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MDCT, MR and interventional radiology in biliary atresia
candidates for liver transplantation
Roberto Miraglia, Settimo Caruso, Luigi Maruzzelli, Marco Spada, Silvia Riva, Marco Sciveres, Angelo Luca
tional radiology procedures performed to evaluate morphological changes and degree of portal hypertension
in pediatric patients with end-stage liver disease secondary to BA, who are candidates for LT. Advances in
the field of MR, MDCT and in percutaneous minimally
invasive techniques have increased the importance of
radiology in the management of pediatric patients with
BA who are candidates for LT.

Roberto Miraglia, Settimo Caruso, Luigi Maruzzelli, Angelo
Luca, Department of Diagnostic and Interventional Radiology, Mediterranean Institute for Transplantation and Advanced
Specialized Therapies, University of Pittsburgh Medical Center,
90127 Palermo, Italy
Marco Spada, Department of Transplantation Surgery, Mediterranean Institute for Transplantation and Advanced Specialized
Therapies, University of Pittsburgh Medical Center, 90127 Palermo, Italy
Silvia Riva, Marco Sciveres, Department of Pediatric Hepatology, Mediterranean Institute for Transplantation and Advanced
Specialized Therapies, University of Pittsburgh Medical Center,
90127 Palermo, Italy
Author contributions: Miraglia R wrote the paper and performed interventional radiology procedures; Caruso S and Maruzzelli L performed literature research and diagnostic and interventional radiology procedures; Spada M, Riva S and Sciveres
M performed patients’ surgical and clinical management; Luca A
performed interventional radiology procedures and reviewed the
final version of the paper.
Correspondence to:�����������������������
Roberto Miraglia, MD, Department of
Diagnostic and Interventional Radiology, Mediterranean Institute
for Transplantation and Advanced Specialized Therapies, Via Tricomi 1, 90127 Palermo, Italy. rmiraglia@ismett.edu
Telephone: +39-091-2192111 Fax: +39-091-2192344
Received: March 2, 2011
Revised: July 18, 2011
Accepted: July 25, 2011
Published online: September 28, 2011

© 2011 Baishideng. All rights reserved.

Key words: Portal hypertension; Imaging; Children; Cholangiopathy; Transplant
Peer reviewer: Frank Pilleul, MD, PhD, Professor, Department

of Radiology, Hospices Civils de Lyon, CHU E. Herriot, Pavillon
H, Department of Gastrointestinal Imaging, Place d’Arsonval,
69003 Lyon, Cedex, France
Miraglia R, Caruso S, Maruzzelli L, Spada M, Riva S, Sciveres M, Luca A. MDCT, MR and interventional radiology
in biliary atresia candidates for liver transplantation World J
Radiol 2011; 3(9): 215-223 Available from: URL: http://www.
wjgnet.com/1949-8470/full/v3/i9/215.htm DOI: http://dx.doi.
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INTRODUCTION

Abstract

Biliary atresia (BA) is a neonatal cholangiopathy of unknown pathogenesis characterized by fibrosclerosis and
obliteration of the biliary ducts which leads to cholestasis, progressive fibrosis and ultimately cirrhosis and death
if untreated. The condition appears after birth with
jaundice. Diagnosis is usually suspected on ultrasound[1,2],
hepatobiliary scintigraphy and liver biopsy and confirmed by surgical cholangiography. Primary treatment
of BA is the hepato-portoenterostomy (Kasai procedure)
to reestablish bile flow, delaying fibrosis and biliary cirrhosis. The Kasai procedure, especially if performed
before 2 mo of age, both reduces and delays the need for

The multi-detector computed tomography (MDCT) scan
and magnetic resonance (MR) of the abdomen play a
key role in the work-up to liver transplantation (LT) by
identifying congenital anomalies or cirrhosis-related
modifications, conditions that can require changes in
surgical technique. Moreover, the MDCT and MR scans
allow identification of cirrhotic liver hepatic masses, extrahepatic porto-systemic shunts, eventual thrombosis
of portal system and radiological signs of portal hypertension associated with biliary atresia (BA). The aim of
this paper is to review MDCT, MR imaging and interven-
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liver transplantation (LT). However, the Kasai procedure
is often not curative because liver function usually worsens progressively, leading to continuing cholangitis. LT,
however, becomes the only therapeutic option in patients
with long-standing BA.
BA represents the most common indication for LT in
pediatric patients[3-5].
The multi-detector computed tomography (MDCT)
scan and magnetic resonance (MR) of the abdomen play
a key role in the work-up to LT by identifying congenital
anomalies or cirrhosis-related modifications, conditions
that can require changes in surgical technique. Moreover,
the MDCT and MR scans allow identification of cirrhotic liver hepatic masses (often not easily identified
with ultrasound in a cirrhotic liver), extrahepatic portosystemic shunts, eventual thrombosis of portal system
and radiological signs of portal hypertension associated
with BA[6-9].
The aim of this paper is to review multimodality diagnostic imaging and interventional radiology procedures
performed to evaluate pediatric patients with end-stage
liver disease secondary to BA who are candidates for LT.

Figure 1 A 3-year-old male child post-Kasai. Fluoroscopic image of normal
wedged venogram, hepatic venous pressure gradient 15.5 mmHg.

increases above 10 mmHg, a pressure threshold defining clinically significant portal hypertension. Actually,
although hepatic vein catheterization has been used in
children undergoing TIPS procedure or transjugular liver
biopsy[17,18], there are no reports of measurements of
HVPG in pediatric series; there are no data regarding the
normal values of portal pressure in healthy children, and
no data regarding the use of HVPG in the evaluation of
portal hypertension, nor in assessing response to therapy,
although this has been recommended in international
consensus conferences[12,13].
Our experience has showed HVPG to be a feasible
and safe procedure in BA patients with advanced liver diseases and patent portal vein. The scenarios where HVPG
may be useful in children with BA are the diagnosis of
portal hypertension and the evaluation of the effects of
preventive pharmacological therapy. In our experience,
HVPG measurement in pediatric patients is performed
after overnight fast in the angiographic suite under monitored anesthesia care with spontaneous respiration and
local anesthesia, or under general anesthesia. The right
internal jugular vein is punctured under ultrasound guidance. The hepatic vein, right or middle, is catheterized
under fluoroscopic guidance with a 5F or 4F Cobra 2
angiographic catheter and a hydrophilic wire. The hepatic
venogram is performed by hand with gentle injections
of a small amount (2 to 6 cc) of iso-osmolar contrast
medium with the catheter tip positioned in the mid/distal
portion of the vein. The angiographic catheter is then
exchanged with a standard 5F occlusion balloon catheter.
Wedged (occluded) hepatic vein pressure (WHVP) and
free hepatic vein pressure (FHVP) are obtained by inflating and releasing the balloon. The HVPG is estimated
from the difference between WHPV and FHVP (Figure 1).
Unexpectedly, intrahepatic venous-venous shunts (IVVS)
are frequently detected in BA patients (Figure 2A). This is
relevant with regards to the use of HVPG as a measurement of portal pressure. Obviously when the presence of
IVVS precludes the total occlusion of the outflow from a
hepatic vein, the pressure measured no longer equilibrates
with the portal pressure, resulting in a gross underestimation of portal pressure as it occurs in patients with presi-

PORTAL HYPERTENSION
Portal hypertension is an almost unavoidable consequence
of BA with a wide variety of complications including ascites and bleeding from gastroesophageal varices, which
represent the leading causes for LT and death in BA
children with end-stage liver disease. The risk of death or
need for LT after an initial episode of esophageal variceal
hemorrhage in patients with BA is 50% at 6 years with a
variable prognosis related to serum bilirubin concentration at the time of the episode[10]. In the long term, less
then 18% of patients with BA, treated with corrective
surgery, can avoid LT but require, in any case, assiduous lifelong care; in these patients clinical, ultrasound or
endoscopic signs of portal hypertension are frequently
present and gastrointestinal bleeding has been reported in
50% of cases, indicating that portal hypertension is also a
major problem in patients in whom the Kasai procedure
restores a sufficient bile flow[11].
While there are evidence-based approaches to the
management of adults with portal hypertension, these
are not available for children, hence making it difficult
for pediatric hepatologists to determine whether recent
advances in the management of portal hypertension in
adults can be extrapolated to pediatric patients[12,13].
Portal pressure, in chronic liver diseases, is commonly measured by the hepatic venous pressure gradient
(HVPG), defined as the difference between wedged (occluded) and free hepatic venous pressures with normal
values ranging between 1-5 mmHg in adult patients. In
adult patients with cirrhosis this measurement has been
shown to be reproducible and the best predictor of
the complications of portal hypertension[14-16]. It is well
known that varices, variceal bleeding, portal hypertensive
gastropathy and ascites do not occur until the HVPG
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Figure 3 A 5-year-old female child post-Kasai. A: Multi-detector computed
tomography shows peripheral venous-venous communications (arrows). Of
note: Azygos vein dilatation secondary to retro-hepatic interruption of inferior
vena cava; B: Fluoroscopic image: wedged venogram confirms peripheral venovenous communications (arrow).

Figure 2 A 5-year-old female child post-Kasai. Fluoroscopic image. A:
Wedged venogram showing multiple peripheral venovenous communications
(arrows); B: 5F occlusion balloon catheter advanced distally in the hepatic vein,
no venous communications visualized; Wedged (occluded) hepatic vein pressure obtained, hepatic venous pressure gradient 15 mmHg.

nusoidal intrahepatic portal hypertension. In our patients
with BA and multiple IVVS, the WHVP had to be measured distally in the hepatic vein to avoid the shunt precluding an effective occlusion of the hepatic vein outflow,
hence measuring the WHVP of a small vascular territory
(Figure 2B). Veno-venous shunts are usually detected,
with MDCT, in the portal-venous phase near the liver surface in the axial plane and can be confirmed in 3D reconstructions (Figures 3 and 4). BA patients frequently also
show portal-venous shunts (Figure 4); only a few cases of
communication between the portal and hepatic venous
systems have been described in pediatric patients[19-21].
Because the severity and progression of portal hypertension influence the timing of LT, MDCT and MR imaging of portal hypertension (gastro-esophageal varices,
perisplenic-perigastric varices, spontaneous spleno-renal
shunt, ascites, splenomegaly), as an adjunct to endoscopic
and clinical evaluations, have acquired an important role
in patient follow-up.

Figure 4 A 9-mo-old boy post-Kasai. Multi-detector computed tomography:
Paraxial multi intensity projection reconstruction shows peripheral venousvenous communication (short arrow) and portal venous shunts (long arrow).

offers the possibility of precise surgical planning reducing the risk of operative and postoperative complications.
For the very good morphologic and vascular imaging
that can determine changes in surgical planning, MDCT
is considered, in our hospital, the most important diagnostic tool in pediatric LT work-up. Compared with
MR, MDCT offers the advantage of a better spatial and
contrast resolution with a short examination time and
consequently less time with the patient under sedation.

VASCULAR ANOMALIES
In BA patients, anatomical variants of the hepatic artery,
portal vein hypoplasia or thrombosis of the main portal
vein (MPV) can require changes of surgical technique.
Thus, preoperative depiction of any vascular anomalies
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Radiation exposure is a relative disadvantage of MDCT;
for this reason the use of pediatric parameters tailored
on an individual basis is mandatory for maximal dose
reduction obtaining satisfactory diagnostic images. Also,
the need for intravenous iodinated contrast media is a
relative disadvantage of MDCT although the occurrence
of significant adverse effects in children is very rare[22]. In
our experience, all the anatomical arterial variants and/or
portal vein thrombosis or hypoplastic MPV cases were
confirmed in the transplanted patients, confirming the
high accuracy of the technique.

HEPATIC ARTERY

Figure 5 A 2-year-old female child post-Kasai. Multi-detector computed tomography: Multiple Intensity Projection reconstruction, right hepatic artery (short
arrow) off from superior mesenteric artery (long arrow).

Anatomic and pathologic variation of the liver vasculature are frequent in BA patients[8,23]. In our experience,
anatomical variants of the hepatic artery were found in
46% of cases (Figures 5 and 6); the most common variant was the common hepatic artery from the superior
mesenteric artery. We also detected early bifurcation, right
hepatic artery from the superior mesenteric artery, left
hepatic artery from the left gastric artery, celiac-mesenteric common trunk, gastro-duodenal artery from segment
4 artery, accessory right hepatic artery from common hepatic artery, and left hepatic artery from the celiac artery.
Occasionally, hepatic artery with intimal dissection or occluded hepatic artery have been reported in BA patients,
which may be due to recurrent cholangitis or result from
intraoperative injuries during Kasai procedures[7].
Hepatic artery variants can be easily managed by
experienced surgeons in whole liver deceased donor LT
because of the sufficient length of the graft hepatic artery for the anastomosis; however, a short hepatic artery
can be a problem in partial LT, living related or from deceased donor.
The arterial axis of the graft usually includes the pro
per and common hepatic artery, in continuity with the
celiac artery, and a patch of the aorta. The level of the
anastomosis is chosen at any place along the recipient’
s arterial axis, and the two vessels are trimmed to obtain
a similar section and an adequate length. An end-to-end
anastomosis is usually performed. If the recipient’s arterial axis is deemed inadequate, the aorta can be clamped at
the origin of the celiac artery or just below the renal arteries, and an end-to-side anastomosis can be performed
at one of these sites. In the latter case, the interposition
of an arterial graft from the donor, usually represented
by an iliac artery, may be necessary. For those reasons a
correct recipient hepatic artery evaluation is considered
mandatory.
Frequently, BA patients show enlargement of the
hepatic artery[1,2,7,24,25]. In a study performed in BA patients, at the diagnosis, mean hepatic artery diameter was
2.2 mm ± 0.59 mm[1]. Interestingly enough, in our experience, the mean diameter of the hepatic artery evaluated with MDCT in end-stage patients was 4.0 mm ±
1.2 mm[26]; this finding correlated well with the results of
Humphrey et al[1] and could be the result of the hyperdy-
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Figure 6 A 5-year-old female child post-Kasai. Multi-detector computed tomography: Multiple Intensity Projection reconstruction, common hepatic artery
(short arrow) arising from superior mesenteric artery (long arrow). Of note: large
splenomegaly.

namic circulation secondary to cirrhotic changes of the
liver, also reflecting, as a buffering effect, the reduction of
portal flow in patients with thrombosis of the portal vein
or the small portal vein.

PORTAL VEIN
Hypoplasia or thrombosis of the MPV in BA recipients
can require changes of surgical technique during LT.
Portal vein anastomosis during LT is usually performed
in an end-to-end fashion. If the portal vein is small and
sclerotic, it has to be dissected proximally to the confluence of the splenic and superior mesenteric vein, dividing
the coronary vein of the stomach. The portal vein anastomosis will then be performed by means of a donor interposition vein graft. Patients with BA show higher risk
of portal vein thrombosis than other pediatric recipients
of LT[27] and the portal vein diameter of small recipients is strongly linked to the risk of thrombosis[28]. For
this reason, surgeons have to know exactly the anatomy
of the portal vein before LT (Figures 7 and 8). In our
experience, thrombosis of the MPV in BA patients has
an incidence of 15% while small portal vein, defined as
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SpV
IVC
V-V Sh

Figure 7 A 15-mo-old male child post-Kasai. Multi-detector computed tomography: Multiple Intensity Projection reconstruction. Good caliper of main
portal vein, significant splenomegaly. Two hepatic hypervascular nodules coexist (arrows).

SMV

Figure 9 A 9-mo-old male child. Multi-detector computed tomography: volume
rendering reconstruction shows the superior mesenteric vein (SMV) and the
splenic vein (SpV) joining to form a short common trunk that directly enters into
the suprarenal inferior vena cava (IVC); Venous-venous intrahepatic shunting (V-V
Sh) coexist.

A

B

Figure 8 A 8-mo-old female child post-Kasai. Multi-detector computed tomography: volume rendering reconstruction shows small main portal vein (short
arrow), patent coronary vein (long arrow) with filling of esophageal varices.

IVC

diameter of the MPV < 3 mm, has an incidence of 26%.
Although rare, congenital absence of portal vein has also
been reported in BA patients[29,30] (Figure 9).

VENA CAVA
Retro-hepatic interruption of the inferior vena cava, with
azygeal continuation (Figure 3), is a rare vascular alteration described in BA patients, sometimes in association
with polysplenia syndrome[9,31,32]. Although rare, its presence should be evaluated before LT because of possible
complications regarding outflow reconstructions.

Figure 10 A 12-mo-old female child post-Kasai. A: Multi-detector computed
tomography (MDCT), isolated large biliary cyst in the right lobe (arrow); B:
MDCT, volume rendering reconstruction shows inferior vena cava (IVC) compressed and displaced by the large intrahepatic biliary cyst.

INTRAHEPATIC BILIARY CYSTS

which are actually bile lakes, associated with poor prognosis[36] and likely determined by recurrent cholangitis; and
continuous beaded cysts (Figures 11 and 12), which are
dilated intrahepatic bile ducts and may be reversed. IBC
are usually well detected with sonography. MDCT and
MR both show good results in cyst detection and show
advantages, compared to ultrasound, mainly in cases of
large cysts as they can determine compression and/or
dislodgment of vascular structures such as hepatic artery,

Intrahepatic biliary cysts (IBC) are frequent in BA patients and reported in up to 30% of cases[33-37]. IBC are
more frequent in post-Kasai patients. The mechanisms
of cyst formation are unclear, although the extrahepatic
as well as the intrahepatic duct fibro-obliterative process,
inflammatory process and cirrhotic changes in the intralobular spaces are thought to be primary causes. Two
types of IBC can be detected: solitary cysts (Figure 10A),
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sentative of the entire lesion[39]. Furthermore, biopsy may
not be technically possible because of lesion localization.
In BA cirrhotic patients, liver biopsy may be contraindicated also because of the presence of ascites or impaired
coagulation test and, most importantly, it is not uncommon to find that multiple hepatic nodules coexist in
these patients. In this scenario, imaging with MR and/or
MDCT plays a key role in liver nodule diagnosis of BA
patients avoiding, when possible, liver biopsy. Although
rare, hepatocellular carcinoma can occur in children with
BA. In these patients serum α-fetoprotein level can be
within normal range; for this reason there is the necessity
for repeated sequential MR or MDCT imaging to monitor possible malignant transformation of liver nodules
in patients with BA after Kasai operation. The prevalence of hepatocellular carcinoma in explanted livers of
patients transplanted for BA has been reported to be
0.73%-2.44%[43-45]. Although the presence of hepatocellular carcinoma is not a contraindication to LT in BA patients, a delayed diagnosis can impair the post-transplant
prognosis because node involvement, vascular invasion
and tumor size are risk factors for recurrence of hepatocellular carcinoma after LT.
Imaging of hepatocellular carcinoma in children with
BA has been reported as similar to hepatocellular carcinoma in adult patients with cirrhosis, with enhancement
of the tumor in the arterial phase after contrast administration followed by hypointensity/hypodensity compared
with the liver in the delayed phase indicating washout.
Delayed enhancement of a fibrous tumor capsule and
areas with intratumoral fatty infiltration has also been reported[41].
In our experience, we have not found hepatocellular
carcinoma in BA patients before LT with MDCT and/or
MR or at liver explants. Regenerative nodular hyperplasia
nodules can be detected in BA patients. They are characterized by hyperplastic nodules composed of cells resembling normal hepatocytes. The nodules range in size from
smaller than a hepatic acinus to conglomerate nodules
forming large masses (Figure 13)[46]. Large nodules are
hyperplastic lesions measuring between 5 mm and 5 cm
in diameter that are larger than most cirrhotic nodules
located in a liver that is otherwise abnormal[47,48]. Such lesions might be caused by an abnormal liver cell response
to an altered portal flow. These benign nodules typically
appear as iso-hyperintense in T1 images, isointense in T2
images, hypervascular on contrast-enhanced, cross-sectional imaging and have the potential to be misdiagnosed
as hepatocellular carcinoma as they appear as hypervascular masses within a chronically diseased liver. Differently from hepatocellular carcinoma in portal venous
and/or delayed phase, they have no washout. Regenerative nodular hyperplasia nodules have been described in
association with congenital absence of portal vein[48] and
also in Budd-Chiari syndrome. In Budd-Chiari patients, a
4% incidence of hepatocellular carcinoma has also been
reported[49] and in several cases hepatocellular carcinoma
showed no typical washout on portal venous phase. In

Figure 11 A 8-mo-old female child post-Kasai. Multi-detector computed
tomography shows multiple intrahepatic biliary cysts after Kasai operation
(arrows).

Figure 12 A 5-mo-old female child post-Kasai. Colangio magnetic resonance shows multiple intrahepatic biliary cysts (arrows).

portal vein and inferior vena cava (Figure 10B).

INTRAHEPATIC NODULES
Kasai surgery increases the survival of patients with
BA[11]. The survival benefit of the Kasai procedure can
delay subsequent LT, as primary LT in very young patients has a high morbidity and mortality rate. Postponing
LT, however, leads to an increase in complication rate in
the long-term survivor group having a native liver with
evidence of various intrahepatic nodules. A pseudotumor, giant regenerative nodule, or macroregenerative
nodule, like hepatocellular carcinoma, may be correlated
with liver cirrhosis. Other tumors usually not associated
with cirrhosis, such as focal nodular hyperplasia, regenerative nodular hyperplasia, hepatic cholangiocarcinoma
and hepatic adenoma, have also been reported[3,38-46].
Lesion biopsy is considered the gold standard for the
diagnosis of liver hepatic nodules, especially for hepatocellular carcinoma. However, this procedure has several
limitations, including possible bleeding, a significant false
negative rate, high interobserver variability in the differentiation between high-grade dysplastic nodules and
well-differentiated hepatocellular carcinoma, as well as
the possibility that the bioptic sample may not be repre-
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A

B

D

E

C

Figure 13 A 13-year-old male post-Kasai who underwent surgical spleno-renal shunt for gastrointestinal bleeding. A: Axial T1 Fat Sat weighted acquisition
shows multiple hyperintense nodules, the largest of these in S8; B: Axial T2 weighted acquisition: the nodules are isointense; C: Axial T1 Fat Sat weighted acquisition
obtained with digital subtraction between the arterial phase and the unenhanced phase shows the vascular enhancement of the nodules; D: Explanted liver shows an
irregular and multilobulated surface; E: Gross examination of sectioned liver confirms the presence of multiple regenerative nodular hyperplasia nodules.

A

B

Figure 14 A 20-mo-old female without previous Kasai operation. Multi-detector computed tomography: In S3, nodule (short arrow) that shows in anterior portion
a mild amount of fat. The nodule appears slightly hyperdense in arterial phase (A) and hypoattenuating in portal/venous phase; B: Regenerative nodule was found at
liver explant. Of note: other hypoattenuating regenerative nodules in S6 and S3 (long arrows).

venous-delayed phases (Figure 14).
In conclusion, we suggest following solid nodules
with imaging in BA patients, proposing liver biopsy only
for those with suspect morphological changes or in cases
with increased α-fetoprotein level.
Advances in the field of MR, MDCT and in percutaneous minimally invasive techniques have increased the
importance of radiology in the management of pediatric
patients with BA who are candidates for LT.

these patients increased α-fetoprotein level, increased
size on successive imaging and the lack of a central scar
were helpful for the diagnosis, although liver biopsy was
performed to confirm hepatocellular carcinoma.
Macroregenerative nodule is occasionally encountered
in BA cirrhotic livers[39,49]. A macroregenerative nodule
is defined as a hepatocellular nodule containing one or
more portal tracts located in a liver that is otherwise abnormal due to either cirrhosis or other severe disease[48].
These nodules typically appear as iso-hyperintense in
T1 images and iso-hypointense in T2 images. The blood
supply of a regenerative nodule comes largely from the
portal vein, with minimal contribution from the hepatic
artery. This vascular supply dynamic explains why there
is no enhancement during the hepatic arterial phase on
MR or MDCT images, with iso-hypointensity on portal
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INTRODUCTION

Abstract

Shoulder joint is the most mobile and most commonly
dislocated joint of the body[1]. Injuries to this joint leading
to dislocation, subluxation and fracture are common, especially in young active individuals. Glenohumeral instability can be classified differently (Table 1) based on the
etiopathogenesis (traumatic or atraumatic), direction of
dislocation (anterior or posterior) or chronicity (acute or
chronic). Traumatic anterior instability (often represented
by the term TUBS; Traumatic, Unidirectional, Bankart,
Surgical) is the most common clinical entity compared to
atraumatic multidirectional instability[1]. Anterior dislocation comprises the majority (95%) of all cases; whereas
posterior dislocation is less common[1].
In this article, we will review the anatomy, the magnetic resonance imaging (MRI) techniques and recent
advancements in imaging of glenohumeral instability, and
commonly encountered abnormalities in glenohumeral
instability.

The glenohumeral joint is the most commonly dislocated joint of the body and anterior instability is the most
common type of shoulder instability. Magnetic resonance (MR) imaging, and more recently, MR arthrography, have become the essential investigation modalities
of glenohumeral instability, especially for pre-procedure
evaluation before arthroscopic surgery. Injuries associated with glenohumeral instability are variable, and can
involve the bones, the labor-ligamentous components,
or the rotator cuff. Anterior instability is associated with
injuries of the anterior labrum and the anterior band
of the inferior glenohumeral ligament, in the form of
Bankart lesion and its variants; whereas posterior instability is associated with reverse Bankart and reverse
Hill-Sachs lesion. Multidirectional instability often has no
labral pathology on imaging but shows specific osseous
changes such as increased chondrolabral retroversion.
This article reviews the relevant anatomy in brief, the
MR imaging technique and the arthrographic technique,
and describes the MR findings in each type of instability
as well as common imaging pitfalls.
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ANATOMY
The shoulder girdle is comprised of three joints, the
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Table 1 Classification of glenohumeral instability
Classification

Types of instability

Anatomic

Anterior
Posterior
Multidirectional
Traumatic (TUBS)
Atraumatic (AMBRI)
Acute
Recurrent
Subluxation
Dislocation

Etiologic
Clinical course
Degree of instability

Figure 2 Axial T1-weighted fat-saturated magnetic resonance arthrogram
image shows normal superior glenohumeral ligament (straight arrow) running parallel to the coracoid concavity and the long head of biceps tendon
(dashed arrow).

Figure 1 Normal T1-weighted TSE fat-saturated axial magnetic resonance
arthrogram image. The anterior and posterior labrum appears as triangular
hypointense structures (straight arrows). Normal middle glenohumeral ligament
has been shown with an arrowhead. Note the long head of biceps tendon in the
bicipital groove and extension of joint fluid around the tendon (dashed arrow).
Figure 3 Axial T1-weighted fat-saturated magnetic resonance arthrogram
image shows normal anterior and posterior bands of inferior glenohumeral ligament (straight arrows). Posterior labrum is seen as normal hypointense
structure (dashed arrow), anterior labrum is congenitally absent in this patient.

glenohumeral joint, the acromioclavicular joint and the
sternoclavicular joint. The glenohumeral joint, a ball- and
socket type of joint, is the main component of the shoulder girdle mechanism[1]. The glenoid labrum is a fibrocartilage located at the glenoid rim which increases the depth
by 2-4 mm (50%)[2] and increases the articular surface of
the socket by 1 cm. Normal glenoid labrum appears as a
triangular structure at the glenoid margin, having hypointense signal intensity on all sequences (Figure 1)[1]. Principal stabilizing mechanisms of the shoulder joint are the
rotator cuff tendons (dynamic stabilizers) and the glenoid
labrum and the ligaments (static stabilizers)[2]. The rotator cuff tendons are comprised of four tendons arranged
around the shoulder girdle: the subscapularis, supraspinatus, infraspinatus, and teres minor. Normal tendons
appear hypointense on T1-weighted (T1W) as well as T2weighted (T2W) images[1,2].
Glenohumeral ligaments (superior, middle and inferior) are thickenings of the capsule of the glenohumeral
joint. Normal glenohumeral ligaments appear as hypointense linear bands, best documented after joint distension on magnetic resonance (MR) arthrography (Figures
2-4). The inferior glenohumeral ligament (IGHL) is
made up of two components, the anterior and the posterior bands[1,2]. The anterior band of the IGHL is of
prime importance in the stability of the shoulder joint.
The anterior inferior labrum and the anterior band of
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Figure 4 Oblique sagittal T1-weighted fat-saturated magnetic resonance
arthrogram image shows normal superior glenohumeral ligament (white
dashed arrow), inferior to the intra-articular long head of biceps tendon
(arrowhead). The middle glenohumeral ligament is seen as a long hypointense
band (short straight arrow) medial to the subscapularis tendon (long straight arrow). Anterior and posterior bands of inferior glenohumeral ligament are shown
with black dashed arrows.

the IGHL are better visualized on oblique axial scan
with the shoulder in abduction and external rotation
(ABER)[3,4]. Inferior labral-ligamentous abnormalities
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Table 2 Arthrographic techniques and their drawbacks
Arthrographic
technique

Procedure

Advantages

Drawbacks

Indirect

Intravenous injection of gadolinium and
imaging 10 min after active exercise of the
joint
Dilute gadolinium injected in the joint
cavity through an anterior approach (US- or
fluoroscopy-guided). Injection made through
a point at the junction of the upper two-thirds
and lower–third of anterior joint space
Dilute gadolinium injected in the joint
cavity through a posterior approach (US- or
fluoroscopy-guided)

Simple
Does not involve intra-articular injection

Joint cavity distension not
achieved; ligamentous
pathologies not well detected
Needs expertise
May cause injury to the anterior
stabilizing structures
Carries the risk of intra-articular
infection (though rare)
Needs expertise

Direct arthrography:
anterior approach

Direct arthrography:
posterior approach

Direct arthrography:
anterosuperior
approach

Adequate joint distension helps detection of
labral and ligamentous pathologies better

Adequate joint distension helps detection of
labral and ligamentous pathologies better
May be helpful in anterior instability, to
avoid injury to anterior structures

Dilute gadolinium injected in the joint cavity
Adequate joint distension helps detection of
through an anterosuperior approach in the RCI labral and ligamentous pathologies better
(US- or fluoroscopy-guided)

A

B

May cause injury to posterior
structures
Carries the risk of intra-articular
infection (though rare)
Needs expertise
May cause injury to the rotator
interval capsule

C

Figure 5 Magnetic resonance arthrographic axial T1-weighted fat-saturated images showing different types of attachment of anterior joint capsule. A:
Type Ⅰ; B: Type Ⅱ; C: Type Ⅲ (arrows).

have been reported to be most closely correlated with
anterior glenohumeral instability[5].
The attachment of the anterior joint capsule and
middle glenohumeral ligament (MGHL) shows significant variability. Three types of attachment have been
described: type Ⅰ refers to an attachment of the anterior
joint capsule at the anterior labral tip or at the base of the
labrum; in type Ⅱ attachment, the capsule attaches to the
glenoid close to the labral base; whereas type Ⅲ refers
to an attachment more medially along the scapular neck
(Figure 5)[6].
Rotator cuff interval (RCI) is defined as the discontinuity of the rotator cuff that occurs between the
superior border of the subscapularis and the anterior
border of the supraspinatus tendon (Figure 6). Structural
insufficiency of its components and the overlying capsule
caused by trauma can result in instability[7].
The long head of biceps tendon, after its origin from
the supraglenoid tubercle, traverses a long intra-articular
course through the superior part of the joint and the RCI
before coursing through the bicipital groove. In cranial
axial sections, it is seen as a linear hypointense structure
coursing parallel to the superior glenohumeral ligament
WJR|www.wjgnet.com

(SGHL) (Figure 2).

MRI TECHNIQUE IN SHOULDER
INSTABILITY
Routine imaging of the shoulder is done in three planes.
The acquisition of images in the oblique coronal plane,
which is the single most important imaging plane in
the shoulder joint, is done parallel to the supraspinatus
tendon. Oblique sagittal images are acquired at a plane
perpendicular to the plane of the glenoid face, and best
planned on an axial image[1].
Articular cartilage and labrum are best evaluated on a
proton density (PD) or gradient echo image on axial and
oblique coronal planes. The rotator cuff tendons should
be evaluated on oblique coronal and oblique sagittal
planes. For evaluation of the signal intensity of the rotator cuff tendons, T2W fat-saturated images are ideal[1,2].
On oblique sagittal images, the entire rotator cuff tendons, muscles and RCI can be assessed. In the setting of
trauma, T1W images are less helpful, and can be acquired
in oblique coronal plane only[1].
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Figure 7 Axial T1-weighted fat-saturated magnetic resonance arthrogram
image shows artifact due to inadvertent injection of air into the joint cavity.
The air appears as hypointense structure lying in nondependent areas (arrow),
which helps differentiate it from loose bodies.

Figure 6 Oblique sagittal T1-weighted fat-saturated magnetic resonance
arthrogram image shows normal rotator cuff interval (arrows).

MR ARTHROGRAPHY
(anterosuperior approach through rotator interval) has
been in use, where the patient is kept supine with arm
externally rotated and a 1.5 inch (3.8 cm), 20-22 gauge
needle is inserted through an area medial to the superior
third of the humeral head. The needle tip is advanced in
an anteroposterior direction to the humeral head to avoid
contact with the glenoid labrum. The utility of this procedure was established by Dépelteau et al[11].
In indirect MR arthrography, gadolinium is injected
intravenously and imaging is done after it diffuses into
the joint cavity through a highly vascular synovial lining
(which takes a few minutes). However, it lacks the effect
of joint distension (compared to direct MR arthrogram).
While performing MR arthrography, adequate precautions should be taken to avoid introduction of air in the
joint cavity, which can mimic detached and torn labrum
on imaging (Figure 7). The gadolinium concentration
should also be properly checked, as injection of undiluted
gadolinium may lead to diffuse low signal intensity in the
joint cavity.

MR arthrography has proven its utility in the evaluation of
glenohumeral instability and cartilage abnormalities. MR
arthrography can either be direct or indirect (Table 2). Direct MR arthrography procedure can be divided into two
parts: injection of the dilute gadolinium contrast agent
into the joint and imaging in a MR scanner. Usually fatsaturated T1W images are obtained in all three planes. The
labrum and glenohumeral ligaments are well visualized
after distension of the joint cavity by the intra-articular
injection[8]. The only drawback of this imaging protocol is
that it can miss the presence of any intra-substance rotator cuff tear. To avoid this difficulty, additional T2W MRI
with fat suppression can be done in the oblique coronal
plane. Imaging with the shoulder in ABER position increases the sensitivity and specificity of detection of anteroinferior labral and glenohumeral ligament attachment
abnormalities[3].
The injecting approach in MR arthrography has undergone several alterations since its introduction. Injection
can be performed either through anterior, anterosuperior or posterior approach. Anterior approach is the
most commonly adopted one. In 1975, Schneider et al[9]
described a simplified injection technique, which uses
a straight anteroposterior approach with a 3.5 inch (8.8
cm), 22 gauge needle directed vertically at the junction
of the middle and lower thirds of the glenohumeral
joint under fluoroscopic guidance. After confirmation of
needle placement using 1-2 mL iodinated contrast agent,
10-12 mL of a dilute gadolinium solution (1:200 dilution)
is injected into the joint cavity. MR imaging is usually performed within 90 min to avoid absorption of the intraarticular contrast.
A posterior approach can also be adopted, especially
when there is anterior instability as needle placement
through an anterior route may distort the images of
healthy anatomic structures[10]. The patient lies prone
with ipsilateral shoulder raised off the table with a pad. A
21 gauge spinal needle is advanced vertically through the
inferomedial aspect of the humeral head under fluoroscopic guidance.
For a long time, a modified Schneider technique
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MRI FINDINGS IN SHOULDER
INSTABILITY
MR imaging in anterior instability can reveal a large number of abnormalities affecting the bone and labroligamentous tissue.
Hill-Sachs lesion
Hill-Sachs lesion (Figure 8) is the most common injury
associated with anterior glenohumeral instability. It consists of bony injury of the posterosuperior humeral head
manifesting as cortical bony loss, impaction fracture or
associated bone marrow edema in acute cases.
Classic bankart lesion
Bankart lesion (Figure 9) is the commonest labral injury,
manifesting as tear of the anterior inferior labrum with
associated periosteal tear[12-14]. It can be purely cartilaginous or may involve the bony glenoid rim (bony Bankart
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Figure 8 Axial T1-weighted TSE fat-suppressed magnetic resonance
arthrogram image shows bony defect involving posterosuperior humeral
head (Hill-Sachs lesion) (arrow).

Figure 10 Axial T1-weighted TSE fat-suppressed magnetic resonance arthrogram image shows anteroinferior labral tear with bony glenoid injury
shown with an arrow (Bony Bankart lesion).

Figure 9 Axial T1-weighted TSE fat-suppressed magnetic resonance arthrogram image shows detached anteroinferior labrum from the glenoid
margin; classic soft tissue Bankart lesion. Contrast within the joint is seen to
traverse the gap between the detached labrum and the glenoid margin (arrow).

Figure 11 Perthes lesion. Oblique axial T2-weighted TSE image of the shoulder joint with the arm in abduction and external rotation location shows tear of
the anteroinferior labrum (arrow) with intact periosteum, suggesting Perthes
lesion.

lesion, Figure 10). Bankart lesion is usually accompanied
by Hill-Sachs lesion. Several other variants of Bankart
lesion have been described, including the Perthes lesion, anterior labroligamentous periosteal sleeve avulsion
(ALPSA) lesion, glenolabral articular disruption (GLAD)
lesion.
On conventional MR imaging in Bankart lesion, the
anteroinferior labrum is seen to be attenuated or absent.
The signal intensity on T2* gradient-echo or PD FS FSE
MR images may be increased secondary to degeneration
of the labrum. On T1 turbo spin echo fat stauration (TSE
FS) post-arthrographic MR images, contrast is seen between the labrum and the glenoid margin.

on conventional MRI and even on arthroscopy[12].
ALPSA lesion
ALPSA lesion (described by Neviaser[16]) is defined as
an avulsion and medial rolling of the inferior labroligamentous complex along the scapular neck secondary to a
chronic injury (Figure 12). The main differentiating point
of ALPSA from a Perthes lesion is the displacement of
the torn labroligamentous tissue, which is undisplaced or
shows minimal displacement in Perthes lesion. An ALPSA lesion differs from a Bankart lesion in that an ALPSA
lesion has an intact anterior scapular periosteum (it is
ruptured in Bankart lesion) that allows the labroligamentous structures to displace medially and rotate inferiorly
on the scapular neck.

Perthes lesion
Perthes lesion (Figure 11), described by Perthes in 1905,
is defined as a tear of the glenoid labrum with intact
scapular periosteum[15]. The torn anterior labrum is often
undisplaced and visualized in its normal location on conventional MR imaging. MR arthrography, especially when
imaging is performed with the arm in ABER position,
improves the detection rate of Perthes lesion, as it puts
the anterior band of the IGHL and anteroinferior capsule under stress. This is a difficult lesion to detect, both
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GLAD lesion
This lesion (also described by Neviaser[17]) consists of a
superficial anterior inferior labral tear associated with an
anterior inferior articular cartilage injury (Figure 13). The
use of intra-articular contrast in MR arthrogram helps to
visualize the small tears at the level of the anterior inferior glenoid rim. When a GLAD lesion is seen on MRI,
one should look for loose bodies, which can occur from
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A

A

B

B

Figure 12 Anterior labroligamentous periosteal sleeve avulsion lesion in
a patient with recurrent anterior shoulder dislocation. A: Axial T2-weighted
gradient-echo image of the right shoulder reveals irregular contour of the anteroinferior labrum and hypointense soft tissue lying along the scapular neck (arrow);
B: On magnetic resonance arthrographic axial T1-weighted fat-saturated image
the avulsed labroligamentous tissue is seen displaced medially along the scapular neck (arrow).

Figure 14 Humeral avulsion of anterior glenohumeral ligament in chronic
anterior instability. Coronal T1-weighted TSE fat-suppressed magnetic resonance arthrogram image reveals the ‘J’ shape (arrow) of the axillary pouch (A),
compared to the ‘U’ shape (arrow) in a normal individual (B).

der et al[19] into 4 distinct but related lesions; Maffet et al[20]
added three more types, and currently 10 types or patterns
have been recognized. Though SLAP lesions often present with nonspecific symptoms such as pain, locking and
snapping, type 5 SLAP lesion (type 2 or 3 SLAP lesion
with superior extension of a Bankart lesion) is often associated with anterior shoulder dislocation. Sagittal MRI or
MR arthrogram can demonstrate the complete extent of
labral tear.
Humeral avulsion of anterior glenohumeral ligament
lesion
Humeral avulsion of anterior glenohumeral ligament
(HAGL) lesion (Figure 14) is a less commonly encountered abnormality (9.3%) in anteroinferior instability[21].
It may coexist with an anterior labral tear in patients with
anterior instability. In patients with documented anterior
instability without a demonstrable “primary” Bankart lesion, a HAGL lesion should be ruled out[14]. For detection
of HAGL, the glenohumeral joint cavity should be well
distended, either by contrast agent (direct MR arthrogram) or joint effusion. On coronal MR image, normal
distended axillary pouch is seen as a U-shaped structure,
which changes into a J-shape in a HAGL lesion as the
IGHL drops inferiorly (J sign)[22].

Figure 13 Glenolabral articular disruption lesion and posterior labral tear in
a patient with multidirectional instability. Axial proton density fat-suppressed
image reveals absence of the anteroinferior labrum with tear of the adjacent
articular cartilage (straight arrow). Also associated is a tear involving the posterior
labrum, seen as interposition of fluid between the posterior labrum and the posterior glenoid margin (dashed arrow).

a detached articular cartilage fragment[18].
Superior labrum anterior and posterior type 5 lesion
Superior labrum anterior and posterior (SLAP) lesion,
described by Snyder et al[19], is an injury involving the superior aspect of the glenoid labrum that includes the biceps
tendon anchor. SLAP tears were initially classified by Sny-
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Bony humeral avulsion of glenohumeral ligaments
lesion
Bony humeral avulsion of glenohumeral ligaments (BHA-
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Figure 15 Glenolabral articular disruption lesion. Coronal T1-weighted TSE
fat-suppressed magnetic resonance arthrogram image reveals avulsion of the
glenoid attachment of the anterior band of the inferior glenohumeral ligament
(arrow).

Figure 17 Buford complex. A: Axial T2-weighted gradient-echo image reveals
absent anterior labrum and a thick hypointense structure lying anteriorly (arrow)
which can be mistaken for a torn labrum; B: Oblique sagittal T1-weighted TSE
fat-saturated magnetic resonance arthrogram image reveals a thick cord-like
middle glenohumeral ligament (arrow) having a higher glenoid attachment, close
to 12 o’clock location.
Figure 16 Coronal TSE T2-weighted image of the right shoulder in a patient with acute dislocation reveals full thickness tear of the supraspinatus tendon with proximal retraction of the muscle (arrow).

ANATOMIC VARIATIONS MIMICKING
LABRAL TEARS
Sublabral foramen is a normal detachment of the anterosuperior labrum (usually at 2 o’clock location) from the
glenoid rim that needs to be differentiated from a Bankart
lesion[24]. Bankart lesion usually involves the anteroinferior labrum (isolated anterosuperior labral involvement
is rare and seen in throwing athletes presenting with pain
on overhead abduction). The margins of a labral tear are
usually irregular as compared to the sublabral foramen.
Buford complex (Figure 17) is defined as congenital
absence of the anterosuperior labrum and thickened
cord-like MGHL. The thickened MGHL, when visualized
on axial MR images, can mimic detached labrum of a
Bankart lesion. However, on oblique sagittal arthrographic images, the superior insertion of a cord-like MGHL is
usually visible and misdiagnosis can be avoided[24].

GL) lesion is less common than HAGL. In BHAGL,
there is a small avulsed osseous fragment attached to the
torn end of the humeral attachment of the IGHL[23].
GAGL lesion
This uncommon lesion implies an avulsion of the IGHL
from the inferior pole of glenoid without associated disruption of the inferior labrum (Figure 15)[2].
Rotator cuff tears
These tears (Figure 16), associated with anterior and
inferior glenohumeral dislocation, are commoner in the
elderly rather than the younger age group (30% incidence
in patients less than 40 years of age and 80% incidence
above 60 years of age).
RCI tear
A tear of the RCI typically does not appear as complete
disruption of the fibres of its components. Instead it is
seen on imaging as thinning, irregularity or focal discontinuity of the rotator interval capsule. Arthroscopy is
considered the gold standard in diagnosing RCI lesions.
MR arthrography, particularly the T2W sagittal or axial
images, may be useful in diagnosing RCI pathologies.
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IMAGING FINDINGS IN POSTERIOR
DISLOCATION
Reverse hill-sachs lesion
This lesion (Figure 18) consists of an anteromedial superior humeral head impaction fracture which is often associated with a reverse Bankart lesion (posterior glenoid
labrum disruption)[25].
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Figure 18 Reverse Hill-Sachs and reverse Bankart lesion in a case of posterior instability. T1-weighted TSE axial magnetic resonance image reveals
hemarthrosis, posterior glenohumeral dislocation and reverse Hill-Sachs lesion
(straight arrow). There is associated posterior labral tear (reverse Bankart lesion), shown with a dashed arrow.

Figure 20 Normal post-operative appearance after arthroscopic sutureanchor repair of Bankart lesion. Oblique sagittal (A) and axial (B) T2-weighted
TSE fat-suppressed image reveals the three suture-anchors in place (arrows).
No fluid is seen between the labral margin and the opposed labrum and joint capsule.

with a paralabral cyst and may be seen in patients with
posterior instability. Posterior superior labral tear may be
associated with repetitive microtrauma, as in throwers,
and can even be seen in anterior instability[27]. The cysts
are almost always associated with labral tears, but the
communication with the joint space is often not visualized on MRI.

Figure 19 Posterior labral tear. Axial T1-weighted TSE fat-suppressed magnetic resonance arthrogram image reveals the undisplaced posterior labral tear
(arrow). The anterior joint capsule attachment is placed medially along scapular
neck (normal variation).

Reverse hagl lesion
In posterior instability, there is sometimes a complete
avulsion of the posterior attachment of the shoulder
capsule from the posterior humeral neck, associated with
tear of the posterior band of the IGHL[4].

POST-OPERATIVE IMAGING
Anatomic repair of the labrum and capsule using metallic suture anchors is being increasingly employed in glenohumeral instability using an arthroscopic approach[28].
On post-operative MR imaging, susceptibility artifacts
(Figure 20) from the metallic implants may degrade the
image quality. A few important points should be kept in
mind to overcome this problem: gradient echo sequences
should be avoided and replaced by spin echo sequences
when possible; fast spin echoes are preferable over
standard spin echo sequences; and inversion recovery
sequences should be preferred over chemical fat suppression. After an anatomic apposition of the labrum to the
articular margin in suture-anchor repair, no hyperintensity should be visible between the two. MR arthrography
is more useful in post-operative shoulders as a problem
solving tool in suspected recurrent labral tear. Contrastenhanced T1W sequences should always be acquired in
addition if there is a suspicion of septic arthritis[29].
Non-anatomic repairs (Putti-Platt repair, Bristow-

Posterior glad lesion
This lesion is a newly described entity in posterior glenohumeral instability, which can be seen as focal posterior
articular cartilage defect (between 7 and 9 o’clock location)[26].
Bennett lesion
This is an extra-articular crescentic posterior ossification
associated with posterior labral injury and capsular avulsion, sometimes secondary to the posterior subluxation.
The ossification is best visualized on CT, and often
missed by arthroscopy as it is extra-articular.
Posterior superior labral tear
This occurs (Figure 19) as a part of posterior SLAP 2 or
posterosuperior to a posterior labral tear in association
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Helfet procedure) are usually not preferred for primary
instability surgery. Following capsular shift or shrinkage
procedures, thickening of the joint capsule can be visualized on imaging.
Complications during arthroscopic repair include
inadvertent injury to the axillary nerve (lying in close
relation to the inferior joint capsule) and subscapularis
muscle injury, hematoma, infection, septic arthritis, heterotopic ossification.

9
10
11

12

RECENT ADVANCES IN SHOULDER MRI
Virtual MR arthroscopy of the shoulder joint has been
described in a few reports using 3D gradient echo sequences after intra-articular injection of dilute gadolinium[30]. The technique can act as a useful adjunct tool
to MR arthrography in the assessment of labral tears, by
providing helpful visual information similar to arthroscopy.

13
14
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CONCLUSION

16

To conclude, MRI and MR arthrography are routinely
used investigations in glenohumeral instability and have
very high sensitivity in detecting labroligamentous injuries. An MR arthrogram plays a crucial role in the imaging of post-operative shoulder. While diagnosing various
labral lesions, anatomic variations should be kept in mind.
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mary gland was defined on CT simulation. The dose
received was evaluated by dose volume histograms.
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RESULTS: The measured contralateral breast doses
were: (1) Dose maximum: 290-448 cGy [Equivalent
(Eq) 337-522 cGy]; (2) Mean dose: 45-70 cGy (Eq 524815 cGy); and (3) Median dose: 29-47 cGy (337-547 cGy)
for total primary breast dose of 42.5 Gy in 16 equal
fractions. The spearman rho correlation showed statistical significance between the contralateral breast volume
and maximum dose (P = 0.0292), as well as mean
dose (P = 0.0025) and median dose (P = 0.046) to the
breast.
CONCLUSION: Minimizing the dose to the contralateral breast has to be one of the priorities of the radiation oncologist when using short schedules because of
the radiosensitivity of this organ at risk. Further study
is necessary to assess the long-term clinical impact of
this schedule.
© 2011 Baishideng. All rights reserved.
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Abstract
AIM: To measure the dose distribution, related to the
treatment planning calculations, in the contralateral
mammary gland of breast cancer patients treated with
accelerated hypofractionated 3-dimensional conformal
radiotherapy.
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METHODS: Thirty-four prospectively selected female
patients with right breast cancer (pN0, negative surgical
margins) were treated with breast-conserving surgery. A
total dose of 42.5 Gy (2.66 Gy/fraction) was prescribed;
it was requested that planning target volumes be covered by the 95% isodose line. The contralateral mam-
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Simulation
Each patient underwent a virtual CT-simulation, in supine
position, using dedicated devices. The patient’s arms were
raised above the head using an arm support in carbon
fiber (Sinmed©, Reeuwijk, The Netherlands).

INTRODUCTION
Breast cancer is the most common (excluding skin) malignant neoplasm among women. In the United States, it was
calculated to have an approximate lifetime risk of 13.4%;
184 450 cases are invasive and 67 770 cases are in situ carcinomas per year[1].
The purpose of radiation treatment following lumpectomy is to improve local control in the treated breast
with as little toxicity as possible. Since radiation therapy
efficacy has improved, the issues related to post-therapy
complications have become very important. Contralateral
breast dose from primary breast irradiation has been implicated in the risk of second breast malignancies.
Daily treatment over several weeks can be very inconvenient to many patients. A high number of studies[2-13]
have shown that the goal of post-lumpectomy radiotherapy is also achieved with shorter than the conventional
fractionation schedules. Whole breast radiotherapy for invasive breast cancer demonstrates equivalent efficacy and
morbidity for conventional and hypofractionated treatment, as shown in a Canadian trial involving 1234 women
with node-negative breast cancer and clear margins of
excision after breast conserving surgery and axillary dissection. Women were randomly assigned to receive whole
breast irradiation of 42.5 Gy in 16 fractions over 22 d
(short arm) or 50 Gy in 25 fractions over 35 d (long arm).
Hypofractionation can increase the late normal tissue damage. The principal long-term effects that impair
cosmesis are fibrosis and atrophy of the breast which are
a result of the specific response of fibrocytes to irradiation.
The aim of the present study was to evaluate the
delivery of accelerated hypofractionated 3-D conformal
radiotherapy (3D-CRT) in the contralateral mammary
gland in breast cancer patients.

Planning CT scans
For treatment planning, a CT scan covering a region
from the 6th cervical vertebra to the middle part of the
abdomen was obtained for each patient. The patients
were scanned with 5 mm slice thickness in simulation CT
scan and the CT datasets were transferred to the Prosoma® Treatment Planning System through the DICOM
network.
Contouring organs at risk and planning target volume
All contouring of target volumes and normal structures
[organs at risk (OARs)] were performed in the Prosoma
Treatment Planning System. The following structures
were delineated: clinical target volume (CTV), planning
target volume (PTV), ipsilateral, contralateral lungs and
contralateral breast. According to the ICRU[14,15], OAR is
defined to be an uninvolved organ that, if given an excess
radiation dose, might be damaged and would compromise the success of the course of radiation therapy.
The demonstrable tumor plus the microscopic disease
constitute the CTV.
Margins are needed to surround the CTV to ensure
that the CTV lies within the treatment field during the
entire course of radiation therapy. These internal margins, in addition to the CTV, constitute the internal target
volume (ITV).
In order to account for setup uncertainties, one adds
a setup margin to the ITV to generate a PTV.
The CTV, PTV and OARs were outlined on all CT
slices. The CTV was expanded to a PTV with 5 mm,
with a constraint reverse expansion of 4 mm to the skin
surface to avoid potential skin toxicity[16,17]. The PTV provided a margin around the CTV to compensate for the
variability of treatment setup and motion of the breast or
chest with breathing[17].

MATERIALS AND METHODS
Patient selection
Between October 2009 and September 2010, 34 women
with a primary diagnosis of invasive carcinoma were enrolled in the treatment protocol. In the study were included
patients > 50 years old, diagnosed with stage Ⅰ-Ⅱ, rightsided breast cancer. Large mammary glands with a distance
from sternum to mid axillary line more than 25 cm were
excluded from the study.
All patients underwent breast-conserving surgery
(with axillary sampling or dissection). In particular, they
had a lumpectomy before radiotherapy. They had no
adjuvant chemotherapy. Exclusion criteria included previous treatment for a diagnosis of ductal carcinoma in situ
or invasive breast carcinoma, omission of post-operative
radiation, or surgical management with mastectomy.
Pathological results were abstracted from the original
histopathology report. The specimens showed an invasive adenocarcinoma, non-high grade, negative margins (>
2 mm), no axillary lymph nodes involved.
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Dose prescription
The patients were treated with adjuvant whole breast
radiotherapy and they received no boost and no supraclavicular irradiation. Radiation therapy to the involved
breast was planned to be administered within 12 wk of
the most recent surgery. A dose of 42.5 Gy was delivered
in 16 daily fractions over 3.5 wk (2.66 Gy/fraction, based
on the Canadian randomized trial)[2,3]. Breast radiation
was delivered using tangential fields to the entire breast
and underlying chest wall, as previously described. The
prescription dose of 42.5 Gy was defined for the 95%
isodoses of the PTV. In particular, 95% of the PTV
should have been covered within 95%-110% of the prescribed dose (39.9-46.2 Gy). Partial wedging or dynamic
(Multi Leaf Collimator-MLC) was employed to improve
dose homogeneity (7%). To evaluate the dose constraints
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for normal tissues we used the Toxicity criteria of the
Radiation Oncology Group (RTOG) and the European
Organization for Research and Treatment of Cancer
(EORTC) NSABP B-39/RTOG 0413 protocol[18] corrected for hypofractionation, taking into account potential unfavorable anatomy[19]. The dose constraints for
the OARs are described below: ipsilateral lung (without
supraclavicular irradiation): V25 Gy < 5%, V17 Gy < 8%,
V8 Gy < 10%, mean dose < 6.36 Gy; contralateral lung:
V2.5 Gy < 15%; contralateral breast: dose max < 3% of
the prescribed dose, mean dose as low as possible.

Table 1 Contralateral breast treatment characteristics
Treatment characteristics

290-448 cGy
45-70 cGy
29-47 cGy
199-217
749-1474 cm3

Table 2 Statistical analysis
Correlation

Conventional planning
For the conventional technique, we used a virtual simulation. The entire breast was treated, using a parallel pair
of two opposed tangential fields. Weighted beams and
wedges were used as necessary. The fields were placed
isocentrically, with matching posterior field borders. Dose
calculation was performed and normalized to isocenter.
The prescribed dose was 42.5 Gy delivered in 16 daily
fractions, in whole-breast, given in 2.66 Gy fractions with
accelerated hypofractionated 3D-CRT[20].
The treatment planning was performed in the Eclipse™
(Varian Medical Systems, United States) TPS. This treatment planning system includes the Pencil Beam algorithm
for dose calculation. The beam arrangement consisted
of 2 tangential beams, where the beam angles, apertures,
weights and dynamic wedges were optimized by standard,
forward planning. The photon beam energy was 6 MV,
using the linear accelerator VARIAN 600C. To account
for the tumor movement during treatment, 2 cm was extended beyond the skin surface in the anterior direction
using the skin flash tool in the treatment planning system.
For the treatment technique, histograms of the contralateral breast were generated; a number of parameters,
including mean, median and maximum dose to the breast,
were evaluated.

Spearman rho

Breast volume vs max dose to the breast
Breast volume vs mean dose to the breast
Breast volume vs median dose to the breast
Breast volume vs gantry angle

0.0090
0.0153
0.0028
0.0042

P value
0.0292
0.0025
0.046
0.2195

median age of the patients at the time of radiation was
65 years (range, 51-79 years). All patients underwent breastconserving surgery with accompanying axillary sampling
or dissection. All completed adjuvant whole breast radiotherapy with hypofractionated schedule (42.5 Gy in 16
fractions). Clinical and pathological characteristics were
similar among the patients.
The doses to the opposite breast were generated
from the dose volume histograms (DVHs) (Table 1). The
doses represent the combined contribution from both
the medial and lateral tangential beams. An isocentric
technique was used for treatment. Scatter dose from the
medial tangential field to the contralateral breast originates in the accelerator head and its accessories. The use
of a medial wedge increased the contralateral breast dose
due to an increase in scattered photons and in monitor
units. The wedge angle used in our study ranged between
15° and 30°. For total primary dose of 4256 cGy, the
measured dose maximum at the contralateral gland varies from 290-448 cGy. The mean dose varies from 45 to
70 cGy. The median dose was between 29-47 cGy. The
average volume of the breast for the patients in question
was 856 ± 327 cm3. The monitor units obtained from
the pencil beam calculations and used for the treatment
were in the range from 199 to 217. A representative dose
distribution for the breast with the contralateral breast
contouring is shown in Figure 1 with regard to axial and
coronal planes. A representative cumulative dose volume
histogram is shown in Figure 2. The spearman rho correlation showed statistical significance between the contralateral breast volume and maximum dose (P = 0.0292),
as well as mean dose (P = 0.0025) and median dose (P =
0.046) to the breast (Table 2). Received doses in detail as
extracted from DVHs are shown in Table 3.

Clinical examination
During the radiation treatment the patients were monitored every week. Post treatment management included
adjuvant endocrine therapy according to the National
Comprehensive Cancer Network Guidelines. After the
completion of the treatment, the patients were evaluated by a radiation oncologist every 3 mo.����������������
Acute skin and
breast tissue reactions were also recorded.��������������
Toxicity was
defined according to the RTOG/EORTC acute and late
radiation morbidity scoring system[21].
Statistical analysis
Correlation of numerical variables was investigated by
Pearson correlation coefficient. The whole analysis was
performed by using the SPSS version 10 (Chicago, IL).

DISCUSSION

RESULTS

The choice of treatment for breast cancer is usually determined by tumor stage, patient age, co-morbidity, as
well as by patient preferences. The long duration of treat-

Thirty-four eligible women treated with adjuvant radiation
following breast-conserving surgery were analyzed. The
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Range

Dose max
Mean dose
Median dose
Monitor units
Breast volume
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Table 3 Calculated doses, breast volume and monitor units in
details

79
55
63
61
71
56
67
72
61
56
58
72
71
79
64
57
66
73
75
76
59
52
57
58
74
70
60
74
68
72
70
59
62
67

1474
1090
803
749
789
857
942
801
998
796
893
956
1001
842
865
789
985
934
924
1023
1031
1320
980
1002
1007
983
879
765
795
1021
784
788
901
854

Breast dose (cGy)

102.9%

Max

Mean

Median

MU

348
380
367
290
448
345
401
412
434
399
387
402
345
204
341
296
356
298
304
326
348
401
295
432
422
427
346
307
401
397
350
386
409
297

49
45
54
45
63
56
47
52
51
52
45
70
55
49
51
57
68
54
57
61
49
51
59
57
49
61
58
49
60
50
63
57
55
70

31
41
47
35
46
36
32
39
40
45
33
33
41
39
38
40
32
30
39
45
42
40
32
34
37
40
40
38
39
32
29
36
42
45

217
209
203
199
203
204
210
200
202
210
199
204
207
204
207
209
205
209
200
210
210
211
205
206
209
200
204
214
208
201
205
201
209
202

Breast

Tangential field

Figure 1 Representative dose distribution for the breast with the contralateral breast contouring.
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Figure 2 Representative cumulative dose volume histogram.

tissues generally have rather high α/β ratios[20].
After the report of Yarnold et al[23] in patients irradiated following breast-conserving surgery with the standard 25 fractions or a 13-fraction radiotherapy scheme,
it appears reasonable to use an α/β around 3 Gy in
developing fractionation schedules for breast irradiation,
which are iso-effective regarding overall late normal tissue effects. Although this study had insufficient statistical
power to reliably determine the fractionation sensitivity of
breast cancer, tentative results from the trial suggest that
the α/β ratios are comparable for both breast fibrosis and
local control endpoints. In the past, α/β values of 4-5 Gy
have been derived for the radiation response of recurrent
or inoperable breast cancer[24,25].
Moreover, an α/β ratio of 4 has been reported for
human breast carcinoma cell lines[26-28].
3D-CRT and intensity modulated radiotherapy
(IMRT) have allowed more conformal dose distributions to the breast, while selectively sparing surrounding
normal tissues. During external beam radiotherapy, the
contralateral breast receives radiation due to leakage from
the collimator and scatter from primary irradiation[29].
Other factors that contribute to dose may include blocks,
orientation of the fields, wedge size, wedge angle and the
technique used for treatment[30]. Tangential fields and, if

ment can adversely affect the quality of a patient’s life.
The drawbacks of a prolonged schedule include inconvenience, loss of earnings and cost of traveling for 5 wk,
which can be significant for many women[22]. Shorter
schedules, typically delivering a lower total dose in fewer,
but larger than 2 Gy fractions, are more convenient for
the patients by limiting the number of treatment attendances. Moreover, the reduced resource use in terms of
personnel and machine time is advantageous for radiotherapy departments and translates into lower treatment
costs. In order to formally validate this therapeutic approach from a societal perspective, however, cost-effectiveness evaluations weighing long-term outcome against
the societal costs incurred for many years after treatment
are needed[5,6,22]. The efficacy of this schedule has been
analyzed by Whelan et al[2,3] and seems to be associated
with no difference in 10-year LR (6.2% vs 6.7%, respectively), DFS, OS, or good/excellent cosmetic outcome
(70% vs 71%).
In the linear quadratic model, fractionation sensitivity is
expressed by the parameter α/β. If α/β is low (e.g., 1 Gy)
the tissue is much more sensitive to increasing dose per
fraction than if α/β is high (e.g., 10 Gy), while cancerous
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used, the anterior supraclavicular field contribute to contralateral scatter dose.
The dose to the contralateral breast can be reduced
to some extent by reducing the medial wedge angle[30,31].
The closeness of the gantry angle to the contralateral
breast is also associated with increase in dose. Contralateral scatter doses are highest for patients with large protruding breasts whose isocentric treatment plan needs the
use of a large wedge and higher beam energy[30].
Radiation, especially at sub-therapeutic doses, has
been proven to be carcinogenic[32-37]. According to the
United Nations Scientific Committee on Effects of
Atomic Radiation report[38], experimental exposure of
animals to radiation and observations on exposed human
populations have shown that ionizing radiations are general carcinogens capable of inducing tumors in almost
all tissues of mammals irrespective of species. Dose to
the contralateral breast as a result of radiotherapy of
breast should not be ignored in radiotherapy, and more
so in patients younger than 45 years. The breast tissue
is highly sensitive and therefore the contralateral breast
must be regarded as an organ at risk (sensitive organ)
while planning for radiotherapy. As already reported[32-39],
radiotherapy-associated risk of contralateral breast cancer
(CBC) increases with decreasing age at first treatment [age
< 35 years, hazard ratio (HR) = 1.78, 95% CI: 0.85 to 3.72;
age > 45 years, HR = 1.09, 95% CI: 0.82 to 1.45]. This
is very important, particularly in women irradiated at a
younger age[32-34] and among women treated under the age
of 45 years. Boice et al[32] have shown that the incidence
of radiation-induced breast cancer is a linear function of
dose received, with latent periods of over 10 years. Secondary tumors following radiotherapy may be observed
around or well outside the margin of the PTV[35-37]. Other
important considerations include dose to OARs, including the ipsilateral and contralateral lungs.
Women treated before age 45 years with post-lumpectomy radiotherapy experience 1.5-fold increased risk of
CBC compared with those who had post-mastectomy
radiotherapy. The joint effects of post-lumpectomy radiotherapy and strong family history for breast cancer
on risk of CBC were found to be greater than expected
when individual risks were summed (HR = 3.52, 95% CI:
2.07 to 6.02, P = 0.043).
Accelerated hypofractionated radiotherapy is currently used because of the similar local control and toxicity rates. To our knowledge, this is the first report on
the estimation of the contralateral breast dose using the
hypofractionated schedule[3].
Boice et al[32] have conducted a case control study in
a cohort of 41 109 women diagnosed with breast cancer
and analyzed the records. They found mean contralateral
breast dose to be 282 cGy with a maximum of 710 cGy
and relative overall increase in risk of contralateral breast
malignancy due to treatment of primary by radiation to
be 1.19. However, the risk of a second malignancy in the
contralateral breast was 1.59, significantly high, in patients who underwent radiotherapy at a younger age than
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45 years for primary breast malignancy. This indicates
high risk for younger patients.
Bhatnagar et al[40] reported a comparison of contralateral breast dose during primary breast irradiation using
IMRT and conventional tangential field technique. They
observed the contralateral breast dose to be 7.74% ±
2.35% of the primary breast dose (5000 cGy) in IMRT
treatment planning and 9.74% ± 2.04% of primary breast
dose during conventional tangential field technique, i.e.
about 20% reduction in contralateral breast dose with
IMRT as compared to conventional tangential treatment
with wedge. In our study, the measurements are in accordance with the conventional tangential field technique of
Bhatnagar et al[40].
Tercilla et al[41] measured the contralateral breast dose
during half beam block and isocentric treatment techniques for patients treated with primary breast irradiation
with a Cobalt60 unit. They measured contralateral breast
dose with thermoluminescent dosimeters (TLD) in 15
patients and the doses were 325-650 cGy during half
beam block tangential field treatment and 200-450 cGy
without half beam block tangential field treatment for a
total primary breast dose of 5040 cGy in 28 equal fractions. They recommended non-use of half beam block
techniques; however, this will increase the ipsilateral lung
and rib dose[29,42]. Our doses are on the high side as compared to doses reported by Tercilla et al[41] because we
treated the chest wall using slightly wider fields.
Bhatnagar et al[40,43] have studied the effect of breast
size on scatter dose to the contralateral breast. They
treated 65 patients with breast cancer using 6 MV photon
with IMRT technique and measured contralateral breast
dose using TLD[44]. The primary breast size volume was
calculated by the planning system from CT slices. They
found a mean contralateral dose of 7.2% of the primary
breast dose (5000 cGy) and found that the contribution
to contralateral breast dose is strongly dependent on
primary breast size of the patient. Therefore, this has
become of more concern in young breast cancer patients
with bulky protuberant breasts.
According to Chougule[29], the dose at the contralateral
breast nipple was 152.5 to 254.75 cGy for a total primary
breast dose of 5000 cGy in 25 equal fractions (Co60 fields),
which amounted to 3.05%-6.05% of total dose to the diseased breast. Furthermore, it was observed that the maximum contribution to the contralateral breast dose was due
to the medical tangential half blocked field. Again in our
case, although we used a strictly conformal technique with
a full 3-D treatment planning, the measurements are of a
higher order than those of Chougule[29], mainly because
we did not take measurements only from the nipple where
very much less scattered radiation dose is expected, but
from the whole contralateral breast and especially from
the neighboring breast tissues.
Muller-Runkel et al[42] have advocated covering of
the contralateral breast with a thin lead sheet to reduce
the scattered contribution to contralateral breast skin,
though little can be done to reduce the dose from the
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nosed with invasive breast cancer improves local control. Delivering postoperative radiotherapy in a shorter period of time is as effective as longer treatment
regimens. Hypofractionated adjuvant radiation schedules have been commonly
used in Canada and the United Kingdoms based on data from early invasive
breast cancer randomized studies, showing equivalent local control, survival
and morbidity rates. Contralateral breast dose from primary breast irradiation
has been implicated in the risk of second breast malignancies. The probability
of developing contralateral breast cancer represents a serious concern. This
study was conducted to measure the dose distribution, related to the treatment
planning calculations, in the contralateral mammary gland, when the affected
breast was treated with accelerated hypofractionated 3-dimensional conformal
radiotherapy.

lateral tangential field as the dose is caused by internal
body scatter.
Using modern techniques of CRT and IMRT, the
contralateral breast dose can be reduced by 10%-20% but
it still is about 3.05%-6.05% (153-255 Gy) of a primary
breast dose of 5000 cGy, which cannot be ignored. IMRT
technique provides better dose uniformity as compared
to other tangential field techniques, as well as significantly
reducing the dose to the contralateral breast[40,43,44].
In a previous study, we have already reported the fine
cosmesis in hypofractionated breast irradiation, as used in
our institution[45]. In this report we are analyzing the dose
at the contralateral breast. Further to ICRU reports[14,15],
our results are in accordance with a previous study[30],
showing that there are only two significant correlations
concerning the contralateral breast volume and the dose.
This was logical since the volume of the breast would be
expected to be correlated with the incidence of direct or
scattered field to be inserted. However, although in previous studies the gantry angle was correlated with higher
doses to the contralateral breast[29,30,40,42-44], in our research
we have not seen any significant correlation. The reason
for this might be the fact that we used a smart immobilization device for the chest wall and the hands, which produces a detachment of the contralateral breast. Moreover,
the majority of contralateral breast doses are from the
scatter doses coming from the collimator. By using the
asymmetric collimator technique, the unwanted scattering
doses from the collimator can be minimized. In this current study, asymmetric collimators were used.
In terms of the dose uniformity all over the normal
breast tissue (skin included), we did not used field in field
techniques or a bolus in order to compensate low skin
doses.
The main limitations of the present study are the
small number of patients, the absence of in vivo dosimetry
and the short follow up. Further dosimetric analysis and
longer follow up are needed to evaluate the adverse late
effects which could be increased because of the hypofractionation schedule used, such as for example, ischemic
heart disease, symptomatic rib fracture, symptomatic lung
fibrosis. In general, when hypofractionation is used, it
is advisable that both possible dose inhomogeneity and
normal tissue protection should be taken into account,
while the use of three-dimensional conformal techniques
should be mandatory[46]. In our clinical routine practice
today, further to the use of three-dimensional conformal
techniques, we are continuing the study by using in vivo dosimetry and further results will be reported after we have
evaluated a sufficient number of patients. These results
stress the necessity of meticulous patient observation and
long follow up to the contralateral breast.

Research frontiers

The hotspots or important areas in the research field related to the article are
as following: (1) The use of dose volume histograms (DVH) for the assessment
of the dose to the contralateral breast in a hypofractionated scheme; (2) The
usefulness of the 3-dimensional conformal treatment planning technique for the
accurate calculation of the dose in the organs at risk, as defined by the radiation oncologist (ipsilateral lung, contralateral breast, etc.).

Innovations and breakthroughs

To summarize, this is the first study dealing with the dose to the contralateral
breast in a hypofractionated schedule, whereas all similar studies were concerned with the dose in the contralateral breast but under a conventional schedule (2 Gy per fraction instead of 2.66 Gy per fraction). Moreover, for the readers
this article incorporates the importance of 3-dimensional treatment planning
calculations.

Applications

Further application should be in-vivo dosimetry to the contralateral breast together with the modification of the fields (geometry and intensity modulation) for
reducing the dose to the contralateral breast. Minimizing the dose to the contralateral breast has to be one of the priorities of the radiation oncologist in short
schedules because of the radiosensitivity of this organ at risk. Further study is
necessary to assess the long-term clinical impact of this schedule.

Terminology

DVH is the histogram displaying the function between the delivered dose and
the volume of a current target or organ. Three-dimensional conformal treatment
planning technique concerns the calculation of the dose in each CT plane of the
irradiated area. The ICRU defines an organ at risk to be an uninvolved organ
that, if given an excess radiation dose, might be damaged and which would
compromise the success of the course of radiation therapy. The demonstrable
tumor plus the microscopic disease constitute the clinical target volume (CTV).
Margins are needed to surround the CTV to ensure that the CTV lies within
the treatment field during the entire course of radiation therapy. These internal
margins, in addition to the CTV, constitute the internal target volume (ITV). In
order to account for setup uncertainties, one adds a setup margin to the ITV to
generate a planning target volume.

Peer review

The study seems to be interesting, however there are some points to be reviewed.
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Data that are not statistically significant should not be noted. aP <
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