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E d i t o r i a l

This Special Issue includes a series of contribu-
tions whose central theme are the recent advances in 
the field of diagnostic and interventional radiology. In 
recent years, in fact, technological innovations, togeth-
er with clinical research, have led to the development 
of new imaging applications in clinical practice (1-8). 
These innovations have involved the purely diagnos-
tic aspect of imaging, thanks to the implementation of 
new protocols and advanced sequences, but also have 
given a significant boost to the ever-increasing use of 
interventional radiology procedures for the treatment 
of various diseases in different fields (9-18). The arti-
cles published in this volume are intended to give an 
overview of some of these new applications, focusing 
on, or reviewing, the state of the art in specific diag-
nostic and interventional settings (19-27).

The first article entitled “Internal hernias: a dif-
ficult diagnostic challenge. Review of CT signs and 
clinical findings”, by Lanzetta et al., is a review article 
focused on a rather rare but of fundamental clinical 
and diagnostic importance pathological picture that 
general, emergency and abdominal radiologists have 
to confront with. The authors carefully summarize the 
most important clinical and imaging aspects of this 
pathology, often of difficult assessment.

Still on the subject of diagnostic radiology, Bruno 
et al., in the second article “Application of Diffusion 
Tensor Imaging (DTI) and MR-tractography in the 
evaluation of peripheral nerve tumours: state of the 
art and review of the literature”, present the role of a 
particular novel advanced MRI technique in the pre-
operative study of peripheral nerves, whose results are 
very promising, with important clinical implications.

The importance of imaging in clinical manage-
ment (28-30) is also underlined by Danti et al., the 
authors of the article “Relationship between diagnos-
tic imaging features and prognostic outcomes in gas-
trointestinal stromal tumors (GIST)”, focused on the 
CT classification systems in the diagnostic imaging of 
GIST, and their role in risk stratification (31-35).

Starting from the description of a case (36, 37), 
Mariniello et al., in their article “Radiation-induced 
brain cavernomas in elderly: review of the literature 
and a rare case report”, review the literature of radia-
tion-induced cavernomas with their pathological fea-
tures and imaging findings.

Interventional radiology nowadays gained appli-
cation for the treatment of degenerative, traumatic, and 
tumor diseases in several fields (38-46). A very effective 
procedure used in the musculoskeletal field is the per-
cutaneous lavage of rotator cuff calcifications, described 
in terms of technique and results by Pagnini et al. in 
their article “Ultrasound-guided percutaneous irriga-
tion of calcific tendinopathy: technical developments”.

Another clinically relevant interventional radiol-
ogy technique is the execution of biopsies in almost 
all body districts (47-53). In the article “Percutaneous 
needle biopsy of retroperitoneal lesions: technical de-
velopments” by Bevilacqua et al., the authors describe 
the difficult but fundamental role of the imaging guid-
ance in the biopsy of retroperitoneal lesions, underlin-
ing the primary role of the interventional radiologist 
in the choice of the imaging modality, the approaches 
and the techniques to be used.

A multimodal imaging approach is often useful 
for an accurate diagnosis of certain diseases. In their 
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article “Magnetic Resonance Enterography (MRE) 
and Ultrasonography (US) in the study of the small 
bowel in Crohn’s disease: state of the art and review of 
the literature”, Manetta et al. describe the state of the 
art of diagnostic imaging in the study of this condition, 
comparing the advantages and limitations of the two 
techniques.

Beyond diagnostic purposes, imaging plays a de-
terminant role in the monitoring of therapeutic regi-
mens in particular settings where novel or advanced 
therapies are administered. The contribution by 
Reginelli et al. “Diagnostic value/performance of radi-
ological liver imaging during chemotherapy for gastro-
intestinal malignancy: a critical review” is a diagnostic 
focus on the imaging of liver alterations during sys-
temic therapy in cancer patients, with particular refer-
ence to the chemotherapic agents and the diagnostic 
challenges that can be encountered in these cases.

The last article by Zappia et al., entitled “Imaging 
of long head biceps. A multimodality pictorial essay” is 
an all-round review of the diagnostic imaging modali-
ties in the evaluation of the LHBT of the shoulder.

We are sure that the contributions of this volume 
can represent an opportunity for updating both for the 
radiologists and for the clinicians of various specialties, 
and we thank the authors for the intense commitment 
and the excellent scientific value of their work.
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Summary. Gastrointestinal stromal tumors (GISTs), the most frequent mesenchymal neoplasms of the gas-
trointestinal tract, are a relatively recently described entity. GISTs can occur across any age but are more 
common in patients older than 50 years. GISTs most commonly are in the stomach (60-70%), followed by 
the small intestine (20%-30%); they also rarely occur in the abdominal cavity, such as in the mesentery, the 
omentum and the retroperitoneum. Contrast-enhanced multi-detector computed tomography (MDCT) is 
the most largely used imaging modality for the localization, characterization and staging of GISTs. All pat-
terns of enhancement on contrast-enhanced MDCT can be seen with GISTs, including hypoenhancing, 
isoenhancing, and hyperenhancing neoplasms. A lot of prognostication systems have been proposed for the 
risk stratification of GISTs. This review outlines the relationship between different diagnostic imaging fea-
tures and prognostic outcomes in GISTs. (www.actabiomedica.it)
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Introduction

Gastrointestinal stromal tumors (GISTs) are the 
most frequent mesenchymal tumors of the gastrointes-
tinal tract, they are thought to arise from the intersti-
tial cells of Cajal, which are intestinal pacemaker cells 
that allow peristalsis and segmentation of the smooth 
muscle (1-3).

Rubin et al. in their study said that GISTs have 
no predilection for either sex, and although they oc-
cur over a wide age distribution, in fact about 75% are 
diagnosed in patients older than 50 years (4). These tu-
mors can arise everywhere in the gastrointestinal tract, 
but their most common locations are the stomach (60-

70%) and the small bowel (20-30%) (5-7). About 5% 
of GISTs are in the colon and rectum, another 5% in 
the esophagus (4, 8-11). A small part of these tumors 
also develops within the mesentery, omentum, retrop-
eritoneum, and pelvis (E-GIST) (12, 13).

Usually patients have non-specific symptoms in-
cluding early satiety, bloating, gastrointestinal bleed-
ing, fatigue from anemia, or obstruction (14). Bleeding 
can take the form of slow, intraluminal gastrointestinal 
bleeding or massive intraperitoneal bleeding following 
the rupture and can be seen regardless of the enhance-
ment pattern (15). Aggressive GISTs have a defined 
pattern of metastasis to the liver or throughout the ab-
domen (usually as multiple serosal-based nodules), or 
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both (5). Contrasting GISTs in elderly patients, lym-
phatic metastases represent a common route of initial 
spread in young patients (< or = 40 years) (16). Extra-
abdominal diffusion is mainly to the lungs and bone 
but isn’t usual (17). Gold et al. showed that a lot of 
patients have localized disease (79.4%), but approxi-
mately 11.4% have regional-distant metastatic disease 
at the time of presentation; recurrences have been re-
ported up to 30 years after initial diagnosis and resec-
tion (18).

GISTs have the classic tendency of exophytic 
growth, especially since they arise from the outer mus-
cular layer. There is frequently some growth towards 
the lumen however, as up to 50% of GISTs will exhibit 
mucosal ulceration on the luminal surface. Among 
other macroscopic characteristics, there can be focal 
areas of hemorrhage, necrosis, calcifications, intral-
esional cavitation or cystic degeneration (19).

Histologically, GISTs can be classified into three 
main subtypes: spindle cell type (most common, 70%), 
epithelioid type (20%), and mixed (10%). The cellular-
ity is also highly variable, passing from hypocellular to 
highly cellular with high mitotic rates (20, 21).

Kindblom et al. in their study described that 
GISTs can have many histological patterns and can be 
positive for c-KIT (95%), CD34 (60-70%), ACAT2 
(smooth muscle actin; 30-40%), S100 (5%), DES 
(desmin; 1-2%), and keratin (1-2%) (22-25).

Zao et al. showed how C-KIT is the most specific 
and sensitive marker in differentiating GISTs from oth-
er entities (20). Mol et al. described how C-KIT posi-
tive tumors benefit from system therapy with imatinib 
mesylate, defined as a target therapy (26-28). However, 
a subset of the 5% of tumors that are c-KIT-negative 
might benefit from c-KIT-targeted therapy (29).

The wide range of clinical presentations along with 
non-specific symptoms can pose a challenge in differ-
ential diagnosis of GISTs. To date contrast-enhanced 
multi-detector computed tomography (MDCT) is the 
most largely used imaging modality for the localiza-
tion, characterization and staging of GISTs (30).

In fact radiologists have a leading role in timely 
and accurate diagnosis for the frequent tumor’s vari-
ability in relation to location, pattern of enhancement, 
and other imaging features such as necrosis or cavita-
tion.

Prediction of prognosis of primary tumors has 
been studied intensively. In their study Fletcher et al. 
proposed tumor size and mitotic activity as the two 
main factors for the risk stratification system (23).

We considered the correlation between AFIP cri-
teria and MDCT features of GISTs; evaluating mi-
totic count and tumor size, this system incorporated 
tumor location as an additional variable and stratified 
prognosis of GISTs into 5 classes (none, very low, low, 
moderate, high) (31).

In this review of recent literature, we evaluated 
how some CT features such as location, size, margins, 
contrast enhancement are closely related to the malig-
nancy risk and therefore to the outcome.

Imaging features

Cross-sectional imaging techniques are largely 
used for a variety of conditions and diseases both for 
diagnostic and interventional purposes (32-49). Ultra-
sonography is a radiation-free and well-tolerated im-
aging examination (50-53), but has a limited role in 
gastrointestinal pathology (54-61). MR has an excel-
lent soft tissue contrast (62-65), but contrast-enhanced 
MDCT is the preferred technique for the diagnosis, 
staging and follow-up (66-73). The aspect of GISTs 
on imaging is highly variable with regards to location, 
relation to stomach-bowel wall, size, margins, pattern 
of enhancement and other imaging features that modi-
fy homogeneity of the lesion at non contrast-enhanced 
MDCT (hemorrhage, necrosis, calcifications, intral-
esional cavitation and cystic degeneration) (74, 75).

At the time of diagnosis with imaging GISTs 
could have variable dimensions range, measuring less 
than 1 cm to very large lesions measuring upwards 
of 35 cm (median 5 cm) (15). The tumors generally 
present as single nodules but they can consist also of 
multiple nodules. They are usually solid but can have 
central cystic degeneration. Calcification is an unusual 
feature of GISTs; it may occur in a smudged pattern 
or be present extensively throughout the tumor (Fig. 
1) (22-24). Sharp et al. in their cases showed that 
central areas of low attenuation coincide with hemor-
rhage, necrosis, or cyst formation (76). Scatarige et al. 
said that lesions with extensive hemorrhage or necro-
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sis may form large cystic spaces or cavities which may 
communicate with the gastro-intestinal lumen (77).

Through evaluation with contrast-enhancement 
MDCT, these tumors may show smooth and regular 
margins or irregular and jagged borders (78, 79) (Fig. 
2, Fig. 3).

All patterns of enhancement on contrast-en-
hanced MDCT can be seen with GISTs, including 
hypoenhancing, isoenhancing, and hyperenhancing 
neoplasms (Fig. 4).

A peripheral enhancement pattern is present in 
the majority (92%) of cases on contrast-enhanced 
MDCT images. Homogeneous enhancement is pre-
sent in a small part (8%) of cases (80). Contrast-en-
hanced MDCT may also demonstrate evidence of ad-
jacent organ invasion, ascites, omental and peritoneal 
diffusion of tumor, or liver metastases (81-83) (Fig. 5, 
Fig. 6). 

Prognostic system

Numerous prognostic systems have been pro-
posed for the assessment of disease progression risk 
of GISTs, defined as the appearance of metastasis or 

tumor-related death. The most widely used systems 
today are the AFIP, the NIH, Joensuu modified NIH, 
and the Memorial Sloan Kettering Cancer Center 
nomogram.

The AFIP criteria were developed by Miettinen et 
al. in 2006 and based on previous AFIP studies report-
ing on 1055 gastric, 156 duodenal, 906 jejunal/ileal and 
144 colorectal GISTs with no statistical validation.

Nevertheless, it remains uncertain which system 
is the most accurate. More validation and comparison 
studies are required to determine the optimal prognos-
tic system for GISTs (23, 30, 84). 

Imaging vs Prognosis

In the assessment of risk stratification, the AFIP 
criteria allow to subdivide these neoplasms in relation 
to the site of origin, GISTs located in the stomach turn 
out to be the least aggressive, followed by the duode-
num or rectum and jejunum or ileum, characterized by 
greater risk of progression (85, 86).

One of the three main prognostic factors in Mi-
ettinen classification is tumor size: tumors smaller 
than 5 cm have a favorable prognosis, intermediate 

Figure 1. Axial (a) and coronal (b) contrast enhanced MDCT images in the portal venous phase show an intraluminal mass of gastric 
corpus (white arrows). This GIST presents heterogeneous contrast enhancement, irregular margins and size < 5 cm with centimetric 
intralesional calcification
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between 5 and 10 cm and unfavorable greater than 
10 cm (31).

Another important aspect to stress is the signifi-
cant associations of several MDCT features with the 
size of the tumor. Some MDCT features could be ob-
served more frequently with increasing tumor size. In 
fact neoplasm size seems to be statistically significantly 
associated with the pattern of contrast enhancement, 

necrosis, the shape of margins and adjacent organ in-
vasion (76).

Zhou et al. in their study demonstrated that the 
analysis of the distribution of all these parameters 
among the different classes of size showed that hetero-
geneous contrast enhancement, irregular margins, and 
the other previously mentioned features (hemorrhage, 
necrosis, intralesional cavitation, cystic degeneration) 

Figure 2. Axial (a) and coronal (b) contrast enhanced MDCT images in the arterial phase demonstrate a voluminous GIST on the an-
terior wall of gastric corpus (white arrows). The lesion shows heterogeneous contrast enhancement, regular margins and size > 5 ≤ 10 cm

Figure 3. Axial (a), coronal (b) and sagittal (c) contrast enhanced MDCT images in the portal venous phase demonstrate an intralumi-
nal mass of gastric corpus (white arrows). The lesion presents heterogeneous contrast enhancement, irregular margins and size < 5 cm. 



Prognostic value of diagnostic imaging in GIST 13

trend to grow up with the increase of the size of tu-
mor, being mostly detected in tumors sized 5 to 10 and 
greater than 10 cm (87-90).

The presence of single or multiple nodules is not 
correlated with an increased risk of disease progres-
sion. The finding of intralesional calcifications seems 
to be an aspecific parameter and not related to the 
prognosis. On the other hand, hemorrhage, necrosis, 
intralesional cavitation and cystic degeneration are 
associated with an increased risk of malignancy and 
therefore of disease progression (91).

Moreover, a significant association has been ob-
served between shape of lesion margins and mitotic 
index (closely related to the outcome): most of lesions 
with a number of mitoses less than or equal to 5/50 

HPFs showed regular margins, suggesting that solid 
lesions with smooth and not crispy borders could be 
less aggressive than the ones with jagged borders (75, 
80). The presence of irregular margins showed a linear 
correlation with the risk classes, as it was absent in the 
none, very low, and low classes, whereas it could be ob-
served in the moderate class and in high class (75, 80). 
In fact the mean number of mitoses was higher among 
the lesions with irregular margins compared with the 
mean value of mitoses detected in neoplasms showing 
regular margins (80, 92-95).

Many studies demonstrate that the presence of 
heterogeneous pattern of contrast enhancement is 
mainly observed in GISTs belonging to the moderate 
and high classes of risk. On the other hand, tumors 

Figure 4. Axial (a,b), coronal (c) and sagittal (d) contrast enhanced MDCT images in the arterial (a) and the portal venous phase 
(b,c,d) show an exophytic mass of the duodenum (white arrows), strictly adjacent to the inferior vena cava. This GIST presents het-
erogeneous contrast enhancement, irregular margins, size > 5 ≤ 10 cm and a central area with necrosis and cavitation
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belonging to the none and very low risk classes appear 
in most cases as lesions with a homogenous pattern of 
contrast enhancement (94, 96-104) (Table 1).

Even Levy et al. in their study notice that the de-

gree of contrast enhancement, if high, was considered 
as a remarkable characteristic of tumor biological ac-
tivity (74) (Table 2). 

Figure 5. Axial (a) and coronal (c) contrast enhanced MDCT images in the arterial phase demonstrate an extraluminal mass of 
gastric fundus (white arrows). The lesion shows heterogeneous contrast enhancement, irregular margins and size > 10 cm. Axial (b) 
contrast-enhanced MDCT image in the arterial phase shows some over-centimetric serosal-based nodules located in mesenteric 
adipose tissue (white arrows)

Figure 6. Axial (a) and coronal (b) contrast enhanced MDCT images in the arterial phase demonstrate a nodular mass of the jejunum 
(white circles). This GIST presents heterogeneous contrast enhancement, irregular margins and size < 5 cm. Just above, there is a 
diffuse reticular thickening of mesenteric adipose tissue (a, white arrow), suggestive for multiple serosal-based nodules. Furthermore 
coronal (b) contrast-enhanced MDCT image shows a hypovascular liver metastasis (white arrow)
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Discussion

To the best of our knowledge, only few studies 
had investigated the correlation of GISTs MDCT 
findings with pathology (74, 90-93). The study of Ian-
nicelli et al. could be considered the first article where 
many features related to GISTs prognosis and behav-
ior are compared with CT findings to assess whether 
any MDCT findings could be predictive or specific of 
the Miettinen classes of risk (80).

In this review we want to underline how unfa-
vorable prognostic aspects are represented by the je-
junal-ileal localization, tumor size greater than 10 cm, 
irregular margins, heterogeneous enhancement and 
other imaging features that modify homogeneity of le-
sion at non contrast-enhanced MDCT (hemorrhage, 
necrosis, intralesional cavitation and cystic degen-
eration) (87-91). Intermediate prognostic features are 
duodenal or rectal localization and lesion dimensions 
between 5 and 10 cm (31, 85). Favorable prognostic 
elements consist of gastric localization, tumor size 
below 5 cm, smooth margins, lesion with homogene-
ous density and homogeneous enhancement (74, 75, 
91). The presence of single or multiple lesions and the 
intralesional calcifications (focal or smudged) do not 
seem to be correlated with the prognosis (91).

In conclusion MDCT imaging features are cru-
cial in GISTs detection and contribute to the risk 

stratification evaluating localization and size of the tu-
mor; moreover, MDCT morphological features could 
be correlated with pathological parameters like the 
mitotic rate which is the expression of the tumor biol-
ogy. Therefore, MDCT parameters could give a first 
step orientation, before the pathological examination, 
of the biological behavior and the prognostic outcome 
of GISTs.
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Summary. Although internal hernias are uncommon, they must be beared in mind in the differential diagnosis 
in cases of intestinal obstruction, especially in patients with no history of previous surgery or trauma. Because 
of the high possibility of strangulation and ischemia of the affected loops, internal hernias represent a po-
tentially life-threatening condition and surgical emergency that needs to be quickly recognized and managed 
promptly. Imaging plays a leading role in the diagnosis and in particular multidetector computed tomography 
(MDCT), with its thin-section and high-resolution multiplanar reformatted (MPR) images, represents the 
first line image technique in these patients. The purpose of the present paper is to illustrate the characteristic 
anatomic location, the clinical findings and the CT appearance associated with main types of internal hernia, 
including paraduodenal, foramen of Winslow, pericecal, sigmoid-mesocolon- and trans-mesenteric- related, 
transomental, supravesical and pelvic hernias. (www.actabiomedica.it)

Key words: internal hernias, computed tomography, peritoneal cavity, small bowel obstruction, strangulation, 
mesentery, Roux -en-Y anastomosis
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Introduction

An internal hernia (IH) is defined as the protru-
sion of abdominal viscera, most commonly small bowel 
loops, through a peritoneal or mesenteric aperture into 
a compartment in the abdominal and pelvic cavity (1-
3). Cross-sectional imaging (MRI, CT and US) (4-7) 
techniques, gained large application in gastrointestinal 
radiology in the emergency department; they are is in-
dicated as first line techniques in the diagnosis, staging 
and follow-up (8-23).

Hernial orifices can be congenital, including both 
normal foramina or recesses and unusual apertures re-
sulting from anomalies of peritoneal attachment and 
internal rotation, or acquired if caused by inflamma-

tion, trauma and previous surgery, like gastric by-pass 
for bariatric treatment and liver transplantation. Due 
to the growing popularity of these surgical procedures, 
the overall incidence of internal hernias has been re-
cently increasing (24). Although relatively uncommon, 
they represent a potentially life-threatening condition 
and a surgical emergency since the bowel entrapment 
in one of the defects can lead to acute intestinal ob-
struction with rapid evolution, if left untreated, into 
strangulation and ischemia. According to various in-
vestigators, internal hernias cause up to 5,8% of all 
small bowel obstruction (SBO) (3, 24-27), with a high 
overall mortality rate that can exceed 50% (26).

The most common manifestation of an internal 
hernia is strangulating SBO, that occurs after a closed-
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loop obstruction (2, 11, 28, 29). However, the clinical 
manifestations range from mild digestive symptoms to 
acute abdomen, as symptom severity relates to dura-
tion and reducibility of the hernia and the presence or 
absence of strangulation and incarceration (24, 25, 30, 
31). IHs may remain clinically silent if easily reducible, 
but the larger ones often cause mild discomfort rang-
ing from constant vague epigastric pain to intermittent 
periumbilical pain as they occasionally show spontane-
ous reduction, abdominal distention, nausea and vomit-
ing. Physical examination may reveal a palpable mass 
of herniated loops with localized tenderness (2, 32, 33).

This non-specific clinical presentation often leads 
to a delay in diagnosis, in most cases made at the time 
of laparotomy (3, 26), and consequently in proper treat-
ment, carrying risk of serious complications; therefore, 
when the possibility of internal hernia is considered, a 
rapid imaging evaluation is necessary to aid an early 
diagnosis and a prompt intervention. Multidetector 
Computed Tomography (MDCT), with its wide avail-
ability, has become the first line imaging technique in 
these patients and play an important role in the preop-
erative diagnosis and planning of surgical intervention 
(33-37).

Classification

According to the traditional classification devised 
by Welch, eight main types of internal hernia can be 
identified on the basis of the topographic distribution 
of bowel loops related to the anatomic location of the 
orifice (38) (Fig. 1).

Despite classically paraduodenal hernia has been 
described as the most common type of IH, recently 
transmesenteric hernias have reached a higher inci-
dence, in relation to the increasing frequency of sur-
gical procedures in which a Roux-en-Y loop is con-
structed (39, 40)

Doishita et al. proposed a categorization of the 
various types of internal hernia in three main groups 
according to the type of hernia orifice, depending on 
whether the herniation occurs through a normal fora-
men, an unusual peritoneal fossa or recess into the ret-
roperitoneum, or an abnormal opening in a mesentery 
or peritoneal ligament (33).

Role of computed tomography

Since the interval between intestinal obstruction 
and ischemia may be short, a time-consuming diag-
nostic workup before surgery may be dangerous for 
an acutely ill patient (25, 41). CT, with its speed of 
execution, is the imaging modality of choice for the 
investigation of acute abdominal conditions (3, 42-45) 
and in particular is recommended for the evaluation 
of patients with acute SBO, particularly when clini-
cal and initial plain film radiography indicates a higher 
grade obstruction or remains indeterminate e/o stran-
gulation is suspected (46). Several studies have dem-
onstrated the accuracy of CT in the detection of small 
bowel obstruction, with a sensitivity and specificity of 
94-100% and 90-95% respectively (47-50). CT plays 
a more active role compared to conventional imaging 
methods in the identification of the site, level, cause 
of obstruction and the presence of ischemic changes 
at the involved bowel. Currently, with the possibility 
of using high quality three dimensional reformation 
techniques such as multiplanar reformation (MPR), 
maximum intensity projection (MIP) and volume ren-
dering (VR), CT provides important advantages in 

Figure 1. Drawing shows the anatomic sites of internal hernias: 
1a: left paraduodenal hernia, 1b: right paraduodenal hernia, 2: 
foramen of Winslow hernia; 3: pericecal hernia; 4: sigmoid-
mesocolon- related hernia; 5:transmesenteric hernia; 6: tran-
somental hernia; 7:supravesical and pelvic hernia. Asterisk: 
greater omentum open and reflected laterally
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evaluation of small bowel and surrounding structure, 
increasing the diagnostic confidence in the localiza-
tion of the transition zone (32, 46). Small bowel ob-
struction of an internal hernia is usually a closed-loop 
obstruction, in which a segment of the bowel is oc-
cluded at two adjacent points along its course. Direct 
signs of a closed-loop at CT are a U- or C- shaped, 
fluid filled, distended intestinal loop or a radial array 
of distended loops with stretched and thickened mes-
enteric vessels converging to a central point (33, 47, 
48) (Fig. 2). In this setting, a cluster of dilated loops 
or a ‘sac-like appearance’ of crowded small bowel loops 
owing to encapsula tion within the hernia sac at an 
abnormal anatomic location is highly suggestive for 
IH (26, 33, 51). CT scans show the convergence of 
bowel, mesenteric fat and vessels of the closed loop 

in correspondence of the hernia orifice and abnormal 
displacement of surrounding structure and key ves-
sels around the hernia sac (33) (Tab. 1). If intestinal 
strangulation is present, engorgement, twisting and 
dislocation of mesenteric vessels in correspondence of 
the hernia orifice can also be observed (46),with the 
detection of reduced bowel wall enhancement in cases 
of ischemia and pneumoperitoneum, focal discontinu-
ity of the bowel wall and abscess or peritoneal fluid 
if intestinal perforation occurs (52, 53). Specific CT 
findings of each internal hernia are reported in table 2.

In the suspicion of IHs the use of intravenous 
contrast material is crucial for depicting mesenteric 
vessels, allowing an easier detection of hernias, and 
for the assessment of bowel wall vascularity. A non-
enhanced scan should be obtain to de tect an increased 
unenhanced bowel wall attenuation reflecting haemor-
rhagic congestion in cases of strangulation(33). A suit-
able CT protocol is shown in table 3.

Paraduodenal hernias (PDHs)

Background

In the classic literature paraduodenal hernias ac-
count for approximately 53% of all cases of internal 
hernias (3, 32). They are found more frequently in men 
than in women, with a ratio of 3:1, having a sex pre-
dilection unlike most types of internal hernias. There 
are two main subtypes: left-sided, which account for 
75% of all PDHs, and right-sided, which account for 
the remaining 25% (32, 54, 55). Paraduodenal hernias 
occur when small bowel loops enter into a congenital, 
unusual peritoneal fossa in the vicinity of the duode-

Figure 2. Closed loop small bowel obstruction. Contrast en-
hanced axial CT scan shows a radial array of distended small 
bowel loops (B) with stretched and thickened mesenteric vessels 
converging to a central point (white arrow). Bowel wall thick-
ening (arrowhead) and mesenteric edema (asterisk) can also be 
observed.

Table 1. CT key points of internal hernias 

Bowel configuration • a saclike mass or cluster of dilated small bowel loops within an abnormal anatomic 
  location in the setting of small bowel obstruction
 
Mesenteric abnormalities • convergence of vessels and mesenteric fat at the hernia orifice
 • displacement of key mesenteric vessels
 • engorgement, crowding, twisting, stretching of mesenteric vessels if strangulation
  is present
 
Position of surrounding viscera • displacement of surrounding structures around the hernia sac
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num as a result of abnormal rotation of the small intes-
tine and failure of mesenteric fusion with the parietal 
peritoneum (2, 56)

Clinical findings

Patients often have a long standing history of in-
digestion or periodic cramps, vomiting and abdominal 
distention commonly dating back to the childhood; 
in particular postprandial pain which may be relieved 
by postural changes is a characteristic symptom (57). 
PDHs carry more than 50% lifetime risk of strangula-
tion and intestinal infarction with a mortality rate of 
20-50% (58, 59).

Left paraduodenal hernias (LPDHs)

Description

LPDHs occur when duodenal segments and je-
junal loops, more often proximal, prolapse through 
Landzert’s fossa (or paraduodenal fossa)(60), an aperture 
found in 2% of autopsy(32) located at the duodenoje-
junal junction (a zone of confluence of the descend-
ing mesocolon, transverse mesocolon and small bowel 
mesentery)(61), behind the descending mesocolon and 
to the left  of the fourth part of the duodenum (33, 

40). This peritoneal pocket is bordered anteriorly by a 
peritoneal fold lifted up by the inferior mesenteric vein 
(IMV) and ascending left colic artery that run at the 
anteromedial edge of the fossa (24, 32) (Fig. 3). In LP-
DHs bowel loops enter postero-inferiorly through the 
mesocolic defect, becoming entrapped in the Landz-
ert’s fossa, and then extend further into the descending 
mesocolon and the left portion of the transverse me-
socolon (24, 54, 60). Since the afferent loop enters the 
sac from behind where the duodenum emerges from 
its fixed retroperitoneal position, only the efferent loop 
truly passes through the hernia orifice (32). 

CT findings

The characteristic CT feature of LPDHs (Fig. 4) 
is an encapsulated cluster of commonly dilated bow-
el loops with a sac-like appearance in the left upper 
quadrant at the level of the anterior para-renal space 
(33). They can be noted either at the duodeno-jejunal 
junction between stomach and pancreas, at the level 
or just above and exterior to the ligament of Treitz, 
or behind the pancreatic tail or between transverse 
colon and the left adrenal gland, although these find-
ings are non-specific (24, 60-62). Usually the herni-
ated bowel loops cause mass effect with displacement 
of the posterior stomach wall anteriorly, the duodenal 

Table 3. CT scanning protocol

Parameter Details

Section thickness Preferably submillimeter 
 (0,5-1 mm) 

Interval Same as section thickness 

Scan area Abdomen (from the xiphoid process 
 down to the symphysis pubis) 

Contrast volume 100-150 ml 

Contrast flow-rate 3-4 ml/sec 

Scan acquisition • Non-enhanced scan 
 • Arterial phase at 35-40 sec 
 • Venous phase at 70-75 sec

Image reconstruction • Axial 2-5 mm thickness
 • Multiplanar reformats in the 
  coronal and sagittal plane at
  3 mm thickness

Figure 3. Graphic illustration of Landzert’s fossa. The inferior 
mesenteric vein (IMV) and ascending left colic artery run at the 
anteromedial edge of the fossa
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flessure and the transverse colon inferiorly (1, 38, 40). 
CT demonstrated IMV and left colic artery as a key 
anatomic landmark at the anterior and medial border 
of the hernia orifice (33, 38). Abnormalities of the 
mesenteric vessel that supply the herniated loops, as 
crowding, stretching and enlargement at the entrance 
of the hernia sac as well as stretching and displacement 
of the IMV laterally to the left can also be observed (2, 
38-40). Catalano et al. have reported a case of LPDH 
associated with volvulus, bowel wall ischemia and in-
tussusception with additional CT findings like the tar-
get sign and a sausage-shaped mass composed of alter-
nating high- and low-attenuation layers, indicative of 
intussusception (45, 63).

Right paraduodenal hernias (RPDHs)

Description

In RPDHs bowel’s herniation occurs through the 
Waldeyer’s fossa ( or mesentericoparietal fossa), a congen-
ital uncommon defect in the first part of the jejunal 
mesentery observed in no more than 1% of the popu-
lation at autopsy (57). RPDHs occur most frequently 
in the setting of a non-rotated small intestine and a 
normally or incompletely rotated colon. The recess is 
located inferior to the third portion of duodenum, be-

hind the root of the small bowel mesentery and ex-
tends rightward and downward into the ascending me-
socolon. The superior mesenteric artery (SMA) along 
with the superior mesenteric vein (SMV), runs along 
the anteromedial edge of the fossa and represents the 
landmark for RPDHs (33, 61) (Fig. 5). In RPDHs the 
small bowel loops entrapped in this peritoneal pocket 
protrude through it toward the right half of the trans-

Figure 4. Left paraduodenal hernia in a 37-year-old man who presented with nausea and intense abdominal pain. Contrast-enhanced 
CT scans, axial (a) and (b) and coronal reformatted image (c), show a sac-like mass of clustered dilated small-bowel loops (white 
circles) between pancreas (P) and stomach (S) with multiple engorged and prominent vessels (white arrow) at the point of entry of 
the sac

Figure 5. Graphic illustration of Waldeyer’s fossa. The supe-
rior mesenteric artery (SMA) and the superior mesenteric vein 
(SMV) run along the anteromedial edge of the fossa



M.M. Lanzetta, A. Masserelli, G. Addeo, et al.26

verse mesocolon behind the ascending mesocolon, ly-
ing posterior and to the right of the SMA that can 
be displaced anteriorly along with ileocolic artery and 
right colic vein, located in the anterior margin of the 
neck of the hernia sac (24, 38). Because both affer-
ent and efferent loops pass through the hernia orifice 
where they are closely apposed and narrowed, RPDHs 
are usually larger and more often fixed than those oc-
curring on the left side (32, 57).

CT findings

The characteristic CT feature of RPDHs (Fig. 6) 
is an encapsulated cluster of dilated small bowel loops 
located in the right mid abdomen, lateral and inferior 
to the descending duodenum (38). In addition, loop-
ing of the small intestine around the SMA and SMV 
at the root of the small bowel mesentery can be ob-
served. In cases of intestinal non rotation the SMV is 

Figure 6. Right paraduodenal hernia in a 83-year-old man with mild abdominal pain and repeated episodes of vomiting for a few 
hours. Contrast enhanced CT scans, axial (a) and (b) and coronal reformatted image (c) and (d) show an encapsulated cluster of 
dilated jejunal loops in the right upper quadrant (white circles), lateral to the colon (C) and the II-III portion of duodenum (D) 
which appears located rightward. Gastric overdistention is also be observed (asterisks). Dilated and converging vessels (white arrow) 
are seen in the mesentery.
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located in a more ventral and leftward position to the 
SMA and the horizontal duodenum is absent, with ce-
cum in its normal position(61). Rare cases of right ure-
ter displacement and compression have been reported, 
underlying the retroperitoneal location of this type of 
hernia (51).

Foramen of Winslow hernias (FWHs) 

Background

In the classic literature FWHs constitutes 8% of 
all internal hernias. Foramen of Winslow hernias are 
the most common type of “lesser sac hernia”, in which 
viscera enter the lesser sac (a unique remnant of the 
primitive right peritoneal space) through the foramen 
of Winslow (Fig. 7). Other types of “lesser sac hernia” 
include bowel herniation through abnormal aperture 
in only one leaf of the greater omentum or through the 
lesser omentum, composed of the gastrohepatic and 
hepatoduodenal ligaments (33). In 60%-70% of cases 
the herniated viscera are small bowel loops; the termi-
nal ileum, cecum and ascending colon are involved in 
about 25-30%. The transverse colon, gallbladder and 
omentum account for the remainder (32). Several risk 
factors for this type of hernia have been described, in-

cluding an enlarged foramen of Winslow, an usually 
long small bowel mesentery, common intestinal mes-
entery, an elongated right liver (such as Riedel lobe), 
persistence of the ascending mesocolon enabling in-
creased mobility of the bowel (2, 64), a lack of fusion 
between cecum or ascending mesocolon to parietal 
peritoneum, a defect in the gastrohepatic ligament and 
finally an incomplete intestinal rotations or malrota-
tions (65).

Clinical findings

The clinical findings of FWHs are often related 
to small bowel obstruction and occasionally to gastric 
outlet obstruction due to a compressive effect on the 
stomach by the herniated loops (66). Patients often 
present with an acute onset of a progressive abdominal 
pain, that can be preceded by a change in abdominal 
pressure, usually attenuated by forward flexion or in 
the position of the knee in the chest (32). An obstruc-
tive jaundice due to the compression of the hepatic 
pedicle by herniated gallbladder or bowel loops can 
also be observed, as reported by Numata et al. (67) and 
Welaratne et al. (68). Ye et al in 2002 have described 
the first case of obstructive jaundice and acute pan-
creatitis caused by a FWHs (69). 

Since FWHs are often strangulated at presenta-
tion, they are associated with a high mortality rate of 
up to 49% (65).

Description

The epiploic foramen of Winslow is a congenital 
aperture located below the right border of the superior 
recess of the lesser sac, inferior to the caudate lobe of 
the liver, anterior to the inferior vena cava, superior 
to the second portion of the duodenum and posterior 
to the hepatoduodenal ligament (including hepatic ar-
tery, portal vein and bile duct). It represent the only 
communication between the greater and lesser perito-
neal cavities (33).

CT findings

The characteristic CT findings of FWHs (Fig. 8) 
are the following: hydro-aerial levels in the lesser sac, 

Figure 7. Graphic illustration of lesser sac and foramen of Win-
slow. L: liver; S:stomach; TC:transverse colon.
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posterior to the liver and between pancreas and stomach 
(which can be displaced antero-laterally) with a ‘beak’ 
directed toward the foramen of Winslow (‘bird beak 
sign’); mesentery and associated vessels, often stretched 
through the foramen, located anterior to inferior vena 
cava and posterior to main portal vein, which can be 
compressed anteriorly; absence of the caecum and as-
cending colon in the right gutter; two or more bowel 
loops in the high sub hepatic space (2, 70). FWHs of-
ten presents similar radiographic features to that of left 
paraduodenal hernias; the absence of an encapsulated 
membrane is characteristic of the former, conversely a 
major mass effect on the transverse colon more com-
monly indicates a left paraduodenal hernia (24, 38).

Pericecal hernias (PCHs) 

Background and Description

In the classic literature PCHs correspond of 13% 
of all internal hernias. Bowel loops, most commonly 
an ileal segment, herniate into the right paracolic gut-
ter through a congenital or acquired (most commonly 
by adhesions) unusual defect in the cecal mesentery. 
Four different recesses in the pericecal region formed 
by folds of the peritoneum have been described: supe-
rior and inferior ileocecal recess, retrocecal recess and 
paracolic sulci (2, 33, 55). However, the diagnostic fea-
tures and surgical management of the four subtypes do 
not differ (60). 

Clinical findings

Patients commonly report recurrent episodes of 
colicky intense right lower abdominal pain. Chronic 
incarceration may produce symptoms compatible with 
appendiceal disordes, intestinal diseases or intestinal 
obstruction caused by adhesions (32). In PCHs how-
ever have been reported a higher incidence of occlusive 
symptoms (60) (71) with rapid progression to stran-
gulation and a mortality rate that can be high as 75% 
(24, 72).

CT findings

With CT, a cluster of fixed and dilated small bow-
el loops with a sac-like appearance is noted, possibly 
extending into the right paracolic gutter, lateral to the 
cecum and posterior to the ascending colon, which can 
be displaced anteriorly or medially (2, 33, 60, 73) (Fig. 
9).

Sigmoid-mesocolon related hernias (SMHs) 

Background

In the classic literature SMHs account for 6% of 
all internal hernias. Historically Benson et al have de-
scribed three many types of internal hernias involving 
the sigmoid mesocolon, a peritoneal fold that suspends 
the sigmoid colon from the posterior parietal perito-

Figure 8. Foramen of Winslow hernia in a 72-year-old man with intermittent epigastric pain. Contrast-enhanced axial CT scans (a), 
(b) and (c) show cluster of small bowel loops located in the lesser sac (white circles) between liver and pancreas, posterior to stomach 
(displaced anteriorly) (asterisk) and anterior to inferior vena cava, which is compressed (white arrows)
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neum: intersigmoid, transmesosigmoid and intrame-
sosigmoid. The former have been reported as the most 
common (2, 24) (74), despite most Japanese studies 
have found intramesosigmoid hernias accounting for 
approximately half the cases (50%-57.3%), followed by 
intersigmoid hernia (24.5%-35%) and transmesosig-
moid hernia (15%-18%)(75). These three categories 
are radiographically difficult to distinguish since they 
show similar CT findings, however not preoperative 
differentiation is required because surgical treatment 
is similar (24, 60).

Description

In the intersigmoid hernias small bowel, usually 
ileum, protrudes into the intersigmoid fossa, a con-
genital (found in 50-75% of autopsies) (74) unusual 
retroperitoneal recess formed between the adjacent 
sigmoid segments and their relative mesenteries, lo-
cated above and behind the apex of the root of the 
sigmoid mesocolon (33, 60)In transmesosigmoid type 
bowel loops protrude without a hernia sac through a 
complete defect involving both of the peritoneal layers 
of the sigmoid mesentery, lying in a location lateral to 
the sigmoid itself. The third type, intramesosigmoid, is 
the herniation through only one peritoneal layer of the 
mesosigma (usually the left) so that the hernia sac lies 
within the sigmoid mesocolon (24, 60).

CT findings

CT findings in SMHs (Fig. 10) are a cluster of di-
lated small bowel loops entrapped posterior and lateral 
to the sigmoid colon, with the defect most commonly 
located between the sigmoid colon and the left psoas 
muscle, or between sigmoid loops in the intersigmoid 
type (24, 60, 76). In both inter- and intramesosigmoid 
types bowels show a sac-like appearance, absent in the 
transmesosigmoid type (33). Often a mass effect can 
be observed, with displacement of the sigmoid colon 
antero-medially (24, 76). Furthermore splaying of the 
sigmoid vessels, as if they are wrapping the hernia sac, 
may suggest an intramesosigmoid hernia (33, 77).

Transmesenteric and Roux-en-y anastomosis-related 
(TMHs) hernias 

Background 

A transmesenteric hernia occurs in presence of a 
congenital or acquired abnormal defect, involving both 
layers of the small bowel mesentery, usually located 
close the ligament of Treitz or the terminal ileum (33, 
57). The small bowel mesentery is a voluminous, fat-
laden peritoneal reflexion that fixes the loops of the 
small intestine to the posterior abdominal wall and 

Figure 9. Pericecal hernia in a 80-year-old man with a 1- day history of right lower abdominal pain and vomiting. Contrast-enhanced 
axial CT scans (a) and (b) show small bowel loops (white arrows) posterior to cecum (C) in right paracolic gutter producing small 
bowel obstruction
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run obliquely down from its origin at the ligament of 
Treitz to the right toward the ileocecal junction  (61). 
TMHs are the most common internal hernia in chil-
dren. In fact almost 35% of cases occur in the pediatric 
age due to congenital defect in the small bowel mes-
entery close to the ileocecal region as a consequence 
of prenatal intestinal ischemia leading to thinning of 
the mesenteric leaves associated with bowel atresia in 
5,5% of the pediatric population (78), partial regres-
sion of the dorsal mesentery, fenestration during the 
developmental enlargement of an inadequately vascu-
larized area and an ileocecal mesentery with rapid and 
considerable lengthening in fetal life (2, 54). On the 
other hand, in the adult population TMHs are usually 
iatrogenic, being related to trauma, inflammation or 
previous abdominal surgery, in particular with Roux-
en-Y anastomosis as in gastric by-pass or liver trans-
plantation (2, 24, 60). In the classic literature TMHs 
account for approximately 8% of all internal hernias, 
although actually their incidence is increasing. Be-
cause of wide differences in the number of cases and 
follow-up time among existing research reports, the 
morbidity of internal hernia after laparoscopic Roux- 
en-Y gastric bypass fluctuates wildly between 0.2% 
and 9.0% (79).

Description

TMHs are difficult to detect due to the variability 
of their location since herniated bowel loops are not 
enveloped in a limiting sac and therefore can poten-
tially be anywhere in the peritoneal cavity; however, 
they are detected more frequently in the right mid 
abdomen, usually adjacent to the abdominal wall (24, 
39). Roux- en-Y anastomosis- related hernias usually 
occur more than one month after surgery and are more 
associated with the retrocolic procedure, in which the 
Roux limb passes through a complete defect created 
in the transverse mesocolon. After surgery, the defect 
can be incompletely closed or have a breakdown or a 
pulling of the suture material through the mesocolic 
fat; moreover enlargement of the mesenteric aperture 
can occur with repeated herniations or rapid weight 
loss and decreased peritoneal fat, common in bariatric 
patients, with consequent bowel herniation (24, 80-
82). Furthermore, transmesenteric internal hernias in 
the adult postoperative patients more often occur after 
a laparoscopic rather than open approach because of 
lack of intra-abdominal adhesions required for fixation 
of the Roux-limb to prevent its displacement and to 
close mesenteric defects, as reported by Higa et al and 
Merkle et al. (83, 84).

Figure 10. Sigmoid-mesocolon related hernia in a 80 year-old-man with acute left-sided abdominal pain. Contrast-enhanced axial 
CT scans (a) and (b) show encapsulated fluid-filled small bowel loops (white circles) protruding toward left lower abdomen through 
a defect in sigmoid mesocolon located near the left common iliac artery, between sigmoid colon (S) and the left psoas muscle (P). 
Convergence of engorged vessels grouped together at the entrance of the hernia orifice can also be seen (white arrow)
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Three types of Roux -en-Y related hernias have 
been described: ‘transmesocolic’, the most common, in 
which bowel loops herniate through the surgical de-
fect in the transverse mesocolon with possible mass 
effect on the stomach and displacement of the trans-
verse colon anteriorly and inferiorly (24, 33); ‘jejunos-
tomy mesenteric’ if bowel prolapse through a defect in 
the small-bowel mesentery of the jejunojejunostomy 
site and finally the ‘Petersen type’, in which bowel loops 
protrude behind the Roux loop before the small bowel 
eventually passes through the defect in the trasverse 
mesocolon in a space called Petersen defect, located 
between the jejunal mesentery of the Roux limb and 
transverse mesocolon (24, 81, 84). A deformed and dis-
placed Roux limb, biliopancreatic limb and transverse 
colon may serve as landmarks of these hernias (33).

Clinical findings

Clinical findings of a TMHs often include signs 
of small bowel obstruction (60) with a more acute 
symptoms onset than other internal hernias (24, 40); 
vomiting is frequently absent because few secretions 
accumulate from the proximal gastric pouch or the 
Roux limb (84). A palpable abdominal mass repre-
senting “the Gordian knot of herniated intestine” may 
be present in a minority of patients (24). Due to the 
lack of delimitation which allow protrusion of a con-
siderable length of bowel (25) and the small diameter 
of the mesenteric aperture (2-5 cm), transmesenteric 
hernias are more liable than other subtypes to develop 
volvulus and strangulation or ischemia, with an inci-
dence of 30% and 40% respectively and high mortality 
rates reaching about of 50% for the treated groups and 
100% for the non-treated groups (24, 40). 

CT findings

Blachar et al. in 2001 have described the presence 
of clustered, compressed small bowel loops in the pe-
riphery of the abdominal cavity and the lack of omental 
fat between the loops and the abdominal wall as the 
most useful CT signs for the detection of a transmes-
enteric hernia. The herniated bowels appeared lateral to 
the colon (a reversal of the normal anatomic arrange-
ment) with central, inferior and posterior displacement 

of the transverse colon and inferior and medial displace-
ment of the hepatic flessure (40). Another study con-
cluded that the only statistically significant CT signs 
predictors of a transmesenteric hernia are clustering of 
small bowel loops, especially those that are adjacent to 
the abdominal wall, mesenteric vessel abnormalities in-
cluding stretching, crowding and engorgement,  a dis-
placement of the main mesenteric trunk to the right 
and signs of small bowel obstruction (39) (Fig. 11).

Dilauro et al. described the mesenteric swirl and 
small bowel obstruction as the CT signs with the 
highest accuracy for diagnosis of internal hernia after 
laparoscopic Roux-en-Y gastric bypass. The authors 
introduced two new signs: a ‘SMV beaking’ (a de-
creased calibre of SMV with beaked appearance), and 
‘criss cross appearance’ of the second order mesenteric 
vessels with reversal of the SMV and SMA anatomic 
relationship (85). In literature other CT signs associat-
ed with internal mesenteric hernia following Roux-en-
Y bypass gastric surgery have been described, like ‘the 
mushroom sign’ (a mushroom shaped mesenteric root 
between the SMA and the distal mesenteric arterial 
branch), the ‘hurricane eye’ sign (distal tubular mes-
entery with surrounding small bowel loops), a small 
bowel loop behind the SMA, abnormal position of the 
jejunojejunostomy, and ‘weeping mesentery’ (edema-
tous mesentery with enlarged lymphnodes) (33, 85-
87) (Tab. 4) (Fig. 12).

Transomental hernias (TOHs)

Background and Description

Traditionally, TOHs make up 1-4% of all IHs. 
The term “transomental hernia” usually refers to her-
niation, most commonly of small bowel loops, cecum 
and sigmoid colon, through or into a congenital or ac-
quired abnormal defect of the greater omentum from 2 
to 10 cm in diameter involving both leaves (four peri-
toneal layers) and located in the periphery near the free 
edge (2) .

CT findings

CT findings are often identical to those of a 
transmesenteric hernia, however characteristic features 
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of TOHs are dilated bowel loops, without a sac-like 
appearance, located in the most anterior portion of the 
peritoneal cavity with omental vessels that run verti-
cally around the hernia orifice (2, 24) (Fig. 13).

Supravesical and pelvic (PIHs) internal hernias

Background 

Supravesical and pelvic internal hernias account 
for approximately 6% of all IHs. Broad ligament her-

nia is the most common type of pelvic internal hernias, 
a rare and heterogeneous group of IHs that occur in 
the pelvis, including also hernias through the perirec-
tal fossa and fossa of Douglas (33). Bowel loops, usu-
ally small intestine, protrude through or into an ab-
normal aperture in the left or right broad ligament 
of the uterus, especially in multiparous middle-aged 
women as a consequence of developmental peritoneal 
defect around the uterus or acquired conditions such as 
pregnancy and birth trauma, injuries following vaginal 
manipulations or inflammatory pelvic diseases (2, 88). 
Herniation of colon, ovary and ureter have also been 
described (33, 89). Cameron et al. have reported the 
first case of SBO and ischemia secondary to an inter-
nal hernia due to both a defect in the broad ligament 
and wrapping of the fallopian tube around the bowel 
(90).

Description 

According to the classification scheme proposed 
by Hunt, three categories of broad ligament hernias 
related to the degree of the defect have been described: 
‘fenestra type’, the most common, if both two peritoneal 
layers of the broad ligament are involved, ‘pouch type’, if 

Figure 11. Transmesenteric hernia in a 28 year-old man with lower abdominal pain. Contrast-enhanced axial CT scan (a) and sagittal 
reformatted image (b) show distended ileal loops with poor enhancement of walls (white circles) adjacent to the right abdominal wall. 
The mesenteric vessels are engorged and crowded (white arrow) 

Table 4. CT signs associated with Roux-en-Y anastomosis re-
lated hernia

• Swirled mesentery

• Small-bowel obstruction 

• Hurricane eye

• SMV beaking

• Criss cross appearance

• Mushroom sign

• Small-bowel behind superior mesenteric artery

• Weeping mesentery

• Right-sided anastomosis



CT imaging of internal hernias 33

the defect is in only one of the two layers whereby the 
visceral structures would be entrapped within a sac in 
the parametrial tissue, and ‘hernia sac type’, whereby a 
double layer of attenuated peritoneum lines the herni-
ated bowel, forming a true internal hernia (88). Cilley 
et al. (91) introduced a new classification based on the 
anatomic position of the defect, which included three 

categories: type 1, defect caudal to the round ligament; 
type 2, defect above the broad ligament; and type 3, 
defect between the round ligament and remainder of 
the broad ligament, through the mesoligametum teres  
(88). 

In internal supravesical hernias intestine protrude 
downward into a space around the bladder through 

Figure 12. Petersen hernia in a 40 year-old-woman with nausea and vomiting 6 months after a Roux-en-Y gastric by-pass. Contrast-
enhanced axial CT scans (a) and (b) show grouping of small bowel loops near anterior abdominal wall (white circles). A mushroom 
shape of the herniated mesenteric root (white arrow) and a decreased calibre of SMV with a beaked appearance are also seen (ar-
rowhead)

Figure 13. Transomental hernia in a 49 year-old man with diffuse abdominal pain. Contrast-enhanced axial CT scan (a) and coronal 
reformatted image (b) show small bowel loops (white circle) with converging mesenteric vessels and fat in the hernia orifice (white 
arrow). Omental vessels (arrowheads) running vertically are also seen



M.M. Lanzetta, A. Masserelli, G. Addeo, et al.34

supravesical fossa, a triangular area bounded laterally 
by the left or right medial umbilical ligament, medi-
ally by the median umbilical ligament and inferiorly 
by the peritoneal reflection passing from the anterior 
abdominal wall to the dome of the urinary bladder (33, 
92, 95-99). Skandalakis et al. proposed the terms “an-
terior supravesical”, “right or left lateral supravesical”, 
and “posterior supravesical” depending on whether the 
hernia passed in front of, beside or behind the bladder, 
respectively.

CT findings

CT findings of broad ligament hernias include a 
cluster of dilated small bowel loops herniated in the 
pelvic cavity laterally to the uterus with a displacement 
of the rectosigmoid dorso-laterally and of the uterus 
ventrally and enlargement of the distance between the 
uterus and the ovary deviating in opposite directions. 
Furthermore mesenteric vessels of herniated loops 
penetrating the broad ligament  may be seen (33, 88). 
In supravesical internal hernia usually CT scans show 
bowel loops with a sac-like appearance pass into the 
space of Retzius and lay in front of the compressed 
bladder on the left or right. These patients can present 
with bladder irritation and dysuria, as the bladder is 
compressed by the small bowel (33, 93, 94) (Fig. 14).

Conclusions

Although internal hernias are uncommon condi-
tions, they must be considered in the differential diag-
nosis of acute abdominal pain, especially in presence of 
strangulated closed loop small bowel obstruction with-
out external hernias or history of previous surgery or 
trauma and in gastric bypass patients. In the acute set-
ting a prompt imaging diagnosis is mandatory in order 
to avoid intestinal ischemia and necrosis. Radiologists 
play a key role in detection of internal hernias and it 
is very important for them to be familiarized with the 
anatomy, aetiology and CT signs of these hernias to 
aid an accurate and quickly preoperative diagnosis and 
improve patient’s outcome guiding surgeons to ensure 
the appropriate management in order to reduce mor-
bidity and mortality rates.

Ethical approval: This article does not contain any studies with 
human participants performed by any of the authors.
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Summary. Crohn’s disease (CD) is a chronic idiopathic disease and its diagnosis is based on a combination of 
clinical symptoms, laboratory tests and imaging data. There isn’t a diagnostic gold standard: the ileocolonos-
copy with mucosal biopsies represents the standard for luminal disease, while cross-sectional imaging such as 
Ultrasound (US), Computed Tomography (CT) or Magnetic Resonance Imaging (MRI) can show transmu-
ral alterations and extraintestinal manifestations. CD is usually diagnosed in the young age and after baseline 
diagnosis, the patients have to undergo to variable follow-up depending on remission or active disease. The 
aim of our review is to compare Magnetic Resonance Enterography (MRE) to Ultrasonography (US) in the 
follow-up of CD. (www.actabiomedica.it)
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Introduction

Crohn’s disease (CD) is a chronic idiopathic dis-
ease that is commonly characterized by recurrent gas-
trointestinal tract inflammation. Patients affected by 
CD are mainly at reproductive ages and they need fre-
quent follow-up (1)

The disease involves the whole gastrointestinal 
tract, in particular the small bowel (70%) in the tract 
of terminal ileum and colon (2); it is a pathology with 
multifactorial etiology and is more common in Eu-
rope and North America (3). It has an incidence in 
the U.K. of 83 per million people. Symptomatic man-
ifestations may be unspecific. Danese et al. (4) have 
constructed the Red Flags index to individuate early 
symptoms and have established a value of 8 as highly 
predictive of CD diagnosis: chronic diarrhea (>3 bowel 

movements and >4-week duration); chronic abdomi-
nal pain (>3 months); rectal bleeding; extra-intestinal 
manifestations. There is a poor correlation between 
symptomatology and disease severity (5). Frequent 
complications are intestinal strictures (40% of cases) 
but also abscesses, phlegmons and fistulas (6). Diag-
nosis and staging of CD require different diagnostic 
exams: serological testing (C-reactive protein and fe-
cal calprotectin), clinical and endoscopical evaluation 
(7, 8), video-capsule endoscopy for proximal small 
bowel. Endoscopy consists in ileocolonoscopy with 
biopsies from the terminal ileum and colon in order 
to confirm the diagnosis (9); esophagogastroduoden-
oscopy is used for suspected upper tract disease (10). 
The ileocolonoscopy represents the standard for lu-
minal disease (11). Cross-sectional imaging (MRI, 
CT and US) techniques, gained large application in 
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gastrointestinal radiology (12-48); in the setting of in-
flammatory bowel diseases, they are is advised as first 
line techniques in the diagnosis, staging and follow-
up (49, 50). An expert consensus committee from the 
European Society of Gastrointestinal and Abdominal 
Radiology (ESGAR) and European Society of Pae-
diatric Radiology (ESPR) has established guidelines 
for performing these diagnostic techniques, includ-
ing patient preparation, technical recommendations 
and scan protocol (51). Radiological examinations can 
evaluate accurately severity; they are non-invasive and 
not limited to the colon and terminal ileum (52) but 
can demonstrate complications of CD and extraintes-
tinal manifestations. Aim of this review is to compare 
Magnetic Resonance Enterography (MRE) with Ul-
trasonography (US) as non-invasive, radiation-free 
and appropriate techniques for follow-up in patients 
affected by CD. In particular, dynamic imaging tech-
niques can assess the degree of disease activity and the 
efficacy of treatment .

Magnetic resonance enterography

Magnetic resonance imaging is one of the most 
largely used imaging tool in many diagnostic (53-57) 
and interventional settings (58, 59) thanks to its intrin-
sic excellent soft tissue contrast and the absence of ion-
izing radiation compared to CT (55, 60-87). Magnetic 
resonance enterography (MRE) plays an important 
role in supporting the diagnosis, and in establishing 
severity and presence of penetrating or extra-intestinal 
disease. To date, MRE is the most employed technique 
to assess the response to medical or surgical treatment 
. Common complications of Crohn’s disease are intes-
tinal strictures that may be of fibrotic, inflammatory 
and mixed types (88). The distinction is important in 
treatment planning; therefore, an appropriate diagno-
sis of inflammatory stenosis is required. The inflam-
matory stenosis responds to medical therapy while the 
fibrotic one requires endoscopic approach or intestinal 
resection. The exact distinction is sometimes difficult 
to be determined (89, 90). In a recent review of 2016, 
Westerland et al (90) analyze advantages and appro-
priate sequences that allow evaluation of the intesti-
nal wall and distinction between inflammatory or fi-

brotic component. MRE is a panoramic technique that 
shows intestinal wall layers, presence of penetrating 
disease and extraluminal complications such as fistu-
las or abscesses. Important factors during MRE are: 
optimal distension of the small bowel, obtained with 
biphasic agent (mannitol or polyethylene glycol); an-
tiperistatical agent to minimize bowel peristalsis (91, 
92). Conventional sequences, used to evaluate typical 
pathological alterations, are True-FISP or FIESTA 
(true fast imaging with steady-state free-precession), 
T2-weighted and T1- weighted fat-saturated sequenc-
es. FIESTA sequences are less sensible to motion ar-
tifact and show good contrast between the bowel wall, 
lumen and mesenteric fat. It is useful for a morpho-
logical evaluation of the bowel loops (93) (Fig. 1). T2-
weighted sequences have a high sensitivity (83%-91%) 
and specificity (86%-100%)  to detect inflamed bowel 
with a mural thickness greater than 3mm and T2-sig-
nal increased for the presence of mural and mesenteric 
edema. Other features of acute disease are: mesenteric 
vascular prominence (comb sign), hyperenhancing and 
enlarged lymph nodes (short axis up to 8 mm) (Fig. 2). 
In T1- weighted fat-saturated sequences acquired after 
contrast media, the active inflammatory appears with a 
stratified pattern of enhancement (hyper- intense mu-
cosa and serosa and hypointense/edema submucosa) 
(Fig. 3). The chronic inflammation is characterized by 
T2 hypointense mural signal without adjacent mesen-
teric inflammation and homogeneous transmural en-
hancement on T1-weighted fat-saturated sequences 
(92) (Fig. 4). The distinction between inflammatory 
and fibrostenotic disease is facilitated by the peculiar 
tissue contrast obtained in MR images . Recently, Dif-
fusion Weighted Imaging (DWI) has been added to 
conventional sequences and many studies (94) show 
that there is a restricted diffusion in active inflamma-
tion: the presence of a cellular inflammatory response 
in the bowel wall prevents the movement of water mol-
ecules, showing mucosal hyperintensity on DWI and 
corresponding low signal on the Apparent Diffusion 
Coefficient (ADC) map. A quantitative evaluation (for 
example through ADC) helps to determine the sever-
ity of the disease and to monitor treatment response: 
Rimola et al. (95, 96) have elaborated the MR index of 
activity (MaRIA), considering MR parameters such as 
wall thickness, relative contrast enhancement, presence 
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of edema, ulcers, pseudopolyps and enlarged lymph 
nodes. This index has a significant correlation with 
the endoscopic findings and, though being frequently 
quoted, it is not diffusely accepted in the clinical prac-
tice. In a study carried out in 2017, Kim et al (97) dem-
onstrated that modified MaRIA scoring is quite accu-
rate, because DWI, enteric and portal phase scans can 
improve reproducibility of the scoring system.

Ultrasonography

Ultrasonography (US) is the least invasive im-
aging examination, well tolerated by patients. This 
technique does not employ ionizing radiations, is re-
peatable with high diagnostic accuracy and is widely 
used in the diagnostic setting and as guidance in many 
interventional radiology procedures (61, 63, 98-105). 

Figure 1. 14-year-old patient with abdominal pain, diarrhoea and elevated inflammatory biomarkers levels. Axial (a) and coronal (b) 
FIESTA sequences show active inflammation with increased wall thickness of the terminal ileum (arrows)

Figure 2. T2-weighted sequences show enlarged lymph nodes (a) and mural edema (b)
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US can identify morphological features of bowel wall 
drawing the layer pattern and wall thickness (>3 mm 
in CD) (106) (Fig. 5). For this reasons, US is useful 
during active CD to show inflammatory processes of 
angiogenesis and hypervascularization into the in-
testinal wall (107); computed tomography (CT) and 
MR are unsuitable for repeated follow-up due to ra-
diation exposure (CT) and high cost and complexity 
(MR) (108, 109). US can evaluate parietal vasculari-
zation using Color or Power Doppler: active disease 
is characterized by the increased number and caliber 
of vessels (110). Contrast-enhanced US is more accu-
rate (111). The introduction of oral contrast solution 
(water and polyethylene glycol) to distend the bowel 
can improve the image quality and diagnostic accuracy 
in the evaluation of mild intestinal damage (112); the 
use of intravenous contrast media in US (CEUS) can 
emphasize the presence of an increased bowel wall vas-
cularization that it is typical in the active form of CD. 
US with oral contrast agent (SICUS), as reported by 
Mocci et al. (113) in a review of 2017, has a sensitivity 
ranging from 96 to 100% if compared to that of con-
ventional US (from 57 to 96%). Furthermore, it has 
been demonstrated that SICUS has high accuracy to 
identify complications and post-operative recurrence 
(114). An Italian group (115) has compiled a SICUS 
quantitative sonographic lesion index (SLIC) to study 
the evolution of the transmural bowel damage in CD 

patients in medical therapy. The index includes wall 
thickness, length of damaged intestinal tract, dilation 
and strictures. It identifies five classes of severity rang-
ing from the lower (class A) to the higher score (class 
E). CEUS uses an intravenous contrast (Sonovue, at 
the recommended dose of 2.4-4.8 ml) and has a good 
ability to distinguish hypo- or hypervascularized in-
testinal strictures, identifying inflammation from fi-
brostenotic lesions (116) (Fig. 6). Active inflammation 
characteristics include rapid wash-in, when the mi-
crobubbles appear <20 second after infusion in bolus, 
and slow wash-out, when the microbubbles wash out 
in <80s (117). Some authors have shown that CEUS 
can be correlated with CD clinical activity (118). A 
quantitative method is proposed to evaluate vasculari-
zation of the intestinal wall in association with disease 
activity (the CD activity index, CDAI). Migaleddu et 
al. (119) have demonstrated that CEUS has the high-
est performance: 93.5% sensitivity, 93.7% specificity 
and 93.6% accuracy. In post-surgical recurrences, the 
values are 97%, 91%, 96%, respectively (120). The dis-
tinction between inflammatory and fibrotic lesions, as 
already mentioned, is very important for the therapeu-
tic approach but some studies are controversial about 
this distinction: increased echogenicity of the submu-
cosal layer results in inflammation while a clear visibil-
ity of all intestinal layers suggests fibrosis with reduced 
blood volume and flow (121, 122). The introduction of 

Figure 3. T1-w fat saturated images in axial (a) and coronal (b) planes, after contrast injection, show hyperintense mucosa (arrows) 
during the arterial phase
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a dedicated US software, the QLAB (Philips, Konin-
klijke, Belgium) and the Qontrast (Bracco, Milan, 
Italy) has allowed a quantitative and semi-quantitative 
analysis of contrast enhancement of the inflamed area. 
These data are derived from a selected “region of inter-
est” (ROI) in which median values of the image inten-
sity and a perfusion analysis are calculated to generate 
a time-intensity curve and obtain a good correlation 

between CD inflammatory activity and bowel wall 
vascularization (123, 124). In a recent study, Quaia 
(125) shows a positive correlation between contrast 
enhancement in affected tracts of small bowel and lab-
oratory data in CD, so that the quantitative CEUS can 
define responder from non-responder patients affected 
by active disease and treated with immunosuppressive 
and biological therapies. The strain elastography (SE) 

Figure 4. Follow-up at 5-years surgical treatment in 23-year-old patient. Images show, near ileum-ileal anastomosis, an inflamed 
loop, with increased thickness (*), vascular prominence (arrowhead), fibro-fatty proliferation and progressive transmural hyperen-
hancement (arrows). Early enhancement is showed in axial plane (a) and transmural enhancement in late venous phase (b)
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is another diagnostic method useful but not routinely 
used for clinical management of inflammatory bowel 
diseases. It is a technique to evaluate the elasticity of 
the tissues as demonstrated in a case of ileum Crohn 

stricture by Giannetti (126) and confirmed by mac-
roscopic and microscopic examination: the terminal 
ileum wall appears with abnormal elasticity and higher 
percentage of “blue” areas, suggesting stiffness.

Advantages and disadvatages of US

US has many advantages (127). It is widely used, 
low-cost, repeatable, noninvasive and radiation-free, 
all reasons that make of this technique one of the most 
tolerated by the patients. An experienced sonographer 
can find mural and extramural complications visual-
izing a good part of the small intestine and colon, in 
particular as the first approach in urgent assessment of 
complications. US is accurate in investigating stenosis, 
abscesses and fistulas; intraluminal oral contrast may 
improve image quality, but MR can show complicated 
fistulas better than US. Moreover, the use of intrave-
nous contrast is necessary to distinguish CD strictures 
with predominantly inflammatory or fibrotic compo-
nent especially when the stenosis is impassable with 
the endoscope. CEUS has an important role in reveal-
ing the presence and activity of CD in terminal ileum 
in particular in the follow-up of patients with known 
ileal localization of disease (128). Unfortunately, US 

Figure 5. B-mode US with linear probe shows loop affected by CD and with increased mural thickness

Figure 6. US after second-generation microbubble contrast 
shows slight enhancement, without signs of significant inflam-
mation 
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has some limitations: it is operator-dependent and the 
comparison or revision of images during the follow-
up is not easy. Large body size, intestinal meteorism 
(in some cases it can be reduced by intraluminal solu-
tion) or depth of the region of interest can limit the 
exam. US cannot explore abdominal regions (retrop-
eritoneum area) and  intestinal tracts such as stomach, 
duodenum, jejunum, transverse colon, deep intrapelvic 
loops and rectum (129).

Advantages and disadvatages of MRE

MRE is another radiation-free diagnostic tech-
nique and represents the first choice in the pelvic local-
ization of CD (11). It has high diagnostic accuracy and 
ability to investigate the complete  bowel tract; it has 
multiplanar reconstructions, good visualization of soft 
tissues and easy detection of complications (strictures, 
abscess and fistulas) (Fig. 7) thus playing an important 

Figure 7. Example of enterocolic fistula formations (arrows) in a patient with CD for about 10 years. FIESTA images show «star 
sign» in axial (a) and coronal(b) planes and transmural enhancement appears in axial (c) and coronal (d) T1-weighted fat-saturated 
images
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role in surgical planning (127). It provides a panoramic 
view of the entire abdominal region, mesenteric tis-
sue and retroperitoneum area, allowing a good visu-
alization also in patients in whom US is limited (e.g., 
overweight patients). Unfortunately, MRE is less used 
in clinical practice, because it is expensive, needs spe-
cific radiological competences and is time consuming 
(130). Other limitations include presence of metal 
devices, claustrophobia or sensitivity to MR contrast 
agents (131, 132).

CEUS vs MRE

A study by Malagò et al. (133) shows a good 
correlation between MRE and CEUS activity, with 
a Spearman’s coefficient (rho) = 0.791 and a statisti-
cally significant p value (<0.0001). In particular, a 
high correlation was found in the study of the small 
bowel to evaluate wall thickness, lymph nodes and 
vasa recta (rho=0.926; p<0.0001); accurate correlation 
was obtained to assess layered wall appearance, disease 
extension and fibro adipose proliferation (rho=0.716; 
p<0.001). An excellent correlation between imaging 
and clinical laboratory data was achieved. MRE and 
CEUS are non-invasive techniques used in the diag-
nosis of CD, and in monitoring its activity. The af-
fected loop and the main signs of the disease can be 
determined by both imaging modalities, despite differ-
ent accuracy rates. In active disease, CEUS offers the 
possibility of recognizing all the characteristic signs, 
using intravenous contrast agent (gas microbubbles) 
that remains inside the microcirculation throughout 
the procedure, breaks up in the vascular system and is 
not retained in the fibrous tissue. This technique better 
shows the bowel-wall enhancement and the increased 
vascularization of the affected bowel loop (133). Con-
versely, MRI contrast agent has an initial vascular 
phase, tends to migrate and to accumulate in the inter-
stitium. Therefore, gadolinium can detect also chronic 
lesions. Quaia et al. (134-137) demonstrated the ac-
curacy of both techniques, with a quantitative analy-
sis of enhancement patterns. Time intensity curves in 
CEUS and MRE are adequate for assessing intestinal- 
wall vascularity and for a more objective evaluation 
of the parietal enhancement compared with observer 

experience. In chronic lesions (133), which are fibrous 
scar tissue, MRE shows moderate enhancement in the 
venous phase with a pattern restricted to the mucosa, 
layered or homogeneous, while CEUS does not reveal 
any vascular enhancement.

Conclusions

An accurate diagnosis of CD is important to 
plan therapy and follow-up. The diagnosis is accom-
plished also by means of a bioptic extraction from the 
mucosal alteration performed during colonoscopy. In 
clinical practice, MRE is used as a first imaging exam 
to determine intestinal localization, extension and 
extra-intestinal complications. It can distinguish be-
tween inflamed and fibrotic component and helps in 
the therapeutic decision-making: medical therapy or 
surgical treatment. CEUS is useful in the explorable 
intestinal tracts, already visualized by previous MRI 
exams, and it is used in the follow-up after medical 
or surgical treatment or as fist-line exam in patients 
unsuitable to MR. Besides, CEUS can be helpful in 
emergency conditions as first approach examination in 
case of acute complications and recurrence. In conclu-
sion, both techniques are useful and complementary in 
the study of CD evolution.
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Summary. This article reviews the main toxic effect, complications and relative imaging findings of the liver 
that may appear during the oncologic follow up among patients affected by gastrointestinal malignancy. 
Awareness of the causative chemotherapeutic agent and regimens, pathophysiology and relative characteristic 
imaging findings of hepatic injuries is critical in order to obtain an accurate diagnosis especially when these 
parenchymal lesions are focal. An accurate synergic radiological diagnosis with Computed Tomography (CT) 
and Magnetic Resonance (MR) techniques may induce a potential termination of ineffective/toxic chemo-
therapy during early phases of treatment, changing the therapeutic plan in order to avoid first unnecessary 
liver biopsy and then invasive treatment as hepatic resection if not required. (www.actabiomedica.it)
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1. Introduction

Nearly one in two men and one in three women in 
the United States will be affected by cancer during the 
lifetime (1). Colorectal cancer is the third most com-
mon type of cancer diagnosed in men and the second in 
women. The liver is the most frequent site of colorectal 
cancer metastases and up to 25% of patients present 
hepatic metastases at the time of diagnosis of the pri-
mary tumour (synchronous); another 25% will develop 
metachronous ones during the follow up (2) (3-6).

Ultrasonography (US), Magnetic Resonance Im-
aging (MRI) (7-17) and computed tomography (CT) 
(18-30) are widely used in the diagnostic setting, with 
or without the use of contrast agents (23, 31-33), and 
as guidance in many interventional radiology proce-

dures (34-40). US is the least invasive imaging exami-
nation, well tolerated by patients (41-43). 

Liver hepatectomy still represents the best cura-
tive therapeutic option for patients with colorectal me-
tastases even if it is often preceded by chemotherapy in 
the preoperative setting (neoadjuvant chemotherapy) 
because only 15-25% of patients are fit for the curative 
metastasectomy at the time of presentation (44).

This medical treatment can reduce the size of 
colorectal liver metastases, downsize the present me-
tastases and may provide to a presumptive treatment 
of micro metastases (45).

Unfortunately, micro metastases (less than 10 
mm) are nearly undetectable using radiological imag-
ing being the major cause of recurrence during follow 
up. Differentiation of small haemangiomas and cysts 
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smaller than 1 cm from metastases can be difficult due 
to volume averaging. The sensitivity of CT for detect-
ing lesions less than 1 cm decreases from 65%-95% to 
31%-38% (46, 47).

This article reviews the toxic effect, complications 
and relative imaging findings of the liver that may ap-
pear during the oncologic follow up among patients 
affected by gastrointestinal malignancy. Radiologists 
should know that in addition to the desired effects on 
malignancy, systemic oncological therapy could deter-
mine toxic effects whose are often visible first at imag-
ing (48, 49).

2. Background

Any type of drug is able to induce changes in 
biological function and so to modify cell and organs 
function.

This modify can be positive or negative/toxic: 
it depends on concentration, dose and patient’s own 
characteristics determining eventually drug adverse re-
action that are predictable in most of cases.

Drug arrive to the target organs by steps. Phar-
macokinetics studies processes that follow the admin-
istration of the drugs: absorption, metabolism and ex-
cretion. Through distribution, drugs arrive to the target 
organs to make its pharmacological effect (50).

Each of these steps is influenced by drug molecu-
lar structure (e.g. lipophilia), physiological character-
istic such as pregnancy, age or nutritional state and 
patient pathologies such as hepatic or kidney’s injury, 
cardiovascular disease or neoplastic ones.

Hepatic metabolism represents a crucial step be-
cause in most of cases drugs have to be transformed 
into more hydrophilic compounds in order to be elimi-
nated easily by kidney and/or liver.

Chemotherapy traditionally includes cytotoxic 
agents because their own mechanism of action consists 
in the capacity of induction a cell damage that can be 
lethal for sensible cells, through a direct damn or in-
terference in the replicative process of the proliferating 
cells. These agents have low therapeutic index because 
they’re not specific for tumoral cells and they can cause 
toxicity especially to normal proliferating tissues (e.g. 
bone marrow).

Unfortunately, solid tumors (like colorectal ma-
lignancy) aren’t sensible to these types of drugs com-
pared with lymphoma or testis tumor so they should 
be associated to others in order to improve the thera-
peutic effect.

Nowadays newer agents such as molecular tar-
geted therapies and immunological agents are available 
in clinical practice as monotherapy or in combination 
with each other.

2.1 Chemotherapy for gastrointestinal malignancy

Patients with advanced stage disease could require 
different types of chemotherapy (preoperative, postop-
erative or palliative chemotherapy) (51). Preoperative 
therapy, so called neoadjuvant chemotherapy, offers the 
potential advantage of eradicating micro metastatic dis-
ease preoperatively improving progression free survival 
especially through innovative associations of agents with 
the aim to ensure a multimodal treatment for colorectal 
liver metastases (2). In selected patients, unresectable 
metastatic disease can be rendered resettable by admin-
istering “conversion chemotherapy” in order to down-
size the tumor and make possible a surgical resection 
increasing the number of patients undergoing curative 
hepatectomy. The duration of both these regimens of 
chemotherapy should be assessed as short as possible 
because of the risk of hepatic injury associated (52).

2.1.1 Alchilant agents (oxaliplatin)
They have the ability to react with DNA creating 

irreversible damage and lethal effect to the cell. One 
of these drugs called oxaliplatin is frequently used in 
combination with 5-FU/leucovorin or capecitabine 
for the treatment of gastrointestinal tumors. Toxicity, 
generally dose dependent, is represented by peripheral 
neuropathy and impose dose reduction. Oxaliplatin-
based chemotherapy regimens (FOLFOX, CapeOX 
and FLOX) are recommended by NCCN for adju-
vant treatment in colorectal cancer patients (8) and 
as neoadjuvant therapy in combination with 5-FU in 
patients with colorectal liver metastases.

2.1.2 Antimetabolite agents (fluorouracil and capecit-
abine)

Because of their similitude with physiological 
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metabolites, fluoropyrimidine such as fluorouracil (5-
FU) can interfere with RNA synthesis and function 
and determine myelotoxicity as adverse reaction. 5-FU 
is administrated intravenously while capecitabine is a 
prodrug that is converted in the intestine into the ac-
tive 5-FU and it’s given orally (53).

2.1.3 Topoisomerase inhibitor (irinotecan)
Irinotecan reversibly stabilizes the topoisomerase. 

I complex, blocking DNA synthesis with a double-
strand DNA break. This event induces arrest of the 
cell cycle in the S-G2 phase and ultimately cause cell 
death (53).

2.1.4 Target therapy (bevacizumab)
Bevacizumab is a monoclonal antibody that binds 

to vascular endothelial growth factor (VEGF) in the 
circulation and inhibits its connection to the receptor 
VEGFR. This complex prevents new vessel formation, 
reduces capillary leak and normalizes tumour vascula-
ture (54).

3. Hepatic adverse injuries

Chemotherapy induces many undesirable effects 
against the hepatic parenchyma that may reduce and/
or make difficult the detection of the hepatic tumor 
burden in patients with liver metastases. As patients 
with metastatic tumors undergo chemotherapy with 
curative intent with increasing frequency, it is manda-
tory therefore to understand the pathophysiology of 
these therapy-induced liver injury in order to be famil-
iar with their imaging features .

3.1 Sinusoidal obstruction syndrome (SOS):
pathophysiology and imaging features

Rubbia et al. observed that the neoadjuvant ad-
ministration of oxaliplatin in patients with colorectal 
liver metastases was a risk factor for the development 
of a specific liver injury called sinusoidal obstruction 
syndrome (55, 56). Bevacizumab seems to have a pro-
tective effect against oxaliplatin-related sinusoidal le-
sions(57). This sinusoidal injury occurred for 19–52% 
of patients treated by oxaliplatin-based chemotherapy 

(58-61). Patients could present abdominal pain, swell-
ing, and weight gain, with or without elevation in se-
rum enzyme levels (62).

SOS includes several pathologic conditions such 
as sinusoidal dilatation, peliosis, and nodular regenera-
tive hyperplasia.

The major component initiating SOS seems to be 
the depolymerization of the F-actin and the increased 
expression of matrix metalloproteinase-9 in sinusoidal 
endothelial cells.

The sinusoidal wall integrity is then disrupted 
causing red blood cells migration into the space of 
Disse and deposition of collagens determining respec-
tively peliosis and perisinusoidal fibrosis (63-66). Fur-
thermore, the obstruction and increased pressure in the 
sinusoid determine presence of atrophic hepatocytes 
and also enlarged ones forming nodular regenerative 
hyperplasia (67). The discover and relative diagnosis 
of SOS could be important clinically for at least three 
reasons. First it is associated with an increased risk of 
morbidity after liver resection and bleeding. Particu-
larly SOS has been associated with an increased risk 
for intraoperative blood transfusions, early recurrence 
after resection and a short overall survival after resec-
tion due to liver insufficiency (60, 68). Recently an-
other interesting reported side effect is the develop-
ment of liver nodules mimicking liver metastases (69, 
70) misinterpreted as hepatic metastasis (71). Finally 
radiologists have to consider the development of ox-
aliplatin-induced SOS to avoid mistaking new-onset 
ascites for evidence of recurrent disease (72).

However, US findings include ascites, gallblad-
der wall thickening, and hepatosplenomegaly. Doppler 
US may show decreased flow in the portal vein (73). 
Common signs of a new-onset portal hypertension on 
CT examination could appear, including ascites, sple-
nomegaly, periesophageal varices, and recanalization 
of the umbilical vein. Increased volume of the spleen 
has been reported to suggest sinusoidal injury(74-76); 
however, increased spleen size indicates portal hyper-
tension and it is not specific for SOS(77). Han et al. 
reported that post-oxaliplatin “heterogeneity” of liver 
parenchyma, appearing as diffuse and heterogeneous 
hypoattenuation of the hepatic parenchyma on con-
trast-enhanced CT, is frequently observed in patients 
treated with oxaliplatin (45, 77). These findings are 
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especially observed at the peripheral area and right 
hepatic lobe. At MR, diffused SOS is detectable by 
T2-weighted images showing a heterogeneous liver 
with areas of increased signal intensity correspond-
ing to edema (47). Heterogeneous reticular pattern are 
also found in the hepatic parenchyma on hepatobil-
iary phase (HBP) MRI of the liver using gadoxetate 
disodium (78, 79) . However morphological imaging 
modalities, such as CT or US, are not enough suit-
able for the diagnosis of a pseudotumor caused by 
SOS (80). Focally lesions of SOS show an ill-defined 
margin (considered as the most valuable feature), non-
spherical shape, isointensity on T1- weighted images, 
iso or hyper-signal intensity on T2-weighted images, 
unlike of a metastatic nodule. Gd-EOB MRI nev-
ertheless displays a defect in the hepatocyte phase, 
similar to imaging findings of colorectal liver metas-
tasis(47). Therefore, diffusion-weighted MRI, may be 
fundamental because the cellular density is higher in 
cancer than in pseudotumor (81).

3.2 Focal nodular hyperplasia-like lesions

Chemotherapeutic regimens with OXP may lead 
to the appearance of focal nodule hyperplasia (FNH) 
like lesions. It is very important to differentiate this 
type of pseudo metastases from the real ones during 
follow-up. This kind of diagnosis seems to be more 
suitable with MR images. Commonly FNK-like le-
sions appear as solitary or multiple nodular and well 
demarcated peripherally located liver lesions exhibit-
ing significant contrast enhancement on hepatobiliary 
phase (77).

Images similarly to FNH ones, representing a 
benign hyperplasia of the hepatic parenchyma, may-
be linked to a vascular injury with increased arterial 
perfusion in areas with absent portal blood flow (77). 
In these lesions’ overexpression of OATP8 that is the 
uptake transporter of gadoxetic acid may be due to 
increased hepatocyte function to compensate diffuse 
liver injury (82, 83).

3.3 Pseudocirrhosis: pathophysiology and imaging features

Pseudocirrhosis describes diffuse and heterogenic 
hepatic parenchyma due to the contemporary presence 

Figure 1. 55-year old woman affected by left colon adenocarci-
noma who undergoes to left hemicolectomy. We may observe in 
this preoperative CT diffuse low attenuation of the liver

Figure 2. After the surgical resection of the primary tumor, the 
histological staging is pT3N1M1 for the presence, in the first 
post-operative CT, of a nodular hypodense lesion surrounded by 
rim enhancement with the appereance of a colorectal liver me-
tastases

Figure 3. MR dynamic imaging confirms CT diagnosis of a 
colorectal metastase. This lesion is hypointense in T1w images 
before and after administration of contrast agent compared to 
the surrounding liver

Figure 4. After a six-cycles-Folfox neoadjuvant regimen, these 
CT post-operative imaging shows common findings after surgical 
resection. The hepatic malignant lesion is confermed with the ad-
diction of “blue liver” as chemotherapeutic liver adverse reaction 
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of capsular retraction and nodular regenerative hyper-
plasia. This setting is however more common in pa-
tients undergoing chemotherapy for breast cancer (up 
to 50%) of patients (84-87). CT imaging shows first 
initial loss of the normal convex edge of the liver, with 
the presence of metastases followed by capsular retrac-
tion. It is very important to discontinue therapy in 
order to avoid progression in fibrosis, especially when 
this structural liver morphological change becomes se-
vere with the occurrence of ascites, varices and sple-
nomegaly, similar to true cirrhosis signs of portal hy-
pertension. A recent case report shows the singular 
diagnosis of esophageal varices without liver dysfunc-
tion, after 3.5-year follow-up of the oxaliplatin-based 
chemotherapy (88).

3.4 Portal vein thrombosis

Portal vein branch thrombosis may appear after 
chemotherapy regimens with 5-FU and irinotecan 
(FOLFIRI) and bevacizumab (89, 90).The latter binds 
to the VEGF receptor and decreases the healing ca-
pacity of endothelial cells, determining bleeding and 
thrombosis. The mechanism by which irinotecan may 
determine thrombosis is not known. Patients with 
portal vein thrombosis are usually asymptomatic so the 
first diagnosis is often reached by imaging. Portal vein 
thrombosis is seen as a filling defect in the portal vein 
branch. In the arterial phase this wedge-shaped area 
shows increased enhancement that becomes isoattenu-
ating compared to the liver in the further phases (90).

3.5 Steathosis and steatohepatitis: pathophysiology and 
imaging features

Many studies show that some chemotherapeutic 
agents, such as 5-FU and irinotecan, may determine 
chemotherapy-induced steatosis (51). The form of 
nonalcoholic steatohepatitis linked to chemotherapy 
is called chemotherapy-associated steatohepatitis 
(CASH) (91). The frequency of this occurrence is un-
known (65, 92, 93).The combination of irinotecan and 
5-fluorouracil (FOLFIRI) should be used carefully 
therefore in patients who are predisposed to fatty liver, 
mainly for those who can be eligible for liver resec-
tion. Hepatic steatosis increases morbidity after liver 

resection and the presence of steatohepatitis has been 
associated with a higher 90-day mortality rate (93, 
94). It is difficult to distinguish between steatosis and 
steatohepatitis through imaging features. However he-
patic steatosis is characterized by deposition of lipid 
vesicles in hepatocytes while steatohepatitis is marked 
by ballooning of hepatocytes, lobular inflammation, or 
degeneration of hepatocytes(95). At imaging, steato-
sis can be focal or diffuse. At ultrasonography (US), 
the hepatic parenchyma shows increased echogenicity 
while at CT low attenuation compared to the spleen 
(at least 10 HU at unenhanced CT) (90). At MR im-
aging with in-phase and out-of-phase gradient-echo 
sequences, the presence of signal loss (dropout) on 
out-of-phase images when compared with in-phase 
images confirms the presence of steatosis. The pattern 
of fatty deposition may be also focal mimicking me-
tastases. However, in this case MRI allows to obtain a 
more reliable diagnosis because unlike steatosis there 
is no signal drop on the opposed phase in the images 
of metastasis (95). According to Unal et al., focal stea-
tosis liver parenchyma may show decreased hepato-
cyte function and signal on MRI Gd-EOB-DTPA-
enhanced liver while fat spared areas may demonstrate 
compensatory increased hepatocyte function on the 
same phase similarly to FNH-like lesions. Anyway, in 
the latter case diagnosis could be easily reached with 
T1w in- and out-of-phase (77)

4. Discussion

Follow up in oncology represents the period of 
time that starts after the first treatment with a cura-
tive intent. Follow up for colorectal cancer has become 
much longer because of the increased median overall 
survival of these patients due principally to the improv-
ing efficacy of modern chemotherapeutic regimens (96).

The current concept of multidisciplinary treatment 
and management of patient affected by colorectal ma-
lignancy has been decisive to reach optimal outcomes.

In this team, radiologists must be aware of their 
crucial role. Mainly during chemotherapy, imaging di-
agnosis is necessary to evaluate:

- treatment response;
- detection of metastases and recurrence;
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- restaging of the malignancy.
CT is currently the most commonly used first-

line imaging modality for oncologic monitoring be-
cause of its wide availability and reproducibility (97). 
CT, is also a valuable diagnostic tool for the diagno-
sis and the guidance of interventional procedures in 
a wide range of organs and in the in gastrointestinal 
systems (98-103).

Regarding treatment response during follow up, 
the effects of conventional chemotherapeutic agents 
are assessed generally after three to four cycles of 
chemotherapy (after about 1 to 2 months into the 
therapy) and changes in lesion sizes, as classified ac-
cording to Response Evaluation Criteria in Solid Tu-
mor (RECIST) are used to planning further decision 
(104, 105). However, it is already known that new 
imaging criteria are needed to better characterize tu-
mor response actually. Hepatic lesions, when treated 
through regimens with molecularly targeted therapeu-
tic agents, may be responding to treatment even with-
out change in size .

Regarding the detection of metastases (hepatic 
tumor burden) , we should remember indeed the effect 
of chemotherapy first on the hepatic metastases itself 
and then on the surrounding liver parenchymal.

Han et al demonstrated a correlation between 
treatment response of colorectal liver metastases and 
SOS in patient who have undergone oxaliplatin-based 
chemotherapy: the more severe is SOS, evaluated by 
CT parenchymal heterogeneity, the worse the tumor 
response is expected to be (45).

Hepatic hypoperfusion due to sinusoidal obstruc-
tion syndrome might induce hepatic hypoxia, reducing 
the response to chemotherapy and increasing instead 
the invasiveness of the tumor in the surrounding stro-
ma (106).

Until now, in a patient with a story of gastroin-
testinal malignancy, radiologists have considered the 
appearance of each new hepatic nodule first as a new 
metastatic lesionn(51). This possible setting could in-
dicate progression disease and change in therapeutic 
planning. It is important to recognize therefore paren-
chymal changes due to systemic therapy in order to 
make differential diagnosis especially from metastases 
when these structural changes are focal (pseudo me-
tastases) (96).

During follow up with CT examination it might 
be possible to discover new indeterminate hepatic le-
sion or diffuse changes in the hepatic parenchyma that 
make difficult the detection of malignancy. Radiolo-
gists should be aware of the possibility that a new de-
veloping liver lesion is not always a new metastasis.

Multi-detector row CT represents the modality 
of choice for oncologic surveillance thanks to its avail-
ability and efficiency (23, 97, 107, 108); nowadays, for 
the complexity of the questions that radiologists have 
to answer, morphological CT study should be more 
often associated with other emerging functional and 
molecular imaging techniques.

CT perfusion parameters for example seems to 
predict properly the presence and extent of tumor ves-
sels (109-112). Even if CT perfusion is a technique 
actually available mainly in research studies, it should 
be considered in future to improve earlier detection of 
liver malignancies and more individualized monitoring 
of patients during treatment, especially for molecular 
targeted therapies that act on on tumor perfusion.

In order to assess a better diagnosis and to quan-
tify properly the hepatic tumor burden, liver dynamic 
MR examination with DWI/ADC (113) and contrast-
hepatobiliary phase should be recommended. Multi-
detector CT has a specificity of 67% in characterizing 
lesions as benign or malignant, compared with 81% 
for MR imaging (47).The use of heavily T2-weighted 
images may help differentiate solid malignant lesions 
from hemangiomas and cysts (46).

Furthermore hepatocyte-specific contrast-en-
hanced MR imaging detects more metastatic lesions 
than does conventional MR imaging and should be 
used particularly for the follow-up of metastases af-
ter systemic or liver-directed therapies (114). Hepatic 
metastases typically appear hypointense relative to 
the surrounding liver parenchyma on delayed imag-
es, whereas “pseudo metastases” lesions such as focal 
nodular hyperplasia are visible as iso- or hyperintense. 
DW imaging helps the detection of small lesions and 
apparent diffusion coefficient (ADC) values can be 
useful to estimate diffusion restriction, differentiating 
metastatic lesions whose show high-signal-intensity 
with low ADC values (46, 114). Multiparametric MR 
examination seems to be necessary also for the pre-
operative planning after neoadjuvant chemotherapy 
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regimens with the aim to obtain the most reliable 
re-staging of the hepatic tumor burden. Systemic 
chemotherapy in the preoperative setting improves the 
potential benefit of surgery (115, 116) and this down-
sizing therapy represent the major reason for the yearly 
increase in the number of liver resections for colorectal 
liver metastases (44). Nowadays surgeons estimate that 
future liver remnant volume after hepatectomy can be 
as low as 20% if there is no evidence of injury in the 
remaining liver tissue (117). MR should be recom-
mended therefore also to estimate the quality of the 
future remnant parenchyma.

MR pre-operative imaging features should be ac-
curately considered because after curative resection in 
the context of liver surgery, chemotherapy-induced liver 
injury could increase the risks of intra- and postopera-
tive complications and postoperative liver insufficiency 
(118). Preoperative diagnosis of these hepatic injuries 
seems to be important in order to choose the optimal 
timing for hepatic resection. Karoui et al. demonstrated 
that morbidity after liver resection was associated with 
the number of preoperative chemotherapy cycles: pa-
tients who received more than 6 cycles of chemotherapy 
increased morbidity (61). Another issue to consider is 
that the time interval between cessation of last chemo-
therapy predicts the possibility to have post-operative 
liver failure: an interval of less than four weeks was as-
sociated with more complications (59, 119).

The desirable aim would be avoiding liver needle 
biopsy as much as possible because of its invasive na-
ture of carries inherent risks such as infection, requiring 
local anesthesia or patient sedation (104). In addition, 
biopsies can potentially stimulate neoangiogenesis by 
damaging tumor tissue and increase metastatic risk by 
increasing the number of circulating tumor cells (120).

5. Conclusion

It seems to be necessary to establish common 
standard radiological findings criteria first to recognize 
and assess chemotherapy liver adverse injuries (121-
125) with the aim to achieve early and accurate diag-
nosis, especially when these parenchymal lesions are 
focal. An accurate synergic radiological diagnosis with 
CT and MR techniques may induce a potential termi-

nation of ineffective/toxic chemotherapy during early 
phases of treatment, changing the therapeutic plan in 
order to avoid first unnecessary liver biopsy and then 
invasive treatment as hepatic resection if not required. 
A more personalized approach of cancer treatment 
would be desirable by assessment of CT/MR imaging 
biomarker determining treatment response where the 
aim is to demonstrate that drugs may have an effect on 
tumor biology.
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Summary. Percutaneous Needle Biopsy (PNB) is the insertion of a needle into a suspected lesion or an organ 
with the aim to obtain cells or tissue for diagnosis. It’s a relatively non-invasive procedure and is performed by 
radiologist under guidance of imaging techniques such as ultrasound (US), computed tomography (CT), fluor-
oscopy, magnetic resonance imaging (MRI), and positron emission tomography CT (PET-CT). The choice 
of imaging technique depends on the evaluation of the target lesion and patient compliance. PNB includes 
two categories: fine-needle aspiration biopsy (FNAB) that is the use of a thin needle (18-25 gauge) to extract 
cells for cytological evaluation; and core needle biopsy (CNB) that is the use of a larger needle (9-20 gauge) to 
extract a piece of tissue for histological evaluation. The indications for biopsy are the characterization of nature 
(benign or malignant) of a lesion, diagnosis and staging of tumor, and biological or immunohistochemical/
genetic analisys on tissue. Success of PNB is the procurement of sufficient material to characterize lesions and 
to guide the patient outcome.  Major complications are rare. PNB became a useful technique in diagnosis and 
study of retroperitoneal lesions, because of a more suitable access to specific intra-abdominal structures, lower-
ing the risk of injury of interposed structures (such as bowel, great vessels).(www.actabiomedica.it)
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Introduction

Image-guided Percutaneous Needle Biopsy 
(PNB) is an interventional procedure performed by 
radiologists (1-5) with the aim to obtain cells or tis-
sue for diagnosis by the insertion of a needle into a 
suspected lesion. 

It’s a relatively non-invasive procedure, and it has 
absolute advantages compared to open or excisional 
biopsy.

Success of PNB is related to proper patient se-
lection, preparation and adequate procedural planning 
(6-8). 

Planning and procedural phases

PNB implicates the involvement of interventional 
radiologists in multidisciplinary boards (9-21). The ra-
diologyst has a key role in the pre-procedural phase: to 
evaluate potential contraindications and risks of PNB, 
to confirm the indications for PNB and to identify the 
optimal target and the selection of the proper imaging 
guidance. 

Indications to PNB are the characterization of 
nature (benign or malignant) of a lesion (22), the di-
agnosis and staging of a tumor, and biological or im-
munohistochemical/genetic analisys on tissue (7, 23).
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Although PNB is a relatively non-invasive pro-
cedure, there are some contraindications, such as the 
alteration of coagulation status (specially if it can’t be 
correctable) and bleeding risk, the patient’s clinical sta-
tus (to tolerate bleeding or anesthesia) and cooperation.

The main imaging-guide modalities are ultra-
sound (US) (24-26) and computed tomography (CT) 
(27-35); other uncommon imaging techniques are  
fluoroscopy, magnetic resonance imaging (MRI) (36-
47), and positron emission tomography CT (PET-
CT) (6, 7, 48).

US guidance has a wide use because of portability, 
lack of ionizing radiation, and low operating cost. Real 
time imaging allows to visualize and track the needle 
throughout its entire pathway and is useful even in le-
sions moving on respiratory motion; Color-Doppler 
(24) aid in vascular structures visualization. Further-
more, in selected patients, US contrast-injection in-
creases lesion characterization on the surrounding 
tissue. Freehand or needle-guided technique are both 
suitable. Compared to the freehand technique, the 
guided technique is limited by a fixed angle. Limits 
of the US-guidance technique are the operator experi-
ence and the appropriate acoustic window view, such 
as the difficulty to penetrate air-filled structures and 
bone(49). 

Compared to US, CT has a better preprocedural 
planning of PNB, because of its high spatial resolution 
and large field of view. It permits multiplanar reforma-
tions (MPR) to obtain a more adequate path of needle. 
An intravenous contrast injection may be required to 
increase accuracy on lesion visualization.

Other imaging guidance modalities are: CT-
fluoroscopy, that allows a real-time visualization of the 
needle, advancement reducing procedural time, but 
it exposes operators and patients to radiation doses; 
MR-guidance, despite excellent soft tissue contrast 
and lack of ionizing radiation, isn’t currently feasible 
because of increased costs and procedure time, the lack 
in appropriate open-scanner and MRI-compatible in-
struments; 

PNB includes two basic techniques for sample 
acquisition: fine needle aspiration biopsy (FNAB) and 
core needle biopsy (CNB) (Figg. 1-6) (50, 51). 

FNAB device extracts individual cells for cyto-
logical evaluation using a small needle (18-25G) with 

inner stylet. Once in place, the stylet is removed, a sy-
ringe is attached to the needle, and cells are aspirated. 
Small lesions, necrotic tumors or lesions close to criti-
cal structures are its main targets. The most commonly 
devices used in retroperitoneal biopsies are the spinal 
needles and the Chiba needles (52).

CNB devices use larger needles (9-20G) with dif-
ferent mechanisms (manually or automatically cutting 
systems) to extract a piece of tissue for complete histo-
logic evaluation (53). 

A safe and proven technique is the use of coaxial 
needle: the biopsy needle is introduced coaxially into 

Figure 1. A 72 years old man with history of total gastrectomy 
for ADK. CT-guided CNB on supine patient for histological 
evaluation of epigastric solid lesion

Figure 2. A 64 years old man with outcome of pulmonary 
lobectomy for primitive lung cancer. CT-guided CNB on prone 
position of retroperitoneal node: the sample permitted to con-
firm the metastatic nature
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a guide needle (9-19G), previously advanced nearby 
the target. It doesn’t increase the recurrence of com-
plications and allow multiple specimen samples in a 
single puncture and decrease the tumor cells seeding 
risk along the needle tract (48, 54-58).

The extracted samples are then smeared on glass 
slides and fixed (FNAB) or placed in formalin (CNB); 
for bacteriological analysis the sample is sent in saline 
for culture(59, 60).

Figure 3. 54 years old woman with previous cervical and en-
dometrial squamous cells carcinoma, with indeterminate right 
adrenal solid lesion having elevated metabolic activity at PET 
examination. CT guided CNB on prone position in axial view 
(a) and parasagittal reconstruction (b), permitted the histologi-
cal diagnosis of adenoma

Figure 4. An 81 years old woman with outcome of anterior re-
section of the rectum for ADK with focal thickening of pos-
terior wall. CT-guided FNAB on prone position of the lesion 
confirmed recurrence of the tumor

Figure 5. A 65 years old woman with abdominal pain; the ab-
dominal CT demonstrate a pancreatic tail lesion. CT-guided 
PNB on prone position of pancreatic tail lesion showed a neu-
roendocrine tumor

Figure 6. A 75 years old woman with solid exophytic lesion of 
left kidney. CT-guided CNB on prone position showed a renal 
cell carcinoma
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Post-procedural phase

Retroperitoneal PNB is considered a minimally 
invasive and safe procedure. 

There are major and minor complications, related 
to the technique (bleeding, infection, perforation, tract 
seeding) or to organ specific injury (such as haematu-
ria,  pneumothorax, haemoptysis, air embolism).

After the procedure and before discharge, imag-
ing control is generally obtained and documented to 
detect immediate possible complications; equally, vital 
signs monitoring and clinical observation are required 
for a few hours following the procedure. In case of ma-
jor complications, hospitalization in appropriate envi-
ronment should be guaranteed.

Technical success of PNB varies greatly depend-
ing upon the size and location of the target, benign or 
malignant nature of the lesion, number of samples ob-
tained, availability of an onsite cytopathologist, IRs’ and 
pathologists’ experience, equipment availability (61). 

Clinical success of PNB is the usefulness of the 
procedure in terms of improvement of patient care.

In case of non-diagnostic biopsy a repeated bi-
opsy should be considered, such as different techniques 
or approaches modalities (surgical biopsy or open ac-
cess) (62-67). 

Conclusions 

Retroperitoneal Percutaneous Needle Biopsy is 
a minimally invasive, well established and safe proce-
dure, with a low rate of complications and high diag-
nostic yield. 

Radiologist plays a critical role in the entire man-
agement of the patient, since the procedure planning 
until the patient discharge. 

PNB is gaining an even more crucial role, spe-
cially with the development of molecular personalized 
treatment, so avoiding in several patients more inva-
sive diagnostic procedure.
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Summary. Peripheral nerves can be affected by a variety of benign and malignant tumour and tumour-like 
lesions. Besides clinical evaluation and electrophysiologic studies, MRI is the imaging modality of choice for 
the assessment of these soft tissue tumours. Conventional MR sequences, however, can fail to assess the his-
tologic features of the lesions. Moreover, the precise topographical relationship between the peripheral nerve 
and the tumor must be delineated preoperatively for complete tumour resection minimizing nerve damage. 
Using Diffusion tensor imaging (DTI) and tractography, it is possible to obtain functional information on 
tumour and nerve structures, allowing the assess anatomy, function and biological features. In this article, we 
review the technical aspects and clinical application of DTI for the evaluation of peripheral nerve tumours.  
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Introduction

Peripheral nerve tumors (PNTs) are rare (less 
than 5% of tumors of the hand and upper extremi-
ties) and include benign lesions (mainly schwannomas 
and neurofibromas) and malignant lesions (malignant 
neurofibromas, also termed as malignant peripheral 
nerve sheaths tumors, MPNSTs) (1-3). PNTs are usu-
ally slow-growing masses, and about six people out of 
1 million undergo surgery for these tumors each year, 
with a risk of developing a malignant PNST of about 
0.001% in the general population (8-13% in patients 
with neurofibromatosis Type 1) (2).

Tumors may be intraneural involving 1 or mul-
tiple nerve fascicles, splaying apart them, or may be 

attached to a superficial fascicle and thereby displacing 
the remainder of the nerve (4, 5).

The diagnosis of PNTs is based primarily on the 
clinical examination, and instrumental evaluation us-
ing ultrasound and electrophysiologic studies are the 
first steps for diagnosing PNTs (6). MRI, due to its 
intrinsic excellent soft tissue contrast and the absence 
of ionizing radiations compared to CT (7), is a valu-
able diagnostic tool for the diagnosis and the guidance 
of interventional procedures in a wide range of organs 
and systems (8-19), and in peripheral nerve imaging as 
well (20-22). In particular, imaging plays a key role for 
the preoperative and postoperative evaluation (21, 23-
30). However, two main limitations of standard MRI 
sequences are the low specificity for the discrimina-
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tion of benign and malignant PNSTs (even when MRI 
findings such as nerve thickening, necrosis, infiltra-
tion, hemorrhage, inhomogeneous enhancement, pose 
for malignant tumor lesions) and the challenging de-
lineation of the tumor and healthy nerve fascicles in-
volvement (31, 32). Histological confirmation is often 
necessary to make a definitive diagnosis (33-36). In-
terventional radiology procedures are widely used for 
the treatment of most soft tissue lesions (37-48), but 
surgical removal is the definitive treatment for periph-
eral nerve tumours. As surgery for PNTSTs may result 
in a considerable neurological deficit, the primary goal 
is the preservation of unaffected nerve fibers. Current-
ly, appropriate surgical planning is mainly based on 
intraoperative findings of electrophysiological moni-
toring and high-resolution ultrasound (49), even if 
the resolution is not sufficient to identify relations be-
tween tumor and individual nerve fascicles (50). Many 
advanced MRI sequences have been developed to pro-
vide additional anatomical and functional information 
to standard MR examination (12, 51, 52), and in this 
scenario, DTI application with tractography, already 
studied in chronic compressive neuropathies and trau-
matic nerve injuries, is being applied with increasing 
frequency to allow the diagnosis and the preoperative 
assessment of peripheral nerve tumors (53).

The purpose of this article is to review the techni-
cal aspects of this advanced MR imaging technique, 
with a particular focus on its clinical application in pa-
tients with peripheral nerve tumors.

Basic principles of DTI imaging

Diffusion tensor imaging (DTI) is an extension 
of diffusion-weighted imaging (DWI), a well-known 
technique that measures the magnitude of random dis-
placement of water molecules and that is widely used 
for the diagnosis of different pathologic entities across 
a range of organ systems (54). Diffusion tensor imag-
ing (DTI) evaluates the direction of the diffusion as 
well, differentiating isotropic tissues - in which water 
molecules show equal diffusion in all directions - and 
anisotropic tissues (such as neural tissue or other tis-
sues displaying ordered and oriented fibers), in which 
diffusion is predominant in one direction (principal ei-
genvector) (55). The sequence involves the application 

of diffusion-sensitizing gradients in multiple direc-
tions, allowing diffusion to be displayed as vectors rep-
resenting the characteristics of diffusion and anisot-
ropy along the spatial axes. Fractional anisotropy (FA) 
is the overall measure of tissue anisotropy with values 
between 0 to 1 (from complete isotropic diffusion to 
completely directional diffusion) (56, 57).

Other parameters derived from DTI are: the 
mean diffusivity (MD), that is the average of three 
diagonal elements of the diffusion tensor, the axial 
diffusivity (AD), that is the direction of the largest 
eigenvector, and the radial diffusivity (RD), that is 
an average of the two smaller tensor eigenvalues (4, 
58). Several evidences demonstrated the correlation 
of DTI parameters with electrophysiology and histol-
ogy and their validity in characterizing nerve injury. 
In particular, lower FA values represent nerve injury 
(due to loss of directional diffusion), AD reflects axon 
integrity, and RD (and FA) correlates with myelin 
sheath integrity (59) (Fig. 1). Tractography exploits 
DTI data to generate 3D representations based on 
voxel fractional anisotropy values. Using color maps, 
fibers extending superior-inferiorly are colored blue; 
those extending left-right are colored red, and those 
extending anterior-superiorly are colored green. Other 
directions are represented by a combination of these 
colors (50) (Fig. 2).

Figure 1. Coronal T2 fs sequence in a patient with a soft tissue 
mass involving the ulnar nerve . In the right picture, FA map of 
the DTI sequence with ROI positioning showing reduced FA 
values of the ulnar nerve at the level of the lesion, consistent 
with axonal damage
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DTI imaging acquisition in peripheral nerve imaging:
technical notes

Peripheral nerve DTI can be performed clini-
cally without need of contrast medium administration 
(60-63), either with 1.5T and 3.0T scanners. Higher 
field strength, despite the higher SNR, exacerbates 
the effects of magnetic field inhomogeneities, so the 
use of localized shim regions is recommended (59). 
Experiences with peripheral nerve DTI at extremely 
high field strengths, such as 7.0T, are limited due to 
the need of specific transmit and receive coils, power 
deposition concerns, and susceptibility distortions in 
echo-planar imaging. Having MR imaging systems 
with a high slew rate is also important. High-channel 
surface phase-array coils can be used as close to the 
anatomy of interest for both upper and lower extremi-
ties. In our clinical practice, we use a multi-channel 
“flex” coil (small, medium, or large). Torso or spine 
coils can be used for the lumbosacral plexus (64, 65).

The most commonly DTI sequence is a single-
shot, 2D EPI (SSEPI). This sequence allows obtaining 
high SNR with relatively short imaging and conse-
quently few potential motion artifacts (6). Multishot 
sequences allow higher spatial resolution with higher 
SNR, with the drawback of more severe motion arti-
facts and increased scan time. EPI sequences can also 
be affected by other artifacts, such as chemical shift, 
ghost artifacts, T2-related blurring, and susceptibility 
artifacts due to magnetic field inhomogeneities. It is 

possible to minimize such artifacts using spectral fat 
suppression, shorter echo-train lengths, tighter echo 
spacing, higher bandwidth, shimming, and motion 
correction techniques. The number of acquisitions may 
be increased, but with consequent longer scanning 
time and possible motion artifacts (31).

Parallel imaging techniques can be used to reduce 
imaging time, but an acceleration factor of 2 is usually 
used, as higher acceleration factors can affect SNR and 
cause foldover artifacts.

The TR is in the order of 3000 to 4500 millisec-
onds, and it depends on the anatomic coverage. The 
TE ranges from 40 milliseconds to 80 milliseconds, 
depending on the b value and the gradient strength 
(66). The FOV is adjusted to the anatomy to be cov-
ered, typically 140 x 140 mm to 240 x 240 mm.

The b value is the main parameter of a diffusion-
weighted sequence, representing the strength, dura-
tion, separation, and amplitude of the diffusion gra-
dients (66-68). Several studies report the appropriate 
range of b values for peripheral nerve DTI, with values 
ranging from 400 to 1000s/mm. In our experience, 
a b-value of 600s/mm2 is sufficient to reliably track 
most peripheral nerves in the extremity and provides 
a good balance of diffusion weighting and SNR (69). 
Higher b-values increase the diffusion weighting but 
reduce the SNR. The images are also acquired with a b 
value of 0, before the application of diffusion gradients. 
Conversely, low b values can lead to erroneous tracking 
of low anisotropy structures (such as subcutaneous fat).

DTI of peripheral nerves requires at least six 
non-colinear gradient directions. A greater number of 
directions sampled increases the accuracy of diffusion 
measurements, but at the cost of increased imaging 
time. There is no universal agreement in the literature 
about the optimum number of gradient directions for 
the different peripheral nerves, with values ranging 
from a minimum of six directions at 1.5T to as many 
as 25 gradient directions at 3.0T (70).

Several stand-alone and vendors specific dedicated 
software can be used to evaluate DTI parameters (FA, 
ADC, MD) (56, 71). Tractographic images are cre-
ated connecting adjacent voxels with similar anisot-
ropy values. Measurements are made using regions of 
interest (ROI) positioning at specific sites along the 
nerve over the structure being investigated. The qual-

Figure 2. Sagittal contrast enhanced MR slice (a) showing a 
polylobate fusiform lesion between the biceps femuris and the 
semitendinosus muscles. FA colored maps in which diffusion 
vector directions are displayed in different colours (b). In c, trac-
tographic 3D reconstruction
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ity of the tractography images partly depends on the 
thresholds that are applied for FA values and the turn-
ing angle of the eigenvectors between adjacent voxel, 
as optimal parameters vary depending on the geom-
etry of the nerve studied (65). Usually, two thresholds 
are applied: minimum FA (typically >0.3) and turning 
angle of diffusion vectors (typically >278) to maintain 
optimal tracking of peripheral nerve bundles. Choos-
ing the highest or lowest values can result in the track-
ing of adjacent anatomic structures (muscle or vessels) 
or the possible exclusion of nerve portions.

Acquisition parameters proposed from our expe-
rience are summarized in Table 1.

Clinical application of DTI in peripheral nerve tumours

In one of the first reports from Chabra et al. (58) 
on 29 patients with surgically proved peripheral nerve 
tumours, the FA of involved nerves was significantly 
lower than that of contralateral nerves (as a likely indi-
rect sign of axonal degeneration and myelin loss) with 
excellent interobserver reliability. ADC values meas-
ured on DTI and DWI sequences in the same patients 
were comparable. DWI ADC was not able to differ-
entiate benign and malignant lesions, while ADC on 
DTI resulted to be more useful for this discrimina-

tion; these findings may be explained by the higher 
number of directions in diffusion encoding and higher 
b-values used in their DTI technique (1000 s/mm2 
versus 800 s/mm2). Additionally, among the benign 
lesions, ADC in 12-direction DTI was not statistically 
different from 20-direction DTI. On tractography, 
most benign lesions showed partial tract disruption or 
near-normal appearance except a degenerated schwan-
noma and a plexiform neurofibroma, in which there 
was complete tract disruption. They did not observe 
an isolated course deviation as a sign of BPNST as 
reported in a feasibility study by Vargas et al. (72-78), 
explaining these findings with the presence of axonal 
degeneration and/or myelin loss that result in local loss 
of fiber attenuation, even with intact anatomic fascicu-
lar architecture. Cases of MPNSTs showed partial 
and complete disruption of tracts, findings that were 
also confirmed surgically. The near-normal appearance 
of the tracts was also seen in lymphoma, CMT, and 
perineurioma; which are explainable by the permea-
tive nature of lymphoma. 20% of the lesions could not 
be traced due to suboptimal SNR/ghosting artifacts. 
Higher ADC as an indicator of the benignity of le-
sions was also confirmed in other tumors, such as breast 
and prostate. They also suggested the use of ADC as a 
potential biomarker, due to its excellent interobserver 
reliability, to detect tumor response/necrosis during 
chemotherapy.

Also Schmidt et al. showed good preoperative 
nerve fascicle visualization using DTT scans in 83% 
of patients, with a good intraoperative correlation be-
tween DTT scans and surgical anatomy.

Cage et al. (50) evaluated the feasibility of DTI 
in 23 patients diagnosed with schwannomas and neu-
rofibromas using intraoperative electrical stimulation 
as the reference standard. The authors found that DTI 
tractography identified the location of nerve fibers 
with a 95.7% sensitivity and 66.7% specificity (maybe 
due to the inability of intraoperative electrical stimula-
tion to detect sensory nerve fibers, detected by DTI). 
They also reported a PPV of 75% for the mapping 
of anatomical fiber location. The NPV was also high 
(93.8%); this finding suggested that tractography may 
be suitable to identify a “window” from which to ap-
proach the tumor resection preoperatively. Regarding 
the accuracy of DTI concerning tumor size, pathologi-

Table 1. Scanning parameters suggested for MR DTI sequence 
(ssEPI)
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cal diagnosis, and tumor location, they reported im-
proved sensitivity, PPV, and NPV in tumours arising 
from a distal nerve branch rather than a more proximal 
nerve root and for larger tumours.

In a study of Kasprian et al. (6), the feasibility of 
DTI in identifying peripheral nerve infiltration in cas-
es of soft tissue tumors near peripheral nerves was as-
sessed. In cases of malignant infiltration of peripheral 
nerves by adjacent soft tissue tumors, the researchers 
demonstrated either a change in caliber or complete 
disruption of the nerve on tractography images. More-
over, they were able to localize the nerve on DTI im-
ages in cases of encasement by a tumour or, in cases of 
peripheral nerve sheath tumors, even when the nerve 
was not well delineated on T2-weighted imaging. In 
addition, a greater tendency toward lower FA and 
higher ADC values for neighboring nerve segments 
was found in malignant STTs than in benign STTs. As 
in the central nervous system, this may be explained by 
either the higher frequency and grade of regional nerve 
edema associated with more aggressive tumor expan-
sion or by true infiltration by malignant cells.

In the author’s experience evaluating DTI feasi-
bility for preoperative evaluation of peripheral nerve 
tumours (mainly schwannomas and neurofibromas), 
we noticed, in accordance with previous literature 
data, a reduction in FA values (mean values 0.61±0.03, 

range 0.43-0.88) along the course of the nerve near 
and around the lesion (compared to the contralateral 
healthy nerve) as well as a variation of the ADC val-
ues, ranging between 0.81 and 1.87x10[-3] mm2/s 
(mean value 1.68+0.21x10[-3] mm2/s). In cases of 
malignant lesions, the FA and ADC values were lower. 
Tractographic reconstructions were able to predict tu-
mour location with respect to nerve fiber bundles, with 
good intraoperative neurosurgical findings correlation 
(Fig. 3, Fig. 4). Complete disruption of the nerve bun-
dle was observed only in malignant lesions. In one case 
the tractography could not be performed to the non-
optimal SNR/artifacts from ghosting.

Conclusions

With preoperative DTI, the relationship of the 
nerve tumor to the axons and nerve fascicles can be 
visualized and studied. Although MR DTI with trac-
tography alone should not replace a meticulous sur-
gical technique and careful attention to the anatomy, 
DTI proves to be a reliable and useful technique in 
helping the surgeon to plan out the safest surgical  
approach providing a 3D-like map of the tumor in  
relation to the associated nerve from which it is aris-
ing, counseling the patient on the predicted extent of 

Figure 3. Post-contrast MR images (a, b) of an enhancing, fusiform lesion located at the lower third of the leg within flexor muscles. 
Tractography reconstructions (c, d) clearly depict in a 3D manner the relationship of the healthy nerve bundles splitted apart and 
arranged at the periphery of the lesion. Surgical finding (e)



DTI and MR-tractography in the evaluation of peripheral nerve tumours 73

resection and the possible compromise of nerve func-
tion.

Tractographic reconstructions provide informa-
tion about neural integrity, while DTI imaging can in-
dicate possible malignancy in neural masses evaluating 
diffusivity values. Thus, DTI with fiber tracking, with 
the functional and anatomical information provided, 
is a valuable tool to improve standard MR imaging 
techniques for the diagnosis and follow-up of nerve 
tumor and tumor-like conditions. Using tractography, 
the topographical relationship between the peripheral 
nerve and the tumor can be visualized unequivocally, 
even in the presence of marked alteration of regional 
anatomy where conventional sequences frequently fail 
to delineate clinically intact nerve structures from an 
encasing tumour.

The challenges of applying DTI with tractog-
raphy to nerves include the relatively small size and 
complex course of these nerves, as well as the hetero-
geneity of tissues along the course of the nerves such 
as muscle, bone, and vasculature, which can cause an 
obscured background signal. 
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Summary. Radiation-induced brain cavernomas have been mainly reported in children who underwent radio-
therapy for medulloblastoma, leukemia, or low-grade glioma. Otherwise, the “de novo” appearance of a cav-
ernoma in an elderly long-survivor patient after resection and radiotherapy of a glioblastoma is a rare event. 
We report the case of a 62-year-old female patient who underwent surgical resection of a right temporal 
glioblastoma, followed by radiation therapy of the operative field and surrounding brain and concomitant ad-
juvant temozolomide. Four years after the operation, a follow-up Magnetic Resonance revealed a good tumor 
control and a small round lesion at the superior surface of the right cerebellar hemisphere, close to the margins 
of the previous irradiation field. The radiological items were consistent with a cavernous angioma. Because of 
the small size of the malformation and the absence of related symptoms, no treatment was performed. The 
patient died for tumor progression 86 months after the initial operation, with unchanged cerebellar caver-
noma. The occurrence of a cavernous angioma in an elderly patient after radiotherapy for brain glioblastoma 
is an exceptional event; the distribution of radiotherapy-induced cavernous malformations reported in current 
literature is presented and the mechanism of their formation is discussed. (www.actabiomedica.it)
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Abbreviations:
CAs - Cavernous angiomas; CNS - Central Nervous System; 
HGG - High Grade Glioma; MRI - Magnetic Resonance 
Imaging; LGG - Low Grade Glioma; RICM - Radiotherapy-
Induced Cavernous Malformations.

Introduction

Cavernous angiomas (CAs) are well-circum-
scribed vascular lesions composed of dilated thin walled 
venous channels without intervening normal brain tis-
sue (1). Although benignant, CAs can be responsible 
for disabling neurological symptoms depending on 

their localization within the Central Nervous System 
(CNS). These lesions can be either acquired or con-
genital; multiple CAs (10% to 20%) are typically fa-
miliar or secondary to radiation therapy. 

Acquired CAs may occasionally occur after radio-
therapy, generally in addition to other more common 
complications such as white matter leukoencepha-
lopathy, atrophy and dystrophic mineralization. The 
“de novo” presentation of CAs after radiation therapy 
is a relatively rare event, which may occur even after 
several years after the treatment, irrespective of the 
radiation dose and type of malignancy. Most of the 
reported cases (2, 3) mainly concern children (mean 
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age 12 years) who underwent radiotherapy for medul-
loblastoma, leukemia or low-grade glioma (LGA); in-
duced CAs after radiotherapy for high grade gliomas 
(HGG) are less common across older age groups. 

We describe the unusual case of a cerebellar CA 
observed after radiation therapy for temporal glio-
blastoma in an elderly patient, reviewing current lit-
erature on the topic.

Case Report 

A 62-year-old female patient was admitted to 
hospital because of a 2-month history of temporal lobe 
epilepsy. After a first-level neurological examination, 
further diagnostic investigations were required to ex-
clude secondary epilepsy causes. Magnetic Resonance 
Imaging (MRI) showed the presence of a large right 
intracerebral temporal mass with intense and inho-
mogeneous contrast enhancement and perilesional 

oedema, suggestive for a HGG (Figure 1a). A gross 
total tumor resection was performed through a right 
temporal craniotomy. Histology was consistent with 
glioblastoma (WHO IV). Subsequent radiation ther-
apy of the operative field and surrounding brain (60Gy 
for 30 days, 2Gy per daily fraction) and concomitant 
adjuvant therapy with multiple temozolomide admin-
istrations (during radiotherapy: 75 mg/m² per day, 7 
days per week; post-radiotherapy: 150-200 mg/m² for 
5 days during each 28-day cycle) were performed.

After 26 months the patient came to our atten-
tion because of tumor recurrence (Figure 1b). Thus, 
she underwent re-intervention remaining symptom-
free for the following 2 years. Following examinations 
(4) did not show significant tumor recurrence, with a 
good disease control.

Almost 4 years after the initial diagnosis, a follow-
up MRI confirmed the absence of recurrent disease; 
nevertheless a new round small lesion of the right cer-
ebellar convexity was observed close to the margins of 

Figure 1a. Coronal contrast-enhanced T1 weighted image 
showing a large intra-axial right temporal lesion with intense 
and inhomogeneous contrast enhancement due to the presence 
of necrotic areas, strongly suggestive for a high-grade glioma. 
The lesion is surrounded by a large amount of perifocal oedema, 
with subsequent compressive effect on the right lateral ventricle 
and contralateral shift of the midline structures 

Figure 1b. Coronal contrast-enhanced T1 weighted image 
showing the presence of an area of intense enhancement in the 
right temporal region, peripherally to the surgical cavity, con-
sistent with tumor recurrence 
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the previous irradiation field, showing central hyper-
intensity with a rim of signal loss due to hemosiderin 
(Figure 2b); this asymptomatic lesion was not visible 
in the previous MRI control (Figure 2a). Radiological 
findings were strongly suggestive for CA, due to the 
typical berry appearance on unenhanced sequences.

Because of the small size of the malformation 
and the absence of related symptoms, no treatment 
was performed. After 1 year, a further follow-up MRI 
showed no tumor recurrence, as well as the unchanged 
right cerebellar CA. The patient died for tumor pro-
gression after a 7-year disease-free survival. 

Discussion 

CA is one of the possible complications of high 
dose radiation therapy, with a large number of cases 

reported in scientific literature at present (2, 3, 5). 
Almost all reported cases were described in paediat-
ric population, whereas only a minority of case con-
cerned adult patients. The most common primitive 
neoplasms associated with radiation-induced CAs in-
clude medulloblastoma and malignant hematopoietic 
neoplasms (2-5) as well as low grade gliomas (LGG) 
(3), whereas only anedoctal observations of CA in 
HGG are reported. The distribution of radiotherapy-
induced cavernous malformations (RICMs) reported 
in current literature is represented in Figure 3. The 
radiation dose was very variable, ranging from 18 to 
90 Gy; most patients (57%) received a high radiation 
dose of 40 up to 60 Gy. The time interval between the 
irradiation and the diagnosis of CAs was very variable 
(1 to 52 years), with most cases (65%) occurring with-
in 10 years after irradiation. A correlation has been 
found between a radiation dose >30Gy and a shorter 

Figure 2a. Axial T1 weighted image showing regular morphol-
ogy and signal of the posterior fossa structures, with no evi-
dence of focal lesions of the cerebellar hemispheres 

Figure 2b. Axial FLAIR image revealing surgical cavity in the 
right temporal region with no sign of tumor recurrence; pres-
ence of a round small lesion (transverse diameter: 1 cm) in the 
upper convexity of the right cerebellar hemisphere showing 
central hyperintensity with a rim of signal loss due to the pres-
ence of hemosiderin, consistent with CA
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latency to development of cavernomas (1). Multiple 
CAs were found in 36% patients, and clinical and/or 
radiological evidence of haemorrhage was reported 
in 38% of the radiation-induced cases, a significantly 
higher incidence compared with sporadic cavernomas 
(3, 6-8).

Our case presents several elements of distinctive-
ness being unusual due to the patient age, type of ra-
dio-treated tumour and CA location in the posterior 
fossa. The age of our patient, both at the irradiation 
(62 years) and at the appearance of the cavernoma 
(66 years), is very atypical. Indeed, among the 100 
reviewed patients, at the diagnosis only 5 were older 
than 40 years (9), and none was older than 50 years. 
Moreover, at the CAs appearance only 5 patients (10) 
were older than 50 years and none was older than 60 
years. Interestingly, all but one of these adult patients 
had received radiation doses greater than 60 Gy. On 

the other hand, the median latency time to diagnosis 
was 8.2 years, similarly in younger patients reports.

The present case is only the third reported in the 
literature of a brain cavernoma after HGG irradiation 
(11-19), although it is the first report of “de novo” ap-
pearance of a cavernous malformation in a patient who 
had radiation therapy for glioblastoma in such an ad-
vanced age (>60 years of age).  Indeed, the higher inci-
dence observed in LGGs is probably due to the longer 
mean survival of these patients compared with HGGs.

The infratentorial location of CAs at the superior 
surface of cerebellar hemispheres is unusual as well, 
being this region close to the margins but not included 
within the irradiation field. It has been suggested that 
low radiation doses are more efficient to induce CAs; 
indeed, higher radiation dose delivered at the centre of 
the field of irradiation may result in extensive cellular 
apoptosis, thus preventing the CA formation. Con-

Figure 3. Distribution of CNS radiotherapy-induced cavernous malformations, according to primary tumours
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versely, the periphery of the field is at higher risk, as 
the radiation may modify the genetic stability, induc-
ing abnormal vascular proliferation without substan-
tial cell apoptosis (2). 

The management of the radiation-induced CAs 
mainly depends on clinical manifestations and mean 
survival time associated with the primary lesion. Gen-
erally, when clinically silent, CAs may benefit from 
a regular MRI follow-up, especially in patients with 
small CAs and short life expectancy, as in the present 
case. Surgical treatment is indicated in cases with con-
spicuous haemorrhage or should be limited to younger 
patients with stable disease, low grade lesions and/or 
and long life expectancy.

Imaging plays a key role in the evaluation of dif-
ferent pathologic conditions, both for diagnostic and 
interventional purposes (20-33). In neuroradiology, 
the combined use of CT and MRI imaging is the ap-
proach of choice (34-43), while angiography is the pri-
mary modality used for interventional neuroradiology 
procedures (44, 45).

On imaging, CAs have a distinctive appearance of 
the nidus with little or no surrounding edema (1). CT 
may show ring-like calcification with a core reticula-
tion of variable attenuation, with usually no contrast 
enhancement (1, 13). MRI imaging shows a reticu-
lated core of heterogeneous signal intensity giving a 
typical “popcorn” appearance, with a dark peripheral 
rim of hemosiderin (14, 15). 

A comparison between patients with RICMs and 
those with non-radiotherapy-induced lesions showed 
that there are no significant differences in size, location 
and imaging appearance, although RICMs are more 
often multiple and present some different histologic 
features (13, 16, 46-48).

Another difference lies in the possible clinical-
radiological progression; variation in size and imaging 
characteristics is a more frequent feature of “de novo” 
cavernomas, that have significantly higher VEGF, 
MIB-1 and Ki-67 expression compared to congenital 
stable and indolent ones (17-19). Therefore, it may be 
suggested that the production of the angiogenic fac-
tors such as VEGF and TGF may play a crucial role in 
the formation of radiation-induced Cas (49-54).

The mechanism of CAs formation is not com-
pletely defined. It is controversial whether radiation 

therapy causes enlargement of a pre-existing small 
cavernoma, or induces a “de-novo” cavernous malfor-
mation due to direct radiation-induced damage in 
blood vessels and DNA injury in predisposed pa-tients 
(13).

In conclusion, the occurrence of CAs in elderly 
patients after glioblastoma radiotherapy is exceptional, 
although its prevalence may change over time. In fact, 
this kind of complication could become more frequent 
because of new treatment lines with progressively in-
creasing survival time of patients with HGG; in this 
light radiation field margins should be considered par-
ticularly susceptible to this kind of vascular damage.

Ethical approval: This article does not contain any studies with 
human participants performed by any of the authors.
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Anatomy

The term “biceps brachii” derives from the Latin 
Language and it stands for the “two heads of the arm”. 
As the same name suggests, this muscle has two separate 
origins, but both are innervated by the musculocutane-
ous nerve, a mixed nerve originating from the lateral 
cord (C5-C7) (1). The short head has an extraarticular 
localization and it has origin from the coracoid process 
of the scapula blending with the coracobrachial tendon. 
LHB is long about 9 cm and has partially origin from 
the tubercle; at first, it passes in the intraarticular loca-
tion to leave then the capsule and enter its bone groove 
(2-4). The LHB tendon is innervated by a network of 
sensory sympathetic fibers with a higher degree of in-
nervation at the origin, and it explains the role in the 
genesis of anterior shoulder pain (5).

Intraarticular portion

During its intra-articular course, the long head of 
the biceps passes through the rotator interval, a trian-

gle formed super-laterally from the anterior edge of 
the supraspinatus tendon and inferiorly from the up-
per edge of the subscapularis tendon. The base of the 
triangle corresponds to the base of the coracoid process 
and the apex of the transverse ligament. The rotator 
interval can be considered a rotator cuff defect formed 
by the protrusion of the coracoid process between the 
tendons of the supraspinatus and subscapularis (6). 
Along with its course in the rotator interval, the LHB 
tendon is stabilized by a capsule-ligamentous complex 
called the bicipital pulley, formed by the coracohumer-
al and superior glenohumeral ligaments (Fig. 1). 

The coraco-humeral ligament originates from 
the postero-lateral portion of the base of the coracoid 
process and distally opens into two bands; the medial 
and smaller band pass over the LHB and look at the 
small tuberosity and the lateral and broader band pass 
on the great tuberosity and the anterior portion of the 
supraspinatus tendon. The superior glenohumeral liga-
ment has origin from the superior glenoid tubercle, 
anteriorly to the biceps tendon, and it inserts on the 
lesser tuberosity (7). There is a third ligament in the 
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rotator interval of the shoulder, the coracoglenoid liga-
ment (CGL),that forms a part of the anterosuperior 
capsuloligamentous complex of the shoulder (8) (Fig. 
2).

Extra-articular portion

Distally to its pulley, the LHB tendon leaves 
the articular joint space entering the bicipital groove, 
formed by the greater and lesser humeral tuberosity. 
At the exit of the articular cavity, the LHB is covered 
by a sheath deriving from a synovial extroflection of 
the glenohumeral articular capsule. The LHB sheath 
inserts into the third proximal of the humerus.

Inside this synovial sheath we could find a struc-
ture called “vinculum”, a membrane which develops 
from the humeral groove to the LHB, inserting su-
periorly on the rotator interval, contributing to the 
vascular supply of the tendon (Fig. 3). The integrity of 
this structure during the complete lesions of the LHB 
seems to prevent the “Popeye” deformity (9). The term 
vinculum has not to be confused with the mesotenon 
(some of mesotenons are called vincula, too) which 
connect the intraarticular portion of the LHB tendon 
with the superior capsular one (10).

In the proximal portion of the bicipital groove, 
the tendon appears to be covered by the transverse 
ligament. Described at the beginning of the XXth cen-
tury, this structure does not play a significant role in 
LHB stability. However, today, the transverse ligament 
is not purely considered a ligament but represents the 

Figure 1. Oblique sagittal fat-saturated T1-weighted magnetic 
resonance arthrographic (MRA) image depicts biceps pulley 
(black arrow) forming a sling around LHB tendon (white ar-
row)

Figure 2. Axial T1w MRA image shows an independent course 
of coraco-glenoid ligament (arrow) from the anterior aspect of 
the glenoid to the proximal aspect of the coracoid

Figure 3. Axial T1w MRA image shows a vinculum (arrow) in 
the synovial sheath of LHB tendon 
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expansion of the subscapularis tendon joined with the 
supraspinatus tendon, the coracohumeral ligament (8) 
and, according to some authors, with the pectoralis 
minor too (11).

Anatomical variants

The LHB tendon shows a great variability among 
individuals and the radiological literature is rich of 
works about that. 

A first element of this variability can be the num-
ber of tendons. The tendon and the muscular head can 
be absent (12). It is not uncommon the visualization 
of a double tendon of the LHB, both with Ultrasound 
(US) and Magnetic Resonance (MR) (Fig. 4a-b) (13). 

The two tendons could have a common origin from 
the supraglenoid tubercle splitting then later, or, as it 
more often happens, they could have a double origin 
(14). In the case of a double origin, a tendon has ori-
gin from the supraglenoid tubercle while the other one 
from the superior capsule (13, 15). Some authors think 
that in these cases, the second structure present in the 
bicipital sheath is not a second tendon but an aponeu-
rotic expansion (16). In literature, some cases, where 
the brachial biceps appears with three or more heads, 
have been reported (17-19). 

Even if there are few works about that, the pres-
ence of anatomical variants of the LHB are considered 
the cause of a pathology (10, 20).

The proximal insertion of the LHB represents a 
further site of variability. The presence of recesses or of 
a “meniscoid insertion” could be the cause of pitfalls in 
MR and MR-Arthrography. The last element of vari-
ability is represented by the presence of the mesote-
non, that is the structure connecting the intraarticular 
portion of the LHB and the superior capsule. These 
structures, in according to our knowledge, have never 
been studied with imaging.

The presence of recesses or “meniscoid insertion” 
can represent a pitfall in MR and MR arthrography. 
The last element of variability is the presence of meso-
tenon, a synovial band connecting the rotator cuff with 
the intrarticular portion of LHB (10). According to 
our knowledge, the mesotenon has never been studied 
with imaging.

Biomechanics

The role of the LHB tendon is still controversial; 
many electromyographical studies demonstrate that it 
does not play an active role in shoulder movements but 
only in the elbow ones (21), while some authors assert 
that it has an active role in the depression of the hu-
meral head during shoulder abduction (22, 23). 

LHB tendon instabilities 

The instabilities of the long head of the biceps 
are widely discussed in the radiological and orthope-
dic literature. For an educational purpose, it is possible 
to distinguish the microinstability forms of the LHB 

Figure 4. Two separate LHB tendons within the bicipital 
groove are demonstrated on US short scan image (a) (black ar-
rows) and on axial PD fat-saturated image (b) (white arrows)

a)

b)
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characterized by the initial lesion of its pulley where 
the tendon appears instable only in its intraarticular 
portion, from the most severe and tardive forms which 
affect also the extraarticular portion of the tendon (24).

LHB pulley lesions

The lesions of the biceps pulley have been identi-
fied as “primum movens” of the LHB instability and 
they represent a cause of chronic shoulder pain, resist-
ant to the conservative therapy. 

These lesions could be caused by acute traumas, 
repeated microtraumas, degenerative causes, or they 
could be associated to lesions of the rotator cuff (7). 
Habermayer et al. have distinguished the pulley lesions 
in 4 groups (25): group 1 - isolated lesion of the su-
perior glenohumeral ligament; group 2 - lesion of the 
superior glenohumeral ligament associated to a partial 
articular lesion of the supraspinatus tendon; group 3 
- lesion of the superior glenohumeral ligament asso-
ciated to a partial articular lesion of the subscapular;  
group 4 - lesion of the superior glenohumeral ligament 
associated to a partial articular lesion both of the su-
praspinatus tendon and the subscapularis one.  These 
lesions were defined by Walch as “Hidden Lesions” 
because they were arthroscopically difficult to identify 
(26).

Imaging

Magnetic resonance (MR) and Ultrasonography 
(US) are the most largely used imaging tool in many 
diagnostic and interventional settings in radiology and 
particularly in musculoskeletal radiology (27-38). 

In the isolated pulley lesions, although the LHB 
is unstable in its intraarticular portion, it may not show 
a clear instability in the extraarticular portion and for 
this reason there may be no contact loss between the 
tendon and its bone groove (39). Therefore, the radio-
logical examination plays no role in this pathological 
phase.

Although it is possible to identify the LHB pul-
ley with ultrasound, there are no studies in literature 
which demonstrate the possibility of directly assess-
ing its lesions. However, it is possible to identify an 
indirect sign of pulley lesion, called “Chondral print” 

(40) (Fig. 5). As assessed by the arthroscopic studies of 
Castagna et al., the increase of the LHB intraarticu-
lar portion mobility caused by the lesion of its pulley, 
determines the erosion of the underlying cartilaginous 
humeral profile. With an accuracy of the 96%, the ul-
trasound identification of the chondral print can be 
used as an indirect sign to reveal also those early forms 
of the LHB instability caused by the pulley isolated 
lesions (41). 

The standard MR images show only some parts 
of the LHB intracapsular portion and the ligaments 
of the bicipital pulley are poorly evaluable. Only on 
MR arthrography it is possible to directly evaluate the 
LHB pulley and its lesions (7, 42-44).

Barile et al. revealed a weak agreement between 
arthroscopy and MR imaging for Habermayer group 1 
injury, an excellent agreement for group 2 and group 4 
lesions and a good one for group 3 lesion (39).

On contrary, Schaeffeler et al. demonstrated high 
accuracy in the detection of the isolated pulley lesions 
using the “displacement sign” in the oblique sagittal se-
quences (45) (Fig. 6).

Chandiani et al. reported for the MR arthrogra-
phy 100% sensitivity, 94% specificity and 94% diagnos-
tic accuracy in the diagnosis of superior glenohumeral 
ligament lesions (46).

Figure 5. Short axis US scan of intrarticular portion of LHB 
shows a subchondral irregularity called “chondral print” (arrow) 
on humeral head at the level of the rotator interval
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Luxation and subluxation of LHB

The instabilities which involve also the extraar-
ticular portion of the tendon could be considered an 
advanced stage of this pathology. The complete pul-
ley lesion, associated or not with a rotator cuff lesion, 
determines a partial loss of contact (subluxation) or 
a complete one (dislocation) between the LHB ten-
don and its bone groove. The classification of Walch 
et al. is still among the most used (47). In their work 
Walch defines the LHB subluxation as a partial and 
reducible loss of the contact between the tendon and 
its bone groove. The dislocation was defined as a per-
manent loss of contact between the tendon and the 
intertubercular groove and it has been classified into 
four types:  

- LHB tendon dislocation “inside” the subscapu-
laris tendon (Fig. 7)

- intraarticular tendon dislocation with complete 
tearing of all anterior muscle and ligaments, but there 
is intact anterior fascia. 

- intraarticular tendon dislocation with complete 
tear of both subscapularis tendon and the anterior fas-
cia; rarely the LHB dislocated intraarticularly can be 
incarcerated in the gleno-humeral joint space (Fig. 8) 

- extraarticular dislocation of the LHB tendon 
over the intact suprascapular tendon as a consequence 

of a supraspinatus lesion extending and involving the 
lateral band of the coraco-humeral ligament (Fig. 9). 

The posterior dislocation of the LHB tendon as a 
consequence of the anterior dislocation of the humeral 
head has been described (48-51) (Fig. 10 a-b).

Imaging

The radiographic examination, through the modi-
fied projection of Fisk, allows a good evaluation of the 
characteristics of the bicipital bone sulcus (52) (Fig. 
11). Cone et al. have highlighted  as the presence of a 

Figure 6. Sagittal PDw fat-saturated MRA image shows “dis-
placement sign”. The LHB tendon (arrow) is dislocated inferi-
orly, on the superior border of the SSC tendon

Figure 7. Short axis US scan of LHB shows medial dislocation 
of tendon (white arrow) inside subscapularis fibers. The LHB 
bone groove is empty (black arrow)

Figure 8. Axial T1w MRA image shows complete tear of sub-
scapularis tendon. The LHB tendon is dislocated medially and 
it is incarcerated in the joint space (arrow)



Imaging of long head biceps tendon 89

bicipital groove less than 4 mm of depth on the radio-
graphic examination represents one of the predispos-
ing causes of  bicipital dislocation (53). The presence of 
“geodes”, sclerosis and osteophytes, on the other hand, 
represents the consequence of the pathological move-
ments of the tendon, which will be more evident as the 
tendinous instability increases (Fig. 12).

Ultrasound shows an excellent diagnostic accura-
cy in detecting both the dislocations and subluxations 
of the LHB (54, 55). Also MR and MR arthrography 
can easily identify the various forms of dislocation and 
subluxation of LHBT (56, 57). 

Tendinopathy and tendon tear

Tendinopathy of LHB tendon is caused by several 
pathologies such as subacromial impingement, tendon 
instability or tendon entrapment (hourglass biceps) 
(58, 59). These biomechanical alterations produce ex-
cessive traction, pressure and friction forces to the ten-
don (60, 61). 

Tendon degeneration identifies a range of histo-
pathologic changes. Tendinopathy is characterized by 
mucoid fibrous changes, increased vascularization and 
pallor, infiltration and replacement by adipocytes and 

Figure 9. Axial PDw MRA image shows a dislocated LHB 
tendon (arrow) over the intact fibers of suprascapular tendon

Figure 10. Axial PDw fat-saturated image (a) shows posterior 
dislocation of the humeral head. The LHB (white arrow) is dis-
located posteriorly to the humeral head. Coronal oblique PDw 
fat-saturated image (b) shows the oblique course of the dislo-
cated tendon.

a)

b)

Figure 11. Fisk radiographic projection shows the normal as-
pect of the bicipital groove with regular medial (black arrow-
head) and lateral (white arrowhead) contour.
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frequent chondrocytic/chondrometaplasia differentia-
tions. Higher levels of inflammation may occur in the 
more proximal two-thirds of the LHB tendon (62). 

Tendinopathy is associated with chronic pain that 
has an insidious onset and a progressive course. Re-
peated stress applied to a degenerate tendon can de-
termine partial or complete tear (63).

Contrary to the tendon, in patients with anterior 
chronic pain the synovium of the sheath of the shoulder 
does not show significant inflammatory changes (62).

Imaging

Ultrasonography (US) is the least invasive imag-
ing examination, well tolerated by patients. This tech-
nique does not employ ionizing radiations, as Magnetic 
Resonance (MR), and is widely used musculoskeletal 
radiology (64-73).

US is accurate to diagnose a normal biceps tendon 
or full-thickness tear, but it is less accurate in the iden-
tification of partial-thickness tear and tendinopathy 
(74). In tendinopathy the LHB may appear abnormal-
ly hypoechoic and possibly thickened and may eventu-
ally progress to longitudinal partial tear (Fig. 13). The 
use of Color-Doppler is useful for the evaluation of 
active inflammation of the tendon (75). A moderate 
tenosynovitis could be associated to the tendinopathy, 
and synovial hypoechoic fluid or synovial hyperechoic 
hypertrophy tissue around the LHB tendon could be 
detected (60, 76). 

Using arthroscopy as reference standard, the MR 
has shown adequate accuracy in diagnosis of tendi-
nopathy, partial and full thickness tears (77). On the 
contrary, MR does not correlate with histologic sever-
ity of tendinopathy. Higher levels of inflammatory and 
histopathologic changes have been found in tendons 
that had appeared normal in MR (62). The thicken-
ing of the intrarticular portion of the tendon on sagit-
tal sequences is the most specific sign of tendinopathy 
(23, 77) (Fig. 14).

Figure 12. Fisk radiographic projection shows sclerosis (ar-
rows) on the medial aspect of the bicipital groove

Figure 13. Short axis US scan of LHB shows a thickened ten-
don with a focal hypoechoic area due to a longitudinal tear (ar-
row)

Figure 14. Oblique sagittal T2w image shows thickened and 
hyperintense LHB tendon (arrow)
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The presence of high signal within the tendon on 
T2w sequences indicates circumferential or longitudi-
nal partial-thickness tear (Fig. 15). The absence of the 
LHB tendon in its bony groove indicates a complete 
rupture or a previous tenotomy (Fig. 16 a-b) (78) .
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Ultrasound-guided percutaneous irrigation of calcific 
tendinopathy: technical developments
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Summary. Rotator cuff calcific tendinopathy (RCCT) is a common and painful shoulder disease character-
ised  by deposition of calcium into the rotator cuff’s tendond. Different therapeutic options have been pro-
posed, but the ultrasound-guided percutaneous irrigation (US-PICT) is been proved as an effective and safe 
first-line treatment. It can be performed with a single- of a double-needle tecnique, using warm saline solu-
tion to improve the dissolution of the calcific deposit. The procedure is ended with an intrabursal injection of 
local anaesthetics and slow-release steroids to improve the pain relief and to prevent complications. US-PICT 
leads to significative improvement in the shoulder funtion and pain relief in the short and long term, with a 
low complications rate. (www.actabiomedica.it)

Key words: rotator cuff, shoulder, ultrasound-guided procedures, calcific tendinopathy, percutaneus treat-
ments
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Introduction

Rotator cuff calcific tendinopathy (RCCT) is a 
common disease, with a reported prevalence of 2.5% 
up to 7.5% of asymptomatic adults, and up to 30-40% 
of painful shoulders, tipically seen in women in the 4th 
or 5th decade and in sedentary workers (1-3). 

Aetiology of this condition is still poorly under-
stood, but the most convincing mechanism is that a 
decrease of intratendinous oxygen concentration may 
promote tendon fibrocartilaginous metaplasia and 
cellular necrosis, followed by deposition of calcium, 
mainly hydroxyapatite (4). 

Diagnostic and interventional radiology in the 
musculoskeletal system are widely used (5-21). Re-
garding to the US imaging (22-24), three types of cal-
cifications can be found: type I - a hyperechoic focus 

with a well defined shadow; type II - a hyperechoic fo-
cus with a faint shadow; Type III - a hyperecoic focus 
whithout an acoustic shadow (Fig. 1) (25). 

In the RCCT’s pathogenesis 4 stages are recog-
nizable: 

-  Precalcific stage with fibrocartilaginous trans-
formation within the tendon.

- Formative stage with calcium deposition
- Resorptive phase.
-  Postcalcific phase, in which self-healing and re-

pair of the affected tendon occurs.
The resorptive phase is characterized by hyper-

emia, edema, increased intratendinous pressure with 
possible etravasation of calcium crystals in the subac-
romial bursa. Usually this stage is associated with the 
development of acute pain, that can be very disabling 
(pseudoparalytic shoulder) and  unresponsive to con-
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servative treatments such as nonsteroidal anti-inflam-
matory drugs (NSAIDs) (26).

The most affected tendon of the rotator cuff is 
the supraspinatus (80%), followed by the lower side of 
infraspinatus (15%) and the preinsertional area of the 
subscapularis tendon (5%) (8, 27-31).

Therapeutic options include subacromial steroid 
injections, arthroscopy, and extracorporeal shockwaves. 
Currently ultrasound-guided percutaneous irrigation 
of calcific tendinopathy (US-PICT) is accepted as the 
first-line safe and effective treatment for RCCT, wth 
significant pain improvement and a very low rate of 
minor complications (vasovagal reaction, bursitis) (32).

This procedure is also known as “barbotage” and 
“lavage”, it does not require hospitalization, is per-
formed under local anesthesia and there is no need of 
post-procedural immoblization. The patient can go 
home about 30 minutes after the procedure and return 
the day after the treatment to his daily activities.

Procedure details

- Pretreatment evaluation:
US-PICT is always indicated in the resorptive 

phase, in presence of soft or semi-fluid calcifications 
(type II or III). In case of hard calcification (type I) or 
mildly symptomatic patient, elective treatment should 
be considered. With very small calcifications (<5 mm) 
or migration into the bursal space the procedure is not 
indicated (33).

- Patient positioning and antisepsis:
The procedure is performed with the patient in 

semisupine position, the arm of the affected shoulder 
should lie completely extended along the body with 
a internal/external rotation according to the calcifica-
tion’s location.

Ordinary antisepsis is generally sufficient to guar-
antee a safe procedure for both the patient and the op-
erator. 

- Local anaesthesia:
A small amount of local anaesthetic ( up to 10 ml 

of lidocaine) is injected along the path of the needles, 
into the subacromial-subdeltoid bursa (almost two 
thirds) and around the calcifications. In order to pre-
serve the peripheral calcific rim, no anaesthetic solu-
tion should be injected directly within the calcification.

Positioning of the needles and irrigation procedure:

The procedure can be done with a single or double 
needle tecnique (Figg. 2, 3).

The size of the needle should be chosen in order 
to maximize calcium retriveal and avoid obstruction, 
in other published studies for RCCT treatment varies 
between 16 and 18 G. Every approach is done under 
continuous US monitoring, with a free-hand tecnique 
or with needle guidance kit, but the first one is faster 
and allows a more flexible approach. In the double-
needle tecnique the needles are inserted depending on 
the location and accessibility to the calcification. Both 
needles should be as perpedicular as possible to the US 
beam so anisotropy artifacts are minimyzed and nee-
dles can be seen thoroughly (Fig. 4). The deeper needle 
is first inserted, taking care to preserve the integrity of 
the calcific shell, than the second needle is inserted su-

Figure 1. US findings of shoulder calcifications, as decribed by Farin et al.: (A) a hyperechoic focus with a well defined shadow (B) a 
hyperechoic focus with a faint shadow (C) a hyperecoic focus whithout an acoustic shadow



US-guided irrigation of calcific tendinopathy 97

perficially. The correct angulation of the needles’s tips 
should be 25-30°, with both bevels facing each other, 
to allow a continuous flow of water that is injected 
from one needle and drained by the other (Fig. 5) (34). 
Saline solution is normally injected using 20/40-ml 
syringe in one needle, the plunger pushed repeatedly 
and when the calcification starts to dissolve, water and 
calcium debris are drained from the second needle.

During the irrigation procedure needles can be 
rotated and displaced to increase calcium disaggrega-
tion and fragmentation. The use of warm saline solu-
tion may shorten the procedure and improve calcifica-
tion dissolution (Fig. 6) (2).

Postprocedural treatment

At the end of the procedure, to reduce the risk of 
postprocedural bursitis, US-guided intrabursal injec-
tion of local anaesthetics and slow-release steroids is 
indicated (35).

After the treatment a short course of nonsteroi-
dal anti-inflammatory drugs (NSAIDs), a period of 
relative rest (~15 days), and physiokinetic therapy are 
recommended. 

Figure 2. (A) US probe and needle positioning with the one-
needle tecnique. (B) Ultrasound image of a soft-fluid calcifica-
tion (type III). After the puncture and the washing, a leakage of 
toothpaste-like material is seen from the needle

Figure 3. Image shows the needles positioning in the double-
needle technique. The deeper needle (1) inserted first, than the 
second needle is inserted superficial to the first one. Is important 
to position the needles as much perpendicular as possible to the 
US beam to achieve optimal visualization under US guidance

Figure 4. Ultrasound image of the double-needle technique. 
Both needles lay on the same coronal plane, with a correct an-
gulation (25-30°) and both bevels facing each other

Figure 5. The flow of saline water, injected from one needle and 
drained by the other, using the double-needle technique.
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Clinical outcome and complications

In the short-term period the worsening of symp-
toms is frequent, but normally followed by a quick 
resolution (~48 h). In the middle and long-term pe-
riod many authors reported a greater reduction of pain, 
compared to patients who refused the treatment, and a 
significant improvement of shoulder function.

A recent sistematic review reported a 10% com-
plication rate: bursitis was the most frequent, that oc-
cured in 7% of all procedures. Other complications 
included vasovagal reactions (2%), frozen shoulder 
(0,2%), seizures (0,2%), tenosynovitis of the bicipital 
long head (0,1%) (2) (36).

Conclusions

Magnetic Resonance Imaging (MRI), thanks to 
its excellent soft tissue contrast and multiplanar ca-
pability, is the primary imaging tool for a variety of 
conditions and diseases both for diagnostic and inter-
ventional purposes (37-48) but US-PICT has been 
demonstreted to be a quick, minimally invasive, low 
cost and effective procedure for treating RCCT, re-
gardless of the use of a single- or double- needle tec-
nique. It lead to significant long term improvement in 
the shoulder function and is very effective in the short 
term with regard to pain relief.

Ethical approval: This article does not contain any studies with 
human participants performed by any of the authors.
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