 
of multiple sclerosis (MS) in approximately 
20% of patients: common imaging features in 
MS-ON are a short involvement of the optic 
nerves, often unilaterally [88, 89]. Otherwise, a 

unilateral or bilateral long involvement of the 
posterior aspects of the nerve and/or chiasma 
may suggest the presence of a neuromyelitis 
optica spectrum disorder (NMOSD), in accor-
dance to other clinical, serological, and neuro-
imaging features [89]. A diagnosis of NMOSD 
should be kept in mind in more severe ON, usu-
ally involving optic nerves bilaterally, with pos-
itivity of serum anti- aquaporin 4 autoantibody 
(anti-AQP4 Ab) and in patients with associated 
acute transverse myelitis, mostly longitudinally 
extended (with three or more vertebral segments 
involved), with central cord involvement, cord 
expansion, and T1 hypointensity during the 
acute phase [89].
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Trigeminal Nerve: Clinical Features

Paolo Manganotti and Antonio Granato

5.1  Introduction

Trigeminal neuralgia (TN) is a distinct, painful 
disorder of the face that is easily evoked by trivial 
stimuli and undergoes a relapsing, remitting 
course. It is also called as trifacial neuralgia, 
Fothergill’s disease, and tic douloureux. The 
International Headache Society defines TN as 
“recurrent unilateral brief electric shock-like 
pains, abrupt in onset and termination, limited to 
the distribution of one or more divisions of the 
trigeminal nerve and triggered by innocuous 
stimuli” [1]. The best indication about the 
prevalence of TN comes from a study by Penman 
[2], who in 1969 reported rates of 
107.5/1,000,000  in men and 200.2/1,000,000  in 
women. The annual incidence rates for men and 
women were 4.67 and 7.15, respectively. The 
peak TN incidence occurs in the fifth to seventh 
decade, with 90% of cases beginning after age of 
40 and progressively increases with increasing 
age: from 17.5/100,000/year between 60 and 

69 years of age up to 25.6/100,000/year after 70 
[3]. The female-to-male ratio was 1.74:1  in the 
Katusic et al. study [3] and 3:2 in another study 
by Ashkenazi and Levin [4]. Familial cases of TN 
are very rare but have been reported [3, 5–8]. In 
these familial cases TN presented earlier in each 
successive generation.

5.2  Pathophysiology

Although multiple mechanisms involve periph-
eral pathologies at root (compression or traction), 
and dysfunctions of brain stem, basal ganglion, 
and cortical pain modulatory mechanisms could 
have a role, neurovascular conflict is the most 
accepted theory [9]. Artery or vein is usually 
compressing the trigeminal nerve near the pons 
injuring myelin sheath and causing erratic hyper-
active functioning of the nerve [10].

Although it has been generally assumed that 
vascular contact at the root entry zone (REZ) 
causes TN, conflict anywhere on the root at cen-
tral or peripheral myelin, in the region of REZ, or 
at transition zone between central and peripheral 
myelin can cause TN [11]. REZ and transition 
zone between central and peripheral myelin are 
distinct sites and that these terms should never be 
used interchangeably. Peripheral myelin is more 
resistant to compression as compared to central 
myelin or transition zone [12]. The normal pulsa-
tion of artery may not be traumatic [12] enough 
to produce TN; strokes due to unbending of artery 
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loop usually cause pathological changes in root 
[13]. Although displacement or grooving of the 
nerves has been observed in normal individuals 
[14], more severe root indentation or distortion in 
proximal root is likely to produce TN.  Arterial 
compression is commonly seen; venous conflict 
alone or in combination to arterial compression 
has been observed in some patients as a cause of 
TN [15]. Persistent primitive trigeminal artery, its 
aneurysm, and vertebrobasilar dolichoectasia 
may cause TN. Sharper trigeminal-pontine angle 
and smaller cerebellopontine angle cisterns can 
facilitate the neurovascular compression.

Focal arachnoid thickening, angulation, adhe-
sion, traction, tethering or torsion, fibrous ring 
around the root, cerebellopontine angle tumors, 
brain stem infarction, aneurism, and arteriove-
nous malformation can also cause TN [16].

Central causes of the disease have also been 
proposed for TN; reduced basal ganglia μ-opioid 
receptor [17] and altered gray matter in sensory 
and motor cortex have been implicated [18]. The 
dysfunction of multiple modulatory mechanisms 
probably plays a key role in the pathophysiology.

Demyelination, dysmyelination giving 
increases to electrical hyperexcitability, sponta-
neous and triggered ectopic impulse, and cross 
excitation among neighboring afferents have 
been proposed in ignition hypothesis [19]. 
According to the bioresonance hypothesis, tri-
geminal nerve fibers are damaged when the 
vibration frequency of nerve and surrounding 
structure becomes close to each other [20]. The 
brain sagging/arterial elongation hypothesis is 
also believed to cause nerve compression.

Predisposition to pain of the fifth cranial nerve 
could be related to familial TN; in particular, 
genetic influence on vascular growth patterns, 
membrane stability, and anatomic constraints 
(narrower middle and anterior cranial fossae) 
may be involved [8].

Exact pathophysiology of TN remains contro-
versial. Chronic nerve compression results in 
demyelination, with progressive axonal degener-
ation in small unmyelinated and thinly myelin-
ated fibers. Demyelination can lead to ephaptic 
transmission; reentry mechanism causes an 
amplification of sensory inputs. Ultrastructural 

and biochemical changes in axon and myelin are 
not only seen in root but also in Gasserian gan-
glion or in both the structures [21]. Atrophy of 
the trigeminal nerve is also seen [22, 23]. The 
gray matter volume reduction in the primary and 
secondary somatosensory cortex, orbitofrontal 
areas, thalamus, insula, anterior cingulate cortex, 
cerebellum, and dorsolateral prefrontal cortex 
has been observed [24, 25]. Lower axial kurtosis 
and higher axial diffusivity in corticospinal tract, 
superior longitudinal fasciculus, anterior tha-
lamic radiation, inferior longitudinal fasciculus, 
inferior fronto-occipital fasciculus, cingulated 
gyrus, forceps major, and uncinate fasciculus 
were observed. There was complex functional 
connectivity density reorganization of hippocam-
pus, striatum, thalamus, precentral gyrus, precu-
neus, prefrontal cortex, and inferior parietal 
lobule [26]. It is difficult to say whether the 
changes in cortical and subcortical areas are 
cause or effect in TN.

5.3  Clinical Features

The current International Classification of 
Headache Disorders distinguishes the pain 
attributed to a lesion or disease of the trigeminal 
nerve in two subforms: trigeminal neuralgia 
(classical trigeminal neuralgia, secondary 
trigeminal neuralgia, and idiopathic trigeminal 
neuralgia) and painful trigeminal neuropathy 
(Table  5.1) [1]. The characteristics of TN are 
neuralgic pain, and they are the same in all three 
subforms (Table  5.2); on the contrary, 
characteristics of painful trigeminal neuropathy 
fulfill criteria for neuropathic pain [1]. Clinical 
predictors for secondary TN and painful 
trigeminal neuropathy are shown in Table 5.3 [9].

5.3.1  Trigeminal Neuralgia

Trigeminal neuralgia is characterized by episodes 
of spontaneous pain or a triggered intense facial 
pain that last for short duration. Symptoms begin 
with a modest and occasional neuralgic pain. 
When the attacks are located at the dental arch, 

P. Manganotti and A. Granato



79

they are almost constantly attributed to local 
pathology, and often this belief leads to unneces-
sary extractions or dental care. In the first years, 
the temporal trend is that of remission periods 
alternating with recrudescence. Quite typically 
spring and autumn coincide with the upsurge. 
Over the years, the periods with neuralgic pain 

become longer and longer, until no more remis-
sions occur.

The pain strictly occurs in one or more division 
of the trigeminal nerve, with no radiation beyond 
the trigeminal distribution. Patients have 61% 
right-sided attacks and 36% left-sided attacks. 
Most individuals experience pain in the maxillary 
and mandibular divisions. It occurs much less fre-
quently in the ophthalmic divisions (Table  5.2). 
Only 4% of trigeminal neuralgia cases are bilat-
eral, and most of these individuals have multiple 
sclerosis. TN never spreads across the midline, 
and bilateral cases are never synchronous [27].

The pain comes in repetitive flashes, which 
may be like stabbing, electric shocks, burning, 
pressing, crushing, exploding, shooting, boring, 
shock-like sensations, piercing, prickling, or a 
combination, lasting from a fraction of a second 
to 2 min. Between clusters of pain, the patient is 
usually pain-free (TN purely paroxysmal), but a 
continuous dull aching pain of moderate intensity 
in the affected area may persist (TN with 
concomitant continuous pain). The patient lives 
in dread of the future pain. Although a subset of 
patients can progress from the purely paroxysmal 
to the continuous pain form over time, their 
pathological and prognostic profiles nevertheless 
resembled those of the purely paroxysmal form. 
Proponents of progressive change in character of 
pain theory think that the TN, atypical neuralgia, 
and trigeminal neuropathic pain may represent a 
continuous spectrum rather than discrete 
pathology, whereas others believe that purely 
paroxysmal to the continuous pain TN represents 
distinct entities [28]. Pain usually does not occur 
when the person is asleep.

Table 5.1 Classification of pain attributed to a lesion or 
disease of the trigeminal nerve (adapted from the 
International Classification of Headache Disorders 3rd 
edition) [1]

Trigeminal neuralgia
  Classical trigeminal neuralgia
   Classical trigeminal neuralgia, purely paroxysmal
    Classical trigeminal neuralgia with concomitant 

continuous pain
  Secondary trigeminal neuralgia
    Trigeminal neuralgia attributed to multiple 

sclerosis
    Trigeminal neuralgia attributed to space-

occupying lesion
   Trigeminal neuralgia attributed to other cause
  Idiopathic trigeminal neuralgia
    Idiopathic trigeminal neuralgia, purely 

paroxysmal
    Idiopathic trigeminal neuralgia with concomitant 

continuous pain
Painful trigeminal neuropathy
  Painful trigeminal neuropathy attributed to herpes 

zoster
  Trigeminal postherpetic neuralgia
  Painful post-traumatic trigeminal neuropathy
  Painful trigeminal neuropathy attributed to other 

disorder
  Idiopathic painful trigeminal neuropathy

Table 5.2 diagnostic criteria of trigeminal neuralgia 
(IHS 2018)

A.  Recurrent paroxysms of unilateral facial pain in the 
distribution(s) of one or more divisions of the 
trigeminal nerve, with no radiation beyond, and 
fulfilling criteria B and C

B. Pain has all of the following characteristics
  1. Lasting from a fraction of a second to 2 min
  2. Severe intensity
  3.  Electric shock-like, shooting, stabbing, or sharp 

in quality
C.  Precipitated by innocuous stimuli within the 

affected trigeminal distribution
D.  Not better accounted for by another ICHD-3 

diagnosis

Table 5.3 Clinical predictors for secondary trigeminal 
neuralgia and painful trigeminal neuropathy

Trigeminal sensory deficits
Bilateral involvement of the trigeminal nerves
Younger age
Predominant continuous pain and rare superimposed 
brief pain paroxysms
Absence of refractory periods
Unresponsiveness to treatment
Abnormal trigeminal reflexes
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Trigger zones are very frequent (91%) and can 
be small as 1–2 mm in diameter. These zones are 
areas innervated by the trigeminal nerve that 
when stimulated by non-noxious stimuli cause 
the onset of flashes of pain. They are usually in 
the central part of the face around the nose and 
lips. Daily activities such as eating, talking, 
yawning, sneezing, coughing, washing the face, 
and cleaning the teeth can precipitate the electric 
shocks. Light touch and vibratory stimuli are 
more effective in eliciting the pain than a pinch or 
pinprick. The pain intensity is independent of the 
trigger zone size. In most patients, the pain starts 
within the trigger zone, but in 5–9% of patients, it 
occurs outside of it.

Following a painful paroxysm, there is usually 
a refractory period. Patients find that after a 
paroxysmal of pain there is a period of time that 
can last up to several minutes during which 
stimulation of the trigger zone will not elicit a 
paroxysmal of pain. The duration of the relative 
refractory period is usually proportional to the 
length and severity of prior painful attack.

When very severe, the pain often evokes con-
traction of the muscle of the face on the affected 
side (tic douloureux) [29]. Mild autonomic symp-
toms such as lacrimation and/or redness of the eye 
may be present. A patient experiencing a TN 
attack typically freezes in place with the hands 
slowly rising to the area of pain on the face but not 
touching it. The patient then grimaces or quirks 
the face with the tic douloureux and then remains 
in this position or cries out in pain.

There are no certain data regarding the prog-
nosis of the disease, but common experience sug-
gests that the disorder tends to aggravate and that 
it responds less and less to the various therapeutic 
attempts over time.

5.3.2  Classical Trigeminal Neuralgia

The International Headache Society defines clas-
sical trigeminal neuralgia as pain fulfilling crite-
ria for TN (Table 5.2) [1], with demonstration on 
MRI or during surgery of neurovascular com-
pression with morphologic changes in the tri-
geminal nerve root. Morphologic changes consist 

in atrophy or displacement. Atrophic changes 
may include demyelination, neuronal loss, and 
changes in microvasculature. The simply contact 
on the root is not sufficient to cause TN. Between 
paroxysms, most patients are asymptomatic 
(classical trigeminal neuralgia, purely paroxys-
mal), or less frequently a prolonged background 
pain in the affected area may persist (classical 
trigeminal neuralgia with concomitant continu-
ous pain).

5.3.3  Secondary Trigeminal 
Neuralgia

Secondary trigeminal neuralgia is caused by an 
underlying disease except for neurovascular com-
pression that is able to cause and explain the 
 neuralgia (multiple sclerosis, tumor in the cere-
bellopontine angle, arteriovenous malformation). 
Characteristics of pain fulfill criteria for TN 
(Table 5.2) [1]. Clinical examination shows sen-
sory changes in a significant proportion of 
patients. Trigeminal neuralgia attributed to multi-
ple sclerosis occurs in 2–5% of patients with mul-
tiple sclerosis, sometimes bilaterally. In these 
patients, MRI or appropriate electrophysiological 
studies demonstrate a plaque at the trigeminal 
root entry zone or in the pons affecting the intra-
pontine primary afferents. The space-occupying 
lesions cause TN by contact with the affected tri-
geminal nerve. Patients may or may not have 
clinically detectable sensory signs, but trigeminal 
brain stem reflexes are almost always abnormal.

5.3.4  Idiopathic Trigeminal 
Neuralgia

In idiopathic trigeminal neuralgia, the pain fulfills 
criteria for TN (Table 5.2) [1], and neither electro-
physiological tests nor MRI shows significant 
abnormalities. A contact between a blood vessel 
and the trigeminal nerve and/or nerve root may be 
found, but without evidence of morphological 
changes. Two subforms of idiopathic trigeminal 
neuralgia are identified: a purely paroxysmal and 
with concomitant continuous pain form.
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5.3.5  Painful Trigeminal 
Neuropathy

Painful trigeminal neuropathy is defined by the 
International Headache Society as “head and/or 
facial pain in the distribution of one or more 
branches of the trigeminal nerve caused by another 
disorder and indicative of neural damage” [1].

Subforms of painful trigeminal neuropathy are 
painful trigeminal neuropathy attributed to her-
pes zoster, trigeminal post-herpetic neuralgia, 
painful post-traumatic trigeminal neuropathy, 
painful trigeminal neuropathy attributed to other 
disorder, and idiopathic painful trigeminal neu-
ropathy (Table 5.1), depending on their etiology. 
Unlike trigeminal neuralgia, the main pain is usu-
ally continuous or near-continuous, commonly 
described as burning or squeezing, or likened to 
pins and needles. There are also superimposed 
brief pain paroxysms, but these are not absolutely 
the predominant pain type. Clinically evident pos-
itive (hyperalgesia, allodynia) and/or negative 
(hypesthesia, hypalgesia) signs of trigeminal 
nerve dysfunction affecting the trigeminal 
branches are constant.

In painful trigeminal neuropathy attributed to 
herpes zoster, pain is distributed in one or more 
trigeminal branches and lasts less than 3 months. 
The onset of acute herpes zoster usually is 
heralded by pain that precedes the vesicular 
eruption by a few days. No practical method has 
been found to establish the diagnosis while pain 
is the only feature. Vesicles dry out within about 
1 week and heal within about 1 month. The main 
complication is postherpetic neuralgia, which 
ensues in about 10–15% of patients [30].

Trigeminal postherpetic neuralgia is more 
likely in the elderly, and up to 50% or more suffer 
pain lasting more than a year. The pathology 
involves atrophy of the dorsal horn and cell loss, 
axon loss, and demyelination with fibrosis in the 
dorsal root ganglion. Pain persists more than 
3 months, characterized by constant burning and 
aching with superimposed jabs of shooting or 
lancinating pain. Patients show a clear sensory 
deficit and brush-evoked mechanical allodynia in 
the trigeminal distribution involved. At 2 years, 
53% of patients have a poor outcome despite 

therapy, 22% benefit from therapy, and 25% have 
a good outcome without treatment [31].

Painful post-traumatic trigeminal neuropathy 
is caused by traumatic event (mechanical, 
chemical, thermal, radiation) to the trigeminal 
nerve. Pain is localized to the distribution of the 
trigeminal branch affected by trauma; it has 
mixed qualities (from paroxysmal to constant) 
and develops within 6 months after the traumatic 
event. It may occur after neuroablative procedures 
for trigeminal neuralgia.

Painful trigeminal neuropathy attributed to 
other disorder may develop secondary to multiple 
sclerosis, space-occupying lesion, or systemic dis-
ease. The pain is localized to the distribution of the 
trigeminal nerve(s) and may be bilateral. Signs of 
trigeminal nerve dysfunction are evident, and tri-
geminal reflexes are invariably delayed or absent.

In the idiopathic painful trigeminal neuropa-
thy, the pain is indicative of neural damage; it is 
unilaterally or bilaterally distributed in one or 
more trigeminal branches, but no cause has been 
identified.
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6.1  Radiological Anatomy 
and Physiology

The trigeminal nerve is a mixed sensory-motor 
nerve which presents a general sensory afferent 
and a special visceral efferent (motor) component. 
The first part collects somatic sensory from the 
skin and mucous membranes of the face, 
forehead, anterior scalp, nasal and oral cavities, 
conjunctiva, paranasal sinuses, teeth, anterior 
two thirds of the tongue, part of the external 
surface of the tympanic membrane, and the dura 
of anterior and middle cranial fossae. The motor 
component comprehends all the efferent branches 
deputed to innerve the muscles of mastication.

The sensory and motor trigeminal nerve roots 
leave together the mid-lateral surface of the pons, 
enter the subarachnoid space in the cerebellopon-
tine angle cistern, and pierce the dura mater at the 
petrous apex to enter the Meckel’s cave, which 
encloses the trigeminal ganglion and the three 
division branches of the trigeminal nerve: oph-
thalmic (V1), maxillary (V2), and mandibular 
(V3) branches. The three division branches fol-

low different paths: V1 and V2 elapse within the 
dura mater which forms the lateral wall of the 
cavernous sinus; at this point V1 passes through 
the superior orbital fissure, while V2 crosses the 
foramen rotundum, both going toward the orbit. 
The ophthalmic nerve (V1) carries sensory infor-
mation from the scalp and forehead, the upper 
eyelid, the conjunctiva and cornea of the eye, the 
nose (including the tip of the nose, except alae 
nasi), the nasal mucosa, the frontal sinuses, and 
parts of the meninges (Fig.  6.1). The maxillary 
nerve (V2) carries sensory information from the 
lower eyelid and cheek; the nares and upper lip; 
the upper teeth and gums; the nasal mucosa; the 
palate and roof of the pharynx; the maxillary, eth-
moid, and sphenoid sinuses; and parts of the 
meninges (Fig. 6.1).

The last division branch of the trigeminal 
nerve, the mandibular branch (V3), doesn’t join 
the other two roots in the cavernous sinus but 
rather deviates its course at the level of the 
Meckel’s cave, going down through the foramen 
ovale toward the mandibular and infratemporal 
regions. The mandibular nerve (V3) carries sen-
sory information from the lower lip, the lower 
teeth and gums, the chin and jaw (except the 
angle of the jaw, which is supplied by C2–C3), 
parts of the external ear, and parts of the menin-
ges. The mandibular nerve carries touch-position 
and pain-temperature sensations from the mouth, 
and one of its branches—the lingual nerve— 
carries sensation from the tongue (apart from 
taste) [1] (Fig. 6.1).
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Keeping in mind this course, the trigeminal 
nerve can be divided anatomically into five seg-
ments: brainstem, cisternal, Meckel’s cave, cav-
ernous sinus, and extracranial segments. This 
division allows an anatomy-based classification 
of trigeminal nerve pathology, which improves 
our imaging interpretation skills [2].

6.1.1  Central Segment

This segment lays inside the brainstem and 
houses the motor and sensory nuclei, which 
constitute the central component of the trigeminal 
nerve (Fig. 6.2).

The sensory nucleus can be subdivided into 
three smaller nuclei: the major sensory nucleus, 
which lays in the pontine tegmentum, ventral and 
lateral to the IV ventricle, and its superior 
(mesencephalic) and inferior (spinal) extension.

The major sensory nucleus carries tactile sensa-
tion from the face; the mesencephalic nucleus car-
ries proprioceptive information from the muscles of 
mastication. The spinal  trigeminal nucleus extends 
caudally until C2 = second cervical vertebra, where 

it merges with the substantia gelatinosa and receives 
inputs from VII, IX, and X cranial nerves, carrying 
pain, temperature, and crude touch.

The motor nucleus is far smaller than the 
major sensory nucleus and is localized in the 
midpons, anterior and medial to the sensory one, 
providing motor innervation to the muscles of 
mastication.

6.1.2  Cisternal Segment

The passage between central and cisternal seg-
ments of cranial nerves is known anatomically as 
the root detachment point [3–5]. This site corre-
sponds approximately to the apparent origin of 
the nerve, where it can be visualized surrounded 
by CSF (Fig. 6.2). The apparent origin of the tri-
geminal nerve is at the ventrolateral aspect of the 
belly of the pons, where it emerges as two differ-
ent roots: a larger sensory root and a smaller 
motor root.

Some authors demonstrated a somatotopic 
organization of the trigeminal sensory root, 
displaying a rostral component which contains 
the V1 fibers, a medial component related to the 
fibers of V2, and a caudolateral part, which gives 
rise to the mandibular branch (V3) [6].

The two roots form a main trunk which passes 
through the prepontine cistern, travelling anterior 
and laterally, and enters the dura mater of the 
middle cranial fossa trough the porus trigeminus.

As most of the other cranial nerves, the trigem-
inus is enrolled in a mixed myelin cover, with a 
proximal oligodendrocyte-myelinated component 
and a distal Schwann cell-myelinated component. 
The zone of transition between these two different 
myelinated parts of the nerve is called the transi-
tional zone (TZ) (also called Obersteiner-Redlich 
zone), which is located approximately 1 mm or 
less from the AO for the motor root and on aver-
age 3 mm for the sensory root [3, 7, 8]. At visual 
neurosurgical inspection, the TZ looks like a thin-
ning of the trigeminal myelin sheath where the pia 
mater can be seen covering the centrally myelin-
ated component [3, 8].

At the level of the porus trigeminus, both dura 
mater and arachnoid meninges form a CSF-filled 
sinus situated at the posterolateral aspect of the 

V1

V2

V3

Fig. 6.1 Innervation territories of the peripheral trigemi-
nal branches, V1 (ophthalmic, red), V2 (maxillary, blue), 
and V3 (mandibular, green)
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cavernous sinus on either side of the sphenoid 
bone, which hosts the trigeminal nerve and the 
gasserian or semilunar ganglion: the Meckel’s 
cave (Fig.  6.2). The location where a cranial 
nerve exits the subarachnoid space and is no 
longer surrounded by CSF is called the 
subarachnoid angle. In the case of the trigeminal 
nerve, this hallmark is located distal to the 
posterior margin of the gasserian ganglion, at the 
distal portion of the Meckel’s cave.

The sensory root enters the ganglion and splits 
into three branches: ophthalmic (V1), maxillary 
(V2), and mandibular (V3).

Differently, the motor root oversteps the 
 ganglion and turns inferiorly to exit the skull base 
through the foramen ovale together with the 
mandibular division of the sensory root (V3) and 
enters the nasopharyngeal masticator space.

6.1.3  Cavernous Segment

V1 and V2 divisions of the sensory root extend 
along the lateral wall of the cavernous sinus, 
together and below cranial nerve IV and lateral to 
cranial nerve VI, which lays inside the cavernous 

a b

c d

Fig. 6.2 Normal radiological anatomy of the trigeminal 
nerve. On the left, T2-weighted images displaying the 
cisternal portion of the nerve on axial (a, red arrow) and 
coronal (b, red arrow) plane. On the right, T2-weighted 

images displaying the trigeminal nerve at the level of the 
Meckel’s cave (yellow arrow) on sagittal (c, red arrow) 
and coronal (d) plane
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sinus near the internal carotid artery (ICA, 
cavernous tract—C4), surrounded by the cavern-
ous venous plexus [3].

6.1.4  Peripheral Branches

The ophthalmic division (V1) leaves the anterior 
portion of the cavernous sinus through the 
superior orbital fissure, giving off three major 
collateral branches (frontal nerve, lacrimal nerve, 
and nasociliary nerve) and a terminal branch, the 
supraorbital nerve, which enters the supraorbital 
foramen and leaves the orbit.

The maxillary division (V2) exits the central 
skull base through the foramen rotundum at the 
inferior surface of the cavernous sinus, where it is 
surrounded by a perineural vascular plexus [3, 9]. 
Then it enters the pterygopalatine fossa, giving 
off some collateral branches (meningeal, 
zygomatic, pterygopalatine, and posterior- 
superior alveolar nerves). The terminal branch of 
the nerve enters the orbit through the inferior 
orbital fissure and becomes the infraorbital nerve, 
which travels within the infraorbital canal toward 
the infraorbital foramen.

The mandibular division (V3) is the largest 
peripheral branch of trigeminal nerve.

It exits the skull base through the foramen 
ovale, where it is surrounded by a perineural 
vascular plexus [3] together with the motor root, 
and enters the masticator space, where it splits in 
four sensory branches: buccal, auriculotemporal, 
lingual, and inferior alveolar nerves. The main 
trunk then proceeds as the inferior alveolar nerve, 
enters the mandibular foramen at the lingual 
aspect of the mandibular ramus, and travels along 
the body of the mandible within the inferior 
alveolar canal toward the mental foramen in the 
parasymphyseal region, where it terminates as 
mental nerve.

After exiting the foramen ovale, the motor 
root divides into two major branches: the 
masticator nerve which supplies motor 
innervation to the temporal, masseter, and 
pterygoid muscles, and the mylohyoid branch, 
which supplies the mylohyoid and the anterior 
belly of the digastric muscle.

6.2  Imaging the Trigeminal 
Nerve

MRI represents the gold standard for trigeminal 
nerve evaluation and has almost entirely 
overcome CT. In patients with contraindications 
for MR imaging, a complete CT protocol should 
include helical or volume acquisition scans from 
the orbital roof to the mandibular symphysis after 
intravenous administration of iodinated contrast 
material, keeping the slice thickness below 3 mm, 
without interslice gap. Axial, coronal, and sagittal 
plane reconstructions, on both soft tissue and 
bony algorithms, should be performed [2, 10].

CT angiography of the posterior circulation 
should be performed in the suspect of 
neurovascular conflicts [2, 10].

A correct MR imaging protocol for the evalua-
tion of trigeminal nerve should be targeted to the 
affected segment. 3T (or new 1.5T scanners with 
digital transmission of signal) shows higher clar-
ity and signal-to-noise ratio compared to lower 
field intensities, especially in the detection of fine 
findings such as perineural spread of neoplastic 
disease [11], and should be preferred if available 
and not otherwise deemed inappropriate.

Despite a complete brain evaluation with vol-
umetric Fat-suppressed FLAIR and volumetric 
T1 after gadolinium injection, T2W fast spin- 
echo (FSE) images of the brainstem and upper 
cervical cord (until C4 at least) are useful in most 
of the pathologies affecting the central segment 
of the nerve.

A complete evaluation of the cisternal seg-
ment requires the use of heavily T2-weighted 
(T2W) sequences to enhance the contrast between 
CSF and thin neurovascular structures which 
cross the cisterns. In this case, 3D sequences 
have demonstrated a significant advantage com-
pared with 2D-FSE T2 [3].

High-resolution steady-state free precession 
(SSFP) sequences are 3D sequences with a mixed 
T1/T2 weight which allow for a heavily T2W 
appearance of the cisternal compartment together 
with the possibility of injecting contrast medium. 
Contrast-enhanced SSFP sequences combine the 
possibility of highlighting the enhancement of 
pathological processes to the heavy T2 contrast. 
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Moreover, contrast injection enhances the nerve 
segments surrounded by a vascular plexus, pro-
viding a high-definition evaluation of the cavern-
ous segment and the foraminal tracts of the 
peripheral branches [3, 12, 13]. The gasserian 
ganglion also demonstrates a physiological 
enhancement on post-contrast imaging.

Thin section spin-echo (SE) T1-weighted 
(T1W) images in the axial and coronal planes or 
multiplanar gradient echo T1W sequences 
(SPGR, GRASS, or MPRAGE), with post- 
gadolinium fat suppression, allow for a better 
anatomic depiction of the nerve [2, 9, 14]. Other 
authors suggested to obtain the T1 weighting 
with volumetric interpolated breath-hold exami-
nation (VIBE) sequence, which is a type of T1W 
gradient-recalled echo sequence [15].

High-resolution TOF (3D FISP or FLASH) 
and contrast-enhanced magnetic resonance angi-
ography (MRA) should be used to rule out neuro-
vascular conflicts [2, 9, 14].

Diffusion tensor imaging (DTI) has also been 
used to track trigeminal fibers in the brainstem, 
cisternal, and extraforaminal segments.

One study demonstrated the feasibility of DTI 
tractography of cranial nerves in the head and 
neck region, using parallel imaging, fat-satura-
tion techniques, and a 3T scanner [16] (Fig. 6.3).

6.3  Radiological Pathology 
of the Trigeminal Nerve

According to the International Headache Society 
(International Classification of Headache 
Disorders, ICDH 3 beta), TN includes two main 
categories: classical type and secondary TN 
(painful trigeminal neuropathy) [17].

Classical TN is defined as a specific category 
of TN in which MRI demonstrates vascular com-
pression with morphologic changes of the trigem-
inal nerve root. This category is furtherly divided 

Segment

Brainstem

• Multiple Sclerosis (MS) and mimickers
 inflammatory/infectious conditions
• Vascular lesions: Stroke (most commonly as
 Wallemberg syndrome), AVMs, Cavernous
 venous malformations
• Tumors: Gliomas, Metastatic disease
• Others

• MS: High quality T2-weighted images
 including cervical spinal cord), post Gd T1-
 weighted images
• DWI and ADC sequences (stroke), T2*/SWI
 sequences (cavernous malformations), 3D-
 TOF and CE Angio-MR, post-Gd 3D-TOF
 (AVMs)

• NVC: Pre and post-Gd SSFP, 3D-TOF
 (arteries), post-Gd 3D-T1 (veins). Fusion
 images
• T2-weighted images (chordomas), DWI
 (epidermoid cyst), T1 DIXON (dermoid cyst)

• Cavernous sinus masses: 3D-TOF Angio-MR
 (narrowing of the ICA), T2-weighted images
 (chordomas), DWI (epidermoid cyst), post-Gd
 SSFP, 3D-T1 with fat saturation, dynamic
 contrast imaging for pituitary
 macroadenomas
• Paranasal sinuses CT imaging

• CT for trauma
• High-resolution T1WI and post-Gd fat-
 suppressed T1WI (obliteration of fat pads)
• Pre-Gd T2 DIXON, post-Gd T1 DIXON (orbital
 imaging)
• DentaScan CT

• Neuro-vascular conflict (NVC)
• Cisternal masses: tumors (meningiomas,
 chondromas, chordomas, schwannomas,
 metastasis), non-neoplastic masses
 (epidermoid cyst, dermoid cyst, lipoma
 inflammatory pseudotumor)
• Non-tumoral nerve enhancement (NTNE):
 autoimmune, infectious, idiopathic
• Others

• Non-encasing lesions (type I): interdural
 tumors (nerve sheet tumors, melanocytoma),
 epidermoid cyst, chordoma
• Encasing and narrowing lesions (type II):
 intracavernous tumors (meningioma,
 hemangiopericytoma)
• Encasing non-narrowing lesions (type III):
 pituitary macroadenomas, epidermoid cyst
• Infectious/inflammatory diseases: infections,
 Tolosa-Hunt syndrome (may resemble type II
 lesions), others

• Communal conditions: perineural spread,
 trauma, inflammatory pseudotumor, others
• V1: orbital masses, spread of infection
• V2: spread of infection, masses
• V3: dental pathologies, masticatory space
 lesions

Cisternal/Meckel’s cave

Cavernous sinus

Peripheral branches

Most common Diagnoses Key Images

Fig. 6.3 The table shows the main diseases affecting the segments of the trigeminal nerve. Some useful imaging tech-
niques and sequences are indicated in the last column on the right
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in purely paroxysmal (trigeminal neuralgia with-
out persistent background facial pain) and trigem-
inal neuralgia with persistent background facial 
pain (atypical TN or TN type 2) [17].

Patients who suffer from secondary trigeminal 
neuralgia must have a major neurologic disease 
that causes their condition, which can be either 
acute herpes virus infection or postherpetic 
neuralgia, posttraumatic neuropathy, multiple 
sclerosis, space-occupying lesion (benign or 
malignant), and other conditions.

Idiopathic TN occurs without apparent cause.
According to many authors, an anatomy-

based approach to the trigeminal nerve differen-
tial diagnoses represents the best way to handle 
the subject. After investigating the patient’s clin-
ical symptoms, the imaging study should be tar-
geted at a precise segment, based on clinical 
suspicion.

In this perspective, the following paragraphs 
have been structured by dividing the trigeminal 
nerve in its main segments and listing the most 
frequent causes of trigeminal neuralgia for each 
one of them.

6.3.1  Central Segment

Theoretically, any process that has an impact on 
the adjacent brain parenchyma can have an 
impact on cranial nerve (CN) nuclei. Therefore, 
either stroke, inflammatory processes, infections, 
tumors, or other brainstem affections can result 
in nuclear-based trigeminal neuropathies.

The neural structures of the brainstem show 
high compaction, limiting the trigeminal nerve 
exclusive affection to a rare event, almost con-
fined to demyelinating plaques, segmental strokes 
in the PICA territory, cavernous malformations, 
and small metastatic deposits [2].

MR is the modality of choice for central seg-
ment imaging.

6.3.1.1  Inflammatory and Infectious 
Lesions

Multiple sclerosis (MS) is by far the most com-
mon causative of central trigeminal neuropathy, 

especially in patients under the age of 50 and in 
case of bilateral affection [18, 19]. The preva-
lence of TN in patients with MS ranges from 
1.9% to 4.9% [20], and some patients may show 
a single demyelinating plaque at the location of 
the trigeminal nuclei as presenting symptom 
[21]. Recent studies support the hypothesis of a 
double crush mechanism in the development of 
MS-related TN, by the concurrence of demyelin-
ating plaques and vascular compression [20].

The most frequent location of the plaque is the 
root entry zone (REZ), but also the trigeminal nuclei 
can be involved, and the plaque may extend to the 
cisternal segment of the nerve [18, 21, 22]. Imaging 
features depend on the phase of the plaque. In the 
acute phase, lesions may show high signal intensity 
on long TR sequences (T2W and FLAIR), low to 
intermediate signal intensity on T1W images, and 
enhancement after intravenous administration of 
gadolinium. In the chronic phase, lesions show 
hyperintense signal on long TR sequences, hypoin-
tense signal on T1W (“black hole” appearance), and 
no contrast enhancement after gadolinium injec-
tion. The suspect of an inflammatory lesion of the 
brainstem requires further investigations to confirm 
a diagnosis of MS (Fig. 6.4).

Regarding the imaging protocol, the examina-
tion should extend from the brain to the upper 
spinal cord until the level of C4 at least, with 
thin-section FSE T2W images. The use of 3D 
T2W sequences may improve the diagnostic 
quality [18], as well as 3D FLAIR with fat 
saturation.

Many other inflammatory and infectious dis-
eases may develop similar brainstem lesions to 
those of MS. A partial list may include acute dis-
seminated encephalomyelitis (ADEM), progres-
sive multifocal leukoencephalopathy (PML), 
HIV encephalitis, Behcet’s disease, Lyme dis-
ease, neurosarcoidosis, Whipple’s disease, 
Bickerstaff’s brainstem encephalitis, and rhomb-
encephalitis sustained by different etiologies.

Rhombencephalitis refers to the involvement 
of the brainstem in an inflammatory process, 
which often occurs secondary to herpes simplex 
and rhinocerebral fungal infections, mostly due 
to Mucor or Aspergillus species [2, 23, 24].
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Listeria rhombencephalitis may cause TN in 
specific endemic contexts, also in otherwise 
healthy subjects [24] (Fig. 6.4).

Postherpetic trigeminal neuralgia has also 
been related to the presence of T2 hyperintense 
brainstem lesions [25].

In patients with trigeminal neuralgia, the 
presence of linear hyperintense bands along the 

intrapontine trigeminal fibers has been suggested 
to be a sign of herpes zoster-related trigeminal 
neuropathy [26]. The etiopathogenesis of this 
sign is related to a centripetal migration of vari-
cella  zoster virus (VZV) from the gasserian gan-
glion to the pontine sensory fibers [27].

DTI performed at the level of the REZ and tri-
geminal nucleus showed a reduction of fractional 

a b

c d

Fig. 6.4 Multiple sclerosis (MS) is the most frequent 
cause of trigeminal neuralgia in the brainstem. On MR, 
this condition presents as patchy T2/FLAIR hyperintense 
lesions involving the trigeminal pontine nuclei (a), with 

post-Gd enhancement in the case of active demyelination 
(c). Other inflammatory or infectious conditions may 
mimic MS findings on both T1- and T2-weighted images, 
as for Listeria rhombencephalitis (b, d)
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anisotropy in the affected side compared to the 
unaffected one [26].

6.3.1.2  Vascular Lesions
The trigeminal sensory nuclei are located within 
the tegmentum of the pons, extending cranially 
toward the midbrain and caudally to the medulla 
and cervical spinal cord.

In the upper midbrain, the mesencephalic tri-
geminal nucleus lays in the anteromedial region 
and is supplied by groups of perforators which 
arise from the interpeduncular fossa. In the lower 
midbrain, the mesencephalic nucleus is localized 
in the posterior vascular territory, which is sup-
plied by a dense vascular plexus over the collic-
uli, formed from a posterior group of 
mesencephalic arteries, mainly coming from the 
superior cerebellar artery (SCA), and secondarily 
from the collicular artery and posteromedial cho-
roidal artery [28, 29].

At the level of the upper pons, the trigeminal 
complex (mainly still constituted by the mesence-

phalic nucleus) is located within the posterior 
 vascular territory, which is supplied by poste-
rior  pontine perforators arising from the 
SCA. Differently, the low pons houses the trigemi-
nal nuclei in the lateral vascular territory, supplied 
by lateral pontine perforators directly from the 
basilar artery (BA), from the anteroinferior cere-
bellar artery (AICA), or from the SCA. Particularly, 
the superior lateral pontine artery arises directly 
from the BA to penetrate the lateral pons in the 
region of the exit zone of CN 5 [28, 29].

The spinal extension of the trigeminal sensory 
nucleus is localized in the lateral vascular terri-
tory of the medulla. This region is supplied by 
perforator branches of the PICA, by minor 
branches of the vertebral artery (VA) medially, 
and by the BA and AICA superiorly [28, 29].

Approximately 25% of acute strokes develop 
in the brainstem and may affect the trigeminal 
complex [24] (Fig. 6.5).

The most typical symptom is loss of function, 
such as hemifacial hypoesthesia or motor deficits.

a b

1 2 3 4

Fig. 6.5 The DWI image on the left displays a lateral 
medullar signal hyperintensity, which refers to acute 
infarction, often seen in the context of the Wallenberg’s 
syndrome (a). The left DWI image shows the involvement 
of the trigeminal nuclei (highlighted in red) at the level of 

the lateral vascular territory of the medulla (b, yellow). 
The medullar vascular territories are displayed below 
 (1–4): lateral territory (yellow), anterior territory (green), 
antero-lateral territory (dark blue), and posterior territory 
(light blue)
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Rarely, TN can be a consequence of brain-
stem stroke involving the PICA vascular terri-
tory in the lateral medulla. In these cases, the 
trigeminal neuralgia takes part of a wide spec-
trum of symptoms which depend on the dam-
aged structures. The most common clinical 
presentation of medullary infarcts is lateral 
medullary or Wallenberg syndrome, character-
ized by the triad of ipsilateral Horner’s syn-
drome (ptosis, miosis, and anhydrosis), 
ipsilateral ataxia, and contralateral hemisensory 
findings. Wallenberg’s syndrome is commonly 
associated with ipsilateral facial pain, which 
may start just at the stroke onset or present a 
latency between 2 weeks and 6 months. In some 
cases, the pain associated with Wallenberg’s 
syndrome takes the attributes of symptomatic 
TN, showing specific characteristics: ophthal-
mic branch involvement, coexisting sensory 
deficits, absence of triggers, rapid evolvement, 
and remission [30, 31].

Pons infarcts have also been reported among 
the causes of TN, mainly due to lateral ischemic 
lesions, at the root entry zone of the trigeminal 
nerve (occlusion of pontine branches of the basi-
lar artery) [32–36].

The mechanism underlying TN in post- 
ischemic lesions of the brainstem is still debated. 
A suggested mechanism is demyelination of the 
central trigeminal pathways which may promote 
an ephaptic transmission, as for MS.

Acute-stage infarcts present with subtle T2 
and FLAIR prolongation and restriction to water 
diffusion on diffusion-weighted imaging (DWI), 
which is a mandatory sequence in the suspect of 
vascular pathogenesis.

Intracranial vertebral artery dissection has 
been reported as an extremely rare cause of 
isolated facial pain that mimics TN. In this case, 
the symptoms can develop with no evidence of 
brainstem infarction on MR images, and MRA 
may experience a progressive narrowing of the 
vertebral artery [37].

Hemorrhagic lesions involving the brainstem 
may cause trigeminal neuropathy, as in the case 
of hypertensive bleedings (typical hemorrhage), 
cavernous venous malformations (CM), artero- 
venous malformations (AVMs), or trauma [24].

CM are benign vascular hamartomas which 
contain masses of closely apposed immature 
blood vessels (“caverns”), with no neural tissue. 
They manifest as locules of variable size with 
blood at different stages of evolution and a 
classical “popcorn” shape. On MR, they show 
heterogeneous signal intensity on both T1W and 
T2W images, with complete hypointense 
hemosiderin rim on T2 and markedly hypointense 
signal with a “blooming” effect on T2*. Contrast 
enhancement after gadolinium administration is 
unlikely, unless when associated with a 
developmental venous anomaly [38]. CM of the 
trigeminal nerve with trigeminal neuralgia has 
been reported in few cases in the literature, with 
almost one half involving the brainstem, and the 
others situated either in the gasserian ganglion or 
the cisternal segment [39] (Fig. 6.6, Video 6.1).

Brainstem AVMs can be divided into pial 
lesions and parenchymal lesions. Pial AVMs are 
restricted to the pial surface, typically receive 
arterial inflow from the SCA or the AICA and 
drain into the prepontine or petrosal sinuses.

Parenchymal AVMs are located inside the 
brainstem, merged with neural tissue, and receive 
arterial supply from brainstem perforating vessels 
and drainage from the petrosal sinus and vein of 
Galen [24] (Fig. 6.7).

In the case of hemorrhagic lesions, the imag-
ing protocol should include T2* or susceptibility-
weighted sequences (SWI), to highlight the 
“blooming” effect of the hematic component.

6.3.1.3  Brainstem Tumors
Isolated trigeminal nerve deficits may represent 
the debut symptom of a brainstem tumor which 
involves the trigeminal nuclei. Nevertheless, such 
an eventuality is quite rare since the involvement 
of trigeminal nuclei generally comes with other 
adjacent structures and is usually associated to 
complex neurological syndromes including long 
fiber tract and other cranial nerves dysfunction 
[2, 23].

Tumors presenting with isolated TN are often 
infiltrative gliomas.

These gliomas are more frequently seen in the 
pediatric population and appear as expansive, 
infiltrative processes with low-to-normal signal 
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intensity on T1W images and heterogeneous 
high signal intensity on T2W and FLAIR images, 
with or without contrast enhancement [40] 
(Fig. 6.8, Video 6.2a–f).

Lymphoma has been reported as an extremely 
rare cause of CN V dysfunction [2, 23]. Typical 
features include an intense and homogeneous 
enhancement in immunocompetent patients and 
hyperdensity on CT.  In immunocompromised 
patients, hemorrhage or necrosis may be seen 
quite frequently. On advanced imaging, lym-
phomas show restricted diffusion on DWI and 
apparent diffusion coefficient (ADC) maps and 
low relative cerebral blood volume (rCBV) val-
ues on perfusion-weighted imaging (PWI), with 
a classical appearance of the perfusion curve, 
characterized by the overstep of the basal line 

during the post-capillary phase [41, 42]. The 
classical intracranial location of primitive lym-
phoma is within the basal ganglia or periven-
tricular white matter, with 60–80% being 
supratentorial, and often involves the corpus 
callosum [38].

Metastasis has also been related to TN, with 
the most frequent metastatic brain tumors 
being bronchogenic carcinoma and breast 
 carcinoma [24].

6.3.1.4  Others
As the spinal trigeminal nucleus extends at least 
to C2 and sometimes to C4, involvement of the 
upper cervical cord may also lead to trigeminal 
neuropathy.

a b c

d e f

Fig. 6.6 Cavernous venous malformations of the brain 
may rarely cause trigeminal neuralgia when situated within 
the pons (a, red arrow). The symptoms onset usually 
depends on hemorrhagic complication, showing hyperin-
tense signal on T1WI (f) and hypointense signal on T2/

FLAIR-WI (a, d, e). The presence of hemosiderin periph-
eral ring on T2*WI is highly typical (b). TOF angio-MR 
may show low performance in these cases, because of the 
blood susceptibility artifact which can mimic aneurysms 
or other arterial hemorrhagic diseases (c)
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The conditions affecting this region include 
some of the abovementioned etiologies (demyelin-
ation, tumors, vascular lesions) and others, such as 
trauma, disc herniations, and syrinx  formation [23].

Hydromyelia constitutes a possible cause of 
trigeminal neuralgia in children with Chiari I 

malformation due the spinal trigeminal nucleus 
compression [43].

Dandy et  al. reported posterior fossa malfor-
mations as possible causatives or predisposing 
factors for trigeminal neuralgia. Cystic malforma-
tions of the posterior fossa, such as Dandy-Walker 

a b

c d

Fig. 6.7 AVM of the brainstem on axial FLAIR (a), T2 
(b) and post-mdc T1-MPRAGE (c) images. The finding is 
characterized by arterial feeders from the posterior circu-

lation (c, yellow arrow), as displayed by the 3D-TOF 
angio-MR (d). The surrounding brain parenchyma shows 
high T2 signal intensity due to brain edema (b, red arrow)
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malformation, Blake’s pouch, and arachnoid 
cysts, may compress the brainstem or induce ana-
tomic variations which can approach the trigemi-
nus and surrounding vascular structures [44].

6.3.2  Cisternal Segment 
and Meckel’s Cave

6.3.2.1  Neurovascular Conflict
There is strong evidence that the classical form of 
trigeminal neuralgia is caused by a focal injury of 
the nerve due to vascular compression, a 
condition known as neurovascular conflict 
(NVC).

It is estimated that this condition accounts for 
up to 90% of classical TN [24], being accountable 
to the high rates of pain relief after microvascular 
decompression (MVD) in drug-resistant cases.

The concept of neurovascular conflict as a 
cause of TN was first proposed by Dandy in 
1934, but only in 2005, Jannetta et al. confirmed 
that classical TN was a painful condition caused 
by an abnormal vascular compression at the REZ 
and promoted MVD as a surgical procedure for 
its treatment [45]. According to the neurovascu-
lar compression theory, the trigeminal nerve 
should be damaged by an offending vessel which 
focally contacts the nerve and provokes a local 
demyelination in the region of compression 
[17–19].

This process should result in the generation of 
ectopic sensory impulses which spread to 
adjacent fibers and increase the spontaneous 
activity of the nerve, leading to chronic 
modifications of the trigeminal system, with 
hyperactivity of the nuclei and development of 
neuralgia [18, 19, 46].

a b c

d e f

Fig. 6.8 Diffuse infiltrating pontine glioma (a, b, red 
arrows) showing low-grade features such as lack of 
contrast enhancement (d, e) and no restricted diffusion (c, 

ADC map). On MR spectroscopy, the lesion shows the 
typical inversion of the NAA and Cho peaks (f, yellow 
line)
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The offending vessel is usually the SCA, nor-
mally located above the trigeminus, or the AICA 
coming from below [7, 47, 48]. Less frequently, 
the trigeminal nerve may be compressed by the 
basilar and vertebral arteries, [2] saccular aneu-
rysms of the posterior communicating artery 
[49], a persistent trigeminal artery [7, 50], arte-
rio-venous malformations [51], or veins [52].

A small cerebellopontine angle cistern appears 
to predispose to NVC [7].

Nevertheless, the vascular compression 
alone doesn’t constitute a sufficient criterion to 
establish a diagnosis of classical trigeminal 
neuralgia due to neurovascular conflict, because 
of its relative frequency in healthy subjects, 
ranging from 25% to 74% of the cases [53]. The 
radiological find of a vascular compression 
should rise in the context of a well-defined clin-
ical background, with respect to the diagnostic 
criteria for classical trigeminal neuralgia, and 
should be accompanied by other imaging fea-
tures which increase the specificity of the 
diagnosis.

The most suggestive imaging features for the 
radiological diagnosis of trigeminal neuralgia 
include:

 – Contact at the level of the transitional zone 
between central and peripheral myelination of 
the trigeminal nerve

 – Modifications of the nerve, which include dis-
placement and atrophy

 – An artery as offending vessel
 – Perpendicular contact [2]

TN is more frequent in proximal (<3  mm) 
than in distal cisternal portion of the trigeminus 
[7, 53, 54], where the transitional zone is 
supposed to be located. According to most of the 
studies, the transitional zone of myelination lays 
in the proximal cisternal part of the trigeminus: 
Peker et al. reported a distance of <2.5 mm away 
from the brainstem, while Guclu et al. identified 
the TZ at 4.19 ± 0.81 mm.

Keeping in mind these subtle discrepancies, 
Haller et  al. proposed a cutoff of 3 mm for the 
location of the TZ with respect to the root exit 

zone, as a compromise to help the radiological 
evaluation of the compression [7].

Neurovascular conflict (NVC) can be classi-
fied into three grades on MRI: grade I when the 
vessel simply contacts the nerve, grade II when 
the vessel displaces and/or distorts the nerve root, 
and grade III when the vessel indents the nerve 
root, resulting in nerve atrophy [55].

A recent meta-analysis showed an impressive 
increment of the MRI specificity and positive 
predictive value in detecting a symptomatic 
nerve, by combining the findings of a vascular 
contact in the REZ and nerve atrophy [53].

These evidences confirm the impression that 
trigeminal neurovascular contact within the REZ 
is likely to be symptomatic when it is associated 
with anatomical nerve changes and should be 
reported with confidence only in cases of grade 
III NVC within the appropriate clinical context 
[53] (Fig. 6.9).

The event of an offending vein causing tri-
geminal pain has been described, but it repre-
sents a seldom finding, mainly involving the 
transverse pontine vein at the level of the 
Meckel’s cave or the cerebellopontine fissure 
veins, ponto-trigeminal veins, middle cerebel-
lar peduncle, and lateral mesencephalic veins 
[52, 55].

Aneurysms located in the proximity of the tri-
geminal nerve may produce neuralgia by direct 
compression, with the internal carotid, posterior 
communicating artery, AICA, and SCA as the 
most involved vessels [55–57]. A persistent 
trigeminal artery may compress the trigeminal 
nerve and lead to the development of classic 
neuralgia [55, 58].

Yoshino et  al. investigated the relationship 
between the site of compression at the root entry 
zone and the type of neuralgic manifestation, 
finding a somatotopic organization of the nerve 
fibers at the REZ.  Accordingly, patients with 
maxillary symptoms had neurovascular conflicts 
at the medial side of the trigeminal root, while 
patients with mandibular symptoms showed an 
involvement of the lateral side [2, 59].

In the case of suspected neurovascular com-
pression, the standard of reference for imaging 
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protocol include a combination of high- resolution 
SSFP 3D sequences with 3D time-of- flight (TOF) 
angiography and 3D T1W gadolinium-enhanced 
sequences, which help in discriminating venous 
structures and micro-AVM unseen on 3D TOF 
technique [7, 55] (Fig. 6.10).

More recently, DTI with tractography has 
been investigated as a marker of disease activity 
and treatment response [7].

Desouza et al. demonstrated that the affected 
trigeminal nerve may present lower fractional 
anisotropy (FA) and higher radial diffusivity 
(RD), axial diffusivity (AD), and mean diffusivity 
(MD) compared to controls [19]. The reversibility 
of the FA reduction after successful microvascular 
decompression has also been reported but 
necessitates further support [24, 60].

6.3.2.2  Cisternal Masses
Many neoplastic lesions have been associated 
with TN.  More frequently, an extrinsic tumor 
may cause trigeminal dysfunction by compressing 
or distorting the cisternal segment, but also an 
intrinsic tumor of the trigeminal nerve may 
manifest with pain due to the anatomo- 
physiological alterations of the nerve fibers. The 
most common benign extrinsic tumors, which 
can compress the cisternal segment of the 
trigeminal nerve, include meningioma, vestibular 
schwannoma, and chondromas, while the most 
frequent intrinsic tumor is the trigeminal 
schwannoma.

Meningiomas of the Meckel’s cave or poste-
rior fossa are possible secondary causes of TN 
[27, 61].

a

b
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Fig. 6.9 Neurovascular conflict between the right tri-
geminal nerve and the right superior cerebellar artery. 
Figure “(a)” displays the normal relationship between the 
trigeminal nerve and the SCA, while images “(b)” and 

“(c)” show the abnormal contact between the two 
structures, with nerve indentation, displacement and 
atrophy (b, c, red arrow). Post-Gd T1WI shows the vessel 
enhancement (d, yellow arrow)
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Petroclival meningiomas comprise 20% of all 
intracranial meningiomas [2, 62] and may 
compress the trigeminal nerve when growing 
anteriorly into the prepontine cistern. As extra- 
axial tumors, meningiomas show the distinctive 
characteristic of a dural implant, in this case 
involving the posterior surface of the petrous 
bone and a dome-shaped medial surface, with 
frequent calcifications on CT. On MR, they often 
appear isointense to gray matter on T1W images 
and iso- to slightly hyperintense on T2W images, 
with variable hypointense components due to 
calcifications. Intense and homogeneous contrast 
enhancement is highly characteristic, and the 
presence of adjacent dural enhancement, the 
“dural tail” sign, is frequent [2, 62] (Fig. 6.11).

Chondromas of the skull base are extremely 
rare benign cartilaginous tumors which arise from 
embryonal remnants of chondrocytic cells more 
often within the petro-occipital synchondrosis 

and may compress adjacent segments of the tri-
geminal nerve at the level of the Meckel’s cave or 
cavernous sinus, thus leading to trigeminal neu-
ralgia [63, 64]. On CT they often show calcifica-
tions (Fig. 6.11).

Trigeminal schwannoma is the most common 
intrinsic tumor of the trigeminus and may present 
with pain, paresthesia, and numbness along the 
course of the nerve divisions [2, 65, 66].

Depending on the tumoral epicenter, trigemi-
nal schwannomas can be divided into four 
subgroups:

Type I lesions, the most common, arise from the 
trigeminal ganglion in the Meckellesions.

Type II lesions originate from the cisternal 
segment.

Type III tumors, the second most common, arise 
in between the prepontine cistern and the 
Meckel’s cave, separated by a thin waist at the 
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Fig. 6.10 Neurovascular conflict between the left tri-
geminal nerve and the left superior cerebellar artery. The 
relationship between the vessel and the nerve is slightly 
visible in T2WI (a) but is well highlighted in fusion 

images (b, red arrow) and 3D VR reconstructions (c, tri-
geminal nerve,yellow arrow; artery, blue arrow). The ves-
sel is well depicted in TOF images (d, e) and post-Gd 
T1WI (f)
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level of the porus trigeminus and character-
ized by a typical dumbbell shape.

Type IV lesions comprise all the extracranial 
tumors which originate from the peripheral 
branches of the trigeminal nerve [2, 24].

A peculiar characteristic of schwannomas is 
the oblong shape, due to the tumoral growth 
pattern which follows the long axis of the nerve, 
with the evidence of constrictions at the level of 
dural openings or skull base neural foramina. 
However, meningiomas can also grow along 
neurovascular foramina and follow the course of 
cranial nerves, mimicking schwannomas [2].

Denervation atrophy of the muscles of masti-
cation when the motor root is involved may also 
aid the diagnosis.

Larger schwannomas may present heteroge-
neous texture, with cystic components and rarely 
necrosis and internal hemorrhage [38], which 
could rise the suspicion of malignancy.

Malignant neural sheath tumors should be 
suspected whenever there is rapid growth or 
aggressive bone destructive changes [22].

Multiple schwannomatosis is typical of neuro-
fibromatosis, especially in subtype 2 where it is 
often associated with meningiomas and ependy-
momas [67].

CT may depict bone remodeling or erosion 
along the canals and skull base neurovascular 
foramina, adding important diagnostic informa-
tion. MR best depicts the tumoral texture and is 
much more sensitive in highlighting small tumors 
that would otherwise be missed, through gadolin-
ium-enhanced T1W images.

Metastatic lesions and tumoral leptomenin-
geal spread may cause trigeminal neuropathy, 
although more often associated with other cranial 
nerve deficits, in a wide spectrum of neurological 
symptoms [2, 23].

Moreover, nonneoplastic masses may cause 
trigeminal dysfunction by compressing or distort-
ing the cisternal portion of the trigeminal nerve, 
acting as extrinsic tumors. These lesions include 
cerebellopontine angle or Meckel’s cave epider-
moid cyst, dermoid cyst, and lipoma (Fig. 6.12).

Epidermoid cysts are soft congenital lesions 
composed of desquamated cellular debris, 
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Fig. 6.11 Tumoral masses of the prepontine cistern and 
Meckel’s cave. The most common neoplasm affecting this 
area is petroclival meningioma, which often shows the 
typical dumbbell shape (a, b, d, red arrows). Chondromas 

of the skull base are extremely rare benign cartilaginous 
tumors, which often show calcifications in CT (c, yellow 
arrow) and extremely low signal intensity on T2WI (e, 
yellow arrow), due to calcium deposit
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keratin, lipids, and cholesterol, lined by a single 
layer of squamous epithelium. They present a 
“plastic” behavior, with the tendency to encase 
and stretch the adjacent structures, without sig-
nificant displacement [2, 68]. The most common 
localization is the cerebellopontine angle cistern 
and prepontine cistern, but they can also arise 
from the Meckel’s cave, being associated with 
TN [27, 69].

On MR, epidermoid cysts show a CSF-like 
signal in T1 and T2 and present a characteristic 
restricted diffusion on DWI, which is essential to 
confirm the diagnosis (Fig. 6.12).

Lipomas have also been associated with cra-
nial nerves compression, accounting for <1% of 
cerebellopontine angle masses. They usually 
originate from a failure in the normal embryo-

logic development of the meninx: during the fetal 
life, the meninx primitiva embraces the develop-
ing brain and is reabsorbed between the 8 and the 
10 weeks of gestational age, leading to the devel-
opment of subarachnoid cisterns. If the reabsorp-
tion is incomplete, the meninx primitiva persists 
and degenerates into fat [67, 70]. The presence of 
congenital lipomas, especially when situated 
along the midline, may be a spy of an underlying 
genetic syndrome.

Inflammatory pseudotumor (IPT) is an 
extremely rare cause of trigeminal neuralgia. 
This condition, also known as the “great mim-
icker,” is a benign inflammatory lesion of 
unknown pathogenesis, which can present as an 
isolated finding or as multiple masses affecting 
every region of the body. This lesion is 
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Fig. 6.12 Nonneoplastic cisternal masses. Epidermoid 
cyst (a–c) shows characteristic CSF-like signal on T1- and 
T2WI (a, b) and restricted diffusion on ADC maps (c, 

yellow arrow). The images below show a typical dermoid 
cysts (d–f) with fat-like signal intensity on unenhanced 
T1WI (d, e, red arrows)
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characterized by the presence of myofibroblastic 
spindle cells admixed with lymphoplasmacytic 
infiltrate against a myxoedematous, hypercellu-
lar, or sclerotic background, presenting variable 
amounts of fibrosis and necrosis. The intracranial 
location is an unusual presentation of IPT, which 
may involve the trigeminal nerve when develop-
ing at the level of the cerebellopontine angle cis-
tern. In these cases, the differential diagnosis 
with petroclival meningiomas and other neoplas-
tic lesions may be difficult, even more so because 
IPT often presents unspecific imaging features 
[71, 72].

On MR images, IPT shows different behaviors 
depending on the grade of fibrosis and necrosis. 
It usually shows low signal intensity on both T1- 
and T2-weighted images, reflecting a prominent 
fibrotic component and may present homoge-
neous or heterogeneous contrast enhancement 
[71] (Fig. 6.13).

Corticosteroid treatment usually provides a 
complete remission of the lesion.

6.3.2.3  Non-tumoral Nerve 
Enhancement (NTNE)

NTNE refers to the trigeminal enhancement of 
non-tumoral origin, which may manifest in the 
context of a wide spectrum of pathologic 
conditions, including autoimmune, infectious 

diseases, and some cases of idiopathic trigeminal 
neuralgia, in which no underlying disease can be 
identified [24].

Such a finding, especially if apparently iso-
lated, requires a meticulous clinical framing to 
help the diagnosis.

Many infectious diseases are associated with 
cranial nerve enhancement, either in the context 
of a widespread leptomeningitis or as an isolated 
finding, more frequently in viral infections.

Enhancement of the preganglionic segment of 
the trigeminal nerve may depend on 
granulomatous neuritis and is seen in 
granulomatous diseases such as sarcoidosis, 
tuberculosis, Wegener, and syphilis. A transient 
enhancement of the cisternal segment may be 
seen in fungal and bacterial infections, with or 
without enlargement of the nerve [24, 73, 74].

Cranial neuritis secondary to Lyme neurobor-
reliosis may manifest with cranial nerve impair-
ments, including trigeminal neuralgia [75].

Nerve inflammation secondary to petrous 
apicitis may also occur in Gradenigo’s syn-
drome which is defined by the triad of facial 
pain in the distribution of the trigeminal nerve, 
convergent strabismus due to CN VI palsy, and 
suppurative otitis media. The infection starts in 
the mastoid and spreads to the petrous apex, 
involving the dural coverings of the Meckel’s 

a b c

Fig. 6.13 Inflammatory pseudotumor is a rare entity 
which may develop in the prepontine cistern and Meckel’s 
cave involving the trigeminal cisternal segment (a, b, red 
arrows). The imaging features may challenge the 

diagnosis, for they typically show tumor-like 
inhomogeneous contrast enhancement (b) and T2 signal 
iso-hyperintensity (a). After corticosteroid treatment, the 
mass usually disappears (c)
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cave, in which lays the gasserian ganglion of the 
trigeminal nerve.

Viral infections can manifest in association 
with variable degree of enhancement. Herpes 
simplex and varicella zoster are the most reported 
pathogens in post-viral neuritis of the trigeminal 
nerve and may cause nerve inflammation as an 
isolated finding or as part of the Ramsay Hunt 
syndrome (herpes zoster cephalicus) [27].

HIV can be rarely associated with trigeminal 
neuralgia, showing bilateral enhancement of the 
nerve [76].

Trigeminal nerve enhancement has been 
described in multiple sclerosis, more often bilat-
erally and in younger patients [77], and in other 
chronic inflammatory neuropathies, including 
Charcot-Marie-Tooth disease, which is part of the 
hereditary motor and sensory neuropathy (HMSN) 
disorders, a group of genetically based diseases 
characterized by progressive motor weakness, 
decreased nerve conduction velocities, and nerve 
root enlargement [78].

Gq1b antibody-related disorders (Guillain- 
Barré syndrome, Miller Fisher syndrome, and 
Bickerstaff’s encephalitis) usually manifest with 
polyneuropathies which can involve the V cranial 
nerve, showing a complex and ill-defined spec-
trum of symptoms, including facial dysesthesia.

Pathologic enhancement of the trigeminal 
nerve together with severe headache has been 
reported as a sign of intracranial hypotension [79].

6.3.2.4  Other Conditions
The pseudotumor cerebri syndrome (PTCS) con-
sists in a perplexing syndrome of increased intra-
cranial pressure without the presence of a 
space-occupant lesion, whose incidence peaks in 
young women between 20 and 40  years who 
weigh 20% or more than their ideal body weight 
[80]. This condition may manifest with cranial 
nerve abnormalities, including trigeminal neural-
gia [81] and may be associated with several risk 
factors including medications (growth hormone, 
vitamin A, tetracycline), endocrine disorders 
(Addison, hypoparathyroidism, obesity), and 
infections or develop without a secondary cause 
(idiopathic intracranial hypertension). Several 
studies indicate that many people with pseudotu-
mor cerebri have an obstruction to venous drain-

age due to dural sinus stenosis, more frequently 
involving both the transverse sinuses.

The clinical presentation of the syndrome 
includes headache, visual deficits (transient 
visual obscurations, visual loss, diplopia), and 
pulsatile tinnitus. In the case of a PTCS- 
suggestive clinical history, an MR examination 
should be performed to rule out the presence of 
an intracranial mass and other possible causatives 
of raised intracranial pressure. The diagnostic 
criteria for the typical form of PTCS include pap-
illedema, normal neurologic examination except 
for cranial nerve abnormalities, normal CSF 
composition, elevated lumbar puncture opening 
pressure (>250 mm CSF in adults and >280 mm 
CSF in children), and the exclusion of a space 
occupant lesion on neuroimaging. Moreover, 
other MR signs are considered suggestive of 
pseudotumor cerebri, such as empty sella, flatten-
ing of the posterior aspect of the globe and prom-
inence of the papilla, distention of the perioptic 
subarachnoid space with or without a tortuous 
optic nerve, and transverse venous sinus stenosis 
on MR venography [80].

Another possible cause of trigeminal neural-
gia in the cisternal space is the presence of 
arachnoid adherences and strands which may 
compress and distort the nerve. Arachnoid cysts 
have been reported as possible compressing 
lesions at this level and may exceptionally 
develop after microvascular decompression 
leading to TN recurrence [82].

6.3.3  Cavernous Sinus

The cavernous sinus is a bilateral symmetric 
parasellar cavity housed in a dural fold, formed 
by two walls: the lateral wall and the medial wall 
(endosteal layer of the dura).

This cavity contains the cavernous venous 
plexus, the cavernous tract (C4) of the internal 
carotid artery (ICA), and some nervous structures 
and should be considered a venous dural sinus 
rather than a venous plexus, for they share similar 
structure [83].

The lateral dural wall of the sinus is composed 
of two layers, the outer dural layer (dura propria) 
and the inner membranous layer, which can be 
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easily separated. The dura propria is thicker and 
more resistant, while the inner layer is a membra-
nous lamina formed by the sheaths of the III and 
IV cranial nerves, V1 and V2 trigeminal branches, 
and a membranous lattice extending between 
these sheaths. The venous channels of the cavern-
ous plexus lay medially to the inner layer, between 
this lamina and the endosteal layer  of the dura 
mater (medial wall). The intracavernous nerves 
can be considered as part of the lateral wall of the 
sinus, except for the VI which is located within 
the venous plexus, nearby the ICA.

Most of the pathologic processes involving the 
cisternal segment of the trigeminal nerve may also 
affect the cavernous segment, due to its proximity.

In theory, every mass originating nearby the 
cavernous sinus can determine trigeminal 
compression and rarely lead to trigeminal 
neuralgia. However, only a part of these entities 
has been reported in the literature as TN causative.

Primitive cavernous sinus neoplasms are 
described as interdural or intracavernous, 
depending on whether they origin from between 
the two layers of the lateral wall or from inside 
the sinus, respectively [83, 84].

Nerve sheath tumors (schwannomas and 
malignant nerve sheath tumors) more frequently 
originate from the interdural compartment, where 
the IV CN and the trigeminal peripheral branches 
are contained. Other frequently interdural tumors 
are melanocytomas, while meningiomas and 
hemangiopericytomas more often belong to the 
intracavernous compartment.

Epidermoid cysts can be either interdural or 
intracavernous lesions [85, 86] (Fig. 6.14).

Moreover, neoplasms originating nearby the 
cavernous sinus, like pituitary macroadenomas 
and skull base tumors, may involve the sinus and 
affect the trigeminal nerve [2, 87].

To better address the differential diagnosis, an 
imaging-based classification of the neoplasms 
originating nearby or properly from inside the 
cavernous sinus is provided.

Depending on the relationship with the inter-
nal carotid artery (ICA), cavernous sinus masses 
can be divided into three groups:

 – Displacing lesions: the ICA is more displaced 
than surrounded by the mass (type I).

 – Encasing and narrowing lesions: the ICA is 
embraced by the mass, which constricts the 
vessel as it grows, resulting in a reduction of 
the ICA lumen (type II).

 – Encasing-without-narrowing lesions: the mass 
surrounds the ICA, which keeps its own diam-
eter (type III).

Type I lesions tend to displace the internal 
carotid artery without encasement or narrowing. 
The main actors in this category are the interdural 
tumors (schwannomas, malignant nerve sheath 
tumors, melanocytomas).

Meningeal melanocytomas are rare benign 
primary melanocytic tumors of the central ner-
vous system derived from leptomeningeal mela-
nocytes and characterized by different content of 
melanin, which affect the macroscopic as well as 
the radiologic appearance [88, 89].

Posterior fossa, Meckel’s cave and cavernous 
sinus constitute frequent intracranial sites of 
origin, although they mainly arise from the spinal 
meninges.

The tumoral epicenter location in the Meckel’s 
cave is frequently associated with a nevus of Ota, 
a dermal melanocytic nevus with benign behavior 

Interdural tumors:

Intracavernous tumors:

Pituitary macroadenoma

SS SS

PG IV CN

VI CN

V1

V2

Chordoma

Epidermoid

ICA

• Nerve sheet tumors
• Melanocytoma

• Meningioma
• Hemangiopericytoma

Fig. 6.14 The figure shows the most frequent lesions of 
the cavernous sinus area, displayed according to their site 
of origin. The cavernous sinus can be divided in interdural 
compartment (red asterisk) and intracavernous 
compartment (yellow asterisk). CN cranial nerve, ICA 
internal carotid artery, SS sphenoidal sinus, PG pituitary 
gland
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which involves the ophthalmic and maxillary 
branches of the trigeminal nerve [90].

The MRI appearance depends on the content 
of melanin which typically shows hyperintense 
signal on T1 and blooming effect on T2* or 
SWI sequences. The major differential comes 
from other melanocytic lesions, which include 
melanocytic meningiomas and metastasis of 

melanoma. Hemorrhagic lesions should also be 
ruled out.

Chordomas of the skull base may involve the 
cavernous sinus and displace the internal carotid 
artery, with no encasement, due to their origin 
from outside the sinus (Fig.  6.15). In some 
cases, the ICA lumen may be distorted by the 
displacement [91].

a b

c
d

Fig. 6.15 Chordomas typically present high signal inten-
sity on T2WI (a, red arrow) and inhomogeneous CE (c, 
red arrow). They can behave like type II lesions (encasing 
and narrowing the ICA). A T2 signal intensity higher than 

CSF may suggest a chondroid subtype. Trigeminal 
schwannomas (b, d, yellow asterisks) tend to displace the 
ICA (green arrow), without narrowing its lumen
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These malignant tumors originate from noto-
chord remnants and are typically located in the 
midline, at the level of the clivus. More than one-
third of these tumors arise in this area because the 
notochord terminates at the level of the basisphe-
noid, just inferior to the sella turcica [92].

Chordomas usually present as midline lesions 
with both bone destruction and soft tissue mass 
on CT, without intratumoral calcifications. On 
MR they show a polilobular surface with hypo- 
isointensity on T1WI, hyperintensity on T2WI, 
and inhomogeneous contrast enhancement 
(Fig. 6.15). Cystic areas containing hemorrhagic 
or mucoid material are frequently present [2, 92].

Chordomas are aggressive tumors with a poor 
prognosis, and their imaging findings often over-
lap with those of chondrosarcomas which repre-
sent completely different skull-base neoplasms, 
showing low progression rate and good 
outcome.

Both pathologies may be associated with tri-
geminal neuropathy and neuralgia due to the 
involvement of the cavernous sinus or the 
gasserian ganglion [64, 93].

Skull-base chondrosarcomas are more often 
located off-midline, arising either from the 
synchondroses that remain after ossification 
replaces the embryonic chondroid basal plate, 
more often involving the petro-occipital syn-
chondrosis [2, 91]. Another possible location is 
the junction between nasal septum and rostrum 
of the sphenoid bone. Less frequently, these 
tumors may arise from the midline in the basi-
sphenoid synchondrosis.

Chondrosarcomas present well-/moderately 
differentiated chondrocytes surrounded by an 
extracellular matrix, which characterizes two 
main histologic types: hyaline and myxoid. The 
hyaline matrix can mineralize, leading to the 
development of characteristic ringlet calcifica-
tions, which can be appreciated on CT. Moreover, 
due to its chondroid nature, chondrosarcoma 
shows a typical appearance on MR T2WI, char-
acterized by strong high signal intensity, which 
can be even brighter than CSF, and usually 
enhances more homogeneously than chordomas.

The term “chondroid chordoma” refers to a 
peculiar variant of chordoma, characterized by an 

extracellular matrix which resembles the chon-
droid matrix of chondrosarcoma. This entity 
should be considered more a histologic mimic of 
chondrosarcoma than a “bridge entity” between 
the two different neoplasms and shares similar 
prognosis to chordoma.

Chondrosarcomas are usually single neo-
plasms but can arise in consequence of malignant 
degeneration of chondromas in the Ollier (multi-
ple enchondromatosis) and Maffucci syndromes 
(multiple enchondromas associated with subcu-
taneous hemangiomas).

Type II lesions are more frequently repre-
sented by meningiomas and hemangiopericyto-
mas. These neoplasms often encase the ICA and 
shrink its lumen (Fig. 6.16).

Hemangiopericytomas are WHO grade II or 
III tumors which account for less than 1% of all 
intracranial neoplasms. In the past, these tumors 
have been classified as angioblastic subtype 
meningiomas or rather lesions of the smooth 
muscle perivascular pericytes, while the 2016 
WHO classification considers them in the spec-
trum of the solitary fibrous tumors of the dura, 
which originate from dural fibroblasts [89].

Imaging features may overlap with those of 
meningiomas, for they often occur as extra-axial 
solid masses, showing dural base of implant, 
dural tale, vivid enhancement, and T2/T1 isoin-
tensity with numerous vascular flow voids. Key 
features for the differential diagnosis include the 
relationship with the adjacent bone: hemangio-
pericytoma erodes the bone and has no hyperos-
tosis associated [94, 95].

The presence of metastasis is far more fre-
quent in hemangiopericytoma (up to 20% of the 
cases), involving the lungs, the liver, and the 
bones.

Meningioma is characterized by the spoke 
wheel sign, which refers to the pattern of vessels 
coursing in cross section, where the feeder 
arterial branches show a radial arrangement, 
resembling a spoke wheel on T2-weighted or 
post-contrast images.

Advanced MR imaging techniques may aid 
some information to the differential diagnosis. 
Perfusion-weighted images (PWI) show the 
typical “mother-in-law” appearance for 
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meningiomas, characterized by an early enhance-
ment during the arterial phase which remains 
stable after the venous phase. MR spectroscopy 
(MRS) display an augmented alanine peak in 
meningiomas, which is absent in hemangioperi-
cytomas [38, 96].

Pituitary macroadenomas may invade the cav-
ernous sinus and surround the ICA.  Generally, 
these tumors progressively encase the ICA 
without narrowing its lumen (type III) [83, 97] 
(Fig. 6.17).

Macroadenomas are the most common supra-
sellar masses in adults, twice as common as 
microadenomas. They are defined as pituitary 
gland adenomas greater than 10 mm in size and 
typically show isointense signal on both T1 and 
T2 images and may present cystic components, 
with moderate to bright enhancement of the solid 
portion, and micro- or macrohemorrhages (apo-
plectic component).

Cavernous sinus invasion represents a relative 
frequent event and has been classified by Knosp 
et al., taking in count the relationship with the ICA.

The grading system is defined by the rela-
tion between the limits of macroadenoma 
invasion and three carotid lines. These lines, 
named medial, median, and lateral carotid 
lines, pass through the supra- and intracavern-
ous parts of the ICA in coronal view [98, 99] 
(Fig. 6.17).

• Grade 0: adenoma does not reach the medial 
carotid line.

• Grade 1: adenoma oversteps the medial line, 
without reaching the median line.

• Grade 2: tumor extends between the median 
and lateral line.

• Grade 3: tumor extends beyond the lateral 
line. This group has been furtherly divided 
into two subgroups by Micko et al. in 2015:
 – 3A: tumor invades the superior CS 

compartment.
 – 3B: tumor invades the inferior CS 

compartment.
• Grade 4: tumor surrounds the intracavernous 

carotid artery.

a b

c d

e

Fig. 6.16 The most frequent encasing with ICA- 
narrowing lesion (type II) of the cavernous sinus is 
meningioma. The figure displays a left cavernous sinus 
meningioma, with hypointense T2 signal of the affected 
sinus (a, red arrow) and isointense signal on unenhanced 

T1WI (c, red arrow). After Gd administration, the lesion 
displays homogeneous CE on T1WI (b, axial plane, d, 
coronal plane). TOF Angio-MR shows a clear reduction of 
the ICA caliber (e, yellow arrow)
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Epidermoid cysts may act either as type I or 
type III lesions and be located both in interdural 
and intracavernous compartments of the cavern-
ous sinus.

Rarely, metastasis or other tumors spreading 
from adjacent territories may involve the 
cavernous sinus, thus leading to a wide amount in 
clinical manifestations, including TN [24].

6.3.3.1  Infectious and Inflammatory 
Diseases

Trigeminal neuralgia can result from peripheral 
infections which reach the cavernous sinus 
spreading along nerves and vessels (angiocentric 
growth). This growth pattern is typical of inva-
sive fungal infections, almost exclusively seen in 
immunocompromised patients and often origi-
nating from the paranasal sinuses. Aspergillus or 
Mucor species are the most frequent etiologies 
[2, 100].

A frequent complication of infectious involve-
ment of the cavernous sinus is thrombophlebitis.

The inflammation which accompanies 
these  aggressive infections usually shows T1 

hypointensity and T2 hyperintensity on MR, 
with variable enhancement depending on the 
degree of avascular necrosis and suppuration. 
Due to these features, MR angiography may 
add some important information to the diagno-
sis, showing the integrity of major vessels. CT 
may also help the diagnosis by displaying bone 
erosion, especially regarding the involvement 
of paranasal sinuses as site of origin. Fungal 
mycelia and hypha have a characteristic aspect 
on MR imaging because of the presence of 
manganese, which has paramagnetic properties 
and shows low signal intensity on both T1W 
and T2W images, with major post-contrast 
enhancement [101].

DWI clearly shows restricted diffusivity in 
case of suppuration.

In diabetic patients, malignant otitis externa 
by Pseudomonas aeruginosa may extend to the 
middle ear and spread inside the skull [2].

Tolosa-Hunt syndrome is an inflammatory 
noninfectious infiltration of the dura of the 
cavernous sinus and orbital apex, which leads to 
painful ophthalmoplegia [38].

Grade 0 Grade 1ICA Grade 2 Grade 3 Grade 4

a b c

Fig. 6.17 Examples of pituitary macroadenomas classi-
fied according to Knosp classification (grade 0–4): grade 
2 (a, red arrow), grade 3 (b, red arrow), grade 4 (c, red 

arrow). Pituitary macroadenomas typically encase the 
ICA without narrowing its lumen (type III lesions)
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The predominant cellular population in the 
infiltrate is mononuclear inflammatory cells of 
unknown etiology.

The inflammatory tissue shows T1W and T2W 
hypointense signal, for the lymphocytic predomi-
nance of the inflammatory infiltrate, together 
with  abnormal thickening and enhancement of 
the dura (Fig. 6.18). A differential  diagnosis with 

 neoplasm, including lymphoma, is mandatory. 
The cavernous portion of the internal carotid 
artery is often narrowed, resembling type II 
tumors of the cavernous sinus [24, 102, 103].

6.3.3.2  Vascular
Giant aneurysms of the cavernous tract of the 
ICA may compress V1–V2 trigeminal branches 

a b

c d

Fig. 6.18 The Tolosa-Hunt syndrome is an inflammatory 
noninfectious infiltration of the dura of the cavernous 
sinus and orbital apex, characterized by T2 hypointense 
signal (a, b, red arrows), for the lymphocytic predominance 

of the inflammatory infiltrate, together with abnormal 
thickening and enhancement of the dura on post-Gd T1WI 
with fat suppression (c, d, yellow arrows)
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and promote a secondary neuralgia [104]. 
Cavernous-carotid fistulas, more often resulting 
from head trauma, may also provoke a trigeminal 
neuropathy [24].

The differential diagnosis of these lesions 
requires an adequate study of the intracranial vas-
culature. Giant aneurysms show a prominent 
flow void on T2 images, which differentiates 
these lesions from other masses. Angio-MR with 
TOF technique can sharply delineate the profile 
of the aneurysm, with 3D reconstructions. A pos-
sible sign of cavernous-carotid fistulas is the arte-
rialization of the cavernous sinus, due to 
abnormally augmented flux coming from the 
pathological communication between arterial 
and venous vascular district. Such a finding is 
clearly displayed on contrast-enhanced images, 
as early post-contrast opacification of the cavern-
ous sinus, during the arterial phase. Similarly, a 
bright cavernous sinus on arterial angio-MR TOF 
may suggest the presence of a fistula [105].

6.3.4  Peripheral Branches

CT and MR often play a complementary role in 
the imaging of trigeminal peripheral branches.

In fact, many of the diseases affecting the 
peripheral segments show key features in both 
imaging techniques: the relationship between the 
lesion and the adjacent bone, as well as the 
involvement of soft tissues, often represents 
pivotal information to provide a surgical roadmap 
of the disease extension and to distinguish 
benign-behaving from aggressive-behaving 
lesions.

CT images are mandatory in the case of 
trauma patients, primary bone and fibro-osseous 
conditions. The relationship between the lesion 
and the adjacent bone characterizes its behavior: 
bone remodeling, periosteal reaction, and bone 
erosion or invasion can address the differential 
diagnosis and are useful in head and neck tumor 
grading. Moreover, the involvement of the skull 
base requires CT scans to image the neurovascu-
lar foramina [2].

MR is more sensible to image the soft tissue 
components of the lesion, in terms of anatomic 

relationship with intracranial contents and 
extracranial tissues. MR is the technique of 
choice to depict perineural spread, which repre-
sents the most common condition affecting the 
peripheral branches of the trigeminal nerve and 
should be carefully investigated in tumoral 
grading [2, 106, 107]. In these cases, MR may 
also highlight secondary signs of tumoral 
spread, such as denervation-related muscle 
changes and obliteration of fat pads, especially 
in the orbit, pterygopalatine fossa and neurovas-
cular foramina [2].

CT scans should be performed with helical 
acquisition from the orbital roof to the jaw and 
reconstructed in the axial, coronal, and sagittal 
planes, on both soft tissue and bony algorithms, 
with slice thickness below 3 mm and no interslice 
gap [2].

The MR protocol should include high- 
resolution T1W images and post-contrast fat- 
suppressed T1W images to better outline the 
lesions near the fat containing spaces [2].

For the fact that tumoral spread may affect the 
entire course of the trigeminal nerve, often pre-
senting skip lesions, MR images should be per-
formed from the brainstem to the periphery.

6.3.4.1  Communal Conditions
These groups of pathologic conditions affect all 
the trigeminal branches, with some possible 
predilections.

Perineural Spread
Perineural tumor spread (PNS) of head and neck 
cancers consists in a form of metastatic 
dissemination with peripheral migration along 
the endoneurium or perineurium of cranial nerves 
(Fig. 6.19). The diagnosis of PNS is often delayed 
because of the silent course of the disease until 
advanced stages. For this reason, such a pattern 
of growth has a poor prognosis and requires 
aggressive treatment.

Perineural spread of head and neck malignan-
cies represents the most common lesion affecting 
the peripheral trigeminal nerve, and trigeminal 
neuralgia is an uncommon presentation. PNS 
more often involves the maxillary and mandibu-
lar trigeminal branches [106, 107].
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Several types of head and neck tumors may 
present this pattern of growth, including squa-
mous cell carcinoma, adenoid cystic and muco-
epidermoid carcinomas of salivatory glands, 
lymphoma, and melanoma. The most common 
neoplasms associated with PNS are primary sali-
vary malignancies; however, the most frequent 
finding is squamous cell carcinoma, due to its 
increased prevalence [2]. The close relationship 
of the auriculotemporal division of the mandibu-
lar nerve to the parotid gland allows PNS by 
tumors arising from the parotid gland, such as 
adenoid cystic carcinomas.

As general rule, the location of the primary 
tumor affects the pattern of PNS: tumors of the 
orbit or forehead usually follow the ophthalmic 
division; tumors of the midface and pterygopala-
tine fossa tend to follow the maxillary division; 
and tumors of the nasopharynx, squamous cell 
carcinoma, and, among all, tumors of the masti-
cator space or external auditory canal more often 
spread through the mandibular branch [106, 107].

The pterygopalatine fossa affection represents 
a crucial element in tumoral grading, because it 
behaves as common hub for the main head and 
neck spaces, thanks to its multiple connections. 

The pterygopalatine fossa is a bilateral cone- 
shaped deep depression of the infratemporal 
fossa, between the maxilla and the sphenoid, 
which communicate medially with the nasal cav-
ity via the sphenopalatine foramen, laterally with 
the masticator space via the pterygomaxillary fis-
sure, anteriorly with the orbit via the inferior 
orbital fissure, postero-superiorly with the 
Meckel’s cave and cavernous sinus via the fora-
men rotundum, postero-inferiorly with the mid-
dle cranial fossa via the vidian canal, 
postero- medially with the nasopharynx via the 
palatovaginal canal, and inferiorly with the palate 
via the palatine canals [108].

Perineural spread of cancer can occur in both 
retrograde or anterograde directions and often 
presents skip lesions, in which apparently unaf-
fected segments of the nerve are interposed to 
metastatic tracts, so that clear surgical margins do 
not guarantee the absence of perineural spread 
and imaging should include the trigeminal nerve 
to its all length [106, 107].

Imaging features of trigeminal PNS include 
smooth thickening of a trigeminal branch, with 
enhancement after Gd administration, best seen 
on T1 fat-suppressed images; obliteration of 

a b c d

e f g h

Fig. 6.19 Different patterns of perineural spread along 
the trigeminal nerve. Images “(a)” and “(b)” show 
perineural spread along the left V3 on T2WI (a, red arrow) 
and CE T1WI (b, red arrow). Images “(c)” and “(d)” 
display the involvement of the left V1 on unenhanced 

T1WI (c, yellow arrow) and CE T1WI (d, yellow arrow). 
Unenhanced T1WI highlight the obliteration of fat pads, 
as shown in this case of perineural spread along the right 
V3 trigeminal branch (e–h, green arrows)
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juxta-foraminal fat pads, especially at the level of 
the foramen ovale, best seen on T1 images 
without fat suppression; replacement of the 
normal T2 hyperintensity of the trigeminal 
cisterns by an isointense mass; lateral bulging of 
the cavernous sinus dural; and atrophy of the 
masticatory muscles [70, 106] (Fig. 6.19).

Denervation-related muscle changes vary dur-
ing time. In the very early stage, muscle signal 
may be normal on either T1W or T2W images. 
The typical change in the acute stage is an 
increase in T2 signal which is best displayed on 
STIR or other fat-suppressed T2W images; 
contrast enhancement may be present. Chronic 
changes are characterized by muscle atrophy and 
fat infiltration, which result in augmented signal 
on T1W images [109, 110].

Nasopharyngeal carcinoma accounts for 
nearly 70% of all primary malignancies of the 
nasopharynx. The typical site of origin is the 
Rosenmüller fossa of the nasopharynx, which is a 
bilateral invagination of the pharyngeal mucosa 
located superior and posterior to the torus 
tubarius (the internal orifice of the Eustachian 
tube).

Clinical presentation is often late, and the 
prognosis is poor, for it is generally detected 
when invasion of the adjacent structures and 
metastasis are already prominent. Clinical 
presentation includes epistaxis and conductive 
hearing loss due to eustachian tube obstruction. 
The presence of fluid in the middle ear is often a 
precocious sign of the disease, which can be 
detected either on CT or MR images [38, 111].

Trauma
Peripheral trigeminal neuropathy may result 
from a head trauma involving specific districts.

The supraorbital nerve may be injured in 
orbital roof fractures and superior orbital rim 
fractures, while the involvement of the superior 
orbital fissure leads to dysfunction of the entire 
V1 branch.

Fractures extending through the foramen 
rotundum, the inferior orbital rim or the pterygoid 
plates affect the maxillary nerve.

Fractures of the central skull base may involve 
the foramen ovale and the mandibular nerve. V3 
may be also injured from mandibular fractures 
extending to the mandibular canal which contains 
the inferior alveolar nerve.

CT scans are the imaging of choice in head 
trauma due to their high sensibility in depicting 
subtle bone fractures and possible major 
parenchymal complications, as well as for their 
rapid use in emergencies [2, 24].

Other Communal Lesions
Some primitive bone affections such as the group 
of fibro-osseous diseases may involve the 
trigeminal nerve by shrinking its neural foramina. 
Fibrous dysplasia and Paget’s disease are 
included among these disorders.

The main foramina crossed by the trigeminal 
divisions are superior orbital fissure (V1, entire 
branch), superior orbital foramen (supraorbital 
nerve from V1), foramen rotundum (V2, entire 
branch), inferior orbital fissure and infraorbital 
foramen (infraorbital nerve from V2), pterygo-
palatine fossa (pterygopalatine ganglion of V2 
and divisions), greater and lesser palatine fora-
men (palatine nerves from V2), foramen ovale 
(V3 entire branch), mandibular foramen (inferior 
alveolar nerve, from V3), and mental foramen 
(mental nerve, from V3) [1, 106].

Inflammatory pseudotumor (IPT) is a rare 
cause of peripheral trigeminal neuralgia, which 
can manifest as an intra-orbital mass or involve 
the paranasal sinuses. This condition has already 
been discussed in the chapter of the trigeminal 
cisternal segment [71].

6.3.4.2  Specific Alterations 
of the Trigeminal Branches

Ophthalmic Division (V1)
Orbital masses can compress, distort, or invade the 
trigeminal ophthalmic division, leading to a painful 
neuropathy. V1 is more frequently affected by prim-
itive neoplasms, which usually are neural sheath 
tumors, such as schwannoma and plexiform neuro-
fibroma, both typically encountered in NF1 [67].
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Rarely, invasive bacterial or fungal sinusitis 
may cross the bony sinus wall and extend to the 
orbit. In those cases, V1 affection depends on the 
involvement of the supraorbital fissure [24].

Maxillary Division (V2)
Due to the proximity of the maxillary branch to 
the paranasal sinuses, the spread of aggressive 
bacterial or fungal infections starting from the 
paranasal sinuses may involve this trigeminal 
division [24, 112].

Juvenile angiofibroma (JAF) is a benign, non-
encapsulated fibrovascular neoplasm, more often 
affecting young adults. The site of origin usually 
involves the superolateral wall of the choana or 
the vomer.

JAF shows a typical pattern of spread, charac-
terized by submucosal extension, often involving 
the sphenopalatine foramen and pterygopalatine 
fossa, and occasionally causing V2 neuropathy. 
The classical clinical manifestation of this tumor 
is recurrent epistaxis [67].

Mandibular Division (V3)
A clear causative relation between dental proce-
dures and trigeminal neuralgia has never been 
reported, partially due to the high prevalence of 
patients affected by an undiagnosed otherwise- 
caused trigeminal neuralgia who undergo 
unnecessary dental procedures.

Odontogenic infection of the maxillary molars 
and lower second and third molars may produce 
abscesses in the masticator space, whereas 
infection of the lower first molar and premolar 
teeth tends to involve the sublingual space. 
Myositis and abscess formation within the 
pterygoid muscles may involve the proximal part 
of V3 at the masticator space entrance, resulting 
in V3 painful neuropathy. Acute and chronic 
osteomyelitis may progress to involve the 
mandibular canal and, therefore, the inferior 
alveolar nerve, causing intense pain and numb-
ness of the chin and lips [113].

Osteoradionecrosis of the mandible typically 
occurs months or years after high-dose irradiation 
of oral cavity or oropharyngeal tumors. Because 

of the inferior alveolar nerve impairment, patients 
may present with paresthesia or pain.

CT may show multiple, ill-defined radiolu-
cent areas, cortical disruption, sequestrate, 
areas of sclerosis, and periosteal reactions, 
while MR displays typical inflammatory 
changes either in infectious or radio-induced 
osteomyelitis [114, 115].

High-resolution evaluation of the mandible 
canal and its relations with the radices of the 
tooth, the integrity of bone cortex, and the 
morphology and structure of the bone trabecula 
represent key features in the report and are best 
depicted by DentaScan (GE Healthcare, 
Princeton, New Jersey) software with 2D curved 
reconstructions along the mandibular canal.

Lesions originating from the masticator space 
may affect the mandibular branch and its divi-
sions. The masticator space contains mainly mus-
cles, lymphatic tissue, and the ascending branch 
of the mandible, so that nonneural neoplasms 
arising from this site include rhabdomyosarcoma, 
lymphoma, and mandibular tumors, such as ame-
loblastoma, osteosarcoma, and chondrosarcoma. 
Rhabdomyosarcoma is one of the most common 
soft tissue sarcomas and originates from mesen-
chymal tissue. It represents the most common 
malignant tumor of the head and neck in the pedi-
atric population [67] and goes differential with 
nasopharyngeal carcinoma, which is less com-
mon in this age and often comes with a prominent 
involvement of the adjacent lymph nodes.

When head/neck cancer is suspected, the 
radiologic investigation should be performed 
with a field of view (FOV) extending from the 
orbit roof to the base of the neck, due to possible 
dissemination, perineural spread, and metastatic 
lymph nodes.

6.3.5  Imaging-Silent Trigeminal 
Neuralgia

Clinical and laboratory analysis play a central 
role in addressing the diagnosis in case of 
imaging-silent trigeminal neuralgia.
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With a negative imaging, laboratory tests 
should be performed to exclude neuralgia caused 
by infectious agents or connective tissue dis-
eases and vasculitis. Among connectivopathies, 
mixed connective tissue disease and rheumatoid 
arthritis have more often been reported in asso-
ciation with trigeminal pain [116, 117]. Lupus 
eritematosus sistemicus (LES) has also been 
related to trigeminal neuralgia without any spe-
cific imaging finding [118].

The mechanism underlying the neural pain 
seen in connective tissue diseases is not well 
understood. Chronic compression of the nerve 
from fibrosis or aberrant blood vessels, as well as 
vasculitis of the vasa vasorum, may lead to 
demyelination of the nerve fibers [116].

Paraneoplastic involvement of the trigeminus 
has been reported in association with anti-Hu 
antibodies, from small lung cell carcinoma or 
ovarian cancer. In these cases, the trigeminal 
neuropathy is more often part of a brainstem 
encephalitis rather than an isolated finding [119].

After excluding every other cause of painful 
neuropathy, idiopathic trigeminal neuralgia can 
be diagnosed.

6.3.6  Posttreatment Imaging

The current guidelines for TN management have 
been published by the American Academy of 
Neurology (AAN) and the European Federation 
of Neurological Societies (EFNS) [120, 121]. 
According to these guidelines, in a patient with 
classical trigeminal neuralgia, the treatment 
approach should begin with medical therapy, 
consisting in two main drugs (carbamazepine and 
oxcarbazepine), which can be interchangeably 
used. If the patient is a non-responder to either of 
these two drugs, or cannot take them because of 
specific counter indications or cannot reach the 
therapeutic dosage because of excessive adverse 
effects, the diagnosis of “refractory trigeminal 
neuralgia” can be made [122].

In the case of refractory neuralgia, the most 
effective approach is surgical microvascular 
decompression, which aims to separate the 
offending vessel from the trigeminal nerve at the 
level of the neurovascular conflict, interposing a 
Teflon pledge or a decompression sling to 
maintain them apart.

For patients who do not accept surgery, 
lamotrigine as add-on or botulinum toxin 
injections should be tried [122].

Other possible alternative treatments to poste-
rior fossa microvascular decompression are 
Gasserian ganglion percutaneous techniques and 
Gamma Knife radiosurgery targeting the affected 
trigeminal root [121].

6.3.6.1  Imaging Microvascular 
Decompression (MVD)

The role of imaging in postsurgical course of tri-
geminal neuralgia comprehends the assessment 
of early-onset and delayed complications.

Early-onset complications are related to the 
surgical procedure itself, including bleeding and 
infections.

MR imaging is also used to evaluate the results 
of the procedure. The pledget or pad is typically 
hypointense on CISS sequences, does not 
enhance, and may occasionally become displaced. 
Delayed complications include Teflon granuloma, 
which forms as a foreign body reaction to the 
pledget, resulting in mass effect on CN V, and 
commonly shows enhancement or calcifications 
[27] (Fig.  6.20). The presence of a Teflon 
granuloma, as well as arachnoid adhesions and 
recurrent vascular conflict, may require additional 
surgery [123].

6.3.6.2  Other Posttreatment Imaging 
Findings

Gamma Knife radiosurgery (GKR) may produce 
a persistent enhancement of the treated trigeminal 
segment, which may be associated with less 
satisfactory pain control and more frequently 
detected facial sensory loss [124].
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Fig. 6.20 Posttreatment imaging after MVD showing the 
normal appearance of the Teflon pledget which separates 
the trigeminal nerve from the offending vessel (a–c), 
characterized by low T2 signal intensity (a, b, red arrows) 
and no CE on post-Gd T1WI (c, yellow arrow). Teflon 

granuloma is a possible complication of MVD.  In this 
case, the pledget is surrounded by inflammatory tissue 
and shows higher T2 signal intensity (d, e, red arrows) and 
CE on post-Gd T1WI (f, yellow arrow)
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6.4  Conclusions

Trigeminal neuralgia is a communal manifesta-
tion of several possible etiologies. Classical type 
is defined as sudden, usually unilateral, severe, 
brief, stabbing recurrent episodes of pain in the 
distribution of one or more branches of the tri-
geminal nerve, with no cause other than a neuro-
vascular compression. In these cases, a medical 
therapy should be offered, while MVD showed 
optimal results in refractory neuralgias. An anat-
omy-based imaging approach should be used to 
investigate neurovascular conflict, as well as pos-
sible causes of secondary TN, with a target- suited 
protocol, made by choosing the appropriate 
sequences and parameters.
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Spine Pain: Clinical Features

Luigi Murena, Gianluca Canton, Gioia Giraldi, 
and Stefania Bassini

7.1  Epidemiology of Spine Pain

Spine pain is one of the most common pain con-
ditions worldwide. It affects both men and 
women in all ethnic groups, increasing 
dramatically in incidence and prevalence with 
age. The lifetime prevalence of neck and low 
back pain in adults is currently estimated to be 
66.7% and 91%, respectively. Moreover, spine 
pain has a great impact on functional capacity 
and occupational activities, representing a major 
welfare and economic problem.

Low back pain represents indeed the second 
leading cause of disability worldwide with 1% of 
the world population estimated to be involved. 
One-year recurrence rate of non-specific back 
pain reaches 20–44% and its lifetime recurrence 
rate up to 72%. Nonetheless, back pain often 
evolves in chronic pain, defined as a recurrent or 
persistent pain lasting at least 3  months, which 
characterizes the chronic lower back pain (CLBP) 
syndrome. CLBP has increased more than 100% 
in the last decade, despite several investments in 
improving workplace ergonomics and other 
preventive measures. Low back pain is 
furthermore the leading chronic health problem 
forcing older workers to retire prematurely or 
forcing people out of the workplace (more than 

heart disease, diabetes, hypertension, neoplasm, 
respiratory disease and asthma combined). The 
economic burden of the disease is then related 
both to healthcare system spending and decreased 
productivity. In the USA, among the 116 million 
people affected by CLBP, 19% lost their job, 
13% changed job because of their pain and 60% 
consulted a doctor for pain relief 2 to 9 times in a 
6 months’ time lapse [1, 2].

On the other hand, neck pain has an overall 
prevalence of 27% in female and 17% in male, 
and the incidence of neck pain reported in vari-
ous studies ranges from 10% to 21% in the gen-
eral population, with an increased incidence in 
office and computer workers [3].

Carroll et al., in their work on the course and 
prognostic factors of neck pain in general popula-
tion, have found that 50–85% of people that 
experience an episode of neck pain will report 
neck pain 1–5 years later [4].

Although many cases of neck pain resolve 
with time and require minimal intervention, 
about one third of people will suffer from chronic 
neck pain, and 5% will develop significant dis-
ability and reduction of quality of life [5].

The factors leading to both low back and neck 
chronic pain are various, with a significant role of 
nonanatomical factors such as psychological 
stress, depression and/or anxiety. This complex 
scenario determines chronic back pain syndrome 
to be very challenging for the physician, both for 
diagnosis and treatment.
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7.2  Pathways 
and Pathophysiology 
of Spine Pain

The spine receives its somatic innervation from 
both somatic fibres (inside spinal nerves) and 
autonomic fibres (originating from the 
paravertebral sympathetic ganglia and chains).

Discs and vertebral bodies are innervated all 
around their circumference by three microscopic 
plexuses (anterior, lateral and posterior) and 
inside by their short periosteal and annulus fibres. 
There are three main sources of pain in 
consideration of the spine innervation:

• Dorsal branch of the spinal nerves (dorsal 
rami)

This branch develops from the thick anterior 
branch at the exit of the foramen. It runs dorsally, 
between the transverse processes, innervating the 
posterior structures: facet joints, ligamentum 
flavum, supra- and interspinous ligaments, spinal 
muscles and adjacent dorsal skin.

• Sinuvertebral nerve (recurrent nerve of 
Luschka or recurrent meningeal nerve)

This nerve is a recurrent branch formed by 
union of the grey ramus communicans (GRC) of 
the sympathetic system with a little branch 
coming from the proximal end of anterior primary 
ramus of the spinal nerve. It penetrates 
retrogressively through the intervertebral 
foramen into the spinal canal. It is a polisegmentary 
mixed nerve containing both somatic and 
autonomic fibres for the posterolateral annulus, 
the posterior vertebral body and the periosteum, 
facet joints, ventral meninges and anterior 
epidural vessels. Sympathetic trunks and ganglia 
directly innervate the anterior longitudinal 
ligament (ALL), the anterior periosteum and 
vertebral body, the paravertebral muscles and 
fascia as well as the anterolateral disc. Autonomic 
nervous afferences may enter the white ramus 
communicans (WRC) and reach the spinal nerve 
and the dorsal root ganglion, or they can reach 
the sinuvertebral nerve through the GRC. Through 

the sinuvertebral nerves, autonomic fibres reach 
all the structure they supply and complete the 
innervation of the anterior spine. Its complex 
anatomy explains how challenging is to localize 
the pain derived from Luschka’s recurrent nerve.

• Ventral branches of the sympathetic system

These nerves innervate the anterior common 
vertebral ligament and the anterior and lateral 
zones of the disc.

Acute transient pain can be efficaciously mod-
ulated by supraspinal centres, which determine 
pain to disappear with the end of the noxious 
stimulation. Conversely, a persistent pain is able 
to alter pain pathways. Persistent noxious stimu-
lation, in fact, may decrease neuronal activation 
threshold, increase response to over-threshold 
stimuli and even spontaneous neuronal activity. 
This phenomenon generates allodynia and hyper-
algesia (wind-up response).

Chronic pain is biochemically characterized 
by an imbalance of inhibitory and excitatory 
neurotransmitters.

In addition, the perpetuation and amplification 
of pain is promoted by a neuroimmune and 
neuroinflammatory reaction. This maintaining 
circle is very difficult to breakdown: while acute 
pain tends to solve over time, chronic back pain 
resolution seems to occur in less than 5–10% of 
cases.

Very similar pathological pathways are 
observed in chronic affective disorders such as 
depression, anxiety, pain crises and post- 
traumatic stress disorders [6, 7].

7.2.1  Nociceptive and Neuropathic 
Pain

When facing a patient with spine pain, differenti-
ating between nociceptive and neuropathic pain 
is clinically important because these components 
require different pain management strategies 
directed at peripheral and central processes. 
Nociceptive or mechanical pain results from acti-
vation of nociceptors that innervate ligaments, 
joints, muscles, fascia and tendons as a response 
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to tissue injury or inflammation and biomechani-
cal stress [7–9].

On the other hand, somatic fibres directly 
reach the spinal cord at every level and mediate a 
well-localized local pain, known as radicular 
pain. Nociceptive pain is typically described as 
aching, dull or throbbing and is adaptive and 
usually short-lived; it generally resolves once the 
original physical assault has healed [10]. Noxious 
stimulation of structures in the spine can also 
produce referred pain in addition to back pain. 
This is defined as pain perceived as occurring in 
a region of the body topographically distinct 
from the region in which the source of pain is 
located and arises from central processing of 
afferent activity in intact nerves.

When somatic tissues of the spine are the 
source of spinal referred pain, the condition is 
named somatic referred pain, to differentiate it 
both from visceral referred pain and radicular 
pain. Somatic referred pain is produced by 
noxious stimulation of nerve endings within 
spinal structures such as discs, zygapophysial 
joints or sacroiliac joints. Since no involving 
stimulation of nerve roots is present, there are no 
neurological signs.

Somatic referred pain is described as dull, 
aching, gnawing and sometimes an expanding 
pressure into wide areas that can be difficult to 
localize, and once established, it tends to be fixed 
in location. The pattern of pain is not dermatomal, 
most often it tends to be localized in the gluteal 
region and less commonly to the foot. However, 
the distribution of referred pain varies among 
patients and between studies [11].

Neuropathic back pain is defined as pain aris-
ing from an injury or disease that directly affects 
the nerve roots that innervate the spine and lower 
limbs or pathological invasive innervation of the 
damaged lumbar discs [9].

In contrast with nociceptive pain, neuro-
pathic pain is maladaptive and tends to become 
chronic [10].

Attal et  al. in 2011 studied the prevalence of 
neuropathic pain in CLBP patients. They found a 
prevalence of 8% in pain restricted to the lumbar 
area, 15% in pain radiating proximally, 39% in 
pain radiating below the knee without neurologi-

cal signs and 80% in pain radiating towards the 
foot in a dermatomal distribution with neurologi-
cal signs corresponding to typical radiculopathy. 
Other studies reported a prevalence of 16–55% for 
neuropathic pain in the lumbar area, with one 
review reporting an aggregate rate of 36.6% [12].

In the cervical region, 43 of 100 patients were 
found to have non-neuropathic pain, 7% to have 
predominantly neuropathic pain and 50% to have 
mixed pain [13].

Characteristics of neuropathic pain are painful 
signs and symptoms arising from an area of 
altered sensation. These signs and symptoms can 
actually vary both between patients and over time 
in the same individual.

Cardinal features include spontaneous pain, 
abnormal response to non-painful stimuli and 
moderate heat or cold (allodynia) or an excessive 
response to painful stimulation (hyperalgesia).

Spontaneous pain can be paroxysmal (like 
shooting, stabbing or electric), dysesthetic 
(unpleasant abnormal sensations of touch) or 
associated with abnormal thermal sensation. 
These signs and symptoms can coexist in an area 
with loss of afferent sensation (numbness) [9].

7.3  Non-Specific Low Back Pain

Traditionally, 80–90% of cases of low back pain 
are defined as non-specific, a term used to 
describe a type of low back pain with unknown 
aetiology.

As mentioned previously, symptoms of low 
back pain can derive from different sources 
including aberrant neurological processing 
causing neuropathic pain and abdominal organs 
causing referred pain. It is also once more 
important to consider that low back pain can be 
influenced by psychological factors such as 
anxiety, stress and depression. When facing a 
patient with back pain, the anamnestic 
investigation should include a detailed health 
history, information about work (heavy weight 
lifting, standing or sitting, satisfaction), drugs, 
habits and psychosocial factors.

In some cases, low back pain could be referred 
to a specific pain generator, with its own 
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characteristics and with different therapeutic 
opportunities, but generally the recognition of the 
specific cause is lacking [1].

As suggested by Hansen, clinicians currently 
tend to have a purely structural approach that 
overemphasizes the spine and neuraxis as the 
primary source of pain with under-recognition of 
the role of soft tissues as pain generators [14].

The recognition of soft tissues as pain genera-
tors in chronic back pain is not a new concept. In 
1944 Stimson conducted a study to investigate the 
aetiology of low back pain, with a structural or 
an organic aetiology found in 17% of cases. The 
majority of patient had no underlying disorder but 
failed in functional test of key posture muscles 
and responded favourably to a muscle pain treat-
ment protocol including an exercise programme.

Kraus in the 1960s postulated that non-
specific back pain is a “disease of civilization” 
caused by sedentary lifestyle, stress and suppres-
sion of the fight and flight response. The author 
theorized that lack of exercise and emotional 
stress lead to muscle weakness, stiffness, pain 
and injury.

Recently Mense et  al. found in a rat model 
that back muscle inflammation and psychologi-
cal stress sensitize dorsal horn neurons, thus 
magnifying the input of pain signals from the 
soft tissues of the low back. The authors hypoth-
esize that inappropriate use or an overuse of low 
back muscles leads to neuronal sensitization. 
The latter could be the responsible mechanism 
for the clinical presentation of chronic low back 
pain [15].

As CLBP could have simultaneous multiple 
pain generators, a multidisciplinary diagnosis 
and multimodal treatment is necessary [1].

7.3.1  Red Flags

Non-specific low back pain is generally consid-
ered a benign condition that can be managed in a 
primary care setting. Some patients, however, 
present with back pain as the initial manifestation 
of a more serious pathology, such as malignancy, 
spinal fracture, infection or cauda equina syn-

drome. Spinal fracture and malignancy are the 
most common serious pathologies affecting the 
spine, but the absolute magnitude of their occur-
rence may be regarded as rare [16–18]. Patients 
with low back pain presenting to primary care are 
estimated to have spinal fracture between 1% and 
4% and malignancy (primary tumour or metasta-
sis) in less than 1% [18].

Conventionally clinicians are encouraged by 
several guidelines to suspect serious underlying 
pathology in patients with back pain by checking 
for “red flags” (Table 7.1). This term is used to 
describe signs or symptoms that may be related 
to a serious underlying pathology and may there-
fore indicate more diagnostic testing to be per-
formed before appropriate care offering. 
Currently the appropriateness and the utility of 
checking for red flags when approaching a 
patient with back pain is controversial [16–19]. 
Current guidelines indeed present a list of red 
flags that is variable, often without consideration 
given to the diagnostic accuracy of each sign and 
with heterogeneity in their precise definition. 
Several studies have been conducted to establish 
the actual utility of such practice, with rather dis-
appointing results. Some authors assert that 
without rigorous evidence on the diagnostic 
accuracy of red flags, this advice may be associ-
ated with unwanted side effects through unnec-
essary imaging (increase radiation exposure and 
healthcare costs), alarming of patients (reduction 
of quality of life) and treatment (including 
unnecessary surgery) [16].

Henschke et al. [20], in a primary care cohort 
of 1172 LBP patients, have found that most 

Table 7.1 Reliable red flags according to Downie et al. 
and Verhnagen et al.

Red flags
Fractures
  Older age
  Prolonged corticosteroid use
  Severe trauma
  Contusion or abrasion
Malignancy
  History of malignancy
  Strong clinical suspicion
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patients (80.4%) had at least 1 red flag. Leerar 
et  al., in a study focusing on physiotherapist 
adherence to guidelines, found that 7 of the 11 
red flags endorsed in guidelines were docu-
mented in 98% of the patients [21].

Cook et al., in their work published in 2017, 
concluded that red flag symptoms might have a 
stronger relationship with prognosis than diagno-
sis [19].

In conclusion, at present for the majority of 
red flags endorsed by guidelines, there is a 
strikingly little or no evidence available regarding 
their diagnostic accuracy, limiting their clinical 
value.

7.4  Intervertebral Disc 
Degeneration

The intervertebral disc is the core structure of the 
main joint between two consecutive vertebrae in 
the vertebral column. Each disc consists of three 
different structures: an inner gelatinous nucleus 
pulposus surrounded by an outer annulus fibrosus 
and two cartilage endplates that cover the upper 
and lower surfaces of vertebral bodies. Disc 
degeneration is a physiological phenomenon 
beginning in the second decade of men’s life and 
third decade of women’s life, as ageing implies 
cell apoptosis or programmed cellular death. 
Degeneration is also determined by environmental 
factors (such as heavy works or sports) and 
genetic factors.

While disc degeneration is a sort of physio-
logic age-related event, disc disruption is patho-
logic and recognized as the most common cause 
of discogenic pain. Nonetheless, intervertebral 
discs are responsible of 39% of all CLBP, even 
though not all degenerated or herniated discs are 
painful. According to literature, 26–42% of 
patients with intervertebral disc degeneration are 
affected by chronic back pain [6].

According to Kirkaldy-Willis classification, 
disc degeneration can be divided into three 
stages: dysfunction (disc disruption syndrome 
and, eventually, disc herniation), instability and 
stabilization [6].

The first phase occurs between 20 and 
45 years: the disc gradually decreases in height 
and capacity to bear axial weight. Intervertebral 
joints synovitis might be associated with disc 
degeneration and determine an intermittent low 
back pain. Degeneration of facet joints is usu-
ally expected as a consequence. Between 45 and 
60–70 years, weight distribution over different 
spinal areas is usually seen. Even 70% of axial 
weight might indeed be distributed onto the 
facet joints, instead of a normal 20%. This is 
called the instability stage because of the inevi-
table vertical subluxation of the facet joints. The 
overloading of the facet joints is inversely pro-
portional to the disc height with a consequent 
disc collapse, arthritic changes, loss of tension 
and thickening of ligamentum flavum and poste-
rior longitudinal ligament. These anatomical 
changings lead to a medullary canal stenosis, 
initially dynamic with extension and standing, 
then permanent. Patients often complain chronic 
or recurrent pain in the low back or irradiated to 
the lower extremities, relieved by supine posi-
tion. Degenerative spondylolisthesis secondary 
to facet joint hypertrophic degenerative changes 
can generate mechanical pain, radicular pain or 
neurogenic claudication. The third stage is char-
acterized by bone spurs and osteophytes sprout-
ing that add to the “soft stenosis” of the 
instability phase to determine a “rigid stenosis”. 
This is the so-called stabilization stage because 
the increased bony contact stabilizes the spine. 
Disc collapse and remodelling of vertebral bod-
ies may block the progression of vertebral slip-
page. Sometimes the degenerative process leads 
to kyphotic angulation of the spine in the ste-
notic area. In these cases clinical symptoms may 
be reduced because of the increase of dural sac 
volume and foramen area and decrease of liga-
mentum flavum thickness and disc protrusion. 
Different manifestations of spine degenerative 
disease can be clinically recognized. These 
pathologic scenarios may represent the clinical 
presentation of different phases of intervertebral 
disc degeneration, although a strict correlation 
with Kirkaldy-Willis classification is not dem-
onstrated (Table 7.2).
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7.4.1  Crock’s Internal Disc 
Disruption Syndrome

This syndromic pain pattern seems to be caused 
by a rupture in the internal structure of the disc 
without compression of the nervous root. The 
pathoanatomical feature of the syndrome is disc 
fissuring, which can be limited to the inner part or 
spread to the outer part of the annulus. Literature 
reports that 70% of fissures reaching the outer 
part of the annulus (Grade III according to Dallas 
discogram scale) are painful and 70% of all 
painful discs present with a Grade III or IV fis-
suration [6].

While a healthy disc in adulthood is avascular 
and aneural, degenerated discs fissures might be 
colonized by pathologic neoangiogenesis. The 
disc neovascularisation can be explained as an 
attempt to heal from outside to inside. However, 
in the hostile microenvironment of the 
intervertebral disc, this process promotes 
catabolic process and pain rather than repair. 
Normally nerve endings and their capillaries 
cannot withstand the high inner hydrostatic 
pressures of normal discs. Conversely, new blood 
vessels penetrate into the degenerated disc 
because of an internal depressurization. These 
vessels bring inflammatory cytokines (IL6, IL1β, 
TNF α) and cells (macrophages) leading to 
inflammatory granulation tissue and neo- 
innervation. Among all the inflammation 
molecules, some interesting studies detected 
higher levels of neurotrophins (NGF, BDNF, 
NT3, NT4/5) in the degenerated discs, which 
could be responsible of nerve fibres attraction.

The neo-innervation creates a close associa-
tion between sympathetic postganglionic efferent 

and autonomic afferent endings, with the first 
exerting a neuroregulatory function [22, 23]. This 
pain pattern is very similar to the enteric one, 
suggesting that discogenic pain is the only 
example of visceral-like pain in the muscular 
skeletal system. Discogenic pain might then 
present as a combination of chemical and 
mechanical pain. Inflammation creates a dull 
constant pain, which is worsened by the 
mechanical stimulation of the annulus during 
movements and weight bearing. In addition, the 
inflammatory process amplifies the response of 
nerve endings to mechanical stress.

Clinical features of Crock’s internal disc dis-
ruption syndrome are not specific. Patients more 
often present with a pseudo-radicular pain: uni-
lateral or bilateral axial pain with frequent refer-
ral to lower limbs and non-specific clinical 
findings (negative Lasegue test, normal osteo- 
tendinous reflexes, irradiation of pain to the 
knees). Pain is elicited by posture and activity 
that raise intradiscal pressure and stress the 
annulus and relieved during recumbence. 
Discogenic pain is often referred distant from the 
anatomic origin, causing diagnosis to be difficult.

7.4.2  Disc Herniation

Disc herniation is defined as the migration of the 
nucleus pulposus outside its normal location 
through a torn annulus fibrosus, towards the 
periphery or cranio-caudal (Schmorl’s hernia-
tion). Annulus fibres can elongate by up to the 
9% during torsional loading (where the failure 
elongation point is 25% from the baseline) and 
can bear a stress 4–5 times greater than the 
nucleus. The nucleus is, on the contrary, a rela-
tively incompressible structure, which bulges 
approximately 1  mm per physiological load. 
With disc degeneration elasticity is gradually 
lost compromising its ability to compress. Shock 
absorption is no longer spread or absorbed by the 
surrounding annulus, leading to greater shear-
ing, rotation and traction stress on the disc and 
adjacent vertebrae [5]. The most frequently 
involved discs in the lumbar spine are L4-L5 and 
L5-S1.

Table 7.2 Possible clinical presentations of disc degen-
eration stages according to Kirkaldy-Willis

Disc degeneration 
(paraphysiologic)

Clinical presentation 
(pathologic)

Dysfunction Crock’s internal disc 
disruption
Disc herniation
Facet joint syndrome

Instability Dynamic instabilities
Stabilization Spondylosis and stenosis
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Disc herniation can be classified as shown in 
Table 7.3 [6]:

Despite the clinical relevance of disc hernia-
tion, it causes only a limited percentage of cases 
(lower than 30%) of low back pain [7]. Disc her-
niation is in fact a typical cause of radicular pain: 
it radiates from the back and buttock onto the 
limb in a dermatomal distribution, without neuro-
logical impairment. When disc herniation 
involves the cervical spine, it typically presents 
with acute onset of severe neck and arm pain 
unrelieved by any position and often results in 
encroachment on a cervical nerve root. Symptoms 
are due primarily to nerve root inflammation 
rather than a real compression.

The International Association for the Spine 
Pain defines radicular pain as arising in a limb or 
the trunk wall, caused by either ectopic activation 
or nociceptive afferent fibres in a spinal nerve 
and its roots or by other neuropathic mechanism. 
It may be episodic, recurrent or sudden [5].

Radicular pain, though, is different from 
radiculopathy even if they often coexist. 
Radiculopathy is in fact due to an impairment of 
sensory and motor fibres with the appearance of 
dermatomic distribution of numbness and 
myotomal weakness. It may be accompanied by 
reduced reflexes and is usually painless [7].

Considering the heterogeneous clinical pre-
sentation of lumbar herniation syndrome, 
Genevay and collaborators recently proposed 
clinical criteria to identify patients with radicular 

pain caused by disc herniation and developed the 
“RAPIDH” (radicular pain caused by disc herni-
ation) score (Table 7.4) [8].

The patient is classified as having RAPIDH if 
the total score is 11 (range 0–20) or more. 
RAPIDH score figured out to have a 90.4% 
specificity and 70.6% sensitivity. This test is an 
attempt to differentiate patients with radicular 
symptoms caused by lumbar disc herniation from 
those with lumbar spinal stenosis or non-specific 
low back pain with referred leg pain.

7.5  Facet Joint Pain

Zygapophyseal or facet joints are diarthrodial 
joints with their own articular surfaces, capsula 
and synovial membrane. These joints are 
located in pairs on the posterolateral aspect of 
each motion segment, spanning from the cervi-
cal to the lumbar spine. Each facet joint is 
innervated by the dorsal branch of the corre-
sponding spinal nerve and by the sinuvertebral 
nerve of the same level and of the level above. 
Facet pain is defined as pain arising from any 
structure of facet joints. Being arthritis a promi-
nent cause of facet joint pain, its prevalence 
increases with age [24].

The most common initial event causing facet 
pain is a synovial reaction caused by trauma or 
mechanical stress associated with a fluid 
distension of the capsule or a capsular damage. 
These mechanisms provoke the stimulation of 
joint nociceptors and type-C pain fibres of the 
densely innervated capsule [24–26].

As previously described, axial weight on the 
facet joints may increase from 20% to 70% due 
to intervertebral disc degeneration. This mechan-
ical overload causes different changes in the 

Table 7.3 Disc herniation classification and related 
symptoms

Type of 
herniation Description Symptoms
Bulging Symmetrical disc 

enlargement >50% of its 
perimeter
Not pathological

No

Disc 
protrusion

Displacement outside its 
boundaries
Sessile aspect

No

Disc 
extrusion

Displacement outside its 
boundaries
Pedicled aspect

Yes

Disc 
sequestration

Free disc material 
displacement
Frequent resorption

Yes

Table 7.4 RAPIDH score

Item Points
Monoradicular leg pain 6
Straight leg raise <60° or positive femoral 
stretch test

4

Unilateral ankle reflex decrease 4
Unilateral muscle weakness 3
Unilateral patient reported pain in legs 3
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joints. Hyperpressure of the subchondral bone, 
trabecular microfractures, capsular distension or 
impingement of the synovial villi are possible 
changes that finally cause pain [5].

Degeneration of facet joints is a frequent 
cause of radicular pain by compression of nerve 
roots in lateral recesses and in the foramina sec-
ondary to hypertrophic and osteophytic remod-
elling of the facets, sublussation, joint effusion 
with capsular tension and synovial cysts forma-
tion [7]. Manchikanti et al. in their study about 
chronic spinal pain estimated that facet joints in 
the cervical region contribute to 55% of spinal 
pain and in  localized thoracic pain the preva-
lence of facet joint pain amounts to 42% [27]. 
Depending on diagnostic criteria, zygapophy-
seal joints account for 5% to 15% of cases of 
chronic, axial low back pain [24–26].

Cervical facet joint pain can be described as 
an axial neck pain, without neurological deficit, 
referred to the occipital, suboccipital, shoulder or 
mid-back regions. The pain is induced with 
pressure on the dorsal side of the cervical spine at 
the level of the facet joints and limits extension 
and rotation. Specifically, pain emanating from 
the C2–3 or C3–4 facet joints can extend into the 
occipital and suboccipital regions, C4–5 or C5–6 
facet joint disease can cause pain radiating into 
the shoulder, and the C6–7 and C7-T1 joints typi-
cally refer pain to the mid-back and scapular 
regions [12, 25].

In the thoracic spine a paravertebral pain with-
out signs of neurological impairment that wors-
ens with prolonged standing, hyperextension or 
rotation of the spine is suggestive of facet pain. 
The pain is often bilateral and generally affects 
several segments [26].

In the lumbar area, facet joint pain is usually 
characterized by low back pain with or without 
somatic referral to the legs terminating above the 
knee, often radiating to the thigh or to the groin 

without a radicular pattern. Back pain tends to be 
off-centre and increases with hyperextension, 
rotation and lateral bending.

It is exacerbated when waking up from bed or 
trying to stand after prolonged sitting. Patients 
often complain of back stiffness, which is more 
evident in the morning [1, 24].

7.6  Dynamic Instabilities

The smallest functional unit in the spine is repre-
sented by the Jughanns mobile segment, which is 
formed by two adjacent vertebrae and the soft tis-
sues between them. Dynamic instabilities affect 
this functional unit during spine mobilization [6]. 
Dynamic instability can be minor (soft tissue inju-
ries, with pain and musculoskeletal symptoms), 
moderate (autonomic nervous system symptoms, 
positional radiculopathy) or severe (severe neuro-
logical complications and persisting somatic 
nerves symptoms) (Table 7.5).

Cervical spine is the most mobile segment of 
the entire column and must support high degree 
of movement. Consequently, a great amount of 
stability is required to the ligamentous tissues in 
the cervical spine. This is the reason why this 
spine segment is highly susceptible to ligamentous 
injuries and dynamic instabilities. Ligament 
injuries can be caused by severe neck trauma 
with rotational stress, with 25% presenting as 
C0–C2 injuries, and by excessive or abnormal 
forces during mechanically mediated 
manipulation. Capsular ligament laxity can either 
occur instantaneously as a single trauma, such as 
in whiplash injury (up to 10 times more force is 
absorbed in the capsular ligaments versus the 
intervertebral disc), or develop slowly as cumula-
tive microtrauma. Dynamic instabilities are then 
characterized by an abnormal motion on the 
spine with sub-failure loads to the facet joints and 

Table 7.5 Progression of dynamic spine instability with related symptoms

Normal spine joint 
motion Hypermobility Minor instability Moderate instability Severe instability
Asymptomatic Asymptomatic Musculoskeletal 

pain
Positional radiculopathy and 
autonomic nervous system 
symptoms

Persistent symptoms and 
severe neurological 
complications
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the capsular ligaments. Capsular ligament ten-
sion is increased during abnormal postures up to 
70% of normal elongation. Clinically patients 
always suffer of a chronic post-trauma neck pain, 
rarely accompanied by neurological impairment. 
Instability is accompanied by muscle spasms that 
cause intense pain because of the ligamento- 
muscular reflex, which originates from 
ligamentous mechanoreceptors. This is an 
attempt to preserve the joint stability using 
muscular strength instead of ligamentous 
structures. Unfortunately the joint instability and 
abnormal loading stimulate integrin-cytoskeleton 
and ion-stretch mechanoreceptors that induce 
catabolic pathways. The metalloproteinases 
cause the breakdown of cartilage and consequent 
articular cartilage degradation. Thus, instability 
can be clearly differentiated from hypermobility, 
which is a loss of normal motion stiffness in a 
particular spine segment. This determines a 
greater displacement under mechanical 
stimulation but is typically asymptomatic.

Among cervical axial rotation instabilities, 
30% present intermittent radicular symptoms, 
worsening with rotation, flexion or extension of 
the neck. These movements, in fact, reduce the 
room for cervical nerve roots, which usually 
occupy at least the 72% of the total neural 
foramina volume.

Radicular symptoms are related to the facet 
joint hypertrophy and disc degeneration, which 
follows the capsular ligament injury.

7.7  Spondylosis and Stenosis

Spondylosis is a disease generally associated with 
ageing, characterized by degeneration of the 
intervertebral disc, osteophytosis of the vertebral 

bodies and hypertrophy of the facet joints and 
laminar arches. Spondylosis corresponds to the 
third stage of intervertebral disc degeneration 
according to Kirkaldy-Willis (stabilization): the 
spine tries to heal the instability with the forma-
tion of marginal osteophytes that can lead to a 
natural fusion of affected vertebrae. The degener-
ative cascade is usually slow and initially silent. 
The first symptoms are non-specific and include 
spinal pain and stiffness. Clinical findings are 
non-specific too: a limited range of spine tract 
motion and poorly localized tenderness can occur. 
Radicular symptoms are more likely to occur in 
patients with underlying capsular ligament laxity 
because the neural foramen is already reduced by 
the narrowed facet joint hypertrophy and disc 
degeneration. Spondylosis usually involves sev-
eral spine tracts; thus the eventual radiculopathy 
symptoms are more diffuse than those of typical 
single soft disc herniation.

Only rarely neurologic symptoms (radiculop-
athy or myelopathy) appear, usually in patients 
with congenital narrow spinal canal. The bridg-
ing bony spurs can in fact induce or worsen a spi-
nal stenosis, which is a narrowing of the central 
spinal canal, lateral recess and/or neural foramen 
(Table 7.6). The trefoil shape of lumbar canal at 
the fifth lumbar level makes L4–L5 the narrowest 
and more affected level [28].

Central canal stenosis occurs at intervertebral 
disc level with midline sagittal narrowing and is 
mainly caused by hypertrophy of ligamentum 
flavum, facet joint osteophytes and degenerative 
spondylolisthesis. The symptoms are bilateral leg 
heaviness, soreness or weakness. The most char-
acteristic is though neurogenic claudication: 
numbness, weakness or discomfort in the legs 
with prolonged standing and relieved by sitting 
or rest.

Table 7.6 Spinal stenosis: topographical classification, causes and symptoms

Central canal stenosis Lateral recess stenosis Foraminal stenosis
Causes Ligamentum flavum

Facet joint osteophytes
Degenerative 
spondylolisthesis

Hypertrophy of superior articular facet and 
posterior aspect of vertebra and disc

Isthmic 
spondylolisthesis
Far lateral disc 
herniation

Symptoms Bilateral radicular Unilateral radicular Unilateral/bilateral 
radicular
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Lateral recess stenosis occurs when the nerve 
root is compressed beneath the medial aspect of a 
hypertrophic superior articular facet and poste-
rior aspect of vertebral body and disc. In this case 
unilateral radicular symptoms occur: leg pain 
along with numbness, paraesthesia or burning in 
a dermatomal distribution. Foraminal stenosis is 
the most rare among the three types of canal ste-
nosis. The foramen is the exit zone of the spinal 
roots of the bony vertebral structure (medial and 
lateral pedicle border), and its calibre depends on 
the posture of the spine.

Foraminal stenosis most frequently occurs in 
case of isthmic spondylolisthesis, where the exit-
ing nerve root is compressed in the distorted fora-
men. In rare cases nerve root can be compressed 
in far lateral disc herniation.

In every type of lumbar stenosis, clinical find-
ings are poor: there may be a limitation of spine 
extension, sensory deficit, muscle weakness, 
limited straight leg raise and absent peripheral 
osteo-tendinous reflexes. In 5% of the cases, the 
most common lumbar spinal canal stenosis is 
associated with cervical canal narrowing (tan-
dem stenosis), so signs of myelopathy might be 
found [28].

7.8  Spondylolisthesis

Spondylolisthesis is a spinal disorder character-
ized by forward slippage of a vertebra over one 
beneath (especially the fifth lumbar vertebra over 
the first sacral one). The “listhesis” is actually a 
rotatory deformity and not just a simple forward 
or backward displacement.

Various classification systems have been pro-
posed [29].

Marchetti and Bartolozzi classified the 
pathology in developmental (high or low grade 

dysplastic) or acquired [30]. Mac Thiong and 
Labelle proposed a different classification in 
eight types of spondylolisthesis, combining the 
slip grade, degree of dysplasia and sagittal 
sacro- pelvic balance [31]. Wiltse and collabora-
tors, though, developed the first and most widely 
used classification, describing 5 types of spon-
dylolisthesis [32] (Table  7.7). At radiographic 
exam, severity of the pathology is classified in 
ranging from 1 to 5  in dependence of the per-
centage of slippage with respect to the beneath 
vertebral body.

Type I is very rare. It is secondary to congeni-
tal lumbosacral articulation abnormalities (such 
as hypoplastic facet joints or sacral deficiency), 
representing 14–21% of congenital spondylolis-
thesis cases. Children and adolescents with this 
pathology are more likely to develop neurologic 
complications (cauda equina) and to progress 
towards severe spine deformity and clinical con-
sequences than Type II (32% versus 4%) [29].

Types IV, V and VI are particular and rare 
types of spondylolisthesis.

Type IV is a post-traumatic spondylolisthesis 
with a fracture occurring in a region other than the 
pars interarticularis but evenly leading to slip-
page. Type V is a pathological spondylolisthesis 
which occurs in diffuse or local disease compro-
mising the stability of the vertebra (e.g. in case of 
metastatic disease, primary bone neoplasia, etc.). 
Type VI is iatrogenic.

Isthmic and degenerative spondylolisthesis 
are the most common types.

Isthmic spondylolisthesis has an incidence of 
4–8% among the general population, with a high 
prevalence among athletes. According to Adult 
Isthmic Spondylolisthesis Work Group of the 
North American Spine Society (NASS) 
 Evidence- Based Clinical Guideline Development 
Committee, it is an anterior translation of one 

Table 7.7 Wiltse-Newmann classification

Wiltse-Newmann classification
I
Dysplastic

II
Isthmic

III
Degenerative

IV
Traumatic

V
Pathologic

VI
Iatrogenic

A. Pars’ disruption (stress fracture)
B. Pars’ elongation (multiple microfractures)
C. Acute fracture through pars
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lumbar vertebra relative to the next caudal 
segment as a result of an abnormality in the pars 
interarticularis [33]. The cause is recognized to 
be a spondylolysis: a fracture of the pars 
interarticularis of the vertebra, which can have 
hormonal, genetic and/or mechanical cause 
(sports involving hyperlordosis) [34]. At least 
two thirds of individuals with spondylolysis 
develop the pathology during childhood and are 
usually asymptomatic. The remaining one third 
develops a pars defect in adolescence or early 
adulthood and are more likely to present symp-
toms [35]. Spondylolisthesis is unlikely to occur 
in patients with unilateral spondylolysis but 
occurs in 40–66% of patients with bilateral spon-
dylolysis [33].

Type IIA, which is the most common subtype, 
is a complete defect of the pars interarticularis 
caused by repetitive microtraumas and loading. 
Type IIB is caused by repeated microfractures 
that try to heal resulting in an elongated pars. 
Type IIC is a complete fracture caused by an 
acute trauma.

Type II spondylolisthesis is associated with a 
higher pelvic incidence, which is related to an 
increased sacral slope and an increased lumbar 
lordosis to maintain sagittal balance.

Isthmic spondylolisthesis has a benign clinical 
course in the majority of patients considering that 
osteosclerosis, spur formation and ligaments 
ossification slowly stop the slippage progression.

When symptomatic, isthmic spondylolisthesis 
causes a variable clinical syndrome of back and/
or lower extremity pain, and about half of 
symptomatic patients have radicular lower 
extremity pain with evidence of neurologic defi-
cits below the injury level [33].

A recent review analysed the diagnostic utility 
of patient history and physical examination data 
to detect spondylolysis and spondylolisthesis in 
athletes with low back pain. It reported that some 
symptoms such as difficulty falling asleep, 
waking up because of pain and pain worsening 
with sitting and walking have a moderate/high to 
high sensitivity. By the way these patients’ 
history data are not specific: pain worsening with 
sitting and prolonged weight bearing are also 
typical of lumbar disc pathology. The commonly 

cited signs of hamstring tightness and 
paravertebral muscle symptoms are also not sen-
sitive and specific enough [36].

Approximately 50% of symptomatic spondy-
lolisthesis have a positive straight leg test on 
examination [30]. The patients experience sciatic 
pain when laying down on the back when the 
examinator straightens the leg at 30°–70°. 
According to Alqarni and collaborators, though, 
the only accurate clinical test helpful in the spon-
dylolisthesis diagnosis is the palpation of the 
lumbar spinous processes. The examiner slides 
his fingertips on the lumbosacral spinous pro-
cesses, maintaining a lateral view of the patient’s 
spine. The sign is positive when the examiner can 
feel a lumbar spinous process “step”. The lumbar 
spinous process palpation test has a high specific-
ity (87–100%) and moderate- high sensitivity 
(60–88%) compared to one- legged hyperexten-
sion test (sensitivity 50–73%, specificity 
17–32%) [37].

The suggested diagnostic exams include 
standing plain radiographs (with or without 
oblique views dynamic views), CT (the most 
reliable to diagnose a defect in the pars interar-
ticularis) or MRI (in patients with radiculopa-
thy; even though there are insufficient evidence 
of its utility in differential diagnosis between 
isthmic and degenerative spondylolisthesis) 
[33].

Type III is a degenerative spondylolisthesis.
The Degenerative Lumbar Spondylolisthesis 

Work Group of the North American Spine 
Society (NASS) Evidence-Based Clinical 
Guideline Development Committee defined the 
degenerative spondylolisthesis as an acquired 
anterior displacement of one vertebra over the 
subjacent vertebra, associated with degenerative 
changes, without an associated disruption or 
defect in the vertebral ring [38]. It is four to five 
times more common in women and has a higher 
incidence in African Americans and diabetic 
patients.

The major local causes of degenerative slip-
page are the loss of bone support in arthritis of 
facet joints (that normally bear 30–45% of the 
torsional forces of the spine), the segmental 
instability that cause tension on the facet joints 
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capsule, ligaments and muscles and the spinal 
stenosis and intravertebral foramen stenosis [39].

Degenerative spondylolisthesis can be seen as 
an accidental finding in asymptomatic patients.

At presentation, in fact, the mean slip is less 
than 15% and just one third of patients present 
slip progression. When symptomatic, it usually 
occurs in patients aged over 40 and has 
traditionally been considered as one of the major 
causes of low back pain and spinal canal stenosis. 
The clinical presentation can be various; thus 
degenerative spondylolisthesis can be included in 
classification of spondylolisthesis, spinal stenosis 
and segmental instability [40].

The symptoms are mainly back pain and 
radicular pain together. When they present 
singularly, back pain is more frequent than 
radicular pain alone, exacerbated with extension 
due to posterior elements compression. When the 
rotational slippage component is mild, nerve root 
involvement is typically bilateral and 
pluriradicular. The dural sac in the central spinal 
canal is compressed and a bilateral lateral recess 
stenosis occurs. On the other hand, in presence of 
marked rotation, nerve root involvement is 
usually unilateral and ipsilateral to the maximal 
facet joint subluxation [29].

One of the most characteristic symptoms of 
degenerative spondylolisthesis in presence of 
stenosis is a neurogenic pain that shifts from side 
to side [39]. A common clinical finding is the 
hamstrings spasm, the result of an attempt to 
protect the lumbar spine by limiting lumbar 
lordosis.

Rarely the progressive degeneration of the 
disc, thickening of ligamentum flavum and 
slippage of the vertebra can induce bowel or 
bladder symptoms. In these cases, symptoms are 
not acute and devastating as in cauda equina 
syndrome in lumbar disc herniation, but they 
have an insidious and subtle presentation.

According to a recent guideline summary 
review, the most appropriate way to approach a 
patient with degenerative spondylolisthesis is 
obtaining an accurate history (through appropriate 
clinical questions) and physical examination. 
Lateral radiograph is then suggested as the most 
appropriate, noninvasive diagnostic test, even 

though MRI is indicated when spondylolisthesis 
is accompanied by canal stenosis (or CT if MRI 
is contraindicated) [38].

7.9  Osteoporotic Compression 
Fractures

Osteoporosis, defined as loss of bone mineral 
density, is a major public health problem. This 
pathology predisposes to fragility fractures, 
whose incidence increases with age. In Italy, the 
prevalence of osteoporosis according to the 
ESOPO study in 2003 by Adami et al. was 23% 
among all women, ranging from 9% (40–49 years 
of age) to 45% (70 years of age) and almost 15% 
in men aged over 60 [40].

Common sites of fragility fracture are the 
wrist, proximal femur and proximal humerus, but 
the most common site is the vertebral body. 
Compression fractures of the vertebral body 
caused by osteoporosis can be a consequence of a 
usually low-energy trauma or spontaneous. In the 
United States, the incidence of recognized 
vertebral osteoporotic fracture is approximately 
700.000 cases/year, which account for half of all 
fragility fractures. However, many of these frac-
tures are asymptomatic; thus their real impact is 
probably underestimated [41–43]. Piscitelli et al. 
in 2011 estimated the number of fragility verte-
bral fractures in Italy as 61.009 [44].

Fragility vertebral fractures negatively affect 
the quality of life, limiting the activity of normal 
daily living. They are associated with reduction 
of spine mobility, pulmonary dysfunction and 
with chronic back pain. Several studies reported 
that one previous vertebral fracture increases the 
risk for subsequent vertebral fracture 
approximately fivefold and the risk of hip frac-
ture approximately threefold [41]. The most 
common sites for osteoporotic vertebral fracture 
are the midthoracic region and the thoracolumbar 
junction (respectively T7-T8 and T12-L1) [32]. 
Many fractures may develop insidiously and 
chronic compression fractures are commonly 
detected incidentally on chest X-rays. Conversely, 
some fractures present with sudden-onset severe, 
focal back pain that may radiate anteriorly. The 

L. Murena et al.



131

reduction of height resulting from a compression 
vertebral fracture, especially if multiple fractures 
are present, may result in sagittal imbalance 
which may lead to chronic back pain and 
accelerate the degeneration of adjacent segments 
[43].

7.10  Spinal Infections

Spinal infections account for 2–7% of all infec-
tions of the musculoskeletal system with an inci-
dence that varies between 1:100,000 and 
1:250,000  in Western countries. Various studies 
reported a bimodal distribution of incidence with 
a peak below 20 years and another between 50 
and 70 years of age [43, 45].

Some predisposing factors for spinal infec-
tions can be recognized, both generally associ-
ated with musculoskeletal infections (Table 7.8) 
and specifically associated with the spine such as 
a history of previous spine surgery, lumbar punc-
ture or epidural procedures.

The possible routes of pathogens spread in the 
spine are the haematogenous, direct external 
inoculation and spread from contiguous tissues. 
The most common is the haematogenous seeding 
of the axial skeleton from distant infected foci 
and more often via the arterial network than the 
venous [45]. The most common site of infectious 
disease of the spine in the adult is the corpus 
vertebrae.

The adult intervertebral disc is an avascular 
structure. Septic emboli in the adult spine, from 
distant infected foci, lead to the formation of 
vascular bone infarcts that often first affects the 
subchondral region of the vertebral body 

endplates and spreads in an anterior to posterior 
direction (spondylitis). The infectious process 
that spreads to the contiguous spaces, with the 
involvement of the disc and two adjacent vertebral 
bodies, is defined as spondylodiscitis. Conversely, 
in children anastomosis between intraosseous 
arteries and vessels penetrating the disc is present. 
Thus a septic embolus from haematogenous 
spread does not result in bone infarction but 
reaches the disc where infection finally develops. 
This scenario is defined as discitis and represents 
the most common spine infection in paediatric 
patients [45, 46].

Pyogenic spondylodiscitis caused by hae-
matogenous spread affects mainly the lumbar 
spine (58%), followed by thoracic (30%) and cer-
vical spine (11%), reflecting the vascular supply 
of these structures. Tuberculosis lesions preferen-
tially affect the thoracic spine, often involving 
two or more levels, which differentiates it from 
pyogenic spondylodiscitis [45]. Currently the 
majority of spinal infections are bacterial mono-
microbial, with a reported incidence of infection 
caused by Staphylococcus aureus between 30 and 
80%. Other bacterial agents are causative in 
selected patient populations (Table 7.9).

The spread of infection into adjacent soft tis-
sues accounts for the development of epidural 
abscesses, paravertebral muscle abscesses, iliacus 
and psoas muscle abscesses and prevertebral 
collections.

The symptoms and signs of spondylodiscitis 
are non-specific and the average delay in 
diagnosis reported in studies is 2 months. A new 
onset of back or neck pain is common; fever is an 
inconstant finding present in less than half of 
patients with pyogenic infections and even more 
rare in case of fungal or mycobacterial aetiology.

Table 7.8 Risk factors for spinal infection

Diabetes mellitus
Advanced age
Immunosuppression and HIV infection
Intravenous drug use
Cancer history
Renal failure
Chronic vascular access
Rheumatologic disease
Liver cirrhosis

Table 7.9 Bacterial agents in spine infections

Enterobacteriaceae (concurrent urinary tract 
infections)
Pseudomonas aeruginosa (intravenous drug abuse or 
hospitalized patients)
Streptococcus pneumoniae (diabetes mellitus)
Salmonella species (sickle cell disease or asplenia)
Mycobacterium tuberculosis (immunosuppression, 
HIV)
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Back pain is usually localized at the level of 
the vertebral body affected by the infection with 
a localized percussion tenderness, is exacerbated 
by physical activity and is present at night [43, 
45]. Dysphagia and torticollis are symptoms that 
may be caused by cervical location. Symptoms 
such as leg weakness, numbness and inconti-
nence that are associated with neurological defi-
cits are present in about one third of patients [45, 
46].

In paediatric patients the clinical presentation 
is largely non-specific with symptoms that may 
include irritability; refusal to crawl, sit or walk; 
abdominal pain; or incontinence. Fever and 
neurological deficits are rare in children, and the 
most frequent sign found on physical examina-
tion is the loss of lumbar lordosis [45].

Sometimes the site of haematogenous local-
ization of the infection can be a degenerated facet 
joint [43]. The clinical feature of a septic facet 
joint is characterized by the acuity of its presenta-
tion, with a sudden onset of back pain, sometimes 
in a patient with chronic back pain. The pain is 
exacerbated with flexion and extension and is not 
relieved by rest. Patients can usually localize the 
laterality of back pain, tenderness of the ipsilat-
eral paravertebral muscles at palpation are often 
present, fever is a more common feature and 
marked neurologic deficits can be present [43].
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8.1  Introduction

Spinal pain is a common cause of disability, 
 frequently self-limiting, with a high socioeco-
nomic impact on health systems worldwide. The 
age of onset ranges between 30 and 50 years, and 
in particular it is estimated that more than 80% of 
general population will suffer from low back pain 
(LBP) at least once in their lifetime [1]. The 
impact on health systems (in the USA it is esti-
mated over $100 billion) is significant for both its 
wide prevalence and the increasing recourse to 
novel imaging techniques, such as magnetic reso-
nance, to investigate a possible underlying condi-
tion [2, 3]. Even if it is usually a self-limiting 
condition, symptoms of spinal pain may last for 
more than 1 year, becoming chronic and imped-
ing both daily activities and working capacity, 
and consequently being an important cause of 
work absence [4, 5]. Main causes of spine pain 

often include benign diseases, less commonly 
malignant; clinically several manifestations have 
been described in the scientific literature which 
may be eventually divided into three main pat-
terns: cervical, thoracic, and lumbosacral or low 
back pain [6].

8.2  Etiology

There is no univocal classification of spinal pain 
causes, even if several ones have been proposed; 
nevertheless on a practical point of view, they 
may be schematically distinguished three main 
categories of etiology: structural, neurogenic, 
and extraspinal.

8.2.1  Structural Etiology

The spine has two major functions: the protec-
tion of the spinal cord and nerve roots and the 
support head and trunk, conveying forces to the 
lower limbs [7]; these functions play together 
with the muscles’ actions, under the CNS con-
trol, in the maintaining of spinal stability [7]. 
Any alteration involving one of the vertebral col-
umn structures (intervertebral discs, ligaments, 
synovial intervertebral joints, paravertebral mus-
cles and fasciae) may be source of pain [8]. In 
this sight, mechanic and inflammatory compo-
nents play a major role in the onset and mainte-
nance of spinal pain.
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8.2.1.1  Degenerative Disc
Intervertebral disc modifications play a very 
important role in the genesis of spinal pain. 
Degenerative disc changes comprehend annular 
fissures and disc herniation, besides several other 
manifestations (such as disc dehydration, 
intradiscal mucinous degradation, gas formation, 
and somatomarginal osteophytes) which are 
related to normal aging disc [9] and not always 
are a source of spinal pain in healthy population 
[2]. Annular fissures consist in delamination of 
annular fibers or detachment from vertebral bone; 
according to the orientation, annular fissures may 
be concentric, if parallel to the disc contour, 
radial, if they run through the fiber network from 
nucleus to periphery, or transverse, which in a 
narrow sense indicates fissures in the peripheral 
annulus and separation of annular fibers from the 
apophyseal bone [9]. The term “tear” instead of 
“fissure” should be avoided because it may be 
misleading [9].

Annular fissures are associated to discogenic 
LBP, which is the most common type of LBP: 
this is may be secondary to the development of 
inflammatory response to the annular fissure, 
probably elicited by disc matrix degradation 
products, which causes neoangiogenesis and 
sprouting of nerve endings by the disc lesion. As 
a consequence, several inflammatory metabolites 
may stimulate nociceptive receptors on these 
nerve terminations and determine a painful 
sensation [10]. Annular fissures should be 
considered different from degenerative disc 
changes because this latter may be a simple 
consequence of normal disc aging and may not 
be associated to spinal pain; but it is also true that 
several times, annular fissures and disc 
degeneration coexist [9].

Disc herniation is defined as displacement of 
disc material—nucleus, annular tissue, bone 
fragments—outside the intervertebral disc space 
outline; it may be distinguished in focal or broad- 
based if it involves less than 25% or up to 50% of 
disc circumference [9]. According to the shape, 
herniation can be further distinguished in protru-
sion and extrusion [9]. Protrusion is defined when 
the height of displaced disc material is lower than 
its base (measured at the outer margins of disc 

space); extrusion is instead present when the high 
of herniated disc is greater than its base. If there 
is no more visible continuity between the dis-
placed disc material and the native disc, the 
extrusion is further defined as sequestration [9]. 
If the displacement is away from its first extru-
sion site, the condition is defined as migration 
[9]. Furthermore, herniation may be either con-
tained within the external annular fibers or the 
posterior longitudinal ligament or uncontained if 
there is no such coverage [9]. Pain may then 
derive from the conflict between disc herniation 
and the nerve roots. According to the location and 
with respect to some anatomic landmarks, disc 
herniation may occupy the central canal zone, the 
subarticular zone, and the foraminal or extrafo-
raminal zone [9].

Disc herniation may also take place within the 
subchondral bone of end plates; it in this occasion 
is referred as intravertebral herniation or 
Schmorl’s nodes [9].

Bulging disc is considered a generalized disc 
displacement beyond the disc space, and, by 
definition, it is not an herniation. It may be both 
paraphysiological and secondary to disc 
degeneration [9].

Disc degeneration is often associated with 
pathological changes in the bone marrow 
composition that may be in turn connected in the 
generation of LBP [11]. These alterations are 
visualized on MRI as Modic changes (see the text 
below); also, they are not bone marrow lesions 
related to malignancy, infection, or seropositive 
rheumatic diseases [11].

Abnormalities of facet joints are another cause 
implied in the development of spinal pain [12]. 
These include osteoarthrosis, joint effusions, 
ligamentous laxity, inflammatory facet synovitis, 
and synovial cysts [12].

Spondylolysis is a bone defect of the vertebral 
body at the pars interarticularis which is usually 
secondary to traumatic events or repetitive high 
loading [13]; as a consequence, the vertebral 
body may then slip on the below vertebra, 
condition known as spondylolisthesis [13]. But 
spondylolisthesis may also be secondary to 
degenerative changes in the posterior elements, 
which in turn determine impairment of ligament 
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stability and consequent slippage of the vertebra 
on the below one [13]. Spondylolisthesis is 
classified in four grades [13]: grade 1, 0–25%; 
grade 2, 26–50%; grade 3, 51–75%; and grade 4, 
76–99%; a displacement of 100% is referred as 
spondyloptosis.

8.2.1.2  Rheumatic Diseases
The spine is frequently involved in course of 
rheumatic diseases. Among these conditions, 
rheumatoid arthritis (RA) and axial 
spondyloarthropathies (axSpA) play an important 
role. The hallmark pathological of these 
conditions is enthesopathy.

RA primarily affects the cervical spine and, 
less frequently, the thoracic and lumbosacral. At 
the cervical level, the inflammatory process 
involves ligamentous structures around the 
occipito-atlantoaxial joints causing bone and lig-
ament erosions with subsequent cervical instabil-
ity [14]; the intervertebral disc may also be 
involved in this process. The instability is sec-
ondary to the inflammatory involvement of trans-
verse ligament and the nearby synovial bursa 
[15] and may manifest as atlantoaxial sublux-
ation: this may be anteroposterior, with increase 
of distance between the atlas and the odontoid 
process and may also determine canal stenosis; 
vertical (also known as cranial settling), in which 
laxity of ligamentous structures results in descent 
C1 lateral masses and dens entrapping within the 
foramen magnum (there are several index pro-
posed for the evaluation—see imaging section 
below) [16]; and lateral, in which the lateral 
masses of C1 are displaced sideways [14]. In 
some patients subluxation may also involve cer-
vical levels below C2, for this reason called “sub-
axial,” and produce a characteristic appearance 
on imaging [16]. Less frequently, inflammatory 
changes may be evident also in the thoracolum-
bar spine and at the sacroiliac joints (SIJs) [16].

Spondyloarthropathies are a group of rheu-
matic diseases which, more frequently than RA, 
affect the spine and the SIJs. This group includes 
ankylosing spondylitis (AS), psoriatic arthritis 
(PsA), reactive spondyloarthropathies (former 
Reiter syndrome), and spondylitis associated 
with inflammatory bowel disease (IBD) [16].

AS, the prototype of aSpA, is an inflammatory 
condition which affects axial synovial joints 
leading to progressive articular ossification and, 
in the end, to ankylosis. Usually, at first SIJs are 
selectively involved, and then the inflammation 
spreads to the thoracolumbar spine (interapophy-
seal, costovertebral, atlantoaxial joints, and other 
entheses such as the spinal processes are impli-
cated): it characteristically involves the tendons 
and ligaments at their insertion on bone structure 
with consequent erosions and, in response, new 
bone production; this process will lead to anky-
losing of articulation. These manifestations are 
distinctive at the level of intervertebral disc, with 
signs of calcification involving the outsider annu-
lar fibers all along the disc contour, but also other 
synovial joints such as the interapophyseal ones. 
An important consequence of the diffuse spine 
ossification is increased risk of vertebral column 
fractures, especially at the cervicothoracic and 
thoracolumbar curvatures, following traumas 
even of minor intensity [17].

PsA is a chronic inflammatory disease which 
usually involves peripheral joints but may 
sometimes affects the spine as well [18]; reactive 
arthritis is an autoimmune disorder secondary to 
infection developing elsewhere in the body which 
typically is associated with conjunctival and 
ureteral inflammation [16]; both entities present 
common manifestations: spinal enthesopathy is 
characterized by coarse and asymmetrical soft- 
tissue calcifications arising from the vertebral 
body, some millimeters away from the end plate 
margin, in continuity with the spongious bone, 
the so-called parasyndesmophytes; similarly to 
RA there may be also a cervical involvement 
with subsequent instability [14].

Enteropathic arthritis, which is associated to 
IBD, may also involve both spine entheses and 
SIJs [16].

8.2.1.3  Infectious Diseases
Spine infections are another rare but very impor-
tant cause of spinal pain which involve the verte-
bral column and/or the endocanal content with 
possible secondary neurologic manifestations; 
this condition may be life- threatening at times 
[19, 20].
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Most cases of spondylitis are secondary to 
pyogenic bacteria (Staphylococcus aureus is 
the most common etiologic agent); other 
microbial agents implied in the pathogenesis 
are Mycobacterium tuberculosis and fungi 
(Candida, Aspergillus), which are more com-
mon in immunosuppressive patients [19–21]. 
Brucellosis is common cause of spinal infec-
tion in endemic areas, such as the Mediterranean 
Basin and the Middle East [22], and should be 
taken in account into the differential 
diagnosis.

It is commonly believed that pathogenic 
agents reach the spine through the hematoge-
nous pathway [19]; rarely the contamination is 
secondary to contiguous spread from paraverte-
bral soft-tissue infection, as it may happen after 
spinal surgery—this is mostly valid for pyo-
genic infection [21]. The urinary tract is the 
most frequent original site for pyogenic infec-
tion, and some risk factors, such as diabetes and 
history of intravenous drug administration, are 
often present [19]. The lumbar spine is the most 
frequent involved site, followed by dorsal 
(especially for tuberculosis) and then cervical 
tracts [19]. On a pathogenic point of view, 
spondylitis begins at the anterior margin of the 
vertebral body; this may be explained for the 
richer vascular network at the end plate sur-
faces; then the infection may extend to the disc 
and the whole vertebral body, till the opposite 
end plate, even causing extensive bone infarcts 
[21]. Disc involvement is more pronounced 
during pyogenic than mycobacterial infections 
[21], while it is primary affected in children, 
probably for its high vascularization in the 
early lifetime [19].

Infections may also involve the paravertebral 
muscles, the epidural, and the subdural spaces, 
and these localizations may then be another cause 
of back pain [19]. Most of the times, these 
involvements are secondary to spinal 
osteomyelitis, but it is also possible they arise as 
the primary site of infection [19, 21].

8.2.1.4  Vertebral Fractures
Vertebral fractures may represent an extremely 
disabling condition with significant repercussions 
on patient’s health, social life, and self- 
sufficiency. On an etiologic point of view, 
vertebral fractures may be a consequence of 
moderate-severe entity traumas, above all in 
young population, as it happens in motor vehicle 
accidents; while in adults they are frequently 
secondary to underlying diseases, which often 
are underestimated, and the fracture with its 
related symptoms may be the first clinical 
manifestation.

Traumatic vertebral fracture may be classified 
according to Magerl on the basis of the traumatic 
mechanism (extension, flexion, twisting) and the 
tendinous and muscle-ligamentous structures 
involved by the fracture line itself [23].

Nevertheless a reduction of bone strength, 
primarily due to reduced quality of spongious 
bone trabeculae (either for metabolic causes 
linked to bone matrix production or for replace-
ment of bone tissue with neoplastic one), may 
determine an increased risk of fractures even 
for a minor trauma (also including those verte-
bral fractures which are secondary to the trunk 
weight, even without an evident traumatic 
event) [24]. Clinically the main symptom is 
spinal pain whose onset maybe either acute, 
above all following severe vertebral trauma 
and may be also associated to serious neuro-
logical signs and symptoms (following spinal 
cord compression), or even insidious and 
slightly worsening [25].

In this latter case, the differential diagnosis 
may be difficult for several pathologies, both 
benign and malignant, and may present this type 
of manifestations; thus clinical findings alone are 
not specific [26]. It must be taken in account that 
these pathologies affect patients with similar age, 
generally senile population, who present several 
comorbidities (such as diabetes, history of tumor) 
and likely spinal degenerative changes, which the 
spinal pain may be wrongly attributed to, and 
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then make the diagnosis even more difficult. 
Therefore, as we will see, imaging is crucial for 
the diagnosis [27].

Among bone metabolic diseases, osteoporosis 
is surely the main cause of vertebral fractures, 
above all in postmenopausal female population 
[28]. The vertebral fracture is a secondary to the 
reduction of bone strength two loading forces due 
to a relative increasing of osteoclastic activity 
over the osteoblastic and the consequent loss of 
trabecular meshwork [25]. Vertebral fractures 
and manifesting as a reduction in height of 
vertebral body (in comparison with the adjacent 
above and below vertebral body) and its severity 
depend on both which portion of the vertebral 
body is reduced (anterior, central, or posterior) 
and the quantitatively height loss [29].

8.2.1.5  Spine Tumors
Another important cause of spinal pain is spinal 
tumors. The most common spinal tumors arise 
from the vertebral bone column, from the spinal 
cord and dorsal roots, or from the paravertebral 
tissues; more than half of them are extradural; 
nevertheless a discrete percentage (almost 40%) 
is intradural [30].

Classically, primitive tumors are quite rare, 
while secondary tumors represent the very large 
amount of them (including metastases, multiple 
myeloma, and lymphoma) [31]. Clinical 
symptoms, if present, mainly consist in thoracic 
and lumbar pain with gradual onset which may 
be worsened by some, neurological symptoms, 
are usually belated and are often wrongly cred-
ited to degenerative changes [27].

In general patients with malignant tumors 
experience more frequent and intense pain for the 
secondary compression of the spinal cord and 
dorsal roots [32].

Concerning bone tumors, primary malignant 
bone tumors and bone metastases are 
predominantly affecting adult patients, while 
benign lesions are more common in young 
population; primitive bone lesions, both benign 

and malignant, have the tendency to arise from 
the posterior elements: among these, benign 
lesions become clinically manifest when they 
reach significant dimensions. It must be also 
stated that some benign tumors, such as osteoid 
osteoma, present a typical clinical pattern 
characterized by recrudescent night pain which is 
rapidly relieved using salicylates [30]. Metastatic 
lesions instead tend to involve predominantly the 
thoracic vertebral body and specifically the 
posterior third: this location may be favored by 
the presence of an extensive venous vascular 
system, the so-called Batson plexus, which 
largely makes anastomoses with the systemic 
circulation [32].

An important complication of vertebral tumor 
is the collapse of the vertebral body and the 
consequent pathological vertebral fracture [33]. 
Clinically, as previously stated, the differential 
diagnosis between benign and malignant 
vertebral fractures may be difficult for the 
presence of comorbidities within the same 
patient, making therefore imaging essential.

A relatively rare cause of spinal pain is rep-
resented by intradural neoplasms: they repre-
sent a quite rare cause of spine tumor that 
usually becomes clinically manifest in late 
stage of disease; most of them are located in 
the extramedullary space [34]; among these, 
nerve sheath tumors are the most common and 
consist in neurofibromas and schwannomas, 
while meningiomas are secondary for 
 frequency [35].

Leptomeningeal metastases account for a 
small percentage of intradural extramedullary 
tumors [35]; the primary site of tumor may be 
the CNS (in which the implied tumors are in 
order of frequency medulloblastoma, high-
grade astrocytoma, ependymoma, oligodendro-
glioma, retinoblastoma, pineal tumors, and 
choroid plexus papilloma) and systemic tumors 
(breast, lung, melanoma, lymphoma, gastroin-
testinal, genitourinary, and head and neck 
tumors) [35].
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8.2.2  Neurogenic Etiology

To distinguish between structural (musculo-
skeletal) and neurogenic generators in the eval-
uation of back pain may be challenging because 
there can be some overlaps of these two enti-
ties: in fact, the most common cause of neuro-
genic back pain, especially in the lumbar spine, 
is spinal stenosis (SS), which is a frequent com-
plication of several musculoskeletal patholo-
gies and may determine compression of the 
spinal cord and nerve roots [8]. Structural 
causes of neurogenic back pain are usually a 
consequence of other diseases, especially spine 
degeneration and spinal stenosis, as discussed 
above and better illustrated below [8,  36, 37]. 
Prevalence of SS seems to be correlated with 
age and its severity as well. Clinical manifesta-
tions of SS include neurogenic claudication, 
which may manifest as LBP, sensation of heavi-
ness, pain irradiating to one or both thighs, or 
even lower limb weakness, and it may be sec-
ondary to neurogenic or vascular compression 
[37–39]. When SS is clinically suspected, fur-
ther imaging investigations should be advised 
to confirm the diagnosis.

8.2.3  Extraspinal Etiology

Spinal pain may also be consequent to several 
visceral diseases which irradiate their painful 
sensation on the back. Pathological conditions 
which are associated to back pain include genito-
urinary, gastrointestinal, cardiovascular, and 
some other else [1, 3, 8, 40]. Concerning the topic 
of the book, all these causes will not be discussed 
in the chapter: for a specific handling, we advise 
to read the related literature.

8.3  Imaging

Several studies have demonstrated that most 
patients with acute back pain do not need to 
seek any radiological investigation, because 
most of the times, symptoms usually improve 

spontaneously within few weeks from the 
onset and imaging does not improve the out-
come; on the contrary, the early employment 
of imaging investigations, especially CT and 
MRI, is an expensive cost for the health sys-
tem [3]; for all these reasons, the American 
College of Physicians does not advice further 
radiological investigations during the 
first  weeks from the onset of pain, unless 
symptoms persist for more than 6  weeks or 
“red flag” symptoms are reported [41]; these 
latter include onset of neurological symptoms 
(progressive motor and sensitive changes, sud-
den anesthesia, impairment in sphincter con-
trol), systemic symptoms (fever, night sweats, 
weight loss), history of trauma (even of minor 
entity for patients aged more than 50  years), 
malignancy, or immunosuppression (even iat-
rogenic) [1–3, 40].

Plain radiography of the lumbar spine, per-
formed with anteroposterior (AP) and latero- 
lateral (LL) projections, is usually the first 
imaging modality which, even if it does not pro-
vide any specific diagnosis, may exclude vertebral 
fractures as a consequence of minor spinal trau-
mas (particularly in osteoporotic patients); never-
theless further evaluations with magnetic 
resonance imaging (MRI) are needed [3]. MRI, 
whose use in the investigation of back pain has 
exponentially increased in the last few years [8], 
should be considered in order to rule out suspi-
cion of vertebral fracture, infection, or tumor [3]. 
Computerized tomography (CT) should be 
reserved to patients whom MRI is not indicated 
for or if anatomical bone details are needed [40]. 
Nuclear medicine imaging such as SPECT (single 
photon emission CT) and PET (positron-emission 
tomography) is useful mostly in the differentia-
tion of benign vertebral fractures from neoplastic 
ones [40].

8.3.1  Degenerative Disc

Degenerative changes in the spine, even if very 
common, are usually detected at late stages on 
conventional radiology. They consist in disc alter-
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ations (reduction of disc height, disc generation 
with gas formation—vacuum phenomenon, intra-
discal calcifications), subchondral sclerosis, and 
marginal osteophytes (Fig. 8.1) [9].

Disc degeneration may be easily assessed using 
MRI and relating with the T2 signal intensity 
(Fig. 8.2). One of the most used classifications is 
Pfirrmann’s which evaluate degeneration accord-

a b

Fig. 8.1 A 65-year-old woman with long history of low 
back pain. Anteroposterior (a) and latero-lateral (b) 
radiograms show lumbar spine instability with multilevel 

reduction of intersomatic spaces at L3–L4, L4–L5, and 
L5–S1, subchondral sclerosis, and marginal osteophytes. 
Compression fracture of T12 is also present
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ing to the structure homogeneity, signal intensity, 
and disc height [42].

For what concerns annular fissure, they can 
be appreciated as localized hyperintensity zones 
(HIZ), on T2-wi, in the context of annular fibers 
and are better visualized if the disc still has a 
certain degree of normality; they may also 
undergo enhancement after contrast medium 
administration [42].

MRI is useful in the assessment of disc hernia-
tion concerning its definition, location, and con-
tainment within the posterior longitudinal 
ligament (Figs. 8.3 and 8.4) [9].

Degenerative changes involving the vertebral 
end plates are classified according to the  variation 
of signal intensity on MRI at these sites, using 
Modic classification (Fig.  8.5). Three types are 
recognized: at the beginning the inflammatory 
changes appear as low signal on T1-wi and high 
signal on T2-wi, and these changes are referred 
as type I; with the replacement of bone tissue 
with the adipose, changes present high intensity 
signal in both T1 and T2-wi; finally bone sclero-
sis in late stages appears as decreased signal on 
both T1 and T2-wi [11].

Fig. 8.2 Multilevel disc degeneration with low T2 signal 
intensity due to loss of proteoglycan and water content

a b c

Fig. 8.3 Example of disc herniation migrated cranially, as visible on T1-wi (a) and T2-wi (b), and located in the right 
subarticular zone (c, axial T2-wi)
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a b

c

d

Fig. 8.4 A 75-year-old man suffering of a longtime his-
tory of low back pain with bilateral lower limb irradiation. 
MRI shows diffuse degenerative spine changes [sagittal 
T1-wi (a) and T2-wi (b)], multilevel disc herniation, spi-
nal stenosis at the L3–L4 intervertebral space [axial T2-wi 

(c)] which is sustained broad-based herniation, and liga-
mentum flavum hypertrophy, grade I spondylolisthesis of 
L5 on S1 possibly secondary to degenerative changes in 
the zygoapophyseal joints [axial T2-wi (d)]

a b c

Fig. 8.5 MRI features of Modic changes: type I modifi-
cation involving L4 superior end plate, appearing hypoin-
tense on FSE T1-wi (a) and hyperintense on FSE T2-wi 
(b) better evaluated with fat-suppression sequences (c); 

type II modification involving L5 superior end plate, 
which appears hyperintense on both FSE T1-wi and T2-wi 
(a, b) and shows low signal on fat-suppression images (c), 
features compatible with fat infiltration
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8.3.2  Degenerative Bone 
and Ligaments

Spine degeneration may also affect synovial 
joint, in particular the uncovertebral joints, in the 
cervical level, and facet joints, in the lumbosacral. 
Joint osteoarthrosis may be appreciated as 
reduction of the articular space, subchondral 
bone sclerosis, and marginal osteophytes on plain 
radiograms (Figs. 8.6 and 8.7) and better visual-
ized on CT scans [12]. Synovial cyst presents 
hypointense signal on T1-wi and hyperintense 
signal on T2-wi; if an acute hemorrhage occurs, 
the cyst rapidly increases in volume with a signal 
iso-/hyperintense on T1-wi and hypointense on 
T2-wi [12]. Facet synovitis appears as T2 hyper-
intensity, due to inflammatory edema, which is 
best appreciated using fat- suppressed sequences; 
it also presents intense CE after contrast medium 
administration [12].

Laxity of ligamentum flavum may manifest on 
imaging as edema, inflammation, calcification, 
and/or bone proliferation at insertion points, and 
it is in general secondary to disc degeneration 

and/or facet subluxation [12]: as these conditions 
progress, the ligamentum flavum becomes redun-
dant and protrudes into the spinal canal eventu-
ally causing it stenosis (Fig. 8.4).

On MRI, signal of bone marrow edema in a 
pedicle or pars interarticularis may be also 
indicative of spondylolysis [12], and the pres-
ence of spondylolisthesis may strengthen the 
evidence (Fig. 8.8).

8.3.3  Rheumatic Diseases

The role of imaging in the diagnosis of inflamma-
tory diseases has become crucial, and MRI acts 
as the leader in this context. Besides the spine, 
also SIJs are usually involved in these conditions, 
especially in case of aSpA.

Characteristic of RA is the cervical inflamma-
tory involvement that manifests as occipito-atlan-
toaxial subluxation, secondary to laxity of 
ligaments, which may be either anteroposterior, 
vertical, or lateral. Conventional radiography, 
which is usually the first investigation in a patient 

a b

Fig. 8.6 AP (a) and LL (b) radiographs of cervical spine show spine instability with uncoarthrosis and interapophyseal 
arthrosis
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with neck pain [14], using dynamics projections 
may indicate anteroposterior subluxation as an 
increase of distance between the posterior aspect 
of the anterior arc of C1 and the odontoid process 
more than 3 mm on flexion, and if the posterior 
atlanto- dental interval is shorter than 14  mm, 
canal stenosis may be suspected [16]; also the 

l ateral subluxation, using the anteroposterior 
open- mouth view, may be easily documented as 
displacement of lateral masses of C1 more than 
2 mm on the coronal plane [14, 43]. Vertical sub-
luxation may be suspected on lateral radiographs 
if the dens apex is more than 4.5 mm above the 
McGregor’s line (which runs from the hard palate 

a b

Fig. 8.7 AP (a) and LL (b) radiographs of the lumbar spine show spine instability with facet joint arthrosis and verte-
bral anterolisthesis of L5 on S1; multilevel disc degeneration with intradiscal vacuum can be appreciated
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to the most inferior point of the occipital bone); 
however the presence of bone erosions and the 
overlap of bone structures at this level may hin-
der the exact position of the dens. In order to 
solve this inconvenience, other methods have 
been proposed. The Redlund-Johnell method 
takes in account the minimum distance between 
McGregor’s line and the inferior aspect of C2 
body at the midpoint, on a lateral radiograph in a 
neutral position; if the distance is less than 34 mm 
in men or less than 29  mm in women, vertical 
subluxation should be suspected [14]. Clark et al. 
[44] divided axis into three equal parts on lateral 
radiograph; if the anterior arc of the atlas 
descends at the middle or inferior third of C2 
body, vertical subluxation may be also suspected 
[45]. Finally, Ranawat et  al. [46] measured the 
distance between the transverse axis of C1 and 
the center of the second pedicle; if the distance is 

less than 15 mm in men or less than 13 mm in 
women, vertical subluxation should be suspected 
[14]. If one of these methods is suspicious for 
subluxation, MRI investigation is mandatory to 
evaluate the spinal cord [14]. Combination of 
these methods greatly increases the chances to 
individuate vertical subluxation [14].

Subaxial instability is a consequence of inflam-
mation of uncovertebral and/or interapophyseal 
joints [14]; radiographies, including a dynamic 
exam, may show anterior slinging of a vertebral 
on the inferior one, and inflammatory changes 
may appear as small articular erosions [14].

Besides spinal instability, MRI also provides 
an excellent evaluation of the inflammatory 
changes involving the soft tissues nearby the 
atlantoaxial joint [43]; in particular the 
inflammatory pannus presents high signal on 
T2-wi, better appreciated in fat-suppressed or 

a b

c

d e

f

Fig. 8.8 A 32-year-old man with a long history of low 
back pain; MRI examination [sagittal T1-wi (a) and T2-wi 
(b), axial T1-wi (c)] shows anterolisthesis of L4 on L5 and 
widening of the spinal canal. Dynamic evaluation with 

flexion (d) and extension (e) radiograms confirms the 
grade I anterolisthesis. CT scan (f) shows bilateral pars 
interarticularis lysis with new bone production and 
sclerosis
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short-tau inversion recovery (STIR) sequences, 
and undergoes an intense contrast enhancement 
after gadolinium administration [14]. CT allows 
a direct evaluation of inflammatory erosions 
mostly involving the dens [43].

On contrast to RA, axSpA are more likely to 
affect the spine at the thoracolumbar junction 
and the lumbosacral level: inflammatory 
changes lead to alterations of vertebral shape 
and production of bony reactions [16]. SIJs 
are  a common site involved in course of AS, 
and the Assessment of SpondyloArthritis 
International Society (ASAS) provides the 
New  York criteria for the radiological assess-
ment of sacroiliitis [47]. Standard imaging pro-
tocol consists in anteroposterior view (with 
cranially angulating the X-ray tube 30–35°), 
completed with oblique views if necessary 
[16].  The grading system that distinguishes 
five  grades according to minimal erosions, 

 subchondral sclerosis, or complete ankyloses is 
present (Fig.  8.9) [47]. MRI may reveal early 
inflammatory lesions, which may not be evi-
dent on conventional radiographs, as areas of 
bone marrow edema on T2-wi with fat suppres-
sion or STIR that present strong enhancement 
after intravenous contrast administration; also 
thickening and enhancement of synovial mem-
brane may be present [47].

Typical inflammatory changes of the spine 
principally involve the disco-vertebral unit; the 
earliest changes may be difficult to detect on 
standard radiographs, while they are better recog-
nized on MRI.  Three types of disco- vertebral 
lesions are described [48]:

• Type I lesions, or Andersson type A lesions, 
consist in focal erosions centrally in the verte-
bral end plate; most of the time, they are 
asymptomatic and thus may go unnoticed on 

a b

c

Fig. 8.9 Standard radiograms for the evaluation of the lumbar spine (a, b) and SIJs (c) in a patient affected by AS. The 
presence of diffuse syndesmophytes provides the classical “bamboo spine” appearance (a, b). Note SIJs ankylosis (c)
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conventional radiograms, while they may 
appear as increased T2-wi signal on MRI.

• Type II lesions, or Romanus lesions, represent 
bone erosions most involving the supero- 
anterior aspect of the vertebral body; standard 
radiographs may evidence the erosion with the 
subchondral bone sclerosis (shiny corner 
appearance), while on MRI the alterations 
may appear as increased T2-wi signal on MRI; 
the result of inflammatory changes and bone 
production results in squaring of the vertebral 
body.

• Type III lesions, or Andersson type B lesions, 
usually rare and belated changes, consist in 
vast central and peripheral end plate erosions 
associated to incorrect ossification of vertebral 
fractures, which are in turn secondary to some 
risk factors (such as osteoporosis, trauma, and 
increased lumbar kyphosis), when is present 
multiple level ankylosis.

Syndesmophytes, which also subordinated to 
entheseal inflammation, derived from Sharpey’s 
fiber ossification, in the outer annulus fibrosus, 
and appear symmetrical and smooth connecting 
two vertebral bodies; if extensive, their appear-
ance on conventional radiographs is called “bam-
boo spine” (Fig. 8.9) [16]. Syndesmophytes must 
be differentiated from other forms of bony spurs 
which are instead typical of other kinds of 
arthropathies [16]; these include:

• Marginal osteophytes typically seen in osteo-
arthrosis (also known as osteophytes), which 
consist in marginal bone productions at the 
level of vertebral end plates, in continuity with 
cortical and spongious vertebral bone, may be 
horizontal in shape and become large enough 
to join another osteophyte.

• Tractional or non-marginal osteophytes, 
which also present continuity with cortical 
and spongious vertebral bone but arise 
2–3  mm away from the end plate, appear 
vertical in shape and are common in course of 
PsA and reactive arthritis.

• Paraspinal phytes, which consist in coarse cal-
cification of paraspinal structures outside the 
intervertebral disc and the vertebral body 

(such as the anterior longitudinal ligament), 
appear separated from them by a small 
hyperdiaphanous space.

Enthesitis may also implicate the posterior 
spine joints and ligaments, leading to ossification 
of them in late stages; ossification of interapophy-
seal joints appears on AP radiographs as two cou-
ple of parallel lines running across the lumbar 
spine (the tramline sign) [48].

For what concerns PsA, spine involvement 
resembles AS but with some differences: in 
particular, syndesmophytes appear to be coarse 
and unilateral and do not involve two following 
vertebral bodies [49] (for this reason they are also 
called parasyndesmophytes); cervical spine alter-
ations, with subsequent atlantoaxial instability 
similar to RA, are also very common [49]. SIJs 
may also be involved in the inflammatory pro-
cess, and radiological features consist in ero-
sions, subchondral sclerosis, widening and later 
narrowing of articular space, and finally ankylo-
sis; changes tend to be unilateral; if bilateral they 
usually are asymmetrical [50].

8.3.4  Infectious Diseases

With a clinical suspect of spine infection, con-
ventional radiology is the first step in the imag-
ing evaluation; however it lacks in sensitivity 
because bone changes are not visible until a cer-
tain amount of the bone (almost 30%) is lost, at 
3–6 weeks from the onset (Fig. 8.10) [51]: earli-
est signs of infection are represented by foci of 
bone rarefaction nearby the vertebral end plate 
with irregularity; reduction in disc space may be 
indication of discitis [52]. CT may also be nega-
tive in early stages or document focal areas of 
bone erosions and bone sclerosis at the level of 
end plates, but they are more evident in late 
stages [52]. MRI is the most sensitive technique 
for spine infection which allows a direct visual-
ization of bone marrow edema as increased T2 
signal intensity (Fig. 8.10) [52]; in early stages 
the alterations are visible on the superomarginal 
aspects of the vertebral body which later may 
spread to the whole vertebral body [19]. 
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MRI  also allows an excellent evaluation of 
endocanal content, which may be involved by 
the infective spread, and also documents the 
disc involvement better than conventional radi-
ography and CT [52]. Contrast medium admin-
istration, especially for MRI, confirms the 
findings on the basal exam, provides an ade-
quate delineation of paravertebral abscesses, 
and permits the differential diagnosis with other 
pathologies which may mimic spondylodiscitis, 
especially in early stages (such as Modic and 
degenerative changes) [52].

There are some imaging findings that can 
guide in the differential diagnosis of spinal infec-
tion etiologies [19, 52]:

• Pyogenic infection tends to involve two con-
secutive vertebral levels, mostly in the lumbar 
spine, starting at the anterolateral aspects of 
the vertebral body; the intervertebral disc is 
usually involved, even if in early stages, it 
may be spared; posterior vertebral elements 
are generally not involved; inflammation of 

paravertebral and epidural spaces with 
 paraspinal abscesses may be present.

• Tubercular spondylodiscitis preferentially 
locates at the thoracic spine, involving multi-
ple vertebral levels with predominant disinte-
gration of anterior margins of the vertebral 
body; intervertebral disc is generally not 
involved until late stage of infection and pos-
terior elements are more frequently involved 
than pyogenic infection; sometimes skip 
lesions have been described; also large para-
spinal abscesses are present, and the infection 
may spread along the anterior and posterior 
longitudinal ligaments; meningeal involve-
ment is also common; if the infection is lim-
ited to a single vertebral body, it may result in 
vertebral collapse (vertebra plana), and subse-
quent ossification may appear as “ivory verte-
bra” on conventional radiography.

• Brucellar infection, on the contrary to the pre-
vious ones, is characterized by isolated loca-
tion of the lower lumbar spine with relative 
sparing of vertebral body and predominant 

a

b c d

e

f

Fig. 8.10 Pyogenic spondylodiscitis. At the time of 
imaging evaluation, conventional radiograms (a, b) did 
not show bone changes yet, while the MRI exam 
demonstrates coarse area of bone signal changes, 
hypointense on T1-wi (c) and hyperintense on T2-wi (d) 
which underwent homogeneous CE (e, f), the signs are 

compatible with an active inflammatory process. A fluid 
collection in the surrounding anterior and lateral 
paravertebral space can be also appreciated, with 
inflammation extending in the epidural space, determining 
focal dural inflammatory reaction, and involving the 
ligamentum flavum and the interapophyseal joints (f)
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disc involvement; usually posterior element is 
not involved, and paraspinal abscesses are not 
present, but infection may spread posteriorly 
to the leptomeninges and radicular nerve roots 
and anteriorly involving the peritoneum 
nearby the affected vertebral level.

• Fungal infections, which are common in 
immunosuppressed patients, usually involve 
the lumbar spine at multiple levels and 
frequently with skip lesions; generally the 
vertebral body is variably involved without 
severe bone destruction, and the intervertebral 
disc is preserved; paravertebral abscesses if 
present are small and do not undergo intense 
contrast enhancement for the low inflammatory 
response in this kind of patients; like tubercu-
losis, spread of infection beneath the liga-
ments is common.

As a consequence of the reduction in bone 
matrix, vertebral fractures may also occur.

8.3.5  Vertebral Fractures

According to the morphology, vertebral fractures 
are distinguished in wedge, end plates, or crush 
fractures depending on the reduction of anterior, 
middle, or posterior vertebral height, respectively, 
and these features can be already appreciated on 
conventional radiographs (Fig. 8.11) [29]. Genant 
and colleagues have developed a grading system 
for the evaluation of fracture severity [53]: with 
respect to vertebral height loss and vertebral body 
shape, fractures are considered mild, moderate, 
and severe if it is loss up to 25%, from 25 to 40%, 
or more than 40% of disc height, respectively.

a b

Fig. 8.11 A 70-year-old 
woman with 
osteoporosis. 
Conventional 
radiography, with AP (a) 
and LL (b) radiograms, 
shows fractures of L1, 
L2, and L4 vertebral 
bodies
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Conventional radiography demonstrates a 
symmetrical vertebral fracture with both pedi-
cles usually clearly evident; other signs of 
benignity include the so-called Kümmel or vac-
uum phenomenon, which consist in vertebral 
osteonecrosis, usually beneath the end plate, 
the posterior retropulsion of a bony fragment, 
and no evidence of osteolysis [25, 54]; these 
signs are better evaluated using CT, which also 
may point out the integrity of posterior verte-
bral wall.

MRI evaluation of vertebral fractures is useful 
to date the fracture itself: in fact, acute fracture 
will usually present edematous signal within the 
spongious bone, appearing as low signal on T1-wi 
and high T2-wi signal; this latter is better evalu-
ated using fat-suppression or STIR sequences 
[26] (Fig. 8.12), which sometimes may undergo 
mild/moderate contrast enhancement [55].

8.3.6  Spine Tumors

Main characteristics of primary bone spine 
tumors, both benign and malignant, associated to 
spinal pain are described in Tables 8.1 and 8.2. 

For a more extensive discussion on the topic, we 
suggest to read the related references [30–32].

Bone spinal metastases, which involve the 
spine more frequently than primary tumors, are 
another common cause of spinal pain; they 
generally induce a reaction in the vertebral 
spongious bone which may be either osteoblastic 
(that elicits new bone production) or osteoclastic 
(that is secondary to bone destruction): these 
changes may be detected on conventional 
radiographs and CT scans as areas of bone 
sclerosis or bone lysis, respectively.

According to the spread pathway, posterior 
vertebral body and elements are more often 
involved: this aspect may be associated to either 
loss of integrity or convex appearance of posterior 
vertebral wall, asymmetrical vertebral fracture, 
and paravertebral soft-tissue masses that may 
also invade the spinal canal (these features are 
better evaluated on CT scans).

MRI investigation is usually advised to further 
evaluate the bone involvement, the tumor spread 
into the spinal canal, and paravertebral spaces, 
and it also helps in the distinction of verte-
bral  fractures secondary to tumoral disease 
and   (so-called malignant fractures) and those 

a b c

Fig. 8.12 Vertebral fractures. Recent collapse of L4 ver-
tebral body; the bone edema appears hypointense on FSE 
T1-wi (a), has an inhomogeneous signal on T2-wi (b), and 
appears hyperintense on T2 fat-sat images (c). Also L1 

and L5 vertebral bodies are collapsed, but these fractures 
are relatively older. Mild anterior height reduction of L3 
can be also appreciated
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 secondary to osteoporosis or other benign 
 diseases (mostly metabolic) (Figs. 8.13 and 8.14).

The intravenous administration of contrast 
medium generally determines a variable tumoral 

uptake, both in the vertebral bone and in the para-
vertebral tissues, which is also in correlation to 
necrotic areas within the tumor, and this may 
result in an inhomogeneous CE pattern.

a b c d

Fig. 8.13 A 65-year-old patient with history of lung 
tumor. Lateral radiogram (a) documents fracture of L4 
involving the posterior vertebral body and interruption of 
posterior vertebral wall. MRI examination [T1-wi (b), 

T2-wi (c), T2 fat sat (d)] documents replacement of 
normal bone tissue with neoplastic one which expands 
within the spinal canal. L2, L3, and S3 vertebral bodies 
are also involved

a b c d

Fig. 8.14 Dorsal spine imaging of a patient affected by 
multiple myeloma; multilevel spinal fractures are evident 
secondary to reduction of bone mineralized mass due to 

lymphomatous tissue infiltration. (a) Lateral radiogram, 
(b) sagittal T1-wi, (c) sagittal T2-wi, (d) sagittal T2 fat-sat 
image
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Recently, several studies have stated the add-
ing value of other MRI sequences, such as diffu-
sion-weighted imaging (DWI) and in-phase and 
opposed-phase sequences, for the distinction of 
benign and malignant vertebral fractures.

The role of MRI is also essential in the detec-
tion of intradural tumors. The most common neo-
plasms, which are also extramedullary, are 
represented by schwannomas, neurofibromas, 

and meningiomas, whose principal are listed on 
Table 8.3 [32, 34, 35]. Other lesions include para-
ganglioma, melanocytoma, melanoma, heman-
giopericytoma, and leptomeningeal metastases 
[34]. On MRI, schwannomas hypo-/isointense on 
T1-wi and iso-/hyperintense on T2-wi and also 
present intense and homogeneous CE (Fig. 8.15) 
[34]; neurofibromas appear with a rounded or 
fusiform shape, isointense on T1-wi and highly 

Table 8.3 Spinal cord tumor

General characteristics Site
Schwannoma Most common benign tumor (55%) (WHO I)

Typically found in adult patients
Generally are single, well-defined masses provided 
with capsule

70% intradural, 30% extradural; 15% 
dumbbell- shaped (intra/extradural)
Eccentric to nerve fibers

Meningioma The second most intradural tumor, benign in 95%  
of cases (WHO I)
Most common in women (45–74 years)

90% are intradural
Dorsal spine in women, cervical spine 
in men

Neurofibroma Benign slow-growing tumor (WHO I)
In 90% of cases is sporadic; it may be associated to 
genetic syndrome such as NF-1

Dorsal nerve roots, peripheral nerves; in 
almost 40% of cases are located within 
the spinal canal

Paraganglioma Rare benign tumor (WHO I) arising from neural 
crest cells
Slightly predominant in men, with a mean age of 
46 years

Typically found in the cauda equina 
with secondary compression of neural 
structures

Metastases Small percentage
Secondary to either CNS or, less frequently, 
systemic neoplasms

Leptomeninges

a b

c d

Fig. 8.15 Right L2 schwannoma which enlarges the homonymous canal and presents high T2 signal (a, b). The lesions 
enhance homogeneously (c, d) on T1 fat-sat images
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hyperintense on T2-wi which undergo homoge-
neous CE [34]; meningiomas arise from the dura 
mater, which is connected with a tail, as rounded 
broad-based mass with isointense T1 and T2 sig-
nal intensity and shows intense CE [34]; calcifi-
cations may be found in 5% of cases [35]. 
Paraganglioma usually involves the filum termi-
nale and is then associated to canal stenosis and 
low back pain [32]; on MRI it appears as a well-
defined mass, iso-/hypointense on T1-wi and 
hyperintense on T2-wi with an hemosiderin cup; 
it undergoes intense CE [34]. Leptomeningeal 
metastases present a variable appearance on mor-
phologic sequences, presenting as nodular masses 
or with an infiltrative pattern, but usually they 
present a diffuse and marked CE [35].
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Thoracic Pain: Clinical Features
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9.1  Definition and Epidemiology 
of Chest Pain

Thoracic pain, or chest pain, represents one of the 
most challenging and life-threatening situations 
in everyday clinical practice. Often referred as a 
syndrome, chest pain may be the epiphenomenon 
of a large series of almost any medical condition 
of the thorax and the abdomen ranging from 
medical emergencies, such as acute aortic 
syndromes and myocardial infarction, to non- 
specific discomforts of benign origin [1, 2].

Though the first description of chest pain has 
been made by Erasistratus of Chios (around 
300 BC), it is William Heberden who medically 
described chest pain, in 1768: “There is a disorder 
of the breast marked with strong and peculiar 
symptoms, considerable for the kind of danger 
belonging to it, and not extremely rare, which 
deserves to be mentioned more at length. The seat 
of it, and sense of strangling, and anxiety with 
which it is attended, may make it not improperly 
be called angina pectoris” [3]. However, the first 
correlation between chest pain and heart appeared 
in 1809 by Allen Burns, who linked the chest pain 
with an “insufficient blood supply” [4]. With 

time, the dogma chest pain- myocardial ischemia 
has been broken by several observations of 
patients with chest pain of non- cardiac origin. Yet 
in 1950, Rhodes Allison highlighted that “mis-
takes are frequent and 16% of patients referred to 
hospitals with a diagnosis of angina are found in 
fact to be suffering from pain arising in the chest 
wall only, with no evidence whatsoever of under-
lying heart disease” [5].

Generally, chest pain is defined as any kind of 
thoracic pain, from the jaw to the epigastria and/
or from the neck to the 12th thoracic vertebra, 
and may be classified as visceral or somatic. 
Somatic pain refers to neuromuscular structures, 
skeletal pain, and dermatological issues, whereas 
visceral pain includes pain from internal organs 
such as the heart, stomach, or lungs [1, 6]. 
Furthermore, chest pain may be referred as car-
diac, when caused by cardiovascular-related dis-
eases either of ischemic or nonischemic origin, or 
non-cardiac, when cardiovascular causes have 
been ruled out in the emergency department.

Typical presentation of chest pain ranges from 
a sharp stab in the chest to a dull, oppressive dis-
comfort (Table  9.1). Sometimes it may be 
described as burning or crushing and in specific 
cases may radiate to the neck, into the jaws, to the 
back or throughout the arms. Often, epigastric 
pain may be also referred as chest pain due to the 
close proximity of the regions.

The prevalence of chest pain is extremely 
variable, and it is estimated that in the USA more 
than five million of people every year present to 
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the emergency department for chest pain. 
Approximately 25–40% of the entire population 
experienced once in their lifetime a chest pain 
[7–9], and it represent 2% of the primary care 
visits and around 40% of emergency admissions 
[10]. Life-threatening situations, including acute 
coronary syndromes, aortic dissection, pulmo-
nary embolism (PE), ruptured aortic aneurysm, 
and tension pneumothorax, account for approxi-
mately 20% of all cases of chest pain, and more 
than 1,500,000 people undergo annual workup of 
acute coronary syndrome [11]. Mortality of 
patients with chest pain remains still high, and 
more than 2% of people admitted in the emer-
gency department died at 1 year [11]. In children, 
on the contrary, chest pain represents a rare cause 
of medical examination, accounting for less than 
0.6% of the pediatric emergency visits [12].

Similarly to the wide clinical presentation, 
the etiology of chest pain varies from benign 
conditions such as musculoskeletal conditions to 
life-threatening disease. According to the place 
where the patient is seen, the probability of those 
conditions varies as well. Indeed, general practi-
tioner more often visit patients with chest pain of 
non-cardiac origin, whereas chest pain requiring 
emergency transportation to the hospital are more 
frequently caused by cardiovascular disease 

rather than other non- emergent conditions. 
Interestingly, approximately 50% of patients 
admitted in the emergency department are dis-
charged with non-cardiac chest pain (Table 9.2) 
[1, 2, 7, 11].

9.2  Initial Evaluation of Patients 
with Chest Pain

Correct chest pain assessment represents a major 
achievement in early evaluation of patients. 
Proper and prompt identification of life- 
threatening situations is fundamental in patients 
presenting with chest pain. Either patients’ and 
physicians’ factors may delay the prompt recog-
nition of chest pain, such as language, culture, 
socioeconomic status, complexities of the cases, 
biases, and queues in the service.

The first approach to patients complaining 
chest paint should rule out patients with cardio-
vascular conditions, which require emergent eval-
uation. A detailed clinical history, documenting 
the age and sex of the patient, the characteristics 
of the pain, any associated symptoms, any history 
of cardiovascular disease, and risk factors, is 
important to differentiate those patients to that 
with stable or benign conditions.

Table 9.1 Typical and atypical presentation of chest pain

Typical Atypical
Site Left sided Right sided
Appearance Exercise induced/at rest Inducible by pressure/dependent of position, cough 

respiration/no relation with exercise
Character Dull/crushing/oppressive/squeezing Stabbing/sharp/superficial/burning
Radiation Arms/neck/jaw/back No radiation
Vegetative signs Dyspnea/diaphoresis/nausea No vegetative signs
Relief Nitrates/rest Unresponsive

Table 9.2 Etiology of chest pain

General practitioner Ambulance Emergency department
Cardiovascular 20 69 45
Musculoskeletal 43 5 14
Pulmonary 4 4 5
Gastrointestinal 5 3 6
Psychiatric 11 5 8
Other 16 14 22

Modified from Erhardt L, Herlitz J, Bossaert L, et al. Task force on the management of chest pain. Eur Heart J 2002; 23 
(15):1153–1176
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Non-cardiac chest pain usually is sharp, long 
lasting, not related to effort or exercise, and fre-
quently not associated with other cardiac symp-
toms or cardiac risk factors, such as hypertension, 
smoking, and diabetes. Specific location of the 
discomfort may aid the identification of cardiac 
or non-cardiac chest pain. Serious intrathoracic 
or subdiaphragmatic diseases are usually associ-
ated with chest pain beginning in the anterior 
chest, left shoulder or arm, interscapular region, 
or epigastrium (Fig. 9.1).

9.3  Cardiac Chest Pain

Main symptom of coronary artery disease is typi-
cal chest pain or angina. The term angina origi-
nates from the Latin verb angere, which means to 
strangle. Commonly, angina refers to chest pain; 
however, in pediatrics it may refer also to throat 
pain. Angina pectoris is a dull chest pain, or a dis-
comfort, caused by myocardial ischemia [13, 14]. 
The causes underlying the oxygen imbalance are 
extremely wide ranging from coronary athero-
sclerosis to afterload mismatch, arrhythmias, ane-
mia, and microvascular dysfunction. Typical 
“stable” angina is the presence of chest pain or 
discomfort provoked by exertion or emotional 
stress and relieved by rest or nitroglycerin [13, 
14]. Furthermore, cardiac chest pain is radiated to 
the chest, jaw, neck, shoulders, and usually left 
arm. Classical Levine’s sign, a pounding hand or 
fist held over the chest, and dull and diffuse pain, 

radiated to the left arm or to the jaw and neck, are 
frequently of cardiac origin [15]. Furthermore, the 
palm sign, palm of the hand to the chest, and the 
arm sign, touching the left arm, are classically 
associated with cardiac chest pain. Often underes-
timated, patient’s gestures may guide the correct 
diagnosis. Though sometimes unspecific, patient’s 
gestures may underlie the size of chest discom-
fort. Larger areas, highlighted by the Levine’s 
sign, the palm sign, and the arm sign, are sugges-
tive of ischemic origin of the pain, whereas the 
pointing sign, pointing the chest with one finger, 
is suggestive of nonischemic chest pain [16].

Thanks to the effort of the Canadian 
Cardiovascular Society (CCS), severity of pain 
may be divided into four different grades, 
according to its intensity [17]:

Grade I: Ordinary physical activity does not 
cause angina, such as walking and climbing 
stairs. Angina with strenuous or rapid or 
prolonged exertion at work or recreation.

Grade II: Slight limitation of ordinary activity. 
Walking or climbing stairs rapidly; walking 
uphill; walking or stair-climbing after meals, in 
cold, in wind, or under emotional stress; or only 
during the few hours after awakening. Walking 
more than two blocks on the level and climbing 
more than one flight of ordinary stairs at a normal 
pace and in normal conditions.

Grade III: Marked limitation of ordinary 
physical activity. Walking one or two blocks on 
the level and climbing one flight of stairs in nor-
mal conditions and at normal pace.

Muscoloskeleltal/
psycological

Cardiac

Epigastrial

Fig. 9.1 Typical 
locations of chest pain
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Grade IV: Inability to carry on any physical 
activity without discomfort, anginal syndrome 
may be present at rest.

Angina pectoris may also be clinically classi-
fied in stable and unstable according to the time 
of onset, the severity of the symptoms, and the 
frequency of the angina.

Stable angina, also known as effort angina, is 
the classical type of chest pain. It is a chest 
discomfort, frequently accompanied by 
associated symptoms such as dyspnea or 
diaphoresis. Usually, stable angina is precipitated 
by effort, such as running or walking, with fast 
relief, within 3–5  min, at rest or after the 
administration of sublingual nitrates [18]. Chest 
pain recurs often at the same level of effort in the 
same conditions. Furthermore, precipitant 
factors, such as heavy meals, anemia, tachycardia, 
cold weather, and emotional stress, may 
exacerbate the frequency and the severity of 
symptoms. However, once removed the 
precipitant factor, pain characteristics often 
return to the previous level. Stable angina is 
caused by stable coronary artery disease and 
usually requires medical management or 
percutaneous revascularization according to 
patient’s status and the patient’s risk profile [19]. 
Usually, this form of chest pain is seen and treated 
by primary care physicians; however, a non- 
negligible number of admissions in the emergency 
department are due to stable chest pain [20].

Whenever the onset of the chest pain is recent, 
ingravescent, or at rest, clinicians are facing 
unstable angina. Unstable angina (UA) is the 
typical chest pain due to myocardial ischemia at 
rest or after minimal exertion. While unstable 
angina requires no myocyte necrosis, whenever a 
significant release of troponin occurs, this 
situation is called non-ST elevation myocardial 
infarction (NSTEMI) [21]. Therefore it appears 
pivotal to discriminate between UA and NSTEMI, 
since patients with UA, who do not experience 
myocyte necrosis and troponin release, are at 
lower risk of death and require less intensified 
treatments [22]. Historically, UA has three 
specific clinical presentations: (1) angina at rest, 
(2) new onset of severe exertional angina (CCS 
grade III or more), and (3) intensification of 

previously stable angina [23]. However, in 2008, 
the World Health Organization (WHO) revised 
the clinical spectrum of UA, proposing a new 
definition. According to the WHO, UA is 
diagnosed when “there are new or worsening 
symptoms of ischemia (or changing symptom 
pattern) and ischemic ECG changes...with normal 
biomarkers. The distinction between new angina, 
worsening angina and UA is notoriously difficult 
and based on a clinical assessment and a careful 
and full clinical history” [24]. Since the clinical 
spectrum of UA is tangled together with the one 
of NSTEMI, a clear distinction is somehow 
lacking. The only distinctive feature is the 
absence of biomarker elevation, such as troponin. 
However, with the advent of more sensitive bio-
marker essays for myocardial necrosis, the num-
ber of patients with UA has been reduced 
compared to those admitted for NSTEMI [24].

9.4  Causes of Cardiac Chest Pain

Cardiac chest pain may be the epiphenomenon of 
different conditions involving the heart, the medi-
astinum, and the great vessels. Ideally, causes of 
cardiac chest pain may be divided into two dis-
tinct categories: ischemic and non- ischemic. 
While collecting patient’s history, the presence of 
cardiovascular risk factors, the type of pain, and 
its association may guide the correct identifica-
tion of the underlying condition [13, 14].

9.4.1  Ischemic Chest Pain

Although several causes may ultimately lead to 
imbalance between myocardial oxygen demand 
and supply, the most common cause is the reduced 
myocardial perfusion due to atherosclerotic coro-
nary artery disease (CAD) [25]. Coronary artery 
disease appears the most common cause of car-
diac chest pain. In this scenario, chest pain is 
often associated with dyspnea, nausea/vomiting, 
and diaphoresis. In case of overt myocardial 
infarction, 78% of patients had diaphoresis 
besides chest pain, 52% had also nausea, and 47% 
complained shortness of breath [26]. Classically, 
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patients with CAD have stable or unstable angina 
according to the severity of the disease; usually 
they may complain ischemic chest pain in the 
days/months before hospital admission. Clinical 
characteristics of chest pain and associated symp-
toms may increase or lower the likelihood of 
myocardial infarction. The presence of cardiovas-
cular risk factors, such as smoke, diabetes, dyslip-
idemia, and hypertension of familial history of 
CAD, may also help the differential diagnosis of 
those patients, reducing the time from the first 
medical contact to the effective treatment. The 
five main hallmarks of ischemic chest pain 
(Fig. 9.2) explaining the clinical scenario are (1) 
thrombotic occlusion of the epicardial coronary 
artery leading to ST elevation myocardial infarc-
tion, (2) nonocclusive thrombosis of a preexistent 
atherosclerotic plaque, (3) dynamic obstruction, 
(4) microvascular dysfunction, and (5) nonste-
notic imbalance between oxygen demand and 
supply. All those causes are not mutually exclu-
sive, and sometimes oxygen imbalance due to 
severe anemia may concur for the worsening of an 
otherwise stable atherosclerotic plaque.

Besides the stable, abrupt, or progressive ath-
erosclerotic occlusion of a coronary artery, coro-
nary spasm may also concur in the genesis of the 

cardiac pain. Variant angina can be divided into 
two distinct subgroups of coronary vasospasm: 
(1) the Prinzmetal’s variant angina, caused by 
focal spasm of an epicardial coronary artery 
without underlying coronary atherosclerotic 
plaque, and (2) the so-called Prinzmetal’s angina, 
when the spasm occurs in the proximity of a non-
obstructive atherosclerotic lesion worsening the 
functional status of the plaque resulting in myo-
cardial oxygen imbalance [23, 27].

Furthermore microvascular dysfunction may 
play a critical role in the genesis of chest pain. 
Small coronary vasoconstriction and increased 
intramural coronary artery resistance, caused by 
adrenergic stimuli, cold, drugs, and release of 
vasoactive substances such as thrombin, sero-
tonin, thromboxane A2, and endothelin together 
with the reduction of relaxing factors on top of a 
dysfunctional coronary endothelium, are respon-
sible for the myocardial ischemia, regardless of 
myocyte necrosis, at the basis of ischemic chest 
pain [28].

Lastly, concurrent afterload mismatch, due to 
aortic stenosis or hypertrophic cardiomyopathy, 
or severe anemia may suddenly worsen the frail 
balance between oxygen demand and supply 
even in the absence of atherosclerotic lesions. 

Thrombotic
occlusion

Non-occlusive
thrombus

Microvascular
dysfunction

Non stenotic
oxygen imbalance

Dynamic
obstruction

Fig. 9.2 Hallmarks of 
cardiac chest pain
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Those scenarios may cause either unstable or 
stable angina, depending by the level of effort, 
the severity of the underlying disease, and the 
patient’s functional status. Typically, the chest 
pain due to aortic stenosis is exertional and 
sometimes may be accompanied by signs and 
symptoms of heart failure and/or exertional syn-
cope due to the afterload mismatch [29]. 
Hypertrophic cardiomyopathy, on the other side, 
causes chest pain due to both causes outflow 
obstruction of the left ventricle and increased dia-
stolic pressures resulting in reduced coronary fill-
ing and myocardial oxygen supply [30]. 
Whenever on top of these conditions occur other 
causes of augmented myocardial oxygen demand, 
such as hyperkinetic states or thyrotoxicosis, or 
reduced myocardial oxygen supply, such as 
anemia or coronary artery disease, chest pain 
becomes overt.

9.4.2  Nonischemic Chest Pain

Although ischemic chest pain may be the most 
common, nonischemic chest pain may require 
particular attention since several life-threatening 
situations may be often misdiagnosed.

One of the most common causes of nonisch-
emic chest pain may be myocarditis. Inflammatory 
myocardial damage, at the basis of myocarditis, 
may produce typical cardiac chest pain. It is 
reported that approximately 30–40% of patients 
with myocarditis are seen in the emergency 
department because of cardiac chest pain [31]. 
However, despite sometimes the abrupt presenta-
tion of those patients, patients presenting with 
chest pain and/or supraventricular arrhythmias 
with preserved left ventricular function typically 
have an excellent prognosis [32]. Besides myo-
carditis, pericardial involvement typically pro-
duces a chest pain with peculiar characteristics. 
Inflammation of the pericardium may produce 
visceral pain similarly to pleural inflammation. 
Indeed, it may be either a sharp pain or a diffuse 
chest discomfort. However, in pericarditis, chest 
pain usually resembles pleuritic pain in most of 
the cases and sometimes may be disguised for. 
Usually, it may be episodic, may last for hours, 

may worsen with deep breathing, and relieves 
with antalgic positions, such as lying forward or 
on the left side. In some cases radiation to the left 
arm or to the jaw may be common, and a sharp 
sensation toward the cardiac apex may be com-
plained. However clinical characteristics, bio-
marker elevation, ECG features, and imaging 
techniques aid the clinician to safely rule out life-
threatening situations.

Disease of the aorta may sometimes require 
medical attention. Stable conditions such as 
small aortic aneurysm or arteriovenous may 
present with atypical chest pain.

Sudden onset of relentless sharp pain, usually 
tearing in the middle of the sternum/thorax, like a 
knife on the anterior chest, often radiating to the 
back between the shoulders and associated with 
hypertension, connective tissue disorders, aortic 
insufficiency, and asymmetric peripheral pulse 
represent the clinical hallmark of aortic 
dissection, an extremely life-threatening situation 
with sky-high mortality rate, on average more 
than 60%, requiring immediate surgical treatment 
[33]. However, involvement of the coronary 
artery ostia in small dissections may complicate 
the scenario. In those cases, ischemic chest pain 
may be the referring symptom and signs of 
myocardial ischemia, ultimately with ST-segment 
elevation, and hinder the correct diagnosis 
leading to dangerous delays harmful for the 
patient [34]. Those situations are the most 
challenging because ischemic chest pain diverges 
the attention to the real underlying condition, the 
dissection, and a sharp pain often is hidden by the 
more severe oppressive chest pain secondary to 
myocardial ischemia. In this scenario, a correct 
clinical examination, a good patient’s history, 
and imaging techniques may help the clinicians 
to rule out the atherosclerotic origin of the chest 
pain shedding the light to the vascular problem.

Lastly, mitral valve disease may also cause 
chest pain. Indeed, patients with mitral valve 
prolapse and severe mitral stenosis may refer to 
physicians often with atypical chest pain. Mitral 
valve prolapse represent one of the most 
challenging situation in cardiac pathophysiology. 
Apparently benign, several reports highlighted 
the role of mitral valve abnormalities as the basis 
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for arrhythmias and sudden death [35]. In this 
light, patients with mitral valve prolapse may 
also present at the emergency department with 
atypical chest pain, often of psychological origin, 
accompanied by anxiety. On the other side, 
severe mitral stenosis with large left atrium, 
which invades the mediastinum, may press on 
vascular structures, bronchi, and nerves leading 
to atypical chest pain. However, associated 
symptoms, such as coarse, and the very low 
incidence nowadays of rheumatic disease bound 
this condition among the rare situations [13, 14].

9.5  Rule-Out Scores for Cardiac 
Chest Pain

Clinical decisions may often be extremely chal-
lenging. Since the spectrum of causes leading to 
thoracic pain is wide, ranging from absolutely 
benign condition to rapidly evolving life- 
threatening scenarios, rapid rule-in and rule-out 
protocols should be adopted to reduce the risk of 
misdiagnosed life-threatening situations and to 
aid prompt discharge for patients with chest pain 
from benign conditions [13].

For this purpose, several algorithms have been 
proposed, and most of the hospitals adopt its own 
strategy for the best treatment.

In the last years two distinct scores have been 
widely used to identify patients at higher risk for 
coronary syndromes requiring urgent hospitaliza-
tion from those with non-cardiac chest pain. This 
kind of diagnosis may be relatively easy in the 
case of overt ST elevation whereas extremely 
challenging in overlap situations or in non-ST 
elevation acute coronary syndromes [13, 14].

The first score proposed has been the HEART 
score [36]. It categorizes patients using five 
different items composing the acronym of 
HEART: history, ECG, age, risk factors, and 
troponin, scored with 0, 1, or 2 points with a 
maximum score of 10 points (Tables 9.3 and 9.4). 
This risk score has been retrospectively validated 
in more than 2400 patients in different centers 
underlining how the HEART score may be 
extremely useful because it provides a quick and 
reliable predictor of outcome in patients admitted 

for thoracic pain. Low HEART scores (0–3) are 
associated with less than 2% of short-term major 
adverse cardiac events (MACE), whereas in 
patients with intermediate HEART scores (values 
4–6) and in patients with high HEART scores 
(values 7–10), MACE was diagnosed in 16.6% 
and in 50.1%, respectively, suggesting that 
patients with high HEART scores should undergo 
more aggressive strategies [37].

The second, less utilized risk score has been 
proposed in 2012. The North American Chest 
Pain Rule has been designed to identify patients 
with symptoms suggestive of acute coronary syn-
dromes from those with non-cardiac chest pain to 
speed up the discharge process without other car-
diac testing [38].

Table 9.3 Chest pain scores

HEART score
History Highly suspicious 2

Moderately suspicious 1
Slightly suspicious 0

ECG Significant ST depression 2
Non-specific abnormality 1
Normal 0

Age >65 years 2
Between 45 and 65 years 1
<45 years 0

Risk factors >3 risk factors 2
1–2 risk factors 1
None 0

Troponin >3 times upper limit 2
1–3 times upper limit 1
Normal 0
Total
Low risk 0–3
Intermediate risk 4–6
High risk 7–10

Table 9.4 North American chest pain rule

High-risk criteria Yes/no
Typical symptoms of ischemia
Acute ischemic changes (ECG)
Age > 50 years
Known coronary artery disease
Troponin >99th percentile
Low risk All no
Intermediate/high risk Any yes
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However, while the HEART score has nearly 
100% sensitivity and approximately 25% speci-
ficity, the North American Chest Pain Rule has 
less than 6% specificity, severely limiting its 
feasibility in everyday clinical practice [39]. 
Furthermore, the HEART score outperformed 
the previously validated and widely diffused 
GRACE and TIMI scores in discriminating 
between high- risk and lower-risk patients and 
those with and without MACE in patients admit-
ted for thoracic pain. Therefore the HEART 
score appears to safely identify the largest group 
of low-risk patients, ameliorating the rule-in/
rule-out process [40].

More recently, a prospective observational 
study validated a novel predefined 2-h accelerated 
protocol in patients admitted to the emergency 
department with thoracic pain to the ED, the 
ASPECT study [41].

9.6  Non-cardiac Chest Pain

Whether the most severe and life-threatening situ-
ation is cardiac chest pain, non-cardiac chest pain 
is the most common referral symptom to the emer-
gency department. Frequently, non-cardiac chest 
pains are seen by different specialists, such as car-
diologist, pneumologist, rheumatologist, and gas-
troenterologists, drowning time and resources.

Potential risk factors for non-cardiac chest pain 
include younger age, family history for non- 
cardiac chest pain, gastrointestinal conditions, 
heartburn, dysphagia, acid regurgitation, anxiety 
or depression, alcohol consumption, pregnancy, 
specific food, or beverages (i.e., coffee, lemon 
juice, chocolate, mint, carbonated beverages). 
Patients complaining chest pain should be investi-
gated for those risk factors in order to tailor treat-
ment and to avoid excessive management.

In the last years, several approaches have been 
proposed to evaluate the chest pain. So far, one of 
the most useful tools appears to be the BLADE 
approach [42]. To evaluate and validate this 
approach, 160 patients with thoracic pain have 
been followed for 2 years after the first presenta-
tion by a team of physicians, nurse, and medical 
students. The BLADE approach joins together 
six examination steps (E) with four initial assess-

ment of the patient (background, location, asso-
ciation, duration).

9.6.1  Background

Initial assessment requires investigation of com-
mon risk factors for cardiac disease. Patients 
with visceral disease, such as reflux disease, 
pleuritic pain, fibromyalgia, chronic pain, or 
osteochondral pain, are more likely to have 
recurrences of their original pain rather than 
cardiac chest pain.

9.6.2  Location

The chest is divided in four quadrants using the 
midsternal lines. The likelihood of cardiac chest 
pain is reduced in the right quadrants whereas 
elevated in the inferior left quadrant.

9.6.3  Association

Chest pain secondary to direct trauma, infections, 
anxiety/depression, unusual physical activity, 
and association with particular sleeping positions 
or movements or activity are more likely to be of 
non-cardiac origin. Reproducibility by palpation 
safely excludes chest pain of cardiac origin.

9.6.4  Duration

Very short duration of pain or extremely long- 
lasting pain without any other sign of cardiac 
ischemia or aortic syndromes is very likely to be 
non-cardiac.

The BLADE approach is useful to identify 
patients with non-cardiac chest pain.

Indeed, when applied in a hospital setting, 
correct use of the BLADE approach help to 
identify more than 80% of patients with non- 
cardiac chest pain. In the remaining 20%, 
however, further examinations are required for 
safe discharge. In those patients, reassurance is 
the most useful management once the source of 
pain can be easily identified. Moreover, further 
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investigations are often unnecessary in those with 
a benign specific diagnosis.

9.6.5  Non-cardiac Chest Pain May 
Have Different Origin

9.6.5.1  Respiratory
Respiratory chest pain is quite common. It is esti-
mated that approximately 10% of all admissions to 
emergency departments were secondary to respi-
ratory chest pain [43]. Respiratory chest pain is 
mainly due to noxae affecting pleura (mainly pari-
etal), the chest wall, and the other mediastinal 
structures, since the lung parenchyma and the vis-
ceral pleura are often nonsensitive to painful stim-
uli. Pleuritic pain or chest wall pain is frequently 
worsened by deep inspiration, coughing, and 
movement of the trunk, and their intensity widely 
varies ranging from nearly asymptomatic to 
severely painful scenarios. Though dramatic, 
sometimes the intensity of the pain does not cor-
relate with the underlying disease and its severity. 
Sudden onset of the pain, usually after cough or 
isometric effort, may suggest a pneumothorax or a 
rib fracture, whereas pleuritic pain, either benign 
or malign, might be subtle.

Causes of respiratory chest pain are the 
following.

Pleural Disease
Pleuritis or malignant involvement of the 
pleura may onset with thoracic chest pain. 
Dyspnea and chest pain are frequently the pre-
senting symptoms of cancers of the pleura or 
the chest wall [44]. Malignant chest pain is 
usually an asymmetric dull ache, and it is 
caused by malignant pleural or chest wall infil-
tration. The Pancoast tumor of the lung apex 
may present with localized shoulder and chest 
pain; however patient with thoracic cancer and 
chest pain often have other presenting symp-
toms (dyspnea, cough, hemoptysis, and weight 
loss) suggesting the diagnosis. On the other 
hand, pleuritic pain associated with signs and 
symptoms of infection (fever and inflammatory 
markers) and a pleural effusion are highly sug-
gestive of inflammation pleuritic/pleural infec-
tion [45].

Pneumothorax
A pneumothorax may be spontaneous, after 
trauma or surgery, or iatrogenic. Spontaneous 
pneumothorax may occur either in otherwise 
well subjects (primary) or in those with under-
lying lung disease (secondary) such as chronic 
obstructive pulmonary disease (COPD). A 
sudden, localized pleuritic chest pain, highly 
susceptible to breathing variation and often 
originating from intense coughing, is highly 
suggestive of spontaneous pneumothorax [46]. 
In some cases, free air is found within the medi-
astinum, a rare condition called pneumomedias-
tinum. Usually it is not preceded by trauma or 
surgical procedures and is sometimes a benign 
condition, in which conservative management is 
particularly useful [47].

Pulmonary Embolism
Sudden onset of chest pain, dyspnea, and syn-
cope may be suggestive of pulmonary embo-
lism (PE). Patients with PE may experience 
either a pleuritic chest pain, secondary to irri-
tation of the parietal pleura after the infarction 
of the underlying lung segment affected by the 
embolus and the following inflammation of 
the visceral pleura, or a central dull pain sec-
ondary to the distension of the mechanorecep-
tors in the pulmonary artery in case of massive 
PE [48].

Pneumonia
Localized and often sharp thoracic pain associ-
ated with fever, productive cough, and signs of 
infection such as leukocytosis is suggestive of 
pneumonia. Approximately 50% of the patients 
with pneumonia are admitted with chest pain 
arising from the irritation of the parietal pleura 
secondary to the infection of the lung [49]. Chest 
pain is, however, uncommon in bronchiectasis 
and cystic fibrosis due to the lack of pleural 
involvement and in patients with viral pneumo-
nia, such as H1N1 infection [50].

Other Causes of Respiratory Chest Pain
Other rare causes of thoracic chest pain secondary 
to respiratory tract involvement are due to connec-
tive tissue disease, pulmonary arterial hypertension, 
epidemic myalgia (Bornholm disease), asbestosis, 
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sarcoidosis, tracheobronchitis, and iatrogenic 
causes, such as thoracentesis, pericardiocentesis, or 
other procedures involving the pleura [45].

9.6.5.2  Gastrointestinal
Thoracic pain, usually a burning epigastrial pain, 
may sometimes originate from the esophagus. 
Potentially, gastroesophageal reflux disease 
(GERD), hiatal hernia, esophageal motility disor-
ders, and esophageal hypersensitivity may cause 
chest pain [51].

GERS is the most common cause of gastroin-
testinal (GI) cause of chest pain, and approxi-
mately 40–60% of patients with non- cardiac 
chest pain have GERD disease [52]. However 
still unknown is the mechanism why GERD may 
cause either heartburn or chest pain. Erosive 
esophagitis is present in approximately 50–70% 
of patients with GERD and thoracic pain, and 
more than 50% of patients have abnormal acid 
exposure to the esophagus [53].

Non-GERD causes of thoracic pain secondary 
to esophageal disease vary from diffuse esopha-
geal spasm, nutcracker esophagus, achalasia, and 
hypertensive lower esophageal sphincter [51]. 
Central and peripheral hypersensitivity, esopha-
geal abnormalities, and sustained contractions 
of the esophageal longitudinal muscle may be 
the cause of motion abnormalities causative of 
esophageal functional chest pain [54].

Symptom relief following antiacids or proton 
pump inhibitors is suggestive of GI chest pain.

9.6.5.3  Other Causes of Chest Pain
Chest pain may be secondary to several other 
conditions ranging from neuromuscular disease 
to psychological status and anxiety.

Neuromuscular disorders, such as neuritis/
nevritis, radiculitis, chest pain wall syndrome, and 
herpes zoster, are commonly associated with chest 
pain. Neuromuscular chest pain is usually exacer-
bated by trunk movement, breathing, and pressure 
on specific points. Usually, neuromuscular disor-
ders cause long-lasting pain (hours or days), rarely 
relieved by nitrates and unrelated to the effort, 
whereas anti-inflammatory drugs may relieve 
symptoms [42]. Tietze syndrome, a rare inflam-
matory disorder, may also cause chest pain, which 

usually is gradual and may affect one or both arms 
and shoulders. Tietze syndrome is easily recog-
nized by the association of chest pain and swelling 
of the cartilage of the chondrosternal joints [55].

Chest pain is common in patients with or without 
cardiac disease who are admitted in the emergency 
department with psychological pain. Previous 
experience of cardiac disease may exacerbate the 
awareness of chest pain even of non-cardiac origin. 
Psychological assessment and treatment are funda-
mental in those patients and may improve quality 
of life reducing inappropriate admissions to the 
hospital for benign conditions [56].

9.7  Physical Examination

The physical examination of patients admitted 
for thoracic pain is fundamental to guide the fol-
lowing therapeutic choices. Physical examina-
tion is pivotal in assessing patients with chest 
pain since correct observation of associated 
signs may provide direct or indirect evidence 
for cardiac involvement and life-threatening 
situations. Identifying all the contributing fac-
tors for increased myocardial oxygen demand 
or reduced oxygen supply, such as hyperten-
sion, anemia, thyrotoxicosis, cardiomyopathies, 
and heart failure, is crucial to drive the proper 
diagnosis. Furthermore, correct physical exami-
nation helps to rule out cardiac causes of chest 
pain; to identify the other non-cardiac emergen-
cies, such as aortic dissection or open pneumo-
thorax; and to provide a general assessment of 
the patient’s status [14].

Patients admitted with cardiac chest pain 
or with life-threatening situation usually may 
appear anxious, uncomfortable, or diapho-
retic. Sometimes cyanosis or pallor may be also 
present. Besides the cardiogenic shock, which 
requires emergent treatment, hypotension and 
tachycardia may also be present. Fever may aid 
the diagnosis of inflammatory causes rather than 
ischemic causes; however the presence of low- 
grade fever does not exclude the presence of 
myocardial infarction [13].

In patients with chest pain, jugular venous 
pressure is usually normal, except for those with 
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underlying heart failure. Third or fourth heart 
sound may also be present together with systolic 
murmurs (mitral regurgitation or aortic stenosis) 
and, sometimes, harsh murmurs of ventricular 
septal defects, and complication of acute myo-
cardial infarction. In patients with pleuritic or 
pericardial pain and fever, pericardial rubs may 
be present as well.

Acute limb ischemia, asymmetric pulses, pal-
lor of the limbs, should immediately warn for 
possible aortic dissection.

Lastly, abdominal and musculoskeletal exam-
ination may reveal other causes of chest pain. 
Localized swelling, redness, or tenderness of 
the joints may be suggestive of costochondritis. 
Pain on palpation of the chest may reveal trauma 
or other mucoloskeletal causes of thoracic pain 
rather than myocardial ischemia [13, 14].

However, since clinical examination may 
be normal in most of the patients with thoracic 
pain, negative physical examination do not per se 
exclude life-threatening situations.
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10.1  Introduction

Chest pain is the most common cause of first aid 
access in the emergency room and causes high 
mortality if not treated properly (2–4%) [1, 2]. 
About 15% to 25% of patients presenting for 
the evaluation of acute chest pain in emergency 
departments (EDs) have acute myocardial infarc-
tion (MI) or unstable angina [3]. Therefore, in a 
typical population of patients, a systematic and 
well-coded approach is necessary. In this chapter 
we will primarily consider cardiogenic causes of 
chest pain and partly non-cardiogenic causes.

A high accuracy and efficiency of the evalu-
ation of patients with acute chest pain are nec-
essary, including better blood markers for 
myocardial injury [4], early exercise testing [5], 
radionuclide scanning for lower-risk patients [6] 
and multi-slice computed tomography (MSCT), 
essential tools for the anatomic evaluation of 
coronary artery disease, exclusion of pulmonary 

embolism, and aortic dissection. Conti et  al. 
demonstrated that chest pain was secondary to 
acute coronary syndrome (ACS) in almost 45% 
of cases, pulmonary embolism in 4%, and spon-
taneous pneumothorax in 3%, and only in 1% 
of cases, it depends on aortic dissection or acute 
pericarditis. Among the life-threatening patholo-
gies, ACS is the most common cause of chest 
pain [3, 7, 8].

10.2  Acute Coronary Syndrome

Acute coronary syndromes (ACS) have different 
presentations, including unstable angina pec-
toris, non-ST-elevation myocardial infarction 
(NSTEMI), and ST-elevation myocardial infarc-
tion (STEMI) [9, 10].

Any pain located anteriorly between the root 
of the nose and navel and posteriorly between 
the neck and the XII backbone vertebrae which 
has no traumatic origin is considered of car-
diac origin. In patients with ACS chest pain and 
sometimes dyspnea and fatigue may be the only 
presenting symptoms [7, 11]. Age >75 years, 
female gender, nonwhite patients, a previous 
stroke or congestive heart failure, and diabetes 
mellitus are conditions more frequently associ-
ated with the presentation without chest pain [7, 
12, 13].

The known cardiovascular risk factors are 
familiarity for an ischemic event (father <55 years, 
mother <50 years), diabetes mellitus, arterial 
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hypertension, smoke, and  hypercholesterolemia. 
However, it is not clear how much these fac-
tors increase the probability of a cardiac event. 
Among the cardiac causes of chest pain, ischemic 
heart disease remains the most frequent cause 
and often that with fatal or debilitating conse-
quences [14].

Of course in case of a suspected ACS with 
ST-elevation myocardial infarction (STEMI) 
or in non-ST-elevation myocardial infarction 
(NSTEMI) with an intermediate-high Global 
Registry of Acute Coronary Events (GRACE) 
score, an early angiography is highly recom-
mended [15].

A 12-lead ECG must be performed in triage 
and evaluated within 10  min from the patient 
arrival in ED. The persistent ST-segment eleva-
tion is the most sensitive (>90%) and specific 
(>90%) marker of transmural myocardial isch-
emia therefore of ACS with acute myocardial 
infarction (STEMI) even if this aspect is present 
only in 30–40% of cases of myocardial infarc-
tion [1, 7]. With a sensitivity lower than 50%, 
the ST-segment depression (NSTEMI) indicates 
non-transmural myocardial ischemia [14, 16].

10.2.1  Imaging Techniques

There are several different imaging techniques 
to approach a patient with ACS, many of which 
are mainly of pertinence of cardiologist and will 
be briefly described in this chapter that is mainly 
focused on CT and MR.

10.2.1.1  Echocardiography
Despite the echocardiogram sensitivity for iden-
tification of myocardial infarction is high (93%), 
the specificity is limited to patients with a his-
tory of previous myocardial infarction [7, 17]. 
Echocardiography can highlight/exclude seg-
mental kinetic abnormalities of the left ventricle 
in patients with chest pain, and its execution is 
indicated during and/or immediately after the 
chest pain episode, since alterations in segmen-
tal kinetics may persist sufficiently long after the 
symptom resolution due to the myocardial stun-
ning [7, 18]. This method potentially allows dif-

ferential diagnosis with other potentially lethal 
cardiovascular pathologies (aortic dissection, 
pulmonary embolism, aortic stenosis, pericar-
dial infarction) and is indicated in patients with 
persisting pain at the time of observation and 
with nondiagnostic 12-lead ECG and those with 
hemodynamic or arrhythmic instability [7].

10.2.1.2  Stress Ultrasound
The stress ultrasound (stress-US) is a useful 
tool for recognizing coronary artery disease in 
patients with a recent episode of acute chest pain. 
The most physiological stress-US is the physi-
cal effort followed by the use of pharmacologic 
agents such as dobutamine (the most used), 
dipyridamole, or adenosine. In cases where the 
patient is unable to perform adequate physical 
exercise, a pharmacological eco-stress is used. 
When both cycloergometer and the treadmill are 
used for the eco-stress, the echocardiographic 
survey is performed at baseline and immediately 
after reaching the stress peak. The average sensi-
tivity is about 88% for the recognition of angio-
graphic documented coronary artery disease 
(stenosis >50% in at least one of the major coro-
nary branches) with a specificity of 83% when 
performed by experienced personnel, which is 
similar to that of myocardial scintigraphy [7, 19].

The execution of stress-US is crucial in 
patients with acute chest pain where the pretest 
probability of coronary artery disease is interme-
diate with normal/nondiagnostic 12-lead ECG 
and negative biomarkers or when 12-lead ECG 
is not interpretable (e.g., bundle branch block) or 
when it is impossible to perform an ergometric 
test [7, 20].

10.2.1.3  Myocardial Scintigraphy
Thallium-201 and technetium-99m sestamibi or 
tetrofosmin are excellent tracers of myocardial 
perfusion, whose uptake is proportional to the 
regional blood flow and depends on the vitality 
of myocardial tissue. Considering its easier avail-
ability and the lack of redistribution, technetium- 
99m sestamibi is the more favorable to obtain 
the best image quality, particularly in emergency 
situations, so the images always document the 
myocardial flow at the time of the radiotracer 
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infusion, even if they are reviewed minutes/hours 
from the injection. Scintigraphy is an excellent 
diagnostic method for recognizing the presence 
of coronary artery disease in patients with an 
intermediate stage of pretest probability of dis-
ease [7, 21, 22]. Underwood et  al. documented 
an average sensitivity of scintigraphy equal to 
87% and a specificity of 73% for the recognition 
of angiographically documented coronary artery 
disease [23]. Considering the clinical utility of 
scintigraphy in terms of diagnosis, prognosis, 
and cost- effectiveness, we understand why it has 
recently received a Class I indication for the eval-
uation of acute chest pain [22].

Despite this it is poorly usable and therefore 
of little practical application [7].

10.2.1.4  Chest Radiography
Chest radiograph is performed in about one quar-
ter of patients accessing in the ED, and often 
significant findings may be present, including 
cardiomegaly, pneumonitis, and pulmonary 
edema. Nevertheless, the chest X-ray utility 
has never been evaluated in patients previously 
defined with low probability of cardiac origin 
chest pain due to anamnesis and objective exami-
nation [7].

10.2.1.5  Calcium Score
Calcium score (Ca-Score) is a CT scan performed 
with cardiac synchronization without adminis-
tration of contrast medium, to identify calcific 
coronary plaques; a specific software calculates a 
score based on the volume of calcium measured 
in the different vessels.

If we look to the atherosclerotic plaque evo-
lution, the presence of calcium is the final stage 
of the evolution of the coronary plaque, which 
implies a relative stability with low opportunity 
of plaque rupture and sudden coronary occlu-
sion and ACS [24]. Therefore Ca-Score appears 
to be a bad predictor of further cardiovascular 
events, because it is missing the more unstable 
soft plaques, but it is a good indicator of the 
global plaque burden and is a powerful tool to 
stratify the patient based on his other cardiovas-
cular risk factors. A negative coronary calcium 
scan alone is generally not sufficient to rule out 

ACS in patients with chest pain, but the absence 
of calcium in low-risk acute chest pain indicates 
a low probability of ACS and good overall prog-
nosis [25, 26].

10.2.1.6  CT Coronary Angiography
Computed tomography (CT) is the most accurate 
noninvasive test for the diagnosis of coronary 
artery disease [27]. The greatest clinical value 
of cardiac CT (CCT) may be its ability to reli-
ably rule out obstructive coronary artery disease 
in patients with atypical presentation and thus 
with a low-to-intermediate pretest probability of 
disease [28, 29]. Coronary CTA is more sensitive 
(98–100%) than any other noninvasive technique 
for the coronary pathology identification [30, 
31] and is recommended in patients with a low-
to- intermediate probability of CAD, or after an 
inconclusive functional test, because of its high- 
negative predictive value (99–100%) [32].

In those patients, the use of coronary CTA in 
the early phase is safe and demonstrated a high 
effectiveness with shortened total length of stay 
in hospital with consequent cost reduction and 
more cost-effective care in the triage [33].

In case of absence of any coronary plaque, 
other cardiac reasons for the acute chest pain can 
be excluded and, if the patient does not have any 
other relevant comorbidities (e.g., pneumotho-
rax), can be safely discharged from the ED [33] 
and will remain virtually event-free [25, 34].

CCT also presents a high accuracy (96% sen-
sitivity and 99% specificity) in the evaluation 
of coronary bypass, avoiding invasive proce-
dures like coronary angiography [35, 36] with a 
consequent reduction of the volume of contrast 
medium and radiation dose [37].

The main technical limit of CT is related to the 
low temporal resolution of the method, with poor 
image quality in patients with high heart rate or 
cardiac arrhythmias (e.g., atrial fibrillation) [38]. 
The last generation of multi-slice CT (MSCT) 
allows minimizing or eliminating the impact of 
such limits.

A meta-analysis that included 18 studies that 
compared 64-slice coronary computed tomogra-
phy angiography (CTA) with invasive angiography 
showed that CTA has obtained a good diagnostic 
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accuracy for detecting significant stenosis with a 
mean  sensitivity of 99% and specificity of 89% 
[39]. The presence of calcifications can overesti-
mate stenosis severity, and this explains the lower 
reported specificity (≈85%) which anyway is not 
inferior to other noninvasive techniques.

Coronary CTA potentially allows to visualize 
and characterize coronary atherosclerotic plaque, 
both in obstructive and nonobstructive lesions, and 
to classify plaque composition as calcified or non-
calcified. Furthermore CT can detect characteris-
tics associated with plaque instability, such as low 
attenuation (<30  HU), high total plaque burden, 
spotty calcifications, and outward vessel remod-
eling, and can assess the functional relevance of 
coronary artery disease (CAD) on CT [40].

However, the MSCT provides only anatomical 
data on the presence of coronary artery disease, 
but does not provide information about the func-
tional relevance of stenosis [41]. Goldstein et al. 
[42] compared the diagnostic strategy based on 
MSCT with the classic clinical practice. MSCT 
demonstrated not only to be safe in diagnosing 
SCA without “missing” any patient, with a con-
sequent reduction of the need to perform coro-
nary angiography (2 vs 7%), but also that it is 
faster in the diagnosis (3.4 h vs 15 h to establish 
the definitive diagnosis). However, MSCT has 
limitations in determining the physiological sig-
nificance of intermediate grade coronary pathol-
ogy and in cases of inadequate image quality has 
brought in a wide use (~25% of MSCT cases) of 
perfusional scintigraphy.

CT-STAT [42], ACRIN [43], and ROMICAT 
II [44] trials, in which more than 3000 patients 
were included, have established CCT as a viable 
alternative to functional testing for triage of low- 

risk patients with acute chest pain. In fact, follow-
 up analysis from these three trials demonstrated 
that no patient was discharged with a missed 
diagnosis of ACS, based on the CT results, and 
this supports the conclusion that coronary CTA-
guided management at the ED is safe.

Considering guidelines, the 2014 SCCT guide-
lines are substantially in line with what has been 
described in Table 10.1, indicating the execution 
of the coronary CTA in patients considered at 
low-intermediate risk for coronary origin of the 
chest pain, whereas the CTA is not indicated in 
high-risk patients [45].

Although doses have decreased substantially 
over the past decade, risks due to radiation expo-
sure are still associated with CTA [30].

In clinical practice patient-specific scan pro-
tocols should be used, especially in patients 
susceptible of harm from X-ray exposure to 
the chest such as women and younger patients. 
Considering and selecting carefully the setting 
parameters, a significant amount of radiation 
could be spared for many patients without com-
promising image quality [46].

Nowadays doses <5  mSv are common prac-
tice using state-of-the-art technology. However, 
increasingly personalized exams for each indi-
vidual patient and very recent innovations permit 
doses <1 mSv in selected patients [30, 47].

The patient’s cardiac frequency may limit the 
image quality especially on slow scanners [38] 
and must be lowered as much as possible with 
beta-blockers, and if arrhythmia is present it 
should be pharmacologically controlled (by car-
diologist or trained radiologist).

In absence of contraindications, sublingual 
administration of nitroglycerine, increasing the 

Table 10.1 SCCT guidelines on the use of coronary computed tomographic angiography for patients presenting with 
acute chest pain to the emergency department

Risk category Level 1 Level 2 Level 3 Level 4 Level 5
Suspected 
diagnosis

Low risk
(TIMI score 0)

Intermediate risk
(TIMI score 2–4)

High risk
(TIMI >4)

NSTEMI 
UAP

STEMI

Appropriate 
diagnostic strategy

Coronary CTA or 
functional 
assessment

Coronary CTA or 
functional assessment

Functional 
assessment and/or 
admission

ICA ICA

CTA CT angiography, ICA invasive coronary angiography, NSTEMI non-ST segment elevation myocardial infarction, 
STEMI ST-elevation myocardial infarction, TIMI thrombolysis in myocardial infarction risk score, UAP unstable angina 
pectoris
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coronary diameter, improves significantly the 
exam and is strongly recommended.

To reduce the radiation dose and to increase 
the vascular attenuation, low-tube voltage (80–
100 kV) may be used but only in low body mass 
index patients.

According to literature [48] a high iodine 
concentration contrast medium should be used 
and administered with a high flow (5–6  ml/s); 
low concentration contrast medium may be used 
especially in low kV acquisitions.

Cardiac CTA may be a valuable tool to rule 
out CAD in patients with minor high-sensitive- 
troponin elevations, and early triage by coro-
nary CTA can be a viable and potentially more 
accurate alternative to functional testing in low-
risk patients with acute chest pain. Of course, 
coronary CTA requires advanced equipment, 
expertise in data acquisition and image inter-
pretation, and most importantly an appropriate 
patient selection. If we put together the CT capa-
bilities to determine the morphological plaque 
 characteristics and the assessment of the func-
tional severity of CAD, we can confirm that CCT 
could add diagnostic value to examinations in the 
ED [30].

10.2.1.7  Magnetic Resonance
7–10% of patients presenting with STEMI and 
10–15% of patients presenting with NSTEMI 
have unobstructed coronary artery disease 
(CAD) on urgent angiography. Cardiac magnetic 
resonance (CMR) has a potentially important 
diagnostic role, in these cases, especially in dis-
tinguishing ischemic from nonischemic causes 
of ACS with unobstructed coronary arteries. 
Different studies have shown that the mortal-
ity rate or reinfarction is not negligible follow-
ing ACS with unobstructed CAD.  The clinical 
presentation in up to 95% of cases of acute 
chest pain, elevated troponin, and unobstructed 
coronary arteries can be explained by an under-
lying acute myocarditis, acute myocardial infarc-
tion (MI), and cardiomyopathy, in particular 
Takotsubo cardiomyopathy (TCM), and all these 
conditions can be accurately diagnosed with an 
appropriate CMR study. The added diagnostic 
value of CMR is in its high temporal and con-

trast resolution, noninvasive myocardial tissue 
characterization, and the 3D image acquisition 
[15]. There are some fundamental sequences 
including long- and short-axis cine, T2-weighted, 
and late gadolinium enhancement (LGE) imag-
ing that can, respectively, assess some important 
elements, such as the presence of regional wall 
motion abnormalities and ventricular volume 
calculation, presence, and extent of myocardial 
edema/inflammation and myocardial scar/fibro-
sis. The most commonly used sequence to image 
edema in clinical practice is T2-weighted short- 
tau inversion recovery (T2-STIR).

A large part of patients presenting with sus-
pected ACS and unobstructed coronary arteries 
have an underlying etiology of myocarditis. The 
prevalence of myocarditis is variable and ranges 
from 15 to 75% [15, 49–55].

In patients with a suspicion of underlying 
myocarditis, three CMR sequences have diag-
nostic role:

 (1) LGE sequences for detection of myocardial 
necrosis and/or fibrosis

 (2) T2-weighted images for assessment of myo-
cardial edema

 (3) T1-weighted sequences before and after con-
trast injection for detection of myocardial 
hyperemia

If two of three sequences of CMR demon-
strate myocardial edema, hyperemia, and fibro-
sis—late enhancement—the CMR findings are 
consistent with the diagnosis of myocarditis. 
The gold standard for the diagnosis of myocar-
ditis continues to be the endomyocardial biopsy 
(EMB). Nevertheless, CMR allows to obtain fun-
damental elements for the diagnosis of myocardi-
tis, and moreover it is a noninvasive technique. It 
is known that CMR is superior to echocardiogra-
phy for the identification of ventricular thrombi, 
especially in conditions where small and apical 
thrombi are present. As demonstrated in autopsy 
studies of young adults, myocarditis is respon-
sible for 5–20% of sudden deaths [15, 56].

CMR can also provide further valuable prog-
nostic information during follow-up, includ-
ing myocardial wall motion, global function, 
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 perfusion, and viability which can be decisional 
to start or not secondary atherosclerotic preven-
tion treatment. The noninvasive myocardial tissue 
characterization of CMR is important not only for 
its diagnostic role but even for the risk stratification 
[15]. CMR has an important role to detect other 
complications of MI including ventricular aneu-
rysm, pseudoaneurysm, papillary muscle infarc-
tion associated with mitral regurgitation [15].

Cardiomyopathy is the third common cause 
of suspected ACS with unobstructed coronary 
arteries. If a characteristic mid-apical myocardial 
edema with corresponding regional wall motion 
abnormalities and apical ballooning, but with 
no or only subtle LGE, is identified at CMR, a 
TCM can be diagnosed. According to literature, 
TCM is the most frequent and occurs in 10–15% 
of this patient group [15, 49–55]. Typically TCM 
is characterized by mid-cavity to apical regional 
wall motion abnormalities (apical ballooning) 
with sparing of the left ventricular basal seg-
ments. Although TCM is usually considered to be 
a benign reversible condition, its arrhythmic risk 
is to be feared, and for that it requires a correct 
and prompt identification [15].

10.2.2  Imaging Findings

The Ca-Score exam, generally performed just 
before the CT coronary angiography, gives infor-
mation on the presence of calcific plaques and, in 
case of values over 400 AU, may be considered 
as a contraindication to the execution of subse-
quent angiographic scan (Fig. 10.1).

As a result of CT coronary angiography, we 
may have several levels of pathology:

• The most common finding is a negative 
exam without evidence of coronary artery 
plaques with all the coronary free of dis-
ease and with good visibility of either distal 
branches (Fig.  10.2) or presence of athero-
sclerotic plaques without significant stenosis 
(Fig.  10.3); in those cases, it is possible to 
exclude the cardiac origin of chest pain.

• CT may show a severe atherosclerosis asso-
ciated with significant coronary stenosis 

(Fig. 10.4) that usually directs the patient to 
cardiology department for further investiga-
tion and monitoring.

• In some cases an intermediate lesion is pos-
sible (Fig.  10.5), with a borderline stenosis 
that does not permit to rule out the presence 
of pathology; in this case additional functional 
tests are needed.

In rare cases the coronary stenosis may origi-
nate from an aortic dissection extended to the 
coronary arteries (Fig.  10.6); this condition is 
extremely dangerous, especially if involving the 
left main trunk, because an acute fatal coronary 
occlusion may occur.

The CT may also highlight a bypass stenosis 
or occlusion, causing chest pain and heart fail-
ure (Figs.  10.7, 10.8, 10.9); this information is 
important for the interventional cardiologist in 
the cath lab that can focus the procedure only on 
the occluded graft.

A subendocardial hypodensity (Fig. 10.10) is 
indicative of past ischemic events and is generally 
associated to CAD [57, 58]. Both chronic myo-
cardial scar and acute hypoperfusion show lower 
contrast enhancement on CTA, while chronic 

Fig. 10.1 Elderly male patient with chest pain and ele-
vated Ca-Score. A score higher than 400 AU reduces sig-
nificantly the accuracy of CT coronary angiography with 
an overestimation of the pathology due to the high cal-
cium burden
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infarction can often be associated with wall thin-
ning or lower attenuation values (<0  HU) as a 
result of fat tissue within the scar [59].

In cardiac MR, the identification of a subendo-
cardial or transmural LGE pattern (Fig. 10.11) can 
be diagnostic for myocardial infarction (MI). 
Acute MI with unobstructed coronary artery is a 
common clinical presentation and is the second 
most common etiology in patients presenting with 
chest pain (5–29%) [15, 49–55]. The rupture or 
erosion of a vulnerable plaque (causing transitory 
occlusion that resolves spontaneously) and dis-
tal vessels or small-caliber side branches disease 
could be the pathological mechanisms to explain 
this phenomenon. Other mechanisms including 
coronary dissections, coronary vasospasm, distal 
embolization, or inflammation can rarely cause a 
MI with unobstructed coronary artery.

Fig. 10.2 Young female with suspected Takotsubo syndrome; the low-dose coronary CT angiography (80 kV; 0.8 mSv) 
shows fully patent and disease-free coronaries

Fig. 10.3 Mid-age patient with chest pain; CT coronary 
angiography shows noncritical stenosis due to calcific 
plaques
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Fig. 10.4 Young male with mild chest pain and noncon-
clusive stress echocardiography; CT coronary angiogra-
phy showed critical three vessel disease (arrowhead), 

confirmed by coronary angiography; the patient under-
went coronary bypass

Fig. 10.5 This CT coronary angiography shows a bor-
derline stenosis that does not allow excluding the cardiac 
origin of the chest pain; further functional tests are needed

Fig. 10.6 ECG-triggered scan of the aortic root shows a 
dissection that involves the origin of the left main coro-
nary artery that presents a significant stenosis
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10.3  Acute Aortic Syndrome (AAS)

Acute aortic syndrome assembles a set of aortic 
diseases which have in common the acute, irre-
versible change of aortic wall such as dissec-
tion, intramural hematoma, penetrating ulcer, 
non- dissecting aneurysm, and traumatic or non- 
traumatic rupture. Acute aortic syndrome is char-
acterized by high mortality and morbidity, and 
early recognition of these conditions is crucial to 
ensure prompt treatment [60, 61].

10.3.1  Imaging Techniques

10.3.1.1  Chest Radiography
The study of Yskert et al. describes the diagnos-
tic accuracy of chest radiography (CXR) among 
patients with suspected acute aortic syndrome. In 

Fig. 10.7 Occluded saphena venous graft coronary 
bypass (arrowheads) in patient with chest pain and heart 
failure

Fig. 10.8 MPR 
reconstruction of a 
diseased saphena venous 
graft coronary bypass 
with two stents that 
present a kinking 
(arrowhead) due to their 
rigidity that limits the 
blood flow in the graft
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this study CXR had a sensitivity of 64% and a 
specificity of 86% for the identification of aortic 
disease, with a lower sensitivity for aortic disease 
confined to the proximal aorta compared to the 
distal aortic segments. The description of kinking 
or tortuosity of the thoracic aorta, displacement 
of intimal calcifications, and a widened aortic 
contour were associated with a high-positive 
likelihood ratio for the detection of aortic dis-
ease. Both single (anteroposterior or posteroante-
rior) and double (with lateral) views of the initial 
chest radiograph had similar sensitivity (58% for 
single views vs 67% for double views) and speci-
ficity (89% for single views vs 85% for double 
views) for the diagnosis of aortic disease. There 
were no differences in the diagnostic accuracy 
between aortic dissection, non-dissecting aneu-
rysm, intramural hemorrhage, and penetrating 
ulcer. Of course, due to the intrinsical proprieties 
of the investigation, chest radiography cannot 
distinguish different causes of the acute aortic 
syndrome, and furthermore a negative result does 
not rule out acute aortic disease. For this reason, 

Fig. 10.9 Proximal significant stenosis of saphena 
venous graft (arrowhead) coronary bypass in patient with 
chest pain

Fig. 10.10 Subendocardial hypodensity (arrowheads) of left ventricle due to perfusion defect in patient with previous 
history of myocardial infarction
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it requires diagnostic confirmation in all patients 
with suspected acute aortic syndrome and should 
be replaced by first-line CT aortic imaging. Since 
a definitive diagnosis is required in any patient 
with clinically suspected acute aortic syndrome, 
routine chest radiography should be replaced by 
CT aortic imaging [62].

10.3.1.2  CT
In the last decade, the speed, isotropic spatial 
resolution, accessibility, and constant availability 
of multi-slice CT have made this technique the 
gold standard in the evaluation of the acute aorta.

The opportunity to perform cardiac synchro-
nized acquisitions considerably improved the 
image quality of the ascending aorta, eliminating 
motion artifacts due to the normal cardiac pulsa-
tility and allowing a precise visualization of the 
aortic root [63].

Clinical presentation of AAS is typically dra-
matic, with patients often presenting sweat, hypo- 
or hypertension, dyspnea, and loss of pulses.

All those symptoms are related to injuries of 
the aortic wall: site, extension of the intimal tear, 

and wall hematoma that strictly correlate with the 
site and the characteristics of pain that typically 
modify with the evolution of the lesions.

The aortic evaluation should include the origin 
of the aortic arch and proximal great vessels and 
continue to the common femoral arteries. The 
exam should start with a non-contrast- enhanced 
scan that allows detection of an acute aortic wall 
hematoma and is then followed by a contrast-
enhanced CT (CTA) for the evaluation of abnor-
mal filling defects of the aorta. In young patients 
who need repeated CT evaluations, the radiation 
dose could be a problem [61], but using low-tube 
voltage techniques, a dramatic reduction in car-
diac CT doses has been observed during the years 
[61, 64]. Almost all exams should be acquired 
with retrospective electrocardiogram- gated CT 
that acquires diastolic images of the aorta reduc-
ing cardiac motion artifacts. Despite this for most 
cases, beta-blockers may be necessary to obtain 
slow and regular heart rates which allow good-
quality imaging.

The thoracic aorta is well evaluated with 
CTA, and the dataset obtained can be easily 

Fig. 10.11 Transmural and subendocardial late enhancement (arrowheads) in patient with acute myocardial 
infarction
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 manipulated in multiple planes for a more accu-
rate assessment of the anatomy and relationship 
of adjacent structures. Curved multiplanar recon-
structions (MPRs) can be performed with almost 
all recent workstations allowing true perpendicu-
lar measurements of the lumen.

10.3.1.3  MRI
MRI is an exam that may complete the informa-
tion regarding the aorta and generally has a role 
in examinations performed electively and not 
in an acute setting. MRI has some limitations 
like the exclusion of patients who have metallic 
devices, such as stents or valve prosthesis that 
cause artifacts that preclude adequate evaluation 
of the aorta. Sequences can be combined with 
respiratory and ECG gating to reduce motion 
artifacts of the aorta. In case of slow flow or 
static blood within the lumen due to a dissection, 
“black blood” double inversion recovery spin 
echo are very useful sequences, and they can also 
assess the vessel wall, for example, in Takayasu’s 
disease, where a thickened vessel wall can be 
evaluated, while the so-called “white blood” cine 
sequences, balanced steady-state free precession, 
allow appreciation of flow turbulence within the 
lumen in case of stenosis and planning of phase 
contrast sequences to determine peak velocity 
and degrees of regurgitation. Indeed phase con-
trast sequences can better assess the peak velocity 
at the stretch of stenosis in the aorta, which can 
estimate a gradient and calculate the direction of 
flow and velocity using the changes in phase in 
flowing blood [61]. Non-contrast MR angiogra-
phy sequences balanced steady-state free preces-
sion (bSSFP), which ensure a three- dimensional 
(3D) dataset to be produced including motion-
free images of the aorta when combined with 
ECG gating and respiratory navigation [61, 65], 
is susceptible to flow disturbance and high veloc-
ity resulting in artifacts. Contrast- enhanced MR 
angiography, which provides the use of gado-
linium, reduces the artifact from inhomogeneous 
flow and produces consistently good- quality 3D 
datasets. Ultrafast gradient echo cine sequences 
have been surpassed by bSSFP but can be still 
useful when there are areas of disturbed high-
velocity flow of the aorta because they tend to 

be less susceptible to flow-related artifacts than 
bSSFP [61]. MRI has no role in the acute aneu-
rysmal rupture.

10.3.2  Imaging Findings

Aneurysmal disease is the principal thoracic aor-
tic disease and is a challenge in both elective and 
emergency cases. The decision when and if to 
operate, established on the surgical risk and haz-
ard of rupture, may be problematic in borderline 
cases, but in case of thoracic aortic rupture, the 
mortality is remarkably high (94–100%) [66]. 
When rupture is imminent, as in acute proximal 
aortic dissection, the operative mortality and 
morbidity is about 25% [67].

When acute rupture of an aortic aneurysm 
occurs, it can be seen as extensive ill-defined het-
erogeneous periaortic hematoma (Fig. 10.12), a 
focal new saccular pseudoaneurysm (Fig. 10.13) 
or active contrast extravasation at the site of 
rupture can also be present, and if the rupture is 
involving the aortic root, hemopericardium may 
be visible (Fig. 10.14).

Aortic dissection is the most common acute 
aortic pathology, and it provides the presence of 
an intimal tear which allows blood to interrupt the 
media and penetrate the aortic wall forming a false 
lumen with reentry at a variable distance along the 

Fig. 10.12 Large mediastinum hematoma in patient with 
ruptured thoracic aortic aneurysm

M. Belgrano and M. Muça



183

vessel course [61]. For its  identification, the CT is 
the method of choice. The typical appearance on 
CT is a linear filling defect within the lumen rep-
resenting the intimal flap (Fig. 10.15; Video 10.1); 
despite the false lumen is generally identified 
by the acute angulation between the flap and the 
wall [61, 68], during the cardiac cycle, the intimal 
flap is waving, and the angulation may appear as 
opposite (Fig. 10.16; Video 10.2). The presence of 
calcifications that are attached to the intimal flap 

(Fig. 10.17) and the vasa vasorum attached to the 
intimal layer (cobweb sign), visible as hypodense 
stripes (Fig. 10.18), are both useful to identify the 
false lumen.

The involvement of branches with their occlu-
sion is often responsible for stroke (Fig.  10.19) 
or chest pain radiating to the neck and jaw which 
is common in patients with type-A aortic dissec-
tion, while abdominal pain is more frequent in 
type-B aortic dissection [69–71]. Syncope often 
indicates the development of dangerous compli-
cations such as cardiac tamponade, obstruction of 
cerebral vessels, or activation of cerebral barore-
ceptors. It is reported in 13% of patients, and it is a 
negative prognostic factor because 34% of patients 
with syncope die versus 23% without syncope. 
Pulmonary edema, neurologic findings due to 
carotid artery obstruction (hemiplegia, hemianes-
thesia) or spinal cord ischemia (paraplegia), bowel 
or myocardial ischemia, hematuria, and compres-
sion of adjacent structures (superior vena cava 
syndrome, hoarseness, dysphagia, and dyspnea 
due to airways obstruction) represent the most 
serious manifestations of AAS [11–14]. However, 
in some cases patients are asymptomatic.

There are two main classification of aortic dis-
section (Stanford and DeBakey classifications) 

Fig. 10.13 Large pseudoaneurysm in patient with rup-
tured thoracic aortic aneurysm

Fig. 10.14 Patient with ruptured ascending aorta aneu-
rysm; active bleeding (arrows) and hemopericardium 
(arrowhead) are visible

Fig. 10.15 Aortic dissection; ECG-triggered CT angiog-
raphy shows the typical linear filling defect within the 
lumen representing the intimal flap
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that are based on the involvement of the ascend-
ing and/or descending aorta (Fig. 10.20).

In the dissection of the ascending aorta, it is 
crucial to exclude the involvement of the coro-
nary artery (Fig.  10.21) and of the aortic valve 
(Fig.  10.22) that represent a clinical emer-
gency, in this suspect, an ECG-triggered scan in 
mandatory.

Penetrating atherosclerotic ulcers can poten-
tially evolve in aortic dissection, intramural 
hematoma, or rupture and are characterized by 
interruption of an atherosclerotic lesion of the 
intimal and elastic lamina which leads to a hema-
toma within the media (Fig. 10.23). Penetrating 

Fig. 10.17 Direct CT scan in dissection of thoracic aorta 
shows calcifications attached to the intimal layer delineat-
ing the true lumen (arrowheads)

Fig. 10.18 ECG-triggered CT angiography of dissected 
aorta: the vasa vasorum attached to the intimal layer (cob-
web sign) are visible as hypodense stripes (arrowhead)

Systolic Diastolic

Fig. 10.16 ECG-triggered CT angiography of dissected aorta reconstructed in both systolic and diastolic phases shows 
the intimal flap waving during the cardiac cycle changing its orientation
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atherosclerotic ulcers appear on CT as focal pro-
trusions of contrast through atherosclerotic plate 
into the aortic wall (Fig.  10.24) [61] and most 
commonly occur in the descending aorta [72].

Intramural hematoma can be spontaneous 
or underlying imaging features of intimal flap, 

or penetrating atherosclerotic ulcer can be seen 
(Fig.  10.25). Rupture of the vasa vasorum [73] 
or underlying microscopic intimal tears is other 
potential mechanisms of genesis [61]. On non- 
contrast CT it appears as a half-moon hyper-
dense rim in the aortic wall (Fig. 10.26), while no 

Fig. 10.19 CT angiography of dissected aortic arch 
shows a dissected common carotid artery (arrowheads) in 
patient with stroke

Stanford A
De Bakey I

Stanford A
De Bakey II

Stanford A
De Bakey III

Fig. 10.20 Classification of aortic dissection

Fig. 10.21 ECG-triggered CT angiography shows right 
coronary artery irregularities (arrowhead) suggestive for 
coronary dissection
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 contrast flowing in the false lumen on contrast-
CT allows differentiation of intramural hema-
toma from dissection [61].

Partial or total transection of the aortic wall 
can be a mortal consequence of thoracic aortic 
injury in blunt trauma. The aortic isthmus is the 

most frequent site of transection of the aortic wall 
(Fig.  10.27) [74]. Blanking, bending forces, or 
torsion stress at the junction between fixed and 
mobile points of the aorta represent the underly-
ing damage mechanism. CTA provides excellent 
views of the thoracic aorta in cases of trauma, and 

Fig. 10.22 ECG-triggered CT angiography of dissection 
of aortic arch with involvement of aortic valve (arrow) 
that is missing below the left main (LM) coronary artery 
(due to a lesion of left coronary sinus)

Fig. 10.23 Penetrating atherosclerotic ulcer characterized 
by interruption of an atherosclerotic lesion of the intimal and 
elastic lamina which leads to a hematoma within the media

Fig. 10.24 ECG-triggered CT angiography of penetrat-
ing atherosclerotic ulcers that appear on CT as focal pro-
trusions of contrast medium (arrowhead) through 
atherosclerotic plaque into the aortic wall

Fig. 10.25 Intramural hematoma is a bleeding in the 
context of the media layer. It can be spontaneous or under-
lying imaging features of intimal flap or penetrating ath-
erosclerotic ulcer
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the presence of dissection, intimal flaps, intramu-
ral hematoma, pseudoaneurysm or contour irregu-
larities represent direct signs of aortic injury [61].

Vasculitis of the aortic wall may occur in case 
of multisystem disorder like Takayasu’s disease or 
after systemic infections caused by staphylococ-
cus and streptococcus aureus that lead to a mycotic 
flogosis of the aorta. They are characterized by wall 
thickening with contrast enhancement (Fig. 10.28) 
with possible association of intraluminal thrombo-

sis and may evolve in aneurysm or pseudoaneu-
rysm formation with eventually rupture of the wall 
[75]. Generally, they are more frequently seen in 
descending and abdominal aorta [76].

10.4  Acute Pericarditis

Pericarditis is due to a primary inflammation of 
the pericardium or as a manifestation of a sys-

Fig. 10.26 ECG-triggered direct CT scan of an intramu-
ral hematoma that appears as a half-moon hyperdense rim 
in the aortic wall (arrowheads)

Fig. 10.27 CT angiography of a traumatic partial tran-
section of aortic wall in a young male shows active extrav-
asation at the isthmus (arrow) and at the descending aorta 
(arrowhead)

Fig. 10.28 ECG-triggered CT image of ascending aorta 
shows a wall thickening with contrast enhancement and 
intraluminal thrombus in a septic patient presented with 
stroke due to a mycotic aortitis
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temic disorder. Chest pain is the most frequent 
manifestation of acute pericarditis, typically sud-
den onset, retrosternal, and exacerbated by inspi-
ration pain [77]. Typical electrocardiography 
alteration is seen in up to 60% [78] of patients 
and includes widespread upward concave 
ST-segment elevation and PR-segment depres-
sion [77].

10.4.1  Technique and Imaging 
Findings

10.4.1.1  Chest Radiography
Chest radiography is usually normal in patients 
with pericarditis. The presence of cardiomegaly 
may indicate the presence of pericardial effusion, 
although it is a rare finding [77].

10.4.1.2  Echocardiography
In patients with a suspect of acute pericardi-
tis with hemodynamic instability, a transtho-
racic echocardiography is recommended [79]. 
Beyond the presence of pericardial effusion in 
some cases, there can be a cardiac tamponade 
which needs an emergent pericardiocentesis 
[77].

10.4.1.3  CT
CT is very sensitive in the detection of gener-
alized or loculated effusions, and an increased 
pericardial thickness may be present in a patient 
with acute pericarditis, nevertheless this last find-
ing is not diagnostic for pericarditis (Fig. 10.29; 
Video 10.1) [77].

10.4.1.4  MRI
Also MRI is a very sensitive technique in the 
detection of generalized or loculated effusions, 
and the delayed enhancement of the pericardium 
(Fig. 10.30; Video 10.3) is even more sensitive for 
the detection of pericarditis. Furthermore, MRI 
allows the evaluation of the myocardium which 
can be involved in cases of pericarditis becoming 
a myopericarditis. If after the evaluation of the 
clinical history, of the objective examination and 
the serologic test, the diagnosis remains uncer-
tain, an MRI should always be performed [77].

10.5  Pulmonary 
Thromboembolism

Pulmonary thromboembolism (PTE) is a poten-
tially fatal condition caused principally by throm-
bosis of the lower limbs with a high morbidity 
and mortality. For these reasons imaging plays a 
crucial role in the diagnosis of PTE.

Fig. 10.29 ECG-triggered CT angiography in a patient 
with acute pericarditis shows pericardial effusions and 
pericardial thickening

Fig. 10.30 Cardiac MR shows pericardial thickening 
associated with late enhancement in a patient with 
pericarditis
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10.5.1  Technique and Imaging 
Findings

10.5.1.1  Chest Radiography
There are different radiographic signs with a 
relatively high specificity but low sensitivity 
which may indicate the presence of a pulmo-
nary thromboembolism condition. Westermark 
sign is an expression of decreased vascularity in 
the peripheral lung. Fleischner sign consists in 
an enlargement of the central pulmonary artery, 
and Hampton sign represents pleura-based areas 
of increased opacity. Other findings that may be 
seen in PTE are hemidiaphragm elevation, focal 
areas of increased density, linear atelectasis, and 
pleural effusion, but even these findings are non-
specific. Radiography has also the role to exclude 
other diseases that may mimic PTE such as pneu-
monia and pneumothorax [80].

10.5.1.2  Scintigraphy
Progressively CT has replaced scintigraphy in 
pulmonary embolism diagnosis, but scintigra-
phy still has a role in the diagnosis of periph-
eral embolism. For perfusion scintigraphy 
technetium- 99m- labeled human albumin micro-
sphere or macroaggregated albumin is the radio-
pharmaceuticals of choice, while xenon-133 is 
used for ventilation scintigraphy. Ventilation and 
perfusion scintigraphy may have a high percent-
age of nondiagnostic intermediate probability 
scans, and this is the main limitation of this tech-
nique, and scan results remain uncertain in up to 
73% of cases. Some scintigraphic abnormalities 
suggestive for diagnosis of PTE, including non-
segmental perfusion abnormalities, are perfusion 
defects smaller than the corresponding regions of 
increased opacity at radiography, triple-matched 
defects in the upper or middle lung zone, matched 
V-P abnormalities in two or three zones of one 
lung, and one to three small segmental perfusion 
defects. Anyway these signs have a positive pre-
dictive value (PPV) of less than 10% [80].

10.5.1.3  CT Angiography
CT is actually a fast and reliable diagnostic tech-
nique for pulmonary embolism showing an intra-
luminal filling defect (Fig. 10.31). CT allows an 

evaluation also of subsegmental pulmonary arter-
ies identifying even small dimension pulmonary 
embolisms. Actually, after positioning region of 
interest (ROI) at the origin of pulmonary artery, 
automatic acquisition is performed. If this is not 
possible and manual acquisition is necessary, a 
15–17 second scan delay during contrast medium 
administration is adequate in most cases. In addi-
tion to the filling defect, other signs that can 
coexist with PTE are pleural effusion, paren-
chymal opacity, lobar or segmental volume loss, 
and dilatation of the pulmonary artery. Cardiac 
abnormalities (right ventricular or atrial enlarge-
ment, thrombi in the right atrium or ventricle), 
vascular abnormalities like abrupt narrowing of 
the vessel diameter or abrupt cutoff of distal lobar 
or segmental artery (Fig. 10.32), and parenchy-
mal abnormalities are usually seen in chronic 
PTE [80]. CT can also exclude other causes of 
chest pain that may mimic PTE like pulmonary, 
cardiac, or mediastinal pathologies.

10.5.1.4  Magnetic Resonance 
Angiography

Although MRI can potentially allow visualization 
of intravascular filling defects and provide physi-
ologic information including the regional distri-
bution of ventilation and perfusion, its limited 
availability and long acquisition time have made 
MRI seldom performed in PTE diagnosis [80].

Fig. 10.31 CT angiography in patient with suspect of 
pulmonary embolism showing an intraluminal filling 
defect (arrowhead)
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10.5.1.5  Pulmonary Angiography
Angiography was considered the standard of 
reference in PTE diagnosis, but considering that 
angiography is an invasive technique and com-
plications include bleeding, recurrent ventricular 

arrhythmias, and respiratory complications, it is 
actually little used. It demonstrates filling defects 
and secondary signs like abrupt occlusion of a 
pulmonary artery and areas of oligemia with 
pruning of branching vessels [80].

10.5.2  Triple Rule Out

In few problematic cases, the differential diag-
nosis of chest pain may be a challenge for the 
clinician that could have difficulties to formulate 
a diagnostic hypothesis.

In this case the radiologist can make a particu-
lar CT angiography that consists in a triggered 
scan performed injecting an increased amount of 
contrast medium, to opacify simultaneously the 
pulmonary artery, the coronaries, and the thoracic 
aorta (Fig. 10.33), to exclude pulmonary embo-
lism, coronary stenosis, and aortic  dissection 
that represent the most common and dangerous 
causes of thoracic pain.

This protocol however, represents a compro-
mise due to the suboptimal vessel opacification 
that is obtained and to the high dose of radiation 
related to the triggered scan.

For these reasons, the use of this particular 
protocol should be limited as much as possible.

Fig. 10.33 Triple rule out protocol with simultaneous opacification of pulmonary arteries, aorta, and coronary arteries, 
showing filling defects in pulmonary arteries and dissection of proximal left anterior descending coronary artery

Fig. 10.32 CT angiography in patient with chronic pul-
monary embolism shows abrupt cutoff of distal lobar or 
segmental artery (arrow)
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In patients with chest pain [1], ruling out paren-
chymal, pleural, musculoskeletal, oesophageal, 
psychogenic or neurologic diseases is crucial [2, 
3]. It is worth bearing in mind that lung tissue 
itself has no pain fibres. Indeed, pneumonia or 
pulmonary infarction-related chest pain usually 
arises from inflammation of the adjacent parietal 
pleura or from muscle strain from prolonged 
recurrent coughing [4].

Imaging plays a pivotal role in the diagnosis 
and characterization of parenchymal and pleural 
diseases. Chest radiography (CXR) remains the 
initial investigation for the majority of subjects 
with acute chest pain. However, radiographic 
findings are often non-specific and need some 
integration with other imaging modalities [5]. 
Over the past decade, lung ultrasonography (US) 
has gained an important role in the diagnosis of 

thoracic diseases, especially in acute care setting 
[6, 7]. US is particularly helpful in children, 
owing to their suitability for US investigation and 
radiation exposure avoidance [8, 9]. Computed 
tomography (CT) remains the gold standard tech-
nique for pleuro-parenchymal imaging as it may 
determine aetiology and extent of the underlying 
disease. Both thin-section volumetric CT acqui-
sition and multiplanar reconstructions (MPRs) 
may show subtle abnormalities in the early phase 
of the disease [5, 10].

11.1  Lung Parenchyma Disorders 
Causing Chest Pain

11.1.1  Lung Cancer

Pain is one of the most common and debilitating 
symptoms experienced by patients with advanced 
lung cancer. Pain most commonly follows the 
invasion of the parietal pleura and ribs, compres-
sion or infiltration of neural structures or meta-
static dissemination (e.g. osseous). In addition, 
both short- and long-term sequelae of surgery or 
radiotherapy can be painful [11].

CT is currently the gold standard imaging 
technique in lung cancer staging. However, it is 
limited in the evaluation of pleural infiltration by 
peripheral cancer. The presence of pleural tags is 
a highly sensitive but not very specific predictor 
of visceral pleural infiltration. The contact of 
tumour to the adjacent chest wall or mediastinum 
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is not necessarily indicative for invasion. 
However, the greater the degree of contact, the 
more probable is their involvement. Bone 
destruction with or without soft-tissue mass 
extending into the chest wall is the only CT find-
ing with a 100% positive predictive value for 
infiltration of both parietal pleura and chest wall 
[12]. Obliterations of the extrapleural fat, pleural 
thickening and soft tissue mass are considered 
signs of highly probable pleural invasion.

Magnetic resonance imaging (MRI) may 
detect chest wall invasion caused by peripheral 
lung tumours, similarly to CT. In particular, the 
depiction on STIR sequence of a small amount 
of fluid between the visceral and parietal pleu-
ral linings may be used to exclude chest wall 
infiltration [13].

Malignant brachial plexopathy—causing 
shoulder pain radiating to lateral arm and 
hand—can derive from the infiltration of the 
plexus by the tumour. A Pancoast tumour (or 
superior sulcus tumour) is defined as a non-
small-cell tumour arising from the lung apex 
and invading any of the structures at the apex of 
the chest, including the most superior ribs or 
periosteum, the lower nerve roots of the bra-
chial plexus and the sympathetic chain or the 

subclavian vessels (Fig. 11.1). This type of lung 
tumour is currently subcategorized as anterior, 
middle and posterior, depending on the site of 
the chest wall infiltration in relation to the 
insertions of the anterior and middle scalene 
muscles on the first rib, delineating anterior, 
middle and posterior compartments, respec-
tively [14]. Superior sulcus tumours may be 
missed at CXR, particularly when presenting as 
a small apical cap or mimicking a benign apical 
pleural thickening [15]. CT is considered the 
best imaging tool for assessing both bone 
involvement and patency of subclavian vessels, 
which may both influence the therapeutic man-
agement (Fig. 11.2; Video 11.2). However, CT 
may be not sufficiently accurate in the evalua-
tion of both tumour extension into vertebral 
foramina and spinal canal and brachial plexus 
involvement. In patients candidated to curative-
intent surgical resection, MRI of the thoracic 
inlet and brachial plexus is recommended to 
exclude infiltration of unresectable vascular 
structures and to evaluate the extradural space 
[14]. Owing to its superior contrast resolution, 
sagittal T1-weighted image (WI) MRI improves 
reader confidence in the diagnosis of such 
structures’ compromise.

a b

Fig. 11.1 Pancoast tumour. (a) Chest radiograph (frontal 
view) of a patient suffering from upper chest and right 
shoulder pain shows a mass (white arrow) located in the 
upper portion of the lung, associated with ipsilateral 
mediastinal widening (black arrowhead). (b) The 

CT-MPR reformatted image (coronal view) confirmed the 
presence of a soft tissue mass infiltrating the mediastinal 
fat tissue (white arrow) and ipsilateral lymphadenopathies 
(black arrowhead)
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11.1.2  Post-surgery Pain

Chest surgery can cause the development of per-
sistent postoperative pain. The pathogenesis of 
post-thoracotomy pain is complex, although nerve 
damage seems to be a major risk factor. Video-
assisted thoracoscopic surgery is expected to 
reduce postoperative pain in comparison with tra-
ditional accesses [11]. A postoperative complica-
tion is generally defined as “immediate” if it 
occurs within the first 30 days after surgery, 
“early” if within the first 6 months and “late” if 
afterwards. Complications are often further sub-
categorized into “minor” and “major”. The former 
includes supraventricular arrhythmias, persistent 
air leak more than 5 postoperative days, accumula-
tion of bronchial secretions with atelectasis and 
vocal cord paralysis. Major and potentially lethal 
complications include postoperative bleeding, 
pleural empyema (with or without fistula forma-
tion), pneumonia, respiratory failure requiring 
mechanical ventilation, acute respiratory distress 
syndrome (ARDS), pulmonary oedema and embo-
lism, ventricular arrhythmias, acute myocardial 
infarction and stroke [16]. Both CXR and CT play 
a crucial role in the surveillance of patients under-
going lung resection for primary tumour.

11.1.3  Pneumonia and Abscess

Chest pain is one of the most useful symptoms 
for suspecting an underlying pneumonia, and it 

suggests an associated pleural inflammatory 
involvement [17]. Community-acquired pneumo-
nia (CAP) is usually diagnosed by both clinical 
and imaging features, the latter allowing detec-
tion, characterization and evaluation of changes 
during treatment as well as the depiction of com-
plications [18].

CXR is the first-line imaging modality 
required for the diagnosis of CAP, and it should 
be performed when pneumonia is clinically 
suspected [19]. The most frequent imaging 
appearance of CAP is lobar pneumonia, 
namely, an airspace consolidation of one seg-
ment or lobe, limited by pleural surfaces. 
Ground-glass opacities (GGO) adjacent to the 
consolidation may be observed, caused by a 
partial filling of the alveoli. Small pleural effu-
sions—suggestive for reactive pleural inflam-
mation (i.e. parapneumonic effusions)—are 
common associated findings [20]. US may rep-
resent a promising alternative to CXR and CT 
in emergency, paediatrics and resource-limited 
settings, as well as during follow-up, due to the 
lack of ionizing radiation exposure and ease of 
longitudinal evaluation [9]. Indeed, recent 
guidelines for paediatric patients recom-
mended not to use CXR because of poor agree-
ment for the identification of CAP as well as 
difficulties to differentiate between bacterial 
and viral diseases [17]. Imaging is generally 
non- specific, and it may be difficult to deter-
mine the causative micro-organism pathogens. 
Indeed, many pathogens can cause pneumonia 

a b

Fig. 11.2 Pancoast tumour. (a) CT-MPR image (oblique 
axial view, soft tissue reconstruction algorithm) shows a 
soft tissue mass (white arrow) in the apicoposterior 
segment of the left lung, infiltrating into an ipsilateral 

neural foramen (black arrowhead) causing radicular pain. 
(b) The CT-MPR image (oblique axial view, sharp 
reconstruction algorithm) depicts the erosion of the 
vertebral body (white arrow)
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with various imaging patterns, and consolida-
tion, peribronchial nodules and GGO may 
coexist in the same patient [21]. Furthermore, 
antibiotics can modify the classical appearance 
of pneumococcal infection, as it may present 
as patchy confluent areas that may be multilo-
bar or bilateral [20].

Pulmonary abscess following a bacterial 
pneumonia can cause pleuritic chest pain. It 
represents a necrotic evolution, with possible 
bronchopulmonary fistula formation, generally 
seen in anaerobic bacterial diseases (e.g. 
aspiration pneumonia).

On CXR, pulmonary abscess appears as a 
peripheral round opacity with air-fluid level and 
acute chest wall angles [22] (Fig.  11.3). CT 
demonstrates single or multiple masses with 
central hypoattenuation or thick-walled cavities 
with air-fluid level, representing purulent 
liquefying necrosis. Peripheral enhancement 
after intravenous contrast administration is 
frequent [23] (Fig.  11.4). Bronchi and vessels 
terminate abruptly at the wall of the abscess, 

without being compressed or distorted, and this 
finding may be useful to distinguish a peripheral 
lung abscess from an empyema.

11.2  Pleural Causes of Chest Pain

11.2.1  Pneumothorax

Pneumothorax (PTX) is the abnormal presence 
of air between visceral and parietal pleura [24] 
and may be classified as spontaneous, post- 
traumatic or iatrogenic. The incidence of 
spontaneous PTXs is 16.7/100.000/year (for 
male patients), whereas the incidence of 
iatrogenic form is difficult to calculate, although 
it is probably increasing following the use of 
mechanical ventilation and interventional 
procedures [25–27].

On CXR, classical findings are represented by 
a visceral pleural line parallel to the chest wall 
and a hyper-transparent area—without lung 
markings—located between lung surface and 

a b

Fig. 11.3 Pulmonary abscess. (a, b) Chest radiograph of 
a young patient suffering from chest pain, cough and fever 
shows a round peripheral opacity (white arrow) located in 

the left lower lobe, associated with an air-fluid level (black 
arrowhead)
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chest wall [24, 26]. Sometimes, an adherence of 
the inflamed pleura to the chest wall may confine 
a PTX to a loculated portion of the pleural space 
around the site of the air leak. However, CXR has 
suboptimal sensitivity in depicting small PTX, 
especially in supine patients, in whom the air 
tends to collect anteriorly and inferiorly, 
appearing as a hyper-transparent area in the 
cardio-phrenic and costophrenic sulcus (i.e. “the 
deep sulcus sign”) [24, 26]. Contralateral side 
decubitus and expiratory views may be helpful in 
the detection of small PTXs when inspiratory 
supine CXR appears normal. Indeed, in trauma 
and intensive care unit settings, as much as 
30–50% of PTXs may be missed on supine 
CXR.  Radiologists must be aware of potential 
pitfalls when imaging patients with suspected 
PTX, as follows:

• The medial border of the scapula, skin folds, 
clothing or bed sheets may mimic a visceral 
pleural line; however, they can be differenti-
ated from a PTX as they continue either with 
the rest of the bone or beyond the chest wall 
[26, 28].

• Further shadows—which may be smooth, 
homogeneous or radiopaque—running 
parallel along inferior border of lower ribs, 
upper borders of clavicles and scapula may 

correspond to soft tissues and intercostal 
muscles.

• In patients that underwent pleurectomy because 
of recurrent PTXs, a radiopaque line represent-
ing surgical suture materials or staples can be 
misdiagnosed as a new air leak [26].

US may be more sensitive in the assessment of 
traumatic PTX [20, 29–31]. However, its accu-
racy decreases in the presence of coexisting lung 
diseases such as consolidation, ARDS, lung fibro-
sis or atelectasis [6]. Main US signs of PTX are:

• Absence of lung sliding: absence of the typi-
cal “up and down” movement (also known as 
“seashore sign”) of the pleural line in M-mode 
US.  The resultant tracing will only display 
one pattern of parallel horizontal lines above 
and below the pleural line, exemplifying the 
lack of movement, often called the 
“stratosphere or barcode sign”. Despite its 
negative predictive value (99.2–100%), there 
is a high rate of false positives when other 
lung pathologies are associated.

• Lung-point sign: the point where alternating 
“seashore” and “stratosphere” patterns are 
depicted in M-mode US over time, at the 
border of a PTX, allowing for the sizing of the 
PTX (specificity, 100%; sensitivity, 66%) [6].

a b

Fig. 11.4 Pulmonary abscess. (a) Axial CT image shows 
a mass in the anterior segment of the right upper lobe with 
central hypoattenuation, thick walls and gas bubble (black 

arrowhead). (b) Axial CT after contrast administration 
shows intense peripheral enhancement (white arrow)
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CT remains the gold standard as it can easily 
depict an occult PTX.  The detection of small 
PTX is of clinical importance, since mechanic 
ventilation may worsen this condition [27, 28, 
32]. CT is also helpful in identifying any underly-
ing pulmonary predisposing condition, such as 
emphysema, lung fibrosis or cystic interstitial 
lung diseases [28, 33]. The main differential 
diagnosis is with large emphysematous bullae. 
When both CXR findings and patient symptoms 
are ambiguous, CT scans should be obtained [28, 
34] (Fig. 11.5).

Tension PTX is a medical emergency. It is 
characterized by the presence of a fistula acting 
as a check-valve mechanism, letting the air pro-
gressively accumulate into the pleural space, 
with a consequent raise in the intrapleural pres-
sure and possible inadequate diastolic filling of 
the heart with cardiorespiratory arrest. Large 
PTX with hyper-expansion of ipsilateral hemi-
thorax, lung collapse, widening of costal arches, 
depression/inversion of the ipsilateral hemidia-
phragm and contralateral mediastinal shift with 
atelectasis of the contralateral lung are all CXR 
signs consistent with tension PTX [24, 32].

A bronchopleural fistula—a communication 
between the pleural space and bronchial tree—
may sometimes be depicted on CT.  The use of 
MPR, thin collimation and sharper image recon-
struction algorithms are all very helpful tools to 
identify this subtle complication [24, 27].

11.2.2  Pleural Effusion

Chest pain secondary to pleural effusion results 
from pleural irritation and usually implies some 
degree of inflammation, raising the likelihood of 
an exudative aetiology, such as pleural infection 
or malignancy [35].

PA and lateral CXR views may depict pleural 
effusions greater than 200 and 50  ml, respec-
tively [35]. In standing patients, smaller effusions 
tend to collect in the most dependent part of the 
pleural space (e.g. the posterior costophrenic 
recess), blunting the posterior costo-diaphrag-
matic angles on lateral view. On PA view, CXR 
depicts the obliteration of the lateral costophrenic 
angle [24, 28, 35]. As effusions increase in size, 
they produce the characteristic “meniscus sign”, 

a b

Fig. 11.5 Pitfalls for pneumothorax. (a) Supine chest 
radiograph of a patient admitted to the emergency 
department after a trauma, depicting a linear opacity 
(black arrowheads) suspicious for the visceral pleural line 
associated with a hyper-transparent area. The findings 

were considered consistent with left apical pneumothorax. 
(b) CT-MIP image (MPR coronal view) obtained shortly 
after shows diffuse bilateral emphysematous alterations, 
with a large left apical bulla (white arrow) mimicking 
pneumothorax
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which represents fluid tracking superiorly along 
the pleural surface after filling of the costophrenic 
recess. Subpulmonic effusions conform to the 
shape of the hemidiaphragm, and they are 
frequently overlooked on PA views. Elevation 
and lateral displacement of the peak of the 
hemidiaphragm, paucity of vessels below the 
hemidiaphragm and a widened distance between 
gastric bubble and hemidiaphragm should raise 
the suspicion of a subpulmonic effusion.

Dorsal decubitus may occult large pleural 
effusion, especially when bilateral, due to the 
symmetric and posterior layering distribution of 
the effusion. Expiratory ipsilateral decubitus has 
been shown to be the most sensitive CXR view 
for detecting pleural effusion.

Effusion in pulmonary fissures may get a lenti-
form shape, mimicking a thoracic lesion. Indeed, 
this kind of pleural effusion has been termed as 
“pseudotumour” or “vanishing tumour”.

US is sensitive in detecting small pleural effu-
sions, with special importance for loculated/sep-
tate effusions, which may mimic thoracic lesions 
on CXR.  US is valuable in detecting small 
amounts of pleural fluid: it can even appreciate 
physiologic amounts of pleural liquid (i.e. 5 ml), 
but a minimal volume of 20 ml is more reliably 
detected, and US is 100% sensitive for effusions 
>100 ml [36]. US may distinguish solid and fluid 
pleural abnormalities, thus differentiating periph-
eral lung lesions from pleural fluid [37].

US can even suggest the nature of an effusion, 
as it may identify areas of focal pleural thickening 
or nodules, raising suspicion of malignancy and 
enabling imaging-guided biopsy. Transudates are 
typically recognized as anechoic without pleural 
thickening, whereas exudates—seen in empyema, 
malignancy, parapneumonic effusions or 
haemothorax—are more often complex in 
echogenicity with septations or stranding.

Empyema may not be easy to distinguish from 
other pathological conditions involving the 
pleural linings or peripheral lung parenchyma at 
CXR. US is particularly useful in differentiating 
transudative from exudative pleural effusions: 
ultrasonographic findings of empyema comprise 
heterogeneous appearance, varying according to 
the stage—US can show internal echoes, 

septations due to fibrin deposition or a 
hyperechoic morphology mimicking the normal 
lung US pattern [38]. Nevertheless, there could 
be an overlap of findings between transudative 
and exudative effusions [39]. Although CT is 
more sensitive than both CXR and US in 
differentiating pleural fluid from pleural 
thickening, it cannot differentiate between 
transudate and exudate [10, 24]. CT may help in 
differentiating empyema from uncomplicated 
parapneumonic effusion and peripherally located 
lung abscess [37]. The “split pleura” CT sign is a 
reliable finding to differentiate an empyema from 
a pulmonary abscess, and it shows diffuse pleural 
thickening and contrast enhancement of the 
parietal and visceral pleura, separated by an 
exudative effusion [40]. Pleural thickening and 
enhancement are seen in 80–100% of empyemas 
compared with 60% of parapneumonic effusions 
[24, 28]. Other possible findings are represented 
by small gas bubble collections or gas-fluid levels 
[37] (Fig. 11.6; Video 11.6).

Pleural malignancies can be categorized as 
primary or secondary (by contiguity from a lung 
or chest wall malignancy or distant spread from 
other sites of the body).

Mesothelioma is the most common primary 
pleural tumour. On CXR, mesothelioma may be 
suspected with moderate or profuse unilateral 
pleural effusion (30–80% of patients) and contra-
lateral mediastinal shift. However, ipsilateral 
mediastinal shift can be caused by underlying 
pleural changes. Findings such as isolated pleural 
thickening or pleural-based mass—without asso-
ciated pleural effusions—are less frequent (<25% 
of patients). Tumour growth leads to circumferen-
tial rind-like lobulated pleural thickening encas-
ing the pulmonary parenchyma, causing an 
impairment in respiratory functions [5]. Imaging 
findings of volume loss can be detected on CXR, 
such as elevation of the ipsilateral hemidia-
phragm, ipsilateral mediastinal shift, and narrow-
ing of the intercostal spaces [41]. Calcified pleural 
plaques more prominent on the domes of the dia-
phragm, on the mediastinal pleura and in the infe-
rior and posterior portions of the hemithoraces are 
a common radiographic manifestation of asbestos 
exposure. The partial obscuration of the heart 
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 border, known as “shaggy” heart sign, may also 
be present and follows both pleural and parenchy-
mal changes [42]. On US, mesothelioma may 
manifest as nodular or irregular pleural thicken-
ing. US is characterized by a sensitivity of 79% 
and a specificity of 100% in distinguishing 
 malignant from benign effusions [43]. On 

 contrast-enhanced CT, suspicious findings for a 
malignant pleural disease are a circumferential 
(sensitivity 22–41%), nodular (sensitivity 
37–51%) pleural thickening and mediastinal pleu-
ral involvement (sensitivity 31–56%) [28, 44] 
(Fig. 11.7). Features suggestive of chest wall inva-
sion include intercostal muscle invasion, loss of 

a b

Fig. 11.6 Pleural empyema. (a) Chest radiograph (frontal 
view) of a young female patient shows a large right pleural 
effusion (white arrow), associated with an ipsilateral medi-
ally located round peripheral opacity with an air-fluid level 

(black arrowhead). (b) The magnification of the axial CT 
image shows a loculated pleural collection, with thicken-
ing and contrast enhancement of the pleural layers (white 
arrow) and small gas bubbles (black arrowhead)

a b

Fig. 11.7 Mesothelioma. (a) Chest radiograph (frontal 
view) of an old female patient shows a large left pleural 
effusion (white arrow). (b) The axial CT image shows a 

circumferential lobulated pleural thickening with intense 
contrast enhancement (white arrow) and mediastinal 
lymph nodal involvement (black arrowhead)
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the extrapleural fat planes and bone destruction 
(Fig. 11.8; Video 11.8). The differential diagnosis 
for pleural thickening includes diffuse pleural 
metastasization (from bronchogenic, breast, ovar-
ian or gastric carcinoma or from lymphoma). It 
can be impossible to radiologically differentiate 
pleural metastases from mesothelioma in cases of 
unilateral malignant pleural thickening. MRI is 
not routinely performed in patients with mesothe-
lioma because most present with locally advanced 
and inoperable disease, a condition clearly delin-
eated on CT.  However, MRI may be performed 
when contrast-enhanced CT is contraindicated or 
in problematic cases, especially in those under 
consideration for radical surgery, in whom extra-
pleural infiltration has not been clearly delineated. 
MRI allows excellent soft tissue contrast, permit-
ting a ready assessment of early chest wall, dia-
phragmatic and vascular invasion [5, 28, 45]. 
Mesothelioma is characterized by intermediate or 
mild high SI on T1-WI, moderate high SI on 
T2-WI compared to thoracic musculature, with 
moderate enhancement after contrast administra-
tion [45]. DWI may be used to differentiate malig-
nant from benign pleural diseases, and restricted 
diffusion of water molecules, traduced by low SI 
on ADC maps, is usually seen [5, 45, 46]. 18F-
FDG positron emission tomography (PET) shows 
sensitivity of 91–100% and  specificity of 
78–100% in differentiating malignant from 

benign pleural disease. However, the high rate of 
false positives (e.g. due to asbestos-related dis-
ease or parapneumonic effusion) and false nega-
tives (e.g. due to low-grade malignancies) of this 
technique remains its drawback. PET may also 
have a role for monitoring treatment response and 
detecting recurrent disease [5, 28, 47, 48].

11.3  Painful Chest Wall 
Conditions

11.3.1  Chest Trauma

US has been reported to be superior to CXR in 
the diagnosis of rib fractures, haemothoraces and 
peripheral lung contusions in a blunt trauma set-
ting [49]. However, it is not routinely performed 
due to its time-consuming and operator-depen-
dency characteristics. Initial CXR may miss 
about 50% of rib fractures, and CT may be useful 
in doubtful cases to depict rib fractures and asso-
ciated thoracic abnormalities [32, 50, 51]. Indeed, 
CT is more sensitive than CXR in the detection 
and characterization of thoracic injuries and is 
considered the gold standard imaging tool for 
trauma [32, 52, 53].

Rib fractures are common lesions occurring in 
about 50% of blunt chest trauma [54]. The fourth 
to the eighth ribs are the most susceptible to 

a b

Fig. 11.8 Mesothelioma. (a) Axial CT image of a patient 
suffering from right pleural mesothelioma, depicting loss 
of the extrapleural fat planes and bone destruction (white 

arrow). (b) 18F-FDG PET-CT clearly demonstrating the 
chest wall invasion by a tumoural nodule with a high 
tracer uptake (black arrowhead)
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external forces causing fractures [55, 56], while 
fractures of the first three ribs are usually caused 
by high-energy trauma, given the protection 
exerted by the shoulder girdle, and injuries to the 
brachial plexus or subclavian vessels must be 
ruled out [32, 56]. Lower ribs are relatively 
mobile and less susceptible to fracture. However, 
their injury can be associated with upper 
abdominal organ lesions (e.g. liver, spleen, 
kidney) [54, 56–58]. Flail chest is a traumatic 
condition in which three or more consecutive ribs 
are fractured in two or more places, creating a 
flail segment that moves paradoxically relative to 
the other ribs during respiration. Its recognition is 
of utmost importance and surgical treatment may 
be required [54, 58]. Sternal fractures usually 
involve body and manubrium and are caused by 
high-energy trauma. Sternal fractures are 
frequently associated with mediastinal hematoma 
and pulmonary, cardiac or spinal injuries. 
Importantly, respiratory artefacts and sternal 
constitutional abnormalities may mimic fractures 
and should be differentiated [32, 53, 59]. Clavicle 
and scapular fractures are also relatively common 
and easily depicted with CT, which is particularly 
useful in the assessment of sternoclavicular 
dislocations. Both these conditions are associated 
with high-energy trauma and may be a cause of 
serious morbidity, due to the impingement of the 
underlying vascular and nervous structures. If 
vascular injury is suspected, intravenous contrast 
should be administered [32, 58, 60].

Chest wall hematoma is a relatively uncom-
mon condition associated with chest trauma, sec-
ondary to rib fractures injuring intercostal, 
internal mammary or subclavian arteries. The 
vascular lesion causes the accumulation of spon-
taneously hyperdense blood between the parietal 
pleura and the endothoracic fascia that may lead 
to large, biconvex hematomas [57, 61–63].

Diaphragmatic injury is seen in less than 8% 
of blunt trauma cases [55, 64]. The left side is 
more frequently involved than the right one 
(3:1 ratio) [32, 53]. Specific CXR findings for 
diaphragmatic injury are the presence of intra-
thoracic gastrointestinal air and an abnormal 
positioning of the nasogastric tube tip project-
ing above the left hemidiaphragm [65]. 

Diagnosis based on CXR is challenging, as 
 suggestive findings for diaphragmatic injury, 
such as abnormal contours or elevation of the 
hemidiaphragm, and contralateral mediastinal 
shift can be detected in synchronous pulmonary 
abnormalities. Hence, the 12–66% of diaphrag-
matic rupture can be initially missed on CXR 
[64]. Sensitivity and specificity of CT are above 
71 and 98%, respectively [65]. MPR images 
may show even small diaphragmatic tears, the 
latter allowing the herniation of peritoneal fat 
or abdominal viscera. The “collar sign” repre-
sents a waist-like constriction of the herniated 
viscera by the surrounding diaphragm (possibly 
detectable on CXR as well) [55]. Other findings 
consistent with diaphragmatic rupture are the 
lack of visualization of the hemidiaphragm or 
the focal loss of its continuity, although the lat-
ter can be congenital or acquired diaphragmatic 
defects also detectable in an asymptomatic 
individual [32, 33, 64, 65]. The “dependent vis-
cera sign” is depicted as a herniated viscera 
(e.g. the stomach on the left side or the liver on 
the right side) in direct contact with the poste-
rior thoracic wall and ribs, without the support 
of the intervening diaphragm [55, 65]. Like 
CT-MPR images, MRI could provide coronal 
and sagittal views useful to detect hemidia-
phragmatic ruptures. Nevertheless, in the emer-
gency setting, MRI applicability is limited by 
respiratory artefacts, long acquisition times and 
the need for patient cooperation [66]; thus, MRI 
should be proposed in cases of uncertain CT 
diagnosis [64].

11.3.2  Costochondritis

Tietze’s syndrome, also known as costochon-
dritis, is an idiopathic non-suppurative inflam-
matory process involving one or more 
costochondral cartilages. Tietze’s syndrome 
more often affects females and typically mani-
fests as a benign, painful swelling localised at 
costosternal, costochondral or sternoclavicular 
joints (Tietze’s area) [67]. The diagnosis is pri-
marily clinical, and radiology plays a role in 
doubtful cases to rule out other underlying 
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 processes, firstly malignancy. CXR helps to 
exclude bone lesions, whereas US examination 
displays a heterogeneous increase of echo-
genicity and thickness in pathological cartilage. 
CT findings include cartilage enlargement and 
ventral angulation. MRI is an excellent tech-
nique for delineating cartilage and bone abnor-
malities, demonstrating cartilage enlargement 
and cartilage and subchondral bone oedema, in 
association with contrast enhancement of peri-
articular structures [67] (Fig. 11.9; Video 11.9). 
Scintigraphy with 99mTc or 67Ga may show 
abnormal accumulation in the costochondritic 
area; however, the tracer accumulation is unspe-
cific [67, 68]. Scintigraphy can be helpful in the 
management as it can estimate the inflamma-
tory disease [69]; nevertheless, chest wall 
tumours may mimic Tietze’s syndrome, and in 
such clinical setting, neither CT nor scintigra-
phy was found to be specific enough to rule out 
malignant  diseases [70].

11.3.3  SAPHO Syndrome

The SAPHO syndrome is a rare condition 
 characterized by a combination of skin and 
osteo- articular abnormalities (synovitis, acne, 
pustulosis, hyperostosis and osteitis) [71], 
affecting all age groups, with a slightly higher 
incidence reported in the female population 
[72]. The most common clinical feature is repre-
sented by anterior chest wall pain; indeed pain, 
swelling and limitation of movements are 

 present at any site of articular active inflamma-
tion. Skin and skeletal abnormalities may be 
separated by many years.

In adults, the anterior chest wall is the most 
commonly involved site, in particular, the sterno-
clavicular (48%), costochondral (52%), manubri-
osternal (34%) and costosternal (7%) junctions 
[73]. In children and adolescents, it involves pre-
dominantly the metaphysis of long bones, espe-
cially distal femur, proximal and distal tibia and 
clavicles. The spine, particularly the thoracic seg-
ment, is the second most common localisation in 
children and adults.

On CXR, concomitant osteolysis and osteo-
sclerosis are usually encountered: indeed, early 
lesions are mainly osteolytic, whereas later abnor-
malities tend to be osteoproliferative [74]. Bone 
expansion and medullary canal stenosis are evi-
dent, resulting from diffuse thickening of the peri-
osteum, cortex and endosteum. Ossifications of 
the costoclavicular ligament with sclerosis and 
hyperostosis at the medial end of the clavicles, 
sternum and the first ribs are important findings, 
gradually progressing to ankylosis. MRI is useful 
in revealing subclinical foci and to identify active 
lesions by the presence of bone oedema on T2-WI 
and STIR sequences. Inflamed periarticular soft 
tissues are also well depicted on MRI. Due to the 
polyostotic nature of the disease, whole-body 
MRI has proved to be useful to detect subclinical 
and radiographically occult sites, depicted as 
areas of ill-defined oedema-like SI. Whole-body 
99mTc scintigraphy can identify subclinical 
foci  and symmetric high tracer uptake in the 

a b

Fig. 11.9 Tietze’s syndrome. (a) Coronal T1-WI TSE 
sequence of the right sternoclavicular joint depicting 
subchondral bone oedema on both articular surfaces 

(black arrowhead). (b) Axial T1-WI SPIR TSE sequence 
after contrast administration shows contrast enhancement 
of articular and periarticular structures (white arrow)
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sterno- costo- clavicular joints can produce a typi-
cal “bull’s head” sign [71] (Fig.  11.10; Video 
11.10). Since repeated follow-up imaging is likely 
to be necessary, the use of whole-body MRI is 
preferable to reduce the radiation burden.

11.3.4  Chest Wall Neoplasms

Rarely, chest pain can be caused by neoplasms 
and tumour-like lesions originating from any 
tissue of the chest wall, more frequently reported 
in malignant neoplasms [75]. In particular, can-
cer-induced bone pain can be considered a type 
of mixed pain, involving both inflammatory 

 (nociceptive) and neuropathic mechanisms, as 
tumour expansion induces tissue damage and 
release of various inflammatory mediators [76].

Chest wall tumours, arising from both osse-
ous and soft tissues, may display non-specific 
findings. However, a systematic approach based 
on patient age, clinical history, location, extent, 
mineralization pattern and intrinsic MRI fea-
tures of the lesion can narrow the differential 
diagnosis [77].

While metastases are the most commonly 
encountered skeletal tumours, particularly in 
elderly patients, primary malignancies are rare; 
among them, the most frequent are represented 
by chondrosarcomas (originating from costo-

a
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Fig. 11.10 SAPHO syndrome. (a) Magnification of the 
right clavicle radiograph of a patient suffering from 
anterior chest wall pain showing osteolytic and 
osteosclerotic osseous alterations with lamellar periosteal 
reaction (white arrow). (b) CT-MPR image depicts diffuse 
sclerosis and hyperostosis of both clavicles and sternal 

manubrium with concomitant osteolytic lesion of the right 
clavicle (white arrow). (c) Axial STIR sequence shows 
diffuse bone oedema. (d) Magnification of a whole-body 
99mTc scintigraphy showing “bull’s head” sign 
demonstrated by high tracer uptake in the sterno-costo- 
clavicular joints
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chondral arches or sternum) and myelomas [77]. 
In paediatric individuals, the most frequent chest 
wall primary bone tumour is Ewing sarcoma [75] 
(Fig.  11.11; Video 11.11). Signs of malignancy 
are the extensive cortical destruction (evaluable 
on CT) and the extraosseous soft tissue mass for-
mation (better characterized on MRI).

Furthermore, CT is valuable in narrowing 
the differential diagnosis by differentiating 
between mineralization patterns of the tumor-
ous matrix (i.e. chondroid from osteoid). On 

CT, chondrosarcoma usually presents as a 
 well- circumscribed lobulated soft tissue mass 
with “arc-and-ring” appearance, flocculent or 
stippled or dense calcifications and cortical 
destruction [77, 78]; on MRI, SI is similar to 
muscular tissues on T1-WI and hyperintense on 
T2-WI, associated with areas of signal void on 
both T1- and T2-WI, reflecting areas of miner-
alization [78, 79].

Chest wall osteosarcoma is a rare entity, usu-
ally arising in ribs, scapula and clavicle and 

a b
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Fig. 11.11 Ewing sarcoma. (a, b) Chest radiograph 
(frontal and lateral views) of a young female patient with 
chest pain showing a large lobulated opacity in the left 
hemithorax. (c) Magnification of an axial CT image after 
contrast administration shows a soft tissue mass causing 

destruction of the posterior arch of the ninth left rib with 
spiculated periosteal reaction (white arrow). (d) 
Magnification of a MRI T1-WI TSE sequence after 
contrast administration shows a heterogeneous soft tissue 
mass with intense and diffuse contrast enhancement
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displaying as a soft tissue mass with typical 
osteoid matrix CT features, i.e. dense, cloudy 
or ivory-like calcifications predominantly 
located in the central portion, with a lesser 
extent of mineralization in the periphery [77–
79]. On MRI, it shows a SI higher to muscular 
tissues on T1-WI and high SI on T2-WI [79]. 
Matrix mineralization areas show low SI on 
both T1- and T2-WI MRI [78].

Benign osseous lesions usually manifest as 
slow-growing palpable masses in asymptomatic 
patients. Sometimes, chest wall bone neoplasms 
are indeed discovered only after a fracture occurs 
in a bone weakened by tumour growth (i.e. patho-
logical fracture). Among benign osseous chest 
wall tumours, the most frequent is fibrous dyspla-
sia (30% of cases), typically located in the lateral 
or posterior arc of a rib and in the clavicle; osteo-
chondroma and enchondroma are less frequent, 
and chondroblastoma, aneurysmal bone cyst and 
giant cell tumours are rare. Fibrous dysplasia can 
be evaluated as an osteolytic lesion, with amor-
phous calcification or cartilaginous mineraliza-
tion, without osseous erosion [77, 78]. CT findings 
consistent with osteochondroma are the detection 
of a cartilage cap, associated with a cortex in con-
tinuity with the medullary bone; on MRI, the car-
tilage cap is hyperintense in T2-WI [75].

Globally, many soft tissue neoplasms share 
similar characteristics at imaging examination, 
and the differential diagnosis can be challenging; 
therefore, biopsies are frequently required.

The most common soft tissue malignant 
tumour is the undifferentiated pleomorphic sar-
coma (or malignant fibrous histiocytoma), detect-
able as a non-specific heterogeneously enhancing 
mass, located in the muscle and fascia planes. In 
the paediatric population, rhabdomyosarcoma 
and peripheral primitive neuroectodermal tumour 
(“Askin tumour”) are more frequently encoun-
tered. On CT, Askin tumour may be depicted as 
large heterogeneous soft tissue mass with or 
without pleural effusion and rib destruction, 
demonstrating inhomogeneous contrast enhance-
ment. On MRI, the mass shows high SI on T1-WI 
and on T2-WI [80].

11.3.5  Chest Wall Infections

Primary chest wall infections are rare life- 
threatening conditions and may rise spontane-
ously or in association with various predisposing 
factors, such as diabetes mellitus, intravenous 
drug addiction, immunosuppression, history of 
trauma or chest wall surgery. Secondary forms 
are more frequent, following pulmonary or pleu-
ral infections [81, 82].

Common causative micro-organisms are 
Staphylococcus, Pseudomonas and Klebsiella 
species. CT can show osseous destruction with 
periosteal reaction, adjacent soft tissue mass and 
loss of deep soft tissue planes; furthermore, CT 
can guide percutaneous biopsy and drainage pro-
cedures [81, 82]. MRI defines soft tissue and 
bone involvement, also allowing demonstration 
of bone oedema on fluid-sensitive sequences.

Tubercular chest wall involvement is unusual 
(1–5% of all cases of musculoskeletal tuberculo-
sis). It may be due to contiguous spread from pul-
monary or pleural diseases or, more frequently, to 
hematogenous dissemination. Affected sites are 
sternum, costochondral and costo-vertebral junc-
tions, ribs and vertebral bodies [83]. CXR and CT 
show osseous and cartilaginous destruction asso-
ciated with a soft tissue mass with calcification 
and rim enhancement after intravenous contrast 
administration [81]. PET-CT and PET-MRI eval-
uating 18F-FDG uptake can be used to detect 
active granulomatous inflammatory foci [83].

11.4  Oesophageal Causes 
of Chest Pain

Chronic and acute oesophageal diseases fre-
quently cause noncardiac chest pain [2, 3, 84]. 
Barium contrast-enhanced oesophagography 
(barium swallow, BS) evaluates swallowing 
function, oesophageal motility and morphology 
[85]. Multiphasic BS includes upright double- 
contrast views—obtained after ingestion of 
effervescent agents and a high-density barium 
suspension—for the visualization of the mucosal 
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layer, associated with prone single-contrast 
views acquired with a low-density barium 
 suspension [85, 86].

11.4.1  Hiatal Hernia

Acquired alterations of the phreno-oesophageal 
membrane with reduced stability of the gastro-
esophageal junction (GEJ) allow the gastric her-
niation through the oesophageal hiatus. Different 
types of hiatal hernia are possible, namely, type I, 
sliding-hernia; type II, paraesophageal-hernia 
[87]; type III, in which features of sliding- and 
paraesophageal-hernias are associated; and type 
IV, in which abdominal organs (e.g. spleen, colon 
and small intestine) herniate into the thoracic cav-
ity through a large phreno-oesophageal membrane 
defect [88, 89]. Hiatal hernias can cause retroster-
nal and epigastric pain [90]. On CXR, they are sus-
pected when the gastric air bubble—possibly with 
air- fluid level—is detected in a supradiaphrag-
matic position, either in the frontal (air bubble in 
the midline) or in the lateral (air bubble behind 

heart) view [87] (Fig.  11.12). Type IV intestinal 
hernias show intestinal gas, eventually with air-
fluid levels, in the thoracic cavity [90]. BS has a 
high sensitivity to detect hiatal hernias [91]. To 
diagnose a type I hernia, the GEJ (traduced by the 
“B” ring) and the diaphragmatic hiatus should be 
more than 2 cm apart (i.e. gastric cardia at least 
2 cm above the hiatus) [89]. Radiological pitfalls 
(i.e. dynamic location of GEJ, anatomical variabil-
ity) can be overcome through provocative manoeu-
vres depicting even small hernias [88]. For type II 
hernia, BS shows the GEJ located below the dia-
phragm and the gastric fundus in a supradiaphrag-
matic para-oesophageal location [87]. When a 
complicated hernia is suspected, the patient should 
be administered a hydro-soluble contrast media, 
given the risk of aspiration pneumonia [92]; type 
IV hernias complicated by intestinal obstruction 
depict proximally dilated intestinal portions [90]. 
At CT, herniated gastric folds and abdominal 
organs are frequently clearly depicted [87, 90]. 
Similarly, coronal and sagittal MRI images allow 
the  evaluation of the diaphragm and the hernial 
orifice [90].

a b

Fig. 11.12 Hiatal hernia. (a) Chest radiograph (supine 
position) of a patient demonstrating a loop of the 
nasogastric tube with the tip (white arrow) in a 
supradiaphragmatic position. (b) A previous chest 

radiograph shows a large medial opacity with air-fluid 
level (black arrowhead), reflecting a hiatal hernia thus 
justifying the abnormal tube position
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11.4.2  Gastroesophageal Reflux 
Disease

About 60% of patients with noncardiac chest pain 
[93] suffer from gastroesophageal reflux disease 
(GERD), a common disease (prevalence, 10–20%) 
caused by a combination of frequent transient 
lower oesophageal sphincter (LES) relaxations, 
reduced LES tone and ineffective oesophageal 
motility [94, 95]. Regurgitation (i.e. the percep-
tion of refluxed gastric secretions) and heartburn 
(i.e. substernal discomfort/burning) are common 
and may be associated with laryngeal manifesta-
tions (chronic laryngitis, laryngospasm, vocal 
cord dysfunction and vocal fold granuloma) [96], 
chronic cough, asthma [95] and chest pain [97].

GERD is diagnosed according to clinical find-
ings, oesophageal pH monitoring (either with 
trans-nasal catheter or wireless capsule), upper 
endoscopy and oesophageal manometry [94]. BS 
has been excluded from the diagnostic workup 
because it was thought to have a limited role in 
detecting GER [3, 94]. Nevertheless, provocative 
manoeuvres (e.g. water-siphon test) increase the 
sensitivity of BS for GERD from 26 to 70% [95], 
and a recent consensus stated that BS—being 
inexpensive, non-invasive and widely available—
detects morphologic and functional alterations, 
such as hiatal hernia, short oesophagus or achala-
sia, that may modify the surgical approach [97, 
98]. In particular, a short oesophagus may appear 
as a not reducing hiatal hernia with the patient in 
the upright position [88]. Fluoroscopy may 
directly highlight the oesophageal reflux, and its 
level and the clearance time are useful informa-
tion for the surgeon to evaluate the extent and 
severity [88]. Single-contrast views show 
advanced findings of reflux oesophagitis, while 
the double-contrast views had greater sensitivity 
for superficial reflux ulcers and early findings, 
such as an extensive granularity oedema of the 
distal mucosa and thickened submucosal folds 
[88]. Reflux ulcers appear as polymorphous bar-
ium collections (punctate, linear or serpiginous), 
mainly located in the proximal area of the GEJ 
[85]. CT scans after intravenous contrast media 
administration may demonstrate thickened or 
highly enhanced oesophageal mucosa [84].

The persistent mucosal damage caused by 
refluxed gastric secretions leads to collagen 
deposition and to the development of peptic 
strictures (PS) [7]. On BS, PS appear as not- 
distensible distal narrowing or ring-like struc-
tures, with proximal oesophageal dilation [85]. 
Most PS are 1–4 cm long and 0.2–2 cm wide and 
they may be associated with pseudodiverticula 
[99]. Differential diagnoses are Schatzki rings, 
scleroderma, Barrett’s oesophagus and nasogas-
tric tube placement [100]. Luminal narrowing 
with irregular morphologies, ulcers and mucosal 
granularity are possible findings of malignant 
strictures [99].

Patients with GERD may suffer from pulmo-
nary complications after the aspiration of gastric 
secretions; CXR and CT may show segmental/
lobar consolidations, tree-in-bud opacities, even-
tually with lower lobes’ predominance and pleu-
ral effusion [101, 102].

11.4.3  Infectious Oesophagitis

Individuals with oesophageal infections (e.g. 
candidiasis and herpesvirus) may suffer from 
odynophagia, dysphagia and retrosternal pain 
[103]. While candidiasis is the most common 
opportunistic oesophageal infection and may be 
secondary to achalasia, herpesvirus is the most 
common among viral oesophagitis [85, 86, 104]. 
In candidiasis, double-contrast oesophagogram 
shows linear, longitudinally oriented, plaque-
like defects with discrete borders interposed to 
normal mucosa [85, 104]. This pattern has a sen-
sitivity of about 90% and patients can be directly 
administered with antifungal therapy [85]. In 
patients with AIDS and candidiasis, oesophagus 
may have a “shaggy” appearance, with innumer-
able coalescent plaques and pseudomembranes 
trapping the barium [86, 104]. Double-contrast 
oesophagogram depicting small (<1 cm), multi-
ple and superficial ulcers with discrete borders in 
the upper and mid-oesophagus, located in a 
background of normal mucosa (without plaques), 
is suggestive of herpesvirus oesophagitis [86, 
104]. Giant ulcers (>1 cm) are found in cytomeg-
alovirus oesophagitis [85].
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11.4.4  Achalasia

Achalasia is a primary oesophageal motility dis-
order of unknown aetiology, characterized by 
absent oesophageal peristalsis and impaired LES 
relaxations [105]. Achalasia has a prevalence of 
10/100.000; individuals report dysphagia (98% of 
patients), regurgitation (72%), chest pain (42%), 
and—eventually—weight loss [106]. A second-
ary form of achalasia is caused by tumours or 
benign conditions (e.g. Chagas disease) [107]. 
CXR may show the oesophageal dilation as a 
greater right-sided convexity of the azygo- 
oesophageal recess associated with an opacity 
behind the right heart border. In long-standing 
achalasia, the dilated oesophagus, eventually full 
of fluid and food debris, can be observed in the 
midline or above the azygos arch appearing as 
consolidation, or it can anteriorly displace the tra-
chea. The gastric air bubble is frequently absent 
[108]. Furthermore, CXR allows the detection of 
complications like aspiration pneumonitis.

Oesophagography may show oesophageal 
dilation associated with a narrow GEJ with “bird 
beak” appearance, lack of oesophageal peristalsis, 
reduced barium clearance with retained food and 
saliva producing an air-fluid level [109, 110] 
(Fig.  11.13). BS in patients with long-standing 
achalasia may show morphologic changes (i.e. 
sigmoid oesophagus or megaoesophagus) [106, 
109]. In older individuals (>60 years) with a 
recent onset of symptoms, a narrowed distal 
oesophageal segment longer than 3.5  cm—with 
little or absent proximal dilation—is consistent 
with pseudo-achalasia, secondary to malignant 
neoplasm, even without other suspicious findings, 
such as eccentricity, nodularity, shouldering of the 
oesophageal segment or gastric cardia and fundic 
lesions [86, 107]. The “timed” BS quantifies 
oesophageal emptying, either before or after ther-
apy, through the evaluation of changes of the 
 barium column’s height. The “timed” oesophago-
grams are acquired 1 and 5 min after the ingestion 
of a low-density barium suspension in the upright 
position [111]. CT findings of primary and sec-
ondary achalasia are distal oesophageal narrow-
ing that appears smooth in primary and irregular 
in secondary forms. Furthermore, secondary 

achalasia depicts asymmetric nodular or lobulated 
thickened walls. Adjunctive CT findings consis-
tent with secondary achalasia are soft tissue 
masses at the GEJ, mediastinal lymphadenopa-
thies and/or distant metastases [112].

11.4.5  Diffuse Oesophageal Spasm

Diffuse oesophageal spasm (DES) is a motility dis-
order of unknown aetiology, characterized by inter-
mittently abnormal peristalsis with multiple, 
simultaneous non-peristaltic contractions [86]. 
The “corkscrew” compartmentalized oesophageal 
appearance is a classic finding of DES and derives 
from a combination of intermittently absent pri-
mary peristalsis with severe lumen-obliterating 
non-peristaltic repetitive contractions [86, 113]. 
However, the “corkscrew” finding may be absent in 
patients with DES characterized by non- lumen- 
obliterating non-peristaltic contractions and 
impaired opening of the LES [114, 115]. BS may 
define the oesophageal bolus transit and stasis, as 
well as the presence of epiphrenic diverticula [115].

Fig. 11.13 Achalasia. (a) Oesophagography of a female 
patient suffering from long-standing chest pain and 
dysphagia showing a narrow gastro-oesophageal junction 
with “bird beak” appearance and oesophageal dilation 
(white arrow) with air-fluid level
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11.4.6  Oesophageal Emergencies

11.4.6.1  Oesophageal Rupture
Oesophageal rupture can be iatrogenic (most 
common, caused by non-surgical and surgical 
procedures), traumatic, spontaneous or neoplastic 
(rare, malignant neoplasms account for about 1% 
of cases) [116, 117]. CXR may show indirect 
findings, such as pneumomediastinum (PNM), 
PTX, subcutaneous emphysema, pleural effusion, 
hydrothorax, and lung collapse [118]. In patients 
with oesophageal perforation and PNM, frontal 

view may show Naclerio’s V sign, a V-shaped air 
lucency that outlines the left lower mediastinal 
area and the left medial hemidiaphragm [119]. 
Hydro-soluble contrast media oesophagography 
should be preferred over BS; indeed, although 
barium has a higher diagnostic accuracy for cervi-
cal and thoracic perforations, it may cause inflam-
matory reaction leading to mediastinitis and 
granuloma formations [117, 120]. Mediastinal or 
pleural extravasation of contrast material is a key 
finding [120] (Fig. 11.14; Video 11.14). The pro-
cedure should be repeated after 4–6 h in case of 

a

c

b

Fig. 11.14 Oesophageal perforation. (a) Chest radio-
graph (frontal view) of a male patient with chest pain and 
hematemesis after an endoscopic procedure causing an 
oesophageal perforation; during the procedure endoscopic 
clips (black arrowhead) were positioned. Mediastinal air 

can be highlighted (white arrow). (b) Axial CT image 
confirming pneumomediastinum (white arrow). (c) 
Hydro-soluble contrast media oesophagography clearly 
demonstrates mediastinal extravasation of contrast mate-
rial (white arrow)
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negative results with persistent strong clinical sus-
picion of oesophageal perforation, given that 
10–38% of cases can be falsely negative [118, 
121]. On CT, presence, location and severity of 
perforation are depicted by extravasation of oral 
contrast media. Additional findings are mediasti-
nal gas bubble/fluid, oesophageal wall thickening, 
pneumopericardium, PTX and pneumoperito-
neum [118, 120]. CT is particularly useful to 
define the underlying cause of the oesophageal 
perforation, e.g. foreign bodies or tumours, as 
well as complications such as oesophago-respira-
tory fistulas [122].

11.4.6.2  Boerhaave Syndrome
Spontaneous oesophageal perforations 
(Boerhaave syndrome) are rare life-threatening 
surgical emergencies, usually occurring in 
middle-aged men presenting with severe chest 
pain, vomiting and subcutaneous emphysema. 
The complete transmural laceration—usually in 
the left posterior wall immediately above the dia-
phragm—results from an increased intra- 
oesophageal pressure caused by straining or 
vomiting associated with an incomplete crico-
pharyngeal relaxation [100, 116, 121]. CXR may 
show a widened mediastinum, subcutaneous 
emphysema, PNM (eventually suggested by 
Naclerio’s V sign), hydro-PTX, large pleural 
effusions and pulmonary consolidations [116, 
120]. Hydro-soluble contrast media, preferred 
over barium to reduce the risk of mediastinitis, 
may extravasate at a supradiaphragmatic level. 
Other findings are submucosal contrast media 
collections, oesophago-pleural fistulas and gas 
collections, most frequently in the left distal 
oesophageal portion [116]. To increase sensitiv-
ity for perforations, during follow-up the patients 
can be administered with barium [116]. Axial and 
MPR CT images allow to detect supradiaphrag-
matic perioesophageal gas collections, thickened 
oesophageal wall, intramural hematoma and 
mediastinal fluid [123]. The oral administration 
of 10% diluted iodinated contrast medium 
(“CT-oesophagography”) was demonstrated to 
be capable of visually documenting the oesopha-
geal perforation through extraluminal contrast 
leakage [121], which may be associated with air 

(with possible air-contrast media levels) and 
debris [124].

11.4.6.3  Mallory-Weiss Syndrome
Mallory-Weiss syndrome is characterized by lon-
gitudinal mucosal lacerations located in the distal 
oesophagus or across the GEJ, usually associated 
with forceful retching or vomiting. On oesopha-
gography, barium can—rarely—be depicted into 
linear mucosal tear; indeed, the latter is usually 
not radiologically detectable. Nevertheless, on 
CT haemorrhage or extraluminal gas can occa-
sionally be present at the site of the mucosal tear 
[124].

11.4.6.4  Intramural Hematoma 
of the Oesophagus

Intramural hematoma of the oesophagus (IHE) is 
an uncommon condition resulting from 
haemorrhage within the oesophageal wall, usu-
ally in the distal portion. The resulting hematoma 
may dissect the submucosa and eventually dis-
rupt the mucosa or the muscularis mucosae. IHE 
can be spontaneous, traumatic, emetogenic or a 
consequence of abnormal haemostasis or an aor-
tic disease [116, 125]. CXR may show a widened 
mediastinum (with large intramural hematoma) 
or an elongated high- density mass in the oesoph-
ageal anatomic location, reflecting a distended 
oesophagus. PNM, PTX and pleural effusion 
suggest oesophageal perforation [125]. Hydro-
soluble contrast media oesophagography depicts 
a well- defined filling defect and the “double-bar-
relled” oesophagus, in case of a communication 
between the hematoma and the oesophageal 
lumen secondary to mucosal rupture. Contrast 
media extravasation suggests an oesophageal 
rupture [116, 125]. CT scans show oesophageal 
wall thickening, either symmetric or asymmetric, 
and a well-defined concentric or eccentric intra-
mural posterior mass, not enhancing after intra-
venous contrast media administration; exceptions 
are IHE secondary to aorto-oesophageal fistulas, 
which adjunctively may show irregular aortic 
outpouching with air in or around the vessel, and 
passage of contrast media between aorta and 
oesophagus [126]. Air within the hematoma 
suggests mucosal tear or infection; air within the 
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mediastinum suggests transmural rupture [116, 
125]. CT densitometric measurements reveal 
blood attenuation values, varying with the age of 
the hematoma (i.e. high values for fresh blood 
and subsequent gradual decrease) [127]. MRI 
precisely delineates the age of the hematoma 
and—given the lack or radiation exposure—can 
be proposed during follow-up [127, 128].

11.4.6.5  Oesophageal Fistulas
Fistulas between the oesophagus and its adjacent 
structures (e.g. trachea, pericardium, aorta) fol-
low inflammatory and/or infective tissue destruc-
tion caused by either benign or malignant 
diseases [100, 124] (Fig.  11.15; Video 11.15). 
Patients suffering from oesophago-respiratory 
fistulas usually refer coughing attacks after swal-
lowing, xerostomia and neck and chest pain 
[116]. For oesophago-respiratory fistulas, CXR 
can show the presence of aspiration pneumoni-
tis, with unilateral/ bilateral pulmonary consoli-
dations [129]. Oesophagography performed 
after oral administration of non-ionic hydro-sol-
uble contrast media usually allows the diagnosis 
of oesophago-respiratory fistulas, demonstrating 
the fistulous tract with contrast media flowing 
into the tracheobronchial tree and the pulmonary 
parenchyma [116, 129]. Other types of fistulas 
are similarly depicted as oesophagography 

shows the fistulous tract (e.g. between the 
oesophagus and stomach) [124]. CT highlights 
fistulas even not detected at the contrast-
enhanced oesophagography and can define pres-
ence, number, location and extent of the fistulous 
tract [116, 130]; furthermore, the detectability 
can be increased with oral administration of con-
trast media to expand the fistulous tract. MIP and 
MPR images allow a multiplanar evaluation of 
the fistulous tract. Virtual endoscopy can define 
size and location of the fistula guiding endo-
scopic biopsy and treatment [131, 132].

11.4.7  Foreign Body Impaction

Sites of physiological oesophageal luminal nar-
rowing (the upper oesophageal sphincter at the 
thoracic inlet, the mid-oesophagus at the aortic 
arch and the LES at the GEJ) are the locations 
where ingested foreign bodies (FB) most com-
monly impact [100].

In infants and young children, the ingestion of 
coins or batteries may be associated with chest 
pain, and—particularly for batteries—the muco-
sal corrosive damage can lead to critical conse-
quences [133, 134]. Frontal and lateral 
radiographies of the neck, chest and abdomen 
depict the presence and number of radiopaque FB 

a b

Fig. 11.15 Aorto-oesophageal fistula. (a) Native CT 
image of a female patient with digestive haemorrhage and 
previous diagnosis of type B aortic dissection showing 
hyperdense material in the gastric lumen (white arrow), 
consistent with blood clots. (b) CT image after contrast 

administration at a carinal level with a lack of visualiza-
tion of fatty planes between the oesophagus and thoracic 
descending aorta (white arrowhead). The findings were 
suggestive of an aorto-oesophageal fistula
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and can differentiate between coins, magnets and 
button batteries [134, 135]. Visibility and detec-
tion of low-opacity FB on neck radiographs can 
be increased through a low peak kilovoltage tech-
nique (65–70 kVp), to increase contrast between 
tissues and FB [136]. In case of non- radiopaque 
foreign bodies (e.g. plastic toys, aluminium 
objects, fish bones, plant materials), fluoroscopic 
studies can be evaluated to detect FB—appearing 
as a filling defect after administration of hydro-
soluble oral contrast media—and its locations, as 
well as the presence of obstruction [134]. In case 
of suspected obstruction or oesophageal perfora-
tion, the administration of barium should be 
avoided because of the risk of spillage into the 
mediastinal or pleural space [133] and because it 
can obscure the visualization of the FB during the 
endoscopic removal procedure [122]. CT can be 
performed if the FB is not detected on radiogra-
phies in patients with persistent symptoms, with 
clinical suspicion of abscess or gastrointestinal 
obstruction. MPR images may help to evaluate 
FB greater than 5 cm, with sharp margins [134], 
and to detect complications (perforations, fistulas, 
abscesses) [133].

11.4.8  Acute Mediastinitis

Acute mediastinitis (AM) is a life-threatening 
condition resulting from acute inflammation of 
the connective and adipose tissues surrounding 
the mediastinal structures secondary to surgery, 
oesophageal perforation or spread of infections 
such as sternal osteomyelitis, sternoclavicular 
septic arthritis and oropharyngeal, cervical and 
odontogenic infections (i.e. descending 
necrotizing mediastinitis) [116]. CXR may depict 
mediastinal widening associated with gas bub-
bles or air-fluid levels [137]. CT findings suspi-
cious for AM are mediastinal fat haziness, 
mediastinal free gas bubbles, fluid collections, 
enlarged lymph nodes, pleural or pericardial 
effusions, lung infiltrates and sternal dehiscence. 
Among these findings, mediastinal fluid collec-
tions and free gas bubbles provide the higher 
diagnostic yield [138]. Furthermore, CT can 
guide the positioning of drainage tubes [137], if a 

low- density fluid collection is detected in a 
febrile patient [130, 139].

AM occurs in 0.5–5% of patients after trans- 
sternal cardiac procedures, and it is associated 
with high morbidity and mortality rates (7–80%) 
[137, 139]. The mediastinal widening on CXR is 
not a specific finding as it can reflect postsurgical 
haemorrhage and oedema. Furthermore, fluids 
and gas bubbles can persist for weeks after the 
removal of drainage tubes [139]. Sternal dehis-
cence is associated with AM and can be suspected 
in case of displacement or disruption of the ster-
nal wires observed in serial CXR [116, 140].

11.4.9  Spontaneous Mediastinal 
Hematoma

Spontaneous mediastinal hematoma (SMH) is a 
rare condition occurring in patients with bleeding 
disorders, clotting abnormalities, mediastinal 
structures/masses’ haemorrhage, mediastinal 
small-vessel injury following a sudden increase 
in intrathoracic pressure or a sustained hyperten-
sion [116, 141, 142]. CXR may depict mediasti-
nal widening, eventually associated with signs of 
mediastinal haemorrhage detectable on supine 
CXR, such as abnormalities of the aortic con-
tours [116, 143]. At CT, mediastinal hematomas 
may appear as soft tissue masses including areas 
of haemorrhage (high densitometric values in 
case of recent bleeding) with possible displace-
ment/compression of mediastinal structures. 
Aortic dissection or extravasation is excluded 
after intravenous administration of contrast 
media. MRI can delineate the age of the hema-
toma according to changes of the signal intensity 
[116, 141, 142, 144].
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Abdominal Pain: Clinical Features

Marina Pace and Fabio Pace

12.1  Introduction

Abdominal pain is a frequent complaint and rea-
son for consultation both in primary care [1] and 
emergency department [2]. It affects nearly every 
person once in their lifetime independent from 
age, gender, and social background [3, 4].

The evaluation of any patient with a complaint 
of abdominal pain is challenging. Abdominal 
pain can be caused by a broad spectrum of 
diseases from primarily trivial and self-limited 
(e.g., acute gastroenteritis) to life-threatening 
conditions (e.g., abdominal aortic aneurysm).

The distinction between acute, subacute, and 
chronic abdominal pain is related to the time 
frame: abdominal pain is considered acute when 
it has been occurring for several days (see below 
for an operative definition), subacute when it has 
been occurring more than several days but less 
than 6 months, and chronic when it has been 
occurring constantly or intermittently over at 
least 6 months [5].

In this chapter we will mainly focus on acute 
abdominal pain (AAP), which is frequently a 
challenging clinical situation, where a correct 

diagnosis is mandatory in the shortest possible 
time in order to start the proper medical or surgi-
cal therapy. Chronic abdominal pain is generally 
a clinical picture more frequently encountered in 
ambulatory patients seen by GPs or specialists 
outside the setting of an emergency department. 
Basically, the same organic causes may be pres-
ent as those found in AAP, but differently from 
AAP, a functional etiology may be present, such 
as irritable bowel syndrome (IBS) or functional 
abdominal pain (FAP), in which all diagnostic 
laboratory or imaging tests are by definition neg-
ative (cfr Rome definition) [6]). For example, in a 
recent meta-analysis [1], it was found that in 14 
studies considered, conducted in primary care, in 
about one-third of patients, the underlying cause 
of abdominal pain cannot be specified. The most 
common etiologies were gastroenteritis (7.2–
18.7%), irritable bowel disease (2.6–13.2%), uro-
logical cause (5.3%), and gastritis (5.2%). About 
one in ten abdominal pain patients were suffering 
from an acute disease like appendicitis (1.9%), 
diverticulitis (3.0%), biliary/pancreatic (4.0%), 
or neoplastic (1.0%) diseases needing immediate 
therapy.

For these reasons, chronic abdominal pain 
will not be further considered here.

In the present chapter, we will briefly present 
the definition of AAP, consider the possible eti-
ologies of AAP focusing on the abdominal 
sources, and describe the clinical features of 
them, examining the link between specific loca-
tions and specific causes of AAP. Finally, we will 
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consider the relevant diagnostic role of the physi-
cal examination, possibly coupled with a core of 
laboratory tests.

12.2  Epidemiology and Definition

The overall prevalence of AAP is difficult to esti-
mate, since AAP is a heterogeneous and spec-
trum condition, which is both a frequent reason 
for presentation at the emergency department, 
with a reported figure ranging from 5 to 10% of 
total causes [2], and of consultation in the pri-
mary care setting, with a mean consultation 
prevalence of 2.8% [1]. AAP can be caused by 
conditions stemming from abdominal and extra- 
abdominal organs and by a variety of diseases 
ranging from mild and self-limiting to life- 
threatening diseases [2]. Clearly, an accurate and 
timely diagnosis is mandatory to an optimal tri-
age and management of different causes of AAP, 
since urgent conditions often need a diagnosis 
within 24 h to prevent complicated or even fatal 
outcomes. Among common urgent causes, acute 
appendicitis, acute diverticulitis, and bowel 
obstruction are the most prevalent ones, whereas 
most frequent nonurgent causes are nonspecific 
abdominal pain (NSAP) and gastrointestinal 
diseases.

Despite several terms and definitions are cur-
rently used to describe patients with AAP, with the 
most common terms used being “acute abdomen” 
and “acute abdominal pain,” we suggest to avoid 
the former because it misleadingly suggests an 
urgent condition needing a surgical management; 
we prefer, among others, the term “acute abdomi-
nal pain” which should be defined as abdominal 
pain of nontraumatic origin with a maximum dura-
tion of 5 days [7].

12.3  Clinical Assessment

The first step in the diagnostic pathway is clinical 
evaluation [7]. In everyday practice, a preliminary 
diagnosis will be made based on medical history, 
physical examination, and subsequently some 
laboratory parameters. Only after this first step, it 

can be decided whether or not additional diagnos-
tic investigations are needed to increase the likeli-
hood of the diagnosis. Thus, the distinctive 
features of pain must be carefully assessed, start-
ing with location, intensity, and character of 
abdominal pain. Additionally, alleviating or 
aggravating factors could be considered and addi-
tional symptoms searched for.

Location Probably the first clue to understand 
the cause of AAP is to consider the exact loca-
tion of pain, and therefore it should drive the 
evaluation [8]. Pain occurring in the right upper 
quadrant should suggest the possibility of 
 cholelithiasis, cholangitis, colitis, diverticulitis, 
abscess, hepatitis, masses, pneumonia, and 
embolus. Pain occurring in the epigastrium can 
raise the suspicion of cholelithiasis, cholangitis, 
myocardial infarction, pericarditis, esophagitis, 
gastritis, peptic ulcer, pancreatitis, masses, aortic 
dissection, and mesenteric ischemia. In case of 
pain in the left upper quadrant, angina, myocar-
dial infarction, pericarditis, esophagitis,  gastritis, 
peptic ulcer, pancreatitis, masses, nephrolithia-
sis, pyelonephritis, aortic dissection, and mesen-
teric ischemia can be considered. Periumbilical 
pain location can suggest early appendicitis, 
esophagitis, gastritis, peptic ulcer, small bowel 
mass or obstruction, aortic dissection, or mesen-
teric ischemia, while in case pain occurs in the 
right lower quadrant, appendicitis, colitis, diver-
ticulitis, IBD, IBS, ectopic pregnancy, fibroids, 
ovarian mass, torsion, PID, nephrolithiasis, or 
pyelonephritis should be ruled out. Similar pos-
sibilities (appendicitis, colitis, diverticulitis, 
IBD, IBS, ectopic pregnancy, fibroids, ovarian 
mass, torsion, PID, cystitis, nephrolithiasis, 
pyelonephritis) should be considered in case of 
soprapubic pain, while pain in the left lower 
quadrant is suggestive of colitis, diverticulitis, 
IBD, IBS, ectopic pregnancy, fibroids, ovarian 
mass, torsion, PID, nephrolithiasis, or pyelone-
phritis. Additionally, some disease can induce 
abdominal pain without any location preference 
(herpes zoster, muscle strain, hernia, bowel 
obstruction, mesenteric ischemia, peritonitis, 
narcotic withdrawal, sickle cell crisis, porphyria, 
IBD, heavy metal poisoning).
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For some diagnoses, such as appendicitis, the 
location of pain has a very strong predictive value 
[9]. Based on this consideration, the American 
College of Radiology has developed clinical 
guidelines, called “Appropriateness Criteria,” to 
help physicians choose the most appropriate 
imaging study based on AAP location. For 
appendicitis, right lower quadrant pain has the 
highest positive predictive value, although 
migration from periumbilical to right lower 
quadrant and fever also suggest appendicitis. 
Following the delineation of the pain’s location, 
further characteristics of AAP to be assessed are 
radiation and movement (as an example, 
appendicitis-associated pain frequently moves 
from the periumbilical area to the right lower 
quadrant of the abdomen). Finally, the physician 
should obtain general information about onset, 
intensity, and character of pain.

Onset The onset of biliary pain is more likely to 
occur during periods of weight reduction and 
marked physical inactivity such as prolonged bed 
rest than at other times. In case of acute pancre-
atitis, the onset of pain is rapid but not as abrupt 
as that of a perforated viscus, which usually 
reaches its maximal intensity in 10–20 min.

Intensity and Character Acute abdominal pain 
usually follows one of four patterns, which are use-
ful but at the same time require caution, both 
because patient’s description may be unclear or 
vague and because a given descriptor may be attrib-
utable to a number of conditions. Basically the pain 
may be [5] (a) spontaneously remitting, (b) colicky, 
(c) progressive, and (d) immediately incapacitat-
ing. The first type of pain is typical of trivial causes, 
such as acute gastroenteritis. Patients with obstruc-
tion of a hollow viscus, as in intestinal obstruction, 
renal colic, or biliary pain, present with the gradual 
onset of cramping pain that follows a sinusoidal 
pattern of intense pain alternating with a period of 
relief. Nausea and vomiting are characteristic 
symptoms associated with this group of disorders. 
The absence of colic pain is useful for ruling out 
diseases such as acute cholecystitis; less than 25% 
of patients with acute cholecystitis present without 
right upper quadrant or colic pain [10].

The third pattern is of gradually increasing 
discomfort, usually vague and poorly localized at 
the start but becoming more localized as the pain 
intensifies. This picture is usually caused by 
inflammation, as with acute appendicitis or diver-
ticulitis. Finally, pain that is prostrating, physi-
cally incapacitating the sufferer, is usually caused 
by a severe, life-threatening disease such as a 
perforated viscus, ruptured aneurysm, or severe 
pancreatitis. Some disorders, such as acute chole-
cystitis, may start out as colicky pain but evolve 
into a constant pain as cystic duct obstruction 
leads to gallbladder inflammation [5].

Contrary to common belief, analgesia does 
not mask the signs and symptoms of AAP [11], 
and therefore pain relief and even the use of 
opioids in case of severe pain do not actually 
increase the risk of error in the diagnostic and 
therapeutic pathway, neither in adults (Level A) 
[12] nor in children [13] (Level B).

Initial evaluation of patients with acute 
abdominal pain should rapidly and objectively 
assess the intensity of the pain in order to guide 
appropriate pain management. The intensity of 
pain is a subjective perception, which does not 
correlate with clinical findings, laboratory param-
eters, or diagnostic imaging findings [14]. Several 
studies have demonstrated that the medical staff 
underestimates patient’s pain in comparison with 
the way patients appraise themselves [15, 16]. 
Simple and repeatable pain measurements using 
one-dimensional and multidimensional scales 
have been developed for objective assessment of 
individual pain perception. One-dimensional 
scales such as the visual analogue scale (VAS), 
verbal rating scale (VRS), and numerical rating 
scale (NRS), as well as the “smiley analogue 
scale” (SAS), are used in the acute setting [14] 
(Fig. 12.1).

Aggravating and Alleviating Factors The rela-
tionship of pain with positional changes, meals, 
bowel movements, and stress may gather impor-
tant diagnostic informations. Patients with peri-
tonitis, for example, lie motionless, whereas 
those with renal colic may writhe in an attempt to 
find a comfortable position [5]. In acute pancre-
atitis, there is little pain relief with changing 
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position. Patients with appendicitis, like other 
patients with peritonitis, tend to lie still rather 
than move about.

Sometimes, certain foods exacerbate pain. A 
classic example is the relationship between the 
intake of fatty foods and the development of 
biliary pain. Pain associated with duodenal ulcer 
often is alleviated by meals [5]. By contrast, 
patients with gastric ulcer or chronic mesenteric 
ischemia may report exacerbation of pain while 
eating. Patients often self-medicate to alleviate 
symptoms. A history of chronic antacid or of 
nonsteroidal anti-inflammatory drug use, for 
example, may suggest the presence of gastroduo-
denal ulcer disease.

Associated Symptoms Information regarding 
recent occurrence of systemic symptoms (e.g., 
fever, chills, night sweats, weight loss, myalgias, 
arthralgias) or changes in digestive function (e.g., 
anorexia, nausea, vomiting, flatulence, diarrhea, 
constipation), jaundice, dysuria, changes in men-
struation, and pregnancy should be gathered from 
the patient. A careful review of these symptoms 
may reveal important diagnostic information. For 
example, clear vomitus may be suggestive of gas-
tric outlet obstruction, whereas fecal vomitus 
suggests more distal small bowel or colonic 
obstruction. Symptoms in patients with abdomi-
nal pain that are suggestive of surgical or emer-
gent conditions include fever, protracted 
vomiting, syncope or presyncope, and evidence 
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Fig. 12.1 One-dimensional pain scales depicting exam-
ples of pain ratings. Pain is assigned to a range between 0 
and 100 mm (VAS), a selection of possible answers (VRS), 
a numerical value between 0 and 10 (NRS), or a facial 
expression (SAS). (A) Visual analogue scale (VAS). (B) 

Numerical rating scale (NRS). (C) Verbal rating scale 
(VRS). (D) The ‘Smiley’ analogue scale (SAS) (from 
Falch C, Vicente D, Häberle H, et al. Treatment of acute 
abdominal pain in the emergency room: A systematic 
review of the literature. Eur J Pain 2014;14: 902–913)
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of gastrointestinal blood loss [8]. Combining all 
the informations together may increase the likeli-
hood of a particular disease entity.

Past Medical History A careful medical history 
should be obtained from a nonsedated patient, 
when this proves possible. Previous experience 
with similar symptoms suggests a recurrent prob-
lem. Patients with a history of partial small bowel 
obstruction, renal calculi, or pelvic inflammatory 
disease are likely to have recurrences [8]. To fur-
ther increase the likelihood of a diagnosis, the 
history of chronic symptoms needs to be evalu-
ated; for example, constipation has a high predic-
tive value for bowel obstruction, whereas a 
history of chronic abdominal pain resembling the 
one exhibited by patients with IBS but frequently 
lasting more than 24 h is to be found in patients 
with acute diverticulitis [17]. As recalled above, 
many patients who prove to have peptic ulcer dis-
ease (with a positive or negative status for H. 
pylori infection) report recent use of nonsteroidal 
anti-inflammatory drugs, pain relieved by food, 
and nighttime awakening with pain. Patients with 
a systemic illness such as scleroderma, systemic 
lupus erythematosus, nephrotic syndrome, por-
phyria, or sickle cell disease often have abdomi-
nal pain as a manifestation of the underlying 
disorder. Abdominal pain also may arise as a side 
effect of a medication taken for another disease.

12.4  Physical Examination

In the emergency department, the physical exami-
nation of the patient with acute abdominal pain 
begins with an assessment of the patient’s appear-
ance and airway, breathing, and circulation (ABC 
rule) [5]. (A) Airway: Is the patient able to main-
tain an airway? Does an impaired sensorium 
endanger the patient’s airway or pose a risk for 
aspiration of vomit or oral secretions? (B) 
Breathing: How effectively is the patient breath-
ing? Are breaths rapid and shallow? Is the use of 
accessory muscles evident? Does the patient 
appear tachypneic? (C) Circulation: Circulation 
encompasses three areas of assessment – (1) Is the 
patient in shock, as suggested by pallor, cyanosis, 

mottling, prostration, hypotension, tachycardia, 
or other signs of hypoperfusion? (2) Has intrave-
nous access been established? (3) Is there evi-
dence of active bleeding? If hemodynamic 
instability is apparent, including clinical evidence 
of shock, surgical consultation should be sought 
immediately, and consideration should be given to 
endotracheal intubation and resuscitation early in 
the encounter. The adage in acute care surgery 
that “death begins in radiology” should be a 
reminder that hemodynamic resuscitation should 
precede diagnostic imaging. Patients who are in 
shock demand urgent care and should not be sent 
for imaging studies without aggressive resuscita-
tion and monitoring.

Following this, the physician should pay 
attention to the patient’s ability to talk, breathing 
pattern, position in bed, posture, degree of 
discomfort/pain (see earlier), as well as facial 
expression. Peritonitis is highly suggested by a 
picture of a patient lying still in bed, in fetal 
position and reluctant to move or speak, with a 
distressed facial expression. On the other hand, a 
patient who looks restless and changes frequently 
position likely has an intestinal obstruction. 
Tachypnea may be a sign of metabolic acidosis 
caused by shock. All patients should undergo a 
careful, systematic examination, regardless of the 
differential diagnosis suggested by the history.

Abdominal Examination Examination of the 
abdomen is central to the evaluation of a patient 
with acute abdominal pain, and the four canonical 
steps of physical examination, i.e., inspection, 
auscultation, palpation, and (less importantly) fin-
ger percussion, should begin with a careful 
inspection. The entire abdomen, from the nipple 
line to the thighs, needs to be exposed. Obese 
patients should be asked whether the degree of 
protrusion of the abdominal wall is more than 
usual. Assessment for the presence of bowel 
sounds and their character should precede any 
maneuvers that might alter the abdominal con-
tents. Traditionally, it is reported that before con-
cluding that an abdomen is silent, the examiner 
should listen for at least 2 minutes and in 
more  than one quadrant of the abdomen [5]. 
Experienced listeners will distinguish the 
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 high- pitched  churning of a mechanical small 
intestinal obstruction from the more hollow 
sounds of toxic megacolon (like dripping in a cav-
ern). Palpation should be very prudent, and pos-
sibly the examiner should begin to palpate the 
abdomen with the head of the stethoscope while 
carefully watching the patient’s facial expression. 
If tenderness is detected, an assessment for 
rebound tenderness should be elicited by finger 
percussion. Hand palpation is performed next. 
One important trick is to palpate last the area 
which seems to be the epicenter of pain to prevent 
involuntary guarding and muscular rigidity. 
Patients with a rigid abdomen rarely reveal any 
additional findings (such as a mass) on physical 
examination. Because these patients usually have 
a surgical emergency, abdominal examination 
might be postponed after the completion of gen-
eral anesthesia, just before laparotomy. Finally, 
the pelvic organs and external genitalia should be 
examined in every patient with acute abdominal 
pain. The rectum and vagina provide additional 
avenues for gentle palpation of pelvic viscera. 
Gynecologic pathology should be excluded in all 
women with acute abdominal pain.

Interestingly, for these three different acute 
conditions, the highest value of likelihood ratio is 
achieved by a different feature: for appendicitis it 
is the location of pain in the right lower abdominal 
quadrant (8.4); for bowel obstruction it is the clini-
cal finding of a history of constipation (8.8); and 
for cholecystitis it is an information gathered at 
bowel examination, namely, a positive Murphy’s 
sign (5.0). Thus, a constellation of different find-
ings may contribute with different diagnostic 
weight to suggest a particular disease entity.

12.5  Laboratory Data

The history and physical examination findings 
generally rarely are sufficient per se to establish a 
firm diagnosis in a patient with AAP.  The 
suggested core of laboratory examinations for 
AAP patients presenting at an emergency 
department includes a complete blood count, 
with a differential count, urinalysis, the 

determination of serum electrolyte, blood urea 
nitrogen, creatinine, and glucose levels. These 
tests allow to assess the patient’s fluid and acid- 
base status, renal function, and metabolic state. A 
mandatory examination in all women of 
reproductive age with abdominal pain is a urine 
pregnancy testing. Liver biochemical tests and 
serum amylase/lipase levels should be ordered 
for patients with upper abdominal pain or with 
jaundice. An increase of serum amylase may 
follow not only acute pancreatitis but also a 
perforated ulcer or an acute cholecystitis. The 
determination of serum lipase, which peaks with 
a slightly delayed interval compared with 
amylase in acute pancreatitis, may have greater 
accuracy. Leukocytosis, particularly when 
associated with immature band forms, is an 
important finding. However, it should never be 
the single deciding factor leading or not to a 
surgical approach. A white blood cell count 
>20,000/μL may be encountered in a visceral 
perforation, but it can also be found in patients 
with acute pancreatitis, acute cholecystitis, and 
intestinal infarction, and on the other hand, a 
normal white blood cell count is not rare in 
patients with abdominal viscera perforation. The 
finding of anemia may be more helpful in 
suggesting a viscus perforation than the white 
blood cell count, especially when combined with 
the clinical history. Metabolic acidosis, an 
elevated serum lactate level, and a depressed 
bicarbonate level are all associated with tissue 
hypoperfusion and shock. Patients who manifest 
these findings are likely to require urgent surgical 
intervention or intensive care.

At the end of this section, it must be pointed 
out that, according to some recent studies [2, 18], 
the diagnosis solely based on medical history and 
physical examination has a high sensitivity but a 
low specificity. For example, in the study by 
Lameris et al. [2], the respective values were 88% 
and 41%, with 12% of missed diagnoses but 27% 
of false-positive ones. The consequences for a 
high sensitivity for urgent conditions are 
clinically important, as patients with an urgent 
diagnosis being discharged home and left 
untreated are undesirable; false-positive urgent 
diagnoses, on the other hand, could lead to 
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overtreatment, with undue costs and time efforts. 
Even the addiction of selected laboratory 
examinations would lead to a low rate of correct 
diagnoses (46–48% only) of patients with 
abdominal pain ((evidence level (EL) B) [7]. The 
diagnostic accuracy increased when the outcome 
of clinical evaluation was the differentiation 
between urgent and nonurgent conditions and not 
so much a specific diagnosis.

Sensitivity of medical history, physical exami-
nation, and laboratory values is higher for differ-
entiating urgent from nonurgent conditions than 
for a specific diagnosis (EL A2) [2, 7]. Therefore, 
according to a recent evidence-based guideline 
developed for the diagnostic pathway of patients 
with abdominal pain of nontraumatic origin, the 
diagnostic accuracy of medical history and physi-
cal examination is insufficient to reach a correct 
diagnosis with or without laboratory parameters 
(EL 2). However, the diagnostic accuracy of med-
ical history, physical examination, and/or labora-
tory parameters is sufficient to discriminate 
between urgent and nonurgent causes and justify 
the choice for additional imaging in suspected 
urgent conditions (EL 2). Patients suspected of a 
nonurgent condition need no admission and can 
return to the outpatient clinics for re-evaluation 
the next day [19].

Which additional imaging test and in which 
order are beyond the scope of the present chapter, 
although different conditional strategies have 
been reported to improve the diagnostic 
performance of medical history and physical 
examination combined [2].

Finally, it appears that nonspecific abdominal 
pain is the main differential diagnostic problem 
in the emergency department (ED) also for diag-
noses requiring surgery [18]. In a study designed 
to identify the differential diagnostic difficulties 
in acute abdominal pain at the ED and during 
hospitalization, conducted on 2851 patients with 
abdominal pain lasting for up to 7 days seen at 
ED and re-evaluated 1 year after discharge, it was 
found that some diagnosis had low sensitivity at 
entry but markedly increased sensitivity at dis-
charge. They were nonspecific abdominal pain 
with a sensitivity value at the ED of 0.43, appen-
dicitis 0.80, gallstones 0.68, constipation 0.74, 

and peptic ulcer 0.26. Corresponding kappa val-
ues for concordance between the two observa-
tions were 0.48, 0.74, 0.84, 0.88, and 0.93, 
respectively. Malignancy, gynecological com-
plaints, dyspepsia, urinary tract infection, and 
diverticulitis displayed fairly good concordance 
between the preliminary and discharge judg-
ments, but the predictive diagnostic value was 
still low at discharge. Sensitivity values at dis-
charge were 0.40, 0.75, 0.73, 0.77, and 0.83, 
respectively. Among 479 surgically treated 
patients, 104 initially received a diagnosis usu-
ally not requiring surgery and had a median delay 
until operation of 22 h (95% CI 30–50 h), com-
pared with 8 h (12–18 h) for referrals. The con-
clusion of the authors was that nonspecific 
abdominal pain is the main differential diagnos-
tic problem in the emergency department also for 
diagnosis requiring surgery. Constipation is a 
diagnostic pitfall, and when making this diagno-
sis a careful re-evaluation is necessary.
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13.1  Introduction

Gallbladder disease is one of the most common 
conditions that affects a significant portion of the 
worldwide population, and symptomatic choleli-
thiasis is responsible of a significant percentage of 
emergency department visit for abdominal pain.

The epidemiology and risk factors of choleli-
thiasis have been widely investigated over the last 
several decades. Gallstones formation is the result 
of a complex interaction of multiple factors, 
including increasing age, hormonal effects (female 
gender, parity, exogenous oestrogens) metabolic 
disorders (obesity, diabetes mellitus, dyslipidae-
mia), dietary factors (high cholesterol diets), liver 
disease (cirrhosis, HCV infection), gallbladder 
stasis (long-term parental nutrition, low physical 
activity), and also genetics factors [1].

Crystalline deposits in the gallbladder are 
classified by chemical composition: cholesterol 
stones (>70% of cholesterol content), the most 
common type in the Western world, formed by 
supersaturation of cholesterol and associated 
with a decrease in the quantity of bile salt and 

lecithin, and mixed stones (from 30 to 70% of 
cholesterol content) and pigmented stones 
 (cholesterol <30%), further distinguished into 
black and brown stones. Black stones are formed 
from polymerized calcium bilirubinate and are 
associated with hemolytic disorders and cirrho-
sis; brown pigment stones are composed of unpo-
lymerized calcium bilirubinate, are most common 
in Oriental population, and are correlated with 
recurrent pyogenic cholangitis and biliary para-
site infections [2–4].

As well as their cause, the types of gallstone 
vary by the measures attempted to prevent their 
formation, their response to dissolution therapy, 
and their appearance on imaging procedures [5].

The prevalence of cholelithiasis in the devel-
oped countries varies between 5 and 25%, and 
most patients are asymptomatic. It was calculated 
that each year approximately 2–4% of people 
with gallstones develop symptoms [5, 6] with 
biliary colic being the most common symptom.

13.2  Biliary Tract Obstruction

13.2.1  Cholelithiasis and Biliary Colic

Biliary colic is typically steady in quality rather 
than “colicky” as the name implies, and it is 
described as a constant, dull right upper quadrant 
abdominal pain, sometimes radiating to the right 
back or the shoulder and not relieved or exacer-
bated by movement, position, or bowel function. 
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Typically, pain will last more than 30 min with 
the maximum time being 6 h [7, 8].

It results from gallbladder distention after 
acute and usually transient obstruction of the cys-
tic duct by stones or sludge. When the stone falls 
back into the gallbladder or migrates into the 
common bile duct (CBD), the pain usually sub-
sides; otherwise, gallstones can obstruct the cystic 
duct or gallbladder neck with an irritation of the 
gallbladder mucosa, a subsequent release of sev-
eral inflammatory mediators, and progressive 
gallbladder wall inflammation, typically leading 
to an acute cholecystitis.

The presence of biliary stones into the 
choledochus defines the condition of 
choledocholithiasis.

This pathological entity is classified as pri-
mary or secondary according to stone origin: the 
primary form refers to stones formed directly 
within the biliary tree, while the secondary refers 
to stones ejected from the gallbladder. Primary 
choledocholithiasis is generally composed of 
brown stones and is rare in Western populations, 
while secondary choledocholithiasis is charac-
terized by a stone composition analogous to that 
of cholelithiasis, with cholesterol as the most 
common type [9].

Once in the CBD, stones may reach the duode-
num following the bile flow; otherwise, also 
owing to the smaller diameter of the distal duct 
caliber at the Vater papilla, they may remain in the 
choledochus. In this latter case, gallstones may be 
mostly asymptomatic or cause a variety of bile 
flow problems, including complete obstruction 
and jaundice. Bile stasis may be also responsible 
for bile infection and consequent ascending chol-
angitis, whereas bile/pancreatic juice flow 
obstruction may potentially trigger the intrapan-
creatic activation of pancreatic enzymes, causing 
acute biliary pancreatitis. Hepatic abscesses may 
also be a rarer infectious complication of choledo-
cholithiasis, whereas chronic CBD obstruction 
may also cause biliary cirrhosis.

Extremely rarer is the condition of an obstruc-
tion of the common hepatic duct due to extrinsic 
compression by an impacted gallstone in the gall-
bladder neck, known as Mirizzi syndrome. Patients 
typically present with fever, right upper quadrant 

pain, and obstructive jaundice. Repeated bouts of 
recurrent cystic duct stone impaction and inflam-
mation may lead to a cholecystobiliary fistula [10].

13.2.1.1  Imaging of Primary 
Condition

Since its advent in 1968, the endoscopic retro-
grade cholangiopancreatography (ERCP) has 
become the gold standard in the setting of biliary 
obstruction. It is an invasive procedure technique 
for the examination and intervention of the biliary 
tract, with a reported complication rate of 1 to 9% 
and a mortality rate from 0.2 to 0.5% [11].

Advances in biliary radiology with US, CT, 
and MRI technology have allowed an accurate, 
noninvasive imaging of the biliary tree and 
pancreas, in the setting of biliary obstruction and 
in the investigation of its causes and severity. In 
some cases, a multimodality imaging approach 
may be necessary.

US
Abdominal ultrasonography is the imaging of 
choice in patients with upper abdominal quadrant 
pain and is widely recommended as the initial 
imaging test in case of suspicion of biliary colic 
because of its high sensitivity and accuracy, 
noninvasiveness, lack of ionizing radiations, 
relatively low cost, and widely available.

Its accuracy for detecting gallbladder stones is 
more than 95%, and its sensitivity is comparable 
to that of MR cholangiopancreatography (MRCP) 
(97.7%), although it is less sensitive for the detec-
tion of microlithiasis and biliary sludge [12].

The characteristic findings of gallstones at US 
are a highly reflective echo from the anterior wall 
of the gallstone, gravitational mobility of the 
gallstone on repositioning the patient, and marked 
posterior acoustic shadowing (Fig.  13.1). This 
latter finding is extremely important in regard to 
the specificity of the technique and furthermore 
for the differential diagnosis of a gallbladder 
mass seen at US, because non-shadowing 
structures are considerably less likely than shad-
owing structures to represent gallstones.

When the gallbladder is completely filled with 
stones, the resulting appearance is termed the 
wall-echo-shadow sign (Fig.  13.2): the anterior 
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gallbladder wall is echogenic; a thin layer of bile 
immediately underneath the anterior wall is usu-
ally seen as a dark line; finally, the most superfi-
cial stones are seen as a highly echogenic layer 
beneath the bile with associated intense shadow-
ing that obscures the deeper stones and the poste-
rior gallbladder wall [12].

Even though US has a high specificity for cho-
ledocholithiasis, its sensitivity ranges from 22 to 
33% for detecting CBD stones [13, 14].

The major limitation for US in detecting CBD 
stones is mostly represented by the presence of 
intestinal gas, which often obscures the distal 
common duct and the ampulla of Vater.

Operator experience also plays a major role: 
when the examination is performed by an expert 
operator, sensitivity is nearly double (77–90%) 
than that of an operator with little experience 
(37–47%) [15].

US, however, is able to detect indirect signs of 
obstruction, in particular the subsequent dilatation 
of the CBD and even of the intrahepatic biliary 
tree. Biliary dilatation greater than 6  mm in 
patients with an intact gallbladder and than 
10  mm postcholecystectomy is suspected of 
biliary obstruction.

CT
Although ultrasonography (US) is the most use-
ful imaging modality for initial evaluation of the 
biliary system, multidetector computed tomogra-
phy (CT) is often ordered in the emergency 
department for patients who present with nonspe-
cific abdominal complaints or in cases where US 
findings are equivocal.

The sensitivity of CT for detecting choledo-
cholithiasis varies between 72 and 88%; 
 however, sensitivities for direct depiction 
(excluding indirect signs like ductal dilatation 
from criteria) of CBD stones have not exceeded 
75% [16–18].

The appearance of gallstones on CT imaging 
varies with their chemical composition; stones 
may be heterogeneous in appearance, ranging 
from being heavily calcified and radiopaque to 
being slightly less radiopaque than bile due to 
cholesterol and to having gas attenuation due to 
locules of nitrogen gas, and may vary in appear-
ance even within the same patient [19] (Fig. 13.3).

Nitrogen gas accumulation within gallstone 
fissures is sometimes observed in a star-shaped 
pattern on CT, termed the “Mercedes-Benz” sign 
[12, 20].

Approximately 10 to 20% of gallstones is 
composed of pure cholesterol, which are low in 
density, and they appear isoattenuating with bile, 
resulting in being hard to see on CT images.

Detection of biliary stones depends in part on 
technologic factors and in part on the care taken 
by the interpreting physician.

In general, CBD stones at CT may be better 
evaluated using thin sections and multiplanar 

Fig. 13.1 Longitudinal scan on US exam showing mul-
tiple gallstones located on the posterior gallbladder wall

Fig. 13.2 Wall-echo-shadow sign: the gallbladder is 
completely filled with stones with intense acoustic shadow 
that obscures deeper structures
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reconstructions; unenhanced CT to establish a 
baseline helps identify biliary stones and confirm 
their lack of contrast enhancement. The use of 
narrow window settings can accentuate the atten-
uation difference between the stone and adjacent 
bile or soft tissue, improving their detection [18] 
(Fig. 13.4).

Baron has recommended using the highest kilo-
voltage setting (140 kVp) to increase the chances 
of distinguishing stones from the bile [21].

A portal venous phase image, obtained 
through the abdomen 70–80 s after the  intravenous 

injection of a 100–150-mL bolus of contrast 
material with a high iodine concentration (300–
400 mg of iodine per millimeter), is required [17].

Traditionally, the presence or absence of bile 
duct stones can be determined through the crite-
ria previously described by Baron, who illus-
trated the appearance of stones depending on a 
slice of examination [22]. In particular, the stone 
can be seen as a central density surrounded by 
hypoattenuating bile or ampullary soft tissue 
(target sign); otherwise, a faint rim of increased 
density can be visible along peripheral margin of 

a b

Fig. 13.3 Axial (a) and coronal (b) contrast-enhanced CT images show a voluminous mixed gallstone consisting in 
hypodense core and calcified shell with tiny peripheral gas collections

a b

Fig. 13.4 A 66-year-old woman with choledocholithia-
sis. Axial (a) non-enhanced CT image with narrow win-
dow setting shows hyperdense sludge within the 
iuxtapapillary choledochus (empty arrow). Coronal (b) 

contrast- enhanced CT image confirm a dilated CBD with 
intraluminal sludge seen as mildly increased density 
(white arrow) in hypoattenuating bile
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low-density calculus (rim sign). Again, a calculus 
with increased density that is surrounded by a 
crescent of hypoattenuating bile is suggestive of 
the crescent sign.

When visible on CT images, biliary stones 
have a lamellated appearance and are angulated 
and geometric in shape and tend to be in a depen-
dent posterior location in the biliary tract, with a 
crescent of bile outlining the anterior portion of 
the stone. Furthermore, signs of inflammation 
such as periductal edema, biliary epithelial 
thickening, and mural enhancement may point to 
local irritation caused by stones or to associated 
cholangitis or cholecystitis. However, mural 
enhancement has been reported to be frequently 
seen with malignancy and should prompt careful 
investigation [17].

A particular kind of CT imaging helpful for 
patients with suspected choledocholithiasis is the 
CT cholangiography, which provides a noninva-
sive opacification of the biliary tract and can be 
achieved with the administration of intravenous 
positive contrast materials, such as iopanoic acid, 
which are excreted into the bile. CT cholangiog-
raphy is helpful for patients with suspected cho-
ledocholithiasis (sensitivity 86–93%, specificity 
100%). It has also been shown to have sensitivity 
in diagnosing bile duct stones comparable with 
magnetic resonance cholangiography (>90%) 
and higher than unenhanced helical CT [23, 24].

However, this technique has some disadvan-
tages that limit its use: a pre-imaging medication 
with antihistaminic drugs is required to prevent 
potentially life-threatening allergic reactions; a 
higher dose of radiation is needed, compared 
with conventional helical CT; and furthermore, 
the excretion of currently available biliary con-
trast materials is variable and is influenced by 
poorly understood factors. In particular, patients 
with liver insufficiency and high serum bilirubin 
levels (levels >3 mg/dl) often have CT cholangio-
graphic images with insufficient opacification of 
bile ducts [25].

Definitely, CT imaging is better able to accu-
rately demonstrate the location (97%) and cause 
(94%) of biliary obstruction, compared with US, 
but US is still more sensitive, specific, and accu-
rate for diagnosis of cholelithiasis and has been 

shown to have a much higher positive predictive 
value (75% vs 50% for CT) and negative predic-
tive value (97% vs 89% for CT) for diagnosing 
acute biliary disease [26].

MRI
In acute biliary disorders, MR imaging, including 
MR cholangiopancreatography (MRCP), can be a 
valuable complement to other imaging strategies 
in patients with severe symptoms and those sus-
pected of having serious complications, especially 
when US and CT findings are inconclusive.

About 15–30% of patients who have acute 
biliary disorders are estimated to require MR 
imaging.

Because of its very high tissue contrast, multi-
sequence MR imaging can provide a more com-
prehensive and detailed evaluation of the biliary 
tree and pancreatic duct, and because of its non-
invasiveness and for the absence of the morbidity 
and mortality risk associated with ERCP, it has 
been widely adopted in the work-up of biliary 
obstruction [27].

On T1-weighted images, pigment gallstones 
appear to be hyperintense, while cholesterol gall-
stones are hypointense on the T1-weighted images; 
the reason of hyperintensity of pigment gallstones 
on T1-weighted images is in their composition, in 
particular in their metal ion content [28].

Gallstones are well depicted on MRCP, regard-
less of their location, and appear on T2-weighted 
images as foci of low signal intensity surrounded 
by bright bile (Fig. 13.5 and Fig. 13.6). Several 
studies have demonstrated that the sensitivity and 
specificity for MRCP in diagnosing choledocholi-
thiasis are high (85–92% and 93–97%), with gen-
erally better results when sections with a thickness 
of 3 mm or less are acquired [29].

However, one important pitfall is represented 
by the reduced accuracy of MR cholangiography 
in the detection of small stones. Even with thin- 
section 3D imaging techniques, the sensitivity 
for stones that are 3 mm or smaller is substan-
tially less than for larger calculi and may be less 
than 50%.

Additional limitations have also been reported, 
such as mistaking multiple impacted stones (with 
minimal surrounding bile) for a stricture or 
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misidentifying pneumobilia, which manifests as 
signal voids with all sequences, for an intrabili-
ary stone [30].

When stones are not identified despite a high 
level of clinical suspicion, more invasive studies 
such as ERCP or endoscopic US may be pursued.

In particular, EUS is considered to have high 
sensitivity, especially for small CBD stones, seem-
ing to be superior in the detection of CBD stones 
than 5 mm in diameter, compared to MRCP.

Endoscopic retrograde cholangiopancreatog-
raphy (ERCP), despite its small but not negligible 
risk of complications, represents the most accu-
rate diagnostic procedure for detecting CBD 
stones and also allowing their removal [31].

13.2.1.2  Imaging of Complications
The most frequent complications of choledocho-
lithiasis are acute cholangitis and gallstone 
pancreatitis.

a b

Fig. 13.5 (a) Axial T2-weighted MR image shows a dis-
tended gallbladder with several small stones layered in the 
lumen. (b) MR cholangiopancreatogram confirms the 

presence of numerous tiny stones in the gallbladder; the 
main bile duct and intrahepatic branches are dilated, but 
non-stones are clearly present in the lumen

a b

Fig. 13.6 Choledocholithiasis. Coronal T2-weighted image (a) and MRCP (b) show multiple filling defects in the 
CBD, related to numerous calculi
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Acute cholangitis is a potentially life- 
threatening condition caused by partial or com-
plete obstruction of the biliary tree with biliary 
stasis and increased intrabiliary pressure, which 
predisposes to bacterial overgrowth and ascend-
ing infection. Acute suppurative cholangitis 
refers to pus in the biliary tract, a condition that 
can lead to increased intraluminal pressure and 
precipitate biliary sepsis. Independent risk fac-
tors for this severe form of acute cholangitis 
include patient age older than 70 years, current 
smoker status, and an impacted biliary stone 
[32, 33].

The classical presentation is the “Charcot 
triad” of fever, right upper quadrant abdominal 
pain, and jaundice, which has however been 
reported to be present in 56–70% of patients. 
Patients can also present with “Reynold pentad”, 
which is Charcot triad with shock and altered 
mental status [34].

The most common bacteria isolated in infected 
bile without prior instrumentation are E. coli 
(31%), Klebsiella pneumoniae (17%), 
Enterococcus faecalis (17%), and Streptococcus 
species (17%) [35].

Complications of acute cholangitis include 
pyogenic hepatic abscesses, portal vein thrombo-
sis, and biliary peritonitis (Fig. 13.7).

The most common CT finding of acute cholan-
gitis is biliary obstruction, with a diffuse and con-
centric thickening of the extrahepatic biliary duct 
with enhancement. Purulent bile may have 
increased CT attenuation. Transient hepatic atten-
uation differences (THADs), which appear as 
patchy, wedge-shaped, or geographic inhomoge-
neous hepatic parenchymal enhancement during 
the hepatic arterial phase on the CT, have been 
reported to be common in patients with acute 
cholangitis [36].

A recently described CT scoring system based 
on the extent of transient hepatic attenuation dif-
ferences, degree of biliary dilatation, and pres-
ence of an obstructive lesion is highly sensitive 
(84–90%) and specific (84%) for the diagnosis of 
acute cholangitis [37].

There are no specific studies comparing multi-
detector CT with MR imaging in the setting of 
cholangitis. However, MR imaging seems to be 
more helpful than multidetector CT because of 
the higher signal-to-noise and contrast-to- noise 
ratios [38].

Enhancement of intrahepatic biliary duct 
walls is a common finding, reported in up to 92% 
of cases investigated with MR imaging, and it is 
best seen with gadolinium-enhanced delayed- 
phase fat-suppressed sequences.

a b

Fig. 13.7 Choledocholithiasis with acute cholangitis, 
gallbladder perforation, and hepatic abscess. Coronal 
contrast-enhanced CT image (a) shows obstructive 
gallstones in the distal CBD with marked proximal intra- 
and extrahepatic biliary ductal dilatation and a hydropic 
gallbladder with dependent stones, focal disruptions of 

the wall, and multiple loculated pericholecystic fluid col-
lections. Axial (b) contrast-enhanced CT image shows an 
intrahepatic abscess, represented by a low-attenuation 
lesion with subtle peripheral enhancement in the left liver 
lobe (white arrow)
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Liver parenchymal changes, caused by an 
extension of the inflammatory process into the 
periportal tissues, with a dilatation of the peribili-
ary venous plexus and an increasing arterial flow, 
are seen in MR imaging as a high signal intensity 
on T2-weighted images and an inhomogeneous 
contrast enhancement with a wedge-shaped 
(72%), peripheral patchy (14%), or peribiliary 
(14%) pattern distribution [39].

Another potential complication of choledo-
cholithiasis is represented by biliary pancreatitis.

Gallstone or biliary sludge impaction at the 
ampulla of Vater may cause ampullary spasm, pan-
creatico-biliary reflux, and obstruction of the com-
mon and pancreatic ducts, leading to acute 
pancreatitis (Fig. 13.8). Alternatively, biliary sludge 
may cause cholestasis or irritate the sphincter of 
Oddi, causing edema and biliopancreatic outflow 
obstruction. Anatomic variations such as a common 
pancreatico-biliary channel or pancreas divisum 
also raise the risk of acute pancreatitis [40, 41].

Most patients presenting with this complica-
tion present typical symptoms of pancreatitis, 
and fewer may also provide a history of biliary 
colic. The most common complaint is sudden-
onset epigastric or right upper quadrant abdomi-
nal pain that is unrelenting and in 50% of cases 
radiates to the back [42].

Upper abdominal pain with amylase or lipase 
three times the upper normal limit is diagnostic 
of acute pancreatitis in many cases, and the 

 addition of choledocholithiasis on imaging may 
sufficiently identify the cause as biliary. However, 
as previously said, ultrasonography may fail to 
detect stones smaller than 4 mm, and small stones 
are a known risk factor for biliary pancreatitis.

CT is often not an essential study in mild gall-
stone pancreatitis but provides more useful infor-
mation in moderate to severe cases. The use of 
CT for stratification of severity and to direct man-
agement requires appropriate timing and tech-
nique because pancreatic involvement is best 
visualized on CT at a few days after the onset of 
symptoms. If an initial CT was obtained during 
diagnosis, it may need to be repeated if the 
patient’s pain is persistent and laboratory values 
fail to trend toward normal.

Findings at contrast-enhanced CT include an 
obstructive stone in a dilated CBD, associated 
with an edematous hypoattenuating pancreas 
with surrounding peripancreatic inflammation 
and fluid. Severe cases of pancreatitis may 
include findings of pseudocyst formation and 
parenchymal necrosis.

13.3  Cholecystitis

13.3.1  Acute Cholecystitis

Acute cholecystitis is defined as inflammation of 
the gallbladder, generally caused by obstruction of 

a b

Fig. 13.8 Axial (a) and coronal (b) contrast-enhanced 
CT images show a diffuse pancreatic swelling with 
peripancreatic and retroperitoneal edema and fat 

stranding, extending to the pararenal space (thickened 
Gerota’s fascia). Small calcified gallstones are present 
into the gallbladder lumen (black arrow)
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the cystic duct. The most common causes of cystic 
duct obstruction are gallstones or biliary sludge 
(acute calculous cholecystitis), which represent 
over 90% of cases. Cholecystitis can also occur in 
the absence of gallstones and is known as acalcu-
lous cholecystitis, a much rarer condition which 
occurs in critically ill or injured patients (trauma, 
burns, sepsis), and it is generally the result of bili-
ary stasis and/or gallbladder ischemia [43].

According to the World Society of Emergency 
Surgery (WSES) guidelines 2016, there is no 
single clinical or laboratory finding with sufficient 
diagnostic accuracy to establish or exclude acute 
cholecystitis (Level IIB); combination of detailed 
history, complete clinical examination, and 
laboratory tests may strongly support the 
diagnosis of acute cholecystitis (Level IVC) [44].

13.3.1.1  Imaging of Primary 
Condition

US
US exam is the first imaging modality per-
formed in the suspect of acute cholecystitis 
according to guidelines [44], because of its high 
sensibility, sensitivity, and availability. US 
detects the presence of gallstones and the signs 
of acute cholecystitis and assesses the positivity 
of Murphy sign.

Typical findings of acute cholecystitis on US 
exam are distention of gallbladder (defined as 
diameter greater than 5  cm on axial scan and 
greater than 8  cm in longitudinal scan) due to 
cystic duct obstruction and homogeneous wall 
thickening (defined as thickness >  than 4 mm), 
finding that must be differentiated from gallblad-
der wall thickening related to other causes 
(Table 13.1). Other typical findings are stratified 

aspect of gallbladder wall related to submucosal 
edema (Fig. 13.9) and the presence of perichole-
cystic fluid. On Power Doppler hyperemia of the 
gallbladder wall could be demonstrated.

The detection of single or multiple obstructive 
stones or endoluminal sludge (Fig. 13.10) even-
tually confirms the underlying cause even though 
diagnostic performance of US in the diagnosis of 
inflammation of the gallbladder is not as good as 
its performance in the diagnosis of gallstones, as 
indicated in a recent meta-analysis [45]; more-
over, it also presents several limitations related to 
body habitus.

Table 13.1 Other causes of gallbladder wall thickening

Adenomyosis
Acute hepatitis
Hepatic cirrhosis
Gallbladder neoplasia
Congestive hepatic right failure
Secondary involvement in acute processes in upper 
abdomen

Fig. 13.9 Acute cholecystitis. Longitudinal US scan 
shows stratified aspect of gallbladder wall caused by 
submucosal edema and the presence of a single stone 
impacted in the infundibulum

Fig. 13.10 Acute cholecystitis in a 76-year-old man with 
right upper quadrant pain. Longitudinal US scan shows a 
gallbladder wall thickening (>3  mm) with intraluminal 
bile sludge, forming a non-shadowing “sludge ball”
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CT
As previously said, the main limitations of CT 
exam performed in patients with clinical suspi-
cion of acute biliary disorders are represented by 
the detection of stones, which could be difficult 
to recognize—especially if they are small in 
size—and the radiation exposure. For these rea-
sons, its use is limited to patients with atypical 
symptoms and signs or when complications are 
suspected.

Similarly to US exam, CT findings of acute 
cholecystitis include gallbladder distension with 
inhomogeneous bile attenuation and gallbladder 
wall thickening, with intense mucosal enhance-
ment after endovenous injection of contrast 
media and ipo-attenuating submucosal edema 
(Fig. 13.11). In addition, the presence of pericho-
lecystic fat stranding, pericholecystic fluid, and 
hyper-enhancement of liver parenchyma adjoin-
ing to gallbladder fossa (CT rim sign) could be 
detected [46].

MRI
When findings in previous exams are ambiguous, 
MR imaging may be helpful in detecting stones, 
especially in particular sites like gallbladder neck 
and cystic duct and the associated gallbladder 
wall abnormalities [47].

On T2-weighted images, the gallbladder 
wall  may show increased signal intensity and 

thickening. Pericholecystic fluid collections and 
edema of the surrounding liver tissue may be 
found. Periportal hyperintensity, although a non-
specific finding, may be observed on T2-weighted 
images. Although an inflammation- related 
increase in bile protein content may result in vari-
able signal intensity of the bile on T1-weighted 
images, the bile usually appears markedly 
hypointense on T1-weighted sequences due to 
the impairment of gallbladder concentrating 
capability, a typical finding of the acute inflam-
matory phase. After administration of contrast 
media, gallbladder wall and surrounding fat show 
increased enhancement (Fig. 13.12). Similarly to 
CT exam, adjacent liver parenchyma can also 
show enhancement; this finding is due to a hyper-
emic response of the liver parenchyma related to 
acute inflammation of the gallbladder.

13.3.1.2  Complications

Emphysematous Cholecystitis
Emphysematous cholecystitis is a surgical emer-
gency, prevalent in women and in diabetic popu-
lation, and can occur as a complication of 
acalculous cholecystitis [48]. It is favored by 
hypoperfusion of cystic artery, and it carries a 
five times greater risk of perforation compared 
with uncomplicated acute cholecystitis [18].

It is typically caused by secondary infection 
of the gallbladder wall by gas-forming bacteria 
that infect the gallbladder wall producing intra-
mural and intraluminal gas, such as Clostridium 
welchii, C. perfringens, E. coli, and Bacteroides 
fragilis.

On US exam it appears as inhomogeneous 
wall thickening, in which multiple hyper-
echoic, highly reflecting intramural spots can 
be detected (“dirty” shadowing). A more spe-
cific, though less common finding consists of 
small, non- shadowing echogenic foci rising up 
from the dependent portions of the gallbladder 
lumen, similar to effervescing bubbles in a 
glass of champagne (“champagne sign”). Also 
air in biliary ducts can be detected. The main 
limitations of ultrasound evaluation are repre-
sented by artifacts related to presence of gas 
within parietal wall or in the lumen of the 

Fig. 13.11 Acute cholecystitis in a 51-year-old man with 
upper abdominal pain and fever, already treated by 
cholecystostomy. Axial contrast-enhanced CT image 
shows a gallbladder wall thickening, with intense mucosal 
enhancement and hypoattenuating submucosal edema
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 gallbladder. For these reason CT (Fig. 13.13) is 
considered the most sensitive and specific 
imaging modality for identifying mural gas 
and for identifying complication like visceral 
perforation [49].

MR imaging has a supplementary role in pro-
viding information on intramural necrosis as well 
as intraluminal gas (Fig. 13.14). Gas in the gall-
bladder lumen and wall appears as signal void 
area, but it could be difficult to differentiate intra-
mural gas from intramural stone. Susceptibility 
artifact at the air-tissue interface generates 
larger  signal voids on fat-suppressed T1-w, 

 fat-suppressed T2-w, and black blood T2-w spin-
echo echo-planar images than on heavily T2-w, 
because heavily T2-w images are less affected by 
susceptibility. This finding could help distinguish 
intramural gas from an intramural stone [27].

Gangrenous Cholecystitis
Gangrenous cholecystitis occurs in up to 39% of 
patients with acute calculous cholecystitis [50] as 
a consequence of ischemic injury of gallbladder 
wall related to inflammatory processes. The 
presence of focal mural defect can evolve into 
visceral perforation leading to loculated or freely 

a b

Fig. 13.12 Axial T1-weighted MR image before (a) and 
after gadolinium administration (b) in a 61-year-old man 
with persistent jaundice and biliary stent implantation. 

Gallbladder appears over-distended with a hyper- 
enhanced wall thickening and an intraluminal air-fluid 
level with hyperintense small stones in dependent position

a b

Fig. 13.13 (a, b) Emphysematous cholecystitis in an 
86-year-old woman with upper abdominal pain and fever. 
Axial contrast-enhanced CT images show an over- 

distended gallbladder and an important wall thickening 
with intraluminal (arrow) and intramural air (arrow head)

13 Imaging of Biliary Colic and Cholecystitis



240

flowing intraperitoneal bile [46], pericholecystic 
or intrahepatic abscess, and peritonitis, depend-
ing on the site of perforation [50].

Compared to not complicated cholecystitis, on 
US exam gangrenous cholecystitis appears as 
inhomogeneous, irregular hypoechoic wall thick-
ening of gallbladder wall with hypoperfused 
areas on Doppler corresponding to necrosis with 
laminated intraluminal membrane.

Findings on CT exam are similar to US; in par-
ticular poorly enhancing wall with focal hypoat-
tenuating defects in the gallbladder mucosa or 
sloughed intraluminal membranes suggests gan-
grene [46]. Pericholecystic abscesses, appearing 
as hypoattenuating areas rounded by tiny rim 
enhancement (Fig. 13.15), have been described in 
cases of gangrenous cholecystitis with specificity 
close to 90% [51].

On MRI, the “interrupted rim sign” (patchy 
enhancement of the gallbladder mucosa) repre-
sents areas of necrosis. Gangrenous cholecystitis 
may be suggested by asymmetric gallbladder wall 
thickening due to intramural microabscesses, 
intramural hemorrhage, and complex perichole-
cystic fluid collections containing debris.

Hemorrhagic Cholecystitis
Hemorrhagic cholecystitis is more prevalent in 
patients with alytiasic cholecystitis than lytiasic 
one. It can clinically present with hemobilia as a 
consequence of necrosis of the wall with subse-
quent rupture of small parietal vessels or bleed-
ing of pseudoaneurysm of cystic artery.

In addition to the signs of acute inflammation, 
gallbladder appears distended by inhomoge-
neous hyperechoic finely corpusculated material 

a

c

b

Fig. 13.14 Emphysematous cholecystitis in an 86-year- 
old woman: axial T2 fat-suppressed (a), T1 weighted out 
of phase (b), and contrast-enhanced (c). MR axial images 
show a marked gallbladder wall thickening with intense 

contrast enhancement. Inhomogeneous intraluminal 
material and void of signal areas due to air bubbles are 
also detected
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 suspended in the lumen or stratified in the declive 
position. Gallbladder wall can present irregular 
thickening with focal hypoechoic and hyper-
echoic areas related to underlying necrotic pro-
cesses and focal hemorrhagic areas, respectively.

On CT exam, the gallbladder appears dis-
tended by hyperdense endoluminal material 
rounded by irregular thickening of the wall, 
which has patchy density before and after con-
trast media administration due to coexisting isch-
emic and hemorrhagic areas. Blood breakdown 
products in the gallbladder wall and lumen can be 
clearly identified on pre-contrast MRI sequences, 
detecting, according to their specific intensity of 
signal, the age of the hemorrhage [52].

Suppurative Cholecystitis
Suppurative cholecystitis (gallbladder empyema) 
typically occurs in diabetic patients as a conse-
quence of infection by suppurative bacteria 
(Fig. 13.16). In addition to findings of acute non-
complicated cholecystitis, gallbladder appears 
distended by corpusculated material that appears 
hyperechoic on US and hyperattenuating of CT 

exam, resembling sludge and without findings 
specific for empyema. At MRI imaging heavily 
T2-weighted imaging is sensitive enough to dem-
onstrate purulent bile, which is dependent and 
has lower signal intensity. On other types of MR 
images, pus or purulent bile is difficult to demon-
strate [27]. Only clinical signs and symptoms and 
percutaneous needle aspiration of the gallbladder 
can establish the diagnosis of empyema.

Cholecysto-Enteric Fistulas  
and Gallstones Ileus
Cholecysto-enteric fistulas are abnormal commu-
nications between gallbladder and gastrointestinal 
lumen via their wall and usually follow several 
episodes of acute or subacute cholecystitis.

Fistulas can occur between gallbladder and 
duodenum, in small bowel loops, or in colon (cho-
lecysto-colic). When a gallstone greater than 
2.5 cm in diameter passes through a fistula between 
the gallbladder and small bowel, the impacted 
gallstone on the ileocecal valve leads to a mechan-
ical small bowel obstruction (gallstones ileus). 
Classical findings are defined in the “Rigler’s 

a b

Fig. 13.15 Gangrenous cholecystitis in a 64-year-old 
woman with leukocytosis and abdominal pain and a 
clinical history of pancreatic adenocarcinoma. Axial (a) 
and coronal (b) contrast-enhanced CT images show 

gallbladder wall thickening with focal mucosal defects 
(arrow) without frank perforation and pericholecystic 
inflammation with multiple loculated fluid collections 
(arrow head)
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triad”: sign of small bowel mechanical obstruc-
tion, presence of gas in the lumen of gallbladder 
and/or in biliary tree (pneumobilia), and ectopic 
gallstone (usually in the right iliac fossa) 
(Fig. 13.17). The presence of two of the three signs 
of the Rigler’s triad is considered diagnostic, and 
CT represents the imaging study of choice [53].

Bouveret syndrome consists in a gastric outlet 
obstruction produced by a gallstone impacted in 
the pylorus or proximal duodenum; it can be 
considered a very proximal form of gallstone 
ileus [54].

Pseudoaneurysms of Cholecystic Artery
Pseudoaneurysms of cholecystic artery are 
among the worst complications of acute chole-
cystitis because of their high risk of bleeding, 
and they are due to parietal artery damage as a 
consequence of acute inflammation. They 
could be asymptomatic when detected as inci-
dental findings or can present as acute, mas-
sive upper abdomen bleeding. CT is the best 
effective instrument to detect the presence of 
pseudoaneurysms and to plan their best 
treatment.

a

c

b

Fig. 13.16 Acute suppurative cholecystitis in a diabetic 
patient with abdominal pain and fever. Non-enhanced 
axial CT image (a) shows a distended gallbladder with 
moderate hypodense wall thickening and intraluminal 
high-attenuating corpusculated material resembling 

sludge. The MR images performed 1 week later (b and c) 
show gallbladder wall fissurations with multiple pericho-
lecystic fluid collections. Percutaneous cholecystostomy 
was subsequently performed and purulent material was 
drained
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Fig. 13.17 Gallbladder perforation with an entero- 
biliary fistula in a 73-year-old woman with abdominal 
pain and high fever. Coronal (a) and axial (b) contrast- 
enhanced CT images show a collapsed gallbladder with an 
irregular wall thickening and inhomogeneous intense 
enhancement and a fistulous communication between the 

gallbladder wall and duodenum (black arrow). Axial and 
coronal CT images of the same patient (c–d) show dilated 
loops of small bowel up to the level of an obstructive 
gallstone, showing a hyperdense calcific core and a 
radiolucent peripheral component (white arrow)

13 Imaging of Biliary Colic and Cholecystitis



244

 8. Portincasa P, Moschetta A, Petruzzelli M, Palasciano 
G, Di Ciaula A, Pezzolla A.  Symptoms and diag-
nosis of gallbladder stones. Best Pract Res Clin 
Gastroenterol. 2006;20:1017–29.

 9. Molvar C, Glaenzer B.  Choledocholithiasis: evalu-
ation, treatment, and outcomes. Semin Intervent 
Radiol. 2016;33(4):268–76.

 10. Csendes A, Diaz JC, Burdiles P, Maluenda F, 
Nava O.  Mirizzi syndrome and cholecystobi-
liary fistula: a unifying classification. Br J Surg. 
1989;76(11):1139–43.

 11. Mallery JS, Baron TH, Dominitz JA, et  al. 
Complications of ERCP.  Gastrointest Endosc. 
2003;57(6):633–8.

 12. Bortoff GA, Chen MYM, Ott DJ, Wolfman NT, Routh 
WD.  Gallbladder stones: imaging and intervention. 
Radiographics. 2000;20(3):751–66.

 13. Einstein DM, Lapin SA, Ralls RW, Halls JM.  The 
insensitivity of sonography in the detection of choled-
ocholithiasis. Am J Roentgenol. 1984;142(4):725–8.

 14. Blackbourne LH, Earnhardt RC, Sistrom CL, Abbitt 
P, Jones RS.  The sensitivity and role of ultrasound 
in the evaluation of biliary obstruction. Am Surg. 
1994;60(9):683–90.

 15. Gandolfi L,v Torresan F, Solmi L, Puccetti A. The role 
of ultrasound in biliary and pancreatic diseases. Eur J 
Ultrasound. 2003;16:141–59.

 16. Miller FH, Hwang CM, Gabriel H, Goodhartz LA, 
Omar AJ, Parsons WG.  Contrast-enhanced heli-
cal CT of choledocholithiasis. Am J Roentgenol. 
2003;181(1):125–30.

 17. Yeh BM, Liu PS, Soto JA, Corvera CA, Hussain 
HK.  MR imaging and CT of the biliary tract. 
Radiographics. 2009;29(6):1669–88.

 18. Patel NB, Oto A, Thomas S. Multidetector CT of emer-
gent biliary pathologic conditions. Radiographics. 
2013;33(7):1867–88.

 19. Chan WC, Joe BN, Coakley FV, Prien EL, Gould 
RG, Prevrhal S, et  al. Gallstone detection at CT 
in  vitro: effect of peak voltage setting. Radiology. 
2006;241(2):546–53.

 20. O’Connor OJ, Maher MM. Imaging of cholecystitis. 
Am J Roentgenol. 2011;196:W367–74.

 21. Baron RL.  Gallstone characterization: the role of 
imaging. Semin Roentgen. 1991;26:216–25.

 22. Baron RL. Computed tomography of the bile ducts. 
Semin Roentgenol. 1997;32(3):172–87.

 23. Soto JA, Velez SM, Guzmán J. Choledocholithiasis: 
diagnosis with oral-contrast-enhanced CT cholangi-
ography. Am J Roentgenol. 1999;172(4):943–8.

 24. Soto JA, Alvarez O, Munera F, Velez SM, Valencia J, 
Ramirez N. Diagnosing bile duct stones: comparison 
of unenhanced helical CT, oral contrast-enhanced CT 
cholangiography, and MR cholangiography. Am J 
Roentgenol. 2000;175(4):1127–34.

 25. Cabada Giadás T, De Toledo LSO, Martínez-Berganza 
Asensio MT, Cozcolluela Cabrejas R, Alberdi Ibáñez 
I, Alvarez López A, et al. Helical CT cholangiography 
in the evaluation of the biliary tract: application to the 

diagnosis of choledocholithiasis. Abdom Imaging. 
2002;27(1):61–70.

 26. Hou LA, Van Dam J. Pre-ERCP imaging of the bile 
duct and gallbladder. Gastrointest Endosc Clin N Am. 
2013;23:185–97.

 27. Watanabe Y, Nagayama M, Okumura A, Amoh Y, 
Katsube T, Suga T, et al. MR imaging of acute biliary 
disorders. Radiographics. 2007;27(2):477–95.

 28. Hong-Ming T, Xi-Zhang L, Chiung-Yu C, Pin- Wen L, 
Jui-Che L. MRI of gallstones with different composi-
tions. AJR Am J Roentgenol. 2004;182(6):1513–9.

 29. Verma D, Kapadia A, Eisen GM, Adler DG.  EUS 
vs MRCP for detection of choledocholithiasis. 
Gastrointest Endosc. 2006;64(2):248–54.

 30. Irie H, Honda H, Kuroiwa T, Yoshimitsu K, Aibe 
H, Shinozaki K, et  al. Pitfalls in MR cholangio-
pancreatographic interpretation. Radiographics. 
2001;21:23–37.

 31. Kondo S, Isayama H, Akahane M, Toda N, Sasahira 
N, Nakai Y, et  al. Detection of common bile duct 
stones: comparison between endoscopic ultrasonog-
raphy, magnetic resonance cholangiography, and 
helical- computed- tomographic cholangiography. Eur 
J Radiol. 2005;54:271–5.

 32. Boey JH, Way LW.  Acute cholangitis. Ann Surg. 
1980;191(3):264–70.

 33. Tsujino T, Sugita R, Yoshida H, Yagioka H, Kogure H, 
Sasaki T, et al. Risk factors for acute suppurative chol-
angitis caused by bile duct stones. Eur J Gastroenterol 
Hepatol. 2007;19(7):585–8.

 34. Wada K, Takada T, Kawarada Y, Nimura Y, Miura 
F, Yoshida M, et  al. Diagnostic criteria and severity 
assessment of acute cholangitis: Tokyo guidelines. J 
Hepato-Biliary-Pancreat Surg. 2007;14(1):52–8.

 35. Flores C, Maguilnik I, Hadlich E, Goldani 
LZ. Microbiology of choledochal bile in patients with 
choledocholithiasis admitted to a tertiary hospital. J 
Gastroenterol Hepatol. 2003;18(3):333–6.

 36. Pradella S, Centi N, La Villa G, Mazza E, Colagrande 
S.  Transient hepatic attenuation difference 
(THAD) in biliary duct disease. Abdom Imaging. 
2009;34(5):626–33.

 37. Kim SW, Shin HC, Kim HC, Hong MJ, Kim 
IY. Diagnostic performance of multidetector CT for 
acute cholangitis: evaluation of a CT scoring method. 
Br J Radiol. 2012;85(1014):770–7.

 38. Catalano O, Sahani DV, Forcione DG, Czermak B, Liu 
C-H, Soricelli A, et al. Biliary infections: spectrum of 
imaging findings and management. Radiographics. 
2009;29(7):2059–80.

 39. Bader TR, Braga L, Beavers KL, Semelka RC. MR 
imaging findings of infectious cholangitis. Magn 
Reson Imaging. 2001;19(6):781–8.

 40. Testoni PA.  Acute recurrent pancreatitis: etio-
pathogenesis, diagnosis and treatment. World J 
Gastroenterol. 2014;20:16891–901.

 41. Cucher D, Kulvatunyou N, Green DJ, Jie T, Ong 
ES. Gallstone Pancreatitis. A review. Surg Clin N Am. 
2014;94:257–80.

B. Veronica et al.



245

 42. Attasaranya S, Fogel EL, Lehman GA. 
Choledocholithiasis, ascending cholangitis, and gall-
stone pancreatitis. Med Clin N Am. 2008;92:925–60.

 43. Knab LM, Boller A-M, Mahvi DM.  Cholecystitis. 
Surg Clin North Am. 2014;94(2):455–70.

 44. Ansaloni L, Pisano M, Coccolini F, Peitzmann AB, 
Fingerhut A, Catena F, et  al. WSES guidelines on 
acute calculous cholecystitis. World J Emerg Surg. 
2016;11(16):2016.

 45. Kiewiet JJS, Leeuwenburgh MMN, Bipat S, Bossuyt 
PMM, Stoker J, Boermeester MA.  A systematic 
review and meta-analysis of diagnostic perfor-
mance of imaging in acute cholecystitis. Radiology. 
2012;264(3):708–20.

 46. Shakespear JS, Shaaban AM, Rezvani M. CT findings 
of acute cholecystitis and its complications. AJR Am 
J Roentgenol. 2010;194(6):1523–9.

 47. Catalano OA, Sahani DV, Kalva SP, Cushing MS, Hahn 
PF, Brown JJ, et al. MR imaging of the gallbladder: a 
pictorial essay. Radiographics. 2008;28(1):135–55.

 48. Tellez LGS, Rodriguez-Montes JA, De Lis SF, 
Martin LGS.  Acute emphysematous cholecystitis. 
Report of twenty cases. Hepatogastroenterology. 
1999;46(28):2144–8.

 49. Grayson DE, Abbott RM, Levy AD, Sherman 
PM.  Emphysematous infections of the abdo-
men and pelvis: a pictorial review. Radiographics. 
2002;22(3):543–61.

 50. Chawla A, Bosco JI, Lim TC, Srinivasan S, Teh 
HS, Shenoy JN.  Imaging of acute cholecysti-
tis and cholecystitis-associated complications in 
the emergency setting. Singap Med J. 2015;56(8): 
438–44.

 51. Bennett GL, Rusinek H, Lisi V, Israel GM, Krinsky 
GA, Slywotzky CM, et  al. CT findings in acute 
gangrenous cholecystitis. Am J Roentgenol. 
2002;178(2):275–81.

 52. Elsayes KM, Oliveira EP, Narra VR, EL-Merhi FM, 
Brown JJ.  Magnetic resonance imaging of the gall-
bladder: spectrum of abnormalities. Acta Radiol. 
2007;48(5):476–82.

 53. Ploneda-Valencia CF, Gallo-Morales M, Rinchon C, 
Navarro-Muñiz E, Bautista-López CA, de la Cerda- 
Trujillo LF, et al. Gallstone ileus: an overview of the 
literature. Rev Gastroenterol México (English Ed.) 
2017;82(3):248–54.

 54. Brennan GB, Rosenberg RD, Arora S. Bouveret syn-
drome. Radiographics. 2004;24:1171–5.

13 Imaging of Biliary Colic and Cholecystitis



247© Springer Nature Switzerland AG 2019 
M. A. Cova, F. Stacul (eds.), Pain Imaging, https://doi.org/10.1007/978-3-319-99822-0_14

Imaging of Pancreatitis

Roberto Pozzi Mucelli, Riccardo Negrelli, 
Matteo Catania, and Marco Chincarini

14.1  Introduction

Acute pancreatitis (AP) is an acute inflammatory 
process of the pancreatic gland that can involve 
pancreatic parenchyma or distant organs. In 
80–85% of cases, AP is a self-limiting 
inflammatory process that can often cause even a 
multi-organ failure (MOF) [1, 2].

In Western countries the incidence of acute 
pancreatitis ranges from 5 to 70 cases per 100.000 
adults, without a sex prevalence [3]. However, in 
the last decades, the incidence of AP has increased 
due to an increase of risk factors [4, 5]. AP 
remains one of the most common reasons for 
hospitalization, and its management is complex 
and requires a multidisciplinary team.

Acute pancreatitis has different etiologies; 
however, gallstones and alcohol abuse are the 
most frequent in adults. Gallstone pancreatitis 
accounts for about 35–40% [6, 7]. The stones 
cause an obstruction at the level of the papilla 
leading to increased pancreatic duct pressure and 
passage of bile into the pancreatic duct which 
lead to an acute inflammation of the pancreatic 
gland. Alcohol is the second most common cause 

of AP, accounting for 30% of cases, and its 
effects seem to be dose related [4, 6]. Alcohol 
may cause a direct cytotoxic effect on acinar 
cells. Moreover, alcohol seems to cause transient 
contractions of the sphincter of Oddi and 
increases serum levels of triglycerides, both 
potentially independent causes of AP. Other rare 
causes of AP include hypertriglyceridemia, 
hypercalcemia, iatrogenic trauma during endo-
scopic retrograde cholangiopancreatography 
(ERCP), trauma, infections, and penetrating 
peptic ulcer. Genetic conditions, such as the 
mutation of PRSS1, SPINK1, and CFTR genes, 
are associated with AP due to a loss in control of 
pancreatic enzymes activation or in exocrine 
secretion. However, the cause of AP remains 
unknown in about 20% of cases [8].

Independently from etiology, the common 
final pathway for AP is the unregulated activation 
of the pancreatic enzymes within the pancreatic 
acinar cells, resulting in a damage of the pancre-
atic parenchyma and local inflammation 
(Table 14.1) [2, 5, 8].

Clinical manifestations of AP include a grad-
ual or an acute onset of upper abdominal pain 
that sometimes extends to the back. The pain is 
often severe and constant and commonly lasts for 
several days in the absence of treatment. It is usu-
ally associated with fever, vomiting, tachycardia, 
and leukocytosis [5].

The management and study of acute pan-
creatitis remain complex [1, 6]. For this rea-
son, in 1992 a group of experts introduced the 
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Atlanta classification of AP. However, due to 
advances in knowledge in AP and the improve-
ment in imaging studies, the 1992 Atlanta 
classification was considered outdated. For 
these reasons, an international panel of experts 
revised the first classification, and in 2012 the 
revised Atlanta classification was published 
[2, 4, 9, 10].

The role of this revision was to delineate a 
specific and standardized lexicon that allows the 
radiologist to be an effective member of the 
multidisciplinary team in the diagnosis and 
treatment of acute pancreatitis.

Chronic pancreatitis (CP) is an inflammatory 
disease characterized by progressive and 
irreversible distortion and destruction of the 
pancreatic parenchyma, with progressive loss of 
the endocrine and exocrine function of the gland 
[11, 12].

Several reports estimate a progressive increase 
in the incidence of CP, especially in emerging 
countries, as a result of availability of high- 
quality cross-sectional imaging techniques, rapid 
urbanization, and alcohol consumption. The 
annual incidence of CP ranges from 3.5 to 
10/100.000 persons. The incidence of CP is 
higher in middle-aged men than in women (6.7 
versus 3.2/100.000) [13–15].

The clinical diagnosis of chronic pancreatitis 
is usually achieved only in advanced disease. The 
clinical presentation of CP varies depending on 
the causal mechanism. Clinically CP is 
characterized by upper abdominal pain which 
sometimes may resemble an acute pancreatitis. In 
advanced disease, CP is associated with 
steatorrhea and diabetes, due to progressive loss 
of the exocrine and endocrine function of the 
pancreatic parenchyma [12, 16].

The etiology and the pathophysiology of 
chronic pancreatitis are not well defined. Several 
theories have been proposed: obstructive ductal 
involvement, oxidative stress of the parenchyma, 
fibrosis and necrosis of the pancreatic paren-
chyma secondary to acinar obstruction, autoim-
mune involvement, and multifactorial or 
idiopathic disease. Various systems have been 
proposed to classify pancreatitis on the basis of 
clinical presentation, radiological features, and 
etiology [11, 16, 17]. The “TIGAR-O” classifica-
tion of chronic pancreatitis has been proposed to 
replace the previous Marseilles classification. The 
TIGAR-O risk factor system lists factors associ-
ated with chronic pancreatitis (Table 14.2) [12].

However, histologic alterations and clinical 
features of chronic pancreatitis are similar. It 
seems that CP results from an obstruction of the 
small or large pancreatic ducts leading to pan-
creatitis with the consequent precipitation of 
protein-rich plugs within the interlobular and 
intralobular ducts. Ductal obstruction results in 
inflammation, which subsequently leads to fibro-
sis of the pancreatic parenchyma. Moreover, 
obstruction of the pancreatic ducts leads to pan-
creatic ductal hypertension with the consequent 
hypoperfusion of the organ, with ischemic injury 
of the acinar cells. Furthermore the resulting 
reduction of pancreatic juice outflow is respon-
sible for the increase of the precipitation of addi-
tional protein plugs and calcifications [12, 16].

Alcohol assumption is considered the leading 
cause of chronic pancreatitis, and it increases the 
risk of chronic disease in a dose-dependent 
manner. It is postulated that alcohol consumption 
is responsible for a direct injury of the acinar 
cells and it could interfere with mechanisms that 
protect against stress induced by reactive oxygen 
species and pancreatic enzymes. Other risk 
factors include smoke and genetic factors, such 
as mutations of genes PRSS1 (cationic trypsin 
gene), SPINK1 (serum protease inhibitor), and 
CFTR alteration [11, 14, 16–18].

Furthermore neoplasms, mass-forming pan-
creatitis (e.g., focal autoimmune pancreatitis, 
paraduodenal pancreatitis), sphincter of Oddi 
dysfunction, or anatomical variations of the pan-
creatic ductal system (pancreas divisum, annular 

Table 14.1 Causes of acute pancreatitis

Common causes Rare causes
Biliary lithiasis Pancreas divisum
Alcohol Genetic
Hyperlipidemia Infections
Hypercalcemia Autoimmune disease
Drugs Trauma
ERCP Vasculitis
Sphincteric dysfunction
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pancreas) are responsible for a stenosis of the 
main pancreatic duct or for an impaired pancre-
atic juice outflow in the duodenum. Moreover, it 

is demonstrated that recurrent episodes of acute 
pancreatitis could develop in chronic pancreati-
tis, as a disease continuum [19].

14.2  Acute Pancreatitis

14.2.1  Diagnostic Criteria

The revised Atlanta classification requires two of 
the three following conditions: (1) abdominal 
pain suggestive for AP; (2) serum amylase and/or 
lipase level greater than three or more times the 
upper limit of normal; and (3) characteristic imag-
ing findings on contrast-enhanced computed 
tomography, magnetic resonance, or transabdom-
inal ultrasonography [20].

AP is mainly a clinical diagnosis and CT or 
MR are usually performed to confirm the 
diagnosis. In most cases imaging should not be 
performed in the first days. The use of imaging 
early in the course of the disease may be useful 
when the cause is unclear or to find causative 
factors such as biliary stone disease. Diagnostic 
imaging is also appropriate when the biochemical 
criterion is not met but the clinical setting is 
highly suspicious for AP [4]. The onset of AP 
coincides with the first day of pain [20].

14.2.2  Clinical Classification

14.2.2.1  Phases of Acute Pancreatitis
The revised Atlanta classification divides acute 
pancreatitis into early and late phases [20].

The early phase occurs in the first week and is 
characterized by a systemic response to local 
inflammation, resulting in systemic complica-
tions. This phase is typically characterized by the 
presence of organ failure rather than morphologi-
cal alterations. Moreover, imaging of local or sys-
temic complications is usually not present.

The late phase starts after the first week, and it 
is characterized by persistent signs and symptoms 
and local or systemic complications such as 
infection of pancreatic necrosis or peripancreatic 
fluid collections. Moreover, the treatment is 
determined by the presence of symptoms due to 

Table 14.2 Etiologic risk factors associated with chronic 
pancreatitis: TIGAR-O classification system

Toxic-metabolic
Alcoholic
Tobacco smoking
Hypercalcemia
  Hyperparathyroidism
Hyperlipidemia (rare and controversial)
Chronic renal failure
Medications
  Phenacetin abuse (possibly from chronic renal 

insufficiency)
Toxins
  Organotin compounds (e.g., DBTC)
Idiopathic
Early onset
Late onset
Tropical
  Tropical calcific pancreatitis
  Fibrocalculous pancreatic diabetes
Other
Genetic
Autosomal dominant
  Cationic trypsinogen (codon 29 and 122 mutations)
Autosomal recessive/modifier genes
  CFTR mutations
  SPINK1 mutations
  Cationic trypsinogen (codon 16, 22, 23 mutations)
  α1-Antitrypsin deficiency (possible)
Autoimmune
Isolated autoimmune chronic pancreatitis
Syndromic autoimmune chronic pancreatitis
  Sjögren syndrome-associated chronic pancreatitis
  Inflammatory bowel disease-associated chronic 

pancreatitis
  Primary biliary cirrhosis-associated chronic 

pancreatitis
Recurrent and severe acute pancreatitis
Postnecrotic (severe acute pancreatitis)
Recurrent acute pancreatitis
Vascular diseases/ischemic
Postirradiation
Obstructive
Pancreas divisum
Sphincter of Oddi disorders (controversial)
Duct obstruction (e.g., tumor)
Periampullary duodenal wall cysts
Post-traumatic pancreatic duct scars
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local complications, and thus, imaging plays a 
pivotal role in patient management. This phase 
usually occurs in patients with moderately severe 
and severe acute pancreatitis.

14.2.2.2  Severity of Acute 
Pancreatitis

The revised Atlanta classification defined three 
degrees of severity of acute pancreatitis, depend-
ing on the presence or absence of organ failure 
and local and systemic complications.

In mild acute pancreatitis, the inflammation 
does not lead to organ failure or complications. 
These patients are usually discharged within the 
first week with very low mortality. CT is usually 
not performed and imaging is useful to assess the 
cause of AP [21, 22].

Moderately severe acute pancreatitis is 
defined as the presence of transient organ failure 
lasting less than 48 h and/or the presence of local 
or systemic complications (not resulting in 
persistent organ failure). Local complications 
refer to pancreatic or peripancreatic collections 
that usually develop during the late phase and 
should be suspected in patients with unremitting 
pain, secondary peak in pancreatic enzymes, 
worsening of organ failure, or sepsis. In these 
cases, imaging studies (contrast-enhanced CT at 
first) should be performed [21]. This category of 
patients is characterized by high morbidity but 
very low mortality.

Severe acute pancreatitis is defined by organ 
failure that lasts more than 48 h.

An accurate evaluation of organ function is 
essential to define disease severity. For this rea-
son, the modified Marshall scoring system is 
endorsed in the new Atlanta classification as the 
primary method for determining organ failure. 

This scoring system evaluates the respiratory, 
cardiovascular, and renal functions [4, 23] 
(Table 14.3).

Two imaging-based scoring systems are the 
“CT severity index (CTSI)” and the “modified 
CTSI,” which are based on morphological find-
ings and correlate with morbidity and mortality 
[25, 26]. However often imaging is not able to 
define the presence of necrosis during the first 
days after onset of symptoms (early phase) and 
correlates poorly with clinical severity. Imaging 
becomes useful after 3–5 days after onset, when 
local complications have developed and pancre-
atic necrosis is clearly visible [4, 20].

14.2.3  Morphological Classification

Acute pancreatitis is morphologically classified 
into two types on the basis of imaging findings: 
interstitial edematous pancreatitis (IEP) and nec-
rotizing pancreatitis [20, 40]. Imaging has the 
important role to assess the presence or absence 
of necrosis (necrotizing vs IEP), the site(s) of 
necrosis, and the presence or absence of infections 
(sterile vs infected necrosis).

IEP is the most common type of AP. At CT, 
IEP is characterized by a diffuse or focal 
enlargement of the pancreatic parenchyma. The 
pancreas may enhance normally, although 
sometimes, the enhancement can be reduced or 
heterogeneous because of the presence of edema. 
Peripancreatic and retroperitoneal tissues may be 
normal or show mild inflammatory changes, such 
as mild fat stranding or peripancreatic fluid- 
containing collections [4, 20] (Fig.  14.1). The 
presence of necrosis precludes the interstitial 
edematous subtype.

Table 14.3 Modified Marshall scoring system

Organ system 0 1 2 3 4
Respiratory (PaO2/FiO2) >400 301–400 201–300 101–200 ≤100
Renal: serum creatinine 
(mg/dL)

≤1.4 1.5–1.8 1.9–3.5 3.6–4.9 ≥5

Cardiovascular: systolic 
blood pressure (mm Hg)

>90 <90, responding to 
fluid resuscitation

<90, not responding to 
fluid resuscitation

<90, with 
pH <7.3

<90, with 
pH <7.2

Based on Foster et al. [4]
Sources: [4, 20, 23, 24]
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Necrotizing pancreatitis is defined as a focal 
or diffuse area of necrotic tissue due to vascular 
damage which leads to lack of contrast enhance-
ment [1, 27]. Necrosis may involve the pancreatic 
parenchyma, the peripancreatic tissues, or both. 
Therefore, three subtypes of necrotizing pancre-
atitis have been defined: (a) pancreatic parenchy-
mal necrosis, (b) peripancreatic necrosis, and (c) 
combined pancreatic parenchymal necrosis and 
peripancreatic necrosis [20].

The first subtype is extremely rare, accounting 
for only 5% of cases, and it is characterized by 
necrotic tissue and lack of enhancement confined 

to the pancreatic parenchyma affected (Fig. 14.2). 
According to CTSI and m-CTSI, the extent of the 
necrosis can be quantified by <30%, 30–50%, 
>50%, or total pancreatic parenchyma [20].

The second subtype accounts for 20% of 
cases, and it is characterized by necrosis of peri-
pancreatic fatty and connective tissue. The diag-
nosis is based on the presence of heterogeneous 
density of the peripancreatic collections due to 
fat necrosis, fluid collections, and hemorrhagic 
components. This subtype has a better prognosis 
compared to pancreatic necrosis alone, but it has 
higher morbidity than IEP [20, 28].

a b

Fig. 14.1 Interstitial edematous pancreatitis (IEP). Axial 
CT images in the non-contrast (a) and in the arterial phase 
(b) show a pancreatic parenchyma with normal enhance-

ment. Mild inflammatory changes (stranding of the peri-
pancreatic fat tissues) are visible

a b

Fig. 14.2 Pancreatic necrosis only. Axial (a) and coronal 
curvilinear reformatted CT images (b) in the portal- 
venous phase show a diffuse inhomogeneous pancreatic 

parenchyma with lack of parenchymal contrast 
enhancement, due to necrosis of the pancreatic 
parenchyma
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The combined subtype is the most common, 
accounting for 75% of cases (Fig. 14.3) [20].

14.2.4  Complications

According to the revised Atlanta classification 
system, complications from acute pancreatitis 
can be divided into organ failure, systemic com-
plications, and local complications [20, 24].

14.2.4.1  Organ Failure
Three organ systems should be assessed to define 
organ failure: respiratory, cardiovascular, and 
renal. As discussed above, organ failure is usu-
ally primary assessed based on the modified 
Marshall scoring system (Table 14.3).

14.2.4.2  Systemic Complications
Systemic complications are events that are trig-
gered by acute pancreatitis and represent acute 
exacerbations of preexisting comorbidities such as 
chronic lung disease and coronary artery disease.

14.2.4.3  Local Complications
In the revised Atlanta classification, the most 
important local complications are pancreatic and 
peripancreatic collections, and they may be 
sterile or infected. Other local complications 
caused by necrotizing pancreatitis include 
pseudoaneurysm, splenic or portal vein thrombo-

sis, obstruction or ileus of the gastrointestinal 
tract, contiguous inflammation of the colon, bili-
ary stones, cholecystitis, pancreatic duct stric-
tures, involvement of neighboring solid organs, 
ascites, and pleural effusions.

Local complications should be suspected 
when there is a change in the clinical presenta-
tion, secondary increases in serum pancreatic 
enzyme activity, increasing organ dysfunction, 
and/or the development of clinical signs of sep-
sis, such as fever and leucocytosis. These devel-
opments usually prompt imaging to detect local 
complications.

Pancreatic and Peripancreatic Collections
The revised Atlanta classification introduces a 
distinction between purely fluid collections (seen 
in IEP) and collections that contain necrosis (seen 
in necrotizing pancreatitis). The new classifica-
tion accurately distinguishes various types of col-
lections: acute peripancreatic fluid collection 
(APFC), pseudocyst, acute necrotic collection 
(ANC), and walled-off necrosis (WON). The 
parameters for this classification are the time 
course (<4 weeks or >4 weeks) and the presence 
or absence of necrosis (Table 14.4) [4, 20].

14.2.4.4  Acute Peripancreatic Fluid 
Collection and Pseudocyst

APFCs usually develop in the first 4 weeks in 
patients with IEP. APFCs are inflammatory and 

a b

Fig. 14.3 Combined pancreatic and peripancreatic 
necrosis. (a, b) Axial CT images show a highly 
inhomogeneous and hypovascular pancreatic parenchyma 

of the head of the pancreas, with multiple hypodense areas 
due to necrosis that extend to the peripancreatic tissues
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homogeneous nonencapsulated peripancreatic 
fluid collections (Fig.  14.1). If a collection 
with these characteristics is located within the 
pancreas, it becomes by definition an ANC, 
associated with necrotizing pancreatitis. 
APFCs tend to resolve spontaneously [29]. If 
they persist for more than 4 weeks, they 
become organized and develop an enhancing 
capsule. At this point, the collection is referred 
to as pseudocyst (Fig. 14.4). Pseudocysts con-
tain only fluid without debris or areas of fat/
soft tissues attenuation. Pseudocysts develop 
in less than 10% of cases of IEP [4, 29]. 
A  pseudocyst is typically peripancreatic 
in  location, although it can be intrapancreatic 
in case of prior necrosectomy. Pseudocyst can 
also be associated with necrotizing pancreatitis 

in the setting of disconnected duct syndrome. 
In this case, the leakage of pancreatic juices 
flows into a fluid- containing cavity with the 
formation of a pseudocyst [4, 30].

Although CECT is the imaging modality 
used most commonly to describe pseudocysts, 
MRI or ultrasonography may be required to 
confirm the absence of solid content in the col-
lection. Occasionally, a connection to the pan-
creatic duct can be visualized on CECT, 
particularly if a curvilinear reconstruction is 
obtained; however MR and endoscopic ultra-
sound are more accurate in performing this task. 
Ductal communication is not part of the revised 
Atlanta criteria for a pseudocyst, but it may be 
an important finding for deciding on the appro-
priate treatment.

Table 14.4 Pancreatic and peripancreatic collections

Time
Pancreatitis 
category Location Imaging

APFC < 4 
weeks

IEP Peripancreatic Fluid collection; homogeneous; no wall

ANC < 4 
weeks

Necrotizing 
pancreatitis

Intra- and/or 
extra-pancreatic

Inhomogeneous; debris; fat globules; no wall

Pseudocyst > 4 
weeks

IEP Extra-pancreatic Homogeneous, fluid filled, no debris; presence 
of wall

WON > 4 
weeks

Necrotizing 
pancreatitis

Intra- and/or 
extra-pancreatic

Inhomogeneous; debris; fat globules; blood; 
presence of a wall

Sources: [4, 24, 28]
APFC acute peripancreatic fluid collection, ANC acute necrotic collection, WON walled-off necrosis, IEP interstitial 
edematous pancreatitis

a b

Fig. 14.4 Pancreatic pseudocyst. Coronal curvilinear 
reformatted CT image (a) shows a large, homogeneous 
fluid collection in the body-tail of the pancreas, 4 weeks 
after the first episode of acute pancreatitis. In the coronal 

T2-weighted image (b), the pseudocyst appears as a well- 
circumscribed collection, completely encapsulated, with 
no solid components
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14.2.4.5  Acute Necrotic Collection 
and Walled-Off Necrosis

ANCs develop in the first 4 weeks in patients 
with necrotizing pancreatitis and are ill-defined 
necrotic collections which are usually located in 
the retroperitoneum and in the anterior pararenal 
space. They can be in continuity with areas of 
pancreatic necrosis or extend inferiorly toward 
the pelvis. ANCs present often as multiple, locu-
lated collections with variable amount of fluid 
and with non-liquefied debris within, represented 
by solid appearing components of fat globules 
(Figs. 14.2 and 14.3). Fat component inside a col-
lection is highly suggestive for an ANC. It must 
be noted that in the presence of pancreatic necro-
sis, every peripancreatic collection should be 
defined as ANC, regardless of its appearance [4, 
20]. It may be difficult to differentiate an APFC 
from ANC, especially in the first week. At CT 
both types may appear homogeneous with fluid 
density. However, during follow-up an ANC will 
frequently appear as a not fully encapsulated het-
erogeneous collection within the pancreatic 
parenchyma and/or peripancreatic areas. If a 
complete encapsulating wall is evident, which 
happens mostly after 4 weeks, the collection 
should be called walled-off necrosis (WON), 
which represents the late stage of an ANC 
(Fig. 14.5). WON contains heterogeneous com-
ponents (fat and/or solid tissue), which are dem-
onstrated at CT as non- liquefied debris. Like 

ANC, WON are most commonly located in both 
the pancreatic parenchyma and in the peripancre-
atic tissue [4, 20]. At CT, differentiation between 
WON and pancreatic pseudocyst may be diffi-
cult, and, therefore, an additional MRI, EUS, or 
US can better characterize the content of the col-
lection. Management of WON is more invasive 
than management of pancreatic pseudocyst, since 
patients with WON may need interventional 
treatment by removing nonliquid material.

Infection
Any collection may become infected, although 
infection occurs more often in necrotic ones.

Independently from the subtype of necrosis, 
the presence of infected necrosis changes the 
natural history and prognosis of the disease, since 
it is associated with mortality rates of 30–40%, 
whereas in sterile necrosis mortality rates are 
between 0 and 10%. Infected necrosis has a peak 
incidence in the second-third week after onset of 
symptoms [27]. At contrast-enhanced CT, the 
infected area can show gas bubbles localized 
within the necrotic tissue (Fig.  14.6). However, 
this sign is reported to be present in only 20% of 
cases [27]. Wall enhancement is not reliable 
because it is usually present in mature collection 
(both pseudocysts and WON). Air bubbles may 
be present due to fistula formation between a 
collection and adjacent bowel (colon or 
duodenum) [31].

a b

Fig. 14.5 WON. Axial CT images in the non-contrast (a) 
and in the arterial phase (b) show a heterogeneous 
collection with fluid components, non-liquefied debris, 

and fat globules inside. The collection has thick enhanc-
ing walls and it is by definition a WON
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The depiction of an infected necrotic area has 
a crucial role for the management of patients, 
since parenteral antibiotics combined with lapa-
roscopic or endoscopic necrosectomy may be 
required.

Other Local Complications
Vascular complications are common, being 
encountered in 25% of patients with AP [4, 32]. 
The most frequent vascular complication is 
splenic vein thrombosis, while portal vein or 
superior mesenteric vein thrombosis is diagnosed 
less frequently [33]. Thrombosis is due to inflam-
matory reaction [34]. At CECT it is depicted as 
an increased vessel diameter, hyperdensity of the 
wall (enhancement of the vasa vasorum), and a 
central filling defect due to thrombosis [32].

The leakage of pancreatic enzymes can lead to 
arterial erosion with subsequent pseudoaneurysm 
formation. Pseudoaneurysms may also occur if a 
pseudocyst encases a visceral artery causing an 
erosion of the wall [35]. The most commonly 
involved arteries are the splenic artery (40%), the 
gastroduodenal artery (30%), the pancreaticoduo-
denal artery (20%), the gastric artery (5%), the 
hepatic artery (2%), and others (1–3%) [36]. 
Pseudoaneurysms may enlarge and eventually 
rupture leading to hemorrhage, which represents 
one of the most life-threatening complications of 
AP. CECT is the best diagnostic tool to depict the 

presence of a pseudoaneurysm and to detect active 
bleeding.

Other local complications include obstruction 
or ileus of the gastrointestinal tract, contiguous 
inflammation of the colon, biliary stones, chole-
cystitis, pancreatic duct strictures, involvement 
of neighboring solid organs, ascites, and pleural 
effusions [24] (Fig. 14.7).

14.2.4.6  Imaging

Radiography
Plain films of the abdomen are part of the initial 
diagnostic workup of acute abdominal pain. 
Findings on plain films are nonspecific but could 
be suggestive of acute pancreatitis. The most 
commonly recognized radiologic signs associated 
with acute inflammation of the pancreas include 
the following:

• Air in the duodenal C-loop
• The sentinel loop sign, which represents a 

focal dilated proximal jejunal loop in the left 
upper quadrant

• The colon cutoff sign, which represents disten-
tion of the colon to the transverse colon with a 
paucity of gas distal to the splenic flexure

Other findings include obscuration of the 
psoas margin, increased epigastric soft tissue 

a b

Fig. 14.6 Infected collection. Axial non-contrast (a) and 
coronal reformatted (b) CT images obtained 6 weeks after 
onset of acute necrotizing pancreatitis show the presence 

of multiple air bubbles within the heterogeneous collec-
tion, findings that are consistent with infected WON

14 Imaging of Pancreatitis



256

density, increased gastrocolic separation, gas-
tric curvature distortion, and pleural effusion 
(usually on the left). Rarely, in case of necrotiz-
ing pancreatitis and superinfected pancreatic 
collection, pancreatic emphysema may be visi-
ble (Fig. 14.8). However, it is noteworthy that 
in the majority of patients, the abdominal plain 
film can be completely normal in acute 
pancreatitis.

Computed Tomography
Contrast-enhanced CT is the modality of choice 
for the evaluation of patients with acute pancre-
atitis because of its rapid acquisition, worldwide 
availability, and panoramic view which allows a 
complete visualization of local and distant 
complications.

As previously stated, not all patients with AP 
require CECT, since in case of mild pancreatitis, 
CT is not necessary; on the other hand, in patients 
with severe pancreatitis, a CECT study is manda-
tory [20].

A monophasic CT protocol after injection of 
contrast media is considered to be sufficient for 
the diagnosis and assessment of AP [4]. A multi-
phasic protocol can provide more information 
about pancreatic parenchyma (late- arterial phase) 
and about other abdominal structures or vessels 
(venous phase).

CT findings depend on the extent and sever-
ity of the disease. In mild pancreatitis, typically 
the pancreatic parenchyma appears diffusely 
enlarged, with normal enhancement, with or 
without fat stranding. In severe forms, paren-
chymal necrosis and necrotic collections may 
develop within the pancreatic parenchyma or in 
the peripancreatic region. Fluid or necrotic col-
lections are usually located in the retroperito-
neum, along the anterior pararenal fascia, at the 
base of the transverse mesocolon, and in the 
lesser sac [2].

a b

Fig. 14.7 Intrasplenic pseudocyst. Axial CT image in the portal-venous phase (a) and its coronal reconstruction (b) of 
a 56-year-old male 5 weeks after onset of acute pancreatitis show a fluid encapsulated subcapsular splenic collection

Fig. 14.8 Infected WON. Plain film of the abdomen, 5 
weeks after onset of acute necrotizing pancreatitis, shows 
multiple air bubbles in a superinfected walled-off necrosis
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CT represents also an effective guidance tool 
for percutaneous interventional procedures, such 
as the placement of a percutaneous drainage 
catheter. Furthermore, in patients with compli-
cated acute pancreatitis, CECT has an important 
role during the follow-up period to determine the 
success of treatment in patients who have under-
gone percutaneous drainage or other interven-
tions including surgical debridement.

It is important to underline that imaging 
obtained during the first 3 days in patients with 
severe pancreatitis may underestimate or may not 
detect the presence or the extent of necrosis. The 
best time for scanning these patients by CECT is 
after 72 h from onset of symptoms.

CT has limited accuracy in biliary stone detec-
tion and in the early differentiation of fluid from 
nonliquid material within a collection. Finally, 
CECT is contraindicated in patients with allergy 
to iodinated contrast material or with renal 
failure.

Magnetic Resonance
MR is not considered the modality of choice for 
evaluating patients with acute pancreatitis; how-
ever it should be considered complementary to 
CT and also represents a useful tool in selected 
cases [24]. In particular MR is useful in patients 
with impaired renal function or allergies to 

 iodinated contrast material, in pregnant women, 
and in patients with suspected choledocholithia-
sis not seen on CECT. Furthermore, because of 
its high contrast resolution, MR is able to assess 
the composition of a pancreatic fluid collection, 
in particular the presence or absence of non- 
liquefied material (necrotic debris) or superinfec-
tion (Fig. 14.9).

MR is more sensitive than CT for detecting 
pancreatic parenchymal alterations. In interstitial 
edematous pancreatitis, the pancreatic paren-
chyma is usually enlarged, and it changes its 
physiological intensity, with hypointensity on 
T1-weighted images and slight hyperintensity on 
T2-WI due to the presence of edema. In necrotiz-
ing pancreatitis, in the absence of hemorrhage, 
T1 signal intensity becomes more heterogeneous 
or decreased as compared to the hepatic paren-
chymal signal. T2 signal intensity of the pancre-
atic parenchyma and peripancreatic soft tissues 
can increase and become closer to fluid signal 
intensity. Hemorrhage and hemorrhagic fluid col-
lections are better recognized on MR. Hemorrhage 
is usually hyperintense on T1-weighted images 
and should be differentiated from the physiologi-
cal hyperintensity of the unaffected pancreatic 
parenchyma.

Contrast-enhanced MRI may be superior to 
contrast-enhanced CT in differentiating necrotic 

a b

Fig. 14.9 Assessment of the composition of a pancreatic 
fluid collection. Coronal curvilinear reformatted CT 
image on portal-venous phase (a) shows an inhomogeneous 
pancreatic fluid collection in a 62-year-old. MRI coronal 

T2-weighted image (b) better demonstrates the presence 
of non-liquefied material suggestive for necrotic debris 
and permits an accurate diagnosis of WON
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foci within the pancreas from intrapancreatic 
fluid or hemorrhagic regions [37]. Small areas of 
necrosis can be missed on CT or misinterpreted 
as intraparenchymal fluid collections, particu-
larly when imaging is performed 72 h before the 
onset of symptoms.

Finally, MR with magnetic resonance cholan-
giopancreatography (MRCP) is able to assess 
ductal alterations, and it is considered a useful 
tool for demonstrating the communication of a 
fluid collection or a pseudocyst with the pancre-
atic ductal system. In selected cases this commu-
nication can be better evaluated after secretin 
stimulation.

Ultrasounds
Ultrasound examination is usually the first imag-
ing modality which investigates the upper abdo-
men in patients with abdominal pain.

The standard evaluation consists in obtaining 
images of the pancreas and of the peripancreatic 
compartments, such as the lesser sac, anterior 
pararenal space, and transverse mesocolon, by 
scanning in the supine, longitudinal, transverse, 
semi-erect, and coronal planes.

The diagnosis of acute pancreatitis includes 
the increase in the volume of the pancreatic 
parenchyma, structural changes, and significant 
decrease in echoes. However, primary limitation 
of US is that sometimes the pancreas cannot be 
visualized due to overlying bowel gas; in these 
cases, the spleen can be used as an acoustic 
window to image the pancreatic tail. Moreover, 
the pancreatic parenchyma may appear 
completely normal in mild acute pancreatitis.

In patients with suspected acute pancreatitis, it 
is important to evaluate the common bile duct 
and its intrapancreatic portion to exclude an 
underlying biliary stone disease, since US is the 
most sensitive modality for evaluating the biliary 
tree/gallbladder [38].

US is also useful to assess the presence of 
local complications, such as peripancreatic fluid 
collections or pseudocyst. Furthermore, it could 
be used to clarify the presence or absence of non- 
liquefied components within a fluid collection 
whenever it cannot be distinguished at CECT 
(Fig. 14.10).

Finally, US represents a useful tool to guide 
percutaneous interventional procedures in 
patients with complications such as needle aspi-
rations and drainage of fluid collections and 
pseudocysts.

14.2.4.7  Differential Diagnosis
Usually, the clinical picture combined with labo-
ratory data is strong enough to suggest the correct 
diagnosis of acute pancreatitis. Clinically, the dif-
ferential diagnosis of abdominal pain that could 
be confused with acute pancreatitis includes pep-
tic ulcer disease, intestinal obstruction, abdomi-
nal aortic aneurysm, cholangitis or cholecystitis, 
choledocholithiasis, viral gastroenteritis, mesen-
teric ischemia, hepatitis, or myocardial infarction 
[24]. In all these cases, additional clinical history 
and the fact that the lipase and amylase are nor-
mal should prevent a misdiagnosis. However, in 
all these cases, CECT should be performed and 
demonstrate a normal pancreas, except in rare 
instances:

• A perforated gastric or duodenal ulcer may be 
confused on CECT with pancreatitis because 
of stranding in the peripancreatic and duode-
nal areas but usually detection of even small 
pockets of free intraperitoneal air prevents 
such an error. Clinically, elevated amylase in 
these patients adds to the diagnostic dilemma; 
however the elevation is usually less marked 
than in acute pancreatitis.

Fig. 14.10 Pancreatic pseudocyst. Ultrasound follow-up 
of a large pancreatic pseudocyst in a 32-year-old patient 5 
weeks after onset of acute pancreatitis. The collection is 
completely anechoic due to the absence of solid material 
within the pseudocyst
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• Similarly, severe peptic ulcer disease caused 
by Helicobacter pylori, nonsteroidal anti- 
inflammatory drug use, or Zollinger-Ellison 
syndrome can produce enough stranding 
near the pancreatic bed that could be 
 confused with acute pancreatitis on 
CECT. Usually the gastric wall is thickened, 
the lipase and amylase are normal, and the 
epigastric pain does not generally radiate 
into the back, which should enable a correct 
diagnosis.

• Mesenteric ischemia can produce an eleva-
tion of the amylase with a normal lipase and 
also shows elevation of lactic acid. A history 
of atrial fibrillation or peripheral vascular 
disease in an elderly patient usually raises 
the index of suspicion for bowel ischemia, 
and CECT can be diagnostic without confu-
sion with acute pancreatitis unless there is 
extensive mesenteric stranding in the upper 
abdomen.

Furthermore, resuscitation efforts with exces-
sive rehydration can lead to generalized edema, 
ascites, and edema in the pancreas that are asso-
ciated with stranding and fluid in the retroperito-
neum, which mimics acute pancreatitis. The 
severity of the pancreatic manifestations depends 
on the degree of hydration. Similarly, hypoalbu-
minemia with ascites and generalized edema can 
mimic acute pancreatitis [24].

14.2.4.8  Pitfalls
In the early phase, mild acute pancreatitis can 
be missed on CECT if the patient is studied on 
the first day of onset of symptoms, because 
edema of the pancreatic tissue or stranding of 
the peripancreatic area is not yet evident. 
Furthermore, necrosis may be missed or misdi-
agnosed when CECT is performed in the first 
72 h, since necrosis can be confused as an area 
of hypoperfusion of the pancreatic parenchyma 
due to edema [24].

In the late phase, infection can be suggested 
on CECT if gas bubbles are present within the 
pancreatic collection due to the presence of gas- 
forming organisms. An infected necrotic tissue 
could be confused with spontaneous drainage of 
the collection into the gastrointestinal tract. To 
avoid this diagnostic pitfall, the adjacent gastro-
intestinal walls need to be carefully analyzed. 
Similarly, marsupialization or other drainage 
procedures also can lead to the introduction of 
gas into a collection. Finally, an area of WON can 
be misinterpreted as a cystic neoplasm especially 
in cases in which a history of a previous pancre-
atitis cannot be elicited (Figs. 14.11 and 14.12) 
[24]. In these cases, MRI can demonstrate 
necrotic debris with or without loculations, which 
do not enhance after administration of contrast 
material, to confirm that the inhomogeneous 
 cystic structure is related to a previous acute 
pancreatitis.

a b

Fig. 14.11 Cyst of the tail of the pancreas. Axial CT 
images in the non-contrast (a) and in the portal-venous 
phase (b) of a 39-year-old woman. The peripancreatic 

collection has non-enhanced, non-viable solid tissue and 
refers to a walled-off necrosis
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14.2.4.9  Treatment
Mild and severe pancreatitis are both initially 
treated by conservative and supportive measures 
[39]. Prophylactic antibiotics in necrotizing pan-
creatitis are not recommended [28]. Mild and 
mild-severe pancreatitis usually do not require 
further therapies. In presence of necrotizing pan-
creatitis, any operative intervention is postponed 
as long as possible allowing collections to demar-
cate (3–4 weeks). Actually, operative treatment is 
usually reserved to infected necrotizing pancre-
atitis; in these cases, the treatment of choice is 
percutaneous drainage of the collection. 
Percutaneous drainage is also used if sterile col-
lections are large enough to cause symptoms.

14.3  Chronic Pancreatitis

14.3.1  Imaging Techniques

A few decades ago, before the clinical  introduction 
of cross-sectional imaging techniques, the imag-
ing evaluation of CP was limited to plain radiog-
raphy depicting calcifications (Fig.  14.13). 
Traditionally, the ductal morphology has been 
assessed with endoscopic retrograde cholangio-
pancreatography (ERCP), with severity assessed 
using the Cambridge classification [40]. Today 
routine imaging modalities in the evaluation of 
CP typically include computed tomography (CT) 
with one or more contrast-enhancement phases, 

a

c

b

Fig. 14.12 Cyst of the head of the pancreas. Axial CT 
images in the arterial (a) and in the portal-venous phase 
(b) of a 35-year-old woman. The head of the pancreas 
shows a well-defined fluid collection with thickened and 
enhanced mural solid components. It was misinterpreted 
as a pancreatic pseudocyst and the patient underwent a 
pseudocyst-gastro-anastomosis. Axial CT image 6 months 

after the procedure (c) shows the reduction of the fluid 
component of the lesion; however, the thickened and 
enhanced areas are still visible. After US-guided biopsy, 
the lesion demonstrates the histological features 
suggestive for a solid pseudo-papillary tumor of the 
pancreas, which was confirmed at histological specimen 
after pancreaticoduodenectomy
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MRI with magnetic  resonance cholangiopancrea-
tography (MRCP), and ultrasound with a transab-
dominal or endoscopic approach.

14.3.2  Computed Tomography: 
Examination Technique

Multidetector computed tomography (CT) repre-
sents the gold standard in pancreatic inflamma-
tory and neoplastic diseases. The advantages of 
CT are the rapid image acquisition and the high 
spatial resolution, which permits multiplanar 
reconstructions, a useful tool in the evaluation of 
the pancreatic parenchyma and pancreatic ductal 
system.

A study protocol of the pancreas includes a 
non-contrast scan of the upper abdomen, to dem-
onstrate the presence of intraductal filling defects, 
such as calculi or protein-dense plugs, followed 
by a contrast-enhanced acquisition in the late-
arterial phase (pancreatic phase), in which nor-
mal pancreatic parenchyma is usually brightly 
enhanced. Finally a portal-venous phase scan of 
the entire abdomen should be acquired to exclude 
other organ involvement or abdominal complica-
tions (Figs. 14.14 and 14.15) [12].

Fig. 14.13 Chronic pancreatitis. Plain radiography of the 
abdomen of a 60-year-old man shows multiple 
calcifications scattered through the entire pancreatic gland

a b

Fig. 14.14 Chronic pancreatitis. Coronal reconstructed 
image (a) and axial CT image (b) acquired in portal- 
venous phase show a calcification of the pancreatic head 

with marked dilation of the upstream main pancreatic duct 
which shows a tortuous path
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14.3.3  Magnetic Resonance: 
Examination Technique

The development in imaging techniques, and 
especially in magnetic resonance imaging (MRI), 
has dramatically improved the information on 
both morphology and function of the pancreas. In 
the Mayo diagnostic criteria for CP, MRI is now 
an accepted method for assessing ductal and 
parenchymal alterations [41]. MRI has the unique 
capability of allowing noninvasive evaluation of 
the pancreatic parenchyma, pancreatic ductal 
system, peripancreatic soft tissue, and vascular 
network in a single examination. The concurrent 
use of secretin improved the diagnostic yield of 
MRCP in the evaluation of the pancreatic duct 
integrity and pancreatic exocrine function in 
cases of early pancreatitis [42–44].

14.3.3.1  Standard MR
The standard MR protocol includes T2-weighted 
images acquired at different planes and fat- 
suppressed 3D-GRE T1-weighted images, 
acquired before and after administrations of gad-
olinium chelates. The contrastographic phases 
include pancreatic, portal-venous, and delayed 
phases (3–10 min post-gadolinium). The recent 
advantages of these sequences include thinner 
sections (3  mm) and multiplanar imaging. 
 Fat-suppressed T1-weighted images show high 

signal intensity in normal pancreas due to high 
aqueous protein content in the acini within the 
pancreatic parenchyma. Furthermore fat- 
suppressed T1-weighted images enhance the sig-
nal intensity of the pancreatic parenchyma in 
relation to the surrounding hypointense retro-
peritoneal fat, appearing typically hyperintense 
as compared to the liver parenchyma [45]. On 
gadolinium-enhanced images, the pancreas dem-
onstrates a capillary blush on arterial pancreatic 
phase, which renders it markedly higher in sig-
nal intensity than the liver [46]. Echo-train spin-
echo sequences such as T2-weighted half-Fourier 
acquisition snapshot turbo spin-echo (HASTE) 
provide a sharp anatomic delineation of the com-
mon bile duct (CBD) on coronal plane images 
and of the main pancreatic duct on transverse 
plane images. Furthermore, T2-weighted images 
provide information on the complexity of the 
fluid within pancreatic pseudocysts, which may 
reflect the presence of complications such as 
necrotic debris or infection. Standard MRI 
should be completed with MRCP to assess both 
parenchymal and ductal alterations of the pan-
creas. One important limitation of MRI lies in its 
inability to depict small parenchymal calcifica-
tions, which can be easily depicted with CT.

14.3.3.2  MRCP
MRCP was first described in 1991, providing a 
noninvasive alternative to ERCP, which relies on 
the endoscopic injection of contrast fluid into the 
common bile duct and main pancreatic duct [47, 
48]. By applying either a single-shot breath-hold 
technique or a free-breathing technique with 
respiratory triggering, MRCP can provide both 
2D and 3D images [49, 50]. Recent sequences 
allow faster image acquisition and better quality 
with more detailed images including 3D recon-
structions. These advances benefit from a high 
signal-to-noise ratio. Additionally, the 3D free-
breathing protocol makes it superior to 2D imag-
ing in patients who are unable or unwilling to hold 
their breath for the duration of the scan [51]. 
MRCP sequences are heavily T2-weighted pulse 
sequences; therefore the pancreatobiliary tree is 
displayed as high signal intensity, and the pancre-
atic duct is clearly visualized in the normal 

Fig. 14.15 Chronic pancreatitis. Coronal curvilinear 
reformatted CT image in the portal-venous phase shows 
multiple calcifications within the main pancreatic duct of 
the head and the tail of the pancreas. The MPD is diffusely 
dilated and irregular, with air within the lumen
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 pancreas. MRCP technique is relevant in detect-
ing pancreatic ductal alterations, such as dilata-
tions, filling defects, and stenoses. Furthermore, 
pseudocysts and other ductal congenital abnor-
malities and normal variants (such as pancreas 
divisum) can be visualized [52].

14.3.3.3  Secretin-Enhanced MRCP
Secretin is a polypeptide hormone secreted by 
the duodenum. Secretin stimulates the secretion 
of bicarbonate and a fluid rich in protons; 
moreover it increases the tone of the sphincter of 
Oddi. Consequently the main pancreatic duct 
distends by the accumulation of the pancreatic 
juice. The distention will be maximal in about 
4–10  min with a better representation of 
pancreatic ductal anatomy [42, 43, 53]. It is 
recommended the administration of a negative 
oral contrast agent to remove high signal intensity 
from the fluid within the stomach and duodenum 
on MRCP images. If a commercial product is not 
available, pineapple juice or blueberry juice can 
be used as alternative negative MR contrast 
materials. Oral contrast agent should be given 
30 min before the procedure.

Indications of secretin-enhanced MRCP 
include the evaluation of the pancreatic ductal 
system in patients with recurrent episodes of acute 
pancreatitis and to better analyze a stenosis of the 
main pancreatic duct, in particular to distinguish 
between stenoses due to neoplastic infiltration or 
strictures secondary to inflammatory compres-
sion. In these latter cases, it is often demonstrated 
a resolution of the stenotic tract after secretin 
injection, the so-called duct penetrating sign [54]. 
Furthermore exocrine function of the pancreas 
can be evaluated by a stratification in different 
grades (Matos’ score) in secretin-enhanced 
MRCP according to the duodenal anatomic imag-
ing findings: grade 1, pancreatic fluid is confined 
to the duodenal bulb; grade 2, fluid is seen as far 
as the second part of the duodenum; grade 3, 
when duodenal filling reaches the third part of the 
duodenum; and grade 4, fluid is seen at the fourth 
portion of the duodenum. Diminished estimated 
pancreatic exocrine function is suspected in the 
absence of duodenal fluid accumulation, or with 
grade 1 duodenal filling [55].

14.3.4  Imaging Features

In the early stages of chronic pancreatitis, pan-
creatic alterations are usually unspecific and 
inconclusive. Recurrent episodes of pancreatitis 
usually result in fine parenchymal alterations and 
ductal irregularities, which are rarely detected on 
CT [56]. In early chronic pancreatitis, the role of 
computed tomography is usually limited to rule 
out neoplastic disease or anatomical malforma-
tions. As parenchymal changes might be preceded 
by ductal changes in chronic pancreatitis, this 
makes MRCP alone more advantageous in sus-
pected early chronic pancreatitis. MRI detects not 
only morphological characteristics but also early 
fibrotic changes. Fibrosis is shown by diminished 
signal intensity on fat-suppressed T1-weighted 
images and diminished parenchymal enhance-
ment on immediate post-gadolinium images. 
Diminished pancreatic parenchymal enhance-
ment on pancreatic phase reflects disruption of the 
normal capillary bed and increased chronic 
inflammation and fibrosis (Fig.  14.16). MRCP 
findings in early chronic pancreatitis often dem-
onstrate normal main pancreatic duct with dilated 
and irregular side duct branches. Some authors 
reported that patients with abnormal MR imaging 
findings but normal MRCP might benefit from 
dynamic secretin-MRCP (S-MRCP), which may 
improve the visualization of the pancreatic ductal 
system.

In advanced disease, parenchymal and ductal 
alterations are irreversible and can be limited to 
the secondary ducts (small-duct form) or might 
extend to the main pancreatic duct (MPD) (large- 
duct form) (Table 14.5) [11]. The consequence of 
the obstruction of the pancreatic ductal system is 
the precipitation of dense protein plugs within 
the ducts, which gradually calcify in small or 
large calcifications [57].

The macro-obstructive form is secondary to a 
primary obstruction of the main pancreatic duct, 
with the consequent dilatation of the upstream 
pancreatic ductal system. The caliber of the MPD 
is usually larger than normal (4 mm in the head; 
3 mm in the body-tail), resulting diffusely dilated 
with a tortuous path [58]. The impaired outflow 
can lead to dilation of the upstream secondary 
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ducts (Fig.  14.17). On advanced disease, typi-
cally multiple small calculi precipitate within the 
secondary ducts, which can present cystic 
changes. The obstruction of the pancreatic ducts 
leads also to necrosis of the acinar cells with pro-
gressive substitution of the normal parenchyma 

by regions of fibrosis [12]. The affected paren-
chyma gradually reduces in size until complete 
atrophy of the gland.

CT non-contrast images are able to detect 
intraductal dense plugs or calcifications, 
which may be single or multiple and vary in size, 

a b

c d

e f

Fig. 14.16 Chronic pancreatitis. Axial fat-suppressed 
T1-weighted image (a) shows an atrophic pancreatic 
parenchyma, which appears hypointense as compared to 
the liver parenchyma. Axial T2-weighted image (b) shows 
an irregular dilatation of the main pancreatic duct. After 
contrast medium injection, the pancreatic parenchyma 

appears hypovascular during the pancreatic phase (c), 
with progressive delayed enhancement during the portal- 
venous and delayed phases (d, e). MRCP sequence (f) 
confirms the dilatation of the entire main pancreatic duct, 
with dilatation of multiple side branches
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limited to a portion of the pancreas or diffused 
throughout the whole extension of the gland. 
Usually these calcifications remain stable or 
increase in extent, although they can rarely 
decrease. After contrast media injection, the 

affected parenchyma appears hypovascular dur-
ing the pancreatic phase, as compared to the 
unaffected parenchyma, as a result of the fibrotic 
infiltration. These fibro- inflammatory changes 
also lead to a delayed enhancement of the gland 
during the portal- venous and delayed phases, in 
which the parenchyma shows contrast retention 
and delayed washout (Figs.  14.16 and 14.17). 
These alterations are well demonstrated when 
chronic pancreatitis affects a focal region of the 
pancreas, in which normal aspects of the paren-
chyma coexist with chronic disease. During 
recurrent episodes of pancreatitis, edema of the 
peripancreatic fat or fluid collection of the ante-
rior pararenal spaces can be rarely observed.

MRCP in advanced disease demonstrates dila-
tation and strictures of the main pancreatic duct 
with side branches dilated, giving a “chain of 
lakes appearance.”

A benign condition involved in the obstructive 
disease is also the reduced pancreatic juice 
outflow in the duodenum secondary to sphincter 
of Oddi dysfunction or inflammatory stenosis of 
the major papilla. Sphincter of Oddi dysfunction 
(SOD) refers to benign obstruction of bile or pan-
creatic juice outflow, due to stenosis or dyskine-
sia of the sphincter of Oddi. The entity of the 
stenosis is often mild, and ductal alterations are 

Table 14.5 Morphological classification of chronic 
pancreatitis

Macro-obstructive form Micro-obstructive form
• Sphincter of Oddi disease •  Autoimmune 

pancreatitis
  Inflammatory •  Hereditary 

pancreatitis
  Neoplastic   PRSS1
• Stenosis of the MPD   CFTR
  Pseudocysts, trauma, slow 

tumors
  SPINK1

•  Alterations of the 
duodenal wall

  Paraduodenal pancreatitis
• Congenital malformations
•  Pancreatic fibrosis 

(alcohol abuse)
• Pancreatic lithiasis
  Of old age
  Hypercalcemia, 

dyslipidemia
  Drug-induced
•  Autoimmune pancreatitis 

(focal form)

a b

Fig. 14.17 Chronic pancreatitis. Axial non-contrast (a) 
and coronal-reconstructed (b) CT images show multiple 
calcifications within the parenchyma of the head of the 
pancreas. Axial fat-suppressed T1-weighted image (c) 
shows an atrophic pancreatic gland, which appears 
hypointense as compared to the liver. Axial T2-weighted 

image (d) shows a marked dilatation either of the main 
pancreatic duct and of multiple side branches. The pancre-
atic parenchyma is hypovascular during the portal-venous 
phase (e). MRCP sequence (f) confirms the diffuse dilata-
tion of the MPD with multiple side branches dilated in a 
patient with a severe chronic pancreatitis
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usually demonstrated only with secretin- 
enhanced magnetic resonance cholangiopancrea-
tography (S-MRCP), in which a prolonged 
dilation of the MPD (at 10  min after secretin 
injection) with delayed recovery of the baseline 
diameter can be observed [54, 59, 60].

An important role of imaging is also to deter-
mine the cause of the obstruction of the pancre-
atic ductal system. Pancreatic solid slow- growing 
neoplasms (e.g., neuroendocrine tumors, ampul-
lary tumors) or less commonly cystic neoplasms 
can determine a progressive extrinsic obstruction 
of the main pancreatic duct with secondary fibro-
sis and atrophy of the distal pancreatic paren-
chyma. Otherwise, aggressive neoplasms, as 
pancreatic adenocarcinoma, often infiltrate the 
ductal system with complete stenosis of the 
MPD. The most important differential diagnosis 
should be done between mass-forming pancreati-
tis and pancreatic cancer: chronic inflammatory 
process in chronic pancreatitis can produce a 
focal mass lesion that can mimic pancreatic 

 adenocarcinoma. Both chronic pancreatitis and 
adenocarcinoma show similar imaging character-
istics on MRI due to abundant fibrosis and ductal 
obstruction; therefore the differential diagnosis 
may be difficult. Both are generally seen as 
mildly hypointense on T1-weighted images 
and  heterogeneously mildly hyperintense on 
T2-weighted images. Furthermore, both condi-
tions may present with stenosis and dilation of 
the common bile duct and the main pancreatic 
duct dilation (double duct sign). Features favor-
ing carcinoma include abrupt cutoff of pancreatic 
duct, with marked upstream dilation of the ductal 
system and pancreatic parenchyma atrophy. 
Finally, pancreatic adenocarcinoma can develop 
in patients with chronic pancreatitis, with further 
limits in the differential diagnosis. Challenging 
cases require histology for final diagnosis.

The micro-obstructive form includes rare 
conditions, which are involved in progressive 
acinar sclerosis and fibrotic changes of the 
 pancreatic parenchyma, without a primary 

c

e f

d

Fig. 14.17 (continued)
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obstruction of the main pancreatic duct. In this 
type of chronic pancreatitis, the pancreatic duc-
tal system is usually involved only in advanced 
disease. Genetic alterations, as mutation of genes 
PRSS1, SPINK1, and CFTR or inflammatory dis-
ease, such as autoimmune pancreatitis, are con-
sidered the leading causes of micro- obstructive 
chronic pancreatitis [18].

14.3.5  Complications of Chronic 
Pancreatitis

Complications of chronic pancreatitis include 
pseudocysts, pseudoaneurysms, splenic vein 
thrombosis, and biliary obstruction. Moreover 
gastrointestinal complications, such as gastric 
outlet obstruction or bowel ischemia, may be 
observed [61, 62]. These complications are well 
depicted on MRI and CT. MRI with MRCP may 
be superior to CT in detecting specific complica-
tions like pseudocysts, fistula formation, and dis-
tal common biliary dilatation. Vascular 
complications are better demonstrated with con-
trast-enhanced CT.

14.3.6  Treatment

The majority of the patients with chronic pancreati-
tis suffer from abdominal pain. The first goal is to 
slow chronic disease progression, starting from 
alcohol and smoke abstinence. Moreover, patients 
require analgesics. Supportive treatments for 
abdominal pain include administration of pancre-
atic enzymes, octreotide, and antioxidants [63, 64].

In patients with obstruction of the main pan-
creatic duct, endoscopic retrograde cholangio-
pancreatography (ERCP) can relieve the 
obstruction. Endoscopic therapy comprises endo-
scopic sphincterotomy of the major or minor 
papilla, stones extraction, dilation, and stenting 
of the inflammatory stenosis [57, 65].

Finally, surgery is recommended in patients 
who did not respond to medical or endoscopic 
treatment. Several surgical approaches have been 
described. The most common procedure is the 
 lateral pancreaticojejunostomy (modified Puestow 

operation), which consists in a longitudinal inci-
sion of the anterior pancreas along the main pan-
creatic duct; ductal stones are removed and 
strictures are incised. Patients with a stenosis of 
the main pancreatic duct due to a mass localized 
in the pancreatic head need a pancreaticoduode-
nectomy (Whipple procedure) or duodenum-pre-
serving pancreatic head resections (Frey, Berger, 
or Berne procedures), which have less postopera-
tive complications than Whipple procedure [66, 
67]. Distal pancreatectomy should be performed 
in patients with chronic pancreatitis localized in 
the tail of the pancreas. Finally, total pancreatec-
tomy is rarely performed and is required in 
selected patients who failed to respond to medical 
treatments or more conservative surgery [64].

14.3.7  Other Forms of Chronic 
Pancreatitis

14.3.7.1 Paraduodenal Pancreatitis
Paraduodenal pancreatitis is a rare form of 
chronic pancreatitis affecting the “groove,” which 
is an anatomical region located between the pan-
creatic head, the wall of the second portion of the 
duodenum, and the common bile duct [68].

The etiology is not yet known; however it has 
been demonstrated a strong association with 
long-term alcohol and smoke abuse [13, 69–71]. 
The most plausible hypothesis is the presence of 
a heterotopic pancreatic tissue, derived from the 
dorsal pancreatic bud, within the duodenal wall, 
near the region of the minor papilla. This hetero-
topic parenchyma could be more sensitive to 
exogenous factors, such as high alcohol intake or 
long-term cigarette smoke [72, 73].

Macroscopically, the duodenal mucosa of the 
“groove” is often thickened, with micro or macro- 
cystic changes, as a result of inflammatory and 
fibrotic infiltration. Depending on the presence or 
absence of cystic components within the groove 
region, paraduodenal pancreatitis has been clas-
sified in cystic or solid type, respectively [13, 71, 
74, 75]. In both the subtypes, the inflammatory 
infiltration can extend to the adjacent pancreatic 
parenchyma, with dilation of the main pancreatic 
duct as a result of functional obstruction of the 
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minor or major papilla. On this basis, paraduode-
nal pancreatitis has been divided into two differ-
ent forms: the pure form, which is limited to the 
“groove” region, and the segmental form that 
extends to the pancreatic head (Fig. 14.18).

Paraduodenal pancreatitis occurs predomi-
nantly in men; the incidence in women and young 
individuals is considerably lower.

At imaging, the wall of the second portion of 
the duodenum is thickened. On precontrastographic 

a b

c d
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Fig. 14.18 Paraduodenal pancreatitis. Coronal 
T2-weighted image (a) shows a thickening of the wall of 
the “groove region.” Axial T2-weighted image (b) 
demonstrates the presence of small cysts within the 
thickened area. The affected parenchyma appears 
hypointense as compared to the unaffected adjacent 

pancreatic parenchyma on fat-suppressed T1-weighted 
image (c), hypovascular during the arterial phase (d), with 
delayed enhancement during the delayed phase (e), due to 
the presence of fibrosis. MRCP sequence (f) confirms the 
presence of the small cysts near the pancreatic head; the 
main pancreatic duct is not dilated
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CT  images, the thickened wall appears iso-
hypodense, as compared to the adjacent pancreatic 
parenchyma, with multiple micro- or macrocysts 
(3 mm–5 cm); calcifications are usually detected in 
advanced disease, especially in segmental forms. 
The most characteristic finding on MRI is a sheet-
like mass between the head of the pancreas and 
duodenal C-loop. The mass demonstrates low sig-
nal on T1-weighted images compared to the rest of 
the pancreatic parenchymal tissue and variable sig-
nal on T2-weighted images. This variation in the T2 
signal can be attributed to the time of onset of the 
disease, as subacute form of the disease shows 
brighter signal on T2-weighted images due to 
edema, while chronic form of the disease has a 
lower T2 signal due to fibrosis. Gadolinium- 
enhanced dynamic images show delayed and pro-
gressive heterogeneous enhancement, reflecting the 
fibrous nature of the tissue. Cystic lesions can also 
be well seen on T2-weighted images in the groove 
or duodenal wall. During the follow-up period, 
cysts can vary in size, even in a short time interval.

Paraduodenal pancreatitis may mimic a pancre-
atic adenocarcinoma, particularly in the solid vari-
ant. Findings at endoscopic ultrasonography (EUS) 
may help to confirm the sheet-like thickening of the 
duodenal wall, as well as intramural microcysts, 
which can be rarely identified on CT images. Some 
authors reported that the following three diagnostic 
criteria are suggestive for groove pancreatitis and 
can exclude pancreatic adenocarcinoma with a 
negative predictive value of 92.9%: [11] focal 
thickening of the second part of the duodenum, 
[12] abnormal increased enhancement of the sec-
ond part of the duodenum, and [13] cystic changes 
in the region of the pancreatic accessory duct.

In advanced disease, patients may require sur-
gery as a result of severe pancreatic insufficiency, 
weight loss, or pain [76]. These patients usually 
undergo either a classic or pylorus-sparing pan-
creaticoduodenectomy, although endoscopic 
drainage of the minor papilla has also been dem-
onstrated to be effective [77].

14.3.7.2 Autoimmune Pancreatitis
Autoimmune pancreatitis (AIP) is a distinct form 
of chronic pancreatitis, in which an autoimmune 
mechanism has been postulated [78].

Histologically AIP consists of a dense periductal 
inflammatory infiltrate of neutrophils and plasma 
cells, with dense tumor-like regions of fibrosis. 
These changes are responsible for an increase in 
size of the pancreatic parenchyma, which can be 
either focal or diffused throughout the whole exten-
sion of the pancreatic gland [79–82]. For this rea-
son, AIP has been morphologically classified in 
focal and diffuse forms [83].

AIP affects predominantly middle-aged 
males, with a wide age range (20–60 years). The 
symptoms are unspecific, including abdominal 
pain, obstructive jaundice, and occasionally 
weight loss. An elevation of IgG4 serum levels is 
often demonstrated. A typical feature of the dis-
ease is the dramatic remission of signs and symp-
toms after a short term of high-dosage steroid 
treatment [78, 84].

In 2011, the International Consensus 
Diagnostic Criteria distinguished two different 
subtypes with distinct histopathology and clinical 
profiles [78]: type 1 AIP, which is considered an 
IgG4-related systemic disease, with pancreatic 
and extra-pancreatic involvement (e.g., autoim-
mune cholangitis, retroperitoneal fibrosis, inter-
stitial nephritis), and type 2 AIP, which has none 
or few IgG4-positive plasma cells and is consid-
ered an organ-specific disease, except for a rare 
association with inflammatory bowel diseases, 
especially ulcerative colitis.

The affected pancreatic parenchyma typically 
appears enlarged, with loss of the physiological 
lobular structure. Calcifications of the gland or 
peripancreatic fluid collections are unusual. After 
contrast media injection, the lesion appears hypo-
vascular as compared to the unaffected adjacent 
parenchyma, in focal forms, or as compared to 
the liver parenchyma in diffuse forms. The 
affected parenchyma shows homogenous and 
progressive enhancement during the portal-
venous phase and contrast retention with delayed 
washout in the delayed phase (Fig.  14.19) 
[85–88].

At MRI in diffuse AIP, the pancreas is typi-
cally swollen, with a sausage-like appearance 
with low T1 signal intensity, slight high T2 signal 
intensity, and delayed gadolinium enhancement. 
A capsule- like rim surrounding the affected 
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parenchyma on T2-weighted images and on 
delayed contrastographic sequences may be 
observed. The diffuse form of AIP may mimic 
diffuse disorders like lymphoma or interstitial 
edematous acute pancreatitis.

Focal disease is less common and manifests as 
a well-defined T1 hypointense lesion with delayed 
post-gadolinium enhancement, often mimicking 
pancreatic adenocarcinoma. The main pancreatic 
duct usually presents multiple skipped stenoses, 
even in focal involvement of the gland [87–89].

However extrinsic compression of the MPD 
may be focal with a marked dilation of the 
upstream MPD caliber, similarly to pancreatic 
adenocarcinoma. An early diagnosis of AIP is 
fundamental, since an unnecessary surgery can 
be avoided [84]. The dilation of the main pancre-
atic duct in focal AIP is usually milder than in 
pancreatic adenocarcinoma, in which the MPD is 
usually infiltrated in a single short stenosis with a 

marked dilatation of the upstream main pancre-
atic duct [68, 85–87, 90, 91]. However, in selected 
cases biopsy is mandatory [84, 92].

Furthermore, the periductal infiltrate can 
extend to the common bile duct leading to an 
inflammation that can mimic primary scleros-
ing cholangitis, with multiple dilations and 
strictures of the intrahepatic bile ducts and 
thickening of the wall of the common bile duct 
[85, 87]. Renal involvement represents the sec-
ond most frequent extra-pancreatic site of AIP 
and resembles an interstitial nephritis. Renal 
lesions are usually multiple, bilateral, predomi-
nantly located within the renal cortex, with 
delayed contrast enhancement [93]. Finally, 
retroperitoneal fibrosis can be rarely demon-
strated, especially in type 1 AIP.

High dosage of steroids represents the treat-
ment of choice for recurrent AIP; however, some 
patients may require immunosuppressive drugs 

a b
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Fig. 14.19 Autoimmune pancreatitis. Axial T1-weighted 
(a) shows a diffuse “sausage-like” enlargement of the 
pancreatic parenchyma with loss of its lobular structure, 
which appears hypointense as compared to the liver. The 
inflammatory changes are responsible for an extrinsic 

compression of the main pancreatic duct which appears 
diffusely narrowed without dilatations at MRCP sequence 
(b). After contrast medium injection, the parenchyma 
affected results hypovascular during the arterial phase (c), 
with contrast retention in the delayed phase (d)
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[78, 84, 86, 94]. Recurrent disease has been well 
demonstrated, particularly in type 1 subtype.

14.3.7.3  Hereditary Chronic 
Pancreatitis

Hereditary chronic pancreatitis is a rare inher-
ited form of pancreatitis associated to several 
gene mutations [12]. The most frequent involved 
mutations include the CFTR (cystic fibrosis 
transmembrane regulator) gene, the SPINK1 
(serine protease inhibitor, Kazal type 1) gene, 
and the PRSS1 (cationic trypsin) gene [68, 95–
99]. Patients are typically young and the disease 
is slowly progressive. The diagnosis and the 
follow-up of the patients affected by this form 
of chronic pancreatitis are crucial, since the risk 
of developing pancreatic adenocarcinoma is 
high. Hereditary form is characterized by the 
presence of multiple calcifications and dense 
plugs within the pancreatic ducts, with second-
ary dilation of the MPD. Several studies reported 
that a typical aspect of hereditary pancreatitis is 
the presence of numerous and large (>15 mm) 
pancreatic duct stones, which typically present 
dense peripheral margins and radiolucent, non-
calcified, central core (“bull’s-eye” pattern) 
(Fig. 14.20) [18, 100, 101].

CT should be used to identify large ductal 
stones with the typical bull’s-eye pattern. In young 
patients with a history of chronic pancreatitis and 
who have no risks, CT may suggest a genetic eti-
ology of the pancreatitis, which could subse-
quently be confirmed by genetic tests.
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Imaging of Renal Colic
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15.1  Introduction

Renal colic indicates a type of abdominal pain 
due to urinary tract obstruction, commonly 
caused by urinary stones. The pain is caused by 
stretching of mucosal and submucosal nerve 
endings of the ureter around the stones and by 
interstitial edema with distention of renal capsule.

The classic presentation of renal colic is the 
sudden onset of severe loin pain. The pain is colic; 
it means that it comes in waves of varying inten-
sity, with completely pain-free periods between 
attacks. The patients are restless and often change 
position, by contrast with peritonitic conditions in 
which patients remain still. Symptoms such as 
nausea or emesis can accompany renal colic due to 
overstimulation of celiac ganglion. Depending on 

the site of obstruction, the pain will radiate to the 
flank, groin, and testes or labia majora. Bladder 
irritability symptoms can be seen in stones located 
in ureterovesical junction. Microscopic or macro-
scopic hematuria is often present due to traumatiz-
ing effect of stones in the collecting system 
mucosa; however, the absence of hematuria does 
not rule out urinary stone  disease [1–4].

Acute renal colic is a common problem in 
emergency care units, and up to 12% of the popu-
lation will have a urinary stone in the lifetime, 
with a recurrence rate of 50% [4–7]. 
Unfortunately, symptoms due to many other 
abdominal diseases could be indistinguishable 
from renal colic because the kidney shares fibers 
transmitting sensation with other organs, and so 
there is a poor localization of pain, while physi-
cal examination could be nonspecific [8]. On the 
basis of this clinical overlap, up to 29% of the 
patients may have an alternative diagnosis; there-
fore, emergency imaging in patients with sus-
pected renal colic is necessary to rule out other 
clinical conditions. Adnexal masses, pyelone-
phritis, appendicitis, and diverticulitis represent 
the most common alternative diagnosis, but also 
acute aortic conditions should be considered [4, 
7, 9, 10].

Imaging is not only required to confirm diag-
nosis but also to guide patient management [11]. 
In fact on the basis of size, site, and composition 
of the stone, it is possible to stratify the likeli-
hood of spontaneous passage or the need of a 
medical expulsive therapy, shock wave 
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 lithotripsy (SWL), percutaneous nephrolithot-
omy, or retrograde or percutaneous ureteroreno-
scopy (URS) [1].

Stone size is the major parameter determining 
the likelihood of spontaneous passage, with an 
almost linear relationship: passage rates of stones 
measuring 1, 4, 7, and 10 mm are, respectively, 
87%, 72%, 47%, and 27%. In general stones less 
than 5 mm pass spontaneously in 71–100% of the 
cases, while just 25–46% of stones >5 mm will 
solve without therapy [12]. Stone size influences 
also the choice of active treatment modality 
because stone-free rate after extracorporeal SWL 
is significantly better for stones <10  mm (75–
80% versus 44–60%), while stone size is not so 
significant for retrograde URS [13, 14].

Stone location helps to predict a spontaneous 
passage, since ureteral stones <5  mm pass in 
71–100% of the cases if located in the distal part 
of the ureter, while the rate of spontaneous 
passage lowers to 22–81% if located in the 
proximal ureter [14]. Stone location has a role 
also in the choice of active therapy, because even 
if improving in recent times, retrograde URS has 
still higher successful rates for distal than 
proximal calculi, while extracorporeal SWL 
efficacy is not affected by stone location [13]. 
Furthermore in cases an extracorporeal SWL is 
planned, it is important to know the distance 
between the skin and the stone and to exclude the 
presence of vascular aneurism nearby or 
interposition of other organs [1, 15].

Stone composition knowledge is useful for 
patient management. There are five main types of 
urinary stones: calcium-based calculi (70–80%), 
due to hypercalciuria, hypercitraturia, and 
hyperoxaluria; magnesium ammonium phosphate 
calculi, known as struvite stones (15–20%), 
related to infections by urease-producing 
bacteria; uric acid calculi (5–10%), related to 
high body mass index, gout, and chronic diarrhea; 
cystine calculi (1–3%), due to genetic cystinuria; 
and medication-induced calculi, related to HIV 
protease inhibitors, but also herbal supplements 
and other drugs (triamterene, sulfonamides, 
amorphous silica) [2]. On the basis of stone 
composition, it is possible to predict treatment 
response; in fact pure uric acid stones could 

dissolute completely just by oral chemolysis, and 
calcium-based stones and uric acid stone could 
be fragmented by SWL, while cystine calculi are 
often refractory to SWL [1, 16].

Beside stone size, site, and composition, 
patient management is related to the identifica-
tion of renal colic complications. An obstruct-
ing stone causes urinary tract dilation, 
hydroureter, and/or hydronephrosis, a serious 
clinical problem since it can produce a perma-
nent deterioration of renal function if it lasts 
more than 4–5 weeks. Likelihood and grade of 
hydronephrosis generally depend on stone size, 
in fact stones ≤3  mm do not cause hydrone-
phrosis, while stones of 4–5.5  mm usually 
cause just mild or moderate hydronephrosis, 
and a severe hydronephrosis is related to stones 
>10  mm. Urine leakage in the perinephric 
space, with development of an urinoma, is a 
sign of high pressure obstruction with conse-
quent forniceal rupture, a condition which 
requires a prompt intervention. Urgent decom-
pression is also required in case of infection, 
because if the filtration through the glomerulus 
is compromised, antibiotics could not reach the 
site of infection, and in case of an obstructing 
stone affecting a solitary or transplant kidney, 
to preserve renal function [8, 13].

Finally imaging plays a role in the follow-up 
of conservative management and in the evalua-
tion of active treatment complications. Shock 
wave lithotripsy causes an acute ureteral obstruc-
tion in 4% of the patients, due to stone fragmen-
tation, ureteral wall edema, or clots secondary to 
hematuria. With retrograde URS, the ureter 
could be injured directly in 2% of patients. With 
both modalities, the risk of infection is around 
5%. Percutaneous URS brings a risk of hemor-
rhage, which requires transfusion in 3% of the 
patients, greater risk of infection (15%), and of 
ureteral injury (5%). Laparoscopic ureterolithot-
omy is the most invasive procedure and is related 
to higher incidence of complications, in particu-
lar urinary or surgical site infection (7%) and 
urinary extravasations with urinoma formation. 
Secondary ureteral strictures have been reported 
for all the procedures, with different incidence 
rates [13].
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15.2  Imaging Modalities

15.2.1  Techniques

15.2.1.1  Plain Radiography
Abdominal plain films recognize a urinary stone 
for its opacity, but while most calculi are 
composed of calcium salts, many other (uric acid 
stones, some medication stones) are radiolucent. 
Furthermore, stone size, the presence of overlying 
fecal material or bowel gas, spinous vertebral 
processes, and bony pelvis may confound the 
image, and so only 48–63% of urinary stones are 
visible. Abdominal plain films sensitivity is 
affected by stone size; it is higher for stones 
>5 mm and located proximally, while it is poorer 
for little ones and for calculi located in distal 
ureter [1–3, 8].

Plain radiography is often used as first-step 
imaging in patients with abdominal pain, but 
since there are other imaging modalities more 
sensitive in urinary stone detection, it is not 
indicated in cases of suspected renal colic.

A kidney-ureter-bladder (KUB) radiography, 
as it is commonly indicated a radiography 
performed focusing on urinary tract, could be 
useful in planning extracorporeal SWL to confirm 
the possibility of localizing the stone with 
fluoroscopy during the treatment, and in some 
selected cases, it could be used to follow 
migration of stones recognized with other 
imaging modalities [1, 2].

15.2.1.2  Intravenous Urography
Intravenous urography (IVU) used to be the 
imaging modality of choice in renal colic in case 
of negative KUB, because of its higher sensitivity 
and specificity. IVU identifies the urinary tract 
dilation and the site of obstruction; it allows 
optimal anatomy depiction and offers physiologic 
information about renal function and the severity 
of obstruction. On the other hand, it requires 
contrast agent administration, which can be 
contraindicated in patients with renal impairment; 
it is time-consuming, especially in case of delay 
of excretion due to obstruction; and the contrast 
material could obscure some stones. Furthermore, 
a filling defect detected on IVU could represent a 

radiolucent calculus, but also a clot or a tumor. 
Nowadays, the advent of newer imaging 
modalities has changed its role, and IVU has 
been almost everywhere substituted by ultrasound 
or computed tomography [2, 3].

15.2.1.3  Ultrasonography
Ultrasonography (US) is often performed as an 
initial imaging modality in case of abdominal 
pain evaluation since it is safe, noninvasive, 
repeatable, and quite low expensive. Nevertheless, 
it requires expertise of dedicated operators and 
could be time-consuming, and its sensitiveness 
depends on body habitus and BMI of the patients 
[5, 8, 17].

In most cases, ultrasound examination allows 
the identification of calculi located in the renal 
calices and pelvis, in the pyelo-ureteral junction, 
and in the ureterovesical junction, and it 
recognizes also medication-induced stones, 
radiolucent both on KUB and on computed 
tomography (CT) [5, 18]. Nevertheless, US has a 
poor sensitivity in the identification of calculi 
located in the middle ureter due to bowel 
interposition, it has a lower capability in precise 
stone size evaluation when compared to CT [19], 
and it is not able to provide information on 
calcium content of the stones [1].

US could show indirect signs of obstruction 
consequent to stone disease depicting urinary tract 
dilation, the absence of ureteral jets within the 
bladder lumen, and elevated renal arterial resistive 
index; so its specificity and positive predictive 
value in the diagnosis of renal colic are compara-
ble to CT without using of ionizing radiation [3, 
20]. Unfortunately, it is to remember that not all 
symptomatic ureteral calculi cause hydronephro-
sis, which is present in 69–89% of patients, and 
that just mild hydronephrosis, more difficult to 
recognize, is present in 70% of the patients [7, 21].

Ultrasound could also demonstrate possible 
complications like urinary tract rupture, with 
development of an urinoma, and pyonephrosis, 
and it is quite sensitive in recognizing alternative 
diagnosis, such as subcapsular renal hematomas, 
pyelonephritis, hemorrhagic renal or ovarian 
cysts, renal or ovarian tumors, aortic aneurisms, 
appendicitis, or cholecystitis [5, 18, 22].
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Although US certainly plays a role as first-line 
imaging test in the evaluation of flank pain, it is 
questioned if its use could be replaced by CT, 
since the latter gives more information needed 
for patient management, like direct visualization 
of the stone size and site, and seems to be more 
sensitive for alternative diagnosis [5, 18, 19].

15.2.1.4  Computed Tomography
Non-contrast-enhanced CT has been recog-
nized as “the best imaging study to confirm the 
diagnosis of urinary stone in patient with acute 
flank pain” [7, 23]. The unenhanced CT study is 
rapid, independent of the operator, does not 
take risk of contrast medium injection (renal 
insufficiency and adverse reactions), and has a 
sensitivity of 94–98% and a specificity of 
98–100% in recognition of urinary calculi [2, 3, 
5, 18, 19]. It allows the direct visualization of 
the stone with the possibility to detect the num-
ber of stones and to perform an accurate mea-
surement of calculus size, an important factor 
for patient management. In fact stones <5 mm 
in their maximum dimension pass spontane-
ously 68% of the times, while with a diameter 
of 5–10  mm, the likelihood lows to 47% and 
bigger stones usually need intervention [13, 
24]. Furthermore, CT allows the exact localiza-
tion of the calculus that is also of prognostic 
importance as proximal location of the stone is 
related to difficult spontaneous passage, and it 
depicts the exact distance between the stone 
and the skin, representing a limit to extracorpo-
real SWL.

Almost all stones are recognizable on CT by 
the meaning of their high density: calcium-based 
calculi can reach 1700–2800 Hounsfield Units 
(HU), struvite usually precipitate with calcium 
carbonate and form high density stones (600–
900  HU), uric acid stones have lower density 
(200–500 HU), cystine calculi can have foci of 
low density with a density range of 600–1100 HU, 
while medication-induced calculi are radiolucent 
even on CT.  Unfortunately, while in  vitro 
characterization of stone composition on the 
basis of their density is quite accurate, 
differentiation in  vivo is more complicated and 
less reliable [1, 2, 19].

In addition to direct calculus visualization, 
non-contrast-enhanced CT is able to recognize 
the severity of obstruction by indirect signs, such 
as hydronephrosis and perinephric or periureteral 
edema, and could depict signs of infection. 
Furthermore, it allows some anatomical consider-
ations useful for treatment planning, like recogni-
tion of kidney abnormalities (solitary kidney, 
horseshoe kidney, pelvic or ectopic kidney), alter-
ation of the urinary tract (duplication), and inter-
position of other anatomical structures, like colon 
or pleural reflection [1, 2, 4].

Even without contrast material administration, 
CT proved to be more accurate than US in the 
detection of alternative diagnosis, a condition 
reported in 10–29% of cases, and so in many cen-
ters, particularly in North America, unenhanced 
CT represents the first-line imaging for flank pain 
evaluation in emergency settings [19].

Nevertheless, the important radiation expo-
sure represents a significant drawback to con-
sider with attention, in particular in young 
patients [2]. A standard-dose unenhanced CT 
has a high sensitivity and specificity both in rec-
ognition of calculi <5  mm and in diagnosing 
alternative abdominal diseases but at cost of an 
estimated exposure of 9–12 mSv. Such exposure 
is thought to be related to a significant added 
malignancy risk, as high as 1 per 500  in a 
20-year-old-woman [19, 25]. Moreover, renal 
colic recurs in 50–60% of patients, causing 
repeated CT scanning through years, with a sum 
of radiation exposure and relative risk [25]. For 
this reasons, many low-dose protocols have been 
described, in particular limiting scan range from 
upper kidney limit to bladder base, reducing tube 
voltage, using automatically modulated tube 
current on the basis of scout images, increasing 
slice thickness, and using adaptive statistical 
iterative reconstruction. Such protocols demon-
strated, in patient with a BMI <30  kg/m2, a 
reduction of radiation exposure as low as 
1.5–2 mSv, at the cost of a reduced sensibility 
just for stones <3 mm, and so now they are rec-
ommended as the standard exam for renal colic 
studies [5, 19, 26]. Nevertheless, radiation expo-
sure is still not negligible, in particular in case of 
repeated exams, and, despite the important rise 
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in the use of CT for the diagnosis of urinary 
stones over the last two decades, it has been 
demonstrated that there had been change neither 
in frequency of diagnosis of urinary calculi or 
alternative diagnosis nor in hospitalization [7, 
27]. For these reasons, the use of CT could prob-
ably be limited in emergency departments, leav-
ing its role to the study of doubtful US exams 
and to patients selected by urologist for treat-
ment planning (patients with persistent symp-
toms, renal failure, solitary or transplanted 
kidney, possible infection) [7].

Contrast medium administration is usually not 
indicated in a setting of renal colic, but in case of 
suspicious findings in the unenhanced scan, the 
study will be completed with tailored enhanced 
scans. The presence of a renal mass requires 
adequate characterization with a multiphasic 
study. If pyelonephritis and renal abscess are 
suspected, a nephrographic scan is indicated. The 
study of renal infarction or vascular aneurisms 
requires an angiographic phase; if a hematoma or 
other hemorrhagic conditions are present or 
suspected, the arterial and venous phases are 
necessary to recognize active bleeding. The 
presence of a considerable amount of free fluid 
around the kidney or in the retroperitoneal cavity 
is suspicious for an urinoma, and so an excretory 
phase is needed to confirm urinary tract rupture. 
If there are signs of obstruction without visible 
stones or in case of suspected urothelial 
malignancy, a CT urography (CTU) with an 
excretory phase is mandatory. A CTU could be 
occasionally required to obtain a picture of an 
aberrant urinary tract anatomy (duplicated 
system, ureteral strictures, and previous surgery) 
to guide the treatment.

With newer dual-energy and spectral CT sys-
tems, it is possible to characterize some renal 
calculi on the basis of different photoelectric 
absorptions of different materials at different 
tube potentials. In particular, the software algo-
rithm can accurately differentiate pure uric acid 
stones from mixed uric acid ones and from cal-
cified stones, information useful to decide for a 
chemolysis attempt. The software is also able to 
differentiate struvite stones from cystine stones, 
which are difficult to fragment at SWL. However, 

double scanning with different tube potentials 
rises radiation exposure, but a substantial 
decrease could be obtained targeting the dual 
scanning to the stone, on the basis of a primary 
standard low-dose unenhanced scan [1, 2, 19, 
28, 29].

15.2.1.5  Magnetic Resonance
Magnetic resonance (MR) imaging is not rou-
tinely performed in case of renal colic, because 
it is relatively expensive and time-consuming. 
Furthermore, there is generally less expertise in 
acute body MR imaging, and there is a restricted 
availability, in particular in an emergency set-
ting and in off-hours. Nevertheless, the compre-
hensive evaluation of abdominal soft tissues 
granted by MR without exposure to ionizing 
radiation certainly reserves it a role in the eval-
uation of pediatric, pregnant, or serially imaged 
young patients [5, 30]. When US is not conclu-
sive, MR imaging is recommended in pregnant 
patients since colic pain can induce a premature 
labor [31, 32].

MR of the urinary tract can be performed by 
using heavily T2-weighted sequences without 
contrast material administration to image the uri-
nary tract as a static collection of fluid (static-
fluid MRU) [33].

The static-fluid MRU performance depends on 
the grade of dilation. In fact, since protons are 
relatively absent in urinary stones, calculi are not 
directly visualized but are only recognizable as a 
signal void. For this reason, a calculus needs to be 
surrounded by a high signal to become recogniz-
able, so small renal calculi (<10 mm) are easily 
missed in the absence of hydronephrosis [30].

On the other hand, ureteral stones are gener-
ally recognized on the basis of the obstruction 
they cause, and the presence of the signal void at 
that level confirms their nature, while the identi-
fication of soft tissue signal is suspicious for a 
tumor or a clot [34].

Static-fluid MRU not only clearly depicts the 
site of obstruction but shows also the grade of dila-
tion of the urinary tract and the development of 
possible complications such as pyonephrosis, sus-
pected in case of debris or a not homogeneously 
high signal inside the dilated renal pelvis [33].
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The use of additional T2 sequences combined 
to a high-quality fat suppression offers a higher 
sensitivity for perirenal and periureteral edema or 
free fluid detection, to state severity of obstruction 
[30]. The sensitivity of these sequences allows 
recognizing edema related to inflammation in the 
kidney (pyelonephritis) or in other structures (like 
appendix, small bowel, gallbladder, adnexa) even 
in patients with small amount of intra-abdominal 
fat, usually difficult to evaluate on CT [31].

In case an infection is suspected, diffusion-
weighted imaging (DWI) demonstrates with a 
high sensitivity pyelonephritis and pyonephrosis 
by the meaning of restricted proton diffusion [33].

Other useful sequences are True FISP or SSFP 
ones that allow uniform high signal intensity in 
vascular structures, which could be useful in 
recognizing adnexal vessels or vascular diseases 
at the basis of the symptoms, such as an aortic 
dissection [30].

Gadolinium-enhanced study is required in 
case of suspected neoplastic conditions. It allows 
the evaluation of enhancement pattern of the 
neoplastic lesion, and, in the excretory phase, it 
offers a depiction of the urinary tract similar to 
CTU but with less spatial resolution. Angiographic 
studies have higher sensitivity and specificity 
than non-contrast sequences in the study of 
vascular patency.

A dynamic contrast-enhanced study gives also 
information about time of excretion and, with 
dedicated software, permits to calculate 
glomerular filtration rate and renal blood flow of 
a single kidney, stating the severity of renal 
obstruction and the consequent need for a prompt 
intervention [30].

It is to remember that the use of gadolinium is 
not recommended during pregnancy since it 
crosses the placenta barrier, with unknown con-
sequence for the fetus, but usually non-contrast 
sequences are sufficient to grant enough informa-
tion for patient management [31].

15.2.2  Imaging Findings

15.2.2.1  Plain Radiography
Urinary stones are visible on plain radiography 
by the meaning of their radiopacity (Fig. 15.1), 
with cystine and struvite stones often poorly 
visible, and uric acid and matrix stones not visible 
at all. Usually stones appear as homogeneous and 
polymorphic radiopaque structures along the 
urinary tract. It is often difficult to distinguish 
them from other opacities like vessel calcifications 
or phleboliths, but the latter usually have a typi-
cal radiolucent center (Fig. 15.1 and Video 15.1).

15.2.2.2  Ultrasound
Stones typically appear on ultrasound imaging as 
hyperechoic structures with posterior shadowing 
(Figs. 15.2, 15.3, and 15.4), but the conspicuity 
of the latter depends on stone size and the use of 
spatial compound (Fig. 15.5) [7].

Renal calculi need to be 5 mm to be identified 
on US, but also calculi that are radiolucent on 
plain radiography are visible [2, 5]. Small renal 
calculi could be difficult to differentiate from 
vessel calcifications, but in these cases, a color 
Doppler artifact could be a useful tool. In fact the 
rough surface of the stone causes an irregular 
reflection of the signal, and so the software 

Fig. 15.1 Elderly patient presenting in emergency room 
with acute abdominal pain. Plain radiography (a). 
Multiple urinary stones are visualized by the meaning of 
their size and radiopacity (arrows); in the pelvis differen-
tiation between ureteral stones (empty arrow) and phlebo-
liths (arrowhead) is quite difficult, but the latter show 
more regular shape and a typical radiolucent center. 
Unenhanced CT, MPR reconstruction (b), shows incom-
plete duplication with multiple renal stones and dilation. 

A lumbar ureteral stone is located in the upper system, 
cranial to ureteral fusion (arrow), and multiple stones are 
impacted in the single pelvic ureter (empty arrow). 
Unenhanced CT, axial image (c), depicts the impacted 
pelvic ureteral stone with the typical “soft tissue rim sign” 
(arrow). At lower level, axial image with soft tissue win-
dow setting (d) shows phlebolith with the “comet tail 
sign” (arrow), while the bone window setting (e) recog-
nizes the radiolucent center of a phlebolith
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a b

Fig. 15.2 US stone features. Urinary stones appear as hyperechoic formations with posterior shadowing (a); on color 
Doppler the rough surface of the stones causes an irregular reflection of the signal, the “twinkling artifact” (b)

a b

c d

Fig. 15.3 Grade of hydronephrosis on US. Normal kid-
ney: the collecting system is empty (a). Mild hydrone-
phrosis: renal pelvis and calices are filled with urine, and 
the renal papillae are preserved (b); note the hyperechoic 
stone with posterior shadowing in the pyelo-ureteral junc-
tion. Moderate hydronephrosis: renal pelvis is ample, 

calyces are open with blunt aspect, and renal papillae are 
obliterated (c); note the hyperechoic stone with posterior 
shadowing in the renal pelvis. Severe hydronephrosis: 
pelvis and calyces are wide open with caliceal ballooning, 
obliteration of medulla, and cortical thinning (d)
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e f

Fig. 15.4 Acute left flank pain due to renal colic with 
urine leakage. US shows a mild hydronephrosis accompa-
nied by free fluid around the kidney (between calipers in 
a), a significant hydroureter (b) and a hyperechoic stone 
with posterior shadowing at the ureterovesical junction (c). 
Unenhanced CT, coronal image (d), depicts the presence 

of a great amount of free fluid in the perinephric (arrow) 
and retroperitoneal space (empty arrow); axial image (e) 
confirms stone location. In a different patient CT urogra-
phy, coronal reconstruction (f), demonstrates hydrone-
phrosis in the left kidney, the presence of parapelvic cysts 
(*), and a forniceal rupture with urine leakage (arrow)
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shows  a tail of aliasing colors posterior to the 
stone, a phenomenon indicated as “twinkling 
artifact” (Fig. 15.2) [7, 35].

Beside the direct visualization of the stone, 
US identifies secondary signs of obstruction, 
such as pelvi-calyceal and ureteric dilation, sub-
capsular fluid collection, impairment of renal 
arterial resistive index, and the absence of ure-
teral jet. These signs prove particularly useful 
when the stone is not directly visible, generally 
middle ureter one.

The hydronephrosis is graded on US as mild, 
moderate, or severe (Fig.  15.3), and it is easily 
recognizable, as well as the presence of free fluid 
around the kidney, a finding suspicious for a uri-
nary tract rupture with urinoma development 
(Fig. 15.4) [7]. However dilation could be absent 
in the first hours after symptoms onset, especially 
in case of poor hydrated patients, so it is impor-
tant to complete the examination with color 

Doppler imaging and measurement of the renal 
arterial resistive index (RI). The RI is calculated 
on the basis of the peak systolic velocity minus 
the end-diastolic velocity divided by the peak 
systolic velocity, measured between the interlo-
bar and arcuate arteries of the kidney. It repre-
sents an indirect estimate of the pressure inside 
the collecting system, since it directly affected 
pressure into intrarenal vessels. A RI >0.70 is 
indicative of obstruction, but since the presence 
of diabetes or hypertension could influence this 
index, it is important to recognize also a differ-
ence >0.04 between the normal and affected kid-
ney (Fig.  15.5) [20]. The RI is a useful tool in 
distinguishing renal obstruction from physiologic 
hydronephrosis during pregnancy, because the 
latter does not affect renal resistances [33]. 
Unfortunately, sensitivity and specificity of RI 
varies in cases of partial obstruction and decreases 
substantially 48 h after obstruction onset [20].

a b

c d

Fig. 15.5 Acute right flank pain due to renal colic. US 
shows a mild hydronephrosis (a) with significant 
increasing of the RI (b). Two hyperechoic stones without 
posterior shadowing are visible at the level of the 

ureterovesical junction (arrows in c). Color Doppler 
depicts only the left ureteral jet, indicative of a complete 
obstruction of the right system, and the twinkling artifact 
deep to ureteral calculi (d)
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Normally, the contraction of ureters causes a 
urinary jet into the bladder clearly visible on 
color Doppler imaging, but in case of obstruc-
tion, it will be absent or diminished compared to 
the not affected side (Fig. 15.5). Nevertheless, the 
presence of the ureteral jet does not rule out par-
tial obstruction to the urinary flow [17].

US examination has to be focused also on the 
evaluation of stone complications to guarantee a 
prompt treatment. The presence of echoic mate-
rial inside an obstructed and dilated renal pelvis is 
indicative of pyonephrosis (Fig. 15.6), especially 
in the presence of hypervascularization of nearby 
structures on color Doppler imaging. The  presence 
of total or partial renal enlargement, with inhomo-
geneous parenchyma and blurring of the cortical 
sinus, is suspicious for pyelonephritis.

Reporting has to indicate the presence, site, 
and size of stones, if directly visualized, or the 
presence and the conspicuity of secondary signs.

15.2.2.3  Computed Tomography
Computed tomography generally visualizes uri-
nary calculi, even <3  mm, as high attenuating 
formations inside urinary tract (Figs. 15.1, 15.4, 
and 15.7) [36]. The use of an abdominal window-
level setting allows recognition of stones inde-
pendently to their composition, since their 
density is >200 HU, and just medication-induced 
calculi are radiolucent on CT because of their 
soft tissue attenuation (15–30 HU). Some stones 
present low attenuating foci inside, and this could 
predict the susceptibility to fragmentation, so it is 
a data to add to the report [37, 38].

a b

c d

Fig. 15.6 Ureteral obstruction complicated by pyone-
phrosis. US (a) shows echoic material inside the dilated 
renal pelvis. MR, T2-weighted axial image (b), shows not 
homogeneously high signal inside left renal pelvis; 
T2-weighted image with fat suppression (c) recognizes 

perinephric fluid and edema; T1-weighted image after 
contrast medium administration (d) depicts the thickened 
urothelial wall; DWI (e) demonstrates pyonephrosis by its 
high signal inside renal pelvis
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Images should be visualized both on axial and 
coronal/sagittal reconstructions to perform the best 
possible measurement of the stone dimension, an 
important information to select therapeutic strategy, 
since the transverse diameter alone often underesti-
mates calculus size (Fig. 15.7 and Videos 15.2 and 
15.3) [1, 24, 39]. Furthermore, it has been proven 
that a bone window setting is more accurate than the 
soft tissue one to measure stones (Fig. 15.7) [40].

In case of renal calculi, CT allows to recog-
nize anomalous anatomy (Fig.  15.8), which 
can change therapeutic approach [2], and the 
precise stone location, since calculi located in 

a b

c d

Fig. 15.7 Stone size evaluation. Unenhanced CT, axial 
image (a), shows moderate right hydronephrosis with fat 
stranding and perinephric edema; note a nonobstructing 
stone in the left kidney. Axial image, at lower level (b), 
identifies a right obstructing stone. Coronal reconstruction 

(c) clearly demonstrates a larger stone diameter in the lon-
gitudinal axis, and the same reconstruction visualized 
with a bone window setting (d) depicts more precisely 
stone shape and structure

e

Fig.15.6 (continued)
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Fig. 15.8 Abnormal location of renal stones. CT urogra-
phy, coronal reconstruction (a), depicts a stone inside a 
caliceal diverticulum. In a different patient unenhanced 
CT, coronal reconstruction (b), shows tiny stones located 

in pyramids, indicative for a medullary sponge kidney. CT 
urography, coronal reconstruction (c), demonstrates the 
presence of dilation of distal tubules confirming medul-
lary sponge kidney diagnosis
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the  pyramids are indicative of medullary 
sponge kidney (Fig 15.8), a disease associated 
with an increased incidence of nephrolithiasis 
[24]. CT easily recognizes not only obstructing 
stones but also nonobstructing ones, which 
could be in some cases responsible of a renal 
colic pain [24].

In case of ureteral calculi, the best diagnostic 
clue on CT is the demonstration of a stone within 
the ureteral lumen, associated to dilation of the 
urinary tract proximal to the stone and normal 
caliber below [1, 41]. Unfortunately, dilation is 
not always present, and so ureteral calculi have to 
be distinguished from other calcifications, most 
commonly vascular calcifications and phlebo-
liths. In these cases, the use of coronal images 
usually helps tracking the ureteral course, con-
firming intraureteral location [36]. In particularly 
difficult cases, like patients with small amount of 
intra-abdominal fat, contrast medium administra-
tion with imaging in the excretory phase allows 
the recognition of the entire ureter, but usually it 
is not necessary, since some secondary signs 
could help diagnosis [1, 24].

The presence of the “soft tissue rim sign” con-
firms the stone nature of the calcification. It is a 
rim of soft tissue density of 1–2 mm surrounding 
the high attenuation structure, representing the 
edema of the ureteric wall at the level of the 
impacted stone (Fig. 15.1). The rim sign is quite 
specific, but unfortunately not always present, in 
particular in case of larger calculi which stretch 
the ureteral wall. Phleboliths represent the most 
common calcifications in the pelvis [1, 24, 42]. 
On CT imaging, the radiolucent center 
described  on plain radiography is usually non-
distinguishable [43], but it is possible to recog-
nize a tail of eccentric tapering soft tissue, known 
as “comet tail sign”, representing the noncalci-
fied portion of the vein (Fig.  15.1). Again this 
sign has a high positive predictive value in dif-
ferentiating phleboliths from stones but has a 
very low sensitivity [1, 24, 44].

CT is very sensitive in recognizing even mild 
hydronephrosis and hydroureter, signs which 
have high positive and negative predictive values 
[36]. If hydronephrosis and/or hydroureter are 

present but no calcification is visible, the recent 
passage of a stone has to be considered [36]. The 
presence of the renal pelvic wall thickening in an 
obstructed kidney is suspicious for pyonephrosis, 
but it is generally not possible to distinguish it 
from simple hydronephrosis on the basis of the 
fluid attenuation.

Hydronephrosis has to be distinguished from 
extrarenal pelvis, an anatomical variant with nor-
mal caliceal morphology (Fig.  15.9), and from 
parapelvic cysts, which are not in continuity with 
the caliceal structures (Fig. 15.9).

Perinephric edema in a renal colic setting is a 
sign of increased lymphatic flow and reabsorbed 
urine due to obstruction, and it can be easily 
demonstrated on CT by the presence of fat 
stranding (Fig.  15.7 and Video 15.2 and 15.3) 
[36]. Furthermore, a certain degree of periure-
teral edema could be present at the level of the 
impacted stone. The degree of fat stranding is 
related to the severity of obstruction and the time 
passed from obstruction onset, with a peak after 
8  h from symptoms appearance. However it is 
not a specific sign, since a perinephric edema is 
often present bilaterally in older patients or in 
case of impaired renal function, while unilateral 
edema can be recognized also in case of inflam-
mation and malignancy. So if a stone is not visi-
ble, but there is mild hydronephrosis associated 
with fat stranding, differential diagnosis must 
include the recent passage of a stone, but also 
pyelonephritis and tumors [4, 36].

An impacted stone may determinate a high 
pressure obstruction with consequent forniceal 
rupture and urine leakage in the perinephric 
space. This complication can be suspected on the 
bases of fluid amount, with relatively low grade 
of urinary tract dilation, and confirmed in the 
excretory phase after contrast medium adminis-
tration (Fig. 15.4) [36].

CT is also a useful imaging modality to evalu-
ate active treatment complications, like hemor-
rhages, infections, and ureteral injuries. 
Depending on the kind of suspected lesion, CT 
scans have to be performed in different phases: 
an arterial phase is indicated to identify active 
bleeding in case of hemorrhage, a nephrographic 
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Fig. 15.9 Mimics of hydronephrosis. US (a) and CT 
urography (b) show a large right renal pelvis located in the 
extrarenal space, with no dilation of the caliceal structures. 
In a different patient US (c) depicts fluid cysts in the renal 

pelvis, with no dilation of the excretory system; CT 
Urography, coronal reconstruction (d), confirms diagnosis 
depicting multiple parapelvic cysts, not in continuity with 
opacified caliceal structures

phase for infection recognition, or an excretory 
phase to prove urinary tract damage (Fig. 15.10).

Reporting has to indicate the number and pre-
cise size of obstructing and nonobstructing 
stones, signs of obstruction or infection since 
they change need and time of active treatment, 
and the presence of any abnormal urinary or 
extra-urinary anatomy (Figs. 15.1 and 15.8).

15.2.2.4  Magnetic Resonance
Stones are not directly visualized on magnetic 
resonance, since protons are relatively absent in 
urinary calculi, and they become recognizable 
only as a signal void inside the urinary tract. The 
T2-weighted sequences are the best ones to 

highlight this signal void because the high signal 
intensity of urine delineates stones, but the lack 
of direct visualization results in a low sensitivity 
in detecting little renal calculi (<10 mm) and in a 
poor accuracy in stone measurement. 
Furthermore, a signal void artifact may be seen 
in urine within a dilated collecting system, with 
possible misdiagnosis, but while this artifact is 
centrally located, the stone typically lays depend-
ently (Fig.  15.11) or is impacted in a ureteral 
stricture [30].

Although there is a not optimal visualization of 
calculi, MR clearly depicts the secondary signs of 
an obstructing stone, even a partially obstructing 
one. T2-weighted images show urinary tract 
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 dilation and allow accurate grading of hydrone-
phrosis. The recognition of a signal void at the 
level of obstruction confirms urolithiasis, while 
the presence of soft tissue signal is suspicious for 
a tumor or a clot and requires further evaluation 
[31, 33, 34]. Analogously to CT imaging, 
T2-weighted sequences allow the recognition of 
ureteral wall thickening around the stone.

The presence of debris or a not homoge-
neously high signal inside the dilated renal pel-
vis, especially if associated to a thickened 
urothelial wall, is suspicious for pyonephrosis 
(Fig. 15.6).

T2-weighted images with fat suppression are 
really sensitive for perinephric fluid and edema 
identification, even of low grade and in patients 
with small amount of intra-abdominal fat 
(Fig. 15.6). These sequences allow recognition of 
edema not only in the retroperitoneal fat but also 
inflammatory changes into kidney and other 
organs, helping differential diagnosis.

In case an infection is suspected, DWI has a 
high sensitivity in recognizing pyelonephritis and 
pyonephrosis, by the meaning of restricted pro-
ton diffusion and consequent hyperintense signal 
on high b-value (Fig. 15.6) [33].

a b

c d

Fig. 15.10 Active treatment complication. Unenhanced 
CT, coronal image (a), shows a lumbar obstructing stone. 
After positioning of a ureteral double J stent repeated CT 
depicts the proximal stent end located outside the urinary 
tract, axial image (b), and the ureteral injury at the stone 

level, coronal image (c). CT urography performed after 
stent removal, MPR reconstruction (d), demonstrates 
complete healing of the ureteral wall, with no leakage of 
contrast medium, and the stone persistence
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Stone disease reporting has to indicate the 
number, average size, and location of recogniz-
able calculi. The severity of obstruction has to be 
underlined, on the basis of dilation and edema 
recognizable, and it is important to point out any 
sign of secondary infection.

15.3  Differential Diagnosis

On the basis of clinical evaluation, up to 29% of 
the patients presenting with renal colic may not 
have urolithiasis. Alternative diseases could 
affect the kidney, but also other organs [10].

15.3.1  Renal Diseases

Inflammatory Conditions Urinary tract infec-
tions are quite common, representing the second 
urologic disease in emergency department. 
Infection may involve the kidney or urinary tract, 
the latter generally complicating a urinary 
obstruction.

Pyonephrosis could be recognized on US by 
the presence of echoic material inside an 

obstructed and dilated renal pelvis, especially if 
hypervascularization of nearby structures is pres-
ent on color Doppler imaging [22, 45]. MR shows 
debris or a not homogeneously high signal inside 
the dilated renal pelvis, with thickened urothelial 
wall, and restricted proton diffusion, together 
with perirenal edema (Fig. 15.6). CT evaluation is 
not diagnostic for pyonephrosis, but it has to be 
suspected by the presence of thickening of renal 
pelvic wall and perirenal edema [4, 46].

Pyelonephritis could be suspected on US exam-
ination when a total or partial renal enlargement is 
recognized, with inhomogeneous parenchyma and 
blurring of the cortical sinus. Vascular representa-
tion on power Doppler could be heterogeneous, 
and imaging after contrast medium administration 
reveals hypovascular areas [22, 45]. On unen-
hanced CT, unilateral renal enlargement with peri-
nephric stranding, without sign of obstruction or 
stones, is suspicious for pyelonephritis, but mild 
disease could have no findings at all; contrast 
medium administration confirms diagnosis dem-
onstrating wedge-shaped hypodense areas on 
nephrographic phase, or typical striated nephro-
gram on delayed phase [4, 46]. MR imaging is 
very sensitive due to its high contrast resolution. 
The T2-weighted sequences with fat suppression 

a b

Fig. 15.11 Stone features on MR imaging. Coronal 
T2-weighted image (a) shows the flow void signal cir-
cumscribed by fluid of a nonobstructing stone inside the 

distal left ureter (arrow). On the axial image (b) the stone 
lays dependently in the ureteral lumen (arrow)
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demonstrate even small degree of parenchymal 
edema, and diffusion imaging confirms diagnosis. 
The presence of a fluid collection inside the 
affected kidney, easily recognizable with all tech-
niques, is indicative of an abscess formation [47].

Vascular Conditions Many vascular diseases 
could affect the kidney mimicking a renal 
colic [4].

An acute renal infarction occurs in case of 
aortic dissection or isolated renal artery dissec-
tion but most commonly is due to renal embo-
lism. It could be initially misdiagnosed because 

US, generally performed as the first imaging 
modality, is not sensitive since some vascular 
structures could be recognized on color Doppler 
even in the affected kidney. Contrast-enhanced 
ultrasound improves diagnostic performance 
showing areas of absent vascularization in renal 
parenchyma. Unenhanced CT may show just 
unilateral renal enlargement without signs of 
obstruction, and contrast medium administra-
tion is necessary to confirm diagnosis demon-
strating the absence of enhancement of the 
entire kidney or parts of it (Fig. 15.12). In these 
cases, angiographic scan is needed to search for 
artery  dissection [10, 48].

a

c

b

Fig. 15.12 Renal infarct in a patient with atrial fibrilla-
tion and acute left flank pain. Color Doppler US shows an 
apparent normal left kidney with some vascular structures 
at the hilum (a). Unenhanced CT, axial image (b), shows 

just a mild enlargement and blurring of renal margins; CT 
scan after contrast medium administration (c) 
demonstrates an almost complete absence of enhancement 
indicative of renal infarct

P. Martingano et al.



293

In renal vein thrombosis, symptoms depend 
on the speed with which it occurs: usually neo-
plastic thrombosis is silent, while acute throm-
bosis, most commonly in case of membranous 
glomerulonephritis, causes flank pain and hema-
turia. US and unenhanced CT show renal 
enlargement and perinephric fluid, while con-
trast-enhanced CT demonstrates diminished 
nephrogram and filling defect in the renal vein 
[4, 46].

Hemorrhagic Conditions Nontraumatic bleed-
ing may involve perinephric or subcapsular space, 

renal parenchyma (most commonly into renal 
cysts or tumors), or collecting system. Acute pain 
is usually secondary to renal capsule distention or 
urinary tract obstruction due to clots.

A subcapsular hematoma appears on US as 
iso- or hypoechoic material around the kidney, 
with no vascular sign on color Doppler evalua-
tion. CT demonstrates high attenuation material 
inside renal capsule, and contrast medium admin-
istration permits to recognize the presence of 
active bleeding or an underlying solid or cystic 
mass (Figs. 15.13 and 15.14) [4, 10, 46].

a

c

b

Fig. 15.13 Spontaneous subcapsular hematoma in a 
patient with right renal colic and in anticoagulants 
treatment. Unenhanced CT, axial image (a), shows renal 
enlargement with perinephric fat stranding and the 
presence of a subcapsular collection with high attenuation 

density. Contrast-enhanced CT, axial image (b), shows no 
enhancement of the lesion and excludes signs of active 
bleeding; coronal image (c) better depicts the extension of 
the subcapsular hematoma with partial extension to the 
perinephric space
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Neoplastic Conditions Transitional cell carci-
noma could cause acute flank pain due to hematu-
ria with clots formation and secondary occlusion, 
while dilation due to the mass itself generally 
occurs over time and so remains silent. The pres-
ence of a soft tissue lesion, with abnormalities of 
the urinary tract contours both on US and CT, 
requires further imaging with CT urography 
(Fig. 15.15). Renal solid or complex cystic neo-
plasm may cause hemorrhage or hematuria, with 
consequent renal colic pain. The neoplastic lesion 
could be recognized both on US and unenhanced 

CT, but it has to be studied with contrast-enhanced 
CT or MR for a better characterization [10, 46].

15.3.2  Extrarenal Diseases

15.3.2.1  Gynecologic Conditions
Gynecologic disorders frequently manifest as 
abdominal and flank pain, and they represent 
one of the most common alternative diagnoses 
(about 10%) on unenhanced CT performed for 
urolithiasis.

a

c

b

Fig. 15.14 Hemorrhagic cyst in a patient with left renal 
colic and in anticoagulants treatment. US of the left 
kidney (a) shows large cyst with echoic material at the 
upper pole, consistent with recent bleeding inside a known 
cyst. Unenhanced CT, axial image (b), depicts a 

hemorrhagic mass, appearing as a not homogeneous 
hyperattenuating lesion with perinephric fat stranding; 
enhanced scan, coronal image (c), demonstrates the 
absence of pathological enhancement and excludes signs 
of active bleeding
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Ovarian hemorrhagic cyst is frequently 
encountered, but also tubo-ovarian abscess, hem-
orrhagic neoplasm, adnexal torsion, and ectopic 
pregnancy may be found [31]. Proper diagnosis 
is best made on US studies or MR imaging but 
could be reached also on CT. On unenhanced CT, 
the presence of pelvic fat haziness, stranding of 
pelvic fat, free pelvic fluid, and the evidence of 
an adnexal mass are indicative of a gynecologic 
disease [46].

On US the presence of echoic content may 
indicate a hemorrhagic cyst; hyperemic and 
dilated tube with or without fluid-debris level 
indicates hydro- or pyosalpinx; and a complex 
cyst with solid component and destruction of 
ovarian structure indicates a tubo-ovarian abscess 
(Fig. 15.16) but also a neoplastic mass. Ovarian 
torsion causes a severe pelvic pain, and it appears 
as an enlarged ovary in an abnormal location, 
with twisted pedicle; the absence of venous flow 

a b

c d

Fig. 15.15 Ureteral obstructing transitional cell carci-
noma in a patient with left flank pain. Unenhanced CT, 
axial image (a), depicts hydronephrosis with perinephric 
fat stranding and, at a lower level (b), shows soft tissue in 

the site of obstruction (arrow). Nephrographic scan, axial 
image (c), demonstrates soft tissue enhancement (arrow), 
and CT urography, MPR coronal reconstruction (d), shows 
the filling defected (arrow) inside the dilated urinary tract
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on color Doppler examination or the absence of 
enhancement on CT confirms diagnosis. An 
adnexal hemorrhagic mass associated with 
hemoperitoneum usually represents a ruptured 
ectopic pregnancy [22, 45, 49].

15.3.2.2  Gastrointestinal Conditions
Gastrointestinal disorders, especially appendici-
tis and diverticulitis but even bowel occlusion or 
perforation, represent the other most common 
alternative diagnosis (about 10–12%) on unen-
hanced CT performed for urolithiasis [10].

Appendix has to be looked for in every US or 
CT examination performed for flank pain but 
negative for ureteral calculi. Various radiological 
signs are indicative of appendicitis: a width more 
than 6 mm, the presence of hyperemic walls or 
free fluid nearby, and the stranding or haziness of 
the pericecal fat [22, 46].

An inflammatory bowel disease may be con-
fused for urolithiasis, especially at its first pre-
sentation. In these cases, the thickening of the 
terminal ileum bowel wall, the presence of 
inflammation of abdominal fat, and the evidence 
of enlarged lymph nodes have to guide radiologi-
cal diagnosis [45].

Diverticulitis is more commonly located in left 
and sigmoid colon but could involve also other 
portions. Recognizing a diverticulitis on US 
examination could be more challenging, but the 
tenderness at probe compression helps to focus on 

a thickened colonic wall, possibly surrounded by 
hyperechoic inflammatory fat. Unenhanced CT is 
easily diagnostic for the presence of diverticula 
associated with focal wall thickening, haziness, 
and stranding of perivisceral fat (Fig. 15.17) [46].

Bowel occlusion could be suspected on US 
imaging when there is a dilation of small bowel 
loops without peristaltic movements or hyperperi-
stalsis; in these cases, CT confirms diagnosis and 
reveals degree, site, and cause of occlusion. 
Perforation is not commonly recognizable on US 
examination, but free peritoneal air is clearly 
depicted on CT images [45, 46].

15.3.2.3  Pancreatic and Hepatobiliary 
Conditions

The most common hepatobiliary conditions 
responsible for acute flank pain are cholecystitis 
and choledocholithiasis. US is the imaging modal-
ity of choice for gallstone evaluation and clearly 
depicts biliary duct dilation and the presence of 
intraductal stones. It also easily demonstrates 
signs of cholecystitis such as gallbladder disten-
tion with thickened and hyperemic walls and peri-
cholecystic fluid [22, 31, 45]. CT imaging is less 
sensitive in gallstone recognition, but, even on 
unenhanced CT, it is possible to demonstrate bili-
ary ductal dilation or gallbladder distension with 
pericholecystic fat haziness or fluid; in these cases, 
contrast medium administration or further imag-
ing with US or MR may be warranted (Fig. 15.18).

a b

Fig. 15.16 Tubo-ovarian abscess in a patient with low 
right flank pain and fever. US (a) shows a complex cyst 
with solid component and fluid-fluid level in the right 

adnexa, and free fluid in cul-de-sac. Color Doppler image 
(b) demonstrates hypervascularization of nearby 
structures
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a b

Fig. 15.17 Diverticulitis in a patient with low left flank 
pain and fever. US (a) shows colonic wall thickening 
(arrow) in the site of probe tenderness. Unenhanced CT, 

axial image (b), depicts diverticula and focal bowel wall 
thickening, associated to pericolonic fat stranding and 
thickening of the adjacent fascia

a b

c d

Fig. 15.18 Acute cholecystitis in a patient with right 
flank pain and nausea. US (a) shows important gallblad-
der wall thickening and pericholecystic fluid. Color 
Doppler image (b) depicts hypervascularization of gall-

bladder wall and nearby structures. On Unenhanced CT 
(c) pericholecystic fluid is difficult to identify. MR, 
T2-weighted image with fat suppression (d), clearly rec-
ognizes pericholecystic fluid and wall edema

15 Imaging of Renal Colic



298

Liver subcapsular hematoma causes an acute 
flank pain secondary to hepatic capsule disten-
tion due to bleeding in subcapsular space, even in 
nontraumatic patients. It appears as echoic mate-
rial around the liver on US, with no vascular sign 
on color Doppler evaluation. CT is necessary to 
confirm diagnosis, recognizing high attenuation 
material without enhancement under liver cap-
sule, and to look for active bleeding and underly-
ing solid masses [46].

In some cases acute pancreatitis may cause 
left flank pain. On CT, the pancreas appears to 
be enlarged, with inhomogeneous parenchyma 
and blurring of peripancreatic fat or free 
fluid. CT imaging after contrast medium admin-
istration is helpful in recognizing possible 
 complications [46].

15.3.2.4  Vascular Conditions
Acute vascular diseases could be very difficult to 
recognize on US and unenhanced CT imaging, 
but they represent the most life-threatening 
diagnosis.

A ruptured aortic or iliac aneurism presents as 
an aneurism with inhomogeneous thrombus and 
perivascular fat stranding or hemorrhage both on 
US and CT (Fig. 15.19) [45].

Aortic dissection is recognizable for the pres-
ence of an intramural hematoma or a displacement 
of the intimal flap inside the lumen, the latter rec-
ognizable on unenhanced CT only in the presence 
of intimal calcifications.

In both cases, contrast medium administra-
tion is mandatory to delineate the severity of 
disease [46].

15.3.2.5  Musculoskeletal Conditions
Low mechanical back pain is a common com-
plaint in emergency department, and it may be 
easily confound with renal colic. Nevertheless in 
some cases more important skeletal conditions 
could cause flank and back pain, and they are to 
be ruled out by imaging. So it is important to 
search all unenhanced CT negative for urolithia-
sis to recognize spontaneous vertebral fractures 
in elderly or osteopenic patients and for vertebral 
metastases. In patients receiving anticoagulant 
agents, another cause of flank tenderness is spon-
taneous iliac psoas muscle hematoma; this diag-
nosis may sometimes be reached by US, but CT 
and MR provide a better visualization of the iliac 
psoas compartment, and imaging in the arterial 
phase is needed to rule out active bleeding 
(Fig. 15.20) [35, 46, 50].

a b

Fig. 15.19 Ruptured abdominal aortic aneurysm in a 
patient with acute right flank pain. US (a) shows a large 
aneurism of abdominal aorta with an inhomogeneous 
thrombus (between calipers). Unenhanced CT, axial 

image (b), depicts the ruptured aortic aneurism with a 
large retroperitoneal hematoma extending in the renal 
space; enhanced CT, angiographic phase (c), shows 
aneurism features, useful for treatment planning
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15.3.3  Diagnostic Algorithm

Renal colic

US imaging

Stone clearly visible

Active treament/follow-up

Stone not visible but secondary signs

Follow-up

Stone expulsionPersisting symptoms

Unenhanced CT

Stone visible

Active treament/follow-up

Stone visible, signs of complication Alternative diagnosis

Further diagnostic workupContrast enhanced CT

Stone expulsion

 

c

Fig. 15.19 (continued)
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Imaging is an essential component in the evalua-
tion of patients presenting with renal colic, both 
to confirm diagnosis and to decide patient 
management.

Although unenhanced CT provides highest 
sensitivity and specificity both for urolithiasis 
and for alternative diagnosis, the ALARA (as low 
as reasonably achievable) principles compel to 
keep radiation exposure as low as possible, pre-
ferring an alternative imaging modality. In this 
perspective, US certainly represents the imaging 
modality of choice as first step in renal colic 
 evaluation. US is quite sensitive and specific in 
recognizing urinary stones or secondary signs of 
obstruction. In case of visible stone, it is possible 
to know the likelihood of spontaneous passage 
and consequently the necessity of an active treat-
ment. Evaluation could be completed with CT for 
treatment planning, if required by the urologist. 
If the stone is not visible but there are secondary 
signs of obstruction, it is possible to decide for 
follow-up, awaiting for spontaneous passage. In 
case of symptoms persistence, important hydro-
nephrosis, or signs of complications imaging will 
be completed with unenhanced CT to better 
decide patient management. If signs of complica-
tions of other diseases are recognized, it is rec-
ommended to complete evaluation with 

contrast-enhanced scans or further appropriate 
diagnostic workup.

The low availability of MR in emergency set-
ting does not allow its routine use in renal colic 
workup, but evaluation of pregnant and pediatric 
patients after not conclusive US imaging has to 
be completed with MR, whenever it is possible.
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Imaging of Pyelonephritis

Raymond Oyen

16.1  General

Pyelonephritis encompasses a range of infectious 
conditions and disease processes that affect the 
kidney’s tubulointerstitial parenchyma and 
collecting system. It is a frequently encountered 
condition in daily practice. Its course can be 
either acute or chronic, and severity can range 
from mild to life-threatening.

Acute pyelonephritis (APN) is a sudden onset 
and painful, commonly bacterial, infection 
ascending from the urethra and bladder (lower 
urinary tract). Usually it is multifocal, and it may 
involve the entire kidney or even be bilateral. 
Typically it occurs in young, otherwise healthy, 
(nonpregnant) women and responds to treatment 
within 72 h, in which case the disease is called 
uncomplicated.

In any other case, the course of APN is consid-
ered complicated. Then, further investigation 
with diagnostic imaging is required, especially in 
children which are more prone to irreversible 
renal damage. In addition, imaging is required in 

the elderly, diabetics, and immunocompromised 
patients, in particular when symptoms persist 
under appropriate antibiotic therapy.

16.1.1  Epidemiology

Urinary tract infection (UTI) is a frequent cause 
of a medical consult in general practices as well 
as in the emergency department (ED). An esti-
mated 10.5 million office visits in the USA were 
related to UTI in 2007, or about 0.9% of all 
ambulatory visits. In addition, 2–3 million visits 
were made for UTI at the emergency department 
[1–3]. About 11.5% of people visiting the ED 
with abdominal pain in 2013  in the USA were 
diagnosed with UTI [4]. Worldwide an estimated 
150 million people are affected each year [5].

Urologic infections are differentiated into 
lower (bladder, urethra) and upper (kidney, col-
lecting system, ureter) UTIs. Acute uncompli-
cated pyelonephritis is much less common than 
cystitis (28 cases of cystitis per case of pyelone-
phritis), with a peak annual incidence of 25 cases 
per 10,000 women 15–34 years of age [6].

APN is common among diabetics with an 
incidence of 51.4 and 147.9/1000 person-years 
for men and women, respectively [7].

Although the problem of renal abscesses is 
underestimated in the literature, the frequency is 
high: in the USA, they are responsible for 
1–10/10,000 hospitalizations yearly with a mor-
tality rate of 0.7–1.6% [8].
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16.1.2  Etiology and Pathophysiology

UTIs are caused by both gram-negative and gram-
positive bacteria, less frequent by certain fungi. 
The most common causative agent for both 
uncomplicated and complicated UTIs is the uro-
pathogenic Escherichia coli (in 85–90%) [9, 10].

Various other bacteria are identified that less 
frequently cause community-acquired UTIs 
(Klebsiella, Proteus, Enterococcus). Their com-
mon characteristic is the ability to propagate from 
the urethra up to the kidney by use of pili or fla-
gella. These are specifically accommodated to 
attach to the uroepithelium. Propagation is facili-
tated further because of the production of bacte-
rial endotoxins, which inhibit ureteric peristalsis. 
The infection typically starts with periurethral 
contamination by a uropathogen residing in the 
gut, followed by colonization of the urethra and 
subsequent migration of the pathogen to the blad-
der. This explains why pyelonephritis is fre-
quently associated with symptoms of lower UTI.

About 30% of all nosocomial infections are 
urinary tract infections. Residing catheters make 
patients more prone to infection. Most of these 
hospital-acquired infections are caused by more 
virulent or multiresistant agents such as 
Pseudomonas aeruginosa [10].

Bacteria like Staphylococcus aureus can reach 
the kidney by hematogenous dissemination. In 
contrast to the ascending route infections, these 
septic localizations originate in the renal cortex 
first and can extent to the medulla, mostly within 
24–48  h. The lesions are more peripheral and 
rounded and may mimic infarction or even a 
neoplasm (pseudotumor). This can be challenging 
for diagnosis, in particular when there is no 
communication with the collecting system and 
urinalysis is negative [11, 12].

16.2  Renal Pain Pathophysiology

The kidney is a highly innervated organ. The 
afferent sensory nerve fibers are located primarily 
in the pelvic walls and renal capsule.

Flank pain from the urogenital tract is usually 
caused by acute distention of the ureter, renal 

pelvis, or renal capsule. The magnitude of the 
pain is linked to the rapidness of disease onset. 
Acute renal obstruction, as is seen with 
obstruction due to lithiasis, elicits an excruciating 
pain (renal colic). Inflammation is mostly slower 
in onset, because dilatation is caused by 
endotoxins which inhibit peristaltic function 
rather than acute obstruction. Therefore pain is 
perceived less severe. Furthermore, pelvic 
dilatation or kidney enlargement is mostly less 
prominent in infection and causes a continuous 
pain, whereas obstruction causes undulating/
colicky pain.

Finally, local inflammatory mediators irritate 
both slow-type A and fast-type C fibers and create 
afferent impulses. These travel to the spinal cord 
at the T11-L1 levels, thus triggering flank pain in 
infectious and inflammatory disease [13].

Pain originating from the kidney or the renal 
capsule is perceived in the costovertebral angle 
lateral to the erector spinae muscle. Kidney pain 
may be associated with gastrointestinal symptoms 
due to autonomic reflexes. Furthermore, other 
abdominal organs may cause pain in the 
costovertebral angle as may pain originate from 
the shoulder. This may obscure correct diagnosis, 
and imaging can be an aid in characterizing the 
correct cause of pain [14, 15].

16.3  Diagnosis

Uncomplicated UTIs typically affect individuals 
who are otherwise healthy and have no structural 
or neurological urinary tract abnormalities, gener-
ally premenopausal women. These patients do not 
require diagnostic imaging and can be diagnosed 
by typical symptoms and laboratory tests. An 
exception to this is the pediatric population where 
it is mandatory for early detection and follow-up. 
Precaution should be taken as well with diabetic 
and immunocompromised patients.

16.3.1  Clinical Features

Typical clinical symptoms are an abrupt onset 
of high-grade fever (>39 °C) and chills and uni- 
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or bilateral flank pain. In combination with nau-
sea and/or vomiting, these complete the typical 
clinical triad of symptoms. Clinical signs of 
associated cystitis include urinary frequency 
and urgency, dysuria, and suprapubic tenderness 
[16, 17].

16.3.2  Laboratory Test

Blood samples may show signs of inflammation: 
elevated C-reactive protein, leukocytosis with a 
predominance of neutrophils, and elevated 
erythrocyte sedimentation rate. Blood cultures 
may occasionally grow the pathogen. Blood 
cultures are positive in about 20% of cases [18]. 
In some cases, the renal function is impaired with 
elevated creatinine levels.

Urinalysis may show typically pyuria, bacteri-
uria, chains of cocci, and large numbers of leuko-
cyte casts. Samples can be used to perform an 
antibiogram to tailor the antibiotic therapy in 
more complicated cases.

Clinical tests alone are not sufficient to detect 
all cases of APN. In the study of Rollino et al. 
[19], only 23.5% of patients, with findings on 
CT/NMR for APN, had positive urine cultures, 
only 15.3% had positive blood culture, and 
7.6% had both (Fig. 16.1). Furthermore, no dif-
ferences were found between patients with or 
without abscesses with regard to these parame-
ters and risk factors. Pyuria and bacteriuria may 
be absent if the infection is not communicating 
with the urinary tract or if an obstruction is pres-
ent [20, 21].

16.3.3  Imaging

Imaging is not routinely required in uncompli-
cated cases of APN.  It may be desirable to 
obtain an US evaluation within 24 h to exclude 
obstruction [11].

More extensive imaging is needed when appro-
priate therapy fails, an underlying cause or com-
plication is suspected, and also for evaluating 
disease extent or differential diagnosis when clin-
ical and laboratory tests are not sufficient. These 
are refered to as complicated UTIs. The objective 
is to visualize emergencies or complications that 
would change treatment management, for exam-
ple, urinary obstruction which may require direct 
intervention for drainage or abscess formation 
which needs a longer antibiotic treatment and 
follow-up imaging.

CT is the modality of choice in evaluation of 
acute pyelonephritis, although ultrasound is often 
the first imaging study performed because of its 
known practical advantages (Box 16.1).

Box 16.1 Advantages of US

• Readily available
• Quick
• Portable
• Noninvasive
• Low cost
• No radiation
• No iv contrast
• Vascular evaluation with color Doppler
• High spatial resolution

CT/NMR
positive patients

196/223 (87.9%)

Positive urine culture
46 (23.5%)

Positive blood culture
31 (15.3%)

Negative urine culture
119 (60.7%)

Fig. 16.1 Rate of 
positive laboratory test 
in patients with CT/MR 
positive for APN [19]
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16.4  Imaging Modalities

16.4.1  Abdominal Plain Film and IVU

Plain abdominal film is not very useful as an 
imaging tool for renal infection. For the detection 
of calculi, a low-dose CT more and more is per-
formed as imaging modality of choice because of 
its higher sensitivity and specificity as well as 
higher negative predictive value compared to 
abdominal plain film combined with an ultra-
sound examination [22, 23].

Intravenous urography (IVU) is completely 
replaced by CT urography. It was commonly 
 performed in the past for evaluation of acute 

pyelonephritis. According to several studies, in up 
to 75% of the cases of uncomplicated acute pyelo-
nephritis IVU was normal [24–26]. In the remain-
ing, the IVU findings seen in cases of acute renal 
infections include diffuse renal enlargement (due 
to edema), delayed nephrogram (occasionally 
with striated appearance), delayed opacification 
of the renal collecting system, and dilatation or 
effacement of the collecting system (Fig. 16.2).

IVU is not sensitive enough to demonstrate 
parenchymal abnormalities, renal abscesses, and 
perirenal involvement [26]. For the detection of uri-
nary tract obstruction, alternatives are  available. 
According to recent literature, IVU should be aban-
doned for the evaluation of acute pyelonephritis.

a

b c

Fig. 16.2 (a, b, c) IVU in APN. (a) IVU image in a 
patient with right-sided diffuse APN. The right kidney has 
a swollen appearance and delayed opacification of the 
collecting system. (b) Enlarged, hypo-enhancing right 

kidney. Dilatation of the collecting system and perineph-
ric infiltration can be depicted. (c) Dilatation of the col-
lecting system in the right kidney at IVU
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16.4.2  Cystography

When vesicoureteral reflux (VUR) is suspected or 
needs to be excluded, a cystogram is still indi-
cated. Also in patients with signs of chronic pyelo-
nephritis, it is necessary to evaluate the presence of 
vesicoureteral reflux. In children, contrast-
enhanced ultrasound, the bladder filled with ultra-
sound contrast agent, offers a valid alternative for 
the exploration of vesicoureteral reflux [27].

Retrograde urethrocystography and micturi-
tion urethrography are useful when lower urinary 
tract obstruction is suspected, e.g., urethral stric-
ture in men.

16.4.3  Ultrasound/Doppler 
Sonography

The use of ultrasound has been widely debated in 
the context of clinical suspicion of APN. The sen-
sitivity is largely operator dependent. Low sensi-
tivity has been reported in various studies, ranging 
as low as 33% [28]. Color Doppler ultrasound 
finding can increase the sensitivity and obviate the 

need for further imaging [29]. In addition, when 
combined with concomitant laboratory findings, 
sensitivity and specificity can be improved, and 
results correlate with those of DMSA findings 
[30]. It has, therefore, taken into account that a 
“negative” ultrasound study does not rule out the 
diagnosis of (uncomplicated) APN.

Mitterberger et  al. showed that intravenous 
contrast-enhanced ultrasound (CEUS) may 
improve the sensitivity to 98% (Fig. 16.3) [31]. 
CEUS is however not routinely used in clinical 
practice and in some countries not reimbursed for 
this indication.

Ultrasound still remains a first-line screening 
tool in assessing local complications such as 
hydronephrosis, renal abscess formation, renal 
infarction, and perinephric collections and thus 
may guide therapeutic management.

Signs that can be detected with US include 
generalized renal edema attributed to inflamma-
tion and congestion. The renal parenchyma may 
be hypoechoic or attenuated, and a length of 
more than 15 cm or at least 1.5 cm longer than the 
unaffected side is indicative [33]. Farmer et  al. 
[34] suggest that an US appearance of increased 

Cortical phase
Parenchymal
early phase

FOCAL PYELONEPHRITIS

m

S

ABSCESS

Parenchymal
late phase

Fig. 16.3 Contrast-enhanced ultrasound [32]. Focal 
pyelonephritis and abscess are shown in the different 
phases of CEUS. m, medullae; s sinus. Pyelonephritis 
areas are always most conspicuous during the parenchymal 
late phase, as round- or wedge-shaped cortical or 
corticomedullar hypoechoic areas (shown in the drawing 

as gray areas). These areas may be seen also during the 
cortical phase and are less conspicuous during 
parenchymal early phase. Abscesses are always seen as 
anechoic areas (shown in the drawing as black areas), 
with or without rim or septal enhancement, alone or 
within areas of pyelonephritis
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echogenicity, rather than sonolucent areas, may 
be commonly seen in focal nephritis, i.e., “hem-
orrhagic-like acute pyelonephritis” (Fig.  16.4). 
With appropriate low velocity scales, affected 
areas definitely show decreased vascularity on 
color Doppler US, compared to the unaffected 
renal cortex. Dilatation of the collecting system 
in the absence of appreciable obstructive cause 
may also be seen. Parallel lucent streaks in the 
renal pelvis and ureter, which are most likely 
caused by mucosal edema, may occasionally be 
detected.

In cases of fungal infection, US may demon-
strate evidence of fungal debris in the collecting 
system, such as a bezoar and consequent obstruc-
tion. Furthermore, US can detect collections of 
air in the bladder or collecting system as the fun-
gus may be gas forming [35].

The US should be complemented with a CT 
evaluation, which is more sensitive in detecting 
focal pyelonephritis and evaluation of disease 
extent. Perirenal infiltration or abscess is often 
missed with US.

16.4.4  CT

CT is not routinely performed in the setting of 
pyelonephritis but is the modality of choice in the 
evaluation of complicated cases. On unenhanced 
CT, the affected kidney can appear normal; some-
times diffuse (or rarely focal) enlargement can be 
observed [37, 38]. Contrast-enhanced CT should 
be performed for complete evaluation, if no con-

traindication for i.v. contrast administration is 
present.

Focal pyelonephritis is characterized by an ill- 
defined wedge-shaped or rounded mass-like area 
of decreased enhancement. On delayed scans, 
4–6  h after intravenous administration of con-
trast, inversion of the attenuation of the lesions 
can be expected: the sites of inflammatory 
involvement that were initially hypodense 
become hyperdense. The affected areas typically 
have a striated appearance: an area of alternating 
hypoattenuating and hyperattenuating rays, radi-
ating from the papilla to the cortex following the 
direction of the excretory tubules. This reflects 
the decreased flow and consequent hyperconcen-
tration of the contrast in the infected tubules, 
which is due to obstruction of the tubules by 
inflammatory debris, external compression by 
the inflammatory process in the interstitium, and 
the impaired function due to tubular ischemia. 
The striated nephrogram is not pathognomonic 
for APN, however. It can also be seen in other 
conditions such as renal vein thrombosis, ureteric 
obstruction, and contusion [39]. Occasionally, 
focal pyelonephritis can mimic a neoplasm.

Diffuse pyelonephritis may cause a global 
enlargement of the kidney and a poor enhance-
ment of the whole parenchyma, with absent 
excretion of contrast. Other nonspecific radio-
logical signs include perinephric stranding, thick-
ening and mucosal enhancement of the 
urothelium, inflammatory changes in Gerota’s 
fascia and/or the renal sinus, and fluid collec-
tions/effusions [12].

a b

Fig. 16.4 (a, b) Longitudinal US of a 15-year-old boy 
with a focal wedge-shaped hyperechoic region of 
pyelonephritis in the upper pole of the right kidney (arrow 

in a). A US sagittal scan of an 18-year-old girl with a 
hypoechoic area in the upper pole of the right kidney, 
suggestive for acute pyelonephritis (arrow in b) [36]
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Also infarction can have a similar aspect on 
CT with multifocal hypoattenuating areas, but 
some features may contribute in differentiating 
from inflammatory disease (Fig. 16.5).

16.4.5  Scan Protocol

A three- or four-phase CT examination is no 
routine practice. If renal colic is suspected, an 
unenhanced CT scan with lower dose allows the 
detection of renal calculi. Clinical information 
may guide the decision for using one or more 
contrast phases; a single venous phase (60–90 s 
post-contrast) in most cases. If renal ischemia 
is a possible differential diagnosis, then an arte-
rial scan (15–25 s) is ideal to assess perfusion. 
When still in doubt, after venous phase CT or 
when there is a mismatch between imaging and 
clinical features, a delayed scan (after 4–6  h) 
can be obtained. An excretory phase with opaci-
fication of the ureters (urography) can be 
obtained with or without i.v. administration of a 
diuretic agent.

16.4.6  MRI

MR imaging offers inherently high soft-tissue 
contrast, is independent of excretory function, 
and allows multiplanar imaging. MRI will pro-
vide similar diagnostic information as CT, with 
similar high sensitivity and specificity, and is 
also able to perform urography (MRU).

However, the lack of readily available scan 
time in many institutions and the costs make MRI 
a less suitable modality for imaging of 
pyelonephritis, especially in emergency stetting. 
It is useful in cases where CT scan is 
contraindicated, e.g., allergy to iodinated contrast 
agents or when ionizing radiation should be 
avoided (e.g., in pregnancy).

The cortical phase of contrast-enhanced 
MRI is likely the best sequence to detect and 
differentiate pyelonephritis from cortical 
defects [40]. MRU can distinguish among acute 
pyelonephritis, renal scarring, and renal tumor 
[41]. MRU is also useful for detecting and char-
acterizing congenital anomalies of the kidneys 

BOX 2: MRI protocol at our
institution.

- Localizer

- T2 HASTE C

- T2 HASTE T (TE 82/360)

- T1in/opposed phase T

- T1VIBE fs C

- T1 VIBE fs T

- T2 TRUFI S localizer

- FLASH 3D 

I.V. Gadolinium+ Lasix
- T1 VIBE fs C (arterial)

- T1 VIBE fs C (venous)

- T1 VIBE fs T (late venous)

- FLASH 3D

- EPI 2D diffusion

T: transverse, C: coronal, S: sagittal,
fs: fat saturation,
HASTE: Half-Fourier Acquisition
Single-shot Turbo spin 
Echo, VIBE: volumetric interpolated
breath-hold examination,
TRUFI: true fast
imaging with steady-state
free precession, EPI: Echo
Planar Imaging.

Fig. 16.5 Infarct in the lower pole of the right kidney and 
in a lesser degree of the left interpolar area. Renal infarct 
can mimic (multi-) focal APN, although absence of renal 
enlargement and signs of pyelitis as well as the subcapsular 
distribution with “cortical rim sign” (arrow) and more 
sharply delineated hypodense areas may be helpful in 
distinguishing between these two entities. The clinical 
presentation of the patient and additional laboratory 
findings contribute to the differential diagnosis
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and genitourinary tract in the pediatric and 
adult population [42]. The use of diffusion- 
weighted sequences is certainly promising, 
assisting in the differentiation between pyone-
phrosis and hydronephrosis, which may be par-
ticularly helpful for pregnant patients in their 
second and third trimesters [43]. Early studies 
have shown diffusion-weighted sequences to 
provide reproducible information regarding 
renal function [44]. A potential disadvantage of 
MRI is its inability to detect smaller calculi, 
especially when the stones are not fully sur-
rounded by urine [42].

16.4.7  Scan Protocol

The imaging protocol for evaluation of the kid-
ney on a 1.5-Tesla (T) MRI system should at least 
consist of the following sequences (Box 16.2). 
Multiplanar T2-weighted TSE (HASTE) for 
detailed T2-weighted anatomic information and 
also transverse T1-weighted gradient echo 
sequence in-phase and opposed- phase and trans-
verse T1-weighted images before and after i.v. 
gadolinium should be acquired. Lesion perfu-
sional assessment could be done but is more use-
ful for differentiation of solid lesions when tumor 
is in the differential diagnosis.

The T2-weighted sequence is especially help-
ful in characterizing cysts and abscesses and in 
evaluating hydronephrosis. Furthermore, the 
T2-weighted sequence is helpful in detecting 
solid lesions.

Lesions with hemorrhage, lesions with macro-
scopic fat, melanin-containing lesions, and cysts 
with high protein content may show hyperintense 
signal on T1. Opposed-phase T1-weighted gradi-
ent echo sequences can be used to prove the pres-
ence of small amounts of fat, which can be useful 
in cases of XGP, a disease characterized by lipid-
laden macrophages [45]. FLASH sequence can be 
used to make volumetric scans and 3D recon-
struction as well as maximal intensity projection 
images comparable to urography [46].

Diffusion-weighted MRI is very sensitive for 
the noninvasive detection of focal areas of pyelo-
nephritis [11].

16.4.8  Tc-99m DMSA Scan

Tc-99m DMSA (dimercaptosuccinic acid) is a 
technetium radiopharmaceutical used in renal 
imaging to evaluate renal structure and morphol-
ogy, particularly in pediatric imaging for detec-
tion of scarring and pyelonephritis [47].

In the pediatric population, where a missed 
diagnosis can mean irreversible damage, with 
hypertension or chronic kidney failure as a con-
sequence, Tc-99m DMSA scintigraphy is still 
considered the gold standard of imaging 
(Fig. 16.6) [48].

Box 16.2 MRI Protocol at Our Institution
 – Localizer
 – T2 HASTE C
 – T2 HASTE T (TE 82/360)
 – T1 in/opposed-phase T
 – T1 VIBE fs C
 – T1 VIBE fs T
 – T2 TRUFI S localizer
 – FLASH 3D

I.V. Gadolinium+ Lasix

 – T1 VIBE fs C (arterial)
 – T1 VIBE fs C (venous)
 – T1 VIBE fs T (late venous)
 – FLASH 3D
 – EPI 2D diffusion

T transverse, C coronal, S sagittal, fs fat 
saturation, HASTE half-Fourier acquisition 
single-shot turbo spin echo, VIBE volumet-
ric interpolated breath-hold examination, 
TRUFI true fast imaging with steady-state-
free precession, EPI echo planar imaging
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16.5  Imaging of Inflammatory 
Renal Disease

16.5.1  Acute Pyelonephritis

Acute pyelonephritis can be unilateral or bilat-
eral; unifocal, multifocal, or diffuse; and uncom-
plicated or complicated. Ultrasound can show 
enlargement due to edema and areas of hypo- or 
hyperechogenicity in the parenchyma with 
decreased vascularity on color Doppler imaging 
in the corresponding areas (Fig. 16.7).

Parenchymal phase CT typically shows 
decreased enhancement within (wedge-shaped) 
areas of affected tissue or in the entire kidney in 
case of diffuse APN (Fig.  16.8). Other signs 
include thickening and hypervascular urothelium 
of the collecting system and perinephric infiltra-
tion (Fig. 16.9). The striated nephrogram can be 
seen on delayed scan phases (after 4–6h), but it is 
not necessary to perform this late phase in all 
patients (Fig. 16.10).

MRI can show similar characteristics as CT 
(Fig. 16.11).

a

b

Fig. 16.6 (a, b): 
Tc-99m DMSA scan of 
the same 7-year-old boy. 
(a) Initial DMSA scan 
reveals a negligible 
difference in renal 
excretion: 46% in the 
left kidney and 54% in 
the right one. It does 
however show a 
photopenic zone in the 
interpolar area of the left 
kidney: location of the 
abscess. (b) Follow-up 
exam after 8 months. 
The location of the 
former abscess in the 
left kidney is still faintly 
photopenic. There is still 
a symmetrical excretory 
function: 47% left and 
53% right
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a b

Fig. 16.7 (a, b) A 41-year-old woman presenting at 
emergency department with epigastric pain and nausea, 
renal pain, and infectious blood and urine samples. (a) 
Ultrasound image shows an enlarged kidney (width of 
6,9 cm) with heterogeneous parenchyma with multifocal 

hypoechoic and hyperechoic areas. (b) Power Doppler US 
shows reduced vascularity in the affected areas. K, kidney; 
P, pyelum. Arrow: fluid-fluid level by urine and sediment 
of pus. Arrowheads: hypoechoic areas compatible with 
nephritis

a b

Fig. 16.8 (a, b) Two cases of multifocal acute pyelone-
phritis. (a) Coronal contrast-enhanced CT shows an edem-
atous left kidney with multiple wedge-shaped hypodense 
areas (arrows) in the native left kidney in a 35-year-old 

woman in postpartum. Urine and blood cultures yielded E. 
coli. (b) Reformatted contrast- enhanced CT study of a 
renal graft showing some subtle wedge-shaped hypodense 
areas (arrows) in the lower and upper pole

a b

Fig. 16.9 (a, b) CT images of two different patients with 
diffuse APN on the left side. The kidney is swollen and 
hypo-enhancing after i.v. contrast injection. (a) Extensive 
pyelitis (arrow) is present with infiltration of the periure-

teral fat. (b) “Striated and decreased nephrogram” (arrow-
head) in the upper pole of the left kidney and dilatation of 
the collecting system
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a b

Fig. 16.10 (a, b) Delayed phase CT scan (a) taken 6 h later without further injection of contrast material show retained 
contrast material (arrows in a) in the area of poor enhancement (arrows in b) at initial parenchymal phase CT (b) [12]

a b

c d

Fig. 16.11 (a, b, c, d) MRI of 67-year-old (diabetic) 
female with acute multifocal pyelonephritis. (a and b) 
axial and coronal T2-weighted MR-images, respectively. 
The left kidney is diffusely enlarged with hypointense 
wedge-shaped areas as well as somewhat striated appear-
ance in the anterior hilar lip (arrow). There is perinephric 

infiltration at the posterolateral edge of the kidney. T1 
VIBE pre-contrast (c) shows hypointensity in the areas of 
T2 hyperintensity due to edema. No i.v. contrast was 
administered because of acute renal failure. Diffusion 
restriction is seen (d) as hyperintense signal in the left kid-
ney due to the inflammatory process (arrowheads)
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16.5.2  Renal/Perirenal Abscess

In cases of severe infection, inappropriate antibi-
otic therapy, diabetics, and immunosuppressed 
patients, an abscess may develop. It is an under-
estimated complication of APN.

CT is more sensitive in detection of renal 
abscesses than US. A hypoechoic mass with a 
thick and hypervascular wall on color Doppler 
and internal echoes with or without fluid-fluid 
level is highly suggestive of a renal abscess 
(Fig.  16.12). However occasionally an abscess 
presents as an echogenic mass, and CT is 

required for final diagnosis. CT shows a periph-
eral enhancing lesion with thick irregular outer 
wall and centrally non-enhancing liquid with 
varying attenuation numbers between 0 and 40 
Hounsfield units (Fig. 16.13). Delayed scan can 
show rim or striated nephrogram as in APN sur-
rounding the abscess, similar to the typical CT 
features of APN. MRI can be used and has simi-
lar findings as CT.  T1 hypointensity and T2 
hyperintensity are seen inside the abscess due to 
the fluid content which is enveloped by a 
hypointense outer wall. Because of the viscous 
content of the pus, diffusion restriction can be 

a b

Fig. 16.12 (a, b) Gray scale US (a) and color Doppler 
US (b) of a 7-year-old boy showing a nodular lesion in the 
midpole area of the left kidney. A typical renal abscess is 

heterogeneous, slightly hypoechoic with a thick outer 
wall and without internal vascularity

a b

Fig. 16.13 (a, b) Axial (a) and coronal (b) CT image of the same 7-year-old with renal abscess in the left kidney. 
Typical renal abscess: thick vascularized wall and adjacent striated nephrogram. Some perirenal stranding
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expected (Fig. 16.14) [49]. The main differen-
tial diagnoses are diverticula, complicated cysts, 
or necrotic tumor.

When left untreated, the abscess may involve 
the perinephric space to become a perinephric 
abscess.

When the abscesses become larger than 
4–5  cm in diameter, percutaneous aspiration 
under imaging guidance may be performed to 
fasten recovery under antibiotic treatment [50]. 
Perinephric abscesses with minor extension may 
require partial nephrectomy. Nephrectomy must 
be considered if the abscess reaches the perirenal 
fat [51].

16.5.3  Pyonephrosis

Pyonephrosis is a suppurative infection in the set-
ting of obstructive hydronephrosis. Accumulation 
of pus is distending the renal pelvis and calyces 
even further, but due to the obstruction, bacteri-
uria can be absent.

The “pus under pressure” state associated 
with pyonephrosis is one of the few urological 
emergencies. It is imperative to relieve the 
obstruction by means of nephrostomy or ureteral 
stenting. If left untreated, this condition can 
cause parenchymal destruction, irreversible loss 
of renal function, and even sepsis.

a b

c d

Fig. 16.14 (a–d) MRI of renal abscess. (a) T2 image 
shows hyperintense lesion in the upper pole of the right 
kidney with a hypointense surrounding wall (arrow). (b) 
The lesion is hypointense on T1-weighted images (WI). 

(c) T1 WI after i.v. contrast injection shows only a slight 
peripheral rim enhancement. (d) high b-value diffusion- 
weighted image (b-1000) shows a central hyperintense 
area in the lesion due to diffusion restriction (arrowhead)
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Differentiation between pyonephrosis and 
simple hydronephrosis is not always easy. There 
are however a few signs that are indicative of 
superimposed infection. These include thicken-
ing of the pyelum wall, gas in the collecting sys-
tem (without history of recent catheterization), or 
a fluid-fluid level. Bulging of the renal contour in 
the setting of hydronephrosis as well as an abnor-
mal nephrogram are suggestive as well 
(Fig. 16.15) [52]. These signs provide a high sen-
sitivity (90%) and specificity for diagnosis of 
pyonephrosis [53].

16.5.4  Emphysematous 
Pyelonephritis

Emphysematous pyelonephritis is a rare but pos-
sible life-threatening entity most commonly seen 
in diabetic patients. This necrotizing infection is 
characterized by gas formation within the renal 
parenchyma, perirenal tissue, and/or collecting 
system. The gas develops by fermentation of glu-
cose into carbon dioxide and hydrogen [12].

Emphysematous pyelonephritis can be classi-
fied into two types. Type I is the classic form 
characterized by renal parenchymal destruction 
that manifests with streaky/mottled areas of gas 
(Fig. 16.16). Intra- or perirenal fluid collections 

are notably absent. Type II is characterized by 
renal or perirenal fluid collections that are 
directly associated with bubbly or loculated gas 
or by gas within the renal collecting system 
(Fig.  16.17). The importance of this classifica-
tion lays in the different therapeutic approaches. 
When extensive, the type I lesions should be 
treated by emergent nephrectomy, and milder 
type I cases could still be treated successfully 
with aggressive antibiotic therapy. The type II 
lesion may be treated with percutaneous drain-
age, as they are to be considered a form of renal/
perirenal abscess, in combination with appropri-
ate antibiotic therapy [37].

Emphysematous pyelitis is a less aggressive 
form of emphysematous infection of the upper 
urinary tract. The gas is confined to the renal col-
lecting system, and overall mortality rate is sig-
nificantly less than that for emphysematous 
pyelonephritis [12].

16.5.5  Chronic Pyelonephritis

Chronic pyelonephritis is a form of pyelonephri-
tis where there are long-standing sequelae of 
recurrent renal infections. Usually fibrosing 
nephritis develops in the case of occult vesico-
ureteral reflux.

a b

Fig. 16.15 (a, b) 81-year-old male with obstructed left 
upper pole duplex system by lithiasis. (a) US image shows 
the dilated upper system with internal echoic material in 
the posterior part (arrow: fluid-fluid level). (b) Obstructing 
lithiasis is clearly depicted at CT with distention of the 

upper calyx. Attenuation numbers of the content of the 
posterior part of the calyx were 65 HU caused by pus and 
the infectious debris. Note decreased contrast enhancement 
of the renal parenchyma in the upper pole compared to the 
lower pole
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In general, (repeated) bacterial infection 
results in focal thinning, scarring, and atrophy in 
the renal cortex overlying a calyx and is usually 
associated with some calyceal distortion. Other 
signs may be compensatory hypertrophy of resid-
ual normal tissue (which may mimic a mass 
lesion), calyceal clubbing secondary to retraction 
of the papilla from overlying scar, thickening and 
dilatation of the calyceal system, and overall 

renal asymmetry. Sometimes dystrophic calculi 
form [37].

On ultrasound the small kidney size, contour 
alterations, and corticomedullary dedifferentia-
tion can be depicted. Contrast-enhanced CT may 
illustrate the full picture, if at least the renal func-
tion allows administration of contrast (Fig. 16.18). 
A retrograde cystography should be performed to 
evaluate vesicoureteral reflux.

a

c

b

Fig. 16.16 (a, b, c) Emphysematous pyelonephritis—
type 1. US shows multiple hyperechoic streaks in the right 
kidney due to intraparenchymal air with ring-down 
artifacts in (a), compared to the normal left kidney in (b). 

(c) Unenhanced CT image of the same patient shows 
diffuse enlarged right streaky and mottled gas in the renal 
parenchyma and collecting system. There are also some 
gas bubbles in the left psoas muscle
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Fig. 16.17 Chronic xanthogranulomatous pyelonephritis 
superimposed with type 2 emphysematous infection. 
Coronal CT showing streaky gas within the completely 
destructed left kidney. A perirenal collection is spreading 

from the upper pole inferior laterally toward the abdominal 
wall, with some gas bubbles in the perirenal collection 
(arrow). Note the extensive perirenal fibro-fatty 
replacement as can be seen with XGP

a

b

Fig. 16.18 (a, b) 
Coronal CT scan of 
patient with multiple 
cysts in the kidneys and 
had a cystectomy with 
an orthotopic bladder 
pouch. (a) Slight 
hypo-enhancing left 
kidney and dilatation of 
the collecting system 
due to chronic reflux and 
obstruction of the 
ureterointestinal 
anastomosis. (b) CT 
study of the same patient 
11 years later shows a 
decreased volume of left 
kidney and retracted 
renal contour 
predominately centered 
on dilated and distorted 
calyces. Some renal 
parenchyma is preserved 
and hypertrophic with a 
nodular appearance, 
which should not be 
mistaken for tumor. 
Cortical cysts in the 
right kidney are enlarged 
over time
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Repeated imaging is unlikely to provide evi-
dence of new findings once the chronic state had 
been established [37].

These patients usually have a well-known uro-
logic disease history or present with decreased 
renal function and hypertension [54].

16.5.6  Xanthogranulomatous 
Pyelonephritis

Xanthogranulomatous pyelonephritis is a rare 
form of chronic renal infection. It can be identi-
fied histologically by the presence of granuloma-
tous material containing lipid-laden foamy 
macrophages and histiocytes, in combination 
with the same characteristic appearance of 
chronic infection, including scarring and contrac-
tion of the renal pelvis and renal parenchymal 
destruction.

The main cause is chronic renal obstruction, 
and lithiasis is present in 80% of cases, staghorn 
shaped. Stenosis can also be a cause of obstruc-
tion, either post-infectious, congenital, or after 
surgery, as seen in ureteropelvic junction steno-
sis, or even more rarely a tumor of the collecting 
system. No specific risk factor is known, although 
diabetes mellitus is present in approximately 
10% of patients.

XGP can manifest in two different types, the 
most common being diffuse involvement of the 
kidney (up to 85% of cases) or as a focal process, 
at times with pseudotumoral features [12].

Symptoms are nonspecific and in the diffuse 
form mimic those of pyonephrosis including 
fever, chills, hematuria, pyuria, and flank pain. 
The majority of the cases have extensive perire-
nal inflammation.

Abdominal plain film can depict the faintly 
calcified, struvite stone with staghorn appearance 
(Fig. 16.19). US demonstrates a globally enlarged 
and hypoechoic kidney with calculi and thick 
debris in the dilated collecting system 
(Fig.  16.20a). Differentiation from tuberculosis 
can be difficult.

The kidney is enlarged, and mild enhancement 
of the inflamed but nonfunctioning parenchyma 
surrounding the dilated calyces is seen on CT, as 
well as thickening of the renal fascia. Calculi are 
readily seen. CT is especially useful for assess-
ment of perirenal spread and fistulae formation to 
adjacent organs or the abdominal wall. Dilated 
calyces opposed to a contracted pelvis have been 
compared to the paw print of a bear (bear’s paw 
sign) (Figs. 16.20b and 16.21a) [55]. The local-
ized form may mimic a hypovascular tumor, as it 
may have features of a minimally enhancing 
renal mass (Fig. 16.21b).

MRI shows heterogeneous lesions on all 
sequences due to cystic, solid, and calcified 
components.

16.5.7  Summary: ACR Guidelines

The latest ACR appropriateness criteria related to 
imaging of acute pyelonephritis are helpful to 
select patients for imaging studies [56].

• Otherwise healthy patients with uncompli-
cated pyelonephritis will typically need no 
radiologic workup if they respond to antibiotic 
therapy within 72 h.

Fig. 16.19 Abdominal plain film showing a typical stag-
horn calculus in the right kidney
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• If there is no response to therapy, CT of the 
abdomen and pelvis is the study of choice.

• Diabetics or other immunocompromised 
patients should be evaluated with pre-contrast 
and post-contrast CT within 24 h of diagnosis, 
if response to therapy is not prompt.

• US should be reserved for patients in whom 
pyonephrosis is suspected and those patients 
for whom exposure to contrast or radiation is 
hazardous.

• All other complicated adult patients (e.g., 
patients with a history of stones or other uro-
logic conditions, prior urologic surgery, 
repeated episodes of pyelonephritis) probably 
deserve early evaluation with CT.

• For patients in whom contrast-enhanced CT is 
contraindicated, MRI could be considered as 
an alternative to CT.

References

 1. Schappert SM, Rechtsteiner EA. Ambulatory medical 
care utilization estimates for 2007. Vital Health Stat. 
2011;13:1–38.

 2. Foxman B. Urinary tract infection syndromes: occur-
rence, recurrence, bacteriology, risk factors, and dis-
ease burden. Infect Dis Clin North Am. 2014;28:1–13.

 3. Foxman B. The epidemiology of urinary tract infec-
tion. Nature Rev Urol. 2010;7:653–60.

 4. Meltzer AC, Pines JM, Richards LM, Mullins P, 
Pharm  MM.  US emergency department visits for 

a b

Fig. 16.20 (a, b) Case of xanthogranulomatous pyelone-
phritis. (a) Ultrasound of 39-year-old man with bilateral 
XGP shows diffuse enlargement and hypoechogenic 
aspect of the right kidney with staghorn calculus. (b) CT 

of this patient shows bilateral XGP and staghorn calculi. 
Perinephric infiltration on the right side and the typical 
“bear’s paw sign” in the left kidney

a b

Fig. 16.21 (a, b) Two cases of xanthogranulomatous 
pyelonephritis. (a) Severely affected right kidney, with 
extensive replacement lipomatosis in the hilum. Staghorn 

calculus is present. (b) Case of focal XGP in the upper 
pole of the right kidney, with perirenal involvement. Focal 
XGP should not be mistaken for a renal tumor

R. Oyen



321

adults with abdominal and pelvic pain (2007–13): 
trends in demographics, resource utilization and medi-
cation usage. Am J Emerg Med. 2017;35(12):1966–9.

 5. Stamm WE, Norrby SR.  Urinary tract infections: 
disease panorama and challenges. J Infect Dis. 
2001;183(Suppl 1):S1–4.

 6. Hooton TM. Uncomplicated urinary tract infection. N 
Engl J Med. 2012;366(11):1028–37.

 7. Hooton T, Gupta K. Recurrent urinary tract infection 
in women. 2014. https://www.uptodate.com/contents/
recurrent-simple-cystitis-in-women

 8. Fowler JE Jr, Perkins T. Presentation, diagnosis and 
treatment of renal abscesses: 1972–1988. J Urol. 
1994;151:847–52.

 9. Flores-Mireles AL, Walker JN, Caparon M, Hultgren 
SJ.  Urinary tract infections: epidemiology, mecha-
nisms of infection and treatment options. Nat Rev 
Microbiol. 2015;13(5):269–84.

 10. Collège des universitaires de maladies infectieuses et 
tropicales. Infections urinaires. In: E. Pilly: Vivactis 
Plus Ed. 2010. p. 211–4.

 11. Ifergan J, Pommier R, Brion MC, Glas L, Rocher L, 
Billin MF. Imaging of upper urinary tract infections. 
Diagnostic and interventional imaging, vol. 9. France: 
Elsevier; 2012. p. 509–19.

 12. Cho JY. Renal infection. In: Kim SH, editor. Radiology 
illustrated: uroradiology. Heidelberg: Springer; 2012. 
p. 393–24.

 13. Forster TH, Bonkat G, Wyler S, Ruszat R, Ebinger 
N, Gasser TC, et  al. Diagnosis and therapy of 
acute ureteral colic. Wien Klin Wochenschr. 
2008;120(11–12):325–34.

 14. Manski D.  Abdominal pain and Flank pain. 2017. 
http://www.urology-textbook.com/abdominal-pain.
html.

 15. Shokeir AA.  Renal colic: new concepts related to 
pathophysiology, diagnosis and treatment. Curr Opin 
Urol. 2002;12(4):263–9.

 16. Blandino A, Mazziotti S, Minutoli F, Ascenti G, 
Gaeta M.  Acute renal infections. In: Quaia E, edi-
tor. Radiological imaging of the kidney. Heidelberg: 
Springer; 2011. p. 417–44.

 17. Fulop T.  Acute Pyelonephritis: clinical presen-
tation. 2017. https://emedicine.medscape.com/
article/245559-clinical.

 18. Rollino C, Sandrone M, Peruzzi L, De Marchi A, 
Beltrame G, Ferro M, et al. Direct bacterial infection 
of the renal parenchyma: pyelonephritis in native kid-
neys. In: Satoskar AA, editor. Bacterial infections of 
the kidney. Cham: Springer; 2017. p. 161–95.

 19. Rollino C, Beltrame G, Ferro M, Quattrocchiono 
G, Sandrone M, Quarello F. Acute pyelonephritis in 
adults: a case series of 223 patients. Nephrol Dial 
Transplant. 2012;27:3488–93.

 20. Gupta K, Hooton TM, Naber KG, et al. International 
clinical practice guidelines for the treatment of acute 
uncomplicated cystitis and pyelonephritis in women: 
a 2010 update by the Infectious Diseases Society 
of America and the European society for micro-

biology and infectious diseases. Clin Infect Dis. 
2011;52:e103–20.

 21. Hooton TM, Roberts PL, Cox M, et al. Voided mid-
stream urine culture and acute cystitis in premeno-
pausal women. N Engl J Med. 2013;14(369):1883–91.

 22. Soenen O, Balliauw C, Oyen R, Zanca F. Dose and 
image quality in low-dose CT for urinary stone dis-
ease: added value of automatic tube current modula-
tion and iterative reconstruction techniques. Radiat 
Prot Dosim. 2017;174(2):242–9.

 23. Niemann T, Kollmann T, Bongartz G.  Diagnostic 
performance of low-dose CT for the detection of uro-
lithiasis: a meta-analysis. AJR Am. J.  Roentgenol. 
2008;191:396–401.

 24. Webb JAW. The role of imaging in adult acute urinary 
tract infection. Eur Radiol. 1997;7:837–43.

 25. Baumgarten DA, Baumgarten BR. Imaging and radio-
logic management of upper urinary tract infections. 
Urol Clin North Am. 1997;24:545–69.

 26. Browne RFJ, Zwirewich C, Torreggiani WC. Imaging 
of urinary tract infection in the adult. Eur Radiol. 
2004;14:168–83.

 27. Wong LS, Tse KS, Fan TW, et al. Voiding urosonog-
raphy with second-generation ultrasound contrast ver-
sus micturating cystourethrography in the diagnosis 
of vesicoureteric reflux. Eur J Pediatr. 2014;173:1095.

 28. Yoo JM, Koh JS, Han CH, et  al. Diagnosing acute 
pyelonephritis with CT, 99mTc-DMSA SPECT, and 
Doppler ultrasound: a comparative study. Korean J 
Urol. 2010;51:260–5.

 29. Bykov S, Chervinsky L, Smolkin V, et  al. Power 
Doppler sonography versus Tc-99m DMSA scintig-
raphy for diagnosing acute pyelonephritis in children: 
are these two methods comparable? Clin Nucl Med. 
2003;28(3):198–203.

 30. Wang YT, Chiu NY, Chen MJ, et  al. Correlation of 
renal ultrasonographic findings with inflamma-
tory volume from dimercaptosuccinic acid renal 
scans in children with acute pyelonephritis. J Urol. 
2005;173(1):190–4.

 31. Mitterberger M, Pinggera GM, Colleselli D, Bartsch 
G, Strasser H, Steppan I, Pallwein L, Friedrich A, 
Gradl J, Frauscher F. Acute pyelonephritis: compari-
son of diagnosis with computed tomography and con-
trast-enhanced ultrasonography. BJU International. 
2008;101:341–4.

 32. Fontanilla T, Minaya J, Cortés C, et  al. Abdom 
Imaging. 2012;37:639.

 33. Schaeffer AJ. Urinary tract infection. In: Gillenwater 
JY, Grayhack JT, Howards SS, Mitchell ME, editors. 
Adult and pediatric urology. 4th ed. Philadelphia: 
Lippincott Williams & Wilkins; 2002. p. 211–72.

 34. Farmer KD, Gellet LR, Dubbins PA. The sonographic 
appearance of acute focal pyelonephritis 8 years’ 
experience. Clin Radiol. 2002;57(6):483–7.

 35. Wise G. Fungal and actinomycotic infections of the 
genitourinary system. In: Walsh PC, Retik AB, Vaugh 
ED, editors. Campbell’s urology. 8th ed. Philadelphia: 
Elsevier; 2002. p. 797–827.

16 Imaging of Pyelonephritis

https://www.uptodate.com/contents/recurrent-simple-cystitis-in-women
https://www.uptodate.com/contents/recurrent-simple-cystitis-in-women
http://www.urology-textbook.com/abdominal-pain.html
http://www.urology-textbook.com/abdominal-pain.html
https://emedicine.medscape.com/article/245559-clinical
https://emedicine.medscape.com/article/245559-clinical


322

 36. Scionti A, Rossi P, Gulino P, Semeraro A, Defilippi C, 
Tonerini M. Acute pyelonephritis. In: Miele V, Trinci 
M, editors. Imaging non-traumatic abdominal emer-
gencies in pediatric patients. Cham: Springer; 2016.

 37. Craig WD, Wagner BF, Travis MD.  Pyelonephritis: 
radiologic-pathologic review. Radiographics. 
2008;28:255–76.

 38. DAS CJ, et  al. Multimodality imaging of the renal 
inflammatory lesions. World J radiol. 2014;6:865–73.

 39. Quaia E, et  al. Computed tomography. In: Quaia E, 
editor. Radiological Imaging of the kidney. Medical 
radiology. Berlin: Springer; 2010.

 40. Cerwinka WH, Kirsch AJ.  Magnetic resonance 
urography in pediatric urology. Curr Opin Urol. 
2010;20(4):323–9.

 41. Grattan-Smith JD, Little SB, Jones RA. Evaluation of 
reflux nephropathy, pyelonephritis and renal dyspla-
sia. Pediatr Radiol. 2008;38(1):S83–105.

 42. Leyendecker JR, Gianini JW.  Magnetic resonance 
urography. Abdom Imaging. 2009;34(4):527–40.

 43. Chan JH, Tsui EY, Luk SH, et  al. MR diffusion- 
weighted imaging of kidney: differentiation between 
hydronephrosis and pyonephrosis. Clin Imaging. 
2001;25(2):110–3.

 44. Thoeny HC, De Keyzer F, Oyen RH, Peeters RR. 
Diffusion-weighted MR imaging of kidneys in healthy 
volunteers and patients with parenchymal diseases: 
initial experience. Radiology. 2005;235(3):911–7.

 45. Cova MA, Cavallaro M, Martingano P, Ukmar M. In: 
Quaia E, editor. Radiological imaging of the kidney. 
Medical radiology. Berlin: Springer; 2010.

 46. Nikken JJ, Krestin GP. MRI of the kidney - state of the 
art. Eur Radiol. 2007;17(11):2780–93.

 47. Ziessman HA, O’Malley JP, Thrall JH. Nuclear medi-
cine. Saunders. ISBN:0323082998.

 48. Johansen TE.  The role of imaging in urinary tract 
infections. World J Urol. 2004;22(5):392–8.

 49. Oto A, Schmid-Tannwald C, Agrawal G, et  al. 
Diffusion-weighted MR imaging of abdominopelvic 
abscesses. Emerg Radiol. 2011;18:515.

 50. Siegel JF, Smith A, Moldwin R. Minimally invasive 
treatment of renal abscess. J Urol. 1996;155:52–5.

 51. Dembry LM, Andriole VT.  Renal and perirenal 
abscesses. Infect Dis Clin North Am. 1997;11: 
663–8.

 52. Demertzis J, Menias CO.  State of the art: imag-
ing of renal infections. Emerg Radiol. 2007;14: 
13–22.

 53. Subramanyan BR, Raghavendra BN, Bosniak MA, 
Lefleur RS, Rosen RJ, Horii GC. Sonography of pyo-
nephrosis: a prospective study. AJR Am J Roentgenol. 
1983;40:991–3.

 54. Schreir RW. Infections of the upper urinary tract. In:  
Diseases of the kidney end urinary tract. Philadelphia: 
Williams and Wilkins; 2001. p. 847–69.

 55. Tan WP, Papagiannopoulos D, Elterman L.  Bear’s 
paw sign: a classic presentation of xanthogranuloma-
tous pyelonephritis. Urology. 2015;86:e5–6.

 56. Nikolaidis P et  al. ACR appropriateness criteria: 
acute pyelonephritis. 2012. https://acsearch.acr.org/
docs/69489/Narrative/.

R. Oyen

https://acsearch.acr.org/docs/69489/Narrative/
https://acsearch.acr.org/docs/69489/Narrative/


323© Springer Nature Switzerland AG 2019 
M. A. Cova, F. Stacul (eds.), Pain Imaging, https://doi.org/10.1007/978-3-319-99822-0_17

Imaging of Bowel Obstruction 
and Bowel Perforation

Francesca Iacobellis, Ettore Laccetti, 
Federica Romano, Michele Altiero, 
and Mariano Scaglione

F. Iacobellis 
Department of Diagnostic Imaging, “Pineta Grande” 
Hospital, Castel Volturno (CE), Italy 

Department of General and Emergency Radiology, 
“A. Cardarelli” Hospital, Naples, Italy 

E. Laccetti · F. Romano · M. Altiero 
Department of Diagnostic Imaging, “Pineta Grande” 
Hospital, Castel Volturno (CE), Italy 

M. Scaglione (*) 
Department of Diagnostic Imaging, “Pineta Grande” 
Hospital, Castel Volturno (CE), Italy 

Department of Radiology, Sunderland Royal 
Hospital, NHS, Sunderland, UK

17

Electronic Supplementary Material The online ver-
sion of this chapter (https://doi.org/10.1007/978-3-319-
99822-0_17) contains supplementary material, which is 
available to authorized users.

Francesca Iacobellis and Ettore Laccetti are equal 
contributors.

17.1  Bowel Obstruction

Bowel obstruction is one of the most common 
causes of acute abdominal pain [1, 2]; small 
bowel obstruction (SBO) accounts for about 15% 
of hospital admissions for the evaluation of acute 
abdominal pain, whereas large bowel obstruction 
has a prevalence of about 2–4% [3, 4].

The diagnosis can be challenging because 
clinical presentation may be insidious and results 

of physical examination and laboratory values 
are often nonspecific and nondiagnostic [4].

Bowel obstruction may occur due to func-
tional or organic etiology [5, 6].

Paralytic ileus represents an acute functional 
alteration of the intestinal canalization, due to a 
sudden impairment of the intestinal peristalsis in 
absence of an organic obstruction.

It can be determined in response to:

 – An inflammatory intra-abdominal condition 
(e.g., pancreatitis, renal colic), limited to an 
intestinal segment (sentinel loop) or involving 
more loops

 – Some drugs: opioids, neuroleptics
 – Metabolic alterations: hypocalcemia or diabetes
 – Vascular causes: altered perfusion [7]

A specific form of paralytic ileus involving the 
colon is the Ogilvie syndrome or acute colonic 
pseudo-obstruction (ACPO). Risk factors include 
drugs that decrease motility, infection, recent sur-
gery, and debilitation associated with severe 
medical or traumatic illness [2, 6].

It is characterized by the signs, symptoms, and 
radiological pattern of a large-bowel obstruction 
but without a detectable organic cause. It is due to 
an altered autonomic innervation of the colon. 
Unlike in a dynamic ileus, perforation may occur 
with ACPO; if perforation occurs, ACPO may 
raise a mortality rate as high as 40% [8].
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Mechanical ileus recognizes an organic cause 
leading to the interruption of the lumen patency.

This may depend on several causes:

 – Occupation of the intestinal lumen: alimen-
tary bolus, gallstone migration, foreign body, 
polypoid masses, intussusception

 – Pathological thickening of the bowel wall: 
intramural pathological processes (inflamma-
tory bowel disease, acute diverticulitis, 
neoplasms)

 – Extrinsic compression: adhesional bands, 
perivisceritis, abdominal masses causing 
compression, hernias

 – Complex mechanisms in which there is 
involvement of the loop-mesentery complex 
(e.g., strangulation) and vascular and nervous 
impairment are added to those of canalization 
interruption [9, 10]

SBO is more common than LBO.  The most 
frequent causes of SBO in Western countries are 
represented by adhesions (60–70% of the cases), 
hernias (10–15%), and neoplasms (5–10%). 
Other etiologies are Crohn’s disease, intussus-
ceptions, volvulus, gallstone ileus, foreign bod-
ies, bezoar, trauma, and iatrogenic problems 
[9–13].

LBO is four to five times less frequent than 
SBO, and the causes of LBO and SBO differ 
substantially. The causes most frequently respon-
sible are represented by neoplasms (60%), volvu-
lus (10–15%), diverticulitis (less than 10%), and 
adhesions [8].

The main clinical and radiological problem 
consists in differentiating the obstruction from a 
purely occlusive risk from the obstruction in 
which vascular risk is added [9].

The radiological evaluation in patient with 
bowel obstruction should point out firstly if the 
obstruction is present and if it is mechanical or 
functional in nature: in case of mechanical 
obstruction, what is the level, what is the cause of 
the obstruction, what is its severity, if it is simple 
or closed-loop, and if signs of ischemia or perfo-
ration are present.

Basing on pathophysiologic, imaging, and 
surgical findings, mechanic ileus can be 
differentiated in:

 – Simple
 – Decompensated
 – Complicated [9, 10]

Simple mechanical ileus is the initial phase of 
the obstructive condition, in which the loops 
proximal to the site of obstruction show an 
increase in the peristalsis with an increase in the 
representation of conniventes valvulae attempting 
to force the obstruction, whereas the loops distal 
to the obstruction collapse. In this phase, the 
parietal thickness of the loops is normal, and no 
free fluid is observed in the peritoneal cavity.

If the occlusive status persists, the increase of 
intraluminal pressure in the loops proximal to the 
obstruction, due to gas-fluid mixed stasis, leads 
to loop dilation and consequent drop of the 
neuromuscular tone. Furthermore, the increase of 
intraluminal pressure, greater than the pressure 
into parietal capillary vessels, causes a change of 
parietal microcirculation, impairing bowel 
capability to reabsorb and causing transudative 
loss of fluid into the peritoneal cavity. In this 
stage, decompensated mechanic ileus, the bowel 
wall is stretched and thin.

The further persistence of the occlusive cause 
leads to the complicated mechanical ileus, which 
represents an occlusive state with vascular 
impairment of the loop leading to ischemia, 
necrosis, and perforation [4].

This complication may derive from “fight,” in 
response to a significant slowing of the intramural 
venous drainage in the loop proximal to the 
obstruction, whose walls become thickened as 
congested, or by strangulation, with an axial rota-
tion mechanism of the loop-mesentery complex, 
in which the vascular impairment first affects the 
venous outflow, due to its lower pressure, and, 
subsequently, the arterial one, with the persistence 
and worsening of strangulation [9, 10].

Usually the diagnostic approach begins with 
an abdominal radiograph and with ultrasound 
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(US) examination and continues with CT which 
constitutes the examination of choice to obtain an 
adequate diagnostic assessment [14].

17.1.1  Abdominal Radiograph

Abdominal radiograph is still the first diagnostic 
procedure adopted in a patient with acute 
abdominal pain because it was able to provide 
useful informations for the correct assessment of 
the patient, if correctly performed and carefully 
interpreted.

The examination is indicated in the clinical 
suspicion of occlusive syndromes and in their 
follow-up [13, 15, 16]. It can also help to differ-
entiate LBO from SBO and in detecting pneumo-
peritoneum [4, 11].

The reported accuracy of radiography for the 
diagnosis of SBO varies from 50% to 86% [11], 
whereas the reported sensitivity and specificity 
for LBO are of 84% and 72%, respectively [4].

This range of sensitivity is related to the vari-
ability of the findings and their timing of appear-
ance, in fact the sensitivity increases in high-grade 
obstruction [17].

The examination is differently performed 
depending on the patient cooperation. If the 
patient is uncooperative, two overview 
radiographs of the abdomen, with the patient in 
the supine position, are taken: one anteroposterior 
(AP) radiograph and one latero-lateral (LL) 
radiograph with the X-ray tube parallel to the 
floor. The abdominal plain films should be 
completed with a chest radiograph (AP radiograph 
in the supine position) in the anterior-posterior 
(AP) projection [18]. The delivered radiation 
dose from abdominal radiographs is limited (0.1–
1.0  mSv) compared to that of computed 
tomography (CT) of the abdomen and pelvis 
(10–15 mSv) [2].

In cooperative patients both the chest and the 
abdominal radiographs should be acquired in the 
upright position in posteroanterior (PA) and 
latero-lateral (LL) projections.

The latero-lateral (LL) radiograph with the 
X-ray tube parallel to the floor and the upright 

abdominal radiograph shift the gas-fluid stasis 
creating air-fluid levels and facilitate the detec-
tion of free air [18].

Signs of bowel occlusion are altered distribu-
tion of intestinal air with small bowel loop dila-
tion larger than 3  cm or large bowel dilation 
greater than 6  cm (greater than 9  cm for the 
cecum), stomach dilation, presence of gas- fluid 
level due to mixed stasis proximal to the transi-
tion point, and possible thickening of the intesti-
nal walls. The slow reabsorption of the 
endoluminal gas in the small bowel is responsible 
for the “string of pearls” sign in which small air 
bobbles remain trapped between the folds of the 
valvulae conniventes [17, 19]. The absence of 
rectal gas may be also a sign of obstruction [11].

An additional finding that may occur in SBO 
is the gasless abdomen; it consists in paucity of 
small-bowel gas. There are several causes that 
may be responsible for the gasless abdomen; 
when it is detected in obstruction syndromes, it 
usually indicates high-grade bowel obstruction 
with fluid-filled dilated bowel or an obstruction 
complicated by a closed-loop obstruction [11].

Plain abdominal X-ray also allows to hypoth-
esize the functional or organic nature of the ileus: 
in the mechanical ileus, the loops proximal to the 
obstruction show a hyper- representation of the 
valvulae in response to the increase of peristaltic 
movements attempting to overcome the obstruc-
tion. In this case, the loops appear arcuate, and 
unlike in the paralytic ileus, the loops have a hori-
zontalized appearance without representation of 
the valvular pattern due to the fall in the neuro-
muscular tone [20].

In the advanced phases of mechanical ileus, 
however, it is no longer possible to make a clear 
differentiation between the functional or organic 
etiology basing on X-ray findings, as the 
persistence of the organic stenosis also leads to 
the loss of neuromuscular tone and the consequent 
flattening of the loops proximal to the obstructive 
site with a radiological picture similar to that of 
the paralytic ileus [20].

Look at the gas usually present in the rectum 
is useful in distinguishing ACPO from mechanical 
obstruction. If ACPO is suspected, rectal gas may 
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be more easily seen on a prone lateral or right 
lateral decubitus view [8].

17.1.2  Abdominal Ultrasound

In the clinical suspicion of intestinal obstruction, 
abdominal US is indicated as it offers important 
additional findings to those obtained with the 
plain X-ray and helps in the overall diagnostic 
confidence. It would be appropriate for the same 
radiologist to perform both the abdominal radio-
graph and the US.

Abdominal US is usually performed with a con-
vex probe; the additional use of a superficial linear 
probe may improve the examination of the bowel.

With US it is possible to evaluate the caliper 
of the bowel loops, but above all, their movements 
in real time appreciating an increased peristalsis 
in case of mechanical ileus and a diffuse bowel 
distension with reduction of the kinetic tone in 
the paralytic ileus and in the advanced phases of 
the mechanical ileus.

Moreover, it is possible to define alterations in 
the wall thickness, suggestive of an associated 
vascular impairment and, therefore, of greater 
surgical urgency, and the presence of free fluid in 
the peritoneal recesses is also indicative of a 
condition of greater severity.

Sometimes it is also possible to define the 
exact cause of the occlusion, for example, in 
cases of bowel intussusception, acute appendici-

tis without (Fig.  17.1) or with perforation 
(Fig. 17.2, Video 17.1) responsible for reflex par-
alytic ileus, extensive bowel wall thickening due 
to inflammatory disease (Fig. 17.3) or diverticuli-
tis (Fig. 17.4), and bowel involvement in abdomi-
nal wall hernias [21–23].

17.1.3  Computed Tomography

CT examination is suggested as first imaging 
modality in case of acute abdomen clinical 
presentation. CT is the gold standard for the 
diagnostic confirmation and differential diagno-
sis, to identify the etiology, the location of the 
occlusion site, and the timing of the surgical 
approach [4, 9, 10, 13]. Once the diagnosis of 
bowel obstruction is made, the crucial point is to 
define if surgery is necessary. Indeed, in the 
absence of signs of ischemia, many patients can 
be conservatively treated, up to 72  h, by 
decompression with a nasogastric tube and 
hydro-electrolytic rebalancing [3].

CT should be routinely performed with intra-
venous (iv) contrast media (cm) unless there is a 
specific contraindication; the administration of 
oral or rectal contrast medium is not indicated. 
The administration of iv cm is particularly useful 
to assess for the presence of signs of inflammation 
and ischemia.

CT, acquired from the dome of the diaphragm 
to the symphysis pubis, consists in a biphasic 

a b

Fig. 17.1 US showing two different cases of acute appendicitis. Note the thickened appendix with surrounding fluid 
(a, b, curved arrows) and hyper-echoic fat due to inflammation (a, b, asterisks)
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a b

Fig. 17.2 Female, 64 years old, presenting with acute abdominal pain in the right iliac fossa. Fluid distended appendix 
with wall discontinuity and adjacent abscess consistent with a complicated appendicitis (a, circle; b, coronal view)

a

c

b

Fig. 17.3 Male, 35 years old, presenting with acute 
abdominal pain and bowel obstruction. US demonstrate 
an extensive inflammatory involvement of the small bowel 

with wall thickening (a) and perivisceral fluid (b, arrow). 
The proximal loop are dilated with increased representa-
tion of conniventes valves (c)
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study with one or two acquisitions after the 
administration of the iv cm obtaining an evalua-
tion on both arterial and portal venous phases. 
The pre-contrast images may be obtained by sub-
traction with the new available CT scanner. 
Coronal and/or sagittal multiplanar reconstruc-
tions (MPR) are helpful to identify the transition 
point and to assess for evidence of a volvulus or 
closed-loop obstruction [11].

The CT findings to be investigated in the clini-
cal suspicion of intestinal obstruction are:

 – Loop. The loop caliber is the first to change 
with a progressive increase in the loops 
proximal to the obstruction with gas-fluid 
mixed stasis and collapse of the loops distal to 
the obstruction.

This helps in the identification of the tran-
sition point, that is, the site where the variation 
in caliber is observed due to the presence of 
the obstructive cause. When identified, it 
should always be indicated as it helps in the 
surgical approach. The appearance of the tran-
sition point may change depending on the 
cause. On CT scans, the adhesion is generally 
not identified. Their presence is inferred when 
there is an abrupt transition from dilated to 
collapsed bowel without an identifiable cause 
at the transition zone (Fig. 17.5, Video 17.2). 
As adhesions compress the bowel extrinsi-
cally, they often cause an abrupt tapering or 
“beak” at the site of obstruction [11]. Signs of 
bowel obstruction due to hernia are the pres-

ence of dilated bowel up to the hernia sac fol-
lowed by decompressed bowel exiting from 
the sac (Fig.  17.6, Video 17.3). In bowel 
obstruction due to intestinal cancer, more 
common in the large bowel, loop findings con-
sist in short-segment colonic wall thickening 
or an enhancing soft-tissue mass centered in 
the colon that narrows the colonic lumen with 
or without findings of ischemia and perfora-
tion [8] (Fig.  17.7, Video 17.4). In patients 
with known primary tumors and SBO, the 
most likely cause is peritoneal carcinomatosis 
either involving bowel or peritoneum. Closed- 
loop obstruction implies a segment of bowel 
that is obstructed at two points along its 
course; in this condition, the sites of obstruc-
tion are adjacent to each other, often the result 
of a single constricting lesion that occludes 
the bowel and affects adjacent mesentery. The 
CT findings of a closed-loop obstruction 
depend in part on the orientation of the loop 
relative to the plane of imaging. If the loop is 
within the plane of imaging, the lesions often 
appear as a “U,” “C,” or “coffee bean” 
configuration.

Normal wall thickness of the bowel loops 
usually does not exceed 2 mm; an increase in 
the parietal thickness may be indicative of an 
impairment of the venous drainage or of the 
arterial supply, and therefore it must be care-
fully researched and reported. Furthermore, it 
is important to evaluate the enhancement of the 
wall, which will appear reduced when the arte-

a b

Fig. 17.4 Male, 52 years old, presenting with acute 
abdominal pain and constipation. US demonstrate an 
inflammatory involvement of the descending-sigmoid 

colon with edematous thickening of the bowel wall and 
hyper-echoic aspect of the surrounding fat (a). CT shows 
colonic wall thickening with pericolic stranding (b, arrow)
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a b

Fig. 17.5 Female, 37 years old, appendectomy 3 years 
before, presenting with acute abdominal pain in right iliac 
fossa. There is a cluster of fluid distended small bowel 
loops in the right iliac fossa showing thickened bowel 
walls with decreased enhancement (a, circle), consistent 

with closed-loop obstruction complicated with ischemic 
changes due to adhesions. Note the presence of 
intraluminal fecaloid content (b, arrow) in the dilated 
bowel loops proximal to the obstruction

a b

c d

Fig. 17.6 Female, 65 years old, presenting with incarcer-
ated laparocele (a, arrow). There is no enhancement in the 
herniated loops (a, arrow) with small amount of fluid in 
the herniated sac. Note also the presence of gas within the 

superior mesenteric vein (c, d straight arrow) and in intra-
hepatic portal system (b, curved arrow) in keeping with 
pneumatosis
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rial vascular supply is compromised (Fig. 17.7, 
Video 17.4 and Fig. 17.8, Video 17.5) or 
increased and persistent if there is an impair-
ment of the venous drainage [9] and the pres-
ence of pneumatosis with or without associated 
gas in mesenteric or portal veins [11] (Fig. 17.6, 
Video 17.3).

 – Mesentery. The mesentery changes its appear-
ance depending on its involvement. It will 
appear transparent with preserved vascular 
appearance in the initial phases of the mechani-
cal ileus and when an endoluminal obstruction 
occurs (Fig.  17.9, Video 17.6); otherwise it 
assumes a congested appearance with tortuos-
ity of the vessels in the complicated mechanical 
ileus and particularly in strangulation, volvu-
lus, or closed-loop mechanisms [9, 24–26].

 – Vessels. The detection of an altered course of 
the main mesenteric vessels may help in the 
identification of an abnormal disposition of the 
intestinal loops as it happens in internal hernia 
or volvulus; the torsion of the loop- mesentery 
complex generates the so-called whirl sign; it 
consists in the appearance of spiraled loops of 
collapsed bowel with enhancing engorged ves-

sels radiating from the twisted bowel [8] 
(Fig. 17.10, Video 17.7). The occurrence of the 
volvulus does not necessarily imply the stran-
gulation of the vascular pedicle, which occurs 
only if the obstruction is tightened [27].

 – Cavity. Depending on both the mechanism 
and the entity of the occlusive state, it is pos-
sible to detect any fluid effusion in the perito-
neal cavity, simple mechanical ileus, to detect 
a variable amount of fluid, decompensated 
mechanic ileus, or a larger quantity with 
hematic components in complicated mechanic 
ileus. If perforation occurs, peritoneal free air 
will be also detected [9, 28, 29].

17.1.4  Magnetic Resonance

MR is playing an increasing role in the emer-
gency setting, both in primary diagnosis and for 
differential diagnosis purposes.

Its properties as high-resolution, multipara-
metric imaging and multiplanar capability, in the 
absence of ionizing radiations, are the major 
advantages of MR.  Gastrointestinal peristalsis 

a b e

c d

Fig. 17.7 Male, 65 years old, presenting with diffuse 
abdominal pain, swelling, and fever. Plain film (a, b) 
shows large pneumoperitoneum with “Doge cap sign” (a, 
straight arrow), the “bright liver sign,” the “falciform 
ligament sign” (a, curved arrow), and the “Rigler sign”(b). 

Contrast-enhanced CT images (c, d, e) confirm 
pneumoperitoneum and demonstrate dolichocolon with 
abnormal lumen distension and tortuosity due to an 
obstructing stenotizing mass of the splenic flexure (e, 
arrow)
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a d f

e g

b

c

Fig. 17.8 Female, 57 years old, presenting with acute 
abdominal pain and previous history of right 
hemicolectomy. Contrast-enhanced CT images show 
dilated small bowel loops with multiple valvulae 

conniventes in keeping with obstruction (a, b, c, arrows). 
Note also a decreased wall enhancement due to ischemic 
bowel changes (d, e, f, g, circles)

a c d

b

Fig. 17.9 Female, 78 years old, presenting with acute 
abdominal pain, biliary vomiting, and previous history of 
cholelithiasis. The gallbladder shows thickened walls and 
air bubbles in its lumen (a, arrow). A gallstone in the small 

bowel lumen is shown (b, c arrows) which determines 
dilation of the proximal bowel loops with an increased 
representation of conniventes valvulae (d) consistent with 
mechanical ileum (gallstone ileus)
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may be considered a limit, but the availability of 
fast MR sequences allows to obtain an accurate 
depiction of many acute gastrointestinal 
conditions.

MR plays a particular role in women in child-
bearing age, in patients who already undergone a 
significant radiation dose due to their underlying 
pathological conditions, in infants, and pregnant 
women.

According to the literature data, MRI has a 
high sensitivity (95%) and specificity (100%) in 
detecting bowel obstruction, and the site respon-
sible for the obstruction can be accurately 
depicted up to 92.6% of cases [30].

17.2  Bowel Perforations

Perforation of the alimentary tract is a surgical 
emergency and life-threatening condition, requir-
ing a prompt diagnosis to address a tailored sur-
gical management [31]. In the assessment of 
patients with clinical suspicion of perforation, 

imaging plays a major role, not only in confirm-
ing or excluding the perforation but also in defin-
ing its level and etiology [32, 33]. This 
information is essential to plan the right surgical 
approach. Clinical evaluation may be unreliable 
in such cases and often difficult, as symptoms 
rely on the cause and the site of the perforation, 
so they are extremely variable, especially in the 
early stage. The most common symptom is acute 
abdominal pain, which is persistent, progressive, 
and unremitting, initially located in the site of 
perforation and then diffuse, poorly localized, 
expression of a peritonitic status (“acute abdo-
men”) [34, 35]. Associated symptoms include 
fever, nausea, and vomiting [36]. Alimentary 
tract perforations recognize different etiology: 
spontaneous, traumatic, or iatrogenic. In supra-
mesocolic tract, the most frequent site of perfora-
tion is gastroduodenal, and the peptic ulcers are 
the main cause [31, 32, 35, 37, 38]; other etiolo-
gies are iatrogenic, neoplastic, and traumatic 
(penetrating or blunt), for example, in a blunt 
trauma, perforation may be caused by a sudden 

a c e

db

Fig. 17.10 Male, 65 years old, presenting with acute 
abdominal pain and abdominal distension. Plain film in 
supine (a) and upright (b) position show abnormal dilated 

colonic loops with large air-fluid levels. Contrast- 
enhanced CT (c, d, e) shows twisted mesenteric vessel (c, 
d, arrows) and sigmoid narrowing due to colonic volvulus
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increase in intra-abdominal pressure in an over-
filled bowel lumen [39, 40]. In sottomesocolic 
tract the most frequent site of perforation is the 
colon, with diverticular and neoplastic disease as 
major etiologies, while the small bowel perfora-
tions are more often inflammatory, infectious, 
and ischemic [31, 41–45]. Surgery represents the 
treatment of choice, and, if delayed, there is a 
high probability of sepsis and multi-organ failure 
with a mortality reaching 30% of cases [31, 46]. 
Diagnostic imaging allows the radiologists to 
determine the presence of the perforation even in 
early stages addressing the best surgical approach. 
Abdominal radiograph remains the first imaging 
modality requested in the emergency department, 
although its sensitivity may be low in the early 
stages. US and CT offer more panoramic and 
specific informations becoming necessary in the 
diagnostic workup of patients with acute abdomi-
nal pain. MR is not suggested in the clinical sus-
picion of bowel perforation, but it may be useful 
in the differential diagnosis of acute abdominal 
pain in children, in young female, and in preg-
nant patients [33].

17.2.1  Abdominal Radiograph

As mentioned above, in the assessment of patients 
who present with acute abdominal pain to the 
emergency department, abdominal radiograph is 
still now the most frequently requested examina-
tion performed as initial imaging, as it is cost-
effective, widely available, and easily reported 
[47]. However, the American College of 
Radiology (ACR) appropriateness criteria [48] 
suggest the use of enhanced CT of the abdomen 
and pelvis as the most appropriate examination 
for patients with fever, nonlocalized abdominal 
pain, and no recent surgery [20, 34, 49–51] as 
plain radiography presents low sensitivity and 
specificity in the detection of intraperitoneal gas 
with reported specificity ranging from 50 to 89% 
according to different authors [35, 52, 53]. 
Moreover, the site of perforation is never depicted 
on plain films, and this information is crucial to 
guide the surgeon to the best approach. 
Furthermore, it is important to consider that a 

hollow viscus may be perforated even in the 
absence of pneumoperitoneum if filled with fluid 
or if perforation is “covered” by the adjacent 
mesenteric fat. Abdominal radiograph depends 
on a rigorous technique and is not always possible 
to correctly perform it in bedridden patients. 
Even if some investigators [54] have shown that 
on upright chest film it is possible to detect as 
little as 1  ml of gas below the right hemidia-
phragm [55], in critically ill patients it is not pos-
sible to perform an upright acquisition, and the 
only supine abdominal radiograph can detect 
only a large amount of free air, and so, in the 
early phases, perforation may be overlooked 
[49]. Small amount of free air may be obscured 
on upright abdominal radiographs as the X-ray 
beam is centered on the mid-abdomen with high 
exposure, so abdominal radiograph needs to be 
integrated with chest radiograph in posteroanterior 
and latero-lateral projections. Small air collec-
tion may be demonstrated on lateral chest radio-
graph as the long axis of X-ray beam can depict 
air trapped anterior to the liver [35, 49, 55–57].

In the era of pre-CT, a lot of signs on upright 
and supine plain film have been individuated to 
help radiologists in the difficult diagnosis of free 
air in the abdomen [47, 58, 59]. Briefly, a sum-
mary of these signs is reported as they become 
crucial in some cases. The most famous and 
known sign on upright posteroanterior chest radi-
ography is a translucent crescent area below the 
diaphragm (Fig.  17.11, Video 17.8); different 
signs have been also described on supine abdom-
inal radiograph as free peritoneal air may present 
various shapes and sizes.

These free air signs can be categorized into 
four groups: bowel-related signs, right upper 
quadrant signs, peritoneal ligament-related signs, 
and other signs [47, 60].

Bowel-related signs include the following:

• The Rigler sign, also known as the bas-relief 
sign or the double-wall sign on a supine abdo-
men plain film; in the presence of a large 
amount of free air, it becomes possible to 
visualize both sides of the bowel wall and to 
distinctly appreciate the bowel loops as sepa-
rated from each other [61] (Fig. 17.7).
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• Triangle sign is a triangular radiolucency 
created from free intraperitoneal air accumu-
lation among three contiguous bowel loops 
or two bowel loops and the parietal perito-
neum [62].

Right upper quadrant signs include the 
following:

• Hyperlucent liver sign is visible on the supine 
radiographs when free gas covers anteriorly 
the ventral hepatic surface replacing the 
brightness of the hepatic shadow [62] 
(Fig. 17.7).

• Fissure for ligamentum teres sign refers to an 
elongated hyperlucent area reflecting the free 
air entrapped within the fissure for the liga-
mentum teres [63].

• The visible gallbladder refers to a hyperlucent 
gallbladder due to the surrounding free air on 
supine abdominal radiograph [64].

• Doge cap sign is a triangle-shaped right trans-
lucent area reflecting free air accumulated in 
Morison pouch on supine abdominal films 
[62, 65] (Fig. 17.7).

• Hepatic edge sign is a visible liver hyperlucent 
contour saucer or cigar shaped created from free 
air collected in the subhepatic space [62, 66].

• Dolphin sign. The undersurface of the long 
costal muscle slips of the diaphragm that 
indented the adjacent air-filled space in the 
right upper quadrant on supine films is a sign 
of pneumoperitoneum [67].

Peritoneal ligament-related signs include the 
following:

• Falciform ligament sign is created from the 
intraperitoneal free air outlining the falciform 
ligament that appears as a hyperlucent linear 
density within the right upper abdomen [62, 
68] (Fig. 17.7).

a c e

d

b

Fig. 17.11 Female, 49 years old, presenting with abdom-
inal pain in mesogastrium. Plain film shows air under the 
right hemidiaphragmatic dome (a, arrow). Contrast-

enhanced CT images confirm the presence of pneumo-
peritoneum, due to perforation of the ventral wall of the 
first duodenal loop (b, c, d, e, arrows)
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• Extrahepatic ligamentum teres sign refers to 
an elongated translucent image outlined from 
free air entrapped in the ligament teres [69].

• The “inverted V” sign is created by free air 
contouring the lateral umbilical ligaments in 
the lower abdomen [60].

• Urachus sign is a visible midline lucent urachus 
created by free air in the lower abdomen [70].

• The transverse mesocolon and root of small 
bowel mesentery signs are visible when free 
air outlines the transverse mesocolon and the 
root of the small bowel mesentery on plain 
abdominal radiographs obtained in the supine 
and in the prone position [71].

• The mesoappendix sign is visible when there is a 
large amount of free air creating a visible linear 
mesoappendix directed from the cecum to the 
middle of abdomen on the supine radiograph.

Other signs of pneumoperitoneum are the 
following:

• Football sign is visible on supine radiograph 
as a large oval radiolucent with the shape of an 
American football producing a sharp interface 
with the parietal peritoneum [72, 73] 
(Fig. 17.12, Video 17.9).

• Cupola sign is visible as an arcuate lucency 
anterior to the lower thoracic spine and pro-
jecting lower to the heart on supine radio-
graph [74].

• Left-sided anterior superior oval sign was 
described by Chiu et  al. [60] as single or 
multiple oval, round, or pear-shaped free air 
projected over the left upper quadrant 
abdomen.

• Subphrenic radiolucency is visible on the 
supine chest radiographs as a lucent area 
beneath the diaphragm, right or left sided [60].

• Focal radiolucency is a sign of exclusion, 
when the free air creates abnormal gas pattern 
on the supine films without fitting any sign 
mentioned above [60].

a b

Fig. 17.12 Male, 40 years old, presenting with acute 
abdominal pain. Plain film (a) demonstrates an area or 
lucency in the upper abdominal quadrant with a shape on 
an American football (“football sign”) (arrows). CT with 

MPR reconstruction in sagittal view (b) confirm the plain 
film finding and allow to depict the site of perforation 
located at the pyloroduodenal junction
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Even if it is difficult, sometime it is possible to 
differentiate pneumoperitoneum from pneumoret-
roperitoneum with plain film: according to some 
AA., retroperitoneal air is usually crescentic, with 
curvilinear upper and lower borders positioned 
more inferiorly and laterally with respect to intra-
peritoneal free air that usually rises to the peak of 
the diaphragmatic dome [35, 75]. Furthermore, 
free air in the retroperitoneum may assume an 
aspect similar to “breadcrumb” due to its diffusion 
in the retroperitoneal fat [59] (Fig.  17.13, Video 
17.10). Another sign indicative of pneumoretro-
peritoneum on supine abdominal radiographs is 
the lack of left psoas muscle shadow [59, 76].

A rare cause of perforation is ingestion of for-
eign bodies; in this suspicion plain film is the first 
examination required that allows not only to 
identify free air but also to detect the presence 
and the site of radiopaque foreign body [75].

With the advent of CT, patients with positive 
finding in plain films or with high suspicion of 
bowel perforation undergo CT with iv cm admin-
istration to clarify the site and the etiology of per-
foration [77, 78].

The use of plain film with oral contrast admin-
istration has recently increased particularly in the 
evaluation and follow-up of patients who under-
went bariatric surgery (gastric bypass and sleeve 

a b

c d

Fig. 17.13 Male, 63 year old, complaining for abdomi-
nal pain 3 days after gastrectomy. There is a “dirty mass” 
around the III portion of the duodenum (a, b, c, d, arrows). 

Note also massive free air in the retro- and intraperitoneal 
spaces tracking into the mediastinum
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 gastrectomy) for radiation dose-related issue. It 
may allow to detect oral contrast extravasation, 
dehiscence, or fistulas (Fig. 17.14, Video 17.11). 
However, sometimes this study is poor for differ-
ent reasons (patient’s habitus, noncooperative 
patients, plain films, and clinical evidence corre-
lation); CT results are more useful and accurate in 
detecting complications of bowel or gastric wall 
(the size and location of anastomotic or staple line 
dehiscence) (Fig.  17.14, Video 17.11) and sur-
rounding tissue (abscess cavity) or guiding percu-
taneous drainage of abscess collection.

17.2.2  Abdominal Ultrasound

US is routinely performed to investigate patients 
with abdominal pain and, thanks to the absence 
of ionizing radiations, the low cost, and its avail-
ability, it is the first imaging modality [79].

US examination allows the radiologist to exam-
ine the entire abdominal cavity, including bowel 
and mesentery. US has emerged as a useful tech-
nique also to study patients with suspicion of 
pneumoperitoneum; in fact, an expert radiologist 
can quickly identify also the artifacts due to free 
intra-abdominal air eventually present [80, 81] 
(Fig. 17.15).

Linear array transducers (10–12 MHz) may be 
more sensitive than convex transducers 

(2–5 MHz) to detect intraperitoneal free air [81]. 
With patient in the supine position and slightly 
elevated chest (10–20° inclination) or in a semi-
lateral decubitus position, the best place to look 
for pneumoperitoneum is in the right hypochon-
drium, superficial to the liver [82].

Direct and indirect signs were described.
US direct signs of pneumoperitoneum are [81]:

• Strong reverberation anterior to the liver sur-
face, represented by echogenic lines or spots 
with comet-tail reverberation artifacts adja-
cent to the abdominal wall; this sign is the 
result of air resistance and impermeability to 
ultrasound waves, making it a strong reflector, 
which hides the information below.

• Shifting phenomenon, consisting in the “shift-
ing” of free air in the abdominal cavity, par-
ticularly in the space between the peritoneum 
and liver or in the hepatorenal space, after 
repositioning the patient on the left semilat-
eral decubitus; the reverberation anterior to 
the liver surface alone is not specific for pneu-
moperitoneum if it is not possible to identify 
the shifting phenomenon.

As some pathological conditions can mimic 
the shifting phenomenon, Karahan and col-
leagues suggested an alternative method for 
the US detection of pneumoperitoneum: once 
the reverberation artifact is visible, it becomes 

a b c

Fig. 17.14 Male, 33 years old, with previous history of 
gastric bypass 5 months before an esophageal endopros-
thesis. There are multiple small air bubbles in the upper 

abdominal cavity and an extravasation of oral contrast at 
the level of the anastomosis in the surrounding tissue, due 
to dehiscence (a, b, c, arrows)
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much less prominent after slight pressure with 
the probe on the abdominal wall, with patient 
in supine position, due to displacement of the 
free intraperitoneal air in other sites of the peri-
toneal cavity. When the pressure on the probe 
decreases, the free gas returns to the region 
anterior to the liver, and the reverberation arti-
fact becomes more prominent.

This is the “scissors maneuver” because on 
real time, the repetition of this maneuver 
appears like the opening and closing of scis-
sors on US images [75, 83].

• Enhanced peritoneal stripe allows to differen-
tiate free intraperitoneal air from intraluminal 
bowel gas.

US indirect signs of pneumoperitoneum are:

• Presence of intraperitoneal free fluid
• Decreased bowel motility in GI perforation 

due to peritonitis leading to paralytic ileus 
with gas-fluid stasis and resulting in reduction 
of intestinal peristalsis [20]

In patients with suspected GI perforation and 
localized pain, US may help in identifying the 
site of the perforation. “Inflamed fat” next to a GI 
tract is one of the hallmarks of bowel perforation 
because it represents the defense mechanism of 
the omentum and mesentery to stop the bowel 
perforation; it appears as an hyperechoic area 
surrounding the affected site of perforation. 
However, this finding may be present in a lot of 
inflammatory conditions of alimentary tract, and 
so it is high sensitive but low specific for bowel 
perforation (Fig. 17.1).

An expert radiologist should focalize his 
attention on specific anatomical sites if there is 
high suspicion for perforation; for example, in 
case of gastroduodenal perforation, it is possible 
to identify little bubbles of air in the lesser omen-
tum (Fig. 17.15). Moreover US can evaluate the 
bowel movements and can detect the presence of 
intraperitoneal free fluid.

In GI perforation due to foreign bodies, US 
may be a useful modality for the identification of 
cause and site; foreign bodies appear as a linear 

a d e

f

b

c

Fig. 17.15 Female, 46 years old, presenting with acute 
pain in the upper abdominal quadrants. US shows free air 
bubbles in the lesser sac (a, b, c, arrows). Contrast- 

enhanced CT confirms free air in the lesser sac and above 
the right liver (d, e, f, arrows), due to a defect of the ven-
tral wall of the duodenal bulb (Video 17.12)
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echogenic structure with or without posterior 
acoustic shadow, embedded in a large reactive 
inflammatory mass [75].

17.2.3  Computed Tomography

CT is considered the most valuable imaging tech-
nique for detecting the presence, site, and cause 
of alimentary tract perforations [32, 84].

CT sensitivity and specificity is high for gas-
trointestinal perforation, ranging between 80 and 
100 % [85].

It usually constitutes the second-line imaging 
approach, following plain radiograph and abdom-
inal US, because of its costs, availability, and ion-
izing exposure [86], except for patients presenting 
to the emergency department with acute abdomen 
for whom CT constitutes the best imaging modal-
ity approach [48].

CT protocol is the same as adopted and 
described for bowel obstruction, and MPR 
images are helpful to individuate the affected 
bowel segment and the distribution of air bubbles 
and free air.

CT diagnosis of gastrointestinal perforation is 
based on direct CT findings, as presence of 
extraluminal air and discontinuity of the bowel 
wall, and on indirect CT findings, as bowel wall 
thickening, abnormal bowel wall enhancement, 
abscesses, and inflammatory mass or free fluid 
collection in the surrounding soft tissues adjacent 
to the bowel [87].

CT is highly sensitive for detection of extralu-
minal free air such as small free air bubbles, 
pneumoperitoneum, and/or pneumoretroperito-
neum, in contrast to the low sensitivity of plain 
radiograph [32, 88]. Different width of HU win-
dow can be used: soft tissue to identify the dis-
continuity of the bowel wall and lung window to 
detect free air [62, 89].

In open perforation, distribution of free air 
obviously depends on patient position with free 
air bubbles located in antideclive position, gener-
ally in the anterosuperior part of the involved peri-
toneal recess, such as in the subphrenic spaces, 
around the liver, along the mesenteric folds, and 
in the peritoneal recesses of the pelvic cavity. 

When there is a small amount of air, the presence 
of concentrated free air bubbles in close proxim-
ity to the bowel wall can correctly suggest the site 
of perforation with high sensitivity and specificity 
(Fig. 17.15, Video 17.12), also without a clear CT 
depiction of focal discontinuity of bowel wall 
[90].

The distribution of extraluminal free air 
depends on the site of perforation if intraperito-
neal or retroperitoneal; therefore a good knowl-
edge of the anatomy, particularly of the 
peritoneum folds, may help the radiologist to 
hypothesize the site of perforation, focusing the 
attention on a specific GI segment to find bowel 
wall discontinuity. In the perforation of the poste-
rior wall of the stomach or of the duodenum, free 
air is located in the lesser sac (Fig. 17.15, Video 
17.12); when perforation is in the duodenal bulb 
or stomach, free air is confined in the intrahepatic 
fissure or in the ligamentum teres.

In the small bowel and colon perforation, free 
air is generally located in mesenteric folds [75]. 
The presence of free air along portal vein is the 
most significant sign to differentiate upper from 
lower GI tract perforation because of the 
anatomical relationship between the portal tract 
and the gastric antrum or duodenal bulb [75]. In 
case of pneumoretroperitoneum, a perforation of 
the extraperitoneal gastrointestinal tracts should 
be suspected, such as descending and horizontal 
portions of duodenum (right anterior pararenal 
space), ascending (right anterior pararenal space) 
and descending colon (left anterior pararenal 
space), rectum (bilateral pneumoretroperito-
neum) [91, 92], or also perforation of the sigmoid 
diverticula (left anterior-pararenal space) as a lot 
of these are localized in the extraperitoneal space 
[91, 92]. In the presence at the same time of intra-
peritoneal and extraperitoneal air, the perforation 
site is generally located in extraperitoneal struc-
ture [92].

Massive pneumoperitoneum with a large 
amount of free air in abdomen and pelvis is 
usually caused by gastroduodenal or colonic 
perforation. If the free air is present in 
supramesocolic space, the site of perforation is 
probably the small bowel, if free air is present 
only in the pelvis, the colon is the site of perfora-
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tion [9–13]. However, the air distribution 
described above loses its power when too much 
time is elapsed after perforation or in presence of 
a massive amount of free air [93].

The detection of free air in the abdomen is 
highly suggestive for hollow viscus perforation, 
even if this sign is not pathognomonic; there are 
other causes of pneumoperitoneum and retroperi-
toneum, such as mechanical ventilation and pul-
monary barotraumas, peritoneal lavage performed 
prior to CT, pneumothorax, chest injury, and entry 
of air via the female genital tract [94–96]. Bowel 
wall discontinuity, seen as a low- attenuating cleft 
that usually runs perpendicular to the bowel wall, 
is a pathognomonic image finding for bowel per-
foration because it represents the direct visualiza-
tion of the perforation site [87, 88] (Fig.  17.16, 
Video 17.13). Because of the small size of the 
lesion, this finding is seen in less than 50% of the 
patients with GI tract perforation [90, 94]. CT 
with MPR can be helpful in identifying disconti-

nuity of the bowel wall, especially when the axial 
CT images are indeterminate [55, 97].

A further specific finding of alimentary tract per-
forations is the extraluminal leakage of oral contrast 
medium (Fig. 17.14). Oral contrast medium admin-
istration (diluted water-soluble iodinated solution) 
during CT exam is controversial; actually, when an 
extravasation of ingested contrast material is seen, 
this is considered diagnostic for bowel perforation 
with a high specificity in the diagnosis of the perfo-
ration site. On the other hand, the sensitivity varies 
from 19 to 42% [98], due to the rapid sealing of 
perforation sites, the supine position during the CT 
exam, and the decreased bowel motility (paralytic 
or adynamic ileus, with gas- fluid stasis) that inter-
fere with the progression of oral contrast through 
the entire bowel; so, the absence of visible extrava-
sation does not exclude a perforation. In addition, it 
is necessary a large quantity of oral contrast to 
opacify the entire alimentary tract, but patient with 
suspected perforation may not be able to cooperate 

a b

c

Fig. 17.16 Male, 34 years old, presenting with diffuse 
abdominal pain and rigid abdomen. Contrast-enhanced 
CT images in sagittal (a) and axial planes (b, c) show dif-

fuse sigmoid diverticulitis with perivisceral free bubbles. 
Moreover wall discontinuity (a, c arrows) and perivisceral 
reaction are present
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if they complain for pain, nausea, and/or vomiting 
[35, 84]. In our experience, oral contrast medium 
may be administered after the execution of CT 
exam with intravenous injection of contrast media 
(iodine) to confirm the clinical/radiological suspi-
cion of gastroduodenal perforation in cases in which 
a previous CT examination resulted inconclusive.

CT allows to depict the so-called “covered 
perforations,” consisting in little and self-limiting 
conditions characterized by minute air bubbles 
grouped contiguous to a bowel wall, usually 
associated with a limited amount of free perito-
neal fluid. These findings can be associated with 
bowel wall alterations (bowel wall thickening, 
abnormal bowel wall enhancement) and perivis-
ceral fat modifications (increased peripheral den-
sity of the infiltrated or inflamed surrounding fat 
tissue) (Fig.  17.17, Video 17.14) and may heal 
with conservative treatment or may evolve in 
abscess collections, demonstrated by a low-den-
sity unilocular or multilocular collection with air-
fluid level or air bubbles, and in retro- or 
intraperitoneal free perforation (Fig. 17.18, Video 
17.15 and Fig. 17.19, Video 17.16) [75].

Bowel wall thickening, abnormal bowel wall 
enhancement, abscess, and an inflammatory mass 
adjacent to the bowel are indirect CT findings of 
GI perforation and can be observed in open per-
foration or covered perforation, providing a cor-
rect diagnosis of perforation and its site of origin 
[55] (Fig. 17.20, Video 17.17). Fat tissue adjacent 
to the perforation site usually shows a focal or 

diffuse increase of attenuation called “dirty fat 
sign”; in colonic perforation it is possible to see a 
focal collection of extraluminal fecal matter con-
taining small air bubbles, called “dirty mass,” 
which is a specific finding of colonic perforation 
[99, 100] (Fig. 17.19, Video 17.16). Dirty mass is 
associated with fecal peritonitis (diffuse or local-
ized dirty mass) and high risk of morbidity and 
mortality [101].

CT offers many advantages, as the possibility 
to study the whole gastrointestinal tract and to 
detect the site of perforation following carefully 
the described signs. In the last decades, CT has 
gained a pivotal role in the diagnosis of  conditions 

a b

Fig. 17.17 Female, 68 years old, presenting with weight 
loss and fever. Contrast-enhanced CT images show a large 
colonic mass at the splenic flexure (a, b, straight arrows) 

with some peripheral low fluid hypodensities consistent 
with abscesses (b, curved arrow). These findings are keep-
ing with a complicated colonic neoplasm

Fig. 17.18 Male, 71 years old, presenting with acute 
abdominal pain, fever, and diarrhea. Contrast-enhanced 
CT images show the presence of multiple diverticula con-
nected to an abscess collection, referable to covered per-
foration (arrow). After few days, free air in the 
retroperitoneal space was detected (Video 17.15)
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a b

Fig. 17.19 Female, 86 years old, presenting with acute 
abdominal pain in the epigastrium and fever. Contrast- 
enhanced CT shows submucosal sigmoid thickening and 

multiple diverticula (a). Note the wall discontinuity with 
associated extraluminal dirty mass (b, arrow)

a b

Fig. 17.20 Female, 74 years old, presenting with diffuse 
abdominal pain. Contrast-enhanced CT images show a 
large sigmoid mass (a, b, straight arrows) with an adjacent 

perivisceral inflammation. Note also the presence of free 
air (a, b, curved arrows)

F. Iacobellis et al.
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associated with acute abdomen, and in such cases 
of covered perforation, it can also guide a conser-
vative management [77].

17.3  Conclusion

Bowel obstruction and bowel perforation are 
common etiology for patient presenting at the 
emergency department with acute abdominal 
pain. In these patients, the diagnostic assessment 
begins with abdominal radiograph and abdomi-
nal US, both allowing in most cases to validate 
the clinical suspicion and to estimate its severity. 
These are followed by CT with intravenous cm, 
to delineate the etiology, to make a differential 
diagnosis, and to establish the surgical urgency in 
relationship with the vascular involvement. In 
case of clinical presentation of acute abdomen, 
the diagnostic approach is first-line CT due to its 
high diagnostic potential.
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Chronic Inflammatory Bowel 
Disease

Emilio Quaia

18.1  Introduction

Chronic inflammatory disease includes Crohn’s 
disease (CD) and ulcerative colitis. CD is a 
chronic lifelong condition, manifesting both in 
adults and children, and characterized by 
transmural inflammation of the bowel wall and 
progressive bowel damage with tissue remodeling 
and fibrosis. Based on the epidemiological, 
genetic, and immunological data, CD is 
considered to be a heterogeneous disorder with 
multifactorial etiology in which genetics and 
environment interact to manifest the disease. CD 
is associated with a significantly elevated 
malignancy risk of up to 0.5–1.0% per year after 
10 years of disease.

Although CD may affect any part of the gas-
trointestinal tract from the mouth to perianal 
area, the most common areas affected by CD are 
the terminal ileum and proximal colon, followed 
by the ano-rectum and distal colon. In terms of 
distribution of the disease, 25% of the patients 
have colitis only, 25% have ileitis only, and 50% 

have ileocolitis. Perianal disease varies between 
14 and 76% and represents the most common 
presenting symptom in pediatric patients, while 
involvement of the upper gastrointestinal tract is 
uncommon.

The transmural inflammation, involving dis-
continuous intestinal segments separated by 
uninvolved “skip areas,” spreads into the layers 
of affected bowel tract, often involving extraint-
estinal soft tissues and adjacent mesentery fat and 
causing significant pain. Mural wall inflamma-
tory infiltrate consists in macrophages (also 
called epithelioid cells), lymphocytes, usually 
CD4+ T cells, noncaseating granulomas consist-
ing in a collection of monocyte/macrophage cells 
and other inflammatory cells with or without 
giant cells, and microgranulomas consisting in 
clusters of histiocytes and lymphocytes. 
Transmural inflammation can be complicated by 
the development of fibrotic strictures, perfora-
tion, abscess formation, and fistulization.

Abdominal pain remains the dominant symp-
tom in patients with CD, and it represents an 
essential parameter in grading the disease inflam-
matory activity. Continuous chronic pain due to 
chronic bowel inflammation can be debilitating 
and often may lead to life-threatening complica-
tions. The cumulative rates of complications—
including bowel obstruction or fistulization with 
abscesses and phlegmons or even perforation—in 
patients with CD range from 48 to 52% at 5 years 
and between 69 and 70% at 10 years after diagno-
sis, with approximately half of the patients 
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 developing a stricture [1]. Postoperative recur-
rence of stenosis at the ileocolic or ileoileal anas-
tomosis commonly occurs [2].

Chronology of pharmacologic treatment 
should reduce disease activity followed by main-
tenance therapy of adequate response or remis-
sion. The medications which are highly effective 
in inducing remission include steroids and antitu-
mor necrosis factor (TNF), while medications 
used to maintain pain remission include 5-amino-
salicyclic acid products, immunomodulators, 
(azathioprine, 6-mercaptopurine, methotrexate), 
and anti-TNF biologic drugs (infliximab, adalim-
umab, certolizumab, and golimumab). Surgical 
interventions like bowel resection, stricturoplasty, 
or drainage of abscess are required in up to two 
thirds of CD patients during their lifetime.

Ulcerative colitis (UC) affects only the colon, 
always with rectal involvement, manifests in 
young adults (15–40 years of age), and is more 
prevalent in males [3]. UC manifests with 
hemorrhagic diarrhea, urgency of defecation, and 
tenesmus, often associated with fever, pain, and 
weight loss [3]. Generally, abdominal pain is 
lower than in CD. Although ulcerative colitis and 
CD account for the majority of cases, 
indeterminate colitis, an entity that demonstrates 
overlapping clinical, imaging, and histologic 
features, represents up to 6% of cases.

Since the role of imaging is limited in ulcer-
ative colitis, we will concentrate our essay mainly 
on CD.

18.2  Disease Classification 
and Correlation to Pain

All CD clinical and endoscopic scores are directly 
or indirectly related to patient’s pain. Patient’s 
pain is essential in grading the disease 
inflammatory activity in CD being one of the 
parameters which are included in the Crohn’s 
disease activity index (CDAI) [4, 5]. The grade of 
daily abdominal pain represents a crucial 
parameter in CDAI.  CDAI represents the most 
employed clinical score in patients with CD and 
includes the number of liquid or soft stools, the 
grade of daily abdominal pain and patient well- 
being, presence or absence of complications, 

evidence of abdominal inflammatory mass, 
hematocrit, and body weight. Unfortunately, 
CDAI has low specificity since it is based mainly 
on subjective symptoms and it is difficult to use 
the CDAI value as a clinical biomarker to adjust 
pharmacologic treatment.

Other clinical scores are based on patient’s 
abdominal pain as well, including Harvey- 
Bradshaw index (HBI), based on patient’s well- 
being, patient’s abdominal pain, number of liquid 
or soft stools, abdominal mass, and complications, 
and Mayo score, based on stool frequency, rectal 
bleeding, endoscopic findings, and physician’s 
global assessment.

The Vienna classification [6] considers age of 
onset, disease location, and disease behavior as 
the fundamental parameters to classify CD 
clinical subtypes, namely, inflammatory, 
stricturing (fibrostenotic), and penetrating 
(fistulizing) subtypes. According to the Montreal 
revision of Vienna Classification, patients with 
CD can be stratified according to the age at 
diagnosis (<16 years  =  A1, 17–40 years  =  A2, 
>40 years  =  A3), disease location (terminal 
ileum  =  L1, colon  =  L2, ileocolic  =  L3, upper 
gastrointestinal tract = L4), and disease behavior 
(non-stricturing and non-penetrating = B1 [B1p 
if perianal], stricturing  =  B2 [B2p if perianal], 
penetrating  =  B3 [B3p if perianal]) [7]. Most 
patients with CD present with predominantly 
inflammatory phenotype at diagnosis; however, 
the majority of them develop disease 
complications such as strictures and fistulae over 
time. Finally, Maglinte and colleagues [8] 
proposed an imaging-based classification of CD 
into four broad subtypes: active inflammatory, 
perforating and fistulating, fibrostenotic, and 
reparative and regenerative subtypes.

Endoscopic scores are considered the refer-
ence techniques to measure CD inflammatory 
activity, and they are used more commonly in the 
clinical trials to measure the efficacy of various 
drugs on inducing and maintaining mucosal 
healing and pain relief. The endoscopy scores, 
including Crohn’s disease activity index of 
severity (CDEIS) [9], and simple endoscopic 
score for Crohn’s disease (SES-CD) are both 
based on mucosal ulcers and disease diffusion 
which are both related to patient’s pain.
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At endoscopy, the mucosa may appear normal 
or may show multiple small (1–2  mm in size) 
punctiform, rounded nodules or superficial ero-
sions known as aphthoid lesions [10] which pro-
gressively become confluent and lead to larger 
longitudinal ulcers, known as serpiginous ulcers. 
The combination of longitudinal and transverse 
ulceration in an edematous mucosa induces the 
characteristic “cobblestone” aspect [10]. 
Ulcerations are commonly located on the mesen-
teric border of the small intestine and can become 
deeply situated fissuring ulcers reaching the mus-
cularis propria or pass through the muscularis 
and give rise to abscesses or fistulas between 
involved segments and adjacent organs or nearby 
uninvolved loops. The mesenteric fat adjacent to 
the involved bowel tract becomes hypertrophied 
and partially surrounds the intestine, extending 
from the mesenteric attachment anteriorly and 
posteriorly corresponding to the involved seg-
ment. This phenomenon is known as creeping fat.

18.3  Imaging Findings

The key features for diagnosing CD comprise a 
combination of imaging, endoscopic, and 
pathological findings [11]. However, endoscopy 
does not show the transmural extent of CD, and 
intubation of the distal ileum can be completed in 
only 80% of patients with CD. Ultrasound [US], 
computed tomography [CT], and magnetic reso-
nance [MR] imaging allow to demonstrate the 
transmural and extraintestinal extent of CD based 

on mural wall and adjacent mesentery enhance-
ment after contrast injection.

US can be considered the first-line imaging 
technique to detect CD in patients with abdominal 
pain based on mural thickening (>3  mm) 
(Fig. 18.1). The thickened bowel wall with loss of 
layered pattern is strictly related to active inflam-
matory disease with diffuse inflammatory edema 
involving the bowel wall (Fig.  18.2). Active 
inflammatory disease reveals increased mural 
vascularity on color Doppler analysis (Fig. 18.3).

a b

Fig. 18.1 (a, b) 35-year-old male patient with Crohn’s 
disease and inflammatory ileal stricture. Patient attends 
the A and E department with abdominal crampy pain on 
the right lower quadrant of the abdomen. Gray-scale 

US.  Diffuse thickening (calipers) of the terminal ileum 
with layered appearance of the bowel wall and submucosal 
layer thickening

Fig. 18.2 45-year-old woman patient with Crohn’s dis-
ease and inflammatory ileal stricture. Patient presenting 
with fever and abdominal pain on the right lower quadrant 
of the abdomen. Gray-scale US.  Diffuse thickening 
(arrows) of the distal ileum with loss of layered appearance 
of the bowel wall and evidence of lumen stricture. Lumen 
corresponds to the thin central hyperechoic layer
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Although CT and MRI enterography still rep-
resent the reference imaging techniques to grade 
CD activity, contrast-enhanced US (CEUS) may 
represent an alternative imaging modality to 
assess the grade of inflammatory disease activity 
[12–15], and, compared to the other modalities, it 
offers several advantages including low financial 
cost, portability, availability, lack of restrictions 
in performing frequent serial examinations at 
short intervals, and an absence of radiation expo-
sure. In patients with CD and active inflamma-
tory disease, CEUS reveals diffuse transmural 
enhancement after microbubble contrast agent 
injection (Figs. 18.4 and 18.5).

Abdominal CT enterography is the most 
employed imaging technique used in the assess-
ment of patients with CD and presents the 
 advantage of reduced scanning time even though 
it involves ionizing radiation exposure especially 
if repeated during a strict follow-up schedule, as 
in CD patients undergoing surveillance during 
pharmacologic treatment. CT [16, 17] and MRI 
[18–20] can demonstrate the transmural and 
extraintestinal extent of CD, even though they 
require the administration of large amounts of 
enteric contrast material. Although MR enterog-
raphy/enteroclysis presents a higher contrast-to-
noise ratio compared to CT, both cross-sectional 

a b

Fig. 18.3 (a, b) 22-year-old male patient with Crohn’s 
disease and inflammatory ileal stricture. Patient presenting 
with diffuse abdominal pain on the right lower quadrant of 
the abdomen. (a) Gray-scale US. (b) Color Doppler 
US.  Diffuse thickening (calipers) of the terminal ileum 

with layered appearance of the bowel wall and evidence of 
thickened submucosal layer (arrows). Color Doppler 
reveals increased mural vascularity corresponding to high 
inflammatory activity

a

b

Fig. 18.4 (a, b) 24-year-old male patient with Crohn’s 
disease. Patient with diffuse abdominal pain on the right 
lower quadrant of the abdomen. (a) Gray-scale US. (b) 
Contrast-enhanced US.  Thickening of distal ileal tract 
with layered appearance of the bowel wall and evidence of 
thickened heterogeneous submucosal layer. (b) Contrast- 
enhanced US reveals diffuse transmural contrast 
enhancement (arrows) corresponding to high inflammatory 
activity
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techniques present a comparable diagnostic accu-
racy in detecting mural thickening and lumen 
stricture.

However, MRI is superior to CT in the visual-
ization of ulceration, fistulas, bowel edema, and 
 creeping fat [21] which makes MRI more suit-
able for patient’s long-term follow-up during 

pharmacologic treatment. The grade of disease 
activity may be quantified by MR imaging by 
using the MR index of activity (MARIA) [22] 
which includes mural wall thickness in mm, 
mural relative contrast enhancement, and the 
presence of edema and ulcers, and it is calculated 
using the following formula:

 
MARIA wall thickness in mm RCE edema= ´( ) + ´( ) + ´( ) + ´*1 5 0 02 5 10. . § uulceration( )

 
Clermont score wall mm ADC edema= ´( ) - ´( ) + ´( ) +1 646 1 321 5 613 8. . . .3306 5 039´( ) +ulcers .

a b

Fig. 18.5 18-year-old woman patient with Crohn’s dis-
ease with previous total colectomy with ileostomy. Patient 
presenting with moderate pain close to ileostomy with 
high disease activity indices. (a) Gray-scale US. (b) 
Contrast-enhanced ultrasound. (a) Gray-scale US reveals 
diffuse thickening of the distal ileal tract (arrows) close to 

ileostomy with loss of layered appearance and extensive 
hypertrophic adjacent creeping fat in keeping with high 
disease inflammatory activity. (b) Contrast-enhanced 
ultrasound reveals diffuse transmural contrast 
enhancement (arrows) corresponding to high disease 
activity

*= RCE corresponds to relative contrast enhance-
ment, [(wall SI postgadolinium—wall SI preg-
adolinium)/(wall SI pregadolinium)] × 100 × (SD 
noise pregadolinium/SD noise postgadolinium). 
§ = T2-w hyperintensity of the bowel wall rela-
tive to the signal of psoas muscle.

MARIA index >11 is related to high inflam-
matory disease activity with high probability of 
ulcerative disease.

A further index of disease activity is the 
Clermont score [23] which corresponds to:

ADC  =  apparent diffusion coefficient as mea-
sured through diffusion-weighted MR imaging 
sequences with at least two b values.

Clermont score >8 is related to high inflam-
matory disease activity with high probability of 
ulcerative disease.
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18.4  Clinical Causes of Pain 
and Imaging Correlation

In patients with CD, several causes of pain can be 
identified according to the location of disease. 
The main causes of patient’s pain are high grade 
of mural inflammation, abscesses and phleg-
mons, ileal strictures leading to bowel obstruc-
tion, and fistulas.

18.4.1  Mural Inflammation

Mural inflammation is the most common cause of 
pain in patients with CD. Inflammatory subtype of 
CD manifests with inflammation with superficial 
and deep ulcers, transmural inflammation with 
granuloma’s formation, and mural thickening. 
CEUS [12–14] CT and MR imaging [22, 24–26] 
are considered reliable imaging techniques in 
assessing the inflammatory activity of CD.

Intestinal mucosal ulcers, representing the 
main cause of abdominal pain in patients with 
inflammatory CD type, may be identified by 
imaging techniques. On gray-scale US, intestinal 
transmural ulcers (sinus tracts) appear as 
hypoechoic lines perpendicular to the bowel pen-
etrating within the adjacent mesenteric fat (creep-
ing fat) (Fig. 18.6).

Intestinal ulcers, the main cause of abdominal 
pain in patients with inflammatory CD type, may 
be identified at CT or MR imaging studies after 
luminal distension as nidus of high signal sur-
rounded by a rim of moderate signal intensity 
[21] (Fig.  18.7). Another significant feature of 
CD, and a further source of patient’s pain, is 
thickening (>3 mm) of the inflamed bowel wall 
(Figs. 18.8 and 18.9). Active inflammation is also 
associated with patient’s pain and mucosal hyper-
emia, often with a layered appearance after con-
trast administration due to submucosal edema. 
Mural active inflammation is readily visualized 
on MRI after i.v. gadolinium-based contrast 
administration as intense enhancement 
(Figs. 18.8 and 18.9). The peak signal intensity of 
mucosal enhancement has been shown to have 
good correlation with Crohn’s disease activity 
index and hence to patient’s pain [21]. Enhancing 

mesenteric vessels supplying an inflamed bowel 
segment—known as comb sign—represents a 
further sign of active inflammation and is related 
to patient’s pain [21].

Abdominal pain and bowel wall inflammatory 
activity may be reduced by anti-inflammatory 
treatment, particularly anti-TNF biologic drugs. 
The progressive reduction of mural edema on 
diffusion-weighted MR imaging sequences is 
usually related to patient pain relief (Fig. 18.10).

18.4.2  Abscesses and Phlegmons

Abdominal and pelvic abscesses in CD occur 
spontaneously or as a postoperative complication 
[27]. Approximately 10–30% of patients with 
CD will spontaneously develop an abdominal or 
pelvic abscess during the course of their illness, 
due to transmural inflammation and microperfo-
ration of diseased bowel [28].

Abdominal and pelvic abscesses are 
hypoechoic on gray-scale US and appear as non- 
enhancing structures after microbubble contrast 
agent injection on CEUS (Fig. 18.6).

In the great majority of cases, the terminal 
ileum, the ileocecal region, or even the site of 
anastomosis after previous bowel segmental 
resection are the foci of CD activity and the most 
frequent sites of abscesses and phlegmons. The 
majority of abscesses occur on the right side near 
the diseased bowel and almost always at the site 
of a prior anastomosis. Abdominal pain, fever, 
and a palpable mass are the most common 
findings in patients with abscesses and 
phlegmons. Most abscesses originate from 
contained perforations, while free perforations 
are rare in CD. On the other hand, fistulas arising 
from the diseased bowel are often associated with 
the abscess cavity. If the abscess is drainable 
percutaneously, the next step is to aspirate the 
collection in order to demonstrate the nature of 
the fluid which usually is polymicrobial.

Even abdominal phlegmon is an inflammatory 
mass that can develop in the setting of penetrating 
CD.  Anti-TNF antibody therapy is typically 
avoided in CD complicated by phlegmon because 
of concern for peritoneal infection.
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18.4.3  Bowel Obstruction

Fibrostenotic subtype is characterized by bowel 
obstruction. The crampy abdominal pain due to 
ileal stricture represents the most common 
presenting symptom leading CD patients to the 
emergency unit. Strictures are characterized by 

luminal narrowing and bowel wall thickening 
with or without prestenotic dilatation [10], while 
ileal mucosa is always ulcerated. CD patients 
with ileal disease develop clinically apparent 
strictures—corresponding to a constant luminal 
narrowing with prestenotic dilatation or 
obstructive signs/symptoms without presence of 

a

c d

b

Fig. 18.6 40-year-old woman patient attending the emer-
gency department with acute abdominal pain on the right 
lower quadrant and increased white blood cell counts 
(17,000/mm3). Acute appendicitis was suspected. (a–c) 
Gray-scale US. (d) Contrast-enhanced ultrasound. (a–c). 
Gray-scale US reveals diffuse thickening of the terminal 

ileal tract (calipers) with layered appearance, hypertrophic 
creeping fat, and sinus tract (horizontal line) and abscess 
(vertical line) adjacent to the mural wall. (d) The abscess 
does not present any enhancement after microbubble 
injection (arrows)
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a

c

b

Fig. 18.7 (a–c) 25-year-old male patient with Crohn’s 
disease and inflammatory ileal stricture with mucosal 
ulcers. Patient presenting with abdominal crampy pain 
and increased fecal calprotectin and frequent stool. (a) 
Coronal T1-weighted FFE MR imaging sequence; (b) 

coronal T2-weighted turbo spin-echo MR imaging 
sequence; (c) coronal T2-weighted SPAIR MR imaging 
sequence with fat suppression. One extended ileal stricture 
(arrows) with wall thickening and mucosal irregularities 
corresponding to mucosal ulcers
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a b

c d

Fig. 18.8 (a–d) 35-year-old male patient with Crohn’s 
disease and inflammatory ileal strictures. Patient with 
normal terminal ileal loop at colonoscopy and presenting 
with abdominal crampy pain and increased fecal 
calprotectin. (a, b) Coronal T2-weighted turbo spin-echo 
MR imaging sequences. There are two adjacent ileal 

strictures (arrows) with wall thickening. (c, d) Coronal 
T1-weighted breath-hold dynamic sequences with fat 
suppression after gadolinium-based contrast agent 
injection. Diffuse mural contrast enhancement with 
adjacent comb sign related to disease active inflammation
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penetrating disease—in approximately 40% of 
cases during the long-term course of the disease, 
and approximately 60% of patients require sur-
gery within 20 years after diagnosis.

The differentiation of predominantly inflam-
matory bowel strictures from primarily fibrotic 
strictures is crucial since pharmacologic 
 anti-inflammatory treatment is indicated in the 

a

c

b

Fig. 18.9 (a–c) 25-year-old female patient with Crohn’s 
disease and inflammatory ileal stricture. Patient presenting 
with abdominal crampy pain and increased fecal 
calprotectin. (a) Coronal T1-weighted FFE MR imaging 
sequence. One extended ileal stricture (arrows) with wall 
thickening; (b) coronal T2-weighted SPAIR MR imaging 
sequence with fat suppression. The thickened bowel wall 

reveals increased signal intensity related to active 
inflammatory disease; (c) coronal T1-weighted breath- 
hold dynamic sequence with fat suppression after 
gadolinium-based contrast agent injection on arterial 
phase (30 s after contrast injection). Diffuse mural contrast 
enhancement with adjacent comb sign related to disease 
active inflammation
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a b

c d

Fig. 18.10 (a–d) 35-year-old female patient with 
Crohn’s disease and inflammatory ileal stricture before (a, 
b) and 3 months after beginning of therapy (c, d) with 
adalimumab. Before therapy patient had intense 
abdominal crampy pain and increased fecal calprotectin. 
(a, c) Coronal T2-weighted SPAIR MR imaging sequence. 
(b, d) Diffusion-weighted MR imaging sequence, b 

value = 800 s/mm2. Before therapy (a, b) there was diffuse 
mural thickening with signal restriction on diffusion- 
weighted MR imaging sequences. After therapy (c, d) 
there is a clear decrease in ileal wall signal restriction on 
diffusion-weighted MR imaging sequences in keeping 
with decreased inflammatory activity and abdominal pain 
relief
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presence of inflammatory changes, whereas 
endoscopic dilation or surgical resection is 
required in the presence of fibrosis [29]. All 
imaging techniques present a limited accuracy to 
differentiate mural fibrosis from inflammation 
mainly because both fibrosis and active 
inflammation coexist within the bowel wall. 
According to a recent study [30], only a 
combination of MR enteroclysis and US as well 
as a combination of 2-deoxy-2-[fluorine-18]
fluoro-d-glucose integrated with computed 
tomography (18F-FDG PET/CT) and US resulted 
in a 100% detection rate of fibrotic strictures 
requiring surgery or endoscopic dilation therapy. 
Even more recently, another study showed that 
PET/MR enterography may differentiate purely 
fibrotic strictures from mixed or inflammatory 
strictures, while no significant differences 
between inflammation and fibrosis were observed 
on T2-weighted and diffusion-weighted MR 
images [31].

Intestinal fibrosis and subsequent stricturing 
of the intestine in CD result in substantial patient 
morbidity and mortality and are responsible for a 

significant proportion of hospitalizations, 
surgeries, and healthcare costs of CD.  MR 
fluoroscopy may reveal fixity of the affected 
segment with proximal dilation of the bowel. 
Chronic fibrotic strictures are typically 
hypointense on both T1- and T2-weighted MRI 
sequences, whereas acute inflammatory strictures 
due to acute inflammatory edema show the target 
sign with layered enhancement after contrast 
administration [21]. Fibrotic strictures may show 
minor, inhomogeneous contrast enhancement on 
arterial phase (30 s after contrast injection) with 
progressively increasing contrast enhancement 
up to the delayed phase (3–5 min after contrast 
injection) (Figs. 18.11 and 18.12).

18.4.4  Fistulas

Beside mural inflammation and bowel stricture, 
the third cause of pain in patients with CD is 
fistulas which represent the distinctive feature of 
penetrating subtype of disease. This subtype is 
characterized by severe inflammation with 

a b c

Fig. 18.11 (a–c) 40-year-old male patient with Crohn’s 
disease and fibrotic ileal stricture. Patient presenting with 
abdominal crampy pain and clinical signs of occlusion. 
(a) Coronal T2-weighted turbo spin-echo MR imaging 
sequence. Focal stricture on the terminal ileum (arrow) is 
identified; (b, c) coronal T1-weighted breath-hold 

dynamic sequences with fat suppression after gadolinium- 
based contrast agent injection on arterial (b) and delayed 
phase (3  min after contrast injection) (c). Progressive 
increase in mural signal intensity (arrow) from arterial to 
delayed phase due to progressive gadolinium-based 
contrast agent leakage within the interstitial fibrotic space
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progression to transmural ulceration and fistula-
tion. Fistulas—defined as abnormal connections 
between an organ and another structure—repre-
sent a very common complication of CD and are 
often associated with bowel strictures. 
Histologically, fistulas are composed of granula-
tion tissue, while lumen is mostly filled up by 
nuclear debris and inflammatory cells, in particu-
lar neutrophils [10]. Granulomas are present in 
approximately 25% of the perianal fistulas or 
abscesses [10].

Fistulas occur as a result of deep transmural 
ulcers or fissures that eventually penetrate the 
bowel muscle layer and cause inflammation in 
the adjacent mesenteric tissue leading to 
formation of small abscesses and blind-ending 
sinus tracts. Classification of fistulas in CD is 
based on the origin and terminus of the fistulous 
tract. The most common types of fistulas found in 
patients with CD correspond to enteroenteric or 

enterocolic, anal or perianal, enterocutaneous, 
enterovesical or colovesical, and enterovaginal. 
Perianal fistulas may arise from inflamed or 
infected anal glands (fistula-in-ano) and/or pene-
tration of fissures or ulcers of the rectum or anal 
canal and lead to anal pain, discharge and incon-
tinence, and impairing patients’ social life [32].

Fistulas occur in up to one third of patients 
with CD at some time during the course of the 
disease and can be easily detected by MR imaging 
due to the concomitant inflammatory reaction. 
The reported sensitivity value for the detection of 
internal fistulas ranges between 83.3 and 84.4% 
and the specificity is 100% [21]. Enteroenteric 
fistulas [33] manifest as multiple ileal loops 
radiating from a central region on CT and MR 
imaging sequences (Fig.  18.13) and usually 
manifest with abdominal pain. Enterocutaneous 
fistulas (Fig.  18.14) manifest with cutaneous 
discharge and pain if fistula becomes infected.

a b

Fig. 18.12 (a, b) 45-year-old female patient with 
Crohn’s disease and fibrotic ileal stricture. Patient 
presenting with abdominal crampy pain and vomiting. (a) 
Coronal T2-weighted turbo spin-echo MR imaging 
sequence. Extensive irregular strictures with evidence of 
mucosal ulcerations involving the terminal ileum; (b) 

coronal T1-weighted breath-hold dynamic sequence with 
fat suppression after gadolinium-based contrast agent 
injection on delayed phase (3 min after contrast injection). 
Transmural delayed mural contrast enhancement related 
to bowel wall fibrosis
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a

c

b

Fig. 18.13 (a–c) 22-year-old female patient with Crohn’s 
disease and ileoileal enteroenteric fistula. Patient 
presenting with abdominal crampy pain and vomiting. (a) 
Coronal T1-weighted FFE MR imaging sequence; (b) 
coronal T2-weighted turbo spin-echo MR imaging 
sequence; (c) coronal T1-weighted breath-hold dynamic 
sequence with fat suppression after gadolinium-based 

contrast agent injection on arterial phase (30  s after 
contrast injection). All MR imaging sequences show 
stricture and distortion of distal ileum with adjacent 
luminal dilatation proximal to the stricture with evidence 
of converging point (arrow) of enteroenteric fistula from 
where bowel loops radiate
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18.5  Ulcerative Colitis

UC is generally a superficial inflammatory pro-
cess that affects the colonic mucosa [3], and the 
role of imaging technique is limited, while colo-
noscopy represents the reference technique for 
diagnosis. Button-shaped ulcers represent the 
most typical pattern at barium studies, while 
remaining islands of mucosa provide it a 
pseudopolyp appearance. Damage to the 

muscularis propria results in colonic dilation and 
loss of haustra. Toxic megacolon, a potentially 
fatal complication, is seen in less than 5% of 
patients and is characterized by both nonobstruc-
tive dilation of the colon to at least 6 cm and evi-
dence of systemic toxicity, electrolyte 
disturbance, fluid loss, hemorrhage, and 
perforation.

CD and UC differentiation could be challenging, 
but UC does not involve the ileum with the excep-
tion of backwash reactive ileitis which, differently 
from CD, presents a patulous ileocecal valve and 
the absence of ileal mucosa ulceration [3].

Bowel wall thickening, even though less evi-
dent than in CD, represents the source of pain and 
can be easily identified by imaging techniques 
(Figs.  18.15 and 18.16) manifesting by mural 
enhancement after contrast administration.

18.6  Conclusion

Pain represents an extremely characteristic symp-
tom of CD and may be due to transmural inflam-
mation, fistulas, abscesses, phlegmons, and 
bowel strictures. Clinical assessment is essential 
in diagnosis and monitoring of CD although 
imaging represents a more effective tool in the 
objective assessment of CD inflammatory activ-
ity and correlation to patient pain.

Fig. 18.14 40-year-old female patient with Crohn’s dis-
ease and enterocutaneous fistula. Patient presenting with 
abdominal crampy pain and cutaneous mucous discharge. 
Transverse T1-weighted breath-hold dynamic sequence 
with fat suppression after gadolinium-based contrast 
agent injection on portal venous phase (60 s after contrast 
injection). Evidence of enterocutaneous fistula (arrow)

a b

Fig. 18.15 (a, b) 24-year-old male patient with ulcer-
ative colitis. Patient with diffuse abdominal pain on the 
left lower quadrant of the abdomen. (a) Gray-scale US. 
(b) Contrast-enhanced US. Diffuse thickening of the sig-

moid colon (arrows) with adjacent creeping fat. (b) 
Contrast- enhanced US reveals diffuse contrast enhance-
ment (arrows) corresponding to high inflammatory 
activity
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Imaging of Vascular  
Abdominal Pain

Fabio Pozzi Mucelli and Roberta Pozzi Mucelli

19.1  Introduction

Abdominal pain is one of the top five causes for 
presentation to the emergency department and 
accounts for 18% of hospital admissions. It has 
one of the broadest differential diagnosis the hos-
pitalist will confront, and therefore a method-
ological approach is paramount.

In order to promptly identify the underlying 
etiology of abdominal pain, the physician must 
identify the specific characteristics of the symp-
toms. Factors such as history of trauma, constitu-
tional symptoms, surgical history, relation to food 
intake, and appetite must be considered. In addi-
tion, a careful history must be taken, considering 
the patient’s previous diagnosis, dietary habits, 
travel history, medication, substance, and envi-
ronmental exposures.

As with symptoms of other systems and 
organs, one must first consider basic features to 
get an idea of the acuity and character of the 

abdominal pain, by asking questions pertaining 
to frequency, associated symptoms, radiation, 
characteristic, onset, location, duration, exacer-
bating factors, and relieving factors. A useful 
acronym to remember all these points is: FAR 
COLDER.

The differential diagnosis for generalized 
abdominal pain is vast. In order to remember the 
various entities that cause abdominal pain, it is 
helpful to consider broader categories first, such 
as inflammation, vascular causes, obstruction, 
cardiac causes, superficial entities, and systemic 
etiologies.

Focusing on vascular causes, these include 
either aneurysmatic and occlusive diseases of 
large vessels (aorta) or main vessels arising from 
the aorta (celiac trunk, hepatic, splenic, mesen-
teric, and renal arteries) and smaller vessels (gas-
troduodenal artery, pancreaticoduodenal arcade, 
Riolano’s arcade). Also abdominal veins can be 
responsible of abdominal pain, although less 
frequently.

It must be underlined that abdominal pain of 
vascular origin generally reflects severe intestinal 
involvement and lesions that are rapidly irrevers-
ible. Diagnosis is difficult, and treatment is often 
delayed. Such involvement should be considered 
systematically when confronted with any atypical 
abdominal pain, especially if it is intense and 
appears abruptly, in any patient with vascular dis-
ease or having cardiac rhythm disorder. At an 
early stage, the contrast between the severity of 
pain and the lack of general and physical signs 
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should suggest emergency CT scan followed by 
GI arteriography for diagnosis and deciding treat-
ment. If such measures are impossible, laparot-
omy should be performed. At the stage of infarct, 
the presence of an unstable hemodynamic condi-
tion and peritoneal signs requires emergency lap-
arotomy without paraclinical examinations. The 
severity of prognosis depends on the causes, the 
extent of lesions, patient background, and the 
rapidity with which treatment is initiated.

19.2  Abdominal Aortic Aneurysm

Abdominal aortic aneurysms (AAAs) are focal 
dilatations of the abdominal aorta that are 50% 
greater than the proximal normal segment or 
>3 cm in maximum diameter. The prevalence of 
AAAs increases with age, and approximately 
10% of individuals older than 65 have an 
AAA. Males are much more commonly affected 
than females, with a ratio of 4:1. History of hyper-
tension and smoking are predisposing factors [1]. 
They are the tenth most common cause of death in 
the Western world. Most AAAs are asymptomatic 
unless they leak or rupture and are therefore diag-
nosed incidentally when the abdomen is imaged 
for other indications. Unruptured aneurysms may 
uncommonly cause abdominal or back pain or a 
pulsatile mass if large.

The most common and feared complication is 
that of abdominal aortic rupture which presents 
with severe abdominal or back pain, hypotension 
and shock, and pulsatile abdominal mass. This 
classical triad of pain, hypotension, and pulsatile 
mass however is only seen in 25–50% of patients.

A chronic rupture may escape detection for about 
weeks to months and is known as sealed aneurysmal 
rupture or spontaneously healed aneurysmal rupture 
or abdominal aortic aneurysmal leak.

Unusual presentations of ruptured abdominal 
aortic aneurysm are transient lower limb 
paralysis, right upper quadrant pain, groin pain, 
testicular pain, testicular ecchymosis (blue 
scrotum sign of Bryant), and iliofemoral venous 
thrombosis. Flank ecchymosis (appearance of a 
bruise) is a sign of retroperitoneal bleeding and is 
also called Grey Turner’s sign.

The mortality rate from a ruptured AAA is 
high (59–83% of patients die before they make it 
to a hospital or undergo surgery). The operative 
mortality rate for those who make it to surgery 
tends to be around 40%. Elective surgery 
mortality is much lower (4–6%).

Other reported complications include the 
development of a pseudoaneurysm from chronic 
contained leak/rupture or of aortic fistulas (aorto-
caval fistula, aortoenteric fistula). Other reported 
complications are distal thromboembolism or 
thrombotic occlusion of a branch vessel and infec-
tion/mycotic aneurysm.

The aneurysmal rupture is thought to occur 
when the mechanical stress is in excess of the 
wall strength. Thus, the aortic aneurysmal wall 
tension and the aneurysmal diameter are a 
significant predictor of impending rupture.

The commonest sites of rupture and their 
relative incidences are intraperitoneal rupture 
(20%), retroperitoneal rupture (80%), aortoca-
val fistula (3–4%), and primary aortoenteric 
 fistula (<1%).

Precise prediction of rupture in patients with 
AAA continues to be a problem. In routine clin-
ical practice, the maximum aortic diameter is 
the criterion most often used for AAA repair. 
The European Society of Vascular Surgery 
guidelines report an exponentially increasing 
annual rupture risk for patients exceeding diam-
eters of 5.0–5.5 cm [2], but this sole parameter 
does not necessarily reflect the true risk of rup-
ture in each patient. The potential for several 
additional parameters, including the geometri-
cal AAA shape [3], female gender, arterial 
hypertension, smoking history, familial AAA 
predisposition [4, 5], and large amount of intra-
luminal thrombus formation, to elevate the indi-
vidual rupture risk has been discussed, but these 
are rarely included in clinical decision-making 
regarding AAA repair. Recently, Erhart et  al. 
evaluated the contribution of biomechanical 
parameters such as peak wall rupture risk index, 
peak wall stress, and rupture risk equivalent 
diameter in three subgroups of patients with 
AAA (asymptomatic, symptomatic, and rup-
tured AAA) and found that PWRI parameter 
distinguishes most precisely between asymp-
tomatic and symptomatic AAAs. If elevated, 
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this value may represent a negative prognostic 
factor for asymptomatic AAAs [6].

Imaging Findings Ultrasound is quite sensitive 
and specific because it is able to identify direct 
and undirect signs of a ruptured AAA.  These 
signs are focal dilatation of the aorta (aneurysm), 
periaortic fluid, free intraperitoneal fluid, and 
retroperitoneal fluid, representing retroperitoneal 
hemorrhage.

In the acute clinical setting, obtaining unen-
hanced CT through the abdomen and pelvis may 
be helpful to detect impending rupture in AAA 

and also retroperitoneal or intraperitoneal rupture. 
Thereafter, thin section slices after contrast mate-
rial administration will be obtained. The most 
common finding in the case of AAA rupture is 
retroperitoneal hemorrhage adjacent to the aneu-
rysm. The periaortic blood may be seen to extend 
into perirenal or pararenal spaces or the psoas 
muscles. Intraperitoneal extension of the hemor-
rhage may be seen as an immediate or a delayed 
finding. On post-contrast studies or CT angiogra-
phy, active extravasation of contrast material can 
be seen (Fig. 19.1a,b). The role of angiography is 
crucial in guiding endovascular repair of not rup-
tured but also ruptured AAA (Fig. 19.1c,d).

a b

c d

Fig. 19.1 Ruptured abdominal aortic aneurysm. Male, 
60 years old. Sudden onset of acute abdominal pain, 
pulsatile abdominal mass, and shock. (a, b) CT 
angiography shows active extravasation from the aorta. A 
large hematoma is seen anteriorly and posteriorly in the 

right retroperitoneal space. (c, d) Emergent endovascular 
repair was performed: the stent graft was advanced till the 
level of renal arteries (arrows), and an aorto-uniliac stent 
graft was deployed
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In hemodynamically stable patients with 
imaging features of contained aneurysmal rup-
ture, providing preoperative management and 
avoidance of urgent repair are essential to prevent 
substantial morbidity and mortality. Previous 
rupture into a confined anatomic compartment 
should be suspected in patients with known his-
tory of AAA, previous episodes of abdominal 
pain, and stable hemodynamic status.

In the AAA with contained rupture, an impor-
tant feature seen is the draped aorta sign, which is 
present when the posterior part of AAA drapes 
over the adjacent vertebrae and/or when there is 
no distinct border between the posterior aspect of 
AAA and its adjacent structures [7].

Another helpful radiological finding, in favor 
of impending rupture, is a hyperattenuating cres-
cent sign which reflects hemorrhage in the mural 
thrombus or in the aneurysm wall (Fig.  19.2a). 
This sign, if present, appears as an intramural 
area with attenuation of more than the patent 
luminal region on unenhanced computed tomog-
raphy or more than that of psoas muscle on con-
trast-enhanced CT [8]. Extravasation of contrast 
media into the mural thrombus of AAA, in the 
absence of frank retro- or intraperitoneal hemor-
rhage, is also considered another sign of impend-
ing rupture and represents the dissection of the 
blood from the patent lumen into the luminal 

thrombus which has not disrupted the aneurysm 
wall yet. Another sign is the focal interruption of 
the aortic wall (Fig. 19.2b).

19.3  Aortic Dissection

Aortic dissection is generally a pathology of the 
thoracic aorta, but involvement of abdominal 
aorta is quite frequent, and in this case, abdomi-
nal symptoms are important and depend on the 
extension of the dissection to the aorta and on the 
occlusion of the splanchnic branches which may 
lead to organ ischemia. The incidence of aortic 
dissection has been reported to be 2000 new 
cases per year in the United States and 3000 in 
Europe [9, 10, 11, 12].

Dissection is the result of a spontaneous longi-
tudinal separation of the aortic intima and adven-
titia caused by the circulating blood gaining 
access to and splitting the media of the aortic 
wall [13].

The intimal tear allows the blood to enter the 
media from the vessel lumen. The blood-filled 
space within the medial layer becomes the false 
lumen. This results in two lumina, a true lumen and 
a false lumen, with the false lumen having pres-
sures greater than or equal to those in the true 
lumen [14].

a b

Fig. 19.2 Impending signs of AAA rupture. (a) Large AAA with nonhomogeneous thrombus (crescent sign). (b) 
6.8 cm diameter AAA with focal interruption of aortic wall (arrows) and initial periaortic extension (*)
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Imaging Findings Main abdominal arterial 
branch involvement has been reported in 27% of 
cases [15]; the celiac trunk, superior and inferior 
mesenteric arteries, and renal arteries can all be 
involved (Fig.  19.3). Occlusion of the celiac 
trunk may lead to splenic or hepatic infarction 
with pain and abnormal liver blood test results. 
Involvement of the mesenteric branches can lead 
to mesenteric ischemia with nausea, vomiting, 
nasogastric aspirates, abdominal pain, bloody 
diarrhea, recurrent sepsis, and abnormal hepatic 
and pancreatic enzymes [16]. Compromise of the 
renal arteries can lead to ischemia with oliguria, 
anuria, and abnormal renal blood parameters 
(Fig.  19.3a,b). Renal arteries supplied by the 
false lumen are rarely compromised [16].

19.4  Visceral Artery Aneurysms 
and Pseudoaneurysms

The term visceral artery aneurysm (VAA) has 
been used to refer to any intra-abdominal aneu-
rysm excluding those of the aortoiliac axis. VAA 
is a rare entity and includes true aneurysms and 
pseudoaneurysms. True aneurysms are often 
asymptomatic and are discovered on cross- 
sectional imaging performed for unrelated clini-
cal indications. The main etiology for VAA is 
degenerative atherosclerosis, sometimes with the 
aspect of a post-stenotic aneurysm. Visceral 
artery pseudoaneurysms are potentially severe 
vascular lesions that arise from splanchnic 

a b

c

Fig. 19.3 Acute aortic dissection (Stanford A): Female, 
71 years old. Sudden thoracic pain, faint brachial pulse on 
the left arm, and abdominal pain on the left side. (a, b) CT 
angiography: the abdominal aorta shows a complex inti-

mal flap involving the ostium of the left renal artery. The 
left kidney appears hypoperfused. (c) An intimal flap 
(arrow) and a distal short occlusion (fat arrow) are visible 
also in the superior mesenteric artery
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 circulation, as a result of various causes includ-
ing inflammation, infection, trauma, and neo-
plasm [17, 18]. Unlike true aneurysms that have 
all three arterial wall layers, pseudoaneurysms 
develop from the disruption of intimal and medial 
layers of the arterial wall and do not contain any 
epithelized wall. They are outlined by thin fibrous 
tissue and are usually surrounded by periarterial 
hematoma.

The incidence of rupture of pseudoaneurysms 
varies from 2 to 80% depending on the location, 
with untreated mortality rates reaching up to 
100% [19–21]. Pseudoaneurysms have various 
etiologies such as inflammation (pancreatitis and 
cholecystitis), infection (abscess), vasculitis, 
trauma (iatrogenic or penetrating injury), 
collagen vascular disease, segmental arterial 
mediolysis, and malignancy [21, 22]. The 
distinction between true or false aneurysm is not 
always possible.

The more frequent location of visceral aneu-
rysm is the splenic artery (60%), followed by the 
coeliac trunk, the renal artery, the hepatic artery, 
the superior mesenteric artery (SMA) and its 
branches, the gastroduodenal artery, the pancre-
aticoduodenal artery, the gastric artery, and a 
combination of these.

As previously said, visceral artery aneurysms 
are often asymptomatic. In fact, a recent paper 
[23] describing 233 patients with 255 aneurysms, 
only 62/233 patients (26.6%) had symptoms, and 
of these, only 11 presented with abdominal pain. 
Presentation of pseudoaneurysms may vary from 
the absence of symptoms to life-threatening 
hemorrhage and death [24]. The most common 
symptom (50–63% cases) is hemorrhage, which 
can present as gastrointestinal bleeding due to 
rupture of a pseudoaneurysm arising from celiac, 
SMA, and inferior mesenteric arteries (IMA) or 
hematuria, from renal artery pseudoaneurysm or 
intra-abdominal hematoma [19, 25, 26].

Patients with severe hemorrhage may present 
with hypotension and shock. Pain is the next 
common presentation, seen in one third of 
patients [25]. Uncommonly, a hematoma can 
cause mass effect and present with symptoms 
like jaundice secondary to common bile duct 
compression [27]. The incidental detection of 

visceral pseudoaneurysms is reported in one third 
of patients [25].

Sizes of VAA at the moment of diagnosis are 
quite variable, going from 15 mm to 9–10 cm. In 
the analysis of Pitton et  al. no correlation was 
found between diameter and risk of rupture, and 
the mean transverse diameter of non-ruptured 
and ruptured cases was nearly equal 
(15.9  ±  7.4 mm vs. 14.3  ±  7.5 mm, respectively). 
Moreover, there was no significant difference 
between the mean diameters of false aneurysms 
compared to true aneurysms (15.6  ±  7.6 mm vs. 
16.3  ± 10.3 mm, respectively).

19.4.1  Splenic Artery Aneurysms 
(SAAs)

SAAs are four times more common in women 
than in men. Most aneurysms are small (2–4 cm), 
asymptomatic, solitary, saccular, and located in 
the middle to distal splenic artery. Impending 
rupture of an SAA can produce left upper 
quadrant pain radiating to the subscapular region. 
Rupture is a catastrophic event, manifesting with 
pain and hypotension. SAA has strong 
associations with female gender, pregnancy [28], 
and portal hypertension [29]. Most of SAAs are 
degenerative, with fragmentation of the elastic 
fibers and loss of smooth muscle in the media 
[30]. Pseudoaneurysms associated with 
pancreatitis and pancreatic pseudocysts are 
another frequent cause of SAA [31] (Fig. 19.4).

There is a strong association of SAA with 
female gender, pregnancy, and parity that is likely 
related to the hormonal effects of estrogen and 
progesterone, both with receptor sites in the 
arterial wall [32]. Relaxin, a hormone seen late in 
pregnancy and responsible for the elasticity of 
the symphysis pubis, may also alter the elasticity 
of the arterial wall [33]. The high-flow state 
associated with pregnancy further contributes to 
the deleterious effects on the arterial wall. 
Rupture of a SAA during pregnancy, most often 
in the third trimester, is a catastrophic event, with 
reported maternal and fetal mortality rates of 70 
and 90%, respectively [34].
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c

Fig. 19.4 Splenic artery pseudoaneurysm. Male, 82 
years old, abdominal pain, known as splenic 
pseudoaneurysm significantly increased in size at 
follow-up. (a) CT angiography: in the arterial phase, a 
hypodense oval mass is visible anteriorly to the splenic 
vessels. (b–d) This mass shows a huge enhancement in 

the portal phase suggesting the vascular nature. A thin 
parietal thrombus is visible peripherally (*). (e) Selective 
angiography of the splenic artery confirms the presence of 
a focal active bleeding (arrow). (f) Endovascular 
treatment: the bleeding was stopped by deploying coils in 
the splenic artery distally and proximally to the hole
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Imaging Findings Although ultrasonography 
(US) can be used to identify SAA, this technique 
has some limitations due to the retrogastric 
position of the aneurysm, the presence of wall 
calcifications, and the size of the aneurysm. 
Multidetector CT, on the contrary, does not have 
any limitation and is considered the modality of 
choice for the detection and planning of treatment 
of this pathology. Plain CT may detect linear 
calcification on the wall of the SAA, suggesting a 
true aneurysm, while the arterial phase can 
differentiate the real lumen of the sac from the 
wall thrombus (Fig.  19.4b). Furthermore, the 
arterial phase may give information concerning 
the morphology of the aneurysm, in particular, 
the size of the neck and the afferent and efferent 
vessels. All these informations are useful for the 
therapeutic approach. Angiography has a 
fundamental role for endovascular treatment of 
such aneurysms and pseudoaneurysms which can 
be excluded with different modalities such as 
proximal and distal occlusion of the splenic 
artery (Fig. 19.4) or filling of the sac with coils.

19.4.2  Hepatic Artery Aneurysms

Hepatic artery aneurysm is the second most com-
mon VAA and unlike SAAs demonstrates a male 
predilection of 2:1 [35]. Most hepatic artery 
aneurysms are solitary and involve the hepatic 
artery outside the liver (66% of cases) [36]. 
Aneurysm location often helps identify both 
cause and treatment strategy. Intrahepatic branch 
aneurysms/pseudoaneurysms are most frequently 
the result of trauma, iatrogenic injury from 
biopsy or intervention, infection, or vasculitis 
(Fig.  19.5). In contrast, extrahepatic aneurysms 
are most often degenerative or dysplastic [37], 
and less frequently pancreatitis may be 
responsible of pseudoaneurysm located in the 
common or proper hepatic artery. [38].

Although hepatic artery aneurysms may be 
discovered incidentally, many are symptomatic. 
These aneurysms may manifest with rupture into 
the peritoneal cavity or with gastrointestinal 
hemorrhage. The triad of epigastric pain, 
hemobilia, and obstructive jaundice (Quincke’s 

triad) is seen in one third of symptomatic patients 
[39]. Risk factors associated with rupture are 
poorly defined, and the prevalence of rupture is 
difficult to assess. Rupture has been reported in 
20–80% of cases [40], with mortality rates 
ranging from 21 to 35% [41].

Imaging Findings Color Doppler US is quite 
sensitive and specific in identifying hepatic artery 
aneurysms or pseudoaneurysms especially when 
these are located at the liver hilum. MDCT is 
superior in the detection also of those aneurysm 
located in the hepatic artery before the liver. 
Angiography plays an important role as a first 
therapeutic option by means of embolization 
procedure (Fig. 19.5c,d).

19.4.3  Renal Artery Aneurysms

Although RAAs have traditionally not been 
included in reviews of VAA, they are in fact the 
second or third most common VAA (15–22% of 
cases) [42]. RAAs are discovered at 0.3–0.7% of 
autopsies and up to 1% of renal arteriographic 
procedures [43]. These aneurysms have a female 
predilection. Most are saccular and noncalcified 
and tend to occur at the bifurcation of the 
MRA.  Fibromuscular dysplasia is a common 
cause of RAAs, with degenerative aneurysms, 
vasculitis, and trauma accounting for most of the 
others [44].

Another unusual cause of renal aneurysms are 
angiomyolipomas (AMLs) which are common 
benign tumors of the kidney composed of varying 
amounts of fat, smooth muscle, and abnormal 
thick-walled blood vessels. AMLs may occur as 
isolated lesions or are associated with tuberous 
sclerosis (TS). Isolated or sporadic AMLs 
account for 80–90% of reported cases and 
commonly occur in women aged 40–70. The 
lesions in this group are usually unilateral and 
focal. AMLs associated with TS are usually 
bilateral and multifocal and can occur at any age 
and in either sex. Most patients are asymptomatic, 
and the tumor is often incidentally detected 
during US or CT [45, 46]. When symptoms do 
occur, common presenting symptoms are flank or 
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Fig. 19.5 Hepatic artery pseudoaneurysm. Female, 77 
years old, 1 month before a biliary drainage was deployed 
for an obstructive jaundice. Sudden onset of right flank 
pain, drop of hemoglobin values, and hemobilia. (a, b) CT 
angiography reveals a pseudoaneurysm of an intrahepatic 
segmental artery at the level of the hilum. In the mean-
time, the biliary drainage was removed (the subcapsular 

hyperdense lesion visible in the upper right lobe is expres-
sion of contrast media extravasation during biliary drain-
age removal). (c, d) Angiography confirms the 
pseudoaneurysm (arrows). Embolization was performed 
deploying some coils in a right segmental arterial branch 
but also at the level of main bifurcation of proper hepatic 
artery
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abdominal pain, palpable mass, and hematuria 
related to spontaneous intramural or extramural 
hemorrhage. The main complication of AMLs is 
hemorrhage, which is related to the tumor size, 
increased vascularity, and abnormal thick-walled 
vessels that are predisposed to the formation of 
micro-/macroaneurysms which can rupture 
spontaneously or after minor trauma (Fig. 19.6). 
AMLs larger than 4 cm in diameter increase the 
risk for hemorrhage [47].

Most RAAs are asymptomatic, but symptoms 
may develop from rupture, embolization of the 
peripheral vascular bed, or arterial thrombosis. 
RAAs are associated with hypertension in up to 
73% of cases [44]. Hypothesis regarding the 
pathophysiologic basis of hypertension includes 
coexisting renal artery stenosis, microemboliza-
tion from the aneurysm, compression or kinking 
of the renal artery or its branches, and turbulent 
flow. Improvement in hypertension following 
treatment has been reported [44], and hematuria 
has been reported in 30% of RAAs [42].

19.4.4  Aneurysms 
and Pseudoaneurysms 
of the Gastroduodenal 
and Pancreaticoduodenal 
Arteries

Gastroduodenal artery (GDA) aneurysms are 
often complications of acute and chronic 
pancreatitis and pancreatic surgery. GDA 
aneurysm is among the rarest VAAs, accounting 
only for 1.5% of the total, second in its rarity only 
to inferior mesenteric artery aneurysm. Despite 
its rarity, it represents an important subcategory 
of VAAs on account of having up to 75% risk of 
rupture [48], with gastrointestinal bleeding being 
the presenting feature in up to 52% of cases. 
They may also be dysplastic or degenerative in 
otherwise healthy patients [28].

GDA aneurysms, as the other VAAs, may be 
classified into false or true aneurysms, with the 
former being more common. Pancreatitis and 
atherosclerosis are the most common etiological 
factors associated with GDA aneurysm formation. 
Leakage of proteolytic enzymes in the setting of 

pancreatitis can result in destruction of the vessel 
wall with subsequent false aneurysm formation. 
Weakening of the arterial wall secondary to 
atherosclerosis is the usual pathogenetic event for 
true aneurysms. However, some authors proposed 
that atherosclerotic celiac trunk stenosis may 
cause retrograde flow of the blood through the 
superior mesenteric and then pancreaticoduodenal 
arteries with consequent building of pressure in 
the GDA and aneurysm formation.

Pancreaticoduodenal artery (PDA) aneurysms 
are rare but a clinically important form of vascular 
disease that can cause death by bleeding into the 
retroperitoneal space, the abdominal cavity, the 
gastrointestinal tract, or a combination of them. 
Most of the publications about PDA aneurysms 
are case reports [49]. Aneurysms of the PDA can 
be divided into “true” and “false.” False 
aneurysms are caused by a local factor, such as 
pancreatitis, tumor, abdominal trauma, surgery, 
or septic emboli. True aneurysms are variously 
caused by atherosclerosis, fibromuscular 
dysplasia, stenosis/occlusion of the celiac artery, 
and connective tissue disorders. A small 
proportion of PDA aneurysms are indirectly 
caused by compression by the median arcuate 
ligament (MAL), as a result of a high-flow state 
in the pancreatic arterial arcade (due to stenosis 
of the celiac artery) (Fig.  19.7a–c). Technical 
progress has made it possible to diagnose PDA 
using contrast-enhanced computed tomography 
(CT). Angiography is used mainly for selective 
embolization (Fig. 19.7d–f).

19.4.5  Superior Mesenteric Artery 
Aneurysm

SMA aneurysms account for 5.5% of all VAAs. 
SMA aneurysms can be saccular or fusiform and 
are commonly found in the proximal 5 cm of the 
artery. These aneurysms occur predominantly in 
men and are most often diagnosed in the fifth 
decade of life. Although the number of reported 
mycotic aneurysms has declined in recent years, 
such aneurysms still commonly affect the SMA 
(33–66% of cases) [50, 51]. Recent reports 
suggest an increase in the prevalence of both true 
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Fig. 19.6 Bleeding angiomyolipoma. Female, 75 years 
old. Right flank pain, severe anemia, and hematuria. (a–c) 
CT angiography shows multiple fat containing masses in 
both kidneys with a typical aspect of tuberous sclerosis. 
On the right kidney, a hyperattenuating mass (*) 
suggestive for pseudoaneurysm is clearly visible and also 

a fluid collection in the perirenal space and in the 
intraperitoneal spaces around the liver and spleen. (c, d) 
The lady underwent an emergent endovascular procedure 
of embolization with coils of the feeding arteries with 
complete resolution of symptoms
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Fig. 19.7 Pancreatic-duodenal artery aneurysm in a 
female with Dunbar’s syndrome. Female, 52 years old, 
history of postprandial pain. (a–c) CT angiography (axial 
view, VR and MIP coronal view) shows a 4.5 cm aneurysm 
arising close to the SMA from one of two pancreatic- 
duodenal arteries which appear hypertrophic and, in a 

retrograde way, feed the gastroduodenal, hepatic, and 
splenic artery. The celiac trunk is occluded at the origin. 
(d) Catheter angiography confirms CT finding. After 
selective catheterization of the aneurysmatic sac (e), 
embolization was performed with pushable coils with a 
satisfactory result (f)
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and false aneurysms of the SMA [52, 53]. Other 
causes of SMA aneurysm include inflammation, 
vasculitis, trauma, arterial dissection, and dys-
plastic and degenerative aneurysms [28]. SMA 
aneurysms are often symptomatic, manifesting 
with acute and colicky upper abdominal pain, 
nausea, or vomiting. Symptoms may arise from 
aneurysm embolization of the peripheral vascular 
bed to narrowing of the arterial lumen. A palpa-
ble mass has been reported in up to 50% of 
patients [28].

Imaging Findings The diffuse use of CT, US, 
and MR has increased the detection of VAAs 
either when they are asymptomatic or when they 
became symptomatic. Plain abdominal film does 
not have a significant role and may detect only 
large calcifications with a laminar aspect which 
can be seen quite frequently in splenic artery 
aneurysm. US, with the use of color Doppler 
imaging, has the ability to detect aneurysm also if 
it is limited by the location of the lesion frequently 
hidden by the bowel or gastric gas or the position, 
as in the case of splenic artery aneurysm, located 
posteriorly to the stomach. Also calcification in 
the wall of the aneurysm may obscure detection 
of visceral aneurysm in US.

CT does not have significant limitations: at 
plain CT, VAA appears as a low attenuation round 
lesion, without homogeneous content in case of 
thrombus inside the aneurysm and sometimes 
laminar peripheral calcifications. After 
intravenous contrast injection, VAA shows a 
marked enhancement with Hounsfield values 
similar to that of contiguous arteries. The margins 
of the lesions are well defined if the wall of the 
aneurysm or pseudoaneurysm is unbroken. In the 
case of wall rupture, a fluid collection is visible 
surrounding the aneurysm with attenuation 
values lower than those of the aneurysm. At plain 
CT, high value inside this collection can be found 
suggesting the presence of fresh blood. With fast 
CT acquisition during contrast media injection, 
active bleeding outside the aneurysm or 
pseudoaneurysm can be detected.

19.4.6  Mesenteric Ischemia

Mesenteric ischemia accounts for approximately 
1% of acute abdomen hospitalizations and occurs 
in 0.1% patients presenting to emergency 
department [54]. Despite growing recognition of 
this entity and interest in preventing irreversible 
ischemia, early diagnosis is challenging because 
symptoms are non-specific [55]. Despite major 
diagnostic and treatment advances in the last 
decades, low clinical suspicion leads to 
persistently high mortality rates of 40–70% for 
acute mesenteric ischemia (AMI) [56]. Early 
diagnosis is necessary to start the appropriate 
treatment, whereas diagnostic delay contributes 
to poor patient outcomes. A 24-h delay decreases 
survival rates by 20% [57].

In 70–80% of cases, intestinal ischemia is 
caused by an arterial embolus or thrombosis 
within the superior mesenteric artery. Embolic 
occlusions are more dangerous due to the absence 
of a well-developed collateral circulation; they 
cause earlier ischemia and transmural necrosis 
compared to other causes of mesenteric ischemia. 
Less common causes are venous thrombosis and 
non-thrombotic mechanical causes such as stran-
gulated hernia [58]. Patients with a history of arte-
rial emboli, vasculitis, deep venous thrombosis, 
hypercoagulable state, or chronic postprandial 
pain are at increased risk [59]. Vasculitis is a com-
mon cause of mesenteric ischemia in younger 
people with autoimmune disease [60]. Finally, 
case reports implicate vascular anomalies as a 
cause of mesenteric ischemia [61, 62].

There are a wide variety of clinical presenta-
tions for mesenteric ischemia. Classically, AMI 
is associated with a dramatic onset of severe 
abdominal pain disproportionate to physical 
exam findings. Peritonitis and septicemia develop 
once the ischemia has progressed transmurally. 
Postprandial pain, nausea, and weight loss often 
occur in patients with chronic mesenteric isch-
emia and superior mesenteric artery thrombosis 
[55]. In chronic mesenteric ischemia, the associa-
tion of pain with meals leads to fear of eating and 
subsequent weight loss [59].
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Classically, patients with mesenteric ischemia 
have leukocytosis, metabolic acidosis, an elevated 
D-dimer, and elevated serum lactate [55].

Imaging Findings Until the introduction of 
MDCT, mesenteric angiography was considered 
the gold standard for the diagnosis of mesenteric 
ischemia [59]. When the clinician was aware of 
possible AMI, angiography showed good accu-
racy and increased survival [63]. However, cath-
eter angiography is invasive and time- consuming. 
Furthermore, the unavailability of this diagnostic 
modality at most hospitals leads to a critical 
delay. However over the last two decades, there 

has been a major shift toward CT angiography 
because it is less invasive, less time- and resource-
consuming, and more readily available. Today, 
CT angiography has replaced angiography as the 
gold standard in diagnosing mesenteric ischemia 
with a sensitivity and specificity of 96% and 
94%, respectively [64, 65]. Typical CT angiogra-
phy findings are evidence of arterial stenosis 
(defined as luminal diameter narrowing of more 
than 50%) or occlusion in the celiac, superior, and 
inferior mesenteric arteries (Figs. 19.8 and 19.9) 
and their first-order branches and signs of nonoc-
clusive mesenteric ischemia: diffuse severe nar-
rowing of the main arteries or their branches, 

a b

c

Fig. 19.8 Superior 
mesenteric artery 
stenosis responsible of 
“claudication 
abdominis.” Female 63 
years old, postprandial 
pain and significant 
weight loss. (a) CT 
angiography reveals a 
short stenosis at the 
origin of SMA and an 
AAA involving the 
origin of IMA which is 
occluded. (b) Catheter 
angiography confirms 
the severe stenosis at the 
proximal tract of 
SMA. The stenosis was 
crossed with a 
microguidewire, and a 
balloon-expandable stent 
was deployed at the 
origin of the vessel with 
complete resolution of 
the stenosis (c). The lady 
had total symptom relief 
and regained weight
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segmental stenosis, and dilations [59]. 
Atherosclerotic changes were also noted. 
However, acute mesenteric ischemia can be pos-
tulated only in cases of SMA occlusion (embolus 
or thrombosis) (Fig. 19.9). Other studies [55, 66] 
relied mostly on indirect signs, such as wall 
thickening, wall perfusion, abdominal fat strand-
ing, pneumatosis intestinalis, and venous gas, 
which by definition are a late sequel and reflect 
end organ damage. These indirect signs have a 
lower specificity and can result from other 
abdominal catastrophic events. Although mesen-
teric angiography has been replaced by noninva-
sive imaging as MDCT, angiography is still used 

for endovascular treatment of stenotic lesion of 
SMA and IMA (Fig. 19.8 b,c).

A rare cause of abdominal angina is the 
median arcuate ligament syndrome (MALS) also 
known as Dunbar’s syndrome (Fig. 19.7). This is 
an unusual condition caused by abnormally low 
insertion of the median arcuate ligament fibers, 
resulting in compression and luminal narrowing 
of the coeliac trunk. These fibers connect the 
right and left crura of the diaphragm and define 
the anterior margin of the aortic hiatus. The coe-
liac trunk supplies blood to digestive splanchnic 
organs through left gastric, common hepatic, and 

a b

c

Fig. 19.9 Mesenteric infarction. Female, 96 years old. 
Acute epigastric pain. (a, b) CT angiography: the SMA 
appears normal in a (arrow), while in b (5 mm below), it is 

completely occluded (arrow). (c) MIP reconstruction clearly 
shows the occlusion of the SMA few cm after its origin. 
Distally, the artery is reperfused with a small caliber
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splenic arteries. Supply to the intestines includes 
the coeliac trunk, superior mesenteric artery, and 
inferior mesenteric artery [67]. The coeliac trunk 
is an essential source of blood because the inter-
connections with the SMA and IMA are not ade-
quate to sustain sufficient perfusion to splanchnic 
organs. Typically, the arcuate ligament com-
presses the coeliac trunk on expiration, thereby 
eliciting occlusion of the coeliac trunk. Inspiration 
induces decompression of the ligament with par-
tial release of occlusion of the coeliac trunk. This 
leads to hypoperfusion of intestinal organs and 
abdominal angina.

CT angiography generally shows a short- 
segment stricture at the root of celiac trunk with 
the pattern of a focal extrinsic compression and a 
post-stenotic dilatation. Other findings observed 
are the conspicuous dilation of gastroduodenal 
artery and pancreaticoduodenal in response to the 
increased blood flow diverted from pathways 
with the SMA (Fig.  19.7). Angiography shows 
the same findings, and it may be able to demon-
strate the extrinsic nature of the stenosis at the 
origin of the celiac trunk if the investigation is 
performed during inspiration and expiration.

19.5  Renal Infarction

Acute renal infarction is an underreported phe-
nomenon, and it is often misdiagnosed. 
Characteristic clinical findings in major acute 
renal infarction include sudden onset of abdomi-
nal or flank pain, frequently accompanied by 
fever and nausea with vomiting. Laboratory find-
ings are those typically seen in acute infarction, 
which include moderate leukocytosis, albumin-
uria, microscopic hematuria, elevated serum cre-
atinine (particularly with large embolus or 
bilateral disease), and rising of LDH levels [68, 
69]. These clinical and laboratory findings, 
although consistent with renal infarction, are 
non-specific and often suggestive for alternative 
conditions including acute surgical abdomen or 
appendicitis with the risk of overlooking the cor-
rect diagnosis. It may occur in patients who are at 
risk of systemic embolization (e.g., patients with 
atrial fibrillation). However, Bolderman et  al. 

[70] reported that there are several idiopathic 
cases where risk factors related to renal infarct 
are not clear.

Imaging Findings Imaging tools are important 
to make proper clinical assessment. The first 
diagnostic work-up of patients with acute abdom-
inal pain includes US, which is widely available 
and gives a real-time dynamic exploration [71]. 
Moreover, the use of Doppler technique to evalu-
ate blood flow is an essential component of US 
study.

Acute renal infarction appears as the absence 
of perfusion on color and power Doppler exami-
nation, complete when the entire kidney is 
affected or patchy when segmental arteries are 
involved. The absence of flow may also be 
directly appreciated in the renal artery or, in rare 
cases of venous thrombosis causing infarction, 
the renal vein. After a first hypothesis of renal 
vascular impairment is made at US, a contrast- 
enhanced CT scan should be performed to 
confirm the diagnosis.

Currently, CT has become the gold standard 
for the diagnosis of renal infarction. Indeed CT 
angiography allows to identify the occluded 
vessel while also assessing if there is evidence of 
ischemia in other organs such as the spleen, liver, 
or lungs or whether there are indirect signs of 
cardiac disease responsible for thromboembolism 
episodes. At contrast-enhanced CT, renal 
infarction usually appears as wedge-shaped low 
attenuation area within an otherwise normal- 
appearing kidney [72] (Figs. 19.10 and 19.11).

Nowadays, with the possibility of detecting 
renal arterial infarction with US and CT scan, 
invasive procedures, such as renal arteriography 
should rarely be performed, and they also help in 
making a quick differential diagnosis with other 
more common acute abdominal diseases such as 
appendicitis [68].

An early identification of the disease allows 
an appropriate treatment to be started, which is 
the same for both idiopathic cases and patients 
with atrial fibrillation-induced embolism and is 
based on early anticoagulation (low-molecular- 
weight heparin) with a good prognosis [73]. 
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Other possible treatments include endovascular 
thrombolysis, which is, however, supported by 
limited data so that its utility is still debated [74]. 
An alternative approach reported is stent graft 
deployment in the injured renal artery [75, 76].

19.6  Splenic Infarction

Splenic infarction (SI) occurs when the splenic 
artery or one or more of its branches become 
occluded, either by an embolus or by in situ 
thrombosis. The spleen has a rich vascular supply 
and receives 5% of the cardiac output making it 
susceptible to emboli (cardiogenic, aortic, 
paradoxical) [77]. Furthermore, it is not infre-

quently affected by malignant hematological dis-
orders which increase the risk of thrombosis. The 
current widespread availability and escalating 
early use of computed tomography (CT) scan-
ning may have changed its etiologic distribution 
and presenting features [78]. In the retrospective 
analysis of Schattner et al. [79], the patients’ pre-
dominant symptom is abdominal pain which is 
acute in more than 50% of cases but unfrequently 
intense and severe. Pain location is most often in 
the left upper quadrant of the abdomen or epigas-
trium. Sometimes, no abdominal pain is referred. 
From an etiologic point of view, cardiogenic 
emboli are by far the major etiologic mechanism, 
followed by autoimmune disease and infection-
associated SI.

a b

c

Fig. 19.10 Renal infarction. Male, 47 years old. Sudden 
cramp-like pain of the lower abdomen. Right lumbar pain 
(a–c). CT angiography clearly shows a hypodense area 

involving the cortex of the right kidney. The coronal view 
shows the ischemic involvement of the lower pole
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Imaging Findings On US, splenic infarcts 
appear as hypoechoic areas compared to the rest 
of the spleen with wedge or round or irregular 
shape. During contrast-enhanced ultrasound, the 
infarcted area remains hypo-intense throughout 
all phases of the study.

CT is considered the imaging investigation of 
choice, ideally performed during the portal 
venous phase, to avoid confusing heterogeneous 
enhancement normally seen during arterial phase. 
Imaging features may vary with the stage of the 
infarct. In the hyperacute phase, CT may show 
areas of mottled increased attenuation, 
representing areas of hemorrhagic infarction. 
There are various classical patterns of established 

splenic infarcts on CT: the most typical is the pat-
tern of a peripheral, wedge-shaped hypo- 
enhancing region (Fig.  19.12); less frequently, 
the pattern is characterized by multiple, heteroge-
neous areas of patchy enhancement; in the most 
severe cases of global splenic infarction, the 
entire spleen is hypo-enhancing (e.g., in splenic 
torsion).

19.7  Gastrointestinal Bleedings

GI bleeding can be distinguished in those origi-
nating from the upper gastrointestinal tract and 
those originating from the lower intestinal tract.

a b

c

Fig. 19.11 Renal infarction. Female, 84 years old. Sudden 
onset of left flank and lumbar pain. Acute bowel obstruction 
was suspected. (a–c) Occlusion of the left renal artery at the 

origin (a) while the right renal artery is regular. (b, c) The 
left kidney appears almost completely not perfused except 
that in the medial aspect of the lower pole
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Upper Gastrointestinal Bleedings Upper gas-
trointestinal bleeding includes hemorrhage origi-
nating from the esophagus to the ligament of 
Treitz. Peptic ulcer bleeding causes more than 
60% of cases of upper gastrointestinal bleeding, 
whereas esophageal varices cause approximately 
6%. Other etiologies include arteriovenous mal-
formations, Mallory-Weiss tear, gastritis, duode-
nitis, and malignancy.

Patients with history of peptic ulcer report 
abdominal pain together with coffee-ground-like 
emesis, dysphagia, black tarry stools, bright red 
blood per rectum, hematemesis, and chest pain.

Early upper endoscopy (within 24 h of presen-
tation) is recommended in most patients with 

upper gastrointestinal bleeding because it con-
firms the diagnosis and allows for targeted endo-
scopic treatment, resulting in reduced morbidity, 
hospital stays, risk of recurrent bleeding, and 
need for surgery. Rebleeding after successful 
endoscopic therapy occurs in 10–20% of patients.

Imaging Findings Diagnostic imaging is an 
alternative to be used if endoscopic therapy fails. 
Multidetector CT has expanded the applications 
of CT angiography for evaluating patients with 
vascular diseases, including acute upper and 
lower GI bleeding. Temporally resolved CT 
angiography allows the identification of active 
extravasation of contrast material and the accurate 
identification of the source of hemorrhage [80]. 

a b

c

Fig. 19.12 Splenic infarction. Female, 50 years old. 
Sudden onset of diffuse cramp abdominal pain, mainly on 
the left flank. (a, b) CT angiography shows a filling defect 

inside the celiac trunk protruding in the aorta. (c) The 
spleen appears diffusely hypodense. A thrombus is visible 
inside the splenic vein
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CT angiography can be used to evaluate the wall 
of the entire gastrointestinal tract and other 
digestive structures that may occasionally be the 
source of bleeding, such as the pancreas and 
biliary tract. Intraluminal extravasation of 
contrast material is the main criterion used to 
define the location of the bleeding point [81, 82] 
(Fig. 19.13). Identification of this finding requires 
that active bleeding be present during the period 
of time that the injected contrast material 
circulates through the vascular system; CT 
angiography typically detects active bleeding 
with a rate that exceeds 0.3–0.5 mL/min, a rate 
that is slightly higher than the threshold assigned 
to catheter angiography (0.5  mL/min) and is 
lower than that of scintigraphy with 99mTc- 
labeled red blood cells, which can be used to 
detect active bleeding at a rate higher than 

0.1 mL/min [80, 82]. Therefore, severe bleeding 
episodes, such as those manifesting with 
hemodynamic instability, increase the pretest 
probability of a positive result for active bleeding 
at CT angiography [81, 83, 84]. Intermittent 
bleeding can cause false-negative findings at CT 
angiography [80, 83]. The usual appearance of 
active bleeding is that of an intraluminal blush of 
contrast-enhanced blood in the arterial phase or a 
hyperattenuating focus of variable attenuation 
and morphology in the portal venous phase. The 
changing morphology of the focus of contrast 
media extravasation with time (from the arterial 
phase to the portal venous phase) unequivocally 
confirms the presence of bleeding (Fig. 19.14a,b), 
especially when the unenhanced image shows no 
hyperattenuating intraluminal material.

a b

c

Fig. 19.13 Gastrointestinal bleeding. Male, 70 years old, 
recent gastric surgery for a duodenal bleeding ulcer. 
Sudden onset of pain and significant decrease of 
hemoglobin values. (a, b) CT angiography (arterial 

phase): a focal hyperdense irregular-shaped area (arrow) 
typical for intraluminal arterial bleeding is visible at the 
level of duodenum. In the delayed phase (c), the active 
bleeding typically modifies its shape
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Arteriography with embolization usually pre-
cedes surgical therapy because both are equally 
effective in treating patients with persistent 
bleeding (Fig. 19.14c,d). Surgical therapy is usu-
ally recommended if endoscopy and arteriogra-
phy with embolization have failed to control the 
bleeding or if interventional radiology expertise 
is not available after a failed endoscopic attempt.

Lower Gastrointestinal Bleedings Acute 
colonic bleeding (or lower GI bleeding), defined 
as that occurring from the colon, rectum, or anus, 

and presenting as either hematochezia (bright red 
blood, clots, or burgundy stools) or melena, has 
an annual incidence of about half of that for 
upper GI bleeding. The rate of hospitalization is 
even higher in the elderly [85]. The source of 
lower gastrointestinal tract bleeding is colorectal 
in approximately 90% of cases. In the remaining 
10%, the bleeding site is situated in the small 
bowel. Among colorectal lesions, colonic diver-
ticula, angiodysplasia, inflammatory lesions, and 
malignancies are the most common causes of 
bleeding [86].

a b

c d

Fig. 19.14 Gastrointestinal bleeding. Male, 39 years old. 
Recent surgery for a duodenal GIST. Sudden onset of pain 
and fall of hemoglobin values. (a) Plain CT shows a not 
homogeneous fluid content in the duodenum. After 
contrast enhancement (b), hyperdense striations appear at 

the level of the duodenum suggesting an active bleeding. 
(c, d) Catheter angiography confirms the active bleeding 
of a collateral branch of the gastroduodenal artery which 
was stopped by selective embolization (d)
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Most cases of acute colonic bleeding will stop 
spontaneously, thereby allowing nonurgent 
evaluation. However, for patients with severe 
hematochezia (continued bleeding within the first 
24 h of hospitalization, drop in the hemoglobin of 
at least 2 g/dL, transfusion requirement), urgent 
diagnosis and intervention are required to control 
the bleeding. Clinical factors predictive of severe 
colonic bleeding include aspirin use, at least two 
comorbid illnesses, pulse greater than 100/
minute, and systolic blood pressure <115 mmHg 
[87]. The overall mortality rate from colonic 
bleeding is 2.4–3.9% [85, 88]. Typical clinical 
findings include abdominal pain and weight loss 
which is non-specific but may suggest 
inflammatory bowel disease, ischemia, and/or 
malignancy, medication use (non-steroidal anti- 
inflammatory drugs—NSAIDS—and other 
medications that can cause ulcers or intestinal 
ischemia), recent colonoscopy with polypectomy 
(postpolypectomy bleed), prior abdominal/pelvic 
radiation (radiation proctitis/colitis), prior 
operations (possible anastomotic ulcers), or a 
history of abdominal aortic aneurysm with or 
without surgical repair (possible aortoenteric 
fistula). A history of alcoholism or chronic liver 
disease raises the suspicion for bleeding due to 
portal hypertension, such as varices. The manner 
in which the patient with bleeding presents can 
also suggest potential etiologies. Bright red blood 
is more often seen from anorectal and distal 
colonic sources, but brisk upper GI bleeding can 
also manifest this way. Painless severe bleeding 
with clots is more common with diverticular 
hemorrhage. Bloody diarrhea often occurs with 
ischemic and inflammatory colitis.

Colonoscopy generally should be the initial 
modality used for evaluating acute colonic 
bleeding or severe hematochezia requiring 
hospitalization. Because most bleeding stops 
spontaneously, colonoscopy often is performed 
semi-electively, 24  h or more after initial 
hospitalization, to allow the patient to receive 
blood transfusions and the bowel preparation on 
the first day of hospitalization. However, the 
optimal time for performing urgent bowel 
preparation and colonoscopy is controversial.

Imaging Findings The accuracy of CT angiog-
raphy for determining the specific cause of lower 
gastrointestinal bleeding ranges from 80 to 85% 
in most series [83, 89–91]. CT angiography can 
be used to easily diagnose bleeding from colonic 
diverticula, the leading cause of lower gastroin-
testinal tract bleeding [92]. Colonic angiodyspla-
sia is the second most common cause of lower 
gastrointestinal tract bleeding, accounting for as 
many as 40% of cases in patients older than 60 
years [82]. Junquera et al. have reported values 
for the sensitivity, specificity, and positive predic-
tive value of 70%, 100%, and 100%, respectively, 
for CT angiography [93]. It is important to try to 
distinguish between bleeding from a diverticu-
lum and angiodysplasia because the probability 
of rebleeding is as high as 85% in cases of angio-
dysplasia and is only 25% in cases of diverticular 
bleeding [81]. In addition, CT angiography can 
be used to accurately diagnose neoplasms and 
colitis, which are the third and fourth most com-
mon causes of lower gastrointestinal tract bleed-
ing, respectively [81, 86, 89], and CT angiography 
is also helpful for the diagnosis of benign anorec-
tal lesions. Postoperative bleeding can occur at an 
anastomotic site or a more distant location.

The ability to visualize active extravasation of 
contrast material is influenced by many factors 
related to the nature of the bleeding (severity, 
intermittence), the patient (hemodynamic status, 
body mass index, preexistent intestinal contents), 
the CT technique (examination protocol, scanner 
generation, iodine concentration of the contrast 
material used), and the experience of the 
radiologist [89]. In the studies for the detection of 
active bleeding with CT angiography, false- 
negative results are most often due to intermittent 
or low-intensity bleeding, below the threshold of 
CT angiographic detection [82, 84]. Dilution of 
extravasated contrast material in fluid-filled 
dilated bowel loops is another cause of non- 
depiction of active bleeding with CT angiography 
[94]. Inadequate bowel distention precludes 
detection of subtle tumors or inflammatory 
lesions that may be better seen at CT enterography. 
Mucosal enhancement of collapsed bowel loops 
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can simulate extravasated contrast material [81, 
83]. Errors of perception and interpretation (such 
as satisfaction of search), which are usually 
related to the inexperience of the radiologist, are 
other causes of false-negative results.

The main advantage of mesenteric angiogra-
phy, compared to radionuclide imaging, is its 
interventional capability. However, the bleeding 
rate must be at least 0.5 mL/min to detect extrava-
sation into the gut, which is significantly higher 
than radionuclide imaging. The other disadvan-
tages of radionuclide imaging, the inability to 
detect non-active bleeding stigmata or to make an 
etiologic diagnosis, also occur with angiography. 
Additionally, certain patient factors (such as con-
trast dye allergy and acute/chronic kidney dis-
ease) are potential contraindications to 
angiography. The diagnostic yield of angiography 
depends on patient selection, the timing of the 
procedure, and the skill of the angiographer, with 
positive results in 10–70% of cases. Previously, 
angiographic intervention involved injection of 
vasoconstrictors to control bleeding in prepara-
tion for surgery. However, thanks to technological 
advances, super-selective embolization of distal 
arterial branches is now possible. A review of sev-
eral studies using angiographic embolization for 
colonic bleeding found that immediate hemosta-
sis was achieved in 96%, with 22% experiencing 
early rebleeding, 26% experiencing minor com-
plications that did not require surgery, and 17% 
experiencing major complications that required 
surgery or resulted in death [95].

19.8  Spontaneous Abdominal 
Muscle Hematoma

Spontaneous abdominal muscle hematomas are 
an uncommon cause of acute abdominal pain and 
are often misdiagnosed. They result from 
bleedings which mainly occur in three anatomical 
regions:

 – Anterior muscles of the abdominal wall: there 
are four muscles on each side (the rectus, the 
external oblique, the internal oblique, and the 

transverse muscle). Vascularization of this 
muscle group is mainly provided by the deep 
inferior epigastric arteries, the superior 
epigastric arteries, and the deep circumflex 
iliac arteries.

 – Posterior muscles of the abdominal wall: there 
are three muscles per side (the iliac, the psoas, 
and the erector spinae muscles). These 
muscles are vascularized by the lumbar arter-
ies and the iliolumbar arteries.

 – Buttock muscles: there are three gluteal mus-
cles, the piriformis, and the internal obtura-
tors. This muscle group is vascularized by the 
superior and inferior gluteal arteries, which 
are the terminal branches of the posterior 
trunk of the internal iliac artery.

Spontaneous muscle hematomas may occur 
because of trauma, physical exercise, recent sur-
gery, or injection procedures. They may also occur 
because of increased intra-abdominal pressure 
from coughing, sneezing, vomiting, or straining 
during urination, defecation, and labor [96–100]. 
Other predisposing factors include increased age, 
arterial hypertension, atherosclerosis, and sys-
temic anticoagulant therapy. Most abdominal wall 
hematomas occur in the rectus sheath (Fig. 19.15), 
while hematoma within the oblique muscles is 
very rare (Fig. 19.16). Hematomas of the iliopsoas 
muscles are less frequent than rectus sheath; how-
ever, they have a high mortality rate, mostly related 
to anticoagulation therapy and usually affecting 
the elderly and fragile patients.

From a clinical point of view, most common 
presenting signs and symptoms of these 
hematomas are acute abdominal pain and firm, 
palpable abdominal wall masses. Because of 
their rarity, abdominal wall hematomas can be 
mistaken for several common acute abdominal 
conditions such as appendicitis, sigmoid 
diverticulitis, perforated ulcers, ovarian cyst 
torsion, tumors, or incarcerated inguinal hernias 
[101]. The most important diagnostic finding 
suggesting a hematoma of the abdominal wall is 
the presence of an abdominal wall mass with 
ecchymosis.
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However, abdominal wall ecchymosis is a late 
sign, and the average time between its presenta-
tion and its onset takes about 4 days, as reported 
in the literature [102].

As previously mentioned, many risk factors 
have been reported for abdominal wall 
hematomas. Of these, aging and anticoagulant 
therapy play an important role. In a review of 126 
cases of rectus sheath hematoma, published in 
2006, it is reported that most patients (69%) were 
on some forms of anticoagulation therapy, and 
the mean age was 67.9 years [99].

Imaging Findings The diagnosis of an oblique 
muscle hematoma is made by combining medical 
history, laboratory examination findings, and US 
and/or radiological findings. US and CT scans 
can provide useful information for differential 
diagnosis to avoid unnecessary surgery [100]. US 
can be useful as a first-line investigation because 
it is widely available and portable [103]. In 
addition to US, contrast-enhanced CT can detect 
and evaluate active bleeding from the rupture site 
[98] (Figs. 19.15 and 19.16). Another typical CT 
finding is a fluid-fluid level inside the hematoma 
due to superior Hounsfield values of fresh blood 
(Figs. 19.15 and 19.16).

Even in a patient without contrast extravasa-
tion at the bleeding site as observed on CT, selec-
tive digital subtraction angiography could be a 

useful imaging technique to identify an active 
bleeding point [104], and it is the modality of 
choice for therapeutic treatment of an active 
bleeding by means of an embolization procedure 
(Fig. 19.16).

The following grading system has been estab-
lished for a rectus sheath hematoma on the basis 
of CT findings. Grade I is an intramuscular hema-
toma with an observable increase in muscle size.

Grade II is also an intramuscular hematoma 
but with blood between the muscle and 
transversalis fascia. Grade III hematoma may or 
may not affect the muscle, and the blood is seen 
between the transversalis fascia and muscle in the 
peritoneum and prevesical space that results in a 
drop in hemoglobin [105]. Grade I hematoma 
may resolve rapidly within approximately 30 
days, whereas Grade II hematomas require 2–4 
months, and Grade III hematomas require more 
than 3 months to resolve [105]. Hence, a 
classification based on CT findings could help a 
physician in predicting a patient’s outcome.

Conservative treatment including bed rest and 
analgesics is appropriate in most patients with 
abdominal wall hematomas. Although most are 
self-limiting because the bleeding usually stops 
without intervention, some patients show signifi-
cant morbidity, and the overall mortality rate is 
reported to be 4%. Surgical intervention or trans-
catheter arterial embolization is recommended 
when conservative management fails [96, 98].

a b

Fig. 19.15 Hematoma of the abdominal wall. Male, 78 
years old. Sudden onset of pain, palpable mass, and 
decrease of hemoglobin values in a man in anticoagulant 
therapy for atrial fibrillation. (a) CT angiography shows a 

huge mass in the context of the right rectum muscle with 
an active bleeding (arrow). Another typical finding is the 
fluid-fluid level (arrow-b)
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a b

c d

e

Fig. 19.16 Abdominal wall hematoma. Female, 69 years 
old, sudden onset of left flank pain, palpable mass, antico-
agulant therapy. (a, b) CT angiography shows a huge 
hematoma in the contest of the left oblique muscle with an 

active bleeding (arrow) and a fluid-fluid level. (c, d) 
Catheter angiography confirmed the active bleeding 
which was stopped by means of an embolization proce-
dure with embolizing particles and a coil (arrow) (e)
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19.9  Nutcracker Syndrome (NCS)

The nutcracker phenomenon refers to compres-
sion of the left renal vein most commonly 
between the abdominal aorta and superior 
mesenteric artery. The exact prevalence and 
incidence of NCS are unknown, likely because of 
the variable presenting features; however it is 
rare, with a slight female predominance and 
symptomatic incidence in the second to fourth 
decade. It often goes undiagnosed, especially in 
patients who are asymptomatic [106].

Most typical nutcracker morphologic features 
imply the compression of the left renal vein 
between the aorta and the SMA, thus known as 
anterior nutcracker. Less often the retroaortic left 
renal vein may be compressed between the aorta 
and the vertebral body, so being called posterior 
nutcracker or pseudonutcracker [107].

The severity of this phenomenon is variable, 
and affected patients may be completely asymp-
tomatic or in extreme cases they may present 
severe pelvic congestion. However the most 
common clinical manifestation is micro- or mac-
roscopic hematuria. Other symptoms or compli-
cations that may occur include left flank pain, 
pelvic discomfort, varicocele or ovarian vein syn-
drome in women [108].

Imaging Findings Diagnosis is done through 
careful history evaluation and a variety of diag-

nostic tests; in fact imaging studies are not suffi-
cient to confirm the diagnosis.

From an imaging point of view, Doppler ultra-
sonography (DUS), CT, and venography are the 
most important. DUS is the first imaging modal-
ity, with a sensitivity and specificity that range, 
respectively, between 69–90% and 89–100%, 
and is capable of evaluating the velocity of the 
blood flow within the LRV. Nutcracker syndrome 
DUS criteria are based on both the ratio of the 
peak velocity in the narrowed and dilated por-
tions of the LRV and the ratio of the AP diameter 
of the LRV in the dilated and narrowed portions. 
The peak velocity ratio cutoff for NCS ranges 
from 4.1 to 5.0 (narrowed/dilated), and the AP 
diameter ratio cutoff ranges from 4.0 to 5.0 
(dilated/narrowed) [106]. However, despite con-
venience and affordability, DUS methods are 
limited by technical difficulties, e.g., very small 
sample areas and are highly variable depending 
on the position of the patient [107].

Advanced CT or MRI, with multiplanar 
images, is able to depict the “beak sign,” an 
abrupt narrowing or compression of the left renal 
vein between the aorta and SMA, with dilation of 
left gonadal vein, or pelvic varices and left renal 
vein variations such as retroaortic type (in the 
posterior nutcracker syndrome) [109] 
(Fig. 19.17). This sign has a sensitivity of 91.7% 
and specificity of 88.9% in the diagnosis of this 

a b

Fig. 19.17 Nutcracker syndrome. Female, 72 years old, 
pelvic pain, atypical varicose veins. (a, b) CT (axial 
images) shows the compression of the left renal vein 

between the aorta and SMA; the left renal vein is dilated 
(b), and also the left gonadal vein appears significantly 
larger than normal (c, d)
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syndrome [108]. Therefore, the demonstration of 
left renal vein compression at imaging in the 
absence of clinical symptoms and varices should 
be termed nutcracker phenomenon, and not nut-
cracker syndrome. CT also plays the key role to 
differentiate the various causes of left renal vein 
compression such as retroperitoneal tumors, ret-
roperitoneal fibrosis, or lymphadenopathy.

There is no definite guideline about which 
clinical manifestations are sufficiently enough to 
warrant appropriate management. Gross hematu-
ria, severe pain, and renal failure may be the indi-
cations for surgical treatment [107], ranging from 
a left renal vein bypass to the more conventional 
approach of nephrectomy. Recently, endovascu-
lar stent placement in the left renal vein as modal-
ity of treatment has been reported with 
encouraging outcomes [110].
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Pelvic Pain: Clinical Features

Giuseppe Ricci, Giovanni Di Lorenzo, 
Gabriella Zito, Simona Franzò, 
and Federico Romano

20.1  Introduction 
and Epidemiology

There is no consensus on the definition of chronic 
pelvic pain (CPP). Various definitions of CPP 
have been proposed by scientific societies. 
Diagnosis is purely clinical, based on the presence 
of a noncyclic pain perceived in the pelvic area 
that persists continuously or episodically for 3–6 
months or longer and is unrelated to pregnancy 
[1, 2]. Chronic pelvic pain (CPP) is typically 
severe enough to cause functional disability or 
require treatment; it is often cause of absence 
from work, multiple medical consultations, and it 
affects quality of life and mood [3–5]. Most of 
the classifications do not include perineal or 
vulvar pain [6].

Chronic pelvic pain (CPP) can be an expres-
sion of a great number of conditions, and it is 
often due to multiple components. The causes 
are not well understood, hardly definable, and 

usually multifactorial. The correct assessment 
should aim to examine all the contributory fac-
tors, to treat reversible specific ones and approach 
central chronic situations.

The estimated prevalence of CPP ranges from 
4 to 16 percent among fertile women, but num-
bers are distorted because of epidemiology, lack 
of concordance on the definition, and referral pat-
terns, as most women tend not to discuss it with 
their doctor [4, 7–9]. CPP prevalence is definitely 
higher in women than in men, often leading to 
a great number of invasive diagnostic and thera-
peutic procedures [10–12].

Efforts have been made to find organic causes 
such as endometriosis and adhesions syndrome, 
which were considered directly related to 
CPP. Besides, there is a growing interest in the 
role of the central nervous system (CNS) as a key 
point in the production of such symptom, which 
could be the expression of a nonorganic neuro-
logic damage, referred to as central sensitiza-
tion [1, 13, 14]. This hypothesis is firstly based 
on the gate control theory proposed by Melzack 
and Wall in 1965 [15]. This theory suggests that 
the perception of pain depends on a complex 
interplay of the central nervous system and the 
peripheral nervous system as they process each 
pain stimulus in their own way.

Later Melzack’s neuromatrix theory intro-
duced the pivotal concept of neuroplasticity [16]. 
Plasticity related to pain consists in persistent 
functional changes in the nervous system due 
to previous injuries or other nonorganic patho-
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logical events. Psychological factors are no more 
considered as pure reactions to pain. They are 
now seen as an integral part of pain processing 
that may change the following response to pain-
ful stimuli. Furthermore, inflammatory or spe-
cific painful conditions (such as painful bladder 
syndrome, endometriosis, and irritable bowel 
syndrome) may affect the whole organism, caus-
ing an enhancement in pain sensitivity [17]. This 
finding is relevant to understand how pain can be 
provoked by a non- painful stimulus (allodynia) 
or sensitivity to pain can be increased (hyperal-
gesia) [18]. Central sensitization to pain reveals 
genetic and environmental contributors, whose 
identification will provide additional options to 
manage this condition [19, 20].

In conclusion, in women affected from a non-
cyclic pain localized in the pelvic area or radiat-
ing to the abdomen lasting over 6 months, causes 
of CPP must be suspected and assessed, including 
both organic and functional factors. Diagnostic 
pathway can be defined thanks to a cohort of 
associated symptoms such as urinary or gastro-
intestinal symptoms and psychiatric symptoms.

20.2  Evaluation of Patients 
with Chronic Pelvic Pain

For a correct evaluation of causes and, conse-
quently, appropriate management of diagnosis 
and therapy, a targeted evaluation of the syn-
drome is needed. Overlapping syndromes includ-
ing CPP, other chronic pain conditions, or 
psychiatric conditions are often found [21].

20.2.1  Detailed History

A careful analysis of patient’s history is critical 
[22]. Several standardized forms are available to 
assess helpful factors in the evaluation of patient’s 
clinical features, including characteristics of the 
pain; medical and surgical history, with specific 
reference to gynecological and obstetric history 
(past pregnancies and deliveries, intrapartum and 
postpartum complications, history of sexual 
impairment or dissatisfaction, assault, and vio-

lence); and urinary, gastrointestinal, musculo-
skeletal symptoms [21].

Assessing psychosocial state and quality of 
life using a validated questionnaire, such as the 
Quality of Life Scale, and creating a patient- 
doctor relationship of trust is of great relevance 
in this context, due to the frequent association 
between CPP and previous negative experiences 
[5, 23]. Moreover, satisfaction in relationship 
with the doctor has shown to improve compli-
ance and recovery rate [2].

History collection guides the investigator 
through the most common etiologies of CPP [24]:

 1. Endometriosis/adenomyosis, leiomyoma
 2. Pelvic floor disorders
 3. Interstitial cystitis/painful bladder syndrome
 4. Irritable bowel syndrome
 5. Peripheral neuropathy

However, given the lack of specificity and the 
uncertainty on the mechanisms that cause the 
pain, the possibility of a non-frequent pathology 
should always be considered. The multifactorial 
nature of CPP should always be discussed with 
the patient, who is looking for a diagnosis and 
a treatment, and management should be agreed 
with her from the beginning.

After the evaluation of location and pattern of 
the pain, its characteristics should be evaluated 
[24]. It should be taken into account the provoca-
tive and the palliative factors, the radiation of 
pain, the setting and timing of pain occurrence, 
trigger events, and the associated symptoms.

The identification of the factors that provoke 
or alleviate the pain, such as posture or move-
ment, association with sexual activity, urination 
and defecation, and response to painkillers, is 
necessary to perform differential diagnosis.

Asking patients to describe with some words 
their painful sensation, noting their emotional 
load, and to quantify the intensity on a numeric 
rating scale is important, particularly for non- 
menstrual pelvic pain dysmenorrhea, dyschezia, 
dyspareunia, and dysuria. Though, it is important 
to note that these categories have considerable 
overlapping with other etiologies. Some recent 
studies have identified two pain pattern pheno-
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types in patients with urological CPP: patients 
with pelvic pain only and those with pelvic pain 
and beyond, which had more severe non-pelvic 
symptoms, higher risk of psychiatric diseases, 
worse quality of life, and poorer outcome with 
need of a longer medical therapy. Further inves-
tigations are needed to validate the usefulness of 
this or other kinds of classifications [22, 25].

Both visceral and musculoskeletal etiologies 
may cause radiation of pain, sometimes in spe-
cific areas, which can be easily pointed by the 
patient. This is useful to define a pattern and ori-
gin. Differential diagnosis can be carried out with 
the help of nerve blocks that improves a purely 
peripheral process [26].

All women should be interrogated on the rela-
tion of pain with menses, sexual intercourses, 
bowel movements, and posture. Assessing pos-
sible association with prior events and the pattern 
of evolution of the symptoms (constant, episodic, 
or cyclic) can suggest specific diagnosis. A pain 
diary can help the patient in keeping trace of 
peculiar situations and concomitances, such as a 
pelvic or abdominal procedure or trauma, a prior 
visceral dysfunction, and a cyclical exacerbation 
related to the menses.

The presence of any red flag symptoms, such 
as rectal bleeding, new bowel symptoms, new 
pain after the menopause, presence of a pelvic 
mass, suicidal ideation, excessive weight loss, 
irregular vaginal bleeding over 40 years of age, 
and postcoital bleeding, could help to identify 
the magnitude of organ system involvement and 
should suggest further investigations. If the pain 
wakes the patient from sleep, a certain concern 
should be raised both on physical and psychic 
intensity, and treatment efforts should be carried 
out in both ways.

20.2.2  Psychosocial Evaluation

Assessment for mental health issues and social 
disability should be conducted by a health psy-
chologist or psychiatrist. In fact, in the popula-
tion of women with CPP, higher prevalence of 
primary psychiatric comorbidity was found. 
Suspecting and investigating mood disturbances 

is critical to describe a thorough frame of the 
patient’s condition.

Coexisting factors such as depression, anxiety, 
sleep impairment, substance abuse, and somati-
zation, as well as sexual abuse, can be associated 
to CPP. It is unclear if a causal relationship exists 
or association is casual, although biological and 
psychological factors seem to interact and the 
sum of the two to worsen the overall clinical out-
come [24, 27–29].

However, it is important not to confuse psy-
chological factors with psychiatric illnesses. 
In fact, secondary psychological problems are 
developed by some patients as a consequence of 
their pain. Since psychological processes have 
been recognized to have an impact on nocicep-
tive pathways, symptomatology can get worse 
and assume an affective connotation triggering a 
vicious circle [30].

Moreover, opioid analgesics have been found 
to be less effective in CPP patients, requir-
ing higher doses of medication for adequate 
analgesia, which adds possible side effects and 
addiction/tolerance. Appropriate psychosocial 
interventions aim to alleviate the psychological 
and behavioral sequelae of chronic pain through 
lifestyle modification and alterations in pain cop-
ing style.

Patients with such issues should be referred to 
a psychologist and physician specialized in pain 
management for cognitive behavioral therapy 
and alternative treatment regimen, which have 
been found to enhance outcomes.

20.2.3  Physical Examination

Evaluation of pelvic pain should always be sup-
ported by an accurate physical examination, 
including complete abdominal and pelvic exam-
inations [30]. During the visit particular atten-
tion should be paid to the patient’s history to 
assess the most likely causes in each specific 
situation.

Vital parameters should be taken and posture 
and behavior observed preliminarily.

Pain and stress caused by the examination can 
be limited using a systematic approach and inter-
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acting with the patient through eye contact and 
correct explanation of maneuvers. As patients 
with CPP are particularly vulnerable, a trust rela-
tionship with the doctor is critical and increases 
patient compliance to the visit and treatment.

These should be conducted slowly and gen-
tly, palpating the less painful areas first; looking 
for tender areas that have to be exactly identified, 
formations, and other abnormalities; and always 
asking if they reproduce the pain for which the 
patient comes to consultation [31].

The main aim of physical examination is to 
pinpoint the localization and identify the organs 
from which the pain takes origin. The patient 
should be aware that findings can be nonspecific 
and thus inconclusive.

A complete assessment of the back, abdomen, 
extremities, and pelvis should be carried out [24].

General Examination
General inspection of the patient is the first step 
to identify the source and some characteristics of 
the pain, paying attention to movements, agility, 
ease of changing position and walking, spinal 
curvature, or asymmetries of hips.
This is followed by back examination that begins 
with the patient seated. Pain at the palpation of 
the lower back, sacroiliac joints, paraspinal mus-
cles, and coccyx, as well as referral or radiation 
to the back and/or abdominal wall, may indicate 
a musculoskeletal origin of pain.

Proceeding with the abdominal examination 
is the next step. The abdomen should be palpated 
with the patient lying supine. Cutaneous allo-
dynia and hyperalgesia can be identified applying 
a cotton swab to the abdominal skin, suggesting 
the presence of a neuropathy of abdominal wall. 
Pattern, severity, and association of pain with quo-
tidian symptoms of the patient should be assessed.

Carnett’s test should be performed to distin-
guish between visceral and abdominal wall pain. 
The examiner palpates the painful site of the 
abdomen while the patient raises both legs off 
the table. This maneuver potentially increases 
musculoskeletal pain, whereas pain lowers if the 
cause is visceral. Some somatic structures such 
as pelvic floor, iliopsoas muscle, or abdominal 
wall are usually underestimated but are often 
causes of pain. Muscular and nervous pain in the 

abdomen cause pain at the superficial palpation 
of the abdominal wall, and it might be diffuse 
or focal, in which case the examiner should dis-
tinguish between trigger points and pain derived 
from direct muscle damage.

Inguinal area should be examined for hernia; 
prior surgery on the pelvis should raise attention 
on iatrogenic nerve damage, and pubic symphy-
sis should be palpated to determine conditions 
such as symphysis pubis dysfunction (pelvic gir-
dle pain) and osteitis pubis. Pelvic organs should 
not be abdominally palpable, so every abdominal 
mass needs further evaluation.

If musculoskeletal involvement is suspected, 
a more deep analysis of orthopedic problems 
(legs and hips) should be considered, testing pas-
sive and active joint functionality (including hip 
flexion, extension, internal and external rotation, 
abduction, and adduction) and muscle strength.

Pelvic Examination
The lithotomy position is the most used for pelvic 
examination, which is carried out systematically 
[24].

External Genitalia Evaluation
The external genitalia can present signs of infec-
tion, inflammatory dermatologic conditions, vul-
var malignancy, scars, and neurogenic disorders. 
The cotton swab test, consisting of a gentle touch 
of vulvar skin in all the quadrants (at the 1-, 4-, 
6-, 8-, and 11-o’clock locations), is particularly 
used for women with vulvar pain or superficial 
dyspareunia [24]. Focal pain at slight touch of the 
vulva is pathognomonic for vulvodynia 
(Fig. 20.1).

Speculum Examination
A speculum examination should always be per-
formed before digital examination, especially if 
an infection is suspected, as in cases of cervicitis, 
vaginitis, or PID, to be able to collect a proper 
sample for vaginal and cervical cultures. To 
reduce discomfort, the smallest speculum should 
be used that allows an adequate visualization of 
the cervix and posterior vaginal fornix [24]. This 
is particularly relevant if symptoms of endome-
triosis are present, as it can occasionally present 
transmural deep infiltrative lesions.
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Single Digit Vaginal Exam

Starting pelvic examination with a single finger 
allows to clean nociceptive interfering signals 
from the abdominal wall. Evaluation of the pel-
vic floor muscles systematically, vagina, cervix, 
and uterus with a single finger is important to 
assess for muscular pain and trigger points. To 
reduce the discomfort of the insertion and to 
assess the patient’s awareness and control over 
pelvic muscle, the operator asks her to contract 
and relax perineal muscles. Pelvic floor tension 
myalgia or vaginismus is a quite common condi-
tion that can present both consequently to some 
other pathologies or as a primitive problem, 
implicating a dense network of physical and psy-
chological factors. Most frequently, the kind of 
pain elicited at the visit is similar to the one usu-
ally experienced by the woman. The most pain-
ful areas should be left at the end to be examined, 
to avoid distortion of sensibility, and to allow a 
proper examination of the other sectors. Low 
urinary tract (bladder and urethra) and rectum 
anterior wall are also explored. A scoring system 
to rate relative tenderness in pelvic floor muscle 
hyperalgesia was proposed; further investiga-
tions may be helpful to recognize its value and 
improve precision [32].

Bimanual Exam

Finally, the abdominal hand is added to investi-
gate volume, tenderness, mobility, and regularity 
of pelvic organs. Applying a gentle pressure 
alternatively with the abdominal hand and the 
vaginal finger, deep pain can be differentiated 
from wall pain. For example, when palpation of 
the urethra and the bladder evokes pain, a diagno-
sis of painful bladder syndrome can be suspected 
[24]. For deep pelvic pain presentations, recto-
vaginal examination should be considered, to 
assess nodularity or tenderness in the rectovagi-
nal septum or uterosacral ligaments, as happens 
in deep infiltrating endometriosis (Fig. 20.2).

20.3  Diagnostic Strategies

As CPP has a great number of potential etiolo-
gies and it is often due to multiple components, 
differential diagnosis includes a wide range of 
pathologies that involve a number of organs 
and functions [24]. For this reason, diagnostic 
strategy should be tailored on the specific 
patient, consistently with findings of the 

Fig. 20.1 Cotton swab test. Spots indicate the evaluation 
points on the vestibule

Fig. 20.2 Sagittal section of pelvis with most frequent 
endometriosis’ nodule localization indicated in purple
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 history and physical examination, to avoid over 
testing the patient without any benefit and with 
increase of costs. Tests choice should be tar-
geted on symptoms, epidemiology, and physi-
cal examination. Some first-line screening tests 
for the most frequent causes of CPP are widely 
recommended, such as urinalysis, to exclude 
urinary tract infection if symptoms suggest 
bladder involvement, a pregnancy test, and 
microbiologic tests for sexually transmitted 
infections (gonorrhea, chlamydia, and tricho-
monas) for active women and victims of abuse 
[5, 33]. Elevated white blood cell count, PCR, 
and VES are nonspecific indicators of a general 
inflammatory status. On the other hand, imag-
ing tests are not recommended routinely. Pelvic 
ultrasonography is the most common method 
used to investigate the pelvis and highlight the 
main organ-specific pathologies that can cause 
a chronic pelvic pain, such as endometriosis, 
adenomyosis, or pelvic and adnexal masses [5, 
33]. Thanks to its low cost, availability, absence 
of ionizing radiation, and the detailed anatomic 
information provided, it is considered a perfect 
first-line imaging test for abdomen and pelvis. 
Besides, when ultrasonography results incon-
clusive, if an organic pathology is suspected, 
the study can be completed where appropriate 
by magnetic resonance imaging, computed 
tomography, or diagnostic laparoscopy [34]. 
While evaluation of symptoms, physical exam-
ination, and ultrasonography are likely to cor-
rectly classify ovarian endometriosis, in 
absence of endometrioma, normal imaging 
cannot exclude endometriosis of the peritoneal 
surface [35].

However, the developments in ultrasound have 
given a new tool in diagnosing deep infiltrating 
endometriosis (DIE). Indeed, DIE can be recog-
nized by a routine transvaginal scan. Dynamic 
ultrasound allows examination of the adhesion 
between pelvic structures, such as rectum and 
uterus or adnexa and parietal peritoneum, by the 
absence of sliding among them. This “negative 
sliding sign” has a sensitivity of 85% and speci-
ficity of 96% for DIE [31]. This type of evalua-

tion is likely operator dependent, and the choice 
between magnetic resonance imaging (MRI) and 
transvaginal ultrasound should be made based 
on the experiences of the local gynecologist and 
radiologist.

Magnetic resonance imaging should be per-
formed in women suspected of having deep 
infiltrating endometriosis either by history (e.g., 
dyschezia or dyspareunia) or physical examina-
tion (e.g., rectovaginal nodules) when the ultra-
sound is not conclusive [36]. This technique has 
excellent sensitivity (0.94, 95% CI 0.90–0.97) 
and specificity (0.77, 95% CI 0.44–1.00) for DIE, 
even if not definitely diagnostic [35, 37]. It can 
also be highly suggestive for the presence of ade-
nomyosis, although some gynecologists prefer 
ultrasound imaging. A CT scan can be performed 
when an unclear abdominal acute process is pres-
ent or when acute enteritis or colitis is suspected; 
in case of pelvic venous congestion evidence, 
pelvic venography can be suggested if performed 
by skilled operators.

Stimulation of the involved organs could be a 
way to identify the source of pain when visceral 
hypersensitivity is considered a risk factor for 
CPP, although these tests are now available only 
in research protocols [38, 39]. For example, anal 
manometry has a role in the suspicion of irritable 
bowel syndrome, and urodynamic testing could 
be used in women with bladder pain.

20.3.1  Targeted Evaluation

In order to target patient’s evaluation on one or 
few of the possible diagnoses, it is important to 
note all signs and symptoms collected, and it is 
as much essential to pay attention to patient his-
tory. The aim of targeting the diagnostic path-
way is to reach a correct diagnosis and 
subsequent therapy in the shorter time 
possible.

A systematic description of the causes 
as shown in Table  20.1 is proposed, starting 
from the most frequent, i.e., gynecological 
pathology.
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20.4  Gynecological Pathology

The most frequent cause of prolonged pelvic pain 
is dysmenorrhea, characterized by cyclic 
symptoms and therefore not properly considered 
among causes of CPP.  Gynecological causes 

must be investigated in women with pelvic symp-
toms who do not complain urologic or gastroin-
testinal problems. A possible role of recurring 
episodes of severe dysmenorrhea in sensitization 
of the pelvic nervous system and thus develop-
ment of CPP seems to be found [40, 41].

20.4.1  Endometriosis

Endometriosis, defined as the presence of ectopic 
endometrial tissue outside of the endometrial 
cavity, is the most common diagnosis made in a 
patient with CPP undergoing laparoscopy, being 
found in almost one third of these women. This 
finding reflects the high prevalence of the disease 
in the selected population of women with pelvic 
pain, which is estimated to reach 70% [36].

When endometriosis is concerned, it is worth 
noting that the spread of the disease does not 
show a linear relation to the severity of symp-
toms [42, 43]; endometriosis is often found as 
an incidental discovery during surgery for other 
reasons, and the position of the symptoms seems 
to be independent from the localization of the 
implants. In fact, it is known that endometriosis 
symptoms are not pathognomonic [44]. Factors 
explaining the relation between endometriosis 
and CPP were studied, and many mechanisms 
have been proposed to explain the origin of the 
pain associated with endometriosis, inflamma-
tory, nociceptive, and neuropathic ones being 
the most established [45]. Endometriotic nod-
ules were found to be abundantly innervated by 
unmyelinated sensory C, myelinated sensory 
Ad, cholinergic, and adrenergic nerve fibers. 
The inflammatory milieu, which is critical to the 
maintenance of endometriosis, also causes over-
expression of neurotrophins which may contrib-
ute to pain and hypersensitivity [46].

Deeply infiltrating endometriosis differs from 
ovarian endometriomas from a biologic and clini-
cal point of view. It is characterized by fibrotic, 
vascular, desmoplastic tissue destruction, adhe-
sions formation, and visceral nerves infiltration; 
the examination and imaging findings often refer 
to specific symptoms, showing higher incidence 
of dyspareunia if rectal-vaginal nodularity is 

Table 20.1 Common causes of chronic pelvic pain

Gynecologic
Adhesions
Adenomyosis
Adnexal mass
Dysmenorrhea
Endometritis
Endometriosis
Leiomyomatosis
Ovarian cancer
Ovarian remnant
Pelvic congestion syndrome
Pelvic floor dysfunction
PID
Vestibulitis
Vaginal apex pain
Urologic
Chronic urethral syndrome
Interstitial cystitis/painful bladder syndrome
Neoplasia
Urethral diverticulum
Urinary tract infection
Urolithiasis
Gastrointestinal
Celiac disease
Colon cancer
Constipation
Diverticular colitis
Inflammatory bowel disease
Irritable bowel syndrome
Musculoskeletal
Coccydynia
Fibromyalgia
Piriformis/levator ani syndrome
Myofascial pelvic pain syndrome
Neurologic
Herpes zoster
Nerve entrapment
Psychosocial disorders
Depression
Physical and sexual abuse
Sleep disorders
Somatization

20 Pelvic Pain: Clinical Features



404

present or dyschezia with intrinsic rectal involve-
ment [47–49].

Treatment of endometriosis is always recom-
mended when identified in symptomatic women; 
however, it is important to investigate all other 
possible sources of pain (such as inflammatory 
bowel disease), as symptoms are not specific and 
different conditions can coexist.

The medical management, with hormonal 
suppression and nonsteroidal anti-inflamma-
tory drugs (NSAIDs), can be proposed as first 
approach to women who do not desire pregnancy 
at the moment and in which no adnexal masses 
suspicious for endometrioma were found [50, 
51]. On the other hand, laparoscopy for diagnosis 
and excision of endometriosis lesions is indicated 
“tout court” in women who cannot use hormonal 
therapy for medical or personal reasons, in unre-
sponsive patients, and in patients in reproductive 
age with dysmenorrhea and/or dyspareunia, or an 
ovarian mass, to avoid delay in diagnosis [52–
54]. Moreover, laparoscopic complete surgical 
excision of deep endometriosis lesions has shown 
a role in improving fertility issues in women with 
DIE without involvement of the bowel, despite 
the lack of definitive data [55].

A future achievement to reach about endo-
metriosis management is the reduction of surgi-
cal procedures performed, aiming to provide the 
optimal surgical intensity of treatment; simulta-
neously, a comparison in the long-term efficacy 
of medical therapy versus excisional treatment 
should be made.

20.4.2  Adhesions and Pelvic 
Inflammatory Disease

CPP is commonly caused by previous pelvic 
inflammatory disease. Thirty percent of women 
with acute pelvic inflammatory disease (PID) 
will develop CPP. This is more likely to happen 
in settings where sexually transmitted infections 
prevalence is higher and after multiple episodes 
of PID, especially in patients who had severe 
adhesive disease and tubal damage, long-lasting 
tenderness after treatment, and social and 
psychological issues [56]. The Fitz-Hugh-Curtis 

syndrome, or perihepatitis, is a complication in 
approximately 10% of cases of PID caused by 
Chlamydia trachomatis. Even though it usually 
causes right upper quadrant pain in young 
women, lower abdominal and pelvic pain may 
precede, follow, or occur simultaneously with 
upper abdominal pain.

Adhesions’ role as a cause of CPP is not well- 
defined, as they are often asymptomatic; though 
stretch of the organs or limited organ mobility 
might be some mechanism, most patients with 
symptomatic adhesions present a history of sur-
gery or intraabdominal or pelvic inflammatory 
process [57]. Laparoscopic lysis of adhesions 
is not always a useful or durable therapy, and it 
can increase the morbidity [24]. No differences 
in the overall outcome have been shown between 
women treated and those who underwent diag-
nostic laparoscopy alone [58]. Therefore, there is 
little evidence to support routine use of adhesioly-
sis in treatment for chronic pain [59]. However, 
some studies suggest that lysis of dense vascu-
lar adhesions might produce a significant pain 
relief [60], and some patients may benefit from 
selective removal of hydrosalpinges, distorted 
tubes, or ovaries. In some cases hysterectomy as 
a final option could be curative for some patients. 
Physicians should carefully explain to patients 
asking for adhesiolysis its scarce likelihood to 
be beneficial for pain reduction and should focus 
attention on the central factors amplifying pain 
with the possible need for medical treatment and 
physical therapy [24].

A personalized treatment should be offered to 
patients who develop CPP as a consequence of 
PID, if no other causes of CPP can be identified. 
The therapy, which consists neuromodulators, 
including antidepressants and anticonvulsants, 
should be mainly oriented to the management of 
neuropathic pain [24].

20.4.3  Pelvic Congestion Syndrome

Pelvic congestion syndrome refers to a condition 
in which the valvular incompetence in the ovarian 
veins results in flux insufficiency, leading to 
reflux and chronic dilation. It can provoke a 
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chronic pelvic pain that exacerbates especially 
during the day after standing for a long time, 
premenstrual phase, and after an intercourse, all 
situations that increase pelvic veins congestion 
[61]. It is a common situation and is considered 
cause of one third of CPP cases, even if its 
pathophysiology is still unclear and pain is not a 
hallmark [62]. The stretch and stasis of the 
engorged ovarian and pelvic veins may be the 
trigger to activate pain receptors within the 
venous walls causing a diffuse sensitization [63].

The ideal diagnostic test has not been defini-
tively established yet [24]. Ultrasound scan is 
widely used but also MRI and venography are 
valid options. Treatment through hormonal sup-
pression, percutaneous embolization, surgical 
venous occlusion, hysterectomy, salpingectomy, 
and ovariectomy seems to solve this problem, 
although just few of the various study protocols 
available involving these interventions are con-
trolled trials and more evidence is needed [64].

20.4.4  Adenomyosis

Adenomyosis is the abnormal presence of endo-
metrial tissue within the myometrium. Abnormal 
uterine bleeding and dysmenorrhea are the major 
symptoms of adenomyosis. Therefore, their pres-
ence associated to CPP could suggest adenomyo-
sis. Bleeding and swelling of endometrial islands 
in the uterine wall seem to be part of the pain 
originating factors. Symptoms typically develop 
between the ages of 40 and 50 years. Increased 
expression of VEGF in the tissues has been con-
sidered as one of the most important pathogenetic 
mechanisms causing pain in patients with adeno-
myosis. Angiogenesis and neurogenesis are stim-
ulated by VEGF, which is intensely expressed in 
eutopic and ectopic endometrium of women with 
adenomyosis [65].

Finding of an enlarged uterus on examination 
in a patient with typical symptoms is suggestive 
of adenomyosis. The imaging study includes 
ultrasound and MRI, which is often performed 
and is usually useful showing the uterine profile 
alterations and the presence of endometrial tis-
sue within the myometrium [36]. Moreover, MRI 

allows measuring the exact extension of the ade-
nomyosis areas.

Hormonal treatments such as contraceptive 
pills (estro-progestin or only progestin) or the 
levonorgestrel-releasing IUDs or subcutane-
ous progestin device are the first-line therapy. 
Hysterectomy remains the final solution in non- 
responder patients, even if it does not always 
resolve pelvic pain. Unfortunately, in 25% of 
women with CPP due to adenomyosis, pelvic 
pain persists postoperatively [66]. When a single 
adenomyoma is identified, hysterectomy can 
sometimes be avoided and fertility-sparing sur-
gery can be performed by skilled hands, counsel-
ing the patient in regard to the augmented risk of 
uterine rupture in pregnancy [67].

20.4.5  Ovarian Cancer

Despite being usually silent, ovarian cancer may 
cause nonspecific symptoms that rarely alert the 
patient, such as lower abdominal and back mild 
pain, discomfort, pressure, bloating, constipation, 
fatigue, lack of appetite, nausea, indigestion, 
irregular menstrual cycles, abnormal vaginal 
bleeding, dyspareunia, and urinary frequency 
[24]. Pelvic exam and ultrasound are generally 
sufficient to rule out malignancy.

20.4.6  Ovarian Remnant

This situation can present if bilateral oophorec-
tomy is performed inadequately and ovarian tis-
sue removal is not complete [22]. In this situation, 
ovarian tissue left keeps responding to FSH and 
secreting sexual hormones and becoming 
enlarged and hypertrophic. In case of DIE or 
intervention in a woman with extensive pelvic 
adhesions, the risk of missing part of the ovary is 
increased. Moreover, in a frame of fibrotic adhe-
sions, the enlarged ovary can determine CPP and 
dyspareunia [22]. The absence of menopausal 
symptoms and unilateral cyclic pelvic pain 
should raise physician’s attention on this possi-
bility. If symptoms lead to the suspicion of an 
ovarian remnant, a pelvic examination with a 
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ultrasound scan should be performed, along with 
blood exams, which will likely show premeno-
pausal levels of FSH and E2, even if menopausal 
values, especially in older women, do not exclude 
the diagnosis [24]. Surgery is needed to remove 
the ovarian remnant, which should be done after 
stimulation with clomiphene citrate to make the 
mass more visible. Unfortunately, there is always 
the possibility of recurrences, together with the 
risk of side effects of repeating surgery, such as 
ureteral obstruction [68].

20.4.7  Residual Ovary Syndrome

After hysterectomy without oophorectomy, ovar-
ian tissue left behind can cause symptoms related 
to ovulatory function, provoking CPP in a small 
percentage of women [69]. This can be related to 
the presence of adhesions of the ovary to the 
colon or the vaginal dome and rupture or leakage 
of a cyst prompting [22].

20.4.8  Leiomyoma

Uterine leiomyomas are unlikely to cause chronic 
pain; when it happens, it is most probably related 
to pressure- and mass-related symptoms, such as 
urinary retention, urinary frequency, or 
constipation [24]. Usually patients with 
leiomyoma present heavy or irregular vaginal 
bleeding, whereas acute pain can be related to 
degeneration, torsion, or expulsion through the 
cervix [7]. Leiomyoma can be suspected by 
physical examination if it is big, but most 
frequently it is diagnosed by imaging study. 
There are not diagnostic criteria to prove that a 
leiomyoma is the cause of pelvic pain especially 
when the diameter is less than 3  cm [24]. The 
management is personalized, guided by patient’s 
age, symptoms, family planning, and wills. It is 
possible to start from hormonal suppression, if 
the woman is young and does not desire 
pregnancy, or myomectomy for small subserosal 
myomas in women who desire to preserve 
fertility. On the other hand, symptomatic women 

who have completed their family, with big 
myomas, may benefit of surgical removal of the 
uterus.

20.4.9  Pelvic Floor Dysfunction

Pelvic organ prolapse (POP) is a condition inter-
esting woman from the menopausal period, which 
makes them a poor cause for CPP, whose peak of 
incidence is in the third or fourth decade of life. It 
usually presents with heaviness, pressure, drop-
ping sensations, or aching related to pelvic relax-
ation [22]. These symptoms are also related to the 
tense of levator plate due to patient’s attempt to 
hold in prolapsing organs [22].

Some authors relate the retroverted uterus 
to CPP, especially in case of deep dyspareunia. 
Usually retroversion is a common anatomic vari-
ation but sometimes is related with dysmenorrhea 
and dyspareunia and consequently with CPP. In 
the past corrective surgery is used to reduce pain 
in these women changing the position of the 
uterus to an axial or anteverted position, with 
relief of symptoms in uncontrolled clinical series 
[70–73].

20.4.10  Vaginal Apex Pain

After hysterectomy, vaginal vault pain may occur, 
often localized to a fornix. The physical 
examination can produce pain mostly in the 
lateral fornix despite the cuff appearing perfectly 
healed [22]. It is important not to confuse the 
apical pain with others, for example, bowel 
adhesions, pelvic scarring, or from the remaining 
ovary. It is possible to distinguish them with the 
aid of a cotton applicator to touch gently only the 
vaginal cuff and fornices or with injection of a 
local anesthetic that does not eliminate the 
internal pain but only the apex pain [22].

This kind of pain is defined as neuropathic, 
and it is treated with lidocaine, oral nortriptyline, 
amitriptyline, or gabapentin. Laparoscopic revi-
sion can reduce symptoms but tends to recur in 
2–3 years but at less intense level [74].
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20.4.11  Other

CPP is often associated with vulvar pain and dys-
pareunia and postsurgical neuropathy, such as 
pudendal nerve (and other regional nerve) 
entrapment.

20.5  Urologic Pathology

CPP can relate to some urologic pathologies as 
interstitial cystitis/painful bladder syndrome, 
renal stones, bladder foreign bodies, or urethral 
diverticulum (Table 20.1). The associated symp-
toms are pain with voiding, urinary urgency and/
or frequency, nocturia, dyspareunia, urethral 
mass, urinary incontinence, and hematuria [24]. 
Physical examination, ultrasound, cystourethros-
copy, and urodynamic testing are the most com-
monly utilized diagnostic methods. The prevalent 
features are slow urine stream, sensation of 
incomplete emptying, and difficulty voiding, but 
acute causes can present with suprapubic pelvic 
and/or genital area pain, such as in case of com-
pressing mass or urethral lesion [24].

20.5.1  Interstitial Cystitis/Painful 
Bladder Syndrome

Interstitial cystitis/painful bladder syndrome is a 
complex condition often associated with 
vulvodynia, endometriosis, and pelvic floor 
dysfunctions, and it may be a common cause of 
CPP [75]. Often it mimics urinary tract infection, 
but urine cultures are negative. It is a chronic 
inflammatory condition of the bladder with 
voiding dysfunction (exaggerated urge to void 
and urinary frequency), pelvic pain, dyspareunia, 
nocturia, vulvar discomfort, and, rarely, 
incontinence [76]. Bladder pain syndrome seems 
to be associated with endometriosis in 48% of 
cases. Treatment tools include behavioral 
changes; physical therapy; medications such as 
amitriptyline, which is the first-line oral drug; 
and invasive treatments such as bladder 
hydrodistention or intravesical instillation of gly-
cosaminoglycans [76].

20.5.2  Other

Urinary tract infection is the most common uri-
nary tract disease causing acute pain, but in some 
cases the recurrence of it can cause CPP, and it is 
characterized by chronic suprapubic pain, with 
frequency, urgency, and/or hematuria [76].

Urethral diverticulum should be considered 
if a suburethral mass, fullness, or tenderness is 
detected. Symptoms of interstitial cystitis can 
mask bladder neoplasia or chronic urethral syn-
drome [76]. The first presents in women with 
hematuria, a history of smoking, or who are over 
60 years of age; the second, which appears as an 
interstitial cystitis, represents a distinct pathol-
ogy from this.

20.6  Gastrointestinal Tract 
Pathology

CPP can find a cause in irritable bowel syndrome, 
inflammatory bowel disease, diverticular colitis, 
celiac disease, chronic constipation, and cancer 
(Table  20.1). In these cases, CPP may be 
associated with diarrhea, constipation, rectal 
bleeding, urgency, and tenesmus [24]. Chronic 
pelvic pain is reported in literature to be present 
in one third of the irritable bowel syndrome 
patients, twice as much as in the inflammatory 
bowel disease [77]. Distinction between 
gastroenterological and gynecological causes 
should be assessed, although sometimes different 
etiologies give similar symptoms, such as 
dyschezia that was reported in 44% of patients 
with endometriosis and in 24% of women without 
pelvic findings, undergoing laparoscopy [78]. 
Another confounding symptom of endometriosis 
is hematochezia; in this case colonoscopy is 
mandatory.

20.6.1  Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is a gastrointesti-
nal functional pain syndrome in which abdominal 
pain is chronic and has an intermittent trend. This 
is a frequent condition that affects 10% of the 
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general population, having an incidence that is 
double in women than in men [79–81]. Besides, 
children and adolescents with CPP are frequently 
affected from IBS, even if this condition is under-
diagnosed and undertreated [82]. Irritable bowel 
syndrome diagnosis is based on patient’s history; 
on the contrary, physical examination is generally 
unremarkable. CPP is more frequently associated 
with IBS in patients with history of dysthymic 
disorder, panic disorder, somatization disorder, 
childhood sexual abuse, and hysterectomy [76, 
83]. It is mainly a diagnosis of exclusion [77].

Specific functional abdominal pain disor-
ders include functional dyspepsia, abdomi-
nal migraine, and functional abdominal pain 
syndrome.

20.6.2  Inflammatory Bowel Disease

Crohn’s disease presents with fatigue, diarrhea 
with crampy abdominal pain, weight loss, and 
fever, with or without gross bleeding [84]. 
Ulcerative colitis has a similar presentation, but 
rectal bleeding is more common with ulcerative 
colitis than with Crohn’s disease [84].

20.6.3  Celiac Disease

Celiac disease (or sprue) can present variously 
also as chronic pelvic pain, often associated with 
diarrhea and weight loss, due to a mucosal 
immune reaction to gluten. It is characterized by 
impaired absorption and digestion of nutrients by 
the small bowel [77].

20.6.4  Diverticular Colitis

Diverticular colitis develops in the frame of 
diverticular disease [85]. Its pathogenic 
mechanism is not well understood, it seems to be 
due to chronic mucosal inflammation that usually 
involves the sigmoid colon, resulting in variable 
endoscopic and histological features. Its cause 
may be multifactorial, related to mucosal pro-
lapse, fecal stasis, or localized ischemia.

20.6.5  Colon Cancer

Most patients with colorectal cancer have abdom-
inal pain, accompanied by other findings such as 
hematochezia or melena, abdominal pain, and 
changes in bowel habits.

20.6.6  Other

Chronic intestinal pseudo-obstruction and 
chronic constipation are both common in women, 
the first usually presenting with acute pelvic pain, 
whereas CPP is most frequent in the second.

20.7  Musculoskeletal Problems

The main musculoskeletal processes that can cause 
CPP include myofascial pelvic pain syndrome and 
fibromyalgia (Table  20.1). Musculoskeletal 
changes could be cause or consequence of CPP 
[22]. Damages or spasms of the abdominal wall or 
pelvic floor muscles or nerves may be a source of 
pain, which can be misdiagnosed as visceral pain. 
It associates with movements, posture, surgery, or 
trauma. Recent studies indicate significant clinical 
improvement of physiotherapy for CPP and female 
sexual dysfunction [86].

20.7.1  Myofascial Pelvic Pain 
Syndrome

Myofascial pelvic pain syndrome is often associ-
ated with visceral pain in organs in continuity 
with pelvic floor, such as vagina, vulva, rectum, 
or bladder, or in distant areas such as the thighs, 
buttocks, hips, or lower abdomen. Sometimes, 
the patients complain of visceral symptoms like 
heaviness, bladder urgency or frequency, and 
tenesmus [24]. The physical examination is the 
preferred diagnostic method. The identification 
of tender pelvic muscles and trigger points is the 
sign that defines the pathology [87, 88]. Possible 
treatments available are physical therapy and 
physiatry. Myofascial pain often is associated 
with the other pain syndromes seen in CPP [24].
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20.7.2  Fibromyalgia

Fibromyalgia is present in as much as 2–8% of the 
population; is characterized by widespread pain; 
is a clinical diagnosis characterized by wide-
spread pain, typically in the muscles and joints 
and multiple tender points on examination; and is 
often accompanied by fatigue, memory problems, 
and sleep disturbances [24, 89]. This disorder is 
characterized by pain of uncertain origin, felt in 
all four quadrants of the body and especially at 
physical pressure in at least 11 trigger points out 
of 18 (e.g., knees, shoulders, elbows, neck), 
including the pelvis [90]. Other clinical syn-
dromes of unknown origin overlap with fibromy-
algia such as systemic exertion intolerance 
disease, also known as chronic fatigue syndrome, 
and IBS; moreover, patients are more likely to 
suffer from depression and have somatization 
symptoms [81]. It is characterized by failure of 
the diffuse noxious inhibitory control (DNIC) 
system. The pain from a trigger point may then 
become self-perpetuating, and sometimes visceral 
pain can lead to muscular tension and pain. This 
sensitization constitutes a pain amplifying factor 
that must be considered regardless of whether it is 
the consequence or the underlying cause of 
chronic pain. Clear evidence regarding diagnostic 
tests and therapeutic options is lacking.

20.7.3  Other

Coccydynia, piriformis/levator ani syndrome, 
pelvic floor tension myalgia, or pelvic myofascial 
pain is caused by involuntary spasm of the pelvic 
floor muscles [91, 92]. In particular, the levator 
ani muscle group can undergo pain processes 
after hypertonus, myalgia, overuse, and fatigue, 
caused by inflammatory disorder, childbirth, 
pelvic surgery, and trauma. It is increased by 
sitting for prolonged periods and relieved by heat 
and lying down with the hips flexed. The pelvic 
floor tension myalgia may sometimes be a direct 
consequence of endometriosis or painful bladder 
syndrome/interstitial cystitis [93]. Faulty posture 
can cause muscle imbalance in different muscu-
lar groups giving local or referred pain.

Osteitis pubis is a noninfectious inflammation 
of the pubic symphysis causing abdominal and 
pelvic pain as complication of surgery or most 
frequently related to pregnancy/childbirth, ath-
letic activities, trauma, or rheumatological disor-
ders [94]. Common feature is pain aggravated by 
movements, and the pubis symphysis is tender to 
palpation.

Chronic abdominal wall pain may be related 
to muscular injury or strain or nerve injury. It is 
frequently unrecognized or confused with visceral 
pain. Chronic abdominal wall pain occurs in 7–9% 
of women after a Pfannenstiel incision [95].

Abdominal wall hernias can also cause CPP.

20.8  Psychosocial Disorders

Disturbances such as depression, anxiety, and 
somatization can be part of CPP and require 
specific multidisciplinary and targeted treatments 
[22]. It is more likely to find a story of sexual 
abuse in patients who experience chronic pelvic 
pain. Migraine, temporomandibular joint, and 
fibromyalgia provoke a central sensitization that 
can have repercussions on the whole body.

Women with CPP are characterized by pain- 
catastrophizing thinking associated to greater anx-
iety, somatization, and depression [84, 85, 96–99].

20.8.1  Depression

Depression frequently occurs in women with 
CPP [99]. The modulation of nociceptive 
pathways by psychological processes probably 
plays an important role in amplifying pain 
symptomatology [30].

It is unclear if a causal relationship exists or 
association is casual, although biological and 
psychological factors seem to interact. Some 
authors believe that in some cases CPP takes part 
of a specific syndrome, the pain-prone disorder, 
which has been considered as a variant of depres-
sion [100]. Moreover, a strict relation between 
childhood sexual abuse, CPP, and depression has 
been found [76, 101]. It is important to distin-
guish patients with a story of primary psychiatric 
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comorbidity from patients who are developing 
secondary psychological problems in reaction to 
their pain. A possible therapy should be aimed to 
reduce this hypervigilant response, through cog-
nitive behavioral therapy methods used to treat 
other chronic pain conditions [89].

20.8.2  Physical and Sexual Abuse

Previous physical or sexual abuse is related to 
chronic pain, mostly with CPP. Studies report a 
prevalence of a history of physical and/or sex-
ual abuse in more than 47% of women with 
CPP [91, 92, 102]. Traumatic experiences may 
alter both the modulation of pain signals and 
pituitary- adrenal/autonomic responses to 
stress. According to studies on trauma popula-
tions, the hypervigilance and autonomic 
response to peripheral stimuli should be 
reduced by cognitive behavioral therapy (i.e., 
mind-body methods) [94].

20.8.3  Sleep Disorders

Sleep disorders are very frequent in women with 
chronic pain and are related to CPP in a two-way 
relationship. CPP could be the cause of sleep 
disorder as well as a consequence of it, with 
negative effect on depressive symptoms, starting 
a vicious cycle [103]. Stopping this strong bond 
referring the patients to his physician for a sleep 
evaluation is critical.

20.8.4  Somatization

Somatization is a syndrome of nonspecific physi-
cal symptoms (such as fatigue, widespread pain, 
and/or sleep disturbance) that cannot be fully 
explained by a known medical condition after 
appropriate investigation. Some study describes 
patients with somatic syndrome as individuals 
more prone to experiencing pain- related distress 
and not as a condition that they develop [104, 
105]. This explanation can help provide an etiol-
ogy and could find a therapy in mind-body meth-

ods to reduce threat hypervigilance and reduce 
autonomic response to peripheral stimuli [24].

20.8.5  Opiate Dependency

The use of opioids must be cautious in patients 
with CPP for two reasons; (1) the risk of addiction 
disorder 3–26% [106–108] and (2) patients with 
chronic pain are less responsive to opioid 
analgesics [22]. For these motivations the use of 
opioid should be considered only after a careful 
evaluation, in case of other treatment modalities 
and counseling of risks.

Moreover, there are other two considerations 
about opioid analgesic in long-term therapy for 
chronic pain: (1) there are no significant ben-
efits using opioid monotherapy and (2) in non- 
responder patients, worsening of symptoms at 
increasing opioid doses should be considered 
opioid-induced hyperalgesia [109]. In these 
cases, it should be considered to refer the patients 
to a psychologist for a cognitive behavioral ther-
apy and potential elimination of opioids [31].
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21.1  Introduction

Several uterine disorders can cause pelvic pain in 
both pregnant and nonpregnant women. This pain 
may or may not be associated with menstruation 
(dysmenorrhea). It can be chronic and often dis-
abling or acute, warranting in the latter case, a dif-
ferential diagnosis with other gynecological or 
non-gynecological entities in the emergency room.

The purpose of this chapter is to review the 
most common uterine diseases manifesting 
clinically with pain in both pregnant and non-
pregnant women and the role of diagnostic 
imaging techniques in their evaluation and 
management.

21.2  Diagnostic Imaging 
Techniques

Symptoms and physical examination findings in 
uterine diseases are often non-specific; hence, 
diagnostic imaging techniques play an important 
and useful role in achieving an early and accurate 
diagnosis, in planning the treatment, and in the 
follow-up of these entities, enabling better clini-
cal outcomes.

21.2.1  Ultrasound

Ultrasound (US) in both its modalities—trans-
vaginal and transabdominal—is the imaging 
technique of choice to assess female pelvic pain 
when a gynecological cause is suspected; espe-
cially in pregnant women, because it is easy to 
perform, cost-effective and widely available, 
without a risk of radiation, and has an accept-
able sensitivity and specificity for diagnosing 
most pelvic pathological entities [1]. However, 
it also has disadvantages, such as its relatively 
small field of view (FOV), the difficulties aris-
ing from a poor acoustic window in patients 
with a large body habitus, or in the presence of 
extensive bowel gas or calcification [2]. Another 
important limitation of this technique is its 
dependence on the operator’s experience. 

Because of this, the study must often be carried 
out using additional imaging techniques, such 
as magnetic resonance imaging (MRI) or com-
puted tomography (CT).

Transabdominal US is best performed with a 
low-middle frequency transducer (1–5 MHz). It 
requires an adequate acoustic window, which is 
obtained by filling the bladder, thus generating a 
wide FOV of the pelvis, as well as a good view of 
the uterine fundus, the high positioned adnexa, 
and the possible presence of intraperitoneal free 
fluid or hemorrhage. Transvaginal US uses a 
high-frequency endovaginal probe (>7 MHz) fol-
lowing bladder voiding, allowing an excellent 
assessment of the endometrium and adnexal 
structures.

21.2.2  Magnetic Resonance Imaging

MRI is considered an excellent imaging tool for 
evaluating gynecological pathological entities 
due to its lack of ionizing radiation, high soft tis-
sue resolution, and multiplanar imaging capabili-
ties; therefore, it is frequently used as a 
second-choice imaging modality when the US 
findings are inconclusive [1].

To improve MRI performance, patients must 
have fasted for 4–6  h, and bladder and rectal 
voiding is recommended to reduce motion arti-
facts caused by bowel peristalsis. The intramus-
cular or intravenous injection of an antiperistaltic 
agent (hyoscine butylbromide or glucagon) is 
also advised to further reduce motion artifacts, 
not only from bowel peristalsis but also from 
uterine peristalsis, and improve image quality. 
Patients should be imaged in the supine position, 
using 1.5 or 3.0 T MRI equipment with a body, 
pelvic or cardiac phase-array surface coil, and fat 
saturation bands are applied to eliminate motion 
artifacts from the anterior abdominal wall [3–8].

MRI protocols should be optimized and tai-
lored to address a specific indication for uterine 
pathology.

Recommended sequences and their main indi-
cations for nonpregnant and pregnant patients are 
included in Table 21.1.

M. M. Otero-García et al.
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21.2.2.1  T2-Weighted Imaging
T2-weighted images (T2WI) are the mainstay of 
pelvic MR imaging. They are best performed 
without fat suppression due to the inherent con-
trast between the signal intensity of the uterus 
and the surrounding fat. Three-dimensional (3D) 
T2-weighted volumetric sequence is optional 
and provides submillimeter section thickness 
along with multiplanar reformatting capability 
[3, 5–8].

In uterine malignant diseases, thin sections 
(3–4 mm) and a small FOV (20–24 cm) are rec-
ommended. Image acquisition must be optimized 
for T2WI angled perpendicularly to the endome-
trium or cervix (Fig. 21.1). Since the uterus can 
have a variable position and tilted within the pel-
vis, the realization of real perpendicular images 
can be difficult. To obtain axial oblique images, a 
“double oblique image” angled both in the sagit-
tal and coronal planes create a “true oblique” that 
is exactly orthogonal to the endometrial or endo-
cervical cavities [6, 7].

21.2.2.2  T1-Weighted Imaging
T1-weighted images (T1WI) sequences without 
and with fat suppression are advisable since they 
allow the characterization of hemorrhagic or fat 
content in a specific lesion. The two-dimensional 
(2D) or 3D Dixon technique, providing four 
simultaneous different T1WI contrast during the 
same acquisition and a stronger fat suppression in 
the female pelvis. It may be used as an alternative 
to standard T1WI sequence [5]. Axial/coronal 
T2WI or T1WI from renal hila to pubic bone 
(36–44 cm) is useful in characterizing and detect-
ing genetic anomalies of kidney and ureter, and 
in the assessment of para-aortic lymphadenopa-
thies, hydronephrosis, endometriosis extension, 
and bone metastases [4, 6–8].

21.2.2.3  Functional Imaging

Diffusion-Weighted Imaging
Diffusion-weighted imaging (DWI) is mandatory 
in malignant suspected uterine diseases because 

Table 21.1 MR technique in uterine pathology

Sequence
Anatomical 
Anomalies

Adenomyosis/other 
benign entities

Leiomyomas pre/
post UFE

Malignant 
diseases Pregnancy5

NFST2WI (axial 
oblique, sagittal 
coronal)*
Or 3DT2WI**

+ + + + ± (3D 
T2WI)

Axial FS/NFS T1WI or 
Dixon Technique $

+ + ± ± –

2D T2WI—HASTE% + + – + +
DWI (sagittal, axial)
b: 0, 500, 800, 
1000,1500
ADC maps1

− ± ± + +

GRE T1WI In- and 
out-of-phase

− ± − − +

3D GRE-T1WI +C2 − ± + + ±

MRA3 − − + − −
(2D) TOF image4 − − ± − ±

±: optional sequences. *, nonfat saturated (NFS) fast spin-echo (FSE) sequences; **, volumetric acquisition; FS, fat satu-
rated; $, to detect fat and hemorrhage. Thin-section acquisition, useful for characterization of uterus and adnexal pro-
cesses; %, single-shot FSE (SSFSE)-HASTE with large FOV (36–40 cm), useful in characterizing and detecting genetic 
anomalies of the kidney and ureter and assessment of para-aortic lymphadenopathy and hydronephrosis, recommended 
for the evaluation of uterine peristalsis in adenomyosis/endometriosis and for MR urography in pregnant women. 1: Echo 
planar sequence. 2: Gradient-echo (GRE) sequences pre-/post-gadolinium injection. 3: MR arteriography for fibroid/
adenomyosis embolization. 4: TOF (time-of flight). Obtained from the renal veins to the symphysis pubis to screen for a 
venous clot. 5: Pregnant women should be scanned using 1.5 T magnets and large FOV sequences (40 cm)
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it improves the detection and characterization of 
uterine tumors and the visualization of small 
implants in peritoneal carcinomatosis. Moreover, 
the apparent diffusion coefficient (ADC) mea-
surement may be useful for monitoring the thera-
peutic outcome after chemotherapy and/or 
radiation therapy [6–13]. DWI images should 
always be evaluated together with ADC maps and 
anatomic images to prevent pitfalls.

DWI protocol should include in at least one 
but preferably in two planes (axial oblique along 
the uterus with the same orientation as axial 
oblique T2WI and sagittal), with a minimum of 
two b-values (e.g., b:0, b: 1000). Acquiring T2WI 
and DWI on the same plane allows image fusion 
and optimizes anatomic correlation [6–9].

Dynamic Contrast Enhanced
Dynamic contrast-enhanced (DCE) images are 
obtained with a 3D gradient echo (GRE) T1WI 
and fat-saturated sequence after the administra-
tion of 0.1 mmol/kg of gadolinium (Gd) at a rate 
of 2  mL/s. Images are traditionally acquired 
before contrast injection, and then during multi-
ple phases of enhancement in sagittal/axial planes 

at 25 s, 1 min, and 2 min after injection. A delayed 
sequence is acquired on axial oblique 4 min after 
injection. DCE images should be obtained when-
ever additional characterization of incidentally 
seen disease is necessary, and in malignant dis-
eases for adequate staging purposes [6, 7, 
14–20].

21.2.3  Computed Tomography

CT provides poor soft tissue contrast of repro-
ductive organs [1]. However, it is often used as a 
first-line imaging tool in the case of a chief com-
plaint of abdominal acute pain in the emergency 
room, especially in elderly women, when a non-
gynecological entity is suspected, or in the con-
text of trauma injuries.

Regarding CT performance, previous fasting 
for 4–6 h is recommended. Patients are scanned 
in the supine position. It is important to adminis-
ter both oral and intravenous contrast media, 
except in a context of emergency studies in which 
oral contrast is not considered essential. Oral 
contrast media may aid in distinguishing bowel 

a b

Fig. 21.1 Planning of MRI sequences in endometrial (a) and cervical (b) cancers. (Yellow line) indicates the coronal 
plane, (red line) indicates the axial-oblique plane
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loops from adenopathies and adnexal structures, 
and intravenous contrast media  improves the 
delimitation of the uterus and adnexa [21].

Our 64-multidetector CT protocol includes the 
oral administration of 1000–1500 mL of positive 
iodinated contrast media (ICM) (sodium diatri-
zoate and meglumine diatrizoate—Gastrografin®) 
or negative contrast (1000–1500 mL of water) and 
the intravenous injection of 120 mL of nonionic 
ICM at a rate of 3 mL/s, obtaining images from 
the level of the diaphragm domes to the pubic 
symphysis, with a delay of 70–80 s postinjection 
(portal-venous phase). The scan parameters usu-
ally used are 120  kVp; 250  mAs; acquisition 
width, 1.25  mm; interval, 0.625  mm; pitch and 
velocity/rotational, 0.984:1; and iterative recon-
structions for diminishing patient radiation dose.

21.2.4  Technique Protocols 
in Pregnant Women

US and MRI are the imaging techniques of choice 
because of the lack of ionizing radiation. The 
American College of Radiology (ACR) stated 
that MRI is a useful problem-solving tool in the 
evaluation of pelvic pain in pregnant women. 
This statement refers to machines in clinical use 
at 1.5 T or less. Contrast injection should only be 
administered to a pregnant patient “if the poten-
tial benefit justifies the potential risk to the fetus 
and using the smallest dose of the most stable 
gadolinium agent” [22–29].

MR study should be focused to solve a par-
ticular clinical question and to ensure that the 
diagnostic information is obtained with the mini-
mum of sequences and/or energy dissipation 
(Table 21.1). If a patient is uncomfortable or feels 
faint lying supine within the MR gantry (espe-
cially in the third trimester), imaging with the 
patient in the lateral decubitus position is appro-
priate (decreasing the pressure on the inferior 
vena cava) [1, 2, 22, 26–29].

Regarding CT, given its radiation issues, it can 
only be justified in pregnant women when the 
study is overwhelmingly in the best health inter-
est of the mother. We must take into account the 
risk/benefit ratio and always keeping radiation 

doses according to the ALARA (as low as rea-
sonably achievable) principle. On the other hand, 
CT is the primary tool to use when there is a life-
threatening situation, and a rapid diagnosis is 
required (e.g., hypovolemia due to blunt or pen-
etrating trauma or severe sepsis) [1, 2, 22, 
26–30].

Pregnant patients should be informed about 
contrast (Gd and ICM) and MR and CT imaging 
safety issues, and a written informed consent is 
also advisable, as recommended in the European 
Society of Urogenital Radiology (ESUR) and 
ACR contrast media guidelines. Neonatal screen-
ing for hypothyroidism should follow for all neo-
nates whose mothers received  ICM during 
pregnancy [24, 25].

21.3  Pain Related to Uterine 
Disease

21.3.1  Menstrual-Related Pain 
(Dysmenorrhea)

Dysmenorrhea is defined as a cramping pain in 
the lower abdomen occurring just before or dur-
ing menstruation. It is the first cause of gyneco-
logical morbidity in women of childbearing age 
and can be severe and disabling, thus being a 
common cause of absenteeism [31].

Dysmenorrhea can be classified into two cat-
egories: primary and secondary.

21.3.1.1  Primary or Idiopathic 
Dysmenorrhea

Primary dysmenorrhea is defined as menstrual 
pain without an underlying identifiable gyneco-
logical pathology. Its initial onset typically occurs 
during adolescence, once the ovulation cycles 
have been established. Women with primary dys-
menorrhea show increased production of endo-
metrial prostaglandins, which, in turn, results in 
increased myometrial contractibility and causes 
uterine ischemia and pain [31, 32].

The typical pain begins a few hours before or at 
the time of onset of the menstruation, peaks with 
maximum blood flow, and lasts up to 2–3 days. It 
mainly involves the pelvis but can spread to the 
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lumbar area or the thighs, being acute and inter-
mittent as cramps. It may be associated with nau-
sea and vomiting, diarrhea, fatigue, mild headache, 
dizziness, and even fever or syncope [31, 32].

The diagnosis is based on the patient’s clinical 
history and standard physical examination 
 findings. A gynecological examination is not usu-
ally necessary in patients with typical symptoms, 
although some authors recommend examining 
the external genitalia to rule out the existence of 
hymen anomalies [31, 32].

Nonsteroidal anti-inflammatory drugs alone or 
combined with oral contraceptives are the main-
stay of treatment. If the patient does not respond 
to these measures, secondary causes of dysmenor-
rhea must be considered. In this case, the use of 
diagnostic imaging techniques is recommended, 
with US being the first choice followed by an 
MRI, if necessary, to rule out possible causes of 
secondary menstrual pain [31, 32].

21.3.1.2  Secondary Dysmenorrhea
Secondary dysmenorrhea is defined as menstrual 
pain associated with underlying gynecological 
conditions.

Anatomical Abnormalities
Müllerian duct anomalies (MDAs) are a group of 
congenital uterine disorders resulting from mal-
formations occurring during the embryologic 
development of the Müllerian ducts. Fusion of 
the Müllerian ducts normally occurs between the 
6th and 11th weeks of gestation to form the 
uterus, fallopian tubes, cervix, and the proximal 
two-thirds of the vagina [4, 33].

The prevalence of MDAs in the general popula-
tion ranges between 4 and 7%. However, in a pop-
ulation of women with recurrent pregnancy loss, 
this incidence increases to as much as 18% [33].

Concomitant renal abnormalities are reported 
in 29% of cases of MDA (up to 40% in cases of 
unicornuate uterus). The spectrum of renal abnor-
malities includes agenesis, horseshoe kidney, 
renal dysplasia, ectopic kidney, and duplicated 
collecting systems [4].

Over the last few decades, several classifica-
tion systems have been proposed to describe 
MDAs. Buttram and Gibbons [34] proposed an 

MDA classification in 1979, which was subse-
quently modified by the American Society of 
Reproductive Medicine (ASRM) in 1988 (for-
merly the American Fertility Society) [35]. Other 
classifications include the vagina, cervix, uterus, 
adnexa, and associated malformations (VCUAM) 
classification [36] and, most recently, The 
European Society of Human Reproduction and 
Embryology (ESHRE)/European Society for 
Gynecologic Endoscopy (ESGE) classification, 
updated in 2013 [37]. The most widely accepted 
classification system is the ASRM classification 
described in Table 21.2.

A septate uterus (ASRM class V) is the most 
common type of uterine developmental abnor-
mality, accounting for 55% of cases [4]. It may 
be suspected in patients with a history of midtri-
mester pregnancy loss.

MDAs are diagnosed while investigating fer-
tility issues, and some can present with pelvic 
pain (malformations with some type of obstruc-
tive component).

Imaging studies play an essential role in the 
diagnosis and treatment planning of MDAs. 
Given the high prevalence of associated renal 
abnormalities, it is important to take cross-sec-
tion images of the kidneys (US or  MRI). The 
time of onset of symptoms often dictates the ini-
tial imaging modality of choice (e.g., primary 
amenorrhea, pelvic pain, or infertility).

Hysterosalpingography (HSG) can be used to 
examine the endometrial cavity and can reliably 
establish tubal patency. Given that the myome-
trium and external uterine contour are not viewed 
with this technique, HSG is of limited use in the 
evaluation of MDAs. Contrarily, (3D) US imag-
ing (transabdominal or endovaginal) does allow 
for an accurate evaluation of MDAs. Following 
its acquisition, the data set can be manipulated to 
generate 3D images of the uterus from virtually 
any angle. Coronal images reveal essential details 
of the endometrial cavity and serosal surface of 
the uterus. MDAs are best evaluated during the 
secretory phase of the menstrual cycle, when 
viewing of the endometrial echo complex thick-
ness is optimal [4, 33]. In expert hands, this tech-
nique yields a sensitivity of 98.3% and a 
specificity of 99.4% in detecting MDAs [38].
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MRI is considered the ideal imaging modality 
for detecting MDAs, as it provides clear ana-
tomic detail of both the internal uterine cavity 
and the external contour. T2WI is best performed 
without fat suppression due to the inherent con-
trast between the signal intensity of the uterus 
and the surrounding fat. On the other hand, T1WI 
can be useful to detect hyperintense blood prod-
ucts in cases of hematocolpos or endometriosis 
(Table 21.1) [4, 33].

The following obstructive anomalies are the 
most frequent type of malformation presenting 
with pelvic pain in premenarchal young women:

M a ye r- R o k i t a n s ky - Ku s t e r- H a u s e r 
Syndrome (ASRM class I): a malformation 
characterized by hypoplasia of the uterus and 

upper two-thirds of the vagina. The rudimentary 
uterus may contain a normal functional endome-
trium. Its main presenting symptoms are amenor-
rhea, hematometra, or cyclic pelvic pain in 
postpubertal patients, secondary to the accumula-
tion of hemorrhagic products within the rudimen-
tary uterus [4, 33, 39].

Unicornuate Uterus (ASRM class II): an 
abnormality resulting from the failure of one of the 
Müllerian ducts to elongate, while the other duct 
develops in a normal fashion. It accounts for 
approximately 20% of all MDAs. A single uterine 
horn can be observed in up to 35% of patients. 
More often, a small rudimentary horn is seen aris-
ing from the primary single horn in 65% of cases. 
This rudimentary horn may contain endometrium 

Table 21.2 The ASRM classification of MDA (adapted from Ref. [35], with permission)

Class I Hypoplasia/agenesis
(a) Vaginal (b) Cervical (c) Fundal (d) Tubal (e) Combined

Class II unicornuate Class III
didelphus

(a) Communicating (b) Noncommunicating (c)
 No cavity

(d)
 No horn

Class IV bicornuate Class V septate Class VI
arcuate

(a) Complete (b) Partial (a) Complete (d) Partial

Class VII DES drug related
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in 50% of patients and communicate with the 
dominant horn in up to 33% of cases. Conversely, 
there is no communication between the rudimen-
tary and primary horns in 66% of cases. The pres-
ence of endometrial tissue in a noncommunicating 
rudimentary horn may manifest clinically with 
pelvic pain, owing to the increased prevalence of 
endometriosis secondary to the retrograde flow of 
menses through the obstructed horn. Furthermore, 
the presence of endometrium in a rudimentary 
horn carries an increased risk of miscarriage, ecto-
pic pregnancy, preterm labor, and uterine rupture 
during pregnancy [4, 33].

A unicornuate uterus is diagnosed by the pres-
ence of a solitary, deviated, and often atrophic 
horn. The solitary horn is typically fusiform or 
banana-shaped; the endometrium is narrow and 
described as bullet-shaped, tapering toward the 
apex. MR imaging is the most sensitive imaging 
modality for detecting a rudimentary horn. 
Additionally, when the rudimentary horn con-
tains endometrium, the zonal anatomy generally 
shows up well on T2WI.

Herlyn-Werner-Wunderlich Syndrome 
(variant of ASRM class III): a very rare congenital 
malformation of the urogenital tract characterized 
by a triad of didelphys uterus, obstructed hemiva-
gina, and ipsilateral renal anomalies. After men-
arche, menstrual blood accumulates gradually 
within the vagina (hematocolpos), uterus (hema-
tometra), and the ipsilateral fallopian tube (hema-
tosalpinx). Instillation of an endovaginal gel 
before conducting an MRI scan better reveals the 
existence of a duplicated vagina. The presence of 
a unilateral hemivaginal septum obstructing one 
of the uterine horns will cause that horn to be 
markedly distended due to the accumulation of 
hemorrhagic products, showing a hyperintense 
signal on T1WI (Fig. 21.2) [4, 33, 40].

Imperforate Hymen: a common associated 
obstructive disorder of the female reproductive 
system, with a reported incidence of 0.014–
0.024%. Its most common symptoms are the 
presence of a bulging bluish-black membrane in 
the vulva, cyclic abdominal pain, a pelvic mass, 
and primary amenorrhea [41].

Adenomyosis
Adenomyosis is a common benign gynecological 
disease characterized by the presence of ectopic 
endometrial glands and stroma within the myo-
metrium, as well as hypertrophy and hyperplasia 
of the myometrial smooth muscle [42, 43]. It usu-
ally affects multiparous, premenopausal women 
over the age of 30, being rare and with no typical 
characteristics in adolescents [42].

Up to one-third of patients with adenomyosis 
are asymptomatic. Clinical symptoms include 
menorrhagia (50%), dysmenorrhea (30%), 
metrorrhagia (20%), and, occasionally, dyspareu-
nia. These symptoms are non-specific being also 
common in myomatous uterus, that can coexist 
with adenomyosis in up to 50% of cases or in 
endometriosis (defined by the presence of ectopic 
endometrium outside the uterus). Both endome-
triosis and adenomyosis coexist in up to 11% of 
cases. For these reasons, clinical diagnosis is 
often difficult [21, 42–45].

Transvaginal US and MRI findings in this 
entity include an enlarged, globular uterus with 
small cystic areas corresponding to diffuse 
dilated endometrial glands.

MR is the best imaging tool for diagnosing 
adenomyosis (sensitivity of 70–86%, specificity 
of 86–93%, and mean accuracy of 87.5%). MRI 
findings may be stratified into direct and indirect 
signs [42–44]:

Direct signs are related to the presence of 
endometrial glands within the myometrium:

 – Submucosal microcysts (size, 2–7  mm) are 
detected in 50% of cases as hypointense foci 
on T1WI and a hyperintense signal on T2WI 
and, if they contain hemorrhagic products, on 
T1WI.

 – Adenomyoma is a solid, mass-like, localized 
form of adenomyosis. Differentiating it from 
leiomyoma may be challenging; however, ade-
nomyomas usually show a hypointense signal 
on T2WI but may contain disperse foci of high 
intensity on T1WI (Fig. 21.3). Unlike leiomyo-
mas, adenomyomas have ill-defined margins; 
minimal mass effect on the endometrium as 
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compared to a leiomyoma of similar size; an 
elliptical, rather than round shape; may display 
linear striations radiating from the endome-
trium; and their margins do not contain dilated 

vessels [42, 43]. Identifying this entity is impor-
tant for patient management, as myomectomy 
may be curative for leiomyomas but ineffective 
for adenomyomas.

a

c

b

Fig. 21.2 12 year-old girl with chronic pelvic pain that 
worsened in the previous month. (a) MR (Axial oblique 
T2WI): right dysplastic and ectopic kidney (yellow arrow-
head), right ovary (white arrowhead) and two uterine 
cavities (arrows), one of them distended by hypointense 
fluid content (hyperintense in T1WI- not shown), with a 
peripheral hyperintense rim, suggesting accumulation of 
hemorrhagic products (yellow arrow). (b) Sagittal T2WI: 
distended uterine and vaginal cavities with a thin obstruct-

ing hypointense band (white arrow). (c) Coronal T2WI: 
dilated right ureter leading to right hemivagina. A thin 
hypointense band obstructing the ureter is shown (arrow), 
right ovary (arrowhead). Diagnosis: Herlyn-Werner-
Wunderlich Syndrome: Uterus didelphys + pelvic multi-
cystic dysplastic right kidney and ectopic ureter + septated 
right hemivagina (associated hematometra and hemato-
colpos). Left hemivagina was collapsed at gynecological 
examination
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Indirect signs are the result of reactive changes 
in the myometrium:

 – Thickening of the junctional zone (JZ) ‑12 mm; 
either focal or diffuse, resulting from smooth 
muscle hypertrophy, is caused by the presence 
of ectopic endometrial glands within the myo-
metrium. This sign is highly sensitive, specific, 
and accurate in diagnosing adenomyosis (63%, 
96%, and 85%, respectively) [46].

 – The JZ differential sign is a difference >5 mm 
between the maximal and minimal thickness 
of the anterior and posterior uterine JZ. This 
sign is more reliable than a JZ thickness 
>12 mm (Fig. 21.4) [47].

Furthermore, there are two unusual forms of 
adenomyosis:

 – Cystic adenomyoma is a single nodular myome-
trial lesion with a central cavity filled with blood 
products due to profuse menstrual bleeding in 
the ectopic endometrium. It appears with high-
intensity signal on T1WI and with low intensity 
signal on T2WI. Cystic adenomyoma is more 
common in adolescents and young women and 
usually causes intense dysmenorrhea.

 – Swiss cheese appearance is characterized by 
large cysts, which represents dilated endometrial 
glands and nodules within the myometrium, 
associated to other more typical signs such as 
thickening and poor definition of the JZ [42].

Benign Uterine Neoplasms: Leiomyomas
Leiomyomas, the most common type of uterine 
neoplasm in women of childbearing age, may 
cause menstrual disorders such as menorrhagia 
and, consequently, dysmenorrhea, especially in 
cases of severe hypermenorrhea associated with 
passing of large blood clots.

The exact pathophysiological mechanism of 
this entity is unknown; however, it is probably 

a b

Fig. 21.3 40-year-old woman with pelvic complaints. (a) 
Transvaginal US: a globular uterus is shown with an ill-
defined hypoechoic area in the posterior fundus (arrow), 

which contain small cystic areas. (b) Fat Sat T1WI: these 
cystic areas are hyperintense because of the blood content 
(arrow)

JZ

Fig. 21.4 Sagittal T2 WI. Endometriosis and adenomyo-
sis: thickening of the junctional zone (JZ) and JZ differen-
tial sign (>5 mm thicker the posterior JZ). Deep fibrotic 
endometriosis (arrowhead) and ovarian endometriosis 
(yellow arrow)
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related to an increased endometrial surface area 
associated with elongation and even inflamma-
tion and/or ulceration of the endometrium overly-
ing the leiomyomas; increased uterine vascularity, 
probably secondary to dysregulation of the leio-
myoma growth factors, which impacts vascular 
function and angiogenesis; interference of intra-
mural leiomyomas with the normal symmetric 
uterine contractions; and venous myometrial and 
endometrial congestion resulting from venous 
compression caused by the leiomyoma [48–50].

In the following section, we will describe the 
characteristic imaging findings and other aspects 
of leiomyomas.

21.3.2  Pain Unrelated 
to the Menstrual Cycle

21.3.2.1  Pelvic Infection
Pelvic infection may be divided into two impor-
tant categories according to the source of the 
infection: gynecological and non-gynecological 
causes (Table 21.3).

 Pelvic Inflammatory Disease
Pelvic inflammatory disease (PID) is typically an 
infection of the upper genital tract resulting from 
spreading of a vaginal infection to the cervix, fal-
lopian tubes, ovaries, and, finally, to the perito-
neal cavity. Hematogenous spread of an infection 
originating in adjacent organs is a less frequent 
cause of PID [51].

PID is considered a sexually transmitted dis-
ease caused by microorganisms such as 
Chlamydia trachomatis, Neisseria gonorrhoeae, 
Mycoplasma genitalium, and gram-negative bac-
teria. Polymicrobial infections account for 
30–40% of reported cases of PID. Infections by 
Mycobacterium tuberculosis and Actinomyces 
sp. are less common. Risk factors for this condi-
tion include a history of multiple sexual partners, 
young age, a prior uterine procedure, intrauterine 
devices, vaginal douching, and a low socioeco-
nomic status [51, 52].

The most frequent form of PID is inflamma-
tion of the fallopian tube, also known as salpingi-
tis. Involvement of the uterine cervix (cervicitis) 
or endometrium (endometritis) usually goes 

unnoticed and takes place at the beginning of the 
infection.

Regarding its clinical presentation, up to 60% 
of women are asymptomatic, 36% experience 
moderate symptoms, and 4% have severe symp-
toms, with the most common symptoms being 
pelvic pain, fever, vaginal discharge, and dyspa-
reunia with coexisting leukocytosis [51, 53].

The diagnosis of PID is based on the patient’s 
clinical history, physical examination, and US 
findings. Given the presence of non-specific 
symptoms, CT is usually the first imaging modal-
ity of choice for its assessment. It is very useful 
in assessing the extent of peritoneal disease, 
detecting disease complications, and excluding 
other potential differential diagnoses. MRI is also 
useful in delimiting the uterine and adnexal struc-
tures and differentiating PID from other patho-
logic processes (e.g., diverticulitis or appendicitis) 
(Fig. 21.5).

PID is generally treated conservatively with a 
short course of oral antibiotic therapy. Patients 
with complicated PID must usually be hospital-
ized and treated with intravenous antibiotics, as 
well as with percutaneous or surgical drainage of 
any pelvic abscess, if present (Fig.  21.6). 

Table 21.3 Causes of pelvic infections

Gynecological causes Non-Gynecological causes
Pelvic inflammatory 
disease (PID)

Intestinal: appendicitis, 
diverticulitis, Crohn

  Cervicitis
  Salpingitis
  Tubo-ovarian abscess
  Peritonitis (Fitz-

Hugh-Curtis 
Syndrome)

Puerperal infections Fistulae (intestinal, 
urinary, postradiotherapy)  Cesarean section

  Vaginal delivery
Postoperative 
gynecological surgery

Chronic infections

  Pelvic abscess   Tuberculosis
  Post leiomyomas 

embolization infection
  Actinomycosis

  Fistulae
Abortion-associated 
infections
  Endometritis
  Incomplete septic 

abortion
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Approximately 25% of women with a single epi-
sode of PID will experience sequelae, including 
ectopic pregnancy, infertility, or chronic pelvic 
pain.

 Cervicitis
Cervicitis is an inflammation of the uterine cer-
vix. It may be acute (frequently caused by infec-
tion) or chronic (pelvic radiation, chemical 
irritation, etc.).

Symptoms of acute cervicitis are a jelly-like, 
yellow or turbid vaginal discharge, bleeding with 

intercourse, and a feeling of pelvic pressure or 
discomfort.

In  patients with acute cervicitis, US often 
shows a cervical mucosa and stroma with a dif-
fusely heterogeneous echotexture. Given that 
the key finding of this condition is a markedly 
increased vascularity, the conduct of a color 
Doppler US is recommended. US, CT, and MR 
imaging may also  reveal an enlarged uterine 
cervix, abnormal contrast enhancing or hyper-
emic endocervical canal, and parametrial fat 
stranding [54, 55].

a b

Fig. 21.5 Woman with intense pelvic pain, fever, and 
leukocytosis. (a) Abdominal ultrasound of the pelvic 
region: large collection in the left adnexal region with 

fluid-fluid level. (b) MRI- axial T2WI: collection with 
heterogeneous content and hydro-aerial level (arrow), in 
addition, a right hydrosalpinx (*) is identified

a b

Fig. 21.6 Axial reformatted CT. Complicated PID with pelvic abscess (*) before (a) and after drainage (b), drainage 
catheter (arrow)
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 Endometritis
Endometritis is an inflammatory condition of the 
uterine lining. It is often seen during pregnancy 
or the postpartum period. In non-obstetric 
women, PID and invasive gynecological proce-
dures are the most frequent causes of acute 
endometritis.

US, CT, or MR imaging findings of endome-
tritis include an enlarged uterus, accumulation of 
fluid within the endometrial cavity, and an abnor-
mal endometrium secondary to increased vascu-
larity. Loss of the clear separation of the uterus 
from the adnexal and parametrial fat can also be 
observed [51].

 Pyometra
Pyometra is a form of infectious endometritis 
characterized by the accumulation of pus within 
the uterine cavity, usually secondary to the block-
age or stenosis of the cervix. It has an incidence of 
0.01–0.5% among gynecological infections and 
mainly affects postmenopausal women, with a 
prevalence as high as 13.6% in this group. Fifty 
percent of patients are asymptomatic. Symptomatic 
patients usually complain of pelvic pain, fever, and 
a purulent vaginal discharge. Imaging findings of 
this condition include accumulation of a complex 
fluid within the uterine cavity, inflammatory 
changes in the surrounding parametrial fat, and the 

presence of free fluid in the posterior cul-de-sac. 
Gas bubbles or an air-fluid level may also be seen 
within the endometrial canal [51, 52].

 Secondary Uterine Infection
Although the uterus provides a protective barrier 
against an inflammatory or malignant meta-
static disease, a colouterine fistula may develop 
due to the spontaneous rupture of a gravid uterus, 
obstetric trauma such as curettage, uterine or 
sigmoid colon cancer, or radiation therapy. 
Furthermore, inflammatory processes such as a 
periappendiceal abscess or diverticulitis may 
also cause a colouterine fistula. Inflammatory 
adhesion of the colon and uterus can occur dur-
ing an episode of diverticulitis, resulting in 
necrosis and the subsequent formation of a fis-
tula (Fig. 21.7) [56].

 Actinomycosis
Actinomycosis is a chronic disease caused by 
Actinomyces israelii. Female genital involvement 
has been associated with IUDs. The disease is 
characterized by  disemination through the soft 
tissue planes and the formation of granulation tis-
sue and fibrosis (Fig. 21.8). The ability to release 
proteolytic enzymes explains its invasive nature, 
resulting in the formation of abscesses, fistulas, 
and sinus tracts. Infection by A. israelii involves 

a b

Fig. 21.7 Sagittal and axial reformatted CT image (portal phase) (a, b) Sigmoid diverticulitis perforated to the uterine 
fundus (arrowhead)
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a b

Fig. 21.8 Pelvic actinomycosis. (a) T2WI sagittal: infiltra-
tive mass in T2WI that extends through rectouterine and rec-
tovaginal spaces, surrounds the rectum and perirectal space 

(arrowheads). (b) Axial Fat Sat T1WI +Gd: a homogeneous 
and retarded uptake is shown due to the fibrotic characteris-
tics of the mass. There were no abscesses in this case

both fallopian tubes in 50% of cases; however, 
the infection can spread and form fistulas 
along  the pelvic and abdominal structures. CT 
imaging in this disease demonstrates enhance-
ment of the solid components of the adnexal and 
soft tissue masses, along with small rim-enhanc-
ing hypoattenuating foci representing small 
abscesses. In MRI, the solid components of the 
adnexal mass show up as hypointense foci on 
T2WI and areas of contrast enhancement after 
intravenous administration of a Gd-based con-
trast material, whereas the small abscesses are 
viewed as hyperintense areas with peripheral 
rim enhancement [57].

21.3.2.2  Uterine Neoplasms

 Benign Uterine Neoplasms: Leiomyomas
Uterine leiomyomas, also known as myomas or 
fibroids, are benign monoclonal smooth muscle 

tumors of myometrial origin. They are the most 
common pelvic masses in women of childbearing 
age, affecting up to 80% of women throughout 
their lifetime [1, 44, 48, 50, 58].

Leiomyomas are hormone-dependent tumors, 
with estrogen being their main growth factor. 
They tend to grow during pregnancy and with the 
intake of oral hormonal contraceptives and 
regress after the menopause [1, 48, 58, 59].

FIGO classified uterine leiomyomas based on 
their location (i.e., submucosal, intramural, sub-
serosal, and hybrid) (Table 21.4). This classifica-
tion is clinically significant, since both their 
symptoms and treatment depend on the leiomy-
oma subtype [44, 48, 50, 60].

Leiomyomas are usually asymptomatic but 
between 20 and 50% can cause abnormal uterine 
bleeding (both cyclic and noncyclic) as the most 
common symptom. Other manifestations include 
acute or chronic pelvic pain, symptoms resulting 
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from the pressure caused on adjacent organs, a pal-
pable abdominal mass, and reproductive or sexual 
dysfunction. These symptoms  have a significant 
negative impact on women’s quality of life [44, 48–
50, 58]. Pain is usually the result of degeneration, but 
it may also occur secondary to the presence of a 
mass effect, severe hemorrhage, torsion and necrosis 
of a pedunculated leiomyoma, or prolapse of a 
pedunculated submucosal leiomyoma [1, 21, 48].

US is the first-line imaging modality used to 
evaluate leiomyomas; however, MRI is the most 
accurate technique at depicting the number and 
location of the lesions, as well as the internal tis-
sue characteristics, with sensitivity, specificity, 
and positive predictive values of 94%, 68.7%, and 
95.7%, respectively. CT is rarely used to evaluate 
leiomyomas but may be performed to  rule out 
complications ( e.g., torsion of a pediculated leio-
myoma or infection...) [1, 21, 44, 48, 50].

Degeneration
As leiomyomas increase in size, they may out-
grow their blood supply, resulting in ischemia 
and consequently hyaline, cystic, myxoid, or red 

degeneration. Red degeneration mainly occurs 
during pregnancy, and it is also associated with 
the use of oral contraceptives. It is caused by 
thrombosis and occlusion of the venous outflow, 
which leads to venous congestion, significant 
tumor growth, and acute hemorrhagic infarction. 
Patients with degenerated leiomyomas may pres-
ent with abdominal pain, low-grade fever, leuko-
cytosis, and physical examination findings that 
mimic other gynecological or non-gynecological 
acute pelvic processes, such as acute appendici-
tis, adnexal torsion, or PID [1, 44, 48, 58, 59, 61].

The appearance of leiomyomas varies depend-
ing on the degree and type of degeneration. The 
characteristic findings of degenerating leiomyo-
mas on all the  different imaging modalities are 
their heterogeneity, resulting from cystic, hemor-
rhagic, or necrotic changes, with poorly or non-
enhancing areas following the administration of a 
contrast agent [1, 44].

On US, non-degenerated leiomyomas appear 
as well-defined solid masses arising within or 
attached to the myometrium, with a hypoechoic 
and discreetly heterogeneous echotexture and, 

Table 21.4 FIGO Leiomyomas sub-classification system

Type Subtype Location Scheme
SM (Submucosal) 0 Pedunculated 

intracavitary
1 Submucosal and <50% 

intramural
2 Submucosal and ≥50% 

intramural
O (Others: intramural  
and subserosal)

3 100% intramural and 
contact endometrium

4 100% intramural and 
don’t contact 
endometrium

5 Subserosal and ≥50% 
intramural

6 Subserosal and <50% 
intramural

7 Pedunculated subserosal
Hibrid leiomyomas 
(Impact both endometrium 
and serosa)

Two numbers separated by a 
hyphen (First number refers to 
the relationship with the 
endometrium and the second one 
to the relationship with the 
serosa)

Combination types

8 Others (parasitic, 
cervical…)
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occasionally, acoustic reinforcement or an acous-
tic shadow. The degeneration leads to the forma-
tion of cystic areas (Fig. 21.9). Red degeneration 
shows a decreased or absent flow in Doppler 
studies [59, 61].

The most common CT findings are uterine 
enlargement with associated focal masses that may 
deform the uterine contour or endometrial cavity. 
Usually, non-degenerated leiomyomas show 
homogeneous density and post-contrast enhance-
ment similar to that of the myometrium. In con-
trast, degenerated leiomyomas may have a cystic 
appearance, with hypodense areas and poor or 
absent enhancement, that can be difficult to differ-
entiate from cystic ovarian masses. If one leiomy-
oma becomes infected (pyomyoma), gas bubbles 
may be seen within it. Leiomyoma calcification is 
also a frequent CT finding [21, 44, 58, 61, 62].

On MRI, non-degenerated leiomyomas usu-
ally appear as well-defined masses showing 
homogeneous hypointensity on T2WI and isoin-
tensity on T1WI as compared to the myometrium 
and show the blackout effect in DWI.  Post-
contrast enhancement is variable depending on 
the size of the myomas. Cellular leiomyomas are 
a variant characterized by a matrix with little or 
no collagen that can show hyperintense signal on 
T2WI, restricted diffusion in DWI, and they 
enhance homogeneously on post-contrast images 
(Fig. 21.10) [1, 15, 44, 48].

An early finding of degeneration in MRI is het-
erogeneous hyperintensity on T2WI due to the 
presence of an interstitial edema. Areas of hyaline 
degeneration or calcification may show up with a 

very hypointense signal or with a mixed pattern of 
hyper- and hypointense signal on T2WI, with het-
erogeneous post-contrast enhancement. Cystic 
degeneration appears as areas with a hyperintense 
signal on T2WI, without post-contrast enhance-
ment. Myxoid degeneration is characterized by a 
very hyperintense signal on T2WI and minimal 
contrast enhancement. Imaging findings indicat-
ing red degeneration may depend on the time of 
evolution of the hemorrhagic infarction and usu-
ally appear as diffuse or peripheral hyperintensity 
on T1WI, related to either T1 shortening of methe-
moglobin or the protein content of blood; variable 
signal intensity on T2WI, with or without a rim of 
hypointense signal due to the presence of abundant 
intracellular methemoglobin in the obstructed ves-
sels; and lack of enhancement following the 
administration of contrast media (Fig.  21.11). 
Leiomyomas with fatty degeneration are hyperin-
tense on T1WI and hypointense in fat-suppressed 
T1WI [1, 44, 48, 59, 61].

Torsion of a Subserosal Pedunculated 
Leiomyoma
This is a rare complication of subserosal peduncu-
lated leiomyomas. The twisted leiomyoma shows 
up on US as a pelvic mass without vascular flow 
and on CT or MR, as a pelvic mass without con-
trast enhancement, attached to the normally-
enhanced uterus. Usually, the twisted pedicle is 
hard to identify. Its differential diagnoses include 
ovarian torsion, ovarian tumor, leiomyoma with 
massive necrotic infarction, or uterine torsion 
(Fig. 21.12) [61].

a b

Fig. 21.9 Intramural (arrow) and right subserous (arrowhead) non-degenerated leiomyomas (a) and cystic (degener-
ated) leiomyoma (b) on transvaginal ultrasound
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Prolapse of a Pedunculated Submucosal 
Leiomyoma
This entity is defined as protrusion of large 
pedunculated submucosal leiomyomas into the 
cervix or even into the vagina and perineum, 
causing vaginal bleeding and pain secondary to 
the dilation of the cervical canal.

Imaging techniques can be helpful in diag-
nosing the source of the mass, especially MRI, 
which allows for identifying the stalk of the 

mass and its myometrial attachment on sagittal 
T2WI.  The stalk extends from the cervical or 
vaginal mass, up into the endometrial cavity, 
and usually has multiple linear structures run-
ning through it. The appearance of the stalk and 
prolapsed leiomyoma has been described as the 
“broccoli sign.” Differential diagnosis with a 
prolapsed endometrial polyp may be difficult, 
but in MRI, polyps typically show a hyperin-
tense and heterogeneous signal on T2WI, 

b :800 ADC
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a b

c

e

d

Fig. 21.10 Multiple leiomyomas. (a)  Axial T2 WI, (b) 
DWI: multiple hypointense leiomyomas with the blackout 
effect (decrease in signal intensity in the DW image). After 
contrast injection (c), the leiomyomas are hypovascular 

(arrowheads) except one located at the top of the uterus that 
shows a homogeneous enhancement (arrow), is slightly 
hyperintense in T2WI (d), and shows diffusion restriction 
(arrow) on DWI (e) corresponding to a cellular leiomyoma
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whereas the T2WI signal of leiomyomas is 
hypointense, except in cases of torsion and 
necrosis, which show up with a more heteroge-
neous signal intensity and no enhancement after 
the administration of Gd [1, 59].

 Uterine Malignant Diseases
At the early stages, uterine cancer in women may 
be asymptomatic. A symptomatic woman might 
complain of unusual vaginal bleeding (which is 
the most common symptom), spotting, or watery 
vaginal discharge that may be heavy and have a 
foul odor, difficulty or pain while urinating, dys-
pareunia, or pelvic pain. Premenopausal women 

can suffer from menorrhagia and/or intermen-
strual uterine bleeding.

At the advanced stages, symptoms are non-
specific and include pelvic or abdominal pain; 
difficulty eating or reaching early satiety, urinary 
symptoms such as increased frequency and 
urgency, pain during urination, and obstructive 
urinary symptoms. If the tumor has spread toward 
the rectum or sigmoid colon, the patient may 
present with chronic constipation, fecal impac-
tion, and abdominal swelling and bloating asso-
ciated with pain or cramping [63, 64].

In women with a suspected uterine malig-
nancy, screening for the disease begins with an 

a b

Fig. 21.11 Leiomyoma with hemorrhagic infarction. (a, b) Uterine fibroid with peripheral hyperintensity and lack of 
enhancement in 3D-Fat Sat T1 WI (DCE) MRI

a b

Fig 21.12 36 year-old woman who presented with abdom-
inal and pelvic cramping pain. (a) Doppler US: a normal 
size uterus is seen with an increased vascularization in the 
fundus and abnormal vessels in the broad uterine ligament. 

(b) Coronal reformatted CT image: pedunculated subserous 
bilateral leiomyomas that displace intestinal loops and free 
fluid (arrowheads). Surgery was performed; the pedicle of 
the right leiomyoma was twisted (curved arrow)
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evaluation of the patient’s medical history and a 
physical examination, followed with US, a hys-
teroscopy, an endometrial/cervical biopsy, or 
dilation and curettage. An MRI is often per-
formed subsequently to reach a final diagnosis 
and/or staging [3, 6–12, 14].

Endometrial Cancer
Is the most frequent malignant tumor of the 
female genital tract in Western countries. Its inci-
dence is growing, mainly owing to the popula-
tion’s increased life expectancy and obesity rates. 
Most cases of endometrial cancer are diagnosed 
at an early stage, and 75% of cases occur in post-
menopausal women [6, 14, 65–67].

There are two histopathological subtypes of 
endometrial cancer: Type I is the most frequent 
form (80–85%); it is estrogen-dependent, affects 
younger patients (premenopausal or perimeno-
pausal women), and is usually diagnosed at an 
early stage due to an abnormal vaginal bleeding. 
Histologically, type I endometrial carcinoma is a 
grade 1 to 2 endometrioid adenocarcinoma with 
good prognosis (5-year survival of 80%). 
Conversely, type II endometrial cancer is less fre-
quent (10–15%), affects older women (post-
menopause), is diagnosed at an advanced stage 

(60%), and can develop alongside peritoneal car-
cinomatosis (such as in ovarian cancer). 
Histologically, it comprises grade 3 endometrioid 
adenocarcinomas (Fig. 21.13) and other rare eti-
ologies, such as clear-cell carcinoma, undifferen-
tiated serous carcinoma, and carcinosarcoma. 
Type II endometrial cancer has an aggressive 
behavior and a poor prognosis (5-year survival of 
40%) [6, 14, 65–67].

Endometrial cancer is staged surgico-patho-
logically according to the FIGO  and the TNM 
systems (Table  21.5) [68–70]. MRI is recom-
mended for endometrial cancer staging and for 
evaluating patients who would rather avoid sur-
gery in order to preserve their fertility [8]. The 
combination of T2WI, DWI, and DCE has been 
accepted as a standard MRI protocol in routine 
clinical practice (Table 21.1) [6, 66, 67, 71, 72].

A major clinical challenge is the optimal 
selection of high-risk patients with lymph node 
metastasis who would benefit from more exten-
sive surgical procedures (lymphadenectomy, pel-
vic exenteration) while avoiding overtreatment of 
low-risk patients. Lymphadenectomy is contrain-
dicated in low-risk patients (type I endometrial 
cancer, grade 1 or 2, without myometrial inva-
sion). The depth of the myometrial invasion 

a b

Fig. 21.13 Mentally disabled 45 year-old woman who 
presented with cramping abdominal pain, and septic 
shock. A CT (portal phase) was performed to rule out 
appendicitis. (a, b) Sagittal and axial reformatted CT: 
uterine endometrial/myometrial mass with serosal 

 disruption (arrows), a gas bubble (arrowhead) and peri-
uterine fluid. Hysterectomy was performed and histo-
pathological analysis showed endometrial carcinoma 
(Endometrioid- type I, grade 3) and endometritis by 
Escherichia coli

21 Imaging of Uterine Disease-Related Pain



434

(myometrial invasion of less than or ≥50%) clas-
sifies the entity into stages IA and IB, and MRI is 
known to accurately assess the depth of this 
parameter [6, 66, 67, 71, 72].

Cervical Cancer
Is the third most common gynecological cancer 
worldwide, accounting for over 300,000 deaths 
annually. Nearly 80% of cases of cervical cancer are 
instanced in developing countries, and most patients 
are diagnosed with the disease at an advanced stage, 
thus not being suitable for surgical staging. Most 
cervical cancers are caused by the sexually trans-
mitted human papillomavirus (HPV), with over 
70% of cancers being associated with high-risk sub-
types HPV 16 and HPV 18. Increased compliance 
with screening Pap smears for the detection of pre-
cancerous lesions, as well as the approval of HPV 
prevention vaccines, have drastically decreased the 
rate of cervical cancer in the United States and other 
developed regions of the world [65].

Histologically, 85% of cervical carcinomas 
are of the squamous cell subtype, and the 

remaining 15% are caused by adenocarcinoma, 
adenosquamous carcinoma, and undifferenti-
ated carcinoma [65].

Clinical staging of cervical carcinomas is per-
formed by gynecological bimanual and speculum 
examinations, colposcopy, and cervical biopsy. 
In developing countries where MRI and positron 
emission tomography/computed tomography 
(PET/CT) are not available, additional invasive 
techniques, including an examination under 
anesthesia, cystoscopy, intravenous urography, 
and sigmoidoscopy or barium enema, can be per-
formed to screen for the advanced disease. The 
revised FIGO staging system recommends the 
use of MRI together with PET/CT to increase the 
accuracy of the staging (Table 21.6) [73].

There are significant inaccuracies in the clini-
cal staging system compared to the surgical one, 
with an error rate of up to 32% in patients with a 
stage IB disease and of up to 65% in patients with 
a stage III disease. The greatest difficulties 
reported in the clinical examination of patients 
with cervical cancer are the accurate estimation 

Table 21.5 TNM and FIGO classifications for endometrial cancer

TNM
categories

FIGO
stages Definition

Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Tumor in situ (preinvasive carcinoma)
T1 I Tumor confined to the corpus uteri (endocervical glandular involvement should be 

considered as stage I)
  T1a   IA Tumor limited to endometrium or invading less than half of myometrium
  T1b   IB Tumor invades one half or more of myometrium
T2 II Tumor invades cervical stroma, but does not extend beyond the uterus
T3 III Local and regional spread
  T3a   IIIA Tumor invades the serosa of the corpus uteri or adnexa (direct extension or metastasis)
  T3b   IIIB Vaginal or parametrial involvement (direct extension or metastasis)
  N1, N2   IIIC Metastasis to pelvic or para-aortic lymph nodes
  N1   IIIC1 Metastasis to pelvic lymph nodes
  N2   IIIC2 Metastasis to para-aortic lymph nodes, with or without positive pelvic lymph nodes
  T4   IVA Tumor invades mucosa of bladder or rectum (bullous edema is not sufficient to 

classify a tumor as T4)
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis to pelvic lymph nodes
N2 Regional lymph node metastasis to para-aortic lymph nodes, with or without positive 

pelvic lymph nodes
M0 No distant metastasis
M1   IVB Distant metastasis (includes metastasis to inguinal lymph nodes, intraperitoneal 

disease, or lung, liver, or bone metastases; it excludes metastasis to para-aortic lymph 
nodes, vagina, pelvic serosa, or adnexa)
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Table 21.6 TNM and FIGO classifications for cervical cancer

TNM categories FIGO stages Definition
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Preinvasive carcinoma
T1 I The carcinoma is strictly confined to the cervix (extension to the uterine 

corpus should be disregarded)
 T1a IA Invasive carcinoma that can be diagnosed only microscopy, with maximun 

depth of invasion <5 mma

  T1a1 IA1 Measured stromal invasion <3 mm in depth
  T1a2 IA2 Measured stromal invasion >3 mm and <5 mm in depth
 T1b IB Invasive carcinoma with measured deepest invasion ≥5 mm (greater than 

Stage IA), lesion limited to the cervix uterib

  T1b1 IB1 Invasive carcinoma with measured deepest invasion ≥5 mm depth in stromal 
invasion, and <2 cm in greatest dimension

  T1b2 IB2 Invasive carcinoma ≥2 cm and <4 cm in greatest dimension
No TNM equivalent IB3d Invasive carcinoma >4 cm in greatest dimension
T2 II The carcinoma invades beyond the uterus, but has not extended onto the 

lower third of the vagina or to the pelvic wall
 T2a IIA Involved limited to the upper two-thirds of the vagina without parametrial 

invasion
  T2a1 IIA1 Invasive carcinoma <4 cm in greatest dimension
  T2a2 IIA2 Invasive carcinoma >4 cm in greatest dimension
 T2b IIB With parametrial involvement but not up to the pelvic wall
T3 III The carcinoma involves the lower third of the vagina and/or extends to the 

pelvic wall and/or causes hydronephrosis or nonfunctioning kidney and/or 
involves pelvic and/or para-aortic lymph nodesc

 T3a IIIA The carcinoma involves the lower third of the vagina, with no extension to 
the pelvic wall

 T3b IIIB Extension to the pelvic wall and/or hydronephrosis or nonfunctioning kidney 
(unless known to be due to another cause

Nx Regional lymph nodes cannot be assessed
N0 No regional lymph nodes metastasis
Nd IIICd Involvement of pelvic and/or para-aortic lymph nodes, irrespective of tumor 

size and extent (with r and p notations)c

No TNM equivalent IIIC1d Pelvic lymph nodes metastasis only
No TNM equivalent IIIC2d Para-aortic lymph nodes metastasis
T4 IV The carcinoma has extended beyond the true pelvis or has involved (biopsy 

proven) the mucosa of the bladder or rectum. (A bullous edema, as such, 
does not permit a case to be allotted to Stage IV)

IVA Spread to adjacent pelvic organs
M0 No distant metastasis
M1 IVB Spread to distant organs

When in doubt, the lower staging should be assigned
aImaging and pathology can be used, when available, to supplement clinical findings with respect to tumor size and 
extent in all stages
bThe involvement of vascular/lymphatic spaces does not change the staging. The lateral extent of the lesion is no longer 
considered
cThe notations of r (imaging) and p (pathology) are added to indicate the findings used to assign a case as Stage IIIC. For 
example, if imaging indicates pelvic lymph node metastasis, the stage allocation would be Stage IIIC1r, whereas if 
confirmed by pathologic findings, the stage would be Stage IIIC1p. The type of imaging modality or pathology tech-
nique used should always be documented
dThe revised FIGO classification was recently published (October 2018). TNM (8th Edition) does not include classifica-
tion for the new FIGO groups IB3, IIIC1, and IIIC2. TNM defines only regional lymph nodes, with N0 (i+) indicating 
isolated tumor cells in regional lymph node(s) no greater than 0.2  mm, and N1 indicating regional lymph node 
metastasis
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of tumor size, the assessment of parametrial and 
pelvic sidewall invasion, and the evaluation of 
lymph node metastases, all of which are very 
important prognostic factors [14, 73–76].

The ultimate goal of imaging is to appropri-
ately stratify patients into treatment groups, avoid 
the morbidity and mortality associated with 
unnecessary surgery, and ensure that all regions of 
a suspected disease are included in the radiation 
treatment fields [14, 70, 73–76]. Therefore, imag-
ing is complementary to the clinical assessment, 
with MRI being the optimal modality to stage cer-
vical carcinoma with a FIGO stage 1B1 or greater. 
For the detection of nodal metastasis greater than 
10 mm,  PET/CT is more accurate than CT and 
MRI, with false-negative results in 4%–15% of 
cases. PET/CT has a sensitivity of 53%–73% and 
specificity of 90%–97% for the detection of LN 
involvement, while in more advanced stages the 
sensitivity for detecting the involvement of para-
aortic nodes increases to 75% with 95% specific-
ity [73]. Regarding  treatment, in young patients 
with small invasive tumors who wish to preserve 
their fertility, a more conservative surgical proce-
dure (vaginal radical  trachelectomy) can be per-
formed. In these cases, MRI staging is mandatory 
to determine eligibility in terms of tumor size 
(<2 cm), cervical length (>2.5 cm), and distance 
between the tumor and the internal cervical os 
(>1 cm) [8, 75]. Young women with larger tumors 
( FIGO IB1, IB2 ) or with a limited vaginal 
access, are usually selected for abdominal radical 
trachelectomy or neoadjuvant chemotherapy plus 
conservative surgery [8, 73].

Patients with an early-stage disease, tumors 
confined to the uterus, and tumors of less than 4 cm 
(stage I–IB2) are treated with primary surgical 
resection and lymphadenectomy. Tumors at stage 
IB3 or above are treated with concurrent chemora-
diotherapy (Fig. 21.14). Moreover, women with an 
advanced-stage disease (IVB) are offered palliative 
chemotherapy and symptomatic control [73, 74].

Uterine Sarcomas
Are a heterogeneous group of tumors accounting 
for 2–3% of all uterine tumors. In studies and 
systematic reviews of women undergoing hyster-
ectomy or myomectomy for a myometrial mass, 

the prevalence of sarcoma was approximately 
0.20–0.36%. The black population has a risk fac-
tor for uterine sarcoma. Average age at diagnosis 
is 60 years, thus, most sarcomas develop after 
menopause [15, 77].

The clinical features of benign leiomyomas 
and uterine sarcomas are often indistinguishable. 
They can both present with abnormal uterine 
bleeding, pelvic pain/pressure, and a pelvic mass. 
Classically, uterine sarcomas are identified as a 
rapidly-growing pelvic mass, which may be 
accompanied by vaginal bleeding and abdominal 
or pelvic pain in postmenopausal women. Serum 
markers such as  Lactate dehydrogenase (LDH) 
and LDH isozyme type III can be elevated in 
leiomyosarcomas (LMS) but also with cellular 
and degenerated leiomyomas [15].

Uterine sarcomas may originate from the 
smooth muscle of the myometrium [LMS], the 
endometrial stroma (endometrial stromal sar-
coma [ESS] (Fig.  21.15) and undifferentiated 
endometrial sarcoma [UES]), or both (adenosar-
coma) [15]. LMS is the most commonly 
instanced histological variant of uterine sarco-
mas and is considered to be an aggressive tumor 
associated with poor prognosis and a 5-year sur-
vival rate ranging from 18.8 to 68%. ESS is rela-
tively indolent and associated with long-term 
survival but is characterized by late recurrences 
(14–60% of women). In contrast, UES has a 
very aggressive behavior and poor prognosis, 
with a 5-year survival rate of 25–55%. 
Adenosarcomas are rare mixed tumors, of both 
glandular and mesenchymal origin, with a rela-
tively low malignant potential, a slow growth 
pattern, and a 5-year survival rate of over 80% 
[15, 65].

Uterine sarcomas are staged with FIGO clas-
sification (Table 21.7) [78].

The distinction between different subtypes of 
uterine sarcomas and other uterine tumors is not 
made on clinical grounds. Thomassin-Naggara 
et al. [16] reported that by combining the analysis 
of T2 signal intensity, b: 1000 images, and ADC 
map, MRI achieved 92.4% accuracy in distin-
guishing benign and uncertain or malignant myo-
metrial tumors. More recently, Lackman et al. [79] 
analyzing qualitative measures to differentiate 
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LMS from atypical leiomyoma showed that the 
four qualitative MR features most strongly associ-
ated with LMS were nodular borders, hemorrhage, 
“T2 dark” area(s), and central unenhanced area(s). 
When a lesion had ≥3 of these four features, it was 
most probably a LMS (p ≤ 0.0001).

MRI has a developing role in the assessment 
of these malignancies, being useful in the evalua-
tion of pelvic masses at their onset, in the charac-
terization of the different uterine masses, in an 
adequate staging (assessment of invasion depth, 
spread to adjacent organs and lymph nodes), and, 
consequently, in establishing the appropriate 
treatment plan [14–16, 79].

Uterine Lymphomas
Primary malignant lymphomas of the uterus or cer-
vix are rare. Most cases of uterine lymphomas are a 
result of secondary involvement of the disease. Less 
than 1% of primary malignant lymphomas develop 
in the female genitalia. Most cases of primary uter-
ine lymphoma are a form of non-Hodgkin lym-
phoma, mainly diffuse large B-cell lymphoma [80].

The median age at diagnosis of this disease is 
between 40 and 50 years. Most primary uterine 
lymphomas arise from the cervix; however, in 
most cases, both the cervix and uterine body are 
involved. The most common symptoms of primary 
uterine lymphoma are abnormal vaginal bleeding 
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Fig. 21.14 56-year-old woman with abdominal bloating 
and chronic pelvic pain. (a, b) Sagittal and axial oblique 
T2WI: cervical mass obstructing the endometrial cavity 
(white arrow) which is distended with fluid. There is 

 extrauterine extension (yellow arrow) and tumoral vegeta-
tions extending into the endometrial cavity. (c, b) DWI (b:800, 
ADC map) shows diffusion restriction. Cervical biopsy and 
histology: squamous cervical cancer. FIGO: IIB
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or discharge, abdominal pain, and mass effect. Pap 
smear results are usually not abnormal, because 
primary lymphoma of the cervix or uterus arises 
from the stroma, and not from the epithelium.

The disease usually presents as diffuse uterine 
enlargement, but it may appear as a large lobu-
lated mass or as multiple nodules. Significant 
contrast enhancement with Gd has also been 
reported, which is a slightly unusual finding com-
pared to lymphoma in solid abdominal organs. 
Invasion of the bladder and vagina may also be 
observed. Its possible differential diagnoses 
include cervical carcinoma, small-cell carcinoma 
of the uterus, metastases, and sarcoma [81].

Uterine Metastasis
Metastasis to the uterus and cervix from extra-
genital sites is a rare occurrence. Metastasis of a 
primary vaginal or ovarian tumor in the female 
genital tract is more common. Taking into 
account extragenital tumors, the breast followed 
by gastrointestinal tumors, are the most common 
primary source of the metastasis (Fig.  21.16) 
[82, 83].

Metastatic tumors must be considered in the 
differential diagnosis of a cervical/uterine mass 
in women of perimenopausal ages, especially in 
patients with a prior history of neoplasm present-
ing with abnormal vaginal bleeding.

U 

a

c

b

Fig 21.15 60 year-old woman with no complaints. (a) 
Coronal T2WI: pelvic heterogeneous exophytic mass that 
extends from the right side of the uterine fundus (U) with 
serosa disruption (arrowheads), upward to the midline of 
the pelvis. (b, c)  DCE (subtraction image), parametric 

map and time-intensity curve show a heterogeneous mass 
with early enhancement in the right aspect (arrow) of the 
mass and early washout-curve type 3. Hysterectomy and 
histology: undifferentiated endometrial stromal sarcoma, 
FIGO: IIIB
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Table 21.7 TNM and FIGO classifications for uterine sarcomas (leiomyosarcomas, endometrial stromal sarcomas, 
adenosarcomas, and carcinosarcomas)

TNM
categories

FIGO
stage Surgical-pathologic findings

Leiomyosarcomas and Endometrial Stromal Sarcomas (ESS)
T1 I Tumor limited to the uterus
  T1a   IA Tumor <5 cm in greatest dimension
  T1b   IB Tumor >5 cm
T2 II Tumor extends to the pelvis
  T2a   IIA Tumor involves adnexa
  T2b   IIB Tumor extends to extrauterine pelvic tissue
T3 III Tumor involves abdominal tissues (not just protruding into the abdomen)
  T3a   IIIA One site
  T3b   IIIB >One site
N1 IIIC Metastasis to pelvic and/or para-aortic lymph nodes
T4 IVA Tumor invades bladder and/or rectum
M1 IVB Distant metastases
Adenosarcomasa

T1 I Tumor limited to the uterus
  T1a   IA Tumor limited to endometrium/endocervix with no myometrial invasión
  T1b   IB Tumor invades to <50% of the myometrium
  T1c   IC Tumor invades >50% of the myometrium
  T2 II Tumor extends beyond the uterus, within the pelvis
  T2a   IIA Tumor involves adnexa
  T2b   IIB Tumor involves other pelvic tissue
T3 III Tumor invades abdominal tissues (not just protruding into the abdomen)
  T3a   IIIA One site
  T3b   IIIB >One site
N1 IIIC Metastasis to pelvic and/or para-aortic lymph nodes
T4 IVA Tumor invades bladder and/or rectum
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
M0 No distant metastasis
M1 IVB Distant metastases (excluding adnexa, pelvic and abdominal tissues)
Carcinosarcomas Should be staged as endometrial carcinoma

aSimultaneous tumor of the uterine corpus and ovary/pelvis in association with ovarian/pelvic endometriosis should be 
classified as independent primary tumors

a b

Fig. 21.16 70-year-old woman with history of sigmoid 
adenocarcinoma treated with Hartmann procedure 5 years 
before. (a) Control CT (portal phase) shows a cystic mass 
in the uterine fundus with a rim of contrast enhancement. 

(b) FDG-PET/CT: necrotic uterine mass with peripheral 
rim enhancement (standardized uptake value- SUV:10.6 g/
mL). Biopsy and histology: metastasis of colon 
adenocarcinoma
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21.3.2.3  Uterine Torsion
Uterine torsion is a very rare acute disorder 
entailing a rotation of over 45° of the uterus along 
its longitudinal axis, usually at the level of the 
isthmus [61, 84].

Risk factors for this condition include leio-
myomas, which are the most common predis-
posing factor in nonpregnant women, followed 
by pregnancy, abnormal fetal presentation, 
external cephalic version, congenital uterine 
anomalies, adnexal masses, and pelvic adhe-
sions [61, 84–86].

Its most common symptoms are abdominal 
pain, of mild or acute intensity, associated with 
shock, vaginal bleeding, and gastrointestinal or 
urinary discomfort. In pregnant women it can 
lead to placental abruption [61, 84, 87].

In US, an obvious change can be observed in 
the location of a known leiomyoma or the pla-
centa of pregnant women (from left to right or 
vice versa), which may aid in reaching an early 
diagnosis. Doppler US reveals abnormally posi-
tioned ovarian vessels across the uterus, as the 
bilateral ovaries may be involved in the twisted 
pedicle, with the broad ligament wrapped around 
the uterine corpus. CT and T2WI images may 
reveal a whirlpool sign at the level of the uterine 
isthmus or either an X-shaped or twisted configu-
ration of the upper vagina on axial images; how-
ever, these signs may depend on the extent and 
level of the torsion [61, 84, 88].

21.3.2.4  Uterine Pain Related 
to Iatrogenic and Medical 
Procedures

 Intrauterine Contraceptive Devices
Intrauterine devices (IUD) are the most common 
type of long-term reversible contraceptive method 
used worldwide. Mispositioning and other com-
plications, such as uterine perforation or PID, 
may be a cause of pelvic pain in women. In these 
cases, imaging techniques are useful not only to 
assess the location of the IUD but also to rule out 
potential associated complications [89, 90].

US is the first-line imaging modality used to 
evaluate IUDs; however, other techniques, such 
as plain radiography or CT, can be helpful if the 

device cannot be viewed clearly or to further 
assess complications. In US, a correctly posi-
tioned T-shaped IUD (the most common type) 
shows up as a hyperechogenic device, with or 
without an acoustic shadow, placed within the 
endometrial cavity, with the proximal end of the 
stem being located in the internal cervical os, its 
distal end in the fundus, and the arms positioned 
transversally. 3D US allows for a more accurate 
evaluation of the position of the IUD arms, par-
ticularly on coronal views [91, 92].

Mispositioning
A low positioned IUD is less effective as a con-
traceptive method and may cause pain, espe-
cially dyspareunia. US would reveal the 
misplaced device with its upper tip and crossbar 
located in the middle or lower uterus and its 
proximal end positioned within the cervical 
canal. Some authors defined displacement as a 
distance >3  mm between the upper tip of the 
stem and the uterine fundus and associated this 
condition with a high risk of expulsion, but it has 
been shown that in many cases, the IUD sponta-
neously shifts into a correct position within a 
few months. In women who have had prior uter-
ine surgery, the mispositioning can occur due to 
the migration of the tip of the IUD to the scar 
defect [92–94].

Uterine Perforation
Penetration of the arms or stem of device into or 
through the myometrium at the time of insertion 
occurs in one to two cases per 1000 insertions. 
Risk factors for this include insertion by inexpe-
rienced operators, the device being placed less 
than 6 months postpartum, and women with a 
history of few/no pregnancies or several miscar-
riages [90, 91].

Clinically, it manifests with pelvic pain, usu-
ally moderate, and vaginal bleeding although it 
can occasionally be asymptomatic. The threads 
are often not found during the patient’s physical 
examination [91–94].

Penetration may be partial (embedment) or 
complete (perforation) if the IUD reaches and 
pierces the serosa, either partially or completely. 
Secondary migration within the pelvis or even 
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the upper abdomen may occur subsequently, due 
to chronic inflammation causing erosion of the 
uterine wall. Migration outside the uterus can 
lead to additional severe complications such as 
bowel or bladder perforation [90, 92, 95].

If a known IUD is not found during an US 
exam, a plain abdominal X-ray may be helpful to 
ascertain its location, and a CT scan of the abdo-
men can help determine a more accurate location 
or assess additional complications for their 
appropriate management [90, 92, 95].

 Uterine Artery Embolization
Uterine artery embolization (UAE) is a percuta-
neous interventional radiological procedure used 
in the treatment of clinically selected patients 
with symptomatic leiomyomas or adenomyosis. 
It involves the delivery of embolic particles via 
the uterine arteries to occlude end-arterioles per-
fusing the leiomyomas, thus resulting in their 
necrosis [50].

After the procedure, at least 50% of patients 
suffer a post-embolization syndrome consist-
ing of pelvic pain and cramping, pyrexia, nau-
sea, and vomiting, lasting for up to 48–72  h. 
Pelvic pain, which is the most common symp-
tom, may last for up to a month. Other compli-
cations that may cause severe uterine pain, 
fever, and recurrent vaginal bleeding are the 
sloughing of submucosal necrotic fibroids 
associated or not to their transvaginal delivery, 
which occurs in 2–5% of cases, endometritis 
(0.5% of cases), and pyomyoma or uterine 
infarction (in less than 1% of patients). Other 

complications, such as tubo-ovarian abscesses, 
urinary tract infections, urinary retention, or 
nontarget embolization leading to vaginal or 
bladder mucosal necrosis, may also cause 
abdominal pain [50, 58].

After a successful procedure, a follow-up 
MRI should show a progressive liquefaction of 
the leiomyoma, with a hyperintense signal on 
T2WI, until its complete infarction. Complete 
infarction is characterized by a total lack of 
enhancement in post-contrast MR images. 
Occasionally, a hyperintense signal on T1WI 
and variable signal intensity on T2WI may 
appear within the leiomyoma, depending on the 
duration of the hemorrhage, a condition known 
as hemorrhagic infarction (Fig. 21.17). A small 
amount of gas showing up as signal voids on 
T1WI and T2WI may be identified within the 
necrotic leiomyoma; this finding should not be 
misdiagnosed as evidence of pyomyoma since 
gas can arise from the necrotic process itself; 
therefore, clinical correlation is imperative. 
Leiomyoma calcification occurs at least 6 
months after the procedure and can be observed 
as a hypointense signal on T1WI and T2WI, 
along with blooming on GRE images [50].

 Complications of Cesarean Delivery: 
Suture Dehiscence
Dehiscence of cesarean section, and consequent 
uterine rupture are rare early complications of 
cesarean delivery. It occurs in about 1 out of 
every 700–2400 cesarean births, usually in the 
setting of underlying infection [96].

a b c

Fig. 21.17 Leiomyoma embolization. (a) Axial T2WI 
(pre-embolization): degenerated leiomyoma. (b) Axial Fat 
Sat T1WI (post-embolization): red (hemorrhagic) leio-

myoma. (c) Axial Fat Sat T1 +Gd: no enhancement of the 
leiomyoma (complete infarction)
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CT and especially MRI have a higher accu-
racy than US for the diagnosis of this condition. 
The parietal gap, located in the anterior lower 
uterine wall, may be better demonstrated on 
images in a perpendicular plane to that of the 
cesarean incision. It is often associated with fluid 
collections, abscesses, or hematomas. Although a 
small bladder flap hematoma, in the vesicouter-
ine pouch, is a frequent finding after cesarean 
delivery, large ≥5 cm hematomas are often asso-
ciated with infective suture dehiscence 
(Fig. 21.18) [29, 96].

21.3.3  Painful Pregnancy-Related 
Conditions

21.3.3.1  Early Miscarriage
Spontaneous miscarriage during the first trimes-
ter occurs in approximately 10–12% of known 
pregnancies. Although it may be asymptomatic, 
most patients present with pain and vaginal 
bleeding.

US is the first-line imaging modality of choice 
when a spontaneous miscarriage is clinically sus-
pected. In 2012, a multispecialty panel convened 
by the Society of Radiologists in Ultrasound 

established new and more conservative US find-
ing criteria for both suspected and definitive 
diagnoses of early pregnancy failure (Table 21.8) 
[97, 98]. US suspicious findings must be corre-
lated with the date of the last menstruation and 
the levels of the beta subunit of human chorionic 
gonadotropin (β-hCG) and are indication for a 
new follow-up sonogram in few days.

21.3.3.2  Placental Abruption and 
Subchorionic Hemorrhage

Placental abruption entails the premature separa-
tion of a normally implanted placenta from the 
myometrium, which affects approximately 1% of 
all pregnancies and accounts for 10–25% of pre-
natal deaths [1, 2].

If often occurs between the 24th and 26th 
weeks of gestation, causing pain and vaginal 
bleeding, and being the main cause of the latter 
during the third trimester of pregnancy. Risk fac-
tors for placental abruption include chronic 
hypertension, trauma, and advanced maternal age 
[1, 99, 100].

Fig. 21.18 25 year-old woman with a recent C-section 
due to chorioamnionitis (Klebsiella and Escherichia coli), 
who presented with fever and leukocytosis. MRI. Sagittal 
oblique T2WI: cesarean scar dehiscence (arrow)

Table 21.8 Early miscarriage: diagnostic and suspicious 
US findings

Diagnosis findings Suspicious findings

≥7 mm length embryo 
with no heartbeat

<7 mm length embryo with 
no heartbeat

≥25 mm gestational 
sac with no embryo

16–24 mm gestational sac 
with no embryo

No embryo with 
heartbeat ≥14 days 
after prior US 
showing gestational 
sac without yolk sac

No embryo with heartbeat 
7–13 days after prior US 
showing gestational sac 
without yolk sac

No embryo with 
heartbeat ≥11 days 
after prior US 
showing gestational 
sac with yolk sac

No embryo with heartbeat 
7–10 days after prior US 
showing gestational sac with 
yolk sac

No embryo ≥6 weeks after 
last menses
Amnion with no visible 
embryo
>7 mm length yolk sac
<5 mm difference between 
gestational sac diameter and 
embryo length

The 2012 Society of Radiologists in Ultrasound multispe-
cialty consensus panel criteria (adapted from Ref. [96], 
with permission)
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US is the imaging modality of choice for 
evaluating the placenta. In US, the normal pla-
centa is discoid, with rounded margins and a 
thickness of 2–4  cm. It shows homogeneous 
intermediate echogenicity, with a deep 
hypoechoic band at the junction between the 
myometrium and the basal decidual layer, known 
as the retroplacental hypoechoic space. However, 
the sensitivity of US for detecting placental 
abruption is low, approximately 25%, because in 
most cases of abruptio, the resulting hemorrhage 
may not be retained within the endometrial cav-
ity [99-100]. A retroplacental hematoma can be 
suspected in US if the retroplacental hypoechoic 
zone is thickened to over 2 cm. It may show up 
as a well-delimited mass with variable echo-
genicity, that can mimic an abnormally thick-
ened placenta (>4  cm) [2, 100]. Typically, 
hematomas form between the myometrium and 
the chorionic membrane (subchorionic),  and 
they are  associated with a worse neonatal out-
come. [2, 99, 100].

MRI is superior to ultrasound for diagnosing 
placental abruption due to its greater accuracy at 
characterizing hemorrhagic products, better soft 
tissue contrast, and wider FOV [1, 2, 99, 101]. 
Normal placenta is isointense to the myome-
trium on T1WI and a hypo- or isointense on 
T2WI, with a fine line of hypointense signal 
 corresponding to the placental-myometrial junc-
tion, and a regular pattern of hypointense fine 
lines corresponding to normal septa. Placental 
signal intensity is homogeneous during early 
pregnancy and becomes more heterogeneous 
with maturation. Subplacental vascularity and 
the umbilical cord insertion site in the placenta 
appear as flow voids [2]. T1WI and DWI are use-
ful to help distinguish hyperintense or hypoin-
tense hematomas, depending on the age of the 
blood products [101].

The second most common posttraumatic 
injury in pregnant women, after solid organ 
injury, is placental abruption. With the devel-
opment of low-dose radiation protocols, CT 
has become a helpful tool to assess maternal 
injury in the context of trauma when further 
evaluation is needed (Fig. 21.19). On CT, the 

placenta shows homogeneous density during 
the first and early second trimester, increasing 
its heterogeneity as pregnancy progresses. 
From the second trimester onward, placental 
cotyledons appear as low attenuation foci sur-
rounded by contrast-enhancing placenta. 
Suspicious findings of placental damage on CT 
are:  the detection of a thick area of reduced 
contrast enhancement, due to the presence of 
areas of infarction, and hyperdense amniotic 
fluid, secondary to placental bleeding into the 
amniotic cavity. Saphier and Kopelman have 
developed a 5-grade descriptive classification 
of placental posttraumatic injuries on CT,  the 
Traumatic Abruptio Placental Scale (TAPS) 
(Table 21.9) [30].

21.3.3.3  Red Degeneration of Uterine 
Myomas and Uterine Torsion

Both entities have already been described in their 
corresponding sections.

Fig. 21.19 Placental abruption in a 30-year-old woman 
with profuse vaginal bleeding after a motor vehicle colli-
sion at 28 weeks gestation. Axial contrast-enhanced CT 
image shows a heterogeneously enhancing placenta with 
devascularized areas (arrows), which represent areas of 
infarction. Another small nongeographic area of low atten-
uation forms an acute angle with the myometrium. More 
than 50% of the placenta shows enhancement; therefore, 
this is grade 2a on the Trauma Abruptio Placenta Scale 
(TAPS). From reference [99], with permission
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21.3.3.4 Ectopic Pregnancy
An ectopic pregnancy occurs when a fertilized 
ovum implants outside the uterine endometrium. 
Nearly 95–98% of cases take place in the ampul-
lary, infundibular, or isthmic segments of the fal-
lopian tube, but other uncommon uterine 
implantation sites are also possible, including the 
cervix (in less than 1% of cases), the interstitial 
segment of the fallopian tube (2–4% of cases), a 
cesarean or other uterine surgery scar (less than 
1% of cases), or even in the uterine myometrium 
(in less than 1% of cases) [2, 102–104].

Risk factors for ectopic pregnancy include 
venereal disease, adenomyosis, assisted repro-
ductive techniques, use of IUD, prior cesarean 
delivery or other uterine surgery, and Asherman’s 
syndrome [2, 102].

The most common symptoms of ectopic 
pregnancy are vaginal hemorrhage and abdomi-
nal pain, always with a positive pregnancy test 
result. These symptoms are not specific; hence, 
diagnostic imaging techniques, especially US, 
play an important role in its diagnosis. Ectopic 
pregnancy is ruled out if an intrauterine gesta-
tional sac is appreciated, given that in most 
cases of ectopic pregnancy  (except for ectopic 
pregnancies), images show an empty endome-
trial cavity. US also helps differentiate these 
rare sites of ectopic non-tubal pregnancy [102]. 
MRI is helpful when US findings are not con-
clusive [2].

 Interstitial Ectopic Pregnancy
It is the pregnancy in which the implantation 
takes place in the intramyometrial segment of the 
fallopian tube.

Its clinical presentation may be severe, in the 
form of profuse life-threatening hemorrhage, due 
to the proximity of the gestational sac to the 
intramyometrial arcuate vasculature. It is impor-
tant to distinguish between an interstitial ectopic 
pregnancy and a normal eccentric intrauterine 
pregnancy. The following three US findings may 
aid in this task [102, 104]:

 – The interstitial line sign: the interstitial segment of 
the fallopian tube is viewed in the transversal plane, 
at the level of the fundus, as a fine echogenic line that 
extends from the superolateral aspect of the endome-
trium through the myometrium. In an interstitial 
ectopic pregnancy, the gestational sac is located in 
this echogenic line, whereas in a normal angular 
intrauterine pregnancy, it is located medially to it.

 – The myometrial mantle sign: in an interstitial 
ectopic pregnancy, the gestational sac is com-
pletely surrounded by a thin layer (<5 mm) of 
myometrium, whereas in a normal intrauterine 
pregnancy, it is placed in the endometrium, encir-
cled by the endometrialmyometrial junction.

 – The bulging sign: in sagittal and transverse US 
planes, the eccentric location of the gestational 
sac in the interstitial segment of the tube causes 
an abnormal bulging in the uterine contour.

 Cervical Ectopic Pregnancy
This type of pregnancy occurs when the ovum 
implants in the cervical canal.

Its main differential diagnosis is miscarriage. 
Misdiagnosis between these two entities can be 
dangerous, as the cervix lacks a muscular wall, 
which is essential for hemostasis, and a deep 
curettage in this area may lead to severe hemor-
rhage [102].

US findings, such as the presence of an 
embryo with a heartbeat in the cervical canal, 
peritrophoblastic flow in a Doppler study, or 
growth of the gestational sac with embryo devel-
opment in a follow-up US, in addition to β-hCG 
levels, are indicators of a cervical ectopic preg-
nancy [102, 104]. 

Table 21.9 Traumatic abruptio placenta scale (adapted 
from Ref. [30], with permission)

Grade CT findings
0 Placenta with normal 100% homogeneous 

enhancement
1 Geographic hypodense areas involving <50% 

of placenta surface, due to vascular lakes and 
cotyledons or age related non-clinically 
significant infarcts (normal variants)

2 2 
a

Non-geographics contiguous hypodense areas 
that form acute angles with myometrium 
involving <50% of placental surface

2 
b

Contiguous and/or full-thickness hypodense 
areas that form acute angles with myometrium 
involving 50–75% of placental surface

3 Large, contiguous and/or full-thickness 
hypodense areas involving 50–75% of 
placental surface

M. M. Otero-García et al.
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 Scar Ectopic Pregnancy
In this case, implantation of the ovum takes place 
in a surgery scar, usually a cesarean scar, located in 
the anterior lower segment of the uterus. The ges-
tational sac may grow toward the endometrium, 
progressing as a normal pregnancy, or toward the 
abdomen, with an associated risk of severe com-
plications. These complications are:  uterine rup-
ture, mass effect over the adjacent bladder, 
placental bladder invasion, and  massive hemor-
rhage. Early diagnosis is crucial, as the deep 
implantations of the chorionic villi in the scar tis-
sue or adjacent bladder make curettage especially 
dangerous, with  a  high risk of uterine rupture, 
severe hemorrhage, or bladder injury [102].

On US, the gestational sac is located in the 
lower anterior wall of the uterus, showing hyper-
echoic margins and a peritrophoblastic flow. A 
thinning myometrium located in front of the ges-
tational sac or even a possible defect in the uter-
ine wall can also be observed. The sagittal plane 
is helpful for the assessment of the relation 

between the gestational sac and the cesarean scar 
and its proximity to the bladder. MRI may aid in 
assessing bladder invasion [96, 102, 104].

 Myometrial Ectopic Pregnancy
In this type of pregnancy, the ovum implants 
within the myometrium clearly separated from 
the endometrium and the interstitial segment of 
the fallopian tube. In US, the gestational sac is 
completely surrounded by the myometrium, as in 
the case of interstitial ectopic pregnancies [102].

21.3.3.5  Uterine Rupture
Uterine rupture is a very rare catastrophic event 
causing severe abdominal pain. Its risk factors 
include prior uterine surgery, congenital uterine 
anatomic abnormalities, or interstitial ectopic 
pregnancy. Most cases take place during labor 
but also can occur before delivery. If imaging is 
performed, US, CT, or MRI may show hernia-
tion of the contents of the gestational sac 
(Fig. 21.20) [2].

a b

Fig. 21.20 33 year-old pregnant woman with two previ-
ous uterine curettages. She presented with abnormal uter-
ine contractions in the 37th week. (a) Coronal MR image 

shows a uterine rupture with extrusion of the gestational 
sac (arrow). (b) Sagittal MR image: fetal buttocks plug 
uterine rupture hole. (Old case from 2005)

21 Imaging of Uterine Disease-Related Pain



446

Acknowledgment We would like to thank Dr. Marta 
Rodriguez-Alvarez (radiologist), Dr. Roberto Gonzalez-
Boubeta, Emilio Couceiro-Naveira, and Orlando 
Valenzuela-Besada (gynecologists), all of them from our 
hospital, for all the help given in the compilation of some 

images for this chapter. Thank you.

References

1. Knoepp US, Mazza MB, Chong ST, Wasnik AP. MR 
imaging of pelvic emergencies in women. Magn 
Reson Imaging Clin N Am. 2017;25(3):503–19.

2. Woodfield CA, Lazarus E, Chen KC, Mayo-Smith 
WW. Abdominal pain in pregnancy: diagnoses and 
imaging unique to pregnancy-review. AJR Am J 
Roentgenol. 2010;194(Suppl 6):14–30.

3. Sala E, Wakely S, Senior E, Lomas D. MRI of malig-
nant neoplasms of the uterine corpus and cervix. 
AJR Am J Roentgenol. 2007;188(6):1577–87.

4. Behr SC, Courtier JL, Qayyum A.  Imaging 
of Müllerian duct anomalies. Radiographics. 
2012;32(6):233–50.

5. Bazot M, Bharwani N, Huchon C, Kinkel K, Cunha 
TM, Guerra A, et al. European society of urogenital 
radiology (ESUR) guidelines: MR imaging of pelvic 
endometriosis. Eur Radiol. 2017;27(7):2765–75.

6. Nougaret S, Lakhman Y, Vargas HA, Colombo PE, 
Fujii S, Reinhold C, et al. From staging to prognos-
tication: achievements and challenges of MR imag-
ing in the assessment of endometrial cancer. Magn 
Reson Imaging Clin N Am. 2017;25:611–33.

7. Patel-Lippmann K, Robbins J, Barroilhet L, 
Anderson B, Sadowski EA, Boyum J. MR imaging 
of cervical cancer. Magn Reson Imaging Clin N Am. 
2017;25(3):635–49.

8. McEvoy SH, Nougaret S, Abu-Rustum NR, Vargas 
HA, Sadowski EA, Menias CO, et  al. Fertility-
sparing for young patients with gynecologic can-
cer: how MRI can guide patient selection prior 
to conservative management. Abdom Radiol. 
2017;42:2488–512.

9. Addley H, Moyle P, Freeman S. Diffusion-weighted 
imaging in gynaecological malignancy. Clin Radiol. 
2017;72(11):981–90.

10. Padhani AR, Liu G, Koh DM, Chenevert TL, Thoeny 
HC, Takahara T, et al. Diffusion-weighted magnetic 
resonance imaging as a cancer biomarker: consen-
sus and recommendations. Neoplasia. 2009;11: 
102–25.

11. Nougaret S, Tirumani SH, Addley H, Pandey H, Sala 
E, Reinhold C. Pearls and pitfalls in MRI of gyne-
cologic malignancy with diffusion-weighted tech-
nique. AJR Am J Roentgenol. 2013;200(2):261–76.

12. Andreano A, Rechichi G, Rebora P, Sironi S, 
Valsecchi MG, Galimberti S. MR diffusion imaging 
for preoperative staging of myometrial invasion in 
patients with endometrial cancer: a systematic review 
and meta-analysis. Eur Radiol. 2014;24:1327–38.

13. Nakamura K, Imafuku N, Nishida T, Niwa I, Joja I, 
Hongo A, et al. Measurement of the minimum appar-
ent diffusion coefficient (ADCmin) of the primary 
tumor and CA125 are predictive of disease recur-
rence for patients with endometrial cancer. Gynecol 
Oncol. 2012;124:335–9.

14. Sala E, Rockall AG, Freeman SJ, Mitchell DG, 
Reinhold C. The added role of MR imaging in treat-
ment stratification of patients with gynecologic 
malignancies: what the radiologist needs to know. 
Radiology. 2013;266(3):717–40.

15. Santos P, Cunha TM.  Uterine sarcomas: clinical 
presentation and MRI features. Diagn Interv Radiol. 
2015;21(1):4–9.

16. Thomassin-Naggara I, Dechoux S, Bonneau C, 
Morel A, Rouzier R, Carette MF, et al. How to differ-
entiate benign from malignant myometrial tumours 
using MR imaging. Eur Radiol. 2013;23:2306–14.

17. Sala E, Rockall A, Rangarajan D, Kubik-Huch 
RA. The role of dynamic contrast-enhanced and dif-
fusion weighted magnetic resonance imaging in the 
female pelvis. Eur J Radiol. 2010;76(3):367–85.

18. Wakefield JC, Downey K, Kyriazi S, de Souza 
NM.  New MR techniques in gynecologic cancer. 
AJR Am J Roentgenol. 2013;200(2):249–60.

19. Park SB, Moon MH, Sung CK, Oh S, Lee 
YH.  Dynamic contrast-enhanced MR imaging of 
endometrial cancer: optimizing the imaging delay 
for tumour-myometrium contrast. Eur Radiol. 
2014;24(11):2795–9.

20. Fujii S, Kido A, Baba T, Fujimoto K, Daido S, 
Matsumura N, et  al. Subendometrial enhancement 
and peritumoral enhancement for assessing endo-
metrial cancer on dynamic contrast enhanced MR 
imaging. Eur J Radiol. 2015;84(4):581–9.

21. Bennett GL, Slywotzky CM, Giovanniello 
G. Gynecologic causes of acute pelvic pain: spectrum 
of CT findings. Radiographics. 2002;22(4):785–801.

22. Masselli G, Derchi L, McHugo J, Rockall A, Vock 
P, Weston M, et al. Acute abdominal and pelvic pain 
in pregnancy: ESUR recommendations. Eur Radiol. 
2013;23(12):3485–500.

23. The American College of Radiology (ACR): Practice 
guideline for imaging pregnant or potentially preg-
nant adolescents and women with ionizing radia-
tion. 2013. https://www.acr.org/-/media/ACR/Files/
Practice-Parameters/pregnant-pts.pdf. Accessed 12 
Dec 2017.

24. The European Society of Urogenital Radiology 
(ESUR): 9.0 Contrast media guidelines. 2017. 
https://www.esur.org/esur-guidelines/. Accessed 20 
Nov 2017.

25. The American College of Radiology (ACR): Manual 
on Contrast Media v10.3, Version 10.3. 2017. 
https://www.acr.org/-/media/ACR/Files/Clinical-
Resources/Contrast_Media.pdf. Accessed 20 Nov 
2017.

26. Baheti AD, Nicola R, Bennett GL, Bordia R, 
Moshiri M, Katz DS, et  al. Magnetic resonance 
imaging of abdominal and pelvic pain in the preg-

M. M. Otero-García et al.

https://www.acr.org/-/media/ACR/Files/Practice-Parameters/pregnant-pts.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/pregnant-pts.pdf
https://www.esur.org/esur-guidelines/
https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf


447

nant patient. Magn Reson Imaging Clin N Am. 
2016;24(2):403–17.

27. Pedrosa I, Zeikus EA, Levine D, Rofsky NM. MR 
imaging of acute right lower quadrant pain in preg-
nant and nonpregnant patients. Radiographics. 
2007;27:721–43. discussion 743–53.

28. Spalluto LB, Woodfield CA, DeBenedectis CM, 
Lazarus E.  MR imaging evaluation of abdominal 
pain during pregnancy: appendicitis and other non-
obstetric causes. Radiographics. 2012;32(2):317–34.

29. Leyendecker JR, Gorengaut V, Brown JJ.  Imaging 
of maternal diseases of the abdomen and pelvis dur-
ing pregnancy and the immediate postpartum period. 
Radiographics. 2004;24(5):1301–16.

30. Saphier NB, Kopelman TR.  Traumatic abruptio 
placenta scale (TAPS): a proposed grading system 
of computed tomography evaluation of placen-
tal abruption in the trauma patient. Emerg Radiol. 
2014;21(1):17–22.

31. Bernardi M, Lazzeri L, Perelli F, Reis FM, Petraglia 
F.  Dysmenorrhea and related disorders. F1000Res. 
2017;6:1645.

32. Burnett M, Lemyre M.  Primary dysmenorrhea 
consensus guideline. J Obstet Gynaecol Can. 
2017;39(7):585–95.

33. Olpin JD, Moeni A, Willmore RJ, Hellbrun ME. MR 
imaging of Müllerian fusion anomalies. Magn Reson 
Imaging Clin N Am. 2017;25(3):563–75.

34. Buttram VC Jr, Gibbons WE. Müllerian anomalies: 
a proposed classification. (An analysis of 144 cases). 
Fertil Steril. 1979;32(1):40–6.

35. The American Fertility Society. The American 
Fertility Society classifications of adnexal adhe-
sions, distal tubal occlusion, tubal occlusion second-
ary to tubal ligation, tubal pregnancies, Müllerian 
anomalies and intrauterine adhesions. Fertil Steril. 
1988;49:944–55.

36. Oppelt P, Renner SP, Brucker S, Strissel PL, Strick 
R, Oppelt PG, et  al. The VCUAM (Vagina Cervix 
Uterus Adnex-associated Malformation) classifica-
tion: a new classification for genital malformations. 
Fertil Steril. 2005;84(5):1493–7.

37. Grimbizis GF, Gordts S, Di Spiezio Sardo A, 
Brucker S, De Angelis C, Gergolet M, et  al. The 
ESHRE/ESGE consensus on the classification of 
female genital tract congenital anomalies. Hum 
Reprod. 2013;28(8):2032–44.

38. Grimbizis GF, Di Spiezio Sardo A, Saravelos SH, 
Gordts S, Exacoustos C, Van Schoubroeck D, et al. 
The Thessaloniki ESHRE/ESGE consensus on diag-
nosis of female genital anomalies. Gynecol Surg. 
2016;13:1–16.

39. Hall-Craggs MA, Williams CE, Pattison SH, 
Kirkham AP, Creighton SM.  Mayer-Rokitansky-
Kuster-Hauser syndrome: diagnosis with MR imag-
ing. Radiology. 2013;269(3):787–92.

40. Van der Byl G, di Giacomo V, Miele V.  Herlyn 
Werner Wunderlich syndrome (HWWS): an unusual 
presentation of acute abdominal pain. J Ultrasound. 
2014;17(2):171–4.

41. Letts M, Haasbeek J.  Hematocolpos as a cause of 
back pain in premenarchal adolescents. Pediatr 
Orthop. 1990;10:731–2.

42. Agostinho L, Cruz R, Osório F, Alves J, Setúbal A, 
Guerra A. MRI for adenomyosis: a pictorial review. 
Insights Imaging. 2017;8(6):549–56.

43. Rainhold C, Tafazoli F, Mehio A, Wang L, Atri M, 
Siegelman ES, et  al. Uterine adenomyosis: endo-
vaginal US and MR imaging features with histo-
pathologic correlation. Radiographics. 1999;19: 
147–60.

44. Kassam Z, Petkovska I, Wang CL, Trinh AM, 
Kamaya A.  Benign gynecologic conditions of 
the uterus. Magn Reson Imaging Clin N Am. 
2017;25(3):577–600.

45. Sielgeman ES, Oliver ER.  MR imaging of endo-
metriosis: ten imaging pearls. Radiographics. 
2012;32(6):1675–91.

46. Bazot M, Cortez A, Darai E, Rouger J, Chopler J, 
Antoine JM, et al. Ultrasonography compared with 
magnetic resonance imaging for the diagnosis of 
adenomyosis: correlation with histopathology. Hum 
Reprod. 2001;16(11):2427–33.

47. Dueholm M, Lundorf E, Hansen ES, Sorensen 
S, Ledertough S, Olensen F.  Magnetic resonance 
imaging and transvaginal ultrasonography for the 
diagnosis of adenomyosis. Fertil Steril. 2001;76(3): 
588–94.

48. Murase E, Siegelman ES, Outwater EK, Perez-
Jaffe LA, Tureck RW.  Uterine leiomyomas: 
histopathologic features, MR imaging findings, dif-
ferential diagnosis, and treatment. Radiographics. 
1999;19(5):1179–97.

49. Gupta S, Jose J, Manyonda I. Clinical presentation 
of fibroids. Best Pract Res Clin Obstet Gynaecol. 
2008;22(4):615–26.

50. Deshmukh SP, Gonsalves CF, Guglielmo FF, 
Mitchell DG. Role of MR imaging of uterine leiomy-
omas before and after embolization. Radiographics. 
2012;32(6):251–81.

51. Revzin MV, Mathur M, Dave HB, Macer ML, 
Spektor M. Pelvic inflammatory disease: multimo-
dality imaging approach with clinical-pathologic 
correlation. Radiographics. 2016;36(5):1579–96.

52. Soper DE.  Pelvic inflammatory disease. Obstet 
Gynecol. 2010;116(2 Pt 1):419–28.

53. Centers for Disease Control and Prevention: Pelvic 
inflammatory disease (PID): CDC fact sheet—
detailed version. 2014. http://www.cdc.gov/std/pid/
stdfact-pid-detailed.htm. Accessed 25 Nov 2017.

54. Wildenberg JC, Yam BL, Langer JE, Jones LP. US 
of the nongravid cervix with multimodality imag-
ing correlation: normal appearance, pathologic 
conditions, and diagnostic pitfalls. Radiographics. 
2016;36:596–617.

55. Okamoto Y, Tanaka YO, Nishida M, Tsumoda H, 
Yoshikawa H, Itai Y. MR imaging of the uterine cer-
vix: imaging-pathologic correlation. Radiographics. 
2003;23(2):525–45.

21 Imaging of Uterine Disease-Related Pain

http://www.cdc.gov/std/pid/stdfact-pid-detailed.htm
http://www.cdc.gov/std/pid/stdfact-pid-detailed.htm


448

56. Choi PW. Colouterine fistula caused by diverticuli-
tis of the sigmoid colon. J Korean Soc Coloproctol. 
2012;28(6):321–4.

57. Rezvani M, Shaaban AM.  Fallopian tube dis-
ease in the nonpregnant patient. Radiographics. 
2011;31(2):527–48.

58. Silberzweig JE, Powell DK, Matsumoto AH, Spies 
JB. Management of uterine fibroids: a focus on uter-
ine-sparing interventional techniques. Radiology. 
2016;280(3):675–92.

59. Roche O, Chavan N, Aquilina J, Rockall 
A.  Radiological appearances of gynaecological 
emergencies. Insights Imaging. 2012;3(3):265–75.

60. Munro MG, Critchley HO, Fraser IS. FIGO Menstrual 
Disorders Working Group. The FIGO classification 
of causes of abnormal uterine bleeding in the repro-
ductive years. Fertil Steril. 2011;95(7):2204–8.

61. Iraha Y, Okada M, Iraha R, Azama K, Yamashiro 
T, Tsubakimoto M, et  al. CT and MR imag-
ing of gynecologic emergencies. Radiographics. 
2017;37(5):1569–86.

62. Casillas J, Joseph RC, Guerra JJJ.  CT appear-
ance of uterine leiomyomas. Radiographics. 
1990;10(6):999–1007.

63. Cancer center treatment of America: Uterine cancer 
symptoms. https://www.cancercenter.com/uterine-
cancer/symptoms/. Accessed 20 Nov 2017.

64. Cancer.net: Uterine Cancer: Symptoms and Signs. 
https://www.cancer.net/cancer-types/uterine-cancer/
symptoms-and-signs. Accessed 20 Nov 2017.

65. World Health Organization Classification of 
Tumours. In: Tavassoli FA, Devilee P, editors. 
Pathology and genetics of tumours of the breast and 
female genital organs. Lyon: IARC Press; 2003.

66. Meissnitzer M, Forstner R.  MRI of endometrium 
cancer - how we do it. Cancer Imaging. 2016;16:11.

67. Kinkel K, Forstner R, Danza FM, Oleaga L, 
Cunha TM, Bergman A, et  al. Staging of endome-
trial cancer with MRI: guidelines of the European 
Society of Urogenital Imaging. Eur Radiol. 
2009;19(7):1565–74.

68. Pecorelli S. Revised FIGO staging for carcinoma of 
the vulva, cervix, and endometrium. Int J Gynaecol 
Obstet. 2009;105(2):103–4.

69. Union for International Cancer Control (UICC). 
TNM classification of malignant tumours. 8th ed. 
Oxford, UK, Hoboken, NJ: John Wiley & sons, Inc; 
2017.

70. Freeman SJ, Aly AM, Kataoka MY, Addley HC, 
Reinhold C, Sala E. The revised FIGO staging sys-
tem for uterine malignancies: implications for MR 
imaging. Radiographics. 2012;32(6):1805–27.

71. Nougaret S, Reinhold C, Alsharif SS, Addley H, 
Arceneau J, Molinari N, et al. Endometrial cancer: 
combined MR volumetry and diffusion-weighted 
imaging for assessment of myometrial and lym-
phovascular invasion and tumor grade. Radiology. 
2015;276(3):797–808.

72. Colombo N, Preti E, Landoni F, Carinelli S, Colombo 
A, Marini C, et al. Endometrial cancer: ESMO clini-

cal practice guidelines for diagnosis, treatment and 
follow-up. Ann Oncol. 2013;24(Suppl 6):33–8.

73. Bhatla N, Aoki D, Sharma DN, Sankaranarayanan 
R. Cancer of the cervix uteri. FIGO Cancer report 
2018. Int J Gynecol Obstet (2018);143(Suppl. 2): 
22–36.

74. Patel-Lippmann K, Robbins JB, Barroilhet L, 
Anderson B, Sadowski EA, Boyum J. MR imaging 
of cervical cancer. Magn Reson Imaging Clin N Am. 
2017;25(3):635–49.

75. Noël P, Dubé M, Plante M, St-Laurent G.  Early 
cervical carcinoma and fertility-sparing treatment 
options: MR imaging as a tool in patient selec-
tion and a follow-up modality. Radiographics. 
2014;34(4):1099–119.

76. Dappa E, Elger T, Hasenburg A, Düber C, Battista 
MJ, Hötker AM. The value of advanced MRI tech-
niques in the assessment of cervical cancer: a review. 
Insights Imaging. 2017;8(5):471–81.

77. Wu TI, Yen TC, Lai CH.  Clinical presenta-
tion and diagnosis of uterine sarcoma, including 
imaging. Best Pract Res Clin Obstet Gynaecol. 
2011;25(6):681–9.

78. Prat J.  FIGO staging for uterine sarcomas. Int J 
Gynaecol Obstet. 2009;104:177–8. (Prat J. Erratum 
in: Int J Gynaecol Obstet. 2009;106:277).

79. Lakhman Y, Veeraraghavan H, Chaim J, et  al. 
Differentiation of uterine leiomyosarcoma from 
atypical leiomyoma: diagnostic accuracy of qualita-
tive MR imaging features and feasibility of texture 
analysis. Eur Radiol. 2017;27(7):2903–15.

80. Frey NV, Svoboda J, Andreadis C, Tsai DE, Schuster 
SJ, Elstrom R, et al. Primary lymphomas of the cer-
vix and uterus: the University of Pennsylvania’s 
experience and a review of the literature. Leuk 
Lymphoma. 2006;47(9):1894–901.

81. Alves Vieira MA, Cunha TM. Primary lymphomas 
of the female genital tract: imaging findings. Diagn 
Interv Radiol. 2014;20:110–5.

82. Mazur MT, Hsuch S, Gersell DJ. Metastases to the 
female genital tract: analysis of 325 cases. Cancer. 
1984;53(9):1978–84.

83. Limoine NR, Hall PA. Epithelial tumors metastatic 
to the uterine cervix. A study of 33 cases and review 
of the literature. Cancer. 1986;57(10):2002–5.

84. Jeong YY, Kang HK, Park JG, Choi HS.  CT fea-
tures of uterine torsion. Eur Radiol. 2003;13(Suppl 
6):249–50.

85. Karavani G, Picard R, Elami-Suzin M, Mankuta 
D.  Complete uterine torsion diagnosed during an 
elective caesarean section following failed external 
cephalic version: a case report. J Obstet Gynaecol. 
2017;37:673–4.

86. Salani R, Theiler RN, Lindsay M.  Uterine tor-
sion and fetal bradycardia associated with external 
cephalic version. Obstet Gynecol. 2006;108(3 Pt 
2):820–2.

87. Ulu I, Günes MS, Kiran G, Gülsen MS. A rare cause 
of placental abruption: uterine torsion. J Clin Diagn 
Res. 2016;10(1):6–7.

M. M. Otero-García et al.

https://www.cancercenter.com/uterine-cancer/symptoms/
https://www.cancercenter.com/uterine-cancer/symptoms/
https://www.cancer.net/cancer-types/uterine-cancer/symptoms-and-signs
https://www.cancer.net/cancer-types/uterine-cancer/symptoms-and-signs


449

88. Kremer JA, van Dongen PW.  Torsion of the preg-
nant uterus with a change in placental localization 
on ultrasound; a case report. Eur J Obstet Gynecol 
Reprod Biol. 1989;31(3):273–5.

89. Peri N, Graham D, Levine D.  Imaging of intra-
uterine contraceptive devices. J Ultrasound Med. 
2007;26:1389–401.

90. Nowitzki KM, Hoimes ML, Chen B, Zheng LZ, 
Kim YH.  Ultrasonography of intrauterine devices. 
Ultrasonography. 2015;34(3):183–94.

91. Potter AW, Chandrasekhar CA. US and CT evalua-
tion of acute pelvic pain of gynecologic origin in non-
pregnant pre-menopausal patients. Radiographics. 
2008;28:1645–59.

92. Petta CA, Faundes D, Pimentel E, Diaz J, 
Bahamondes L.  The use of vaginal ultrasound to 
identify copper T IUDs at high risk of expulsion. 
Contraception. 1996;54(5):287–9.

93. Morales-Rosello J. Spontaneous upward movement 
of lowly placed T-shaped IUDs. Contraception. 
2005;72(6):430–1.

94. Goswami D, Ravi AK, Sharma A.  Missing IUCD 
strings: role of Imaging in  locating the mis-
placed device. J Clin Diagn Res. 2017;11(4): 
1–2.

95. Kaislasuo J, Suhonen S, Gissler M, Lähteenmäki P, 
heikinheimo O. Uterine perforation caused by intra-
uterine devices: clinical course and treatment. Hum 
Reprod. 2013;28(6):1546–51.

96. Plunk M, Lee JH, Kani K, Dighe M.  Imaging of 
postpartum complications: a multimodality review. 
AJR Am J Roentgenol. 2013;200:143–54.

97. Doubilet PM, Benson CB, Bourne T, Blaivas M, The 
Society of Radiologists in Ultrasound Multispecialty 

Panel on Early First Trimester Diagnosis of 
Miscarriage and Exclusion of a Viable Intrauterine 
Pregnancy, et  al. Diagnostic criteria for nonviable 
pregnancy early in the first trimester. N Engl J Med. 
2013;369(15):1443–51.

98. Rodgers SK, Chang C, DeBardeleben JT, Horrow 
MM.  Normal and abnormal US findings in early 
first-trimester pregnancy: review of the soci-
ety of radiologists in ultrasound 2012 consen-
sus panel recommendations. Radiographics. 
2015;35(7):2135–48.

99. Fadl S, Moshiri M, Fligner CL, Katz DS, Dighe 
M.  Placental imaging: normal appearance with 
review of pathologic findings. Radiographics. 
2017;37(3):979–98.

 100. Elsayes KM, Trout AT, Friedkin AM, Liu PS, 
Bude RO, Platt JF, et  al. Imaging of the placenta: 
a multimodality pictorial review. Radiographics. 
2009;29(5):1371–91.

 101. Masselli G, Brunelli R, Di Tola M, Anceschi M, 
Gualdi G. MR Imaging in the evaluation of placen-
tal abruption: correlation with sonographic findings. 
Radiology. 2011;259(1):222–30.

 102. Chukus A, Tirada N, Restrepo R, Reddy 
NI. Uncommon implantation sites of ectopic preg-
nancy: thinking beyond the complex adnexal mass. 
Radiographics. 2015;35(3):946–59.

 103. Zucchini S, Marra E.  Diagnosis of emergencies/
urgencies in gynecology and during the first trimes-
ter of pregnancy. J Ultrasound. 2014;17(1):41–6.

 104. Lee R, Dupuis C, Chen B, Smith A, Kim 
YH. Diagnosing ectopic pregnancy in the emergency 
setting. Ultrasonography. 2018;37(1):78–87.

21 Imaging of Uterine Disease-Related Pain



451© Springer Nature Switzerland AG 2019 
M. A. Cova, F. Stacul (eds.), Pain Imaging, https://doi.org/10.1007/978-3-319-99822-0_22

Imaging of Ovarian Disease- 
Related Pain

Kirsi Härmä and Philippe Vollmar

Abbreviations

ADC Apparent diffusion coefficient
CRP C-reactive protein
CT Computed tomography
DCE Dynamic contrast enhanced
DMN Default mode network
DWI Diffusion-weighted imaging
DW-WB/MRI Diffusion-weighted whole- 

body MRI
EP Ectopic pregnancy
ESUR European Society of Urogenital 

Radiology
EUG Extrauterine gravidity
FHC Fitz-Hugh-Curtis syndrome
FIGO The International Federation of 

Gynecology and Obstetrics
FOV Field of view
FSHR Follicle Stimulating Hormone 

Receptor
hCG Human chorionic gonadotropin
ITT Isolated tubal torsion
IUD Intrauterine device

Ki-67 Cell proliferation-associated 
Ki-67 antigen

MRI Magnetic resonance imaging
NCS Nutcracker syndrome
OC Ovarian cancer
OHSS Ovarian hyperstimulation 

syndrome
OP Ovarian pregnancy
OT Ovarian torsion
PD Primary dysmenorrhea
PET/CT Positron-emission tomography
PID Pelvic inflammatory disease
SLE Systemic lupus erythematosus
SRY Gene Sex-determining region Y
T1W/T2W T1 weighted, T2 weighted
TDF Testis-determining-factor
TOA Tubo-ovarian abscess
TV-US Transvaginal ultrasonography
UO Utero-ovarian
US Ultrasonography
VEGF Vascular endothelial growth 

factor
WHO World Health Organization

22.1  Embryology and Anatomy 
of Ovaries

Until the sixth week of gestation, embryo’s 
gonads are indifferent, meaning the determina-
tion to female or male gonads, which will later 
develop from the sex cord, has not occurred yet. 
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The sex-determining region (SRY Gene) of a 
male embryo on the Y-chromosome leads to the 
expression of the “testis-determining factor” 
(TDF) further leading to the development of the 
testicles. In female embryos, based on the miss-
ing Y-chromosome and TDF, indifferent gonads 
will evolve to ovaries. During development, they 
move slightly downward to their final position. 
This migration results from the gubernaculum 
and the pronounced growth of the upper abdomi-
nal region compared to the pelvic area.

The ovaries are glandular, often ovoid, almond-
shaped organs, weighing about 10 g each. When 
stimulated, they contain several follicular cysts. 
Normally they lie within the pelvis either postero-
lateral or lateral to the uterus. The broad ligament 
(ligamentum latum uteri) and the ovarian ligament 
(ligamentum ovarii proprium) connect the ovaries 
to the uterus. The first one is a peritoneal duplica-
ture that coats the uterus and the containing liga-
ments, and the latter one originates from the medial 
part of the ovary to the lateral part of the uterus. 
The suspensory ligament of the ovary (ligamentum 
suspensorium ovarii) rises from the gubernaculum, 
goes from the lateral part of the ovary to the inner 
abdominal wall, and contains the ovarian artery 
and vein, plexus, and lymph vessels.

Because the ovaries are attached to the broad 
ligament, the easiest way to find them in a pelvic 

CT scan is to follow the broad ligament from the 
uterus toward the lateral part. Often they are recog-
nizable as an oval thickening of the broad ligament 
in the lateral part with sometimes definable cysts. 
On MRI the ovaries are easiest to find as multicys-
tic structures in T2-weighted images on both sides 
of the uterus (Fig. 22.1a). On axial images, they 
are not always depicted on the same level, which 
makes it important to be sure having them both 
within the field of view. In transabdominal sonog-
raphy, a full bladder offers an optimal sonographic 
window to depict the ovaries behind the bladder on 
both sides of the uterus. If the bladder is empty, 
they are often not visible because of intestinal air 
laying between the ovaries and the abdominal 
wall. In transvaginal sonography, a bimanual tech-
nique can sometimes be helpful to move away the 
bowel, especially occasionally disturbing the visi-
bility of the ovaries on the left side.

22.2  Ovarian Ectopy

True ectopic ovarian tissue is a very rare condition. 
In 2003, there were less than 40 reported cases in 
the literature, beginning in 1959 [1]. Watkins et al. 
describe several classification systems of ectopic 
ovaries including the earlier nomenclature of 
supernumerary and accessory ovaries. The new 

a b

Fig. 22.1 Normal bilateral ovarian location in the pelvis 
in a 40-year-old patient with a 23 mm follicle cyst in the 
right ovary (a, arrows). Ectopic ovary on the left upper 

pelvic side wall (arrow) after ovariopexy in a 25-year-old 
patient with cervical cancer. Ovariopexy was proceeded 
before radiation (b)
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suggestion includes the term “ectopic ovary” and 
the subclassifications “postsurgical implant,” 
“post-inflammatory implant,” and “true (ectopic) 
ovarian tissue.” A malposition of the ovaries due to 
an incomplete ovarian descent above the pelvic 
brim seems to have an association with uterine 
mullerian duct anomalies [2]. Secondary ovarian 
reposition may occur both due to postoperative 
adhesions and moderate to severe endometriosis 
leading to “kissing ovaries,” meaning closely 
spaced ovaries behind the uterus due to endome-
trial implants, adhesions, and inflammation.

Intended transposition of ovaries is called 
“ovariopexy,” which can be performed perma-
nently or transient depending on the underlying 
pathology. In patients with pelvic tumors and 
planned radiotherapy, a transient ovariopexy with 
reposition to the lateral abdominal wall, out of the 
radiation field, can be indicated to preserve ovar-
ian function and fertility [3] (Fig. 22.1b). Transient 
abdominal ovariopexy is a controversial indica-
tion in patients with severe endometriosis [4, 5]. A 
permanent ovariopexy may be indicated in 
patients with recurrent ovarial torsion and can be 
performed unilateral or bilateral, normally to the 
pelvic side wall.

22.3  Ovarian Disease-Related Pain

A number of different conditions, from ovarian 
or adnexal benign cysts to tumors, can result in 
ovarian-related pain. Most likely the 
 ovarian- caused pain is felt in the true pelvis and 
in the lower abdomen. Visceral pain is diffusely 
localized and referred to deep somatic tissues, 
skin, and viscera. It is correlated with the excita-
tion of spinal, thoracolumbar, and sacral visceral 
afferents, which can be sensitized, e.g., by inflam-
mation [6]. Nociceptor inputs can trigger a pro-
longed but reversible increase in the excitability 
and synaptic efficacy of neurons in central noci-
ceptive pathways, the phenomenon called central 
sensitization [7]. Abdominal wall pain is com-
mon in women with pelvic pain and may contrib-
ute specifically to the symptom of chronic pelvic 
pain but not with other symptoms including dys-
menorrhea, deep and superficial dyspareunia, or 
bowel and bladder symptomology [8]. In case of 
large ovarian tumors or widespread peritoneal 
metastases, pain or bloating can be experienced 
in the upper abdomen or even in the shoulder due 
to irritation of the phrenic nerve (Fig. 22.2). Due 
to pudendal, obturator, or sacral plexus nerve 

a

c d

b

Fig. 22.2 High-grade serous ovarian carcinoma of 
advanced stage with peritoneal carcinosis and ubiquitous 
carcinomatosis of the right diaphragma intraoperatively 
(a), thus not clearly depicted on corresponding CT coronal 

plane (b). Another ovarian carcinoma patient with 
histologically proven diaphragmal metastases clearly seen 
on diffusion-weighted sequence (c, arrow) but missed on 
CT (d) and on T2W imaging (not shown)
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 irritation of the pelvic lesions, the pain can radi-
ate to lower extremities and vulvar or perineal 
region. Further, simplified, due to viscero-vis-
ceral convergence of different pelvic organ affer-
ent fibers, an inflammation of one organ, for 
example, of the bowel, may influence the sensi-
tivity of the ovary.

Adnexal pain can be caused either by acute, 
subacute, or chronic conditions. Acute ovarian 
pain appears on quickly, over a few minutes or 
days, and, if not temporary, goes away in a short 
period of time. For example, women, later 
diagnosed with ovarian cyst rupture, sometimes 
describe to be suddenly awaken in the night 
because of the acute pain. Chronic ovarian pain 
usually starts more gradually, lasting then for 
several months. The time point of the menstrual 
cycle can give us a diagnostic clue when imaging 
patients with pelvic pain. To mention the 
“Mittelschmerz,” the mid pain that women can 
experience when ovulating, as the remnants of 
the follicle called corpus luteum can be depicted 
in imaging (Fig. 22.3). Severe mid pain is known 
to be associated with endometriosis.

In this chapter, we describe mostly pathologic 
conditions, which are or can be related to ovarian- 
caused pain by means of different imaging 
modalities, not at last by magnetic resonance 
imaging (MRI). MRI is well known to be supe-
rior to many other imaging modalities in female 
pelvic imaging, in possessing an excellent soft 
tissue contrast and spatial and temporal resolu-
tion and is further lacking ionizing radiation. 
Compared to ultrasonography, MRI possesses a 
larger field of view (FOV). Advances in MR 
imaging techniques, along with the growing role 
of the radiologist as part of a multidisciplinary 
treatment-planning team, have become central in 
tailoring treatment options and frequently lead to 
modifications in the therapeutic approach, espe-
cially in patients with gynecologic malignancies 
[9]. In the past decade, the diffusion-weighted 
imaging (DWI) has technically developed and 
become less time- consuming and can further be 
easily incorporated into standard 
MRI. Accordingly, it is widely used in the daily 
clinical routine in the imaging of the female pel-
vis. As the DWI is measuring the random 

Brownian motion of water molecules voxel by 
voxel, it is possible to win information about the 
cellularity of tissues, which helps in differentia-
tion between benign and malignant tumors or 
infectious conditions, even when imaging with-
out contrast media. In the future, there is poten-
tial to broaden the indications of DWI in tumor 
diagnostics, treatment management decision, 
treatment monitoring, and prognosis assessment 
in oncologic patients.

Female patients with suspected pelvic or ovar-
ian pain referred to radiologic department for 
imaging can challenge us as the interpreters not 
only in depicting the pathologies. Also 
overinterpreting the imaging findings can result 
in harm, misleading clinicians’ decision of 
treatment management. Consequently, it is good 
to be aware about few clinical conditions 
associated with pelvic pain as a symptom but 
typically missing pelvic organ pathological 
imaging findings. For example, the painful 
menstruation, dysmenorrhea, is a common gyne-
cological condition that affects between 45 and 
95% of menstruating women [10]. It is specu-
lated, whether effectively blocking dysmenor-
rheic pain ameliorates risk for the development 
of chronic pain disorders in adolescent girls. 
Consequently, excluding ovarian or pelvic 
pathologies such as infections, endometriomas, 
adenomyosis, cysts, or tumors supports the diag-
nosis of primary dysmenorrhea (PD). How does 
PD develop to chronic pelvic pain? It has been 
suggested that PD had trait changes of the white 
matter integrities in the cingulum bundle that per-
sisted beyond the time of menstruation in females 
with known primary dysmenorrhea, so that 
altered anatomical connections may lead to less-
flexible communication within the default mode 
network (DMN) and/or between the DMN and 
other pain- related brain networks, which may 
result in the central susceptibility to develop 
chronic pain conditions in PD females’ later life 
[11, 12].

To the same category, pelvic pain but miss-
ing circumscribed imaging lesion belongs to 
the “nutcracker syndrome” (NCS): so don’t 
forget to check the ovarian veins. Typical 
imaging findings of the NCS are presented in 

K. Härmä and P. Vollmar



455

Fig. 22.4. The findings of NCS can be overseen 
in different modalities, such as US, CT, or MRI 
diagnosis being commonly delayed. In symp-
tomatic patients, open laparoscopic and endo-
vascular techniques have been developed to 
decrease the venous outflow obstruction of the 
left renal vein [13].

Female patients suspected to have an ovarian 
disease-related pain are often initially diagnosed 

by transvaginal ultrasonography (TV-US) by a 
gynecologist colleague before referred to 
radiology. The communication between 
radiologists and gynecologists or other clinicians 
as referee is underlined. Combining the 
gynecologic US findings, including valuable 
morphologic information of the pelvic lesion or 
information of the blood flow (power Doppler 
examination), is of importance. Further helpful 

a b

c d

Fig. 22.3 Corpus luteum cyst. The imaging was pro-
ceeded because of uterine fibroids. Axial T2-weighted 
image shows a central hyperintense cystic lesion with 
thickened wall of the right ovary (a, arrow). Axial 

T1-weighted post-GD administration shows a thick rim 
enhancement of the right corpus luteum cyst (b, arrow). 
Corpus luteum cyst wall shows an intermediate diffusion 
restriction on DWI and on ADC map (c and d)

22 Imaging of Ovarian Disease-Related Pain



456

and supporting the radiological diagnosis are 
clinical findings, to mention existing peritoneal 
irritation or a palpable lump or elevation of serum 
tumor markers. The pelvic inflammatory disease 
(PID), for example, is in the first line a clinical 
diagnosis based on anamnesis, bimanual 
palpation, cervical smear results, and laboratory 
findings, imaging findings mostly being subtle in 
the early stadium. Available and accurate imaging 
modalities in diagnosing ovarian-related pain are 
further discussed in this chapter under different 
specific conditions and are also taken from 
Table 22.1.

22.4  Adnexal Torsion

Adnexal torsion is a rare emergency condition, 
accounting for 2.7% of female acute pelvic pain 
[14]. If not accurately diagnosed and rapidly 
treated, the torsion leads to ovarian ischemia and 
necrosis, threatening the ovarian function and 
fertility. The symptoms can vary a lot, and torsion 
can occur in female patients of all ages, including 
infants and postmenopausal women. A typical 
case history, such as acute onset of the pain after 
sports or coitus with vomiting and nausea, is 

a b

c

Fig. 22.4 A 35-year-old patient with chronic abdominal 
and pelvic pain without microhematuria. Parauterine and 
paracervical varicosis (a, arrows). Thickened left ovarian 
vein 11  mm in diameter (b, arrow). Left renal vein is 

compressed between the aorta and the superior mesenteric 
artery with a distension of the hilar part of the vein (c, 
arrow). Nutcracker syndrome causative for the pelvic pain 
was suggested
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often missing. It is not uncommon that symptoms 
can mimic other disorders such as appendicitis, 
pyelonephritis, and nephrolithiasis. An elevated 
blood cell count (>11,000 cells/mL) or C-reactive 
protein (CRP) can occur. In case of the 
spontaneous detorsion, symptoms may be 
intermittent and more seldom chronic. Torsion 
involves mostly both the ovary and the fallopian 
tube (tubo-ovarian torsion) though tubal torsion 
alone is rare. The ovarian vessels are located in 
the infundibulopelvic ligament, ovarian pedicle, 
attaching to the pelvic sidewall. Ovaries receive a 
dual blood supply from the ovarian artery and 
uterine artery. As adnexal tissue is not being 
fixed, tumorous growth or enlargement of the 
ovary can induce the twisting (Fig.  22.5). The 
other side of the ovary is connected to the uterus 
by the utero-ovarian (UO) ligament, which 
connects the ovary to the uterus and support it, 
and it also supplies blood from the uterine artery 
to the ovary. An ovarian mass, benign or 
malignant, can predisponate to the torsion. More 
than 80% of patients with ovarian torsion had 
ovarian masses of 5 cm or larger, indicating that 
the primary risk in ovarian torsion is an ovarian 
mass [15]. In proven ovarian torsion patients, 
torsion was suspected preoperatively in 23–66%, 
and 50% of the patients with suspicious torsion 
have got different final diagnoses [16]. Normal 
arterial blood flow on ultrasonography does not 
rule out ovarian torsion, and not every patient 
will have a mass on imaging or a palpable mass 
on examination. The patients also may have 
symptoms for several hours or days, and thus, 
ovarian torsion may be present even with a longer 

duration of symptoms. Surgery is the definitive 
treatment and may still be effective after several 
hours of symptoms [17].

22.5  Imaging of Torsion

Transvaginal ultrasonography proceeded by gyne-
cologists serves often as the first-line modality in 
the torsion diagnosis and is rapidly proceeded if 
conclusive. A trans-rectal or transabdominal US 
can serve as an alternative imaging modality in 
virgin females and in children, if MRI is not avail-
able or cannot be proceeded. Presence of free pel-
vic fluid, ovarian edema, or suspicious benign 
cystic teratoma on US has been described as sign 
for torsion. On the other hand, ultrasound findings 
suggestive of hemorrhagic corpus luteum cyst 
were negatively associated with adnexal torsion 
[18]. The sensitivities of ultrasonography for 
adnexal torsion vary from 46 to 74% [19] of 
course, dependent on the experience of the sonolo-
gists. In doubtful cases or as an alternative modal-
ity, MR imaging is an accurate technique for the 
diagnosis of adnexal torsion. The torsion leads to 
ischemic ovarian stromal edema which can be 
depicted on MRI as volume growth of the ovary 
with T2 hyperintense ovarian stroma. Due to ovar-
ian vascular pedicle rotation, a whirlpool sign can 
be depicted (Fig. 22.6). Tubal structures may be 
thickened (>10 mm). A hemorrhagic content has 
clearly been considered dominating in women 
with proven nonviable ovaries. A vascular pedicle 
enlargement can also be depicted more cranially of 
the pelvis [20]. Interval enlargement between two 
imaging at different points of time and the ovarian 
stromal T2-weighted signal intensity turning from 
bright to dark showing bright T1 signal compo-
nents is consistent with hemorrhagic necrosis.

Although MRI is superior in spatial and tem-
poral resolution and in missing ionizing radia-
tion, the diagnosis of torsion is principally 
possible on CT, in nonpregnant, adult females. In 
these cases a torsion may not be suspected in the 
first line, but diagnosed on the CT proceeded in 
doubt of another abdominal or pelvic pain etiol-
ogy but torsion. Imaging features on CT such as 
a large ovary with a threshold at 80 mm, median 

Fig. 22.5 Torsion of the right ovarian pedicle (arrows). 
Courtesy of Sara Imboden
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or contralateral displacement of the adnexa, 
asymmetric wall thickening of the mass, and 
whirlpool sign are found to be significantly asso-
ciated with adnexal torsion [21] (Fig. 22.7). Thus, 
only the finding of an inter- utero- ovarian mass 
was independently associated with adnexal tor-
sion on CT.

22.6  Torsion in Pregnancy

About 10–22% of ovarian torsion occurred in 
pregnancy [22]. The incidence is higher at 
10–17 weeks of gestation with ovarian masses 

larger than 4 cm [23]. The accurate diagnosis is 
crucial; thus, consequently both mother and 
fetus will undergo the operation and anesthesia. 
In stimulated pregnancies, where the ovaries are 
larger, the torsion diagnostic may be challeng-
ing. Average normal ovarian length in not stimu-
lated pregnancies is considered 3.2  cm, 
compared to 5.6–8.8  cm in all following three 
groups: stimulated and not stimulated pregnan-
cies with torsion and stimulated pregnancies 
without torsion. However, after inconclusive 
US, ovarian torsion could not be confidently 
diagnosed or excluded retrospectively with non-
contrast MRI in pregnant patients with stimu-

c

a b

Fig. 22.6 A 14-year-old female patient with left ovarian 
torsion. Adnexectomy was proceeded, because there was 
no improvement in ovarian blood supply intraoperatively 
after detorsion, the ovary remaining darkish blue. Ovarian 

necrosis was histologically proven. Twisted ovarian 
pedicle (a, arrow). Enlarged, cystic left ovary (b). Right 
ovary on T1 postcontrast sequence (c, arrow). 
Hypoperfusion of the left ovary (c, arrow head)
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lated ovaries referred for MRI [24]. Ovarian 
hyperstimulation syndrome (OHSS) is very rare 
in spontaneous, not stimulated pregnancy; thus, 
multiple pregnancies, gestational trophoblastic 
disease, primary hypothyroidism, thyroid-stim-
ulating hormone or gonadotropin-secreting ade-
nomas, and mutations of the FSHR gene may 
trigger spontaneous OHSS with the risk of 
t orsion [25].

22.7  Torsion in Childhood 
and in Adolescent

Approximately 3% of all cases of children with 
acute abdominal pain are diagnosed with torsion 
requiring immediate surgical intervention [26]. 
Vomiting, short duration of abdominal pain, and 
elevated CRP level have been described as a 
predictive value for the diagnosis of OT in a study 
with total of 80 patients with acute adnexal 
pathologies in order to develop a predictive score 
for the torsion diagnosis. Ovarian torsion patients 
were younger, median 11 years, compared to the 
patients with ovarian cysts only, 14 years [27]. 
Being prior to menarche was a further feature in 
OT patients but not in patients with cysts only. As 

the treatment, a laparoscopy and detorsion should 
be proceeded without delay, to avoid oophorec-
tomy or salpingectomy if still finding a viable 
ovary intraoperatively. In rare cases, an ovarian 
enlargement can occur due to precocious puberty 
encountering as a causative factor for OT 
(Fig. 22.8).

In the adolescent, a rare cause of abdominal 
pain includes isolated tubal torsion (ITT) and 
high occurrence of paratubal cysts suggesting 
pathologic predisposition for ITT [28]. Further 
predisposing intrinsic and extrinsic factors 
have been reported. The intrinsic factors are 
congenital anomalies (excessive length or spi-
ral course of the tube); acquired pathology as 
hydrosalpinx, hematosalpinx, neoplasm, or 
surgery; and autonomic dysfunction or abnor-
mal peristalsis. The extrinsic factors include 
changes in the neighboring organs as neo-
plasms or adhesions, mechanical factors, 
movement or trauma to pelvic organs, and pel-
vic congestion. However, ITT can also be 
found in a normal fallopian tube [29, 30]. 
Imaging findings in any modality of convo-
luted adnexal structures and twisted pedicle 
with paraovarian or fimbrial cyst in the pres-
ence of normal ipsilateral ovary are suggestive 
of isolated fallopian tube torsion.

a b c

Fig. 22.7 Ovarian torsion on the left side with the severe enlarged ovary. Ovarian stroma central is showing hypodense 
necrosis on CT (a, white arrow) and on ultrasonography (b, yellow arrow). Thickened left ovarian vein (c, red arrow)
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22.8  Torsion in Postmenopausal 
Women

In postmenopausal women, OT is rare, but there 
are a few examples in the literature, and they may 
both be a challenge to diagnose and be associated 
with increased morbidity and malignancy risk. 
However, ovarian torsion is more likely with a 
benign tumor than in a malignancy. The incidence 
of ovarian torsion with ovarian malignancy was 
<2% in reported case series [31].

22.9  Pelvic Inflammatory Disease

Pelvic inflammatory disease (PID) is defined as an 
ascending infection of the upper genital tract in 
women with wide possible spectrum of inflamma-
tory conditions like endometritis, parametritis, sal-
pingitis, oophoritis, tubo-ovarian abscess (TOA) or 
peritonitis. Infectious agents can be either sexual 
transmitted or not sexual transmitted pathogens, the 
severity of PID varying from asymptomatic to life- 
threatening illness. The onset of symptoms, such as 
discharge, pelvic, or ovarian pain, occurs more fre-
quently postmenarcheal, which can be used as a 
diagnostic clue. Further symptoms might exist, 
such as deep dyspareunia, cervical motion tender-

ness on bimanual vaginal examination, intermen-
strual bleeding, postcoital bleeding as a sign of 
cervicitis, or fever >38 °C. By right hypochondrial 
pain Fitz-Hugh-Curtis (FHC) syndrome, a perihep-
atitis linked to inflammatory pelvic disease is to 
consider, caused mostly by Neisseria gonorrhoeae 
or Chlamydia trachomatis infections. Even exten-
sively studied in last decades, the relationship 
between PID and intrauterine device (IUD) carriers 
remains controversial. The evidence suggests a very 
low risk of PID among IUD users; thus, the inser-
tion procedure may increase the risk [32]. A serum 
complement deficit as a risk factor may predispose 
to severe forms of PID.  Low serum complement 
level is a frequent manifestation of active systemic 
lupus erythematous (SLE) [33].

The high prevalence of adverse outcomes fol-
lowing PID or TOA, such as infertility (25.5%), 
recurrent PID (16%), or chronic pelvic pain 
(13.8%), should alert clinicians for proper long-
term care [34].

22.10  Imaging of PID

Ultrasonography is not recommended to every 
woman with suspicious PID but practically pro-
ceeded always, especially if the female patient is 

dx sin

a b

Fig. 22.8 A 7-year-old patient with elevated anti- 
mullerian hormone and precocious puberty with 
abdominal pain and defense in lower abdomen bilaterally. 

Ovarian volume of (right) 39 ml and (left) 7 ml. Twisted 
pedicle (a, circle). T2 hyperintense ovarian stroma right 
compared to left (b, arrows)
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referred to gynecologic ambulatory or emergency 
with acute or subacute symptoms. Further, the 
diagnosis of PID does not require an imaging 
finding, which depends on the severity of the PID.

In ultrasonography, free fluid, thickened fal-
lopian tube, or uni- or bilateral tubo-ovarian 
abscess (TOA) with increased perilesional blood 
flow in power Doppler may be depicted. TOA 
may sometimes mimic a tumor, especially, if 
obvious infectious symptoms, which can develop 
gradually, are missing initially. TOA can cause a 
ureter compression leading to the hydronephro-
sis. Checking the ureters and renal pelvis is good 
to remember if diagnosing the PID. An ectopic 
pregnancy can be ruled out by a pregnancy test.

On MRI, typical features of PID are free fluid 
and fluid-fluid levels containing pus or debris 
(Fig.  22.9). An abscess formation is typically 
central diffusion restricted, hyperintense on DWI, 
and hypointense on ADC map. The peripheral 
rim, capsule of the abscess shows contrast 
enhancement. A pyosalpinx, the fallopian tube 
filled with pus, or hydrosalpinx can be diagnosed 
due to a typical “waist sign” (Fig. 22.10). In case 

of advanced diseases, a pyometra, uterine cavum 
filled with pus, can be seen, also showing diffu-
sion restriction.

Due to frequently vague and indeterminate 
clinical presentation of PID, CT imaging is not 

c d

ba

Fig. 22.9 A 31-year-old female patient with the history 
of cervical cancer and radiation several years ago. MRI 
was proceeded by subacute pelvic pain to exclude the 
recurrency. Bilateral tubo-ovarian abscess, clearly 
diffusion restricted on DWI (a, white arrows) and ADC 

map (b, white arrows). Thickened fallopian tube on the 
right side (c). Free fluid in Douglas pouch with diffusion- 
restricted fluid-fluid level (a, b, yellow arrows). 
Correlating findings in PET/CT (d). Intraoperative 
biopsies showed an infection without malignancy

Fig. 22.10 A 30-year-old patient with hydrosalpinx. 
Notice the so-called waist sign
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seldom proceeded. Unlike in mild PID, in 
advanced disease following imaging features, 
which are partly similar to those depicted in US, 
may occur: free pelvic fluid; thickened, over 
5 mm, uni- or bilateral hyperemic fallopian tube; 
haziness in the periovarian fatty tissue; untypical 
enhancement of the myometrium; or sometimes 
coexisting ovarian abscess or endometrial cavity 
filled with pus (pyometra). In Fitz-Hugh-Curtis 
(FHC) syndrome, mentioned above, perihepatic 
edema or peripheral hepatic capsular hyperemia 
can be seen [35].

22.11  Ectopic Pregnancy

1.3–2.4% of all pregnancies show an ectopic 
implantation. An upward incidence can be seen 
due to utilization of assisted reproductive 
 technology, increasing number of fallopian tube 
operations, rising maternal age, and more sensi-
tive methods of diagnostic [36]. The symptoms 
of ectopic pregnancy (EP) not seldom last over 
few menstrual cycles, characterized through the 
intermitting lower quadrant abdominal pain, 
amenorrhea, and vaginal bleeding or spotting and 
in advanced gestation also through a hypovole-
mic shock. Because EP can cause severe morbid-
ity and mortality, it is crucial to rule out the 
pregnancy in fertile aged females with pelvic 
pain symptomatic. As soon as the pregnancy test 
is positive and no uterine intracavitary pregnancy 
is seen in the imaging, ectopic pregnancy has to 
be excluded or suspected. In uncertain cases, the 
blood level of beta hCG must definitely be 
repeated in order to differentiate between very 
early normal pregnancy, failed pregnancy, and 
EP.  Most common localization of EP is in the 
ampulla of the fallopian tube (Fig.  22.11). 
Unusual implantation sites may occur, such as 
angular, interstitial, cornual, cervical, ovarian, or 
cesarean scar sites. Ovarian pregnancy (OP) is a 
rare form of ectopic pregnancy, being found in 
only 3% of all ectopic pregnancies [37].

Ectopic pregnancy findings are seldom seen 
on MRI, because the patients with suspected EP 
are usually referred directly to the gynecologic 
department and rapidly treated after clinical and 

US diagnostic. Of course, unintentionally, CT or 
MRI can be proceeded if other diagnoses than EP 
are suspected. However, magnetic resonance 
imaging has gained popularity as an imaging tool 
for evaluating pregnant patients and as a problem- 
solving tool in special circumstances, including 
ectopic pregnancy [38]. MRI can confirm 
abnormal implantation site and distinguish 
rupture from non-rupture cases before 
management. Other benefits include absence of 
ionizing radiation, superb soft tissue contrast, 
and sensitivity sufficient for identifying hemor-
rhage and its stages. A gestational saclike struc-
ture within the ovary frequently containing acute 
hemorrhage with low signal intensity on 
T2-weighted images and normal fallopian tubes 
is a suggestive imaging feature of ovarian 
pregnancy on MRI [39]. To establish a correct 
diagnosis may still be challenging by several 
existing ovarian conditions other than OP mim-
icking it, such as corpus luteal cyst, endometri-
oma, ovarian tumor, or distal tubal ectopic 
pregnancy. Of course, if the embryo or clear yolk 
sac is visible, the diagnosis will be easier to 
make; otherwise, it will be assured at surgery. 
Abdominal cavity or retroperitoneal pregnancies 
occur extremely rare; for the last mentioned, 
interventions such as cesarean section, induced 
abortion, or embryo transfer are being hypothe-
sized as causative mechanisms [40]. At advanced 
gestation age, the risk of the rupture of ectopic 
pregnancy increases, leading consecutively to 
intra-abdominal bleeding, diagnosed on emer-
gency CT, showing hemoperitoneum with or 
without contrast extravasation surrounding the 
uterus but lacking the identification of the gesta-
tional sac due to low soft tissue resolution 
(Fig. 22.12).

22.12  Ovarian Cysts 
and Indeterminate  
Adnexal Masses

Ovarian functional cysts are common adnexal 
masses of female patients, especially in women in 
reproductive age. They are often asymptomatic 
and depicted as imaging for other pelvic or 
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abdominal conditions is proceeded. Gynecologists 
are not keen to call simple ovarian follicles mea-
suring under 30  mm as cysts. Most common 
benign, not functional, ovarian cysts are ovarian 
serous and ovarian mucinous cystadenoma 
(Fig. 22.13). With the growing size or due to tor-
sion or hemorrhage or even rupture, ovarian cysts 
can show a pain symptomatic. Typical morpho-
logic imaging features for simple ovarian cysts 
and benign ovarian cystic lesions are thin, non-

irregular internal septa or wall, missing papillary 
structures, and missing perfusion inside the lesion. 
Benign cysts are un- or hypo- echogenic in the 
ultrasonography and T2 bright in the MRI. T1 fat-
saturated hyperintense, endometriotic chocolate 
cysts are handled in their own chapter. The Female 
Pelvic Imaging Working Group of the European 
Society of Urogenital Radiology (ESUR) 
 published an update of their recommendations of 
MRI of the sonographically indeterminate adnexal 

Left ovary

Uterus

a

b

Fig. 22.11 A 22-year-old woman presented with pelvic 
pain and ectopic pregnancy intraoperatively (a, arrows). 
Ultrasonography shows an ectopic pregnancy = extrauter-
ine gravidity (EUG) in the left fallopian tube with an echo-

genic ring showing the typical “ring of fire” peripheral 
vascularity on color Doppler, with internal echoes (b, 
arrows). Courtesy of Sara Imboden
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mass: “An algorithmic approach using sagittal T2 
and a set of transaxial T1 and T2WI allows cate-
gorization of adnexal masses in three types 

according to its predominant signal characteris-
tics. T1 ‘bright’ masses due to fat or blood content 
can be simply and effectively determined using a 

a b

Fig. 22.12 A 31-year-old woman with major peritoneal 
irritation was referred to emergency CT, on which a mas-
sive hematoperitoneum was diagnosed (a, arrows). An 
inhomogeneous mass in the fossa ovarica showed a contrast 

extravasation, an active bleeding component, in the arterial 
phase (a, red arrow), consequently pooling in the venous 
phase (b, arrow). Intraoperatively, an ectopic pregnancy 
was proven. Retrospectively, beta hCG was elevated

a b

c d

Fig. 22.13 A 16-year-old female patient with histopatho-
logically proven benign mucinous cystadenoma. T2W 
coronal and axial plane show a large hyperintense cystic 
tumor (a, b, arrows) with small amount of free fluid and a 

normal contralateral ovary. No diffusion restriction or 
papillary structures were depicted (c and d, DWI (b = 800) 
and ADC map), ADC value 3.0 × 10−3 mm2/s
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combination of T1W, T2W and FST1W imaging. 
When there is concern for a solid component 
within such a mass, it requires additional assess-
ment as for a complex cystic or cystic-solid mass. 
For low T2 solid adnexal masses, DWI is now rec-
ommended. Such masses with low DWI signal on 
high b value image (e.g. > b 1000 s/mm2) can be 
regarded as benign. Any other solid adnexal mass, 
displaying intermediate or high DWI signal, 
requires further assessment by (CE) T1W imag-
ing, ideally with dynamic contrast-enhanced MR 
(DCE MR), where a type 3 curve is highly predic-
tive of malignancy. For complex cystic or cystic-
solid masses, both DWI and CET1W—preferably 
DCE MRI—is recommended. Characteristic 
enhancement curves of solid components can 
 discriminate between lesions that are highly likely 
malignant and highly likely benign” [41]. Neither 
CT nor MR contrast media is recommended to 
pregnant patients. Therefore, the diffusion-
weighted imaging can be helpful to characterize 
adnexal lesions in pregnant women (Fig. 22.14). 

Also you need to bear in mind that when charac-
terizing ovarian masses, they have to be proven to 
originate from the ovary or the adnexa. In differ-
entiation of ovarian versus uterine origin, the so-
called beak sign may be helpful (Fig.  22.15). 
Lesions embracing from the uterus, bowel, mes-
enterium, or presacral space can also mimic 
lesions of ovarian origin.

22.13  Ovarian Cancer

The World Health Organization (WHO) revised 
the classification of ovarian, fallopian tube, and 
primary peritoneal cancer, in parallel with the 
implementation of the new FIGO staging classifi-
cation (the International Federation of Gynecology 
and Obstetrics, Fédération Internationale de 
Gynécologie et d'Obstétrique), taking account the 
recent findings on the origin, pathogenesis, and 
prognosis of different ovarian cancer subtypes. 
The tubal origin of hereditary and some non-

a b

c

Fig. 22.14 Histopathologically proven multilocular, 
 cystic borderline tumor in a pregnant woman of 16 weeks 
gestational age. The differential diagnosis on the basis on 
MR alone would include decidualized endometriosis  
and luteoma, a “do not touch” lesion. Coronal T2W  

(a, placenta, arrowhead; fetus, arrow; tumor, thick arrow). 
On axial DWI hyperintense restricted cystic wall struc-
tures (b, arrows), which can be seen on axial T2W as 
smooth nodules (c)
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hereditary high-grade serous cancers is mentioned 
in contrast to hitherto theory of mesothelial origin 
of ovarian cancer [42]. A new subgroup are sero-
mucinous tumors.

Unfortunately, the pain is not a common 
symptom in ovarian cancer patients, and further 
signs and symptoms are known to be unspecific, 
not often mimicking symptoms caused by other 
pathologic conditions such as gall bladder or irri-
table bowel disease or urinary problems. 
Consequently about 75% of ovarian cancers are 
found in advanced stages III or IV (Fig. 22.16). 
Imaging plays a very important role in the pre-
therapeutic staging, which guides the clinicians 
to the treatment strategy in ovarian cancer. 
Diffusion-weighted whole-body MRI (DW-WB/
MRI) was recently shown to be significantly 

superior to contrast-enhanced CT imaging in dif-
ferentiating between benign and malignant ovar-
ian lesions, in staging accuracy, and in assessment 
of operability [43]. This consequently leads to 
upstaging of the OC by MRI, possibly changing 
the choice of treatment, for example, between the 
neoadjuvant chemotherapy and the primary deb-
ulking surgery. The functional imaging technique 
DWI delivers not only qualitative but quantitative 
information of the primary tumor characteristics 
and the metastatic sites, capturing the biological 
heterogeneity of the ovarian cancer disease 
group. Moreover, correlating with tissue 
cellularity, lower ADC values in ovarian cancer 
primary tumors are shown to be significantly 
associated with high Ki-67 and low VEGF 
expression showing poorer 3-year survival in 

Tu 

Beak-Sign

Tumor Ovary

Fig. 22.15 Ovarian dysgerminoma left with “beak sign.” Ovary (arrows). Tumor (Tu)

a b

Fig. 22.16 Histopathologically proven mesenterial 
metastases in a patient with ovarian carcinosarcoma. 
Intraoperative situs with multiple carcinomatous 

mesenterial lymph nodes (a). Preoperative diffusion- 
weighted sequence (b  =  800) shows prominent 
hyperintense mesenterial lymph nodes (b, arrows)
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ovarian cancer patients [44]. If proven in larger 
studies, these new considerations may have 
potential to broaden the indications of diffusion- 
weighted imaging in tumor diagnostic, treatment 
management decision, treatment monitoring, and 
prognosis assessment in oncologic and also in 
ovarian cancer patients. Consequently, the future 
tumor boards may not just show pictures, but the 
broad expertise of radiology will be a part of the 
data, analyzed by the specific methods of the data 
science.
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Imaging of Endometriosis-Related 
Pain
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23.1  Epidemiology and Pain 
Pathogenesis

Endometriosis is a benign chronic inflammatory 
disease and often debilitating disorder, 
characterized by the presence of endometriotic- 
like tissue outside the uterine cavity and whose 
pathogenesis is still unclear. Several theories 
have been proposed such as retrograde 
menstruation, embryonic rest, and immunologic 
pathogenesis [1]; however, none of those would 
explain the heterogeneity of presentation which 
characterizes the disease, both in terms of clinical 
symptoms and type of lesions: peritoneal 
implants, ovarian cysts, and deep infiltrating 
endometriosis.

Endometriosis is estimated to affect about 
10–15% of women in reproductive age [2]. This 
percentage rises up to 70% when considering 
women referring chronic pelvic pain which has a 
negative impact on the social life constituting a 
major public health concern [3].

From a clinical point of view, endometriosis is 
associated with infertility and chronic pelvic 

pain, the latter comprehensive of several forms, 
i.e., dysmenorrhea, dyspareunia, noncyclic 
chronic pelvic pain (NCPP), and, less frequently, 
dysuria or dyschezia [4, 5].

Several authors have investigated the relation-
ship between endometriosis and pelvic pain, and 
different theories have been hypothesized, but 
still causes and mechanisms of pain in patients 
with endometriosis remain unclear. Interestingly, 
severity of disease does not correlate with pain; 
in fact patients with extensive disease may not 
refer severe pain; on the contrary, small foci of 
endometriosis can cause debilitating symptoms. 
Further studies reported no significant correlation 
between the rASRM stage of endometriosis and 
pain, while the adnexal adhesions and the pres-
ence of deeply infiltrating endometriosis (DIE) 
significantly correlate with pain symptoms [6–8]. 
However usually advanced endometriosis is more 
frequently related to dysmenorrhea and deep dys-
pareunia in comparison to early disease. In this 
regard, few studies have investigated a correla-
tion between the location of endometriotic 
implants and type of pain (i.e., dyspareunia for 
the involvement of uterosacral ligaments, dys-
chezia for the rectum and vagina, noncyclic pel-
vic pain for the intestinal endometriosis, and 
dysmenorrhea for the pelvic adhesions in Douglas 
pouch).

Investigating the genesis of pain, many factors 
have been studied that can explain its pathogen-
esis such as nociceptive, inflammatory, angioge-
netic, and neurovascular factors, oxidative stress, 
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neuropathic mechanisms, and anatomic distortion 
[9]. Histological studies show that chronic 
inflammation promotes neoangiogenesis, 
neurogenesis, scars, and adhesion formation. In 
fact, histological analysis of endometriotic 
lesions, both in rat model [10] and women [11], 
shows increased expression of neural biomarkers 
(neurofilament and NGF). In agreement with 
this, Wang et al. [12] reported a higher density of 
nerves fibers within the lesions, thus 
demonstrating that endometriotic lesions can 
develop their own nerve supply, with a two-way 
interaction with the central nervous system [13]. 
Another mechanism that can be directly involved 
was proposed by Anaf et al., who showed a direct 
compression and infiltration of the subperitoneal 
nerves [14, 15]: a long-term compression may be 
implied in the genesis of chronic pelvic pain. On 
the contrary, Stratton et  al. [16] suggested the 
involvement of central nervous system in 
endometriotic-related pain.

23.2  Imaging Modality

Unfortunately, the diagnosis of endometriosis is 
still delayed of 6–7 years; most women present 
with a negative result on clinical examination 
referring cyclic or acyclic pelvic pain as the only 
manifestation. In these cases, other causes of 
pain must be ruled out (mainly gastrointestinal or 
urologic disorders).

The definitive diagnosis of endometriosis is 
still represented by histologic confirmation on 
diagnostic laparoscopy.

However, nowadays, for a presumptive diag-
nosis, two different noninvasive modalities are 
routinely used: Transvaginal Ultrasound and 
Magnetic Resonance Imaging.

Ultrasound examination using transvaginal 
approach (TVUS) represents the first modality of 
choice to investigate a patient with clinical 
suspicion of endometriosis; few meta-analyses 
show a good overall diagnostic performance 
although it is reported that TVUS is highly 
operator dependent.

Magnetic Resonance Imaging (MRI) repre-
sents a second-level examination, and in the 

recent period, its role has been demonstrated. 
There isn’t consensus in literature about the appli-
cation of MRI and its indication, but surely deep 
infiltrating endometriosis (DIE) represents the 
most important indication [17]. Some authors rec-
ommend MRI before a surgical treatment to have 
a complete mapping of endometriosis lesions.

Other more invasive diagnostic modalities 
such as barium enema, pelvic endoscopy (bladder 
or rectal), and computed tomography urography 
are now limited to selected cases.

23.2.1  Ultrasound

TVUS is widely available, cost-effective, and 
therefore broadly used as first imaging approach 
for all pelvic pathologies.

Concerning the usefulness of TVUS in the 
diagnosis of endometriosis, its best results regard 
the diagnosis of ovarian endometriomas, usually 
appearing as unilocular cyst with homogeneous 
low-level echogenicity (ground glass 
echogenicity) [18]. In cases of endometriomas, 
TVUS show a sensibility and specificity of 
approximatively 80 and 95% [19].

However, in a consistent group of women, 
endometriosis presents an extra-ovarian 
localization mostly represented by adhesions and 
deep infiltrating implants.

Adhesions still represent a diagnostic chal-
lenge for TVUS; these can be suspected in case 
of reduced mobility of the pelvic organs or can be 
directly visualized in case of thin septa within 
pelvic fluid [20]. When evaluating the Douglas 
pouch obliteration (POD), this can be suspected 
in case of an absent sliding sign or in presence of 
the kissing ovaries sign with both ovaries fixed 
posteriorly to the uterus and adjacent to each 
other.

Regarding deep infiltrating endometriosis, US 
can evaluate the different locations and give 
several information about size and involvement 
of different structures. DIE refers to the presence 
of endometriotic implants which infiltrate >5 mm 
below the peritoneal surface.

Endometriotic nodules are usually reported as 
hypoechoic nodules with irregular borders and 
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shadowing effect. According to Chapron et  al. 
[21], in order to guide the surgeon and provide a 
surgical mapping, the pelvis can be divided into 
two main compartments: the anterior one, includ-
ing the bladder, and the posterior one, including 
the vagina, uterosacral ligaments, and intestine. 
In both locations TVUS has shown good diag-
nostic performance, with highest results in case 
of bladder involvement (accuracy of 100%) [22].

Regarding the posterior compartments, few 
studies have reported an overall good diagnostic 
accuracy of TVUS in the diagnosis of DIE (range 
80–95%), especially when evaluating 
rectosigmoid implants [23]; however, its 
evaluation is strictly connected to the experience 
of the sonographer as shown by the great 
variability in results reported in literature.

When presuming bowel endometriosis, it has 
been proposed to perform TVUS after proper 
bowel preparation, which consists of an 
assumption of oral laxative, low-residue diet, and 
rectal enema; this is thought to increase the 
diagnostic performance of TVUS on the detection 
of bowel implants with results that are eventually 
better than MRI [24]. However, there is still no 
consensus about the routinely use of bowel 
preparation.

23.2.2  Magnetic Resonance Imaging

The role of MRI in the evaluation of endometrio-
sis has been widely demonstrated especially in 
complex cases as preoperative planning [25, 26].

Its increased application has moved the 
European Society of Urogenital Radiology to 
develop a standard MRI protocol for the study of 
endometriosis [17]. The emerging evidences con-
cerning technique are that there is no preference 

regarding the use of 1.5T or 3T magnet, but the 
administration of antiperistaltic agent before the 
examination is highly recommended. Regarding 
protocol, T2 nonfat- saturated sequences are 
essential for anatomical details and for detection 
of fibrotic component of endometriotic implants; 
on the other hand, T1 fat-saturated sequences are 
mandatory to identify the bloody foci which 
characterize active lesions (Table 23.1).

In order to understand imaging features of 
endometriosis in MRI, it is necessary to briefly 
recall its pathological characteristics; the nodules 
consist of endometrial glands and stroma which 
undergo cyclical variations in accordance with 
the fluctuation of hormone levels which causes 
chronic bleeding surrounded by a fibromuscular 
inflammatory reaction. The fibromuscular 
component is responsible for the low signal 
intensity on T1- and T2-weighted sequences; the 
glandular component determines hyperintense 
cystic appearance on T2-weighted sequences; 
finally, chronic bleeding is responsible for the 
visible signal alterations on T1-weighted 
sequences; depending on the time of bleeding, 
this finding will be more or less marked.

23.3  Adnexal Endometriosis

MRI can depict two different types of adnexal 
location: the most common endometrioma and 
the superficial implants along the serosal 
surface.

Regarding the detection of smaller superficial 
implants, MRI revealed to be more accurate if 
compared to US.

In case of a typical US appearing endometri-
oma, MRI should not be requested; however, it 
can add other information when a malignant 

Table 23.1 MRI protocol

Sequence TR (msec) TE (msec) FOV (mm) Matrix Thickness (mm) B (s/mm2)
T2 TSE 3000 68 260 × 260 320 × 256 4
T1 TSE with and without FS 500 Min 320 × 280 192 × 256 4
DWI 5000 50 240 × 240 128 × 128 4 0, 1000
Non-CE and CE T1 VIBE 150 Min 320 × 280 256 × 256 4

DWI Diffusion weighted imaging, FOV Field of view, TSE Turbo spin echo, TE Echo time, TR Repetition time, CE 
Contrast enhanced, VIBE Volumetric interpolated breath-hold examination
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transformation is suspected or in case of incon-
clusive US.  In these cases when solid compo-
nents, clots, or thick septa are visualized within 
the cyst, ESUR guidelines suggest the adminis-
tration of medium contrast agent to evaluate post-
contrast enhancement of the papillary projection 
which would be considered as early sign of trans-
formation [27].

Specific MRI features of endometrioma are 
hypointense signal on T2-weighted images and 
hyperintense signal on T1-weighted images with 
and without fat saturation (Fig.  23.1) (Videos 
23.1a, 23.1b). The low signal on T2-weighted 
images compared to other static fluid (e.g., bladder 
or simple ovarian cyst) is defined by “shading 
effect” and is explained by the presence of blood 
products and protein content; this sign is highly 
specific for the diagnosis of endometriomas 

(Fig. 23.2) (Videos 23.2a, 23.2b, 23.2c). However, 
blood products might be present in other conditions 
such as hemorrhagic cysts; in these cases another 
helpful sign is the “T2 dark spot sign,” defined as a 
marked hypointense focus within the cyst which is 
characteristic of chronic hemorrhage [28]. Cyclic 
bleeding is also responsible of the fluid-fluid level 
variably present in case of endometriomas.

Endometriomas can be multiple or single, of 
different sized, rarely larger than 5–6 cm [29].

Focusing on the adnexal region, endometrio-
sis can affect also the salpinx presenting with 
hematosalpinx.

Hematosalpinx is usually seen as an elongated 
tube with hemorrhagic content (Fig.  23.3) 
(Videos 23.3a, 23.3b, 23.3c). The presence of 
hyperintense fluid seen on T1-weighted images 
in a dilated tube, even if not associated with other 

a b c

Fig. 23.1 Endometrioma: (a) sagittal T2-weighted 
image, (b) axial T2-weighted image, (c) fat-suppressed 
axial T1-weighted image. These images show an endome-
trioma of the right ovary (arrows), with low signal inten-

sity on T2-weighted images (a, b) and typical high signal 
intensity on T1-weighted image (c) caused by the pres-
ence of blood in subacute stage

a b c

Fig. 23.2 Endometrioma with shading sign: (a) axial 
T2-weighted image, (b) sagittal T2-weighted image, (c) 
fat-suppressed sagittal T1-weighted image. The first two 

images (a, b) show “shading sign,” the fluid-fluid level 
caused by the presence of blood products in different 
phases of degradation (arrows)
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implants within the pelvis, is suggestive of tubal 
endometriosis and may be the only indicator of 
the disease [30, 31].

23.4  Peritoneal Endometriosis

It has been suggested that pelvic pain in patients 
with ovarian endometrioma may be linked to other 
peritoneal foci. It is in fact possible that an elevated 
inflammatory reaction and increased production of 
prostaglandin (PG) can give rise to pain [32].

It may be difficult to identify serosal implants 
as these lesions are not always easy to recognize. 
Sensitivity and specificity of MRI are thus 
approx. 47–61% and 87–97%, respectively. If 
serosal implants are identified, they will be 
depicted as small laminar foci on the surface of 
the pelvic organs showing hyperintense signal on 
T1-weighted fat-saturated images.

23.5  Adhesions

Endometriosis is an inflammatory disease which 
often generates adhesions. Pelvic adhesions are 
thus often found in patients with endometriosis, 
and pain intensity varies according to the site and 
degree of adhesions. Redwine reported that peri-
toneal endometriosis and adhesions are more fre-
quently found than ovarian endometriosis [33]. 
According to the revised American Fertility 
Society, the presence of adhesions is a significant 
indication of endometriosis. Adhesions are gen-

erally less frequent in stage I–II endometriosis 
than in stage III–IV and in women with endome-
triomas and peritoneal location. A correlation 
between adhesions and visual analog scale (VAS) 
scores has been reported in several studies.

MRI diagnosis of adhesions is a challenge. 
The most important limitation of MRI as com-
pared to TVUS is the impossibility to perform a 
real-time dynamic test. MRI T1-weighted and 
T2-weighted images may show adhesions as 
spiculated low signal intensity filaments of vary-
ing thickness. These may also appear in connec-
tion with angulated bowel loops, alteration in 
loop diameter, fat plane obliteration between 
adjacent organs, retroflexed uterus, and elevated 
posterior fornix.

23.6  Deep Endometriosis

Deep infiltrating endometriosis (DIE) is defined 
as a ≥5 mm deep infiltration of muscular endo-
metriosis implants over the peritoneal surface; 
4–37% of patients with endometriosis are 
affected [35, 36]. The most severe forms of deep 
endometriosis are located in the intestinal and 
urinary tracts [37, 38]. In DIE, T2-weighted 
images show a marked hypointense signal rep-
resenting the presence of fibrous tissue. The 
posterior compartment, i.e., the torus uterinus 
and the uterosacral ligaments, is involved in 
70% of patients, followed by the vagina in 
14.5%, bowel in 10%, and bladder in 6.5% 
(Fig. 23.4) (Videos 23.4a, 23.4b, 23.4c).

a b c

Fig. 23.3 Tubal and ovarian endometriosis: (a) sagittal 
T2-weighted image, (b) axial T2-weighted image, (c) fat- 
suppressed axial T1-weighted image. Condition of severe 

bilateral tubal dilatation. On T1 fat-suppressed image (c) 
the hyperintense signal is suggestive for hematosalpinx 
(arrow). A large amount of fluid is recognized (a, b, c)
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23.6.1  Posterior Compartment

23.6.1.1  Torus Region 
and Uterosacral Ligaments

MRI imaging can show various signs of endome-
triosis in this region:

 – Macroscopic endometriosis implants with 
fibrous plaque.

 – Involvement of the rectouterine ligaments is 
likely if nodular lesions or increased asym-
metrical thickness is found associated with 
tethered and/or abnormal arciform 
appearance.

 – If there are signs of tipped uterus, posterior 
cul-de-sac obliteration, tethered appearance 
of  the rectum directed toward the uterus, 

 filaments between uterus and bowels, fibrotic 
plaque covering the serosal surface of the 
uterus, and/or elevated posterior fornix [34] 
(Fig. 23.5) (Videos 23.5a, 23.5b).

 – MRI signal intensity of the lesions should be 
evaluated as intensity varies according to the 
histological characteristics of the ectopic 
tissue [37].

Three main patterns of signal intensity have 
been described in literature: (I) hypointense 
signal on both T1- and T2-weighted sequences 
with hyperintense foci on T2-weighted sequences 
which may indicate fibrosis with glandular spots, 
(II) hypointense signal on T1- and T2-weighted 
images with hyperintense foci on T1-weighted 
images which is caused by hemorrhagic foci 

a b c

Fig. 23.4 Deep infiltrating endometriosis affecting pos-
terior compartment with rectal wall infiltration, ovarian 
endometriosis and adenomyosis, T2-weighted image on 
axial (a) and sagittal plane (c) and fat-suppressed axial 
T1-weighted image (b). A fibrotic plaque in the rectouter-

ine pouch with extended rectal wall infiltration is depicted 
in (c), with a plaque of adenomyosis infiltrating the serosa 
causing severe adhesions between the rectosigmoid colon, 
ovaries, and uterus (a). Note also hemorrhagic foci and 
bilateral ovarian endometriomas (b)

a b c

Fig. 23.5 Endometriosis of the posterior compartment 
with rectal wall infiltration: (a) sagittal T2-weighted 
image, (b) axial T2-weighted image, (c) fat-suppressed 
axial T1-weighted image. These images show an endome-
triotic nodule in the posterior vaginal fornix (a, b, arrows) 

involving torus and the uterine sacral ligaments, with typi-
cal hemorrhagic foci on T1-weighted image (c, arrow); a, 
b show infiltration and thickening of the anterior rectal 
wall in both sagittal and axial planes; (c) on axial planes is 
clearly evident the extent to parametrium and pelvic wall
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within the fibrotic tissue, and (III) hypointense 
signal in both T1- and T2-weighted images in the 
presence of abundant fibrosis. This last finding 
may be missed on MRI or be misdiagnosed.

Kataoka et al. reported 1.5T MRI sensitivity 
68.4%, specificity 76.0%, diagnostic accuracy 
71.9%, positive predictive value (PPV) 76.6%, 
and negative predictive value (NPV) 68.5% in the 
diagnosis of posterior cul-de-sac obliteration 
[34]. Manganaro et al. subsequently reported 3T 
MRI mean sensitivity 93%, specificity 75%, PPV 
93%, and NPV 75%.

23.6.1.2  Vaginal Endometriosis
Diagnosis of vaginal endometriosis is made at 
physical examination in 80% of cases. MRI 
appearance of vaginal endometriomas is similar 
to that of lesions of the torus uterinus: hyperin-
tense on T2-weighted images and varying signal 
intensity on T1-weighted images. If the vagina is 
involved, MRI will reveal obliteration of the 
pouch of Douglas in most patients.

23.6.1.3  Bowel Endometriosis
Endometriosis affects the bowel in 3–37% of 
patients. In 90% of these patients, the rectum 
and/or sigmoid colon are involved and in 
descending order the appendix, the cecum, and 
the distal ileum [21].

Endometriosis lesions infiltrate the bowel 
walls from the external surface extending toward 
the muscular layer which becomes hypertrophic 
and fibrotic.

A rectal nodule with obliteration of the cul-de- 
sac can cause painful bowel peristalsis, rectal pain 
during intercourse or while sitting, and rectal pain 
with passing gas. Furthermore colorectal endome-
triosis may cause constipation, diarrhea, tenesmus, 
dyschezia, and sometimes rectal bleeding. Some 
patients may develop intestinal obstruction or per-
foration due to endometriosis [39]. Lesions located 
in the bowels are generally fibromuscular with foci 
appearing hyperintense on T2-weighted images 
(Fig. 23.6) (Video 23.6). In some cases, hyperin-
tense foci on T1-weighted images can be recog-
nized. In these patients, contrast enhanced MRI 
could provide a better differentiation between the 
lesion and the normal bowel [40].

MRI images showing asymmetrical thicken-
ing of the lower sigmoid wall and thickening of 
the colorectal wall with anterior triangular attrac-
tion of the rectum toward the torus uteri are indi-
cations of rectal involvement [41] (Fig.  23.7) 
(Videos 23.7a, 23.7b, 23.7c).

MRI sensitivity 84% and specificity 99% were 
obtained in a study of 60 patients with bowel 
invasion [42]. Similar values have been reported 
in studies using TVUS in patients with rectal 
lesions. However, lesions above the rectosigmoid 
junction can only rarely be visualized using 
TVUS. Endometriosis involving the small bowel 
is generally located in the distal 10  cm of the 
ileum. This location is quite rare though, occur-
ring in only 10–15% of patients with intestinal 
endometriosis, whereas the appendix is involved 
in up to 18% of cases.

Fig. 23.6 Endometriosis of posterior compartment: (a, c) 
sagittal T2-weighted images, (b) axial T2-weighted 
image. An extended fibrotic plaque in the recto-uterine 
pouch (a, arrow) with torus and uterosacral ligaments 

involvement and severe adhesions between cervix and 
rectum/sigmoid colon (b, arrow). Wall thickening sign of 
bowel lesion is showed (c, arrow)
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MRI should always be carried out in the study 
of endometriosis due to the multifocal spread of 
this disease.

Piketty et al. found that the patients affected 
by intestinal endometriosis had an increased risk 
to develop multifocal intestinal locations in up to 
55% of patients. Histology furthermore proved 
association with proximal “right” bowel lesions 
(cecal or ileal) in 28% of patients with lesions in 
the rectum and/or sigmoid colon [43].

Some recent studies have been published 
advocating the use of contrast-enhanced MR 
colonography (MRC) for diagnosing endometri-
osis affecting the colon and rectum [44].

Patients undergoing MRC were orally admin-
istered 1500  ml of polyethylene glycol (PEG) 
before the examination, and 1000–2000 ml water 
solution was subsequently instilled into the colon 
using a rectal balloon catheter. Pre- and post-gad-
olinium contrast 3D T1-weighted images with fat 
saturation for bowel wall study were acquired. 
The authors reported the following values: sensi-
tivity 95%, specificity 97%, PPV 91%, NPV 
99%, and diagnostic accuracy 97% [44].

23.6.2  Anterior Compartment

In up to 50–75% of patients, endometriosis 
affecting the urinary tract is associated with 
lesions in other pelvic sites, and involvement of 
the ureter and/or bladder is usually a sign of 
advanced stages of the disease, as compared to 

patients who have not developed urinary tract 
invasion [29, 37].

Endometriosis affects the bladder in 6% of 
endometriosis patients [37]. Bladder endometrio-
sis can be divided into two categories: extrinsic 
and intrinsic lesions.

Extrinsic lesions are the most frequent and 
confined to serosal surface; they are asymptom-
atic. However, they may invade the muscular 
layer and transform into intrinsic lesions [38].

Intrinsic lesions present symptoms in up to 
75% of patients and are in many cases related to 
iatrogenic endometrial injuries. About 43–50% 
of patients with intrinsic lesions report a medical 
history of pelvic surgery [37]. MRI reveals focal 
bladder wall thickening with areas of protrusion 
into the bladder lumen.

In some patients, a large plaque of fibrous tis-
sue may invade and completely obliterate the 
vesicouterine space (Fig. 23.8) (Video 23.8). In 
these cases, the fibrous tissue may be attached to 
an adenomyotic nodule situated on the anterior 
wall of the uterus. T2-weighted images acquired 
on the sagittal plane reveal hypointense tissue, 
uneven contours of the bladder, and occasional 
tiny hyperintense spots within the tissue repre-
senting cystic dilation of the endometrial glands. 
T1-weighted images may reveal hyperintense 
foci, a finding which is highly specific in endo-
metriosis. Bazot et al. carried out a study of 195 
patients with suspected endometriosis and 
obtained MRI sensitivity 88%, specificity 99% 
(177/179), and diagnostic accuracy 98% in the 

Fig. 23.7 Endometriosis of posterior compartment with 
rectal wall infiltration: (a, b) sagittal T2-weighted image, 
(c) axial T2-weighted image, (d) fat-suppressed sagittal 
T1-weighted image, without (a) and with (b–d) gel 
vaginal and rectal filling. Gel filling can facilitate detection 

of deep endometriosis in posterior compartment: an 
extended plaque of fibrous tissue and a nodule in 
rectovaginal pouch that infiltrates anteriorly the posterior 
vaginal fornix, vaginal wall, and posteriorly the rectal 
wall (arrows)
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diagnosis of bladder endometriosis. Encasement 
of the distal ureter is an important problem as this 
condition requires ureteral reimplantation sur-
gery [42] (Fig. 23.9) (Videos 23.9a, 23.9b, 23.9c).

Ureteral endometriosis is usually extrinsic, 
and encasement of the ureters is generally caused 
by endometriosis embedded in the ovary, in the 
broad ligament, or in the parametrium (Fig. 23.10) 
(Videos 23.10a, 23.10b).

In some patients, the fibrotic scar can lead to 
ureteral stricture, as direct extension into the ure-
ter may result in luminal narrowing and dilation 
[37]. If the adipose tissue between the nodule and 
the ureter is not preserved on T2-weighted 
images, ureter invasion should be considered.

Hydronephrosis is visible on T2-weighted 
images, and MR urography using 2D 
T2-weighted sequences or delayed contrast-

enhanced 3D sequences with higher spatial reso-
lution can improve diagnostic accuracy showing 
the level and severity of the stricture and renal 
impairment [45].

The round ligaments are less frequently 
involved, but this region should be routinely 
evaluated particularly in patients with bladder 
endometriosis. Substantial thickening of the 
round ligament (>6 mm) is a significant sign of 
endometriosis implants. In case of unilateral 
invasion, the uterus is drawn toward the 
affected side. T2-weighted sequences usually 
reveal a hypointense signal, and in rare cases 
small hyperintense foci are visible on 
T1-weighted images [29]. In patients with 
bilateral invasion and bladder endometriosis, 
the round ligaments appear V-shaped, and they 
are stiff and thick.

Fig. 23.8 Deep infiltrating endometriosis of anterior 
compartment: (a) sagittal T2-weighted image, (b) axial 
T2-weighted image, (c) fat-suppressed sagittal 
T1-weighted image. T2-weighted images (a, b) show a 

huge nodule in the vesicouterine pouch, between the uterus 
and posterior bladder wall, with infiltration (arrows); 
within the nodule there are the typical hemorrhagic foci, 
hyperintense on T1-weighted images (c, arrow)

Fig. 23.9 Deep endometriosis affecting posterior and lat-
eral compartments with ureteronephrosis: T2-weighted 
image on sagittal (a–c) and axial plane (b). (a) Shows a 
fibro-endometriosis plaque between the torus uterinus and 

the rectum with signs of infiltration; the plaque extends in 
the parametric region on the right, causing ureteral 
stenosis and consequent hydroureteronephrosis; left 
ovarian endometriosis is also present (b, c)
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23.7  Adenomyosis

Adenomyosis can be diagnosed using MRI, 
which is a noninvasive method with elevated 
specificity (67–99%) and diagnostic accuracy 
(85–95%) in this pathology.

MRI shows increased junctional zone thickness 
and a poorly delimited low signal intensity area on 
T2-weighted acquisitions. Additionally, 
T2-weighted images may show small high signal 
intensity areas representing glandular cysts. On 
T1-weighted images, in some cases, small high sig-
nal intensity foci are recognized due to the presence 
of methemoglobin. These are specific signs of ade-
nomyosis (Figs. 23.11 and 23.12) (Videos 23.11a, 
23.11b, 23.11c and 23.12a, 23.12b, 23.12c).

MRI images of endometrial invasion and junc-
tional zone alterations are subjective criteria 

often used for diagnosing adenomyosis instead of 
objective criteria which should be preferred. So 
far three objective MRI criteria for diagnosing 
adenomyosis have been established: junctional 
zone thickening of 8–12  mm, junctional zone 
ratio, max thickness/total myometrium >40%, 
and the difference between max/min thickness of 
the junctional zone (JZmax-JZmin ¼ JZ dif) 
>5 mm.

The first two parameters are controversial 
because the thickness of the junctional zone 
changes according to the hormonal status and 
menstrual cycle. The third parameter relies on 
measurements made in the same hormonal phase 
and should therefore be independent of hormonal 
status.

Also other parameters are useful for detecting 
adenomyosis, such as asymmetric myometrial 

Fig. 23.10 Multifocal deep endometriosis: (a, b) sagittal 
T2-weighted images, (c) axial T2-weighted image, (d) 
fat-suppressed axial T1-weighted image. Diffuse pelvic 

endometriosis with bilateral endometriomas, 
hematosalpinx (a, c, d, white arrows), and left ureter 
involvement with ureteronephrosis (b, yellow arrow)

Fig. 23.11 Adenomyosis, tubo-ovarian, and peritoneal 
endometriosis: (a) axial T2-weighted image, (b) fat- 
suppressed axial T1-weighted image, (c) sagittal 
T2-weighted image after gel filling. These images show a 
thickened junctional zone and asymmetric posterior 
uterine wall (a, arrow), with cystic areas, some of which 

hyperintense on T1-weighted image (b, arrow), specific 
sign of adenomyosis. Hemorrhagic tubo-ovarian complex 
on the right side is visualized (b, yellow arrow); presence 
of peritoneal endometriosis on uterine serosa (b); a 
fibrotic plaque in rectouterine pouch with retroflexed 
uterus (c, arrow)
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walls, focal adenomyoma, and macrocystic areas 
within the myometrium due to cystic adenomyo-
sis (Fig. 23.13) (Videos 23.13a, 23.13b).

23.8  New Perspective in the Study 
of Pelvic Pain

23.8.1  Neural Involvement 
in Endometriosis: Pelvic 
Tractography 
and Neurography

Since the pathogenesis of pain is still debated, 
researchers have been going through new paths to 
try to get as much information as possible that 
can allow effective explanation and treatment of 
this invalidating symptom.

Endometriosis is an infrequent cause of 
peripheral neuropathy.

The involvement of the peripheral system has 
been theorized in many ways, endometriosis acts 
with three different mechanisms: producing cyto-
kines and neurogenic factors, directly infiltrating 
nerves tissue or through chronic bleeding; in fact, 
lesions were found around the sciatic and under 
the nerve sheath; as a possible explanation to this, 
a perineural spread theory was introduced.

Although no final explanation has been 
proven, we know that sciatica-like pain has a high 
incidence (50%) in women affected by 
endometriosis [46] and that endometriosis was 
the most common cause of sacral radiculopathy 
of non-spinal origin [47].

Generally, two main causes of “leg pain” have 
been described: referred pain and neuropathic 

Fig. 23.12 Adenomyosis, hematosalpinx, ovarian and 
peritoneal endometriosis: (a) fat-suppressed sagittal 
T1-weighted image, (b) sagittal T2-weighted image, (c) 
axial T2-weighted image. Adenomyosis signs are 
thickening of junctional zone, with low signal intensity on 

T2-weighted images (b, arrow) and hyperintense foci on 
T1-weighted images (a, white arrow); a large left ovarian 
endometrioma near to a dilated fallopian tube is shown (c, 
arrow); presence of hematosalpinx and peritoneal 
endometriosis of uterine serosal surface (a, yellow arrow)

Fig. 23.13 Adenomyoma on (a) axial T2-weighted 
image, (b) fat-suppressed axial T1-weighted image, and 
(c) sagittal T2-weighted image. These images show a 

round-shaped lesion, with regular margins, near the left 
uterine wall, hypointense with some high-signal spots 
(a–c) and with hemorrhagic foci (b)

23 Imaging of Endometriosis-Related Pain



482

pain. Large ovarian cysts may be responsible for 
referred pain in the medial anterior part of the 
thigh, while neuropathic pain is related to the 
involvement of the nervous structures. Pain in 
anterior and medial part of thigh and weakness 
with adduction has been described in the cases of 
endometriosis of the obturator nerve. Pain in 
anterior and lateral part of thigh is related to the 
invasion of the femoral and femoral cutaneous 
nerve. Pain at the buttock, extending along the 
posterior-lateral thigh and calf, is referred in the 
case of endometriosis of the sciatic nerve or sci-
atic plexus.

MR Imaging is able to detect the involvement 
of nervous fibers with hyperintensity on T2, T1 FS 
and DWI, with a significant and inhomogeneous 
enhancement after i.v. contrast administration. The 
presence of adhesions and altered muscle trophism 
and asymmetry are depicted as indirect signs 
(Fig. 23.14) (Videos 23.14a, 23.14b).

In this contest, new ways of studying endome-
triosis were investigated: one that indirectly eval-
uates the abnormalities of the sacral plexus 
(tractography) and the other one that directly 
visualizes the any possible alteration along the 
neural path (neurography).

Tractography allows us to study the three- 
dimensional architecture of nerve fibers; in fact it 
is able to reconstruct nerve fibers starting from 
diffusion-weighted images. It is routinely used in 
the study of central nervous system, but its role in 
the peripheral system has been widely investigated 
in particular to study major nerves of arms and 
legs (median, ulnar, radial, sciatic…) [48, 49].

The fundamental principle on which the 
reconstruction is based is that within the axons, 

the movement of the water molecules is not 
random but hindered by the cell walls; therefore 
the movement will be facilitated in a direction 
parallel to the axonal fiber, and a damage in the 
wall or direction of the nerves pathways is 
expressed by an altered reconstruction.

Tractography allows an anatomical evaluation 
both of nervous fibers and also of its 
microstructural integrity through the analysis of 
the FA value, whose decrease could indicate 
acute fiber damage, Wallerian degeneration, 
involvement of the fiber by extrinsic masses, etc.

Moved by the knowledge that there is an inter-
action between central nervous system- peripheral 
nervous system and endometriotic implants, few 
authors investigated the application of tractogra-
phy in women affected by endometriosis who 
referred severe chronic pelvic pain. Interesting 
results showed that endometriosis-related pain 
correlated with an altered 3D reconstruction of 
the sacral plexus [50], as well as pathological 
DTI is significantly associated with the severity 
of dysmenorrhea, pain duration and in particular 
with specific type of endometriosis such as tubo-
ovarian and cul- de- sac adhesions, and DIE 
(Fig. 23.15) [51].

For what concern neurography, already in 
1995 Cottier et  al. [52] reported a case of 
endometriotic implant along the sciatic nerve 
visualized on MRI. Since then other studies have 
been proposed to show that neurography can help 
to demonstrate rare location of endometriosis 
along the nerves pathways especially in women 
referring with catamenial radiculopathy [53, 54]. 
These sequences offer an excellent anatomical 
detail and therefore can be used to visualize small 

Fig. 23.14 Endometriosis of posterior compartment with 
muscular and nervous structures infiltration on (a) sagittal 
T2-weighted image, (b) coronal T2-weighted image, and 
(c, d) axial T2-weighted images. These images show a 

fibrotic endometriotic nodule between right vaginal fornix 
and the rectum, with involvement of the rectal wall, 
mesorectum, right puborectalis muscle, and ipsilateral 
sacral nerval roots (arrows)
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foci along the nerve root or directly evaluate the 
entrapment of the neural plexus from an endome-
triotic implants, as well as directly visualize the 
neuropathic injury.
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Imaging of Acute Scrotum
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24.1  Introduction

Acute scrotal pain can be determined by many 
different causes [1]. A number of differential 
diagnoses must be considered, either scrotal and 
non-scrotal, some of which requiring emergent 
management. A correct diagnosis is mandatory 
and must be obtained in emergency, as treatment 
options (observation, surgery, antibiotics, etc.) 
could differ dramatically depending on the dis-
ease process.

Testicular torsion, epididymo-orchitis, and tor-
sion of the testicular appendages are the most 
common causes of acute scrotal pain, but a variety 
of less common clinical situations can be encoun-
tered. Differentiation is a significant diagnostic 
problem in clinical practice. A firm diagnosis is 
often difficult based on clinical history and physi-
cal examinations only, and imaging is usually 
requested for this purpose. However, imaging 
findings are not always easy to understand. They 

have to be interpreted in close correlation with 
clinical information and with knowledge of the 
possible pathological situations underlying the 
clinical presentation of the specific patient.

In this chapter, the commonest causes of acute 
scrotal pain are discussed and illustrated with 
emphasis to correlation between clinical and 
imaging findings.

24.2  Testicular Torsion

Torsion of the spermatic cord is a surgical emer-
gency leading to testicular loss, if not timely 
treated. Torsion results in cessation or marked 
reduction of blood flow to the testicle causing 
ischemia and parenchymal necrosis. Intravaginal 
torsion, caused by a congenital malformation of 
the processus vaginalis, accounts for 90% of 
cases. It is related to the bell-clapper deformity, 
an anatomical variation in which the tunica vag-
inalis completely encircles the epididymis, dis-
tal spermatic cord, and the testis rather than 
attaching to the posterolateral aspect of the tes-
tis. This situation is relatively common, account-
ing for up to 12% of males in autopsy series [2]. 
Bell- clapper deformity is often bilateral and 
leaves the testis free to rotate within the tunica 
vaginalis [1].

Extravaginal torsion is less common; it occurs 
in the newborn when the intrascrotal contents are 
not fixed and are free to move in and out of the 
scrotal sac.
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24.2.1  Clinical Presentation

Patients with testicular torsion usually present 
with a sudden acute testicular pain, nausea and 
vomiting, and ipsilateral lower abdomen pain. 
Sometimes the onset of symptoms is more 
gradual and the pain is less severe. In many cases, 
there is a history of previous episodes of severe, 
self-limiting scrotal pain and swelling. Careful 
palpation of the scrotum will assess the 
asymmetric positioning of the testis within the 
scrotal sac. The testis may be high-riding in the 
scrotum in an abnormal transverse position. 
Cremasteric reflex is absent [3].

24.2.2  Imaging

Grayscale and Doppler modes are the mainstay 
for the diagnosis of acute testicular torsion [1, 3]. 
Ultrasonographic features vary with time and 
with the degree of rotation of the spermatic cord. 
Early after onset of symptoms, the ischemic testis 
may appear of normal volume, more often already 
increased in size due to incoming edema, and with 
normal echogenicity and echotexture (Fig. 24.1). 
Within about 4–6  h, the testis becomes swollen 
and hypoechoic, while a heterogeneous echo pat-
tern is observed much later. A mild hydrocele is 

generally present. These last changes are second-
ary to hemorrhage and infarction. After 24–36 h, 
the testis is markedly hypoechoic, usually with 
anechoic and patchy hyperechoic areas due to col-
liquative and hemorrhagic infarction (Fig. 24.2).

It must be underlined that the timing of mor-
phological changes depicted above is only indica-
tive and can vary substantially with the degree of 
torsion.

In the majority of cases, color Doppler inter-
rogation shows avascular or hypovascular testis, 
depending on the degree of twisting of the sper-
matic cord. Blood flow is relatively preserved in 
the other structures of the scrotal content, though 
the epididymis could become relatively ischemic. 
Within a few hours, the paratesticular tissues and 
the scrotal wall become hyperemic in an attempt 
to open collaterals.

By using the absence of identifiable intratesticu-
lar flow at color Doppler interrogation as the only 
criterion for detecting torsion, an 86–94% sensitiv-
ity, nearly 100% specificity, and 97% accuracy are 
obtained [4, 5]. This means a false-negative diag-
nosis in up to 6–14% of patients, most of them with 
low-degree torsion in which there is only venous 
occlusion while the arteries are still patent. The 
clue for diagnosis of low-degree torsion is detec-
tion at spectral Doppler analysis of monophasic 
waveforms, increased resistance index with 
decreased diastolic flow velocities, or diastolic 
flow reversal [6–8]. These spectral Doppler changes 
in the testicular arteries are signs of ischemia 
caused by swelling and edema occluding the 
venous flow. Rarely, pulsus tardus et parvus wave-
forms are recorded, characterized by markedly 
reduced peak systolic velocities, compared to the 
contralateral healthy site, slowly accelerating slope, 
and markedly prolonged acceleration time 
(Fig. 24.3) [7]. No venous flows are recorded.

In patients with suspicious testicular torsion 
of any degree, the morphology and vascularization 
of the spermatic cord must be investigated. The 
level of twisting of the spermatic cord is displayed 
at a varying distance above the testis or posterior 
to the testis by identification of a funicular mass 
at which the funicular vessels either stop, as 
occur in high degree torsion, or are characterized 
by an abrupt change of the normally straight 

Fig. 24.1 Patient with high-degree testicular torsion 
investigated early after the onset of symptoms. The testis 
(T) has normal echogenicity and echotexture, avascular at 
color Doppler interrogation. The torsion site of the 
spermatic cord is identified as a lump (curved arrows) 
above the testis, in which few color signals are identified
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course. Twirling is demonstrated by the “whirl-
pool sign,” representing the funicular vessels 
wrapping around the central axis of the twisted 
spermatic cord (Fig. 24.3). Moving the probe in 
cranio-caudal direction along the axis of the sper-
matic cord eases identification of this sign [9].

24.3  Torsion of Appendages

There are four types of appendages, which are 
remnants of embryological ducts: the appendix 
testis (hydatid of Morgagni, remnant of the 

Müllerian duct), the appendix of epididymis 
(remnant of Wolffian ducts), the paradydimis 
(organ of Giraldes, remnant of mesonephric 
duct), and the vas aberrans of Haller. Appendages 
become clinically relevant once they undergo 
torsion.

In appendigeal torsion the onset of the pain can 
be either insidious, with mild scrotal discomfort, or 
acute, making differentiation with testicular torsion 
challenging on clinical basis only. Physical exami-
nation may reveal a small (3–5 mm) extratesticular 
tender nodule at the level of which a bluish change 
in the skin color appears, due to visualization of the 

a b

Fig. 24.2 Patient with longstanding high-degree right 
testicular torsion. (a) Right testis. Color Doppler US 
shows enlarged, inhomogeneously hypoechoic testis (T), 
with hyperechoic areas consistent with hemorrhagic 

changes. The testis is completely avascular at color 
Doppler interrogation. Increased vascularization of the 
peritesticular tissues is present. (b) Left testis (T) with 
normal appearance

a b

Fig. 24.3 Low-degree testicular torsion. (a) The testis 
(T) has normal echogenicity and echotexture, with few 
parenchymal vessels displayed at color Doppler 
interrogation. The torsion site of the spermatic cord is 

identified as a lump (curved arrows) above the testis, in 
which spermatic vessels are seen with tortuous course 
(twirling sign). (b) Low-velocity flows with post-stenotic 
appearance are recorded in the testicular vessels
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infarcted appendage through the skin (“blue dot 
sign”). The blue dot sign is strongly specific for 
appendigeal torsion, even though it is detectable in 
only about 20% of patients.

Twisted appendages are usually 5 mm or larger 
in size, with variable echogenicity, next to the upper 
pole of the testis or to the epididymal head [10, 11]. 
They are avascular at color Doppler interrogation, 
but perilesional hypervascularization can be present 
in subacute torsion (Fig. 24.4). Reactive hydrocele 
and skin thickening are often associated. In chronic 
appendiceal torsion, shrinking is observed. The 
appendix can eventually detach or calcify.

24.4  Epididymo-orchitis

Epididymo-orchitis is the most common cause of 
acute scrotal pain in adults, representing at 
least  75% of all inflammatory scrotal disease 

 processes. Complications include abscess, testic-
ular ischemia, and pyocele formation. The infec-
tion usually spreads from the urethra, prostate, or 
bladder. Chlamydia trachomatis, Neisseria gon-
orrhoeae and the coliforms, less frequently 
mycobacteria, brucella, and cryptococcus, are the 
main pathogens.

24.4.1  Clinical Presentation

Typically, in epididymo-orchitis, scrotal pain 
and swelling have a gradual onset but occa-
sionally sharp and acute. Fever or other non-
specific signs of inflammation can be 
associated. Pain may radiate along the sper-
matic cord and reach the abdomen. Other pre-
senting symptoms include  urethral discharge, 
dysuria, and other irritative lower urinary tract 
symptoms. Physical examination findings 

a

c

b

Fig. 24.4 Appendiceal torsion. 11-year-old boy present-
ing with acute scrotal pain since 7 days. (a) Grayscale 
ultrasonography shows a small mass (asterisk) above the 
upper pole of the testis. (b) The mass (asterisk) is avascu-

lar at color Doppler interrogation. Vascularization of the 
testis (T) is normal. (c) Spectral Doppler interrogation of 
the testicular vessels shows normal arterial flows
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range from painful swelling of the tail of the 
epididymis to involvement of the entire epi-
didymis, to the testis, which becomes mark-
edly enlarged, hard and tender. The spermatic 
cord is usually tender and swollen. Also, the 
wall of the involved hemiscrotum becomes 
reddish and thicker.

24.4.2  Imaging

Sonography shows diffuse or focally enlarged 
epididymis, with the epididymal tail most com-
monly involved. Epididymis usually presents 
an inhomogeneous echotexture, globally 
hypoechoic, with hyperechoic areas consistent 
with edema or hemorrhage. In most of cases, it 
is markedly hypervascular at color Doppler 
interrogation compared with the asymptomatic 
side (Fig.  24.5). When involved the testis is 
enlarged, usually hypoechoic, hard at elastog-
raphy, and markedly hypervascular at color 
Doppler interrogation. Scrotal skin thickening, 
hyperemia, and a reactive hydrocele are com-
mon associated findings.

Focal orchitis can rarely occur, involving 
only one or few testicular lobules. Color 
Doppler interrogation shows a hypoechoic, 
hypervascular area. Differential diagnosis with 
tumor is performed combining color Doppler 
appearance, clinics, and presence of signs of 

inflammation. Diagnosis is confirmed with 
 disappearance of the lesion after appropriate 
medical treatment.

24.5  Post-inflammatory Testicular 
Ischemia

In severe inflammation engorgement of the epi-
didymis and testis can produce venous outflow 
obstruction and, eventually, impairment of the 
arterial blood supply and tissue ischemia. The 
disease may progress to segmental or global 
testicular infarction [8, 12, 13].

While in epididymo-orchitis the testis and epi-
didymis are usually hypervascular, in patients 
with post-inflammatory ischemia, vascularity of 
the affected testis is reduced compared with the 
contralateral one. Intratesticular arteries show 
high resistance flows or diastolic flow reversal 
(Fig. 24.6). CEUS improves evaluation of testic-
ular perfusion in these patients differentiating 
ischemic from viable, hypoperfused testes. It is 
possible to monitor the efficacy of medical ther-
apy during the follow-up showing progression to 
global infarction, abscess formation, or, on the 
contrary, restoration to normal parenchymal 
vascularization.

24.6  Abscess Formation

Epididymal and intratesticular abscesses can 
complicate severe epididymo-orchitis [12] and 
can result from infection of hydroceles or hemato-
celes or from extension of an intraperitoneal 
infection into the scrotal sac via a patent process 
vaginalis. Abscesses present at ultrasonography 
as heterogeneous, usually hypoechoic, focal 
lesion with irregular margins, lacking vasculariza-
tion at color Doppler interrogation and at CEUS 
(Fig. 24.7). Hypervascularization of the surround-
ing parenchyma can be observed. Abscess forma-
tion may involve the scrotal wall as well, and the 
inflammatory content can spread into the scrotal 
sac forming a pyocele. Ultrasonography shows a 
complex scrotal fluid collection with scrotal skin 
thickening and hyperemic soft tissues.

Fig. 24.5 Epididymitis. Color Doppler ultrasonography 
shows enlarged and heterogeneous, markedly hypervascular 
epididymal tail (curved arrows). The testis (T) is normal
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a

c

b

Fig. 24.6 Post-inflammatory testicular ischemia in a 
patient presenting with severe left epididymo-orchitis. (a) 
Color Doppler ultrasonography shows hypoechoic, 
hypovascular left testis (T) and hypervascular, enlarged 

epididymis (asterisk). (b) Spectral Doppler analysis 
shows high resistance testicular flows. (c) The contralateral 
right testis (T) is normal

a b

Fig. 24.7 Abscess formation. (a) Epididymitis compli-
cated with abscess formation, identified as an inhomoge-
neous avascular lesion (asterisk) in a globally enlarged, 
hypervascular epididymal tail (curved arrows). The testis 

(T) is normal. (b) Epididymo-orchitis complicated with 
testicular abscess formation, identified as a inhomoge-
neous avascular area (asterisk) within a hypervascular tes-
tis (T)
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24.7  Segmental Testicular 
Infarction

Segmental testicular infarction presents with 
acute scrotal pain and may clinically resemble 
epididymo-orchitis or torsion. A firm diagnosis is 
important because, if identified, follow-up is 
advocated. At ultrasonography, segmental testicu-
lar infarction presents as a solid intratesticular 
lesion, hypoechoic or isoechogenic, to the sur-
rounding normal parenchyma, avascular at color 
Doppler interrogation. The key factor that allows 
differential diagnosis with tumor is recognition 
that the lesion is formed by one or more ischemic 
testicular lobules. When the lesion is wedge-
shaped and completely avascular diagnosis is 
straightforward, but segmental testicular infarc-
tion can be round shaped, and may appear not 
completely avascular at colour Doppler interroga-
tion when viable lobules interleave the ischaemic 
ones. When intralesional color spots are present, 
infarction cannot be safely differentiated from 
hypovascular tumors using conventional Doppler 
modes. Moreover, perilesional parenchymal flow 
signals may be prominent in segmental infarction 
and mimic peripheral vascularization of tumors, 
especially in small lesions.

Contrast-enhanced MRI has been claimed as 
the best imaging modality to obtain a firm  diagnosis 
of segmental testicular infarction in equivocal cases 
[14]. The lesion does not enhance following gado-

linium administration. An enhancing perilesional 
rim can be seen. CEUS provides similar results 
(Fig.  24.8). It improves characterization of acute 
testicular segmental infarction showing the mor-
phological features of this lesion which presents as 
one or more avascular areas occasionally separated 
by normal vessels or viable areas, consistent with 
ischemic testicular lobules [15].

24.8  Vasculitides

Testicular vasculitides usually present with 
acute pain without a history of injury or infec-
tion. Symptoms may suggest testicular torsion, 
leading to non-necessary surgical exploration. 
They are usually part of a systemic disease, like 
polyarteritis nodosa (PAN), with damage of 
medium- and small-size intratesticular arteries 
resulting in vascular stenoses, thromboses, and 
micro-aneurysms.

It is important to differentiate between vascu-
litis and torsion, especially in the context of PAN, 
because in PAN testicular viability is often pre-
served and patients usually improve on treatment 
with cyclophosphamide and corticosteroids. 
Differential diagnosis, however, is often difficult 
at imaging in absence of history  of PAN, and 
diagnosis is often made  per- operatively by the 
surgeon or even on histological examination of 
the orchiectomy specimen.

a b

Fig. 24.8 Segmental testicular infarction in a patient pre-
senting with right acute scrotal pain. (a) Color Doppler 
interrogation of the right testis shows avascular upper pole 
(asterisk). The remaining portions of the testis (T) are 

normal. (b) CEUS confirms presence of ischemic paren-
chymal lobules (asterisks) in the upper pole of the right 
testis (T)
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Both in PAN and in testicular torsion color 
Doppler ultrasonography can fail to show 
intratesticular vascularization or can show a 
marked reduction in arterial blood flow. 
Echotexture of the involved testis can be 
 heterogeneous, with areas of different echo-
genicity representing hemorrhage and 
ischemia. Failure to visualize the twisting of 
the spermatic cord, however, stands against 
torsion and helps to consider testicular involve-
ment of PAN, at least in patients with known 
systemic disease. Churg-Strauss syndrome, a 
small-vessel necrotizing vasculitis involving 
the lung, kidneys, and other organs, can also 
present with acute scrotal pain caused by isch-
emic changes within the testis. Also, children 
with Henoch-Schönlein purpura present with 
acute scrotal pain. Color Doppler ultrasonogra-
phy shows testes with normal echotexture and 
vascularity, while epididymides are enlarged, 
heterogeneous, and hypervascular. Scrotal skin 
thickening and reactive hydrocele are usually 
associated. Differential diagnosis with epidid-
ymitis may be difficult when scrotal involve-
ment presents before the disease is clinically 
apparent elsewhere.

24.9  Tension Hydrocele

When the hydrostatic pressure of a hydrocele 
exceeds the blood pressure in the testicular ves-
sels, parenchymal ischemia develops. Patients 
present to the emergency department with acute 
scrotal pain mimicking torsion. This uncommon 
condition can be observed in men with a long- 
standing history of hydrocele that undergoes sud-
den increase in fluid quantity. On physical 
examination, a large hydrocele is found. 
Ultrasound confirms the hydrocele and shows the 
testis, compressed from the fluid, avascular at 
color Doppler interrogation or with high- 
resistance flows or diastolic flow reversal [8] 
(Fig. 24.9). The course of the spermatic cord is 
normal. Needle aspiration of the hydrocele results 
in pain improvement, followed by restoration of 
low-resistance testicular flows.

24.10  Acute Venous Thrombosis

Thrombosis of the pampiniform plexus 
can  present clinically as an acutely pain-
ful  inguino- scrotal mass mimicking an 

a b

Fig. 24.9 Tension hydrocele. Patient with already known 
left hydrocele presenting with sudden increase in size of 
the left hemiscrotum and acute pain. (a) Color Doppler 
ultrasonography shows hydrocele (asterisk) and markedly 

hypovascular left testis (T). (b) Spectral Doppler interro-
gation of the intratesticular vessels shows high resistance 
arterial flows

M. Bertolotto et al.



495

 incarcerated hernia. This rare entity can occur 
spontaneously or secondary to exercise in 
patients with varicocele or with Henoch-
Schonlein purpura.

Ultrasonography and color Doppler interroga-
tion show patent arteries and thrombosed veins, 
recognized by presence of echogenic, non- 
compressible material within the lumen [8].

24.11  Spontaneous Intratesticular 
Hematoma

Testicular hematoma is common in the setting 
of trauma but rarely can occur spontaneously 
[16]. Differential diagnosis is important, 
because this entity is managed conservatively 
provided that a firm preoperative diagnosis is 
done. Patients present with acute scrotal pain. 
Ultrasonography shows an intratesticular mass 
completely avascular at color Doppler interro-
gation and at CEUS or at MR imaging 
(Fig. 24.10). Avascularity and clinical presenta-
tion with acute scrotal pain are the clue for the 
right diagnosis, which is confirmed during the 
follow-up by change in size and in appearance 
within few days. Besides demonstrating lack of 
vascularity, MRI has the advantage to show the 
characteristic signal intensity of blood and of 
its changes over time.

24.12  Isolated Torsion 
of the Epididymis 
and of a Spermatocele

Isolated torsion of the epididymis and of a sper-
matocele is a very rare cause of acute scrotal pain, 
with only few cases described in the literature. In 
torsion of the epididymis, presence of a long and 
tortuous epididymis with a long mesorchium or of 
epididymal-testicular dissociation is the major 
predisposing factor. Spermatoceles arose from the 
head of the epididymis and had a distinct pedicle 
with torsion identified at surgical exploration. This 
makes differential diagnosis with torsion of a large 
appendix epididymis difficult, if spermatozoa are 
not identified within the lesion. At color Doppler 
ultrasound, the testis is normal. In isolated torsion 
of the epididymis, the twisted portion is enlarged, 
with heterogeneous echotexture, lacking vascular-
ization at color Doppler interrogation [17]. On 
ultrasound, twisted spermatoceles are described as 
cystic like or heterogeneous lesions, possibly due 
to hemorrhagic content [18] (Fig. 24.11).

24.13  Testicular Neoplasms

Tumors can occasionally manifest with acute 
scrotal pain or can be found incidentally in 
patients examined for a pathology causing acute 

a b

Fig. 24.10 Spontaneous intratesticular hematoma in a 
patient presenting with severe acute left testicular pain 
and no history of trauma. (a) Grayscale ultrasonography 
shows a hypo-anechoic lesion (asterisk) in the upper pole 

of the left testis (T). (b) CEUS shows lack of vascularity 
of the lesion (asterisk). Follow-up investigations showed 
change in lesion appearance and progressive reduction in 
size (not shown)
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scrotal pain, such as trauma or inflammation [19]. 
In testicular neoplasms, the pain may be second-
ary to hemorrhage into the tumor which is sponta-
neous or secondary to even minor traumas. Tumor 
markers often help in the differential diagnosis 
between testicular tumors and nonneoplastic 
lesions. Virtually all patients with choriocarci-
noma have elevated human chorionic gonadotro-
pin (hCG) levels. Serum alpha- fetoprotein (AFP) 
levels are elevated in approximately half of the 
patients with nonseminomatous neoplasms. 
Leydig and Sertoli cell tumors may produce 

excessive estrogen or testosterone, resulting in 
precocious virilization or feminization. The 
majority of seminomas, however, present with 
normal serum tumor markers. The ultrasono-
graphic findings of traumatic and inflammatory 
changes evolve rapidly and may be recognized at 
short-term follow-up. On the contrary, testicular 
tumors do not vary or increase in size over time 
(Fig. 24.12).

24.14  Non-scrotal Causes of Acute 
Scrotal Pain

A variety of non-scrotal clinical conditions may 
present with acute scrotal pain, thus entering in 
differential diagnosis with acute scrotal diseases 
[8]. The commonest is renal colic which can 
present, rarely, with severe scrotal pain and very 
mild (or even absent) flank pain. These patients 
are referred for a scrotal ultrasonographic exami-
nation because clinical attention is given primar-
ily to the testis.

Other extra-scrotal causes for acute scrotal 
symptoms are infected peritoneal fluid, 
hemoperitoneum developing in subjects with 
patent peritoneo-vaginalis duct, retroperitoneal 
fluid collections following pancreatitis, or adrenal 
hemorrhage and aortic aneurysm rupture. Having 
in mind this possibility, in patients with acute 
scrotal pain and normal scrotal content, extending 

Fig. 24.11 Spermatocele torsion in a patient presenting 
with sudden right scrotal swelling and acute scrotal pain. 
The testis (T) has normal appearance and vascularity. A 
cystic like lesion (asterisk) is found adjacent to testis, with 
fluid-fluid level. A twisted spermatocele was found at 
surgery

a b

Fig. 24.12 Testicular tumor presenting with acute scrotal 
pain and swelling. (a) Findings at physical examination of 
painful enlargement of the left hemiscrotum which 

developed in a few days. The scrotum was previously 
normal. (b) Ultrasonography reveals presence of a scrotal 
mass replacing the left testis
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the ultrasound investigation to the abdomen is 
advised to rule out non-scrotal cause for the 
symptoms (Fig. 24.13).

24.15  Conclusion

Grayscale and Doppler modes are the imaging 
modalities of choice for the evaluation of patients 
presenting with acute scrotal pain. The informa-
tion provided is vital to discriminate between 
situations that require immediate surgery, from 
those that are managed conservatively. It is there-
fore crucial to perform the study rapidly enough 
to avoid delay in surgery, when needed. Also, 
high-end equipment provided with sensitive 
Doppler modes is essential. The operator must be 
familiar with clinical presentation of the different 
scrotal pathologies and trained enough in opti-
mizing Doppler parameters to obtain high-qual-
ity imaging.
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