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Abdominal compartment syndrome is a serious illness that is rarely seen in critically ill patients. Normal 
abdominal pressure is about 5 mmHg. Intra-abdominal hypertension is defined when the pressure is raised to 
above 12 mmHg. Abdominal compartment syndrome is defined as intraabdominal pressure raises to more than 
20 mmHg with dysfunction of at least one thoraco-abdominal organ1.  
Abdominal compartment syndrome is classified to primary and secondary. Primary causes include blunt injury to 
the abdomino-pelvic region, intraperitoneal or retroperitoneal hematoma, AAA rupture, or intestinal obstruction.  
Secondary causes occur when the process from other originating processes increases intra-abdominal pressure 
such as major burns, large-volume fluid replacement, or sepsis1.   
The familiarity with abdominal compartment syndrome is important for interventional radiologist. The diagnosis 
is usually done at bedside with pressure measurements. Imaging findings however would help interventional 
radiologists to suggest this entity to the referring clinician and ask for urgent surgical consultation for  urgent 
decompression in order to prevent further damage to surrounding organs1.  
Here, we present a case of retroperitoneal hematoma who was successfully embolized with coils and Gelfoam. 
The patient’s critical condition did not improve subsequently (despite successful embolization) due to presence of 
abdominal compartment syndrome. 

A 75 year-old gentleman transferred to our institution with hypotension and active bleeding. His past medical 
history was significant for atrial fibrillation and he was systemically anticoagulated with warfarin. In addition, 
he had an extensive cardiac history. His recent echocardiogram demonstrated moderate mitral regurgitation, 
moderate-to-severe tricuspid regurgitation, moderate-to-severe pulmonary hypertension with borderline 
diastolic heart failure and ejection fraction of 40-45%.  
Interventional radiology was consulted and the patient was taken urgently to the angiography suite. The 
patient was hypotensive, unresponsive to fluid resuscitation, and was on Norepinephrine intravenous infusion. 
A selective and subselective diagnostic angiography of multiple lumbar arteries were performed. He was found 
to have active extravasation into the retroperitoneum from a distal branch of right L4 lumbar artery (Figure 
1A). The artery was successfully embolized using Gelfoam (absorbable gelatin sponge) slurry and a 3 X 2mm 
Mreye pushable coil (Cook Medical, Bloomington, IN). The post embolization angiogram demonstrated total 
occlusion of the right L4 lumbar artery (Figure 1B). The patient was transferred to surgical intensive care unit. 
Interventional radiology was consulted again the next day, as the patient continued to remain hypotensive,  
unresponsive to fluid resuscitation, and required large doses of intravenous vasoactive infusions. 
An urgent triple phase CT angiography of the abdomen and pelvis was performed. No active extravasation was 
identified. However, there was interval increase in size of the retroperitoneal bleeding with increasing mass 
effect, displacement of left kidney anteriorly with collapse of the left renal vein and IVC, suggestive of 
abdominal compartment syndrome (Figure 2).  Vascular surgery was consulted for urgent evacuation of 
hematoma, however, he decided to pursue comfort measures only.  He passed away a few hours  due to 
hypotension and shock. 

Fig 1. A. Active extravasation at the distal right L4 lumbar artery (arrow).  
          B. Post embolization of L4 Lumbar Artery. 
 

Figure 2. Large retroperitoneal hematoma with displacement of right kidney, compressed 
IVC and renal vein. No active extravasation identified on delayed images. 

Abdominal compartment syndrome could be under-recognized in critically ill patients 
and its clinical manifestations could be falsely attributed to progression of primary 
illness or continuation of active bleeding2.  
The rapidly deteriorating patient with increasing intra-abdominal pressure could  
develop respiratory failure, hypotension, renal failure, and  potentially death. The 
pathophysiology of hypotension in abdominal compartment syndrome could be 
related to decreased preload of the heart (due to compression of IVC and decreased 
venous return), direct compression of the heart, or increased afterload (especially in 
the right ventricle). These patients could remain hypotensive despite successful 
embolization and fluid resuscitation3.  
Mortality for patients who have progressed to abdominal compartment syndrome is 
high, ranging from 40 to 100%.  Measurement of intra-abdominal pressure by using a 
intravesical pressure transducers is  the standard method to screen for intra-
abdominal hypertension or abdominal compartment syndrome.   
Familiarity with the clinical manifestations, and radiologic findings of abdominal 
compartment syndrome is important for  interventional radiologists, to ask for  
intravesical pressure measurements, and urgent surgical consultation  for evacuation 
of hematoma, when the patients remain hypotensive despite successful embolization 
of retroperitoneal or intraperitoneal hematoma. 
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Biliary Obstruction Secondary to Hepatic Artery Pseudoaneurysm 

Extrinsic biliary obstruction caused by hepatic artery pseudoaneurysm is a rare cause of 
obstructive jaundice with potential for significant morbidity and potentially mortality (1). 
Hepatic artery aneurysms account for up to 20% of visceral aneurysms (1).  Multiple 
etiologies for hepatic artery pseudoaneurysms have been described and include 
infection, vasculitis, autoimmune and post traumatic (2). 
 
The authors describe a rare case of rapidly enlarging multiple intrahepatic inflammatory 
pseudoaneurysms in a 21 year old male with Crohn’s disease leading to obstructive 
jaundice with subsequent biliary cholangitis, 7 days following hemicolectomy for 
descending colon perforation. The perilous location of the dominant hepatic artery  
pseudoaneurysm at the porta hepatis compressing the common bile duct led to a 
technically difficult placement of a percutaneous internal-external biliary drain to 
decompress the biliary system prior to repair of the hepatic artery pseudoaneurysm.  
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Hepatic artery pseudoaneurysms are often indolent lesions and most often asymptomatic 
(3, 4). Etiologies include iatrogenic (due to biliary or percutaneous hepatic interventions), 
trauma, infection, vasculitis and autoimmune causes (4). Very rarely, hepatic artery 
pseudoaneurysms present with biliary obstruction due extrinsic compression of the biliary 
ducts or rupture of the aneurysm into the biliary tree and occlusion of the bile ducts with 
blood clots (1). 
Key management dilemmas occur when these lesions cause obstructive jaundice with 
superimposed cholangitis. Biliary stenting prior to the surgical or endovascular intervention 
of hepatic pseudoaneurysm should be attempted first in patients without hemobilia (1). This 
is to decrease chance of hepatic abscess formation (in a possibly hypovascularized hepatic 
parenchyma) or to prevent superinfection of embolization material or stent/stent-graft.  
However, mechanical manipulation across the pseudoaneurysm sac with a wire, catheter, 
dilator, or biliary stent could potentially result in abrupt changes in the pressure of the 
pseudoaneurysm sac or inadvertent entering into the pseudoaneurysm, precipitating major 
hemorrhage or death. During PTC/PTBD procedure the Interventional Radiologist must be 
prepared for pseudoaneurysm rupture and anticipate the need for emergent arterial access, 
hepatic artery arteriogram and embolization of the pseudoaneurysm with the necessary 
equipment on standby. One safe option would be to leave an external biliary drain into a 
peripherally dilated lobar or segmental biliary duct and avoid crossing the obstructed region 
of the biliary system with a wire or catheter. This would temporary relieve biliary obstruction 
and sepsis before surgical or endovascular management of pseudoaneurysm. However, 
external biliary drains are uncomfortable for the patients, and are associated with higher 
chances of electrolyte imbalance (due to external drainage of bile) and accidental 
dislodgement.  In this case, only with minimal manipulation of the common bile duct with a 
low profile (4 Fr) hydrophilic catheter and wire, wire access was easily achieved into the 
duodenum. Extreme caution was used to exchange the wire and the lowest profile biliary 
stent was placed across the pseudoaneurysm successfully.  
 
 
 
 
 
 
 
 
 

Discussion 

A 21 year-old gentleman with past medical history of Crohn's disease with fistula formation, 
status post prior Hartmann’s procedure for sigmoid perforation presented with abdominal 
pain, fevers, chills, nausea, and vomiting.  Initial evaluation discovered a descending colon 
perforation for which he underwent a left hemicolectomy. The following day, he was taken 
back to the operating room for relook, washout, colostomy formation and abdominal wall 
closure. On post operative day 7, the patient was noted to be jaundiced with deranged liver 
function profile and a direct hyperbillirubinemia of 8 mg/dl. Right upper quadrant ultrasound 
demonstrated sludge filled gallbladder with gallbladder wall thickening. A hepatobilliary 
nuclear medicine scan was performed which did not show any radiotracer excretion after 
18 hours of radiotracer injection, suspicious for high-grade biliary obstruction.  
Subsequently, a  MRI/MRCP was performed, demonstrating a 3.4 x 2.2 cm 
pseudoaneurysm in the porta hepatis arising from the common hepatic artery, with 
resultant extrinsic compression of the junction of the right and left hepatic ducts and 
significant intrahepatic biliary ductal dilatation. A smaller pseudoaneurysm was also noted 
in the periphery of the right hepatic artery. These pseudoaneurysms were confirmed to be 
arising from the hepatic artery on further evaluation with an abdominal CT angiography. In 
addition, three additional pseudoaneurysms were identified in the peripheral branches of 
the hepatic artery: a 1.5cm pseudoaneurysm involving the anterior branch of the right 
hepatic artery, a 1.4cm pseudoaneurysm of the posterior branch of the right hepatic artery 
and a 1.0 cm pseudoaneurysm of the left hepatic artery branch. 
The patient spiked fever and developed  leukocytosis with a white cell count of 20.5k/mm3 
. Due to concerns for infectious cholangitis, Interventional Radiology was consulted. 
Decision was made to prioritize decompression of the biliary system with later 
management of the hepatic pseudoaneurysms following resolution of biliary sepsis to 
decrease chance of infectious complications such as a hepatic abscess (post 
endovascular or surgical repair of the hepatic artery pseudoaneurysms, or infection of coils 
or stent grafts).  
The patient was brought into the angiography suite and received a prophylactic dose of IV 
antibiotics as per institutional guidelines. A percutaneous transhepatic cholangiogram was 
performed, using a left hepatic approach confirming extrinsic compression of the common 
bile duct with no passage of contrast into the common bile duct or duodenum. A 6 Fr 
sheath was placed into the left main hepatic duct above the area of obstruction. Using a 4 
Fr hydrophilic Glidecatheter and a 0.035” Glidewire, the common bile duct was very gently 
interrogated. Wire access was achieved into the common bile duct, past the area of the 
pseudoaneurysm. The wire and catheter were gently advanced across the area of 
pseudoaneurysm and access was obtained into duodenum. An 8 Fr percutaneous 
transhepatic internal/external biliary drain was successfully placed.  
 
 

G. Percutaneous transhepatic cholangiography and placement of a left approach internal/external 
biliary      drain across the area of extrinsic obstruction by hepatic artery pseudoaneurysm.  
 H. CT angiography demonstrating the location of the  hepatic artery pseudoaneurysm (for comparison) 

 
A. Hepatic artery pseudoaneurysm noted on Color Doppler ultrasound of the porta hepatis.  
B. Coronal MRCP noting hypointense Pseudoaneurysm causing intrahepatic biliary dilation.   
C. 18 hour delay HIDA scan. No excreted bile in small bowel or CBD, consistent with high grade  biliary               
obstruction 

 

The patient was placed on broad-spectrum antibiotics of  vancomycin, piperacillin-
tazobactam, and metronidazole. The patient’s pain subsequently resolved and his liver 
function tests normalized.  Following resolution of sepsis, the patient was transferred to a 
tertiary liver transplant center for surgical management of multiple hepatic artery 
pseudoaneurysms.  
 

H G 

F E D 

C B A 

Symptomatic hepatic pseudoaneurysms in the setting of biliary sepsis pose a 
management dilemma. Therapeutic decisions for hepatic artery pseudoaneurysms in the 
septic context are challenging and must take into consideration the relative risks of both 
bleeding, spontaneous or iatrogenic, and infection, biliary and superimposed infection of 
vascular stent/stent-graft. A threefold therapeutic debate encompasses the necessity to 
decompress the obstructed infected biliary system, the risk of haemorrhage due to 
iatrogenic pseudoaneurysm rupture during PTC/PTBD procedure and the risk of 
exacerbating sepsis with abscess formation following insertion of a covered intra-arterial 
stent in the infected patient. Pseudoaneurysms lack a true wall and any manipulation of 
them could result in rupture and catastrophic bleeding. A meticulous careful technique is 
required to prevent inadvertent iatrogenic aneurysm rupture during placement of a biliary 
drain. Intervention for hepatic artery aneurysm is undertaken after placement of biliary 
drain, when sepsis resolves to prevent hepatic abscess or superinfection of embolization 
materials or stent grafts. 

  
 

 
D. Initial presenting CT abdomen with contrast demonstrating normal Porta Hepatis contour. 
E.  CTA abdomen obtained 11 days later demonstrating Hepatic artery pseudoaneurysm. 
F.  3D reformat CTA demonstrating multiple visceral pseudoaneurysms 
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Outline 
• Tendons 

• Distal Biceps (DBT) 
• Triceps 
• Common Flexor 
• Common Extensor 

• Ligaments 
• Ulnar Collateral Ligament (UCL) 
• Radial Collateral Ligament (RCL) 
• Lateral Ulnar Collateral Ligament (LUCL) 



Distal Biceps Tendon 
• Consists of two anatomic and functional 

subunits, though usually seen on imaging as a 
single flat, paratendon-lined, extrasynovial 
structure (DBT) with no tendon sheath.  
 

• Superficial fibers form a broad aponeurotic 
sheath (lacertus fibrosis), which sweeps across 
the antecubital fossa and blends with the 
antebrachial fascia overlying the forearm 
flexors (LF). 

• Can prevent retraction of a ruptured tendon, 
facilitating repair of chronic ruptures. 

DBT DBT 
LF LF 



Distal Biceps Tendinopathy with Bicipitoradial Bursitis 
•Caused by chronic repetitive trauma 

• Increased signal and thickening of the distal 
tendon fibers (A) 

•Treatment is conservative 

• Surrounding fluid representing 
bicipitoradial bursitis (B) 

• Bursa is posterior to DBT and anterior to 
radial tuberosity cortex. 

• Result of repetitive trauma 
• Can restrict range of motion and cause 

mass effect on adjacent radial nerve. 

A 

A 

B 

B 



• Thickened torn proximal fibers (A) 
• Thin intact remaining fibers (B) 
• Surrounding edema 

DBT High Grade Partial Tear 

• 1-2cm proximal to insertion is hypovascular and 
prone to injury 

• Smoking increases risk of tear 

A 

A 

B 
B 



Additional Findings with DBT tears 

• Associated myotendinous strain (A) 
• Tendinous laxity (B) 
• Metallic anchor related to subsequent repair (C) 

A 
B 

C 



• Tendinous laxity (A) 
• Mild edema near myotendinous junction (B) 
• Fluid in place of retracted tendon (C) 
• Remnant insertional fibers (D) 

DBT Complete Tear 

C 

A 

D 

B 

Coronal PD 



Triceps Tendon 

• The triceps muscle is composed of long, 
lateral, and medial heads, which can each be 
injured separately. 

• The only major extensor of the elbow. 

• The tendon inserts on the olecranon process 
and posterior aspect of the elbow joint 
capsule. 

• Normally has a broad & striated appearance 
on MR 



Triceps Tendinopathy & Partial Tears 

• Tendinopathy with a focal partial tear  (A) 

• High grade partial tear (B) 

• Uncommon injuries typically from 
weightlifting or motor vehicle accidents  

• Avulsion of the olecranon process is a 
common pattern 

A 

A 

B B 



• Acute avulsion of the triceps tendon from the 
olecranon process. 

• Repair needed when >50% tear. 

• Post-op appearance with metallic anchor. 

• Can be associated with triceps tendon tear 
or repetitive abrasion. 

• Normally, no fluid is seen in the bursa. 
• Olecranon bursitis with increased fluid in 

the distended bursa. 

Acute Triceps Avulsion and 
Repair 

Olecranon Bursitis 



Common Flexor Tendon 

• The flexors and pronators attach 
proximally along the medial 
epicondyle via the common flexor 
tendon. 

• Originate from the medial epicondyle 
(*), located medial and proximal to the 
Ulnar collateral ligament. 

• Normally are vertically oriented and 
appear of low signal intensity on any 
MR sequence  

Sag T2 FS 

* 

* 



Common Flexor Tendinopathy 

• Tendonopathy with increased signal and 
thickening in foot fibers (A). 

• Higher grade injury with peritendinous 
edema (B). 

A 

B 

• Overuse injury from throwing motion. 
• Pronator teres and flexor carpi radialis are 

more commonly injured followed by the 
palmaris longus. 

• Conservative treatment. 
• Imaging performed when clinical diagnosis is 

unclear or if conservative treatment fails. 

A 



• Acute muscle injury in athletes. 
• Caused by large, eccentric force while the wrist is 

resisting flexion, the forearm is pronated and 
valgus stress is applied to the elbow. 

• Sudden onset of pain and flexor weakness. 

• Acute hematoma in the Pronator teres muscle 
(A). 

• Associated strains of Brachialis (C) and Flexor 
carpi radialis (C). 

Flexor-pronator Strain 

A 

A 

B 

C 



Common Extensor Tendon 

• The extensors and supinator 
muscles of the forearm originate 
proximally along the lateral 
epicondyle via the common 
extensor tendon.  

• Should appear as a vertically 
oriented structure that is 
uniformly dark signal on all 
sequences. 



Lateral Epicondylosis 

• Cycle of repetitive microtrauma, scarring with 
incomplete healing which is susceptible to further 
and more substantial tears, leading to altered 
mechanics and worsening of symptoms. 

• Tendinopathy begins at the carpi radials brevis, 
followed by extensor digitorum communis and then 
to a lesser extent the other muscles and tendons of 
lateral compartment.  

• Diagnosis can be made clinically though due to 
broad differential of lateral elbow pain, imaging 
may be performed. 

• Treatment usually conservative. 



Common Extensor Injuries 

Partial Tear: 
- Fluid  signal disrupting tendon fibers (A) 
- Remaining intact fibers at lateral epicondyle (B) 

 
Complete Avulsion (acute): 
- Detached proximal end (C) 
- Bone and muscle edema(D) 

A 
B 

C 

D 
D 



Outline 
• Tendons 

• Distal Biceps (DBT) 
• Triceps 
• Common Flexor 
• Common Extensor 

• Ligaments 
• Ulnar Collateral Ligament (UCL) 
• Radial Collateral Ligament (RCL) 
• Lateral Ulnar Collateral Ligament (LUCL) 



Ulnar Collateral Ligament (UCL) 

• Composed of 3 bundles: anterior, posterior & transverse 
• Anterior is primary restraint to valgus stress & is seen on 2-3 

consecutive coronal images, demonstrating low signal.  
 - Can have regions of higher signal proximally due to fibrofatty slips 

• Posterior bundle has a fan-shaped configuration 
• Transverse bundle does not significantly contribute to joint 

stability. 

A 

B 

• Medial epicondyle origin with heterogeneous signal likely due to 
fibrofatty slips (A) 

• Insertion on sublime tubercle of ulna (B) 



• Intact UCL demonstrating thickening and increased signal 
proximally, compatible with sprain (A). 

UCL Injuries 
• Typically from repetitive stress such as throwing or fall on 

outstretched arm.  
•  Traumatic injuries may show an associated coronoid fracture, 

cartilage damage, bony contusion & adjacent edema. 

• Fluid signal extending outside the adjacent joint capsule 
indicates a full tear. 

• Avulsion injuries can occur proximally or distally, though most 
traumatic tears are midsubstance.    

A 



UCL Partial Distal Tear 
• Partial tears have variable appearance, 

most often seen with periligamentous 
edema and varying amount of 
increased T2 signal within the 
ligament. 
 

• Distal partial tears have characteristic 
appearance known as the “T sign”, 
which occurs when fluid or contrast 
insinuates between the partially torn 
distal fibers and the sublime tubercle. 



UCL Distal Tear 

• Full thickness distal tear with 
contrast outlining the proximal ulna 
(A). 

• Distal margin of UCL is retracted 
slightly (B). 

• Proximally, fibers are thickened and 
increased in signal (C). 

A 

B 

C 



UCL Acute Proximal Tear 

• Fluid extending deep to an an 
avulsion of the UCL from its 
proximal attachment (A). 

• Associated bone contusions, 
myotendinous strains (B) of 
extensor carpi radialis brevis & 
extensor digitorum and partial tear 
of the supinator (C). 

A 

B 

C 



UCL Surgical Reconstruction 

• Aka Tommy John Surgery 
• Uses a tendon graft to replace function of torn UCL 
• On MR, graft usually appears thick due to double 

bundle technique and can have increased signal 
within due to granulation tissue and suture 
material.  Signal most often resolves over 6 months 
but may persist proximally. 

• Graft should remain taut with redundancy or 
waviness suggesting possible partial tear 



Ulnar Neuritis 
• Increased T2 hyperintense signal and thickening of the ulnar 

nerve. 
• The posterior bundle of the UCL forms the floor of the 

cubital tunnel through which the ulnar nerve travels. 
• Caused by forces between the floor and medial epicondyle. 
• Treatment usually conservative though can be surgically 

treated if severe. 

Sag T2 FS 



Radial Collateral Ligament (RCL) 

• Originates at the lateral 
epicondyle (A) 

• Inserts on the annular ring (B) 
• Resists varus stress 

A 

B 



RCL sprain 

• Intact RCL with the proximal 
aspect of the ligament 
appearing thickened and 
increased in signal. 



RCL Tear 
• Complete proximal tears of the RCL 

with fluid extending deep to the 
torn proximal ligament (A). 

• Calcification at the proximal torn 
RCL (B). 

A B 

A A 

B 



Lateral Ulnar Collateral Ligament (LUCL) 

• Originates from the more posterior 
aspect of the lateral epicondyle, courses 
posterior to the radial head, and inserts 
on the supinator crest of the ulna. 

• Should appear taut and have 
homogeneous signal. 

• Not always completely visualized on non-
arthrographic MR. 

•  Part of the lateral complex and resists 
posterolateral rotation. 



LUCL Injuries 

Lax appearance of the LUCL as it 
courses posterior to the radial neck and 
increased signal proximally, compatible 
with partial tear.  

• Typically secondary to a fall on an outstretched hand and 
abducted shoulder where there is traumatic 
subluxation/dislocation of the radiohumeral joint. 

• Closely associated with RCL injury. 
• Laxity in this ligament distally near the ulnar insertion 

may allow for ulnohumeral rotation/subluxation and 
possible dislocation. 

• In the setting of LUCL injury, the annular ligament and 
radioulnar joints will remain intact. 

• Posterolateral instability can occur with chronic or 
recurrent injury. 
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Introduction 
Ovarian malignancy makes up approximately 6% of  all female malignancy 
with ovarian epithelial tumors accounting for the majority of  all ovarian 
tumors 

Ovarian epithelial tumors (OET) represent a spectrum of  benign and 
malignant tumors with each subtype discussed individually 

Teaching Objectives 
1) Review the pathophysiology and epidemiology of  OET 

2) Focused discussion of  serous, mucinous, endometrioid, clear cell, Brenner 
and borderline tumors through US, MRI and CT examples 

3) Review of  metastatic patterns, e.g. psammomatous calcific metastases with 
serous tumors compared with pseudomyxoma peritonei of  mucinous tumors  

4) Discuss current ACR imaging appropriateness criteria with focus on 
indeteriminate complex solid mass that is persisting or enlarging on short-
term follow-up 



Epithelial Ovarian Tumors 

Primarily cystic 

When malignant, have varying 
degrees of  solid components 

Papillary projections 

Distinctive feature of  epithelial 
tumors 

Highly suggestive of  borderline 
(low malignant potential) or 
malignant tumor 

Prevalence increases with age, peaks 
at 6th-7th decades 

 

Benign Epithelial tumor Epidemiology 

Serous Cystadenoma 60% of  ovarian serous tumors 
 

Mucinous Cystadenoma 20% of  benign ovarian tumors, 
80% of  mucinous tumors 

Borderline Tumors * 15% of  patients with ovarian 
neoplasm 

Brenner Tumor ~2.5% of  ovarian epithelial 
neoplasms 

Malignant Epithelial tumor Epidemiology 

Serous Cystadenocarcinoma 60-80% of  all malignant ovarian 
tumors, 25% of  serous tumors 

Mucinous 
Cystadenocarcinoma 

5-10% of  all mucinous ovarian 
tumors 

Endometroid 8-15% of  all ovarian carcinomas 

Clear Cell 2-5% of  all ovarian carcinomas 

*Low malignant potential 



Benign OET: 

Unilocular 

Thin wall or 
septations (<3 mm) 

Size <4 cm 

60% of  epithelial 
tumors are benign 

 

Malignant OET: 

Papillary projection 
Distinctive feature 

Thick, irregular wall or 
septations (>3 mm) 

Large soft tissue mass 
with necrosis 

Peritoneal implants, 
pelvic wall invasion, 
adenopathy 

Ascites  

40% of  epithelial tumors 
are malignant or 
borderline 

 



Serous vs. Mucinous Tumors 
Serous  

More common 

Unilocular 

Smaller than mucinous at presentation 

More likely malignant 

40% malignant 

May be bilateral 

Calcification common (psammomatous) 

Peritoneal carcinomatosis 

Mucinous 

Less common 

Multilocular 

Larger than serous at presentation 

Less likely malignant 

20% malignant 

Rarely bilateral 

Calcifications rare  (linear) 

Pseudomyxoma peritonei when ruptures 



Serous Cystadenoma 
Most common benign epithelial neoplasm. 
Accounts for 60% of  ovarian serous 
tumors 

Usually thin walled, unilocular, and simple 
in appearance containing serous fluid 

Can mimic a physiologic cyst 

May evolve into serous borderline tumors 
and invasive carcinoma 

US – Anechoic unilocular adnexal lesion. 
Occasional septation. No flow on color 
Doppler 

CT – Homogenous low attenuation. Cysts 
may be large filling pelvis 

MRI – Possible ‘beak’ sign indicating ovarian 
origin. T1 hypointense. T2 hyperintense. 
Smooth enhancement of  cyst wall with 
gadolinium (Gd) contrast 

 
 

21 y.o. female  

 



T1 

T2 

T1 FS +Gd 

PET/ 
CT 

Ex. 2 



Serous Cystadenomas 

Serous tumors are more 
commonly bilateral 

15% 

Ex. 3 

 



Serous  
Cystadenocarcinoma 

Metastatic lesions may be calcified and subtle! 
Can be detected with CT in approximately 12% of  tumors  



Serous Cystadenocarcinoma 
Accounts for 60-80% of  all malignant ovarian tumors, 25% of  serous 
tumors. Peak 6th – 7th  decade of  life 

Mixed solid/cystic masses, multilocular and frequently bilateral 

Psammoma bodies (microscopic calcifications) on histology of  primary 
tumor and metastases. Psammomatous calcifications seen on CT in 
12% of  tumors and metastatic implants may calcify 

US – Complex solid-cystic mass with heterogeneous echogenicity. 
Papillary projections, thick septations/solid components. Ascites in pelvis 
concerning for peritoneal metastatic spread. Vascularity of  solid 
components on color and spectral Doppler 

CT – Enhancing septations, may have calcifications, but finding is 
nonspecific. Useful for staging assessing lymphadenopathy, peritoneal and 
distant metastasis 

MRI – Cystic components – high T2, low T1 signal. Solid components – 
intermediate T1/T2 signal, restricted diffusion and gadolinium 
enhancement 



46 y.o. female with 
h/o breast CA… 

Case 



Mucinous  
Cystadenoma 

Less common than serous tumors 

Peak incidence 30-50 years of  age 

Almost always multilocular  

Often large at presentation, may be 
enormous 

Rarely bilateral 

May have mural calcifications 

US – Multilocular with numerous thin 
septations. Mucin in varying concentrations in 
these loculations cause various degrees of  
echogenicity and scattered, low-level echoes 

MRI – Variable T1/T2 signal intensities of  loculi 
due to various concentrations of  mucin or 
hemorrhage  gives “stained glass” appearance 

 



53 y.o. female with 
abdominal distension… 

Case 



Mucinous 
Cystadenocarcinoma 

 

 

Rare, only 5-10% of  all mucinous ovarian tumors 

Often quite large, multilocular with thin septations 

May have solid components 

Mucinous tumors have variable density and signal 
intensity due to proteinaceous, hemorrhagic, mucinous 
components 

Pseudomyxoma peritonei when rupture 

US – Multilocular with numerous thin septations. Some 
locules anechoic, others with scattered low-level echoes 
consistent with proteinaceous content, hemorrhage or 
cellular debris. Mural thickening and solid components  

CT – Some locules high attenuation due to high protein 
mucin 

MRI – T1: variable low or intermediate signal depending 
on mucin content, T2 – variable intermediate or high 
signal depending on mucin content  

Note diagnosis can only be suggested not made based on 
imaging features alone 

 



Differentiating feature: 
 May have areas of  intrinsic 

T1 hyperintensity due to 
mucin content =  

“stained glass” appearance 

T1 

T1 FS 

T2 sag 

T1 FS 
+Gd 

19 y.o. female with 
mucinous 

cystadenocarcinoma 

Ex. 2 



Borderline 
Epithelial Tumors 

Epithelial tumors of  low malignant 
potential 

Usually in younger patients 

Better prognosis than ovarian carcinoma 

Potential for ovarian/uterine sparing 
surgery 

Noninvasive – usually multiloculated with 
thickened walls, endocystic vegitations 
and focal cystic wall masses. Significant 
solid components  may be round nodules, 
plaque like thickening or branching 
papillary fronds. 

Solid components are smaller and 
septations are thinner in borderline 
tumors compared to stage I ovarian 
disease, but neither feature is a reliable 
distinguisher between these entities Borderline mucinous tumor 

 



Borderline 
Epithelial Tumors 

Distinct histologic subtype of  epithelial 
ovarian tumor occurring in 
approximately 15% of  patients with 
ovarian neoplasm 

Difficult to distinguish from stage I 
ovarian neoplasm 

Not typically diagnosed preoperatively 
Lack clearly benign imaging features 

Can suggest in younger patient with 
normal or only slightly elevated CA-
125 levels 

MRI – Solid components often 
demonstrate T1 and T2 intermediate 
signal intensity. Early enhancement of  
walls and septations, although contrast 
not particularly useful to distinguish 
borderline from stage I disease 

Borderline serous tumor 

 



54 y.o. female, 9 cm mass: Borderline mucinous tumor 

23 y.o. female, 14 cm mass: Borderline mucinous tumor with 
intraepithelial carcinoma and microinvasion 

Borderline Mucinous Tumors: Additional Examples 



51 y.o. postmenopausal female with 
a 7.0 cm adnexal mass incidentally 

discovered during US 

Case 



Endometrioid Carcinoma 
Almost always malignant 

Second most common malignant epithelial tumor 
accounting for 8-15% of  all ovarian carcinomas 

Most common malignant neoplasm to arise from 
endometriosis 

Bilateral in 30-50% 

Nonspecific appearance – Variable solid and cystic 
components. Occasionally completely solid 

Synchronous endometrial carcinoma or hyperplasia in 1/3 
of  cases – independent primary lesion 

US – Complex solid-cystic lesions with intracystic solid 
components.  

CT – Large bilateral complex cystic mass with solid 
components 

MRI – T2 – low signal of  tumor wall. May have shading 
sign. Peripheral nodular enhancement with gadolinium 

 

 



Right ovarian endometrioid carcinoma, 
synchronous endometrial carcinoma (arrows) 

Differentiating feature: 
Associated with 
synchronous endometrial 
hyperplasia or 
endometrial carcinoma 
in up to 30% 

Ex. 2 



Ex. 3 

54 y.o. female with right endometrioid 
carcinoma, associated endometriosis 

on pathology 



Case 

50 y.o. female with h/o 
endometriosis… 



Clear Cell 
Carcinoma 

Always malignant but better prognosis – majority stage 1 
disease at diagnosis. 

2nd most common malignant neoplasm to arise from 
endometriosis. 

Account for 2-5% of  all ovarian carcinomas. 

Often mimics a borderline serous tumor or serous 
cystadenocarcinoma. 

Comprise a large unilocular cystic mass with protruding 
solid nodules. Solid protrusion are often round and few 
in number. 

CT – Large unilocular mainly cystic, smooth mass with 
lumen protruding solid portion and high attenuated cystic 
portion. 

MRI – T1 signal ranges from low to very high depending on 
hemorrhagic components. 

US – Solid protrusions may have detectable flow on color 
and spectral Doppler. 

 

Clear cell carcinoma arising in an 
left ovarian endometriotic cyst 

 



Brenner Tumor 
Almost always benign and usually small <2 cm 
in size 

Composed of  transitional cells with dense 
stroma. Lack of  local invasion, 
lymphadenopathy, ascites or metastasis 

Extensive amorphous calcification is 
characteristic within the solid component 

Usually demonstrate only mild-moderate 
enhancement 

Associated with another epithelial ovarian 
neoplasm of  either the ipsilateral or 
contralateral ovary in 30% of  cases 

US – Hypoechoic solid mass, 50% have 
calcifications 

CT – Solid mass. Mild-moderate enhancement. 
Calcifications 

MRI – T2 hypointense due to predominant 
fibrous content 

 

 

Courtesy of  Mindy Horrow, MD, FACR 

 



Peritoneal Metastasis 
Omental and mesenteric deposits range from nodules to strands of  soft 
tissue to marked omental thickening and caking. This may obscure the 
normal fat plane between the intestine and abdominal wall 

Larger peritoneal implants present as discrete nodules/plaques projecting 
from the peritoneal surfaces and may enhance 

Preferred sites of  peritoneal implants include the cul de sac, infundibular 
ligaments, omentum, right paracolic gutter and undersurface of  the right 
hemidiaphragm. This distribution is due to pattern of  peritoneal fluid 
circulation. Other areas also involved include Morison's pouch, hepatic 
surface, porta hepatis, intrahepatic fissure and bowel mesenteries 

May manifest as ascites. Fluid often in both greater and lesser omental sacs. 
Adhesions may cause areas of  loculated ascites 

Serous cystadenocarcinoma peritoneal metastasis may calcify 

Nodular tumor implants of  the right hemidiaphragm parietal pleura may 
simulate capsular or parenchymal hepatic metastases 

Bowel obstruction may occur in advanced disease if  invasion of  the bowel 
wall occurs 



Peritoneal Metastasis 

64 y.o. female – Low-grade serous papillary carcinoma with psammomatous calcifications. 
Initially diagnosed as perforated colon with extraluminal barium from barium enema at outside institution 



Biopsy-proven 
peritoneal, omental, 

and mesenteric 
serous carcinoma 

with 
psammomatous 

calcifications 
(arrows) 

Pitfall: Could be 
misdiagnosed as 

either oral contrast 
or granulomatous 

disease, reformatted 
images and bone 

windows often help 

Use reformats! 



Diffuse calcified metastases typical of  
serous cystadenocarcinoma 

Ex. 2 



Omental carcinomatosis and 
large bowel obstruction… 

…secondary to metastatic left ovarian 
serous cystadenocarcinoma 



Omental Carcinomatosis: Another Example 

67 y.o. female with omental 
carcinomatosis (“omental 

cake”) secondary to metastatic 
ovarian carcinoma 



Peritoneal Metastasis  
Pseudomyxoma Peritonei 

Complication of  mucinous tumors 

Implants of  mucinous tumor on the 
peritoneal surface 

Mass effect and scalloping 

Gelatinous material fills the pelvis as a 
consequence of  ruptured mucinous 
cystadenocarcinoma, cystadenoma of  ovary 
or appendix. Often difficult to determine site 
of  origin 

CT – Diffuse intra-peritoneal hypoattenuating 
material that may contain septa and cause 
scalloping of  the liver or splenic margin. 
Septae enhance on contrast enhanced images 
and may contain calcifications. 

Less commonly can appear as discrete 
hypoattenuating masses 

Limited treatment options 
 

Courtesy of  Mindy Horrow, MD, FACR 

 



Ultrasound is the imaging modality of  choice for the initial evaluation of   a clinically 
suspected adnexal mass with a rating of  9 

 

 

 

 

 

 

 

 

CT is the current imaging modality of  choice in the preoperative evaluation and staging of  ovarian 
cancer and has been validated as an accurate method to predict successful surgical cytoreduction.  

PET has a rating of  8 for evaluating for recurrent ovarian cancer but only a 4 for pre-treatment 
staging, and a 2 (as above) for tissue characterization. However CT still has a higher rating of  9 for 
evaluation of  recurrent tumor 

 

ACR Appropriateness Criteria 



Summary 
OVARIAN EPITHELIAL 

TUMOR 
CHARACTERISTICS 

Serous Cystadenoma Thin walled, unilocular, smaller than mucinous at 
presentation. May be bilateral 

Serous  
Cystadenocarcinoma 

Mixed solid/cystic masses, multilocular and frequently 
bilateral. Psammomatous calcifications. Metastasis may 
calcify 

Mucinous Cystadenoma Multilocular, large at presentation. Rarely bilateral. May 
have mural calcification 

Mucinous  
Cystadenocarcinoma 
 

Large, multilocular with thin septations, Solid components. 
Pseudomyxoma Peritoneii when rupture 

Borderline Tumors Noninvasive – usually multiloculated with thickened walls 
endocystic vegitations and focal cystic wall masses 

Endometroid Variable solid and cystic components. Occasionally 
completely solid. Synchronous endometrial carcinoma or 
hyperplasia 

Clear Cell Large unilocular cystic mass with protruding solid nodules. 
Can mimic borderline serous tumor 

Brenner Small, <2 cm in size, solid, amorphous calcification. 30% 
associated with another epithelial ovarian neoplasm 
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1. Infection and Inflammatory lesions of the abdominal 

wall. 

2. Abdominal wall hernias, portosystemic collateral 

pathways and abdominal wall medical foreign bodies. 

3. Blunt abdominal wall trauma.  

4. Tumors and tumor mimics 

 

 

OVERVIEW 



Infection and inflammation of the 
abdominal wall 

• Infection presents with similar characteristics to that seen in the extremities.  

• Cellulitis is a clinical diagnosis with imaging performed to assess for complications such as 

abscess. 

• There is soft tissue edema and stranding which obliterates surrounding fat planes.  

• Gas in the soft tissue raises suspicion for necrotising fasciitis particularly in the 

immunocompromised patient 

• Imaging plays a limited role in evaluation of necrotising fasciitis and should not delay tissue biopsy 

• CT – soft tissue gas with fluid collections of the deep fascia. Fascial thickening and fat stranding. 

Edema of intramuscular septa and muscle. Abscesses may be seen.  

• MRI – modality of choice – T1 loss of muscle texture. May demonstrate high T1 signal suggesting 

intramuscular hemorrhage.  

• T2 – intramuscular edema in  a reticulated pattern and subfascial and interfascial crescentic fluid 

collections. 

• Inflammatory lesions include injection site granulomas and fat necrosis 



Injection granuloma 
Well circumscribed slightly 
hyperechoic lesion in the 
subcutaneous soft tissue. 

Increased echogenicity may 
be due to internal 

calcification 

Injection sites may calcify 

• Localised granulomatous 

reaction to injection material. 

• Variable US appearance 

ranging from hypoechoic ill 

defined lesion with peripheral 

hyperemia to a well defined 

mass with variable 

calcification. Variable degree 

of posterior acoustic 

shadowing. 

• Well defined subcutaneous 

dense lesion, variable 

calcification 



Abdominal hernias 

• Epigastric hernia – defect ventrally through the linea alba superior to the 

umbilicus – usually fat containing. 

• Incisional hernia – most commonly with previous laparotomy scar,  

• Maydyl hernia – two small bowel loops within a single hernial sac 

• Parastomal hernia – protrusion of abdominal  contents through an abdominal wall 

defect in the vicinity of the stoma 

• Paraumbilical hernia – near umbilicus 

• Umbilical hernia  - most common ventral abdominal hernia. High rate of 

strangulation  and incarceration of bowel  

• Richter hernia – abdominal wall hernia where only a portion of the bowel wall is 

herniated – terminal ileum most common 

• Spigelian hernia – lateral ventral hernia along the semilunar line resulting in 

herniation between the muscles of the abdominal wall.  



• Femoral hernia – exit below the inguinal ligament and caudal to the emergence of 

the inferior epigastric vessels. Protrusion through the femoral ring into the 

femoral canal posterior and inferior to the femoral canal.  Increased prevalence in 

females. Can compress the femoral vein. Lateral to the pubic tubercle.  

• Amyand hernia – inguinal hernia containing the appendix 

• DeGarengeot hernia – femoral hernia containing the appendix 

• Pantaloon hernia- ipsilateral concurrent direct and indirect hernias 

• Littres Hernia – contains a meckels diverticulum – blind ending tubular structure 

arising from the antimesenteric border of small bowel and extending into inguinal 

sac 

 

 



Inguinal hernias 
81 Yr old female with direct and indirect 

hernias 

• Direct – hernia through a weakness of the posterior 

wall of the inguinal canal medial to the epigastric 

vessels – through hesselbachs triangle 

• Most often acquired. Often bilateral, less prone to 

strangulation due to wide neck. Inguinal canal us 

usually compressed or displaced 

• Indirect – arises through the deep ring of the 

inguinal canal.  - lateral and superior to the inferior 

epigastric vessels. Most common type of 

abdominal hernias. 

• Males – enter the canal anterior to the spermatic 

cord and may extend through the external inguinal 

ring to the scrotum 

• Females – tend to follow the round ligament into 

the labia majora 
 

 

Fat containing right 
direct inguinal hernia 

Small bowel containing left 
indirect inguinal hernia 



79 yr old male with 
reducible scrotal mass 

Large bowel containing 
indirect hernia 



Spigelian hernia 
• Spigelian hernia – herniation between the muscles of the anterior abdominal along 

the semilunar line. 

• Account for approximately 1% of hernias 

• Can be congenital or acquired 

- when congenital look for cryptorchism 

- Hernia through spigelian fascia between the lateral border of the rectus abdominal 

muscle and semilunar line, through the transversis abdominis aponeurosis. 

- May not cause noticeable bulge in the abdominal wall as it is deep to the muscle 

- Us can be used for verification of spigelian hernia 

- CT better delineates  anatomy on contents of the sac 

 

 



50 yr old Female with right 
lower abdominal pain  

Spigelian Hernia Also a Richters hernia – 
hernia contains anterior 

wall of a small bowel 
loop 

Herniation between the muscles of the 
anterior abdominal along the semilunar 

line 



 69 yr old male with 
right flank/abdominal 

pain 

Richter  Hernia 

Herniation of a portion of the large 
bowel through a defect in the 

abdominal wall 



Same patient also noted to 
have  a left small bowel 

containing inguinal hernia 



79 yr old female with left 
lower quadrant colostomy 

and parastomal hernia 

32 yr old female right lower 
quadrant ileostomy and 

parastomal hernia 

Stomal orifice 

Parastomal Hernia 



Lumbar hernia 

Incarcerated Superior lumbar hernia in 
an 84 yr. old male patient who presented 
with abdominal distention and elevated 
lactate 

Occur through defects in the lumbar 
muscles and posterior fascia. 
 
Two Anatomical Subtypes: 
1) Superior Lumbar hernia – Grynfeltt-

Lesshaft hernia (Most Common) 
• Through the superior Lumbar triangle 

 
2) Inferior Lumbar hernia – Petit hernia 
• Through the inferior lumbar triangle. 
 
Congenital – 20% - may be associated with other 
malformations 
 
Primary acquired lumbar hernias – 55% - spontaneous. 
 
Secondary acquired – 25%. Trauma, surgical lesions, 
infections, hematoma 

 
May contain intra or retroperitoneal 
organs: 
Stomach, Small + large bowel, 
Mesentery, ovary, spleen and kidney. 



Incarcerated Superior 
Lumbar hernia with LBO 

Bilateral superior Lumbar hernias, left 
bowel containing, right fat containing 

Air fluid level in 
a left lumbar 

hernia 

Large Bowel Pneumatosis 



76 yr old male, 
incidental finding 

85 yr old female, incidental finding 
Fat containing 
lumbar hernias 



44 yr old male, 
incidental finding 

Amyand Hernia 

Right indirect inguinal 
hernia containing a 

normal appendix 



67 yr old male with right 
irreducible groin mass 

Femoral Hernia 

Mass effect with flattening of 
the right common femoral vein 

Ultrasound – assess space medial to 
femoral vein. Valsalva can 
accentuate the hernia. 



Abdominal wall Venous   
collateral pathways 

• Most frequently occur as porto-sytemic 

shunts in the setting of portal 

hypertension. 

• Anterior abdominal wall collateral 

pathway: paraumbiliacal and omental 

veins to subcutaneous periumbilical 

veins inferior eigastric and superior 

epigastric veins.  - Caput medusae 



Abdominal wall medical 
foreign bodies 

Peritoneal dialysis catheter 

Cardiac pacemaker In the 
region of left rectus muscle 

Baclofen Pump 



Rectus sheath hematoma 
• Often self limiting. Most often occurs in the lower segment.  

• May present with acute on chronic abdominal pain with abdominal tenderness and guarding. If 

large can cause hypovolemic shock 

• Rupture of epigastric vessels or shearing/tearing of rectus abdominis fibers. 

• Etiology includes coagulopathy, vascular disease, trauma and iatrogenic causes. 

• US – heterogeneous muscle echotexture 

• CT – high attenuation on unenhanced images, Does not enhance. 

 

• Type 1 – Small and confined to the rectus muscle, Does not cross the midline or dissect fascial 

planes.  

• Type 2 – can dissect along the transversalis facial plane or cross the midline 

• Type 3 – Large, usually below the arcuate line. Can present with evidence of hemoperitoneum and 

or blood in the prevesical space of retzius. 



59 yr old female with enlarging painful 
abdominal mass 

Rectus Sheath 
Hematoma 



82 yr old male on coumadin. 
Abdominal pain 

Rectus Sheath 
Hematoma 84 yr old Male with 

abdominal pain 

Acute on chronic hemorrhage 
with layering hematocrit 

Type 1 rectus sheath hematoma - 
confined to the right rectus muscle, 

Does not cross the midline  



Subfascial 
Hematoma 

Uterus 

Bladder 

Subfascial hematoma in a 
25 yr. old female 4 days post 
C-section who presented 
with abdominal pain 

Extraperitoneal hemorrhage into the prevesical 
space following cesarean section arising from 
the inferior epigastric vessels and their 
branches 
 
Key Landmark – Rectus Abdominis muscle 
 
Hemorrhage is posterior to the rectus and 
transversalis muscles in the space of Retzius 
 
Ultrasound features – cystic/complex 
collection anterior to the uterus. 
 
CT – high attenuation mass anterior to bladder 
with surrounding fat stranding 
 
Emergent Diagnosis as acute hemorrhage can 
collect >2L of blood before palpable abnormality 
and potential for large volume blood loss. 

Rectus 
Abdominis 



35 yr old female with abdominal 
pain 3 days post C-section 

Subfascial 
Hematoma 

29  yr old female with persistent  
abdominal pain 4 days post C-

section 

Rectus sheath 
Hematoma 

Subfascial hematoma 
posterior to the rectus muscle 

High attenuation mass anterior to 
bladder with surrounding fat stranding 

Uterus 

Uterus 



87 yr old male with a 
history of trauma three 

months prior  

Morel-lavallée 
lesion 

• Traumatic separation of skin and subcutaneous fatty tissue 

from underlying fascia. . 

• Present as hemolymphatic masses. Typically occur over the 

greater trochanter but can occur over the lumbar region.  

• Critical diagnosis as they can expand with hemorrhage 

or  become superinfected and form abscess.  

• Collection may spontaneously resolve or become 

encapsulated and persistent.  

• Typically oval in shape and adherent to underlying fascia 

when chronic.  

• Ultrasound – Anechoic/hypoechoic +/- internal debris 

and fat globules. Capsule may be seen.  

• MRI – Variable fluid signal intensity based on make 

up. +/- Fluid-fluid level. Clearly delineates fascia 

• Treatment is surgical and drainage once these become 

encapsulated.  

• May recur then requiring capsule resection 

Encapsulated Morel-
Lavallée lesion adherent 

to underlying fascia 



43 yr old female with abdominal 
discomfort, prior C-section 

Abdominal Wall Endometrioma 

Incision Endometriosis 

Caused by implantation of endometrial stem cells 
in the caesarean section abdominal wall incision 
site occurring at the time of uterine surgery 
Can occur within the skin, soft tissue, rectus 
sheath and muscle in the abdominal wall.  
 
Presentation – pain(sometimes cyclical), 
elevated hypertrophied scar +/- 
hyperpigmentation. 
 
Ultrasound- Heterogeneous echotexture nodule 
with irregular borders. Contains internal 
hyperechoic echoes with a hyperechoic ring 
 
CT- well defined enhancing nodule with 
surrounding  fat/soft tissue stranding 
 
MRI- Most specific – Follow Endometriosis signal 
characteristics 
 



35 yr old female with cyclical abdominal pain 

50 yr old female with 
lower abdominal pain 

and palpable lesion 

CT C+: well defined enhancing nodule  

Incision 
Endometrioma 

US- Heterogeneous 
though predominantly 
hypoechoic lesion with 

irregular borders in the 
midline adjacent to                 

C-section scar 



Abdominal Wall 
lipoma 

Lipoma may occasionally be 
visable on the scout image if large 

No flow on color Doppler 

Simple fat attenuation lesion. 
May have a thin capsule 



Abdominal Wall Implants 

• May occur via hematogenous spread of metastasis or direct 

seeding of an incision site at the time of surgery. 

• Most frequently lung, breast, melanoma and renal cell carcinoma. 

• May present as a painful palpable mass.  

• Usually highly vascular, well defined and avidly enhance. 

• Oflen have similar characteristics of primary tumor. 

• May have central necrotic component.  

• Ovarian or colonic/GI mucinous tumors implants may calcify 

 



Omental 
implant 

Abdominal wall metastatic 
implants 

Metastatic gallbladder 
adenocarcinoma 

Adenocarcinoma 
tumor implant 

67 yr old male with 
metastatic adenocarcinoma 

66 yr old male with metastatic gallbladder cancer 



Desmoid tumor 
• Benign fibroblastic tumors. Locally invasive and frequently recur  

• Exact etiology unclear. Frequently associated with trauma or surgical 

incision 

• US – homogeneously hypoechoic masses. Similar appearance to muscle. 

May be lobulated and show vascularity on color Doppler US 

• CT – usually well circumscribed, occasionally ill defined margins. Most 

homogeneously hyperatenuating compared to soft tissue and 

demonstrate enhancement.  

• MRI – T1 low, T2 high. Variable gadolinium enhancement 

• High recurrence rate 



39 yr old female with 
infraumbilical pain 

19 yr old female, 
incidental finding  
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• Describe creation of a culture of appreciative enquiry 
 

• Learn about a single institution’s experience in 
providing faculty with understanding of academic 
appointment and promotion process 
 

• Demonstrate how demystification and open discussion 
of expectations of scholarship lead to increased 
academic activity and promotions 



• Lack of mentoring and poor understanding of what 
constitutes scholarly activity are well recognized 
barriers to promotion.  
 

• Institutional failures to stress the importance of and 
the mechanism to academic advancement create an 
environment where clinical productivity prevails over 
academic endeavors.  
 

• With a new institutional focus on developing a regional 
and national academic footprint, departments have 
attempted to encourage this culture through a variety 
of grassroots movements. 



• The Baystate Healthcare system is comprised of four 
hospitals and multiple outpatient centers. The main 
hospital is a 716 bed independent academic medical 
center newly affiliated with the University of 
Massachusetts Medical School (2015). 
 

• In 2016, 450,000 imaging studies were performed. 
 

• Similar to many community radiology practices, 
emphasis was primarily focused on interpreting studies 
and meeting hospital metrics.  The result was a loss of 
scholarly culture and lack of academic promotions. 



• The clinical focus of the institution, lack of academic 
infrastructure, and failure to encourage a culture of 
appreciative enquiry lead to a lack of academic output 
from the members of the radiology department. 
 

• Department chairs were not academic chairs and there 
was no infrastructure to guide faculty toward 
promotion. 
 

• The “benign neglect” of academic career development 
and promotion to senior rank lead to a lack of scholarly 
interest. 



Common obstacles encountered by junior faculty 
interested in academic promotion to senior rank 
include: 
1. RVU focused service effort- junior faculty  often feel 

pressured to meet or exceed group RVU metrics to 
produce a positive impression. This RVU focused 
approach diverts attention away from scholarly 
activity. 

2. Lack of guidance (mentorship) can prevent junior 
faculty from meeting or even establishing research 
goals and hinder career development.  

3. Lack of understanding of mentorship, sponsorship 
and strategic career planning. 

 
  



 
• Baystate became the first regional campus of the 

University of Massachusetts Medical School in 2015. 
 

• 10 academic departments were created on the Baystate 
campus. 
 

• Chairs became clinical and academic chairs. 
 

• Offices of Faculty Affairs (OFA) and Research were 
developed. 
 

• Each department formed a Departmental Personnel 
Action Committee tasked with initial academic 
appointments and promotions. 



 
• The Office of Faculty Affairs led efforts to educate all faculty on 

the appointments and promotions process. 
• Importance of academic advancement to senior rank was 

emphasized hospital wide. 
• Workshops on CV preparation were held for all departments. 



 
• Additional Efforts within the department of Radiology to supplement 

the efforts of the OFA: 
– Ongoing faculty development sessions were held, including discussion of 

definitions of academic rank and promotion to senior academic rank 
(Assoc. Prof and Prof). 

– Creation of a mentorship network.  
– Career development workshops. 
– Workshops to improve skills in teaching. 
– Research committee development. 
– Project piloted with female faculty and trainees. 

 
 

 
  



• Mentor Network 
 

• Career Development Workshops 
 

• Research Committee 
 

• Teaching workshops 



 
• The mentor network provided mentees with 

an advisor who had previously navigated the 
academic career advancement pathway and 
would be a valuable source for information 
and guidance.  
 

• Mentors benefited by having additional 
assistance when it came to pursuing ongoing 
research initiatives.  
 



When establishing a potential 
mentor/mentee relationship high priority 
was placed on: 

1. Accessibility. 
2. Open communication.  
3. Clearly defined roles for the 

mentor and mentee. 
4. Establishment of career 

benchmarks. 



• The career development workshops focused 
on curriculum vitae development.  

• Specific attention was placed on identifying 
scholarly activity that is often disregarded as 
routine clinical work, such as educational 
lectures and committee appointments. 

• Non-traditional scholarly activities such as 
national reputation related to volunteerism 
and committee work were addressed.  
 



• Emphasis was placed on explanation of the 
value of a CV, it’s role as the currency of 
academic advancement and the importance 
of gap analysis to identify areas for 
development. 
 



The teaching workshops provided: 
• Feedback on how to create a teaching 

portfolio. 
• Best practices in teaching techniques, 

PowerPoint slide creation, lecture content. 
• One on one meetings (if requested) with 

faculty to review lectures undergoing 
development.  



• A research committee was established  to work with 
faculty and residents in fostering research 
initiatives.  
 

• Information was provided explaining available 
resources obtained from the new affiliation with the 
University of Massachusetts Medical School.  
 

• Documents were provided detailing conference 
dates, abstract submission deadlines, and ongoing 
and potential research projects.  
 



• Demystification of the process of research, IRB 
submission, and abstract and manuscript preparation  
was a significant focus of the committee. 

• A focus was placed on the value of educational exhibits, 
regional and national curriculum development, and 
regional and national policy creation. 

• The importance of developing a regional and national 
reputation by committee work, often involving 
committee publications was stressed. 

• Collaboration with departmental mentors on 
manuscripts and research projects was also 
emphasized. 



• The group contained a total of 30 radiologists and 5 
radiation oncologists. In the three years prior to 
implementation of the program, there were a total of 
26 Assistant Professors, 1 Associate Professor, 1 
Clinical Associate Professor, and 2 Clinical Instructors 
with no promotions in the prior 36 months.  
 

• 1 year after the implementation of the career 
development curriculum, four physicians were 
promoted; three were promoted to Clinical Associate 
Professor and one to Associate Professor.  

 



• Scholarly activity and regional and national level 
committee membership substantially increased 
during the course of the year. 

• National level committee membership increased from 
9 to 23, with new faculty on committees. 

• National level committee leadership positions 
increased from 0 to 5.  

• Peer reviewed publications increased from 42 (in prior 
15 years) to 11 (1 year). 

• Invited presentations increased from 50 (in prior 15 
years) to 46 (1 year). 



                  
Faculty**          #1          #2          #3           #4          #5          #6          #7          #8 
Local leadership roles 4 1 2 0 0 0 5 3 
Leadership role national committees 0 0 0 0 0 0 0 0 
National committees 6 3 0 0 0 0 0 0 
Publications 12 2 11 1 2 11 1 2 
Abstracts 47 0 13 1 1 20 10 2 
Presentations 7 4 19 1 1 10 3 5 
Promotions 1 0 0 0 0 0 0 0 
Awards 5 0 3 0 1 1 0 0 
Editorial boards/reviewer 4 0 0 0 0 0 0 0 
Books/chapters 4 0 0 0 0 0 0 0 

                

Data over all years preceding affiliation (>15 yrs) 
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Development of an atmosphere of appreciative enquiry 
coupled with departmental and institutional 
infrastructure and support for academic career 
advancement are crucial to moving the cultural needle 
from a community based, RVU driven environment to 
one of balanced clinical work and academic productivity. 
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Non-hemorrhagic adrenal infarction in 
pregnancy: Magnetic resonance 

imaging and computed tomography 
evaluation.  

 



SCBT-MR CASE OF THE QUARTER 

21 yr. old G1P0 29 week pregnant female who presented to 
the Emergency Department with severe right-sided 
abdominal pain, nausea, vomiting and chills.  
 
Past medical history included asthma, iron deficiency anemia 
and obesity.   
 
Initial blood laboratory analysis noted a leukocytosis of 13.5 × 109/L 
and anemia with HB of 8g/dl. Liver function tests were negative. 
Urinalysis was negative  
 



SCBT-MR CASE OF THE QUARTER 

• Magnetic Resonance Images 
 
 
 

Fig 1. Axial T1 VIBE Fig 2.  Axial T2 Fat Sat 



SCBT-MR CASE OF THE QUARTER 

Coronal T2  HASTE T1 VIBE 



SCBT-MR CASE OF THE QUARTER 

What is the normal MRI 
characteristics of the adrenal gland? 
 
a) High T1, High T2 
b) Low/intermediate T1, 
Low/intermediate T2 
c) Low/intermediate T1, High T2 
d) High T1, Low/intermediate T2 

Question 



SCBT-MR CASE OF THE QUARTER 

What is the normal MRI 
characteristics of the adrenal gland? 
 
a) High T1, High T2 
b) Low/intermediate T1, 
Low/intermediate T2 
c) Low/intermediate T1, High T2 
d) High T1, Low/intermediate T2 

Question 



SCBT-MR CASE OF THE QUARTER 

Question 

Increased  T2 signal and decreased T1 signal in 
the adrenal gland is most characteristic of which 
diagnosis? 
 
a)Adrenal hemorrhage 
b) Adrenal infarction 
c) Adrenal adenoma 
d) Adrenal myelolipoma 



SCBT-MR CASE OF THE QUARTER 

Question 

Increased  T2 signal and decreased T1 signal in 
the adrenal gland is most characteristic of which 
diagnosis? 
 
a)Adrenal hemorrhage 
b) Adrenal infarction 
c) Adrenal adenoma 
d) Adrenal myelolipoma 



SCBT-MR CASE OF THE QUARTER 

• Magnetic Resonance Images 
 
 
 

Fig 1. Axial T1 Vibe - Decreased T1 
signal in the right adrenal gland.  

Fig 2.  Axial T2 Fat Sat - Increased T2 signal 
in the right adrenal gland with surrounding 
retroperitoneal edema 



SCBT-MR CASE OF THE QUARTER 

Coronal T2 HASTE : Increased T2 
signal in the medial limb of the 
right adrenal gland  

T1 Vibe – normal 
appendix 



SCBT-MR CASE OF THE QUARTER 

QUESTION 

Which imaging modality can be 
obtained to assist in the diagnosis 
when the MRI findings are 
equivocal? 
 
a) Abdominal ultrasound 
b) Abdominal vascular ultrasound 
c) Limited contrast enhanced CT of 
the abdomen 
d) Limited NECT of the abdomen.  
 
 



SCBT-MR CASE OF THE QUARTER 

QUESTION 

Which imaging modality can be 
obtained to assist in the diagnosis 
when the MRI findings are 
equivocal? 
 
a) Abdominal ultrasound 
b) Abdominal vascular ultrasound 
c) Limited contrast enhanced CT of 
the abdomen 
d) Limited NECT of the abdomen.  
 
 



SCBT-MR CASE OF THE QUARTER 

Limited CECT of the abdomen performed 24 hours following 
presentation. 

CONTRAST ENHANCED 
COMPUTED TOMOGRAPHY 

Q -What additional findings are discovered on CECT? 



SCBT-MR CASE OF THE QUARTER 

Limited CECT of the abdomen performed 24 hours following 
presentation. 

CONTRAST ENHANCED 
COMPUTED TOMOGRAPHY 

A - Enlarged hypoenhancing congested right adrenal gland 
with surrounding fat stranding. 



SCBT-MR CASE OF THE QUARTER 

CONTRAST ENHANCED 
COMPUTED TOMOGRAPHY 
Not required for diagnosis but may be 
obtained where the findings are equivocal 
but high clinical suspicion persists. 
 
Findings suggestive of adrenal infarction 
include a hypoenhancing congested 
adrenal gland with surrounding fat 
stranding. The adrenal gland may appear 
acutely enlarged. 
 
Radiation dose to the fetus makes this 
modality  less desirable. 
 
 



SCBT-MR CASE OF THE QUARTER 

ULTRASOUND 

Right Adrenal Gland US. - Normal Flow in the right adrenal vein  



SCBT-MR CASE OF THE QUARTER 

ULTRASOUND 

Vascular abdominal ultrasound with 
attention to the adrenal veins, renal veins 
and inferior vena cava may be obtained 
to determine an adrenal venous or 
arterial thrombus. 
 
While specific for thombus, technical 
acquisition difficulty, such as the pregnant 
body habitus and retroperitoneal location 
of the adrenal glands decreases the 
sensitivity of this modality. 
 
 
 



SCBT-MR CASE OF THE QUARTER 

TEACHING POINTS 

Isolated adrenal infarction without 
hemorrhage is a rare presentation. 
 
Prompt diagnosis is critical to decrease 
the risk of adrenal crisis should the 
contralateral adrenal gland be involved. 
 
Multidisciplinary team management to 
include endocrinology, hematology, 
obstetrics, surgery and radiology teams. 



SCBT-MR CASE OF THE QUARTER 

TEACHING POINTS 

MRI findings include increased T2 signal, 
decreased T1 signal of the adrenal gland 
with possible surrounding retroperitoneal 
edema. 
 
Limited contrast enhanced CT of the 
abdomen is not required for diagnosis 
but will show a congested enlarged 
hypoenhancing adrenal gland 



SCBT-MR CASE OF THE QUARTER 

TEACHING POINTS 

Treatment includes narcotic analgesia 
and anticoagulation while the underlying 
etiology is being evaluated. 
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Pelvic floor dysfunction is a complex disorder involving pelvic viscera whose symptoms can 
range from inconvenient to debilitating. Three compartments, anterior, middle and posterior, 
are often involved to varying degrees. Fluoroscopic and dynamic MRI evaluation are the 
mainstay of evaluation of the pelvic compartments.  

Learning Objectives 
• Review pathophysiology and epidemiology of pelvic floor disorders.  
• Highlight appearance on conventional fluroscopic defecography and MR defecography. 
• Outline features of  rectal intussuseception, rectal prolapse, rectoceles, enteroceles and 

pelvic floor dysfunction. 
 

Discussion 
Traditionally fluroscopic examination with rectally instilled barium describes anatomic 
geometry and is primarily focused on the posterior compartment.  
MRI technique allows better dynamic anatomic delination  and functional assesment of the 
anterior and middle pelvic compartments.  Dynamic MRI imaging is advantageous when 
planning urogynecologic surgery. 
 
Pelvic Floor : 
Anterior compartment: Bladder and urethra 
Middle compartment: Vagina and uterus 
Posterior compartment: Rectum and anal canal 
 
Clinical examination is not reliable for evaluation of evacuation abnormalities, often resulting 
in underestimation or misdiagnosis of pelvic floor abnormalities. 
 
Pelvic floor dysfunction is often multicompartmental with symptoms persisting or recurring 
following unicompartmental repair in the setting of underestimation of other compartment 
involvement.  

Introduction  

 
Pelvic floor is a complex structure of fascia and muscles.  

Endopelvic  fascia – connects the uterus and vagina to the pelvic side walls. 

Perineal body – serves as a central structure for insertion of many structures of the pelvic floor 
including the anal sphincters, endopelvic fascia, puborectalis muscle and urogenital 
diaphragm. 

Levator ani – main soft tissue component. Consists of the the ileococcygeus, pubococcygeus 
and puborectalis muscles. These muscles provide continuous tone to the pelvic floor. 
Contraction closes the urogenital hiatus,  and compresses the urethra, vagina and anorectal 
junction. Weakening of the levator ani complex decreases pelvic floor support, leading to 
organ prolapse. 

Puborectal muscle forms a sling around the rectum becoming part of the anal sphincter 
mechanism 

 

Anal sphincter complex composed of the internal anal sphincter, external anal sphincter and the 
puborectalis muscle. 

Internal anal sphincter – smooth muscle fibers. Maintains anal sphincter resting tone.  

External anal sphincter – striated muscle layer under voluntary control. Outer and inferior 
portion of anal sphincter. Conscious continence control. 

Puborectalis muscle – maintains acute anorectal angle to maintain rectal continence. Relaxes to 
facilitate defecation, allowing pelvic floor descent. Contracts to resist defecation.  

Normal defecation requires coordination of voluntary and involuntary, striated and smooth 
muscle contraction resulting in coordinated motion of stool propulsion and pelvic floor muscle 
relation.  

Pelvic dysfunction is multifactorial with risk factors including female gender, increasing age, 
elevated BMI. 

Conventional Defecography 
Needs prep to empty rectum. 

120-150 cc of barium paste instilled in the rectum. 

Lateral radiographs obtained as the patient sits on a radiolucent commode during rest, squeeze, 
strain and emptying maneuvers. 

Cine images stored on DVD for evaluation of subtle abnormalities.  

Pelvic Floor Anatomy 

 

Rectocele and Rectal Intussusception 
Rectoceles are a common finding in women occuring following a tear in the rectovaginal fascia. 
They are an outpouching of the rectal wall, most commonly anteriorly through the posterior wall of 
the vagina due to the relative weakness of the rectovaginal septum.  Rectoceles are usually small and 
only considered abnormal when >4cm. They may cause tenesmus and intermittent soiling due 
trapping of contents in the rectocele at the end of defecation. Rarely occur posteriorly. Rectoceles can 
be associated with propse of the anterior and middle compartments 
 
Rectoceles are classified as small - <2cm, moderate 2-4cm and large >4cm, however size does not 
correlate with symptoms. Can be associated with prolapse of the anterior and middle compartments.  
Risk factors: vaginal delivery trauma , hysterectomy, constipation and chronically increased 
intrabdominal pressure. 
 
Pelvic floor laxity as evidenced by descent of pelvic structures including moderate anterior rectocele, 
small cystocele, mild vaginal prolapse. Associated horizontal positioning  of urethra during 
evacuation. Patient has a past surgical history of a hysterectomy. 
 
Rectal intussusception is the invagination of the rectal mucosa upon itself and folds in towards 
the rectal lumen which worsens with straining. They are difficult to appreciate on physical 
exam or proctoscopy and may be overlooked.Intussusception forms a ring during defecation 
that may reach down to or through the anal canal causing a mechanical obstruction to 
defecation. Manual maneuvers to aid defecation may be required. 
Rectal intussusception can be intra-rectal, intra-anal or  extra anal (prolapse) involving the mucosa or 
the full thickness of the rectal wall.  
Symptoms include difficulty in rectal emptying, pain, incontinence and mucous discharge. Chronic 
intussception can lead to  bleeding, incontinence and solitary rectal ulcer syndrome. 

Limitations of Conventional Fluoroscopic Defecography 

Unable to detail individual anal sphincter components 

• Large overlap in standard measurements. 

Time consuming with high levels of ionizing radiation 

• Artificial environment that may provide embarrassment to the patient thus not recreating a 
true physiologic defecation. 

MR Defecography 

Dynamic MR assessment of pelvic floor functional anatomy allows objective assessment of all 
pelvic compartments. Increasing role due to multiplanar imaging capability and absence of 
ionizing radiation.  Provides excellent soft tissue contrast, allowing evaluation of the pelvic 
floor muscles. 

Similar acquisition technique with images obtained during squeezing, straining and defecation.  

Closed MRI – image acquisition in a supine position. 

Open MRI – image acquisition in an upright position.  

An upright position during defecography is optimal by maintaining the effect of gravity on 
pelvic floor weakness and allowing physiologic movement of the anorectum during defecation. 
Supine position of MRI image acquisition eliminates physiological gravitational forces and can 
lead to an underestimation of pelvic floor descent, intusseception or enteroceles.  

 

Technique 

Warm sonographic gel contrast medium is introduced into the rectum for evaluation of 
evacuation. Sonographic gel demonstrates T2 hyperintensity.  The patient is requested not to 
void for one hour before the procedure to acquire a full bladder. Gel is also introduced into the 
vagina for distension and increases the sensitivity of detection of abnormalities of the middle 
compartment. Images are acquired in a supine position in a closed MRI. 

 

Image Analysis 

Pubococcygeal Line – line connecting the inferior margin of the pubis and the tip of the 
coccyx. Used to gauge pelvic descent. Line is reproducible independent of pelvic tilt. 

Anorectal junction (ARJ) - Intersection point formed by a line parallel to the anorectal canal 
and the posterior rectal wall. Usually approximately 3cm below the pubococcygeal line at 
rest. Represents the point of reference for posterior compartment descent.  

Anorectal junction descent – estimation of pelvic floor descent – degree of decent of ARJ 
relative to the pubococcygeal line. 

Anorectal angle (ARA) – angle between a line along the axis of the anal canal to a line along 
the posterior rectal wall – Normally 60-120 degrees. Squeeze 75-95 degrees,  strain 100-120 
degrees.  Evaluates activity of puborectalis muscle. 

Anal canal length – distance between the external anal orifice and the anorectal junction. 

Rectosacral gap – distance between the posterior rectal wall and S3. Usually <1cm. 

MR defecography can aid in distinguishing between mucosal and full thickness intussception.  
- Useful when deciding surgical intervention – Mucosal intussception can be treated with 
transanal excision, full thickness intussception may require rectopexy 

Cul De Sac Hernias 
Enterocele – downward herniation of the small bowel along the ventral rectal wall into the 
posterior cul de sac, the rectovaginal space or vagina.  Can be seen to fill the space between the 
rectum and vagina.Most evident at the end of defecation, often at the end of significant 
straining. Can displace an associated rectocele. 

Descent >2cm  into the rectovaginal space indicates torn rectovaginal fascia.  

Grade 1 – enterocele reaches the distal half of the vagina by length. 

Grade 2 – reaches down to the perineum. 

Grade 3 – protrudes through the anal canal to form a rectal prolapse.  

Increased risk in patients with a prior history of pelvic surgery. 

Easily identified on MRI without need for bowel opacification. 

If undetected pre op can result in persistent patient symptoms and necessitate a second surgery. 

 

Sigmoidocele - Prolapse of a redundant sigmoid into the cul de sac and pouch of Douglas. Less 
common than enterocele. Best appreciated when the sigmoid is opacified. Like an enterocele it 
widens the rectovaginal septum.May be missed or underestimated at MR defecography due 
lack of gravity factor. 

Anterior Compartment Abnormalities 
Cystocele caused by bladder decent following a tear in the pubocervical fascia. Results in 
bulge in the anterior vaginal wall.  Diagnosed on MR when the bladder descends more than 
1cm below the PCL. Mild - <3cm below PCL. Moderate- 3-6cm below the PCL. Severe->6cm 
below the PCL. 
Can cause stress incontinence or urinary retention depending on effect on the urethra. 

 

Middle Compartment Abnormalities 
Vaginal or cervical prolapse – descent of the vagina or cervix below the PCL. Uterus and 
vagina are supported by the uterosacral ligaments, pubocervical fascia and rectovaginal fascia. 
Mild - <3cm below PCL, Moderate- 3-6cm below the PCL, Severe - >6cm below the PCL. 
Severe prolapse – vaginal walls are everted and uterus bulges externally.  

 

Descending Pelvic Floor Syndrome 
Loss of tone of the pelvic muscles resulting in global descent of the pelvic floor at rest or 
during defecation. Descent of ARJ below the PCL >2.5. Decreased pelvic floor elevation 
during contraction. Associateed with a feeling of incomplete evacuation. 

 
Spastic Pelvic Floor Syndrome 

Failure of the puborectalis muscle to relax during defection with paradoxical contraction in 
some cases. Causes functional outlet obstruction. Etiology is unknown and psychological 
factors may be involved.  
Evacuation may only be achieved after multiple attempts. Puborectalis muscle may be 
hypertrophied making an impression on the posterior rectal wall on evacuation.  

 

Anal Incontinence 
Best evaluated with endoanal MR or ultrasound. Defecography performed to assess for 
additional findings such as rectocele, intussusception etc. that will impact surgery selection. 
Patient may be unable to hold barium enema for examination. Usually involves injury to the 
internal and or external anal sphincters. 

 
Conclusion 

Pelvic floor dysfunction is common with complex involvement of some or all pelvic viscera. 
Thorough characterisation of all compartments involved in pelvic floor disorders is imperitive for 
surgical planning. Conventional fluroscopic defecography continues to provide important anatomic 
information in diagnosis and post surgical follow up of pelvic floor disorders. Familiarity with 
technique and interpretation of both conventional and fluoroscopic defecography adds value to patient 
care.   
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Compartment Abnormality 

Anterior Cystocele, 
cystoureterocele 

Middle Uterine prolapse, vaginal 
prolapse 

Posterior Rectal prolapse, rectocele, 
intussusception 

Pelvic floor descent and cystocele on 
straining 

Rest Squeeze Strain Evacuation 

Closed anal canal, clear 
puborectalis impression 

Closed anal canal Closed anal canal Anal canal open 
widely (diameter 
~1.5cm)  

Anorectal junction (ARJ) 
at or just above 
pubococcygeal line (PCL) 

ARJ ~5mm above 
PCL. Can rise 1-2cm 
above the rest 
position 

ARJ descends 
approx. 2-3mm 
below PCL  

ARJ decent <=3cm 
below PCL 

Anorectal angle (ARA) 
60-120 (average 90) 

ARA becomes more 
acute ~75 with 
contraction of 
pubococcygeus 

Increased ARA from 
rest by 10-30, 
average 100-120 

Increased ARA with 
relaxation of pelvic 
floors – rectum and 
anal canal form 
continuous tapered 
tube 

Anal canal length 
increases 

Anal canal length 
decreases 

Anal canal length 
decreases 

Intussusception 

Enterocele 

Cystocele 

MR: Pelvic floor laxity as evidenced 
by descent of pelvic structures 
including moderate anterior 
rectocele, small cystocele, mild 
vaginal prolapse. Associated 
horizontal positioning  of urethra 
during evacuation. Patient has a 
past surgical history of a 
hysterectomy. 

Prominent puborectalis 

• Pubococcygea
l line 

• Anorectal 
junction 

• Anorectal 
angle 

• H line 
• M line 

Additional MRI Evaluation Tools: 
• H line – corresponds to the AP 

diameter of the hiatus 
• M line – perpendicular distance 

between the pubococcygeal line and 
the posterior anorectal junction 

Rectocele 

Normal 
Values 

34 yr old male with rectal prolapse 
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Carotid-cavernous fistulas (CCF) arise from abnormal communications 
between the carotid arteries and the cavernous sinus. CCFs may arise 
from a number of etiologies including, trauma, carotid aneurysm, 
venous thrombosis, and genetic conditions that are associated with 
arterial wall defects such as Ehlers-Danlos.1 These lesions are 
generally characterized into two classifications: High-flow CCFs 
(direct CCFs) and low-flow CCFs (dural CCFs). High-flow CCFs are a 
direct connection between the cavernous segment of the internal 
carotid artery and the overlying cavernous sinus and are usually the 
result of a traumatic event or rupture of an aneurysm. Low-flow CCFs 
are an indirect connection between branches of the internal and 
external carotid and the adjacent dura. The Barrow classification is 
used to further characterize CCFs into four subtypes.2 CCFs are found 
equally in men and women and in any age group3, however, high-flow 
CCFs can be seen in up to 4% of patients with a basilar skull fracture.4  

The purpose of this exhibit is to review the different types of 
carotid-cavernous fistulas (CCFs). This exhibit will also review 
common imaging modalities used to aid in diagnosis, as well as 
some of the pitfalls in certain imaging modalities. Different 
endovascular and neurosurgical treatments will also be reviewed.  

Fig 1. A. Transvenous coil embolization of a post-traumatic direct  
left carotid-cavernous fistula Barrow Type A. 

 

Figure 2. Onyx-18 partial embolization of a symptomatic unruptured 
right indirect Barrow Type D2 Carotid-Cavernous Fistula.  

CCFs may present with a variable group of symptoms based on the type and pattern 
of the fistula. Signs and symptoms can include bruit, proptosis, headache, diplopia, 
pain, blurred vision, conjunctival injection and intracranial hemorrhage, which greatly 
increase morbidity and mortality. Conventional digital subtraction angiography 
remains the gold-standard for diagnosis of CCFs, however CT, CTA, MRI, MRA, and 
orbital or transcranial ultrasound may be used to detect signs of CCFs.5 Once 
detected, endovascular procedures are used to treat high-flow CCFs. CT may also be 
used to aid in diagnosis. Early filling of the cavernous sinus and outflow tracts such as 
the superior ophthalmic vein (SOV) may be seen. Proptosis, along with an enlarged 
SOV, cavernous sinus and extraocular muscles (EOM) may be seen on non-enhanced 
CT. Contrast enhanced CT may show dilated SOV and cavernous sinus, as well as 
increased enhancement of EOMs and small orbital vessels.6 CTA will show early 
enhancement of the cavernous sinus on the side of the CCF compared to the 
uninvolved side.7 A delay time of 12 seconds has been used after the injection of 
contrast to optimize the visualization of CCFs.5 Several non-cavernous sinus 
arteriovenous fistulas (AVF) have been shown to mimic symptoms and radiographic 
findings of cavernous shunts, including anterior condylar dural AVF, middle meningeal 
AVF, lesser sphenoid wing dural AVF, vertebra-vertebral fistula, intra-orbital AVF, and 
transverse-sigmoid dural AVF.8 
 

B A 

 
Different CCF categories are distinguished based on their patterns 
of etiology, rate of flow, and source of feeder vessels. Early and 
accurate diagnosis of CCFs is important to establish timely 
treatment and prognosis. Endovascular procedures are the 
treatment of choice for direct CCFs via trans-arterial embolization 
with coils or other embolic agents with a cure rate of 
approximately 80%.9 
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Inflammatory disorders of the rectum include Ulcerative colitis, Crohn’s disease,  
anal fissures/ fistula and anorectal abscess.  
 
FISTULA IN ANO 
 
A fistula is an abnormal tract, inflammatory, iatrogenic or neoplastic, through, 
between or around the anal sphincter with communication with the skin surface. 
MRI is the preferred method of evaluation, demonstrating  better anatomical 
delineation. Endoanal, transperineal or transvaginal ultrasound can also be utilised 
for evaluation of fistula in ano however ultrasound is less sensitive and is operator 
dependent. 
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Anorectal disease poses challenges to clinicians and radiologists alike due to the 
broad range of imaging characteristics on presentation.  
Complex anatomy and tissue planes below the peritoneal reflection pose 
challenges for evaluation of posterior pelvic organs, particularly in the inflamed 
state. 
 
Learning objectives/aims: 
Anorectal disease encompasses a spectrum of inflammatory fistulous/abscess 
disease, pelvic floor disorders and malignant processes of the anus and rectum.  
Utilising CT and MRI we evaluate the spectrum of anorectal disease in a pictorial 
analysis highlighting key features and diagnostic patterns of each disease 
process. 
 
 

Park’s Classification St James University Hospital Classification 
Intersphincteric  G1: Simple linear intersphincteric fistula 
Transphincteric G2: Intersphincteric fistula with abscess or secondary 

fistulous tract 
Suprasphincteric G3: Transphincteric fistula 
Extrasphincteric G4: Transphincteric fistula with abscess or secondary 

fistulous tract within the ischioanal or ischiorectal 
fossa 
G5: Supralevator and Translevator disease 

*Modified from Parks 
et al. 

*Modified from Spencer et al. 
When reporting a fistula it is important to mention: 
1)Position of the mucosal opening using the anal clock.  
(Anal clock is described as if the patient were in the lithotomy position with 12 
O'clock being anterior and 6 o'clock being posterior. The transverse anal line 
connects the 3 and 9 o'clock positions) 
2) Distance of the mucosal defect to the perianal skin on coronal images. 
3) Secondary fistulas or abscesses.  
 
Differential diagnosis includes pilonidal sinus, proctitis and ischioanal abscess. 
 

GENITOURINARY FISTULOUS DISEASE 
 
Genitourinary fistulous disease is commonly associated with complicated 
diverticular disease, inflammatory bowel disease, pelvic malignancy and 
following pelvic radiation. They comprise of colovaginal fistula and colovesical 
fistulas. 
 
GU fistulous disease can be evaluated with barium enema study. MRI pelvis 
with and without contrast is the optimal study for evaluation of fistulous disease 
due to good spatial tissue resolution. Definitive management requires bowel 
resection and anastomosis to exclude the fistula.  
 
 
 
 
 
 

CROHN’S DISEASE 
Inflammatory bowel disease characterized by transmural discontinuous 
inflammation of the bowel. Crohn’s disease most often affects the terminal ileum, 
involving the colon in 15-20% of patients. It frequently presents with perianal 
involvement, stranding of the ischiorectal fossa/perirectal fat and is often 
associated with fistulas and sinus tracts. Commonly associated with abscess 
formation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Squamous cell carcinoma accounts for the majority of anal neoplasms that arise 
between the anorectal junction and anal verge. Tumor spread is lymphatic. Tumors 
above the dentate line - spread to pararectal and paravertebral lymph nodes. 
Tumor below the dentate line – spread to inguinal and femoral lymph nodes.  
MRI modality of choice for evaluation of locoregional disease.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tumor (T) Lymph Nodes  (N) Metastasis (M) 

Tx: primary tumor cannot be assessed Nx: regional LNs cannot be assessed M0: No distant metastasis by 
imaging 

T0: No evidence of primary tumor N0: No regional LN metastasis cM1: Distant metastasis 

Tis: High grade squamous intraepithelial 
lesion 

N1a: Metastasis in inguinal, 
mesorectal and/or internal iliac lymph 
nodes 

pM1: Distant metastasis, 
microscopically confirmed 

T1: Tumor ≤2cm N1b: Metastasis in external iliac 
lymph nodes 

T2: Tumor > 2 but <5cm N1c: Metastasis in external iliac lymph 
nodes and any N1a nodes 

T3: Tumor >5 

T4a: Tumor of any size with invasion to 
adjacent organs eg vagina, urethra, 
bladder. 

Accurate characterisation of inflammatory, infectious, neoplastic and tumor like 
disorders of the rectum and anal canal is imperative to provide the best service to 
our patients. 
Understanding the disease process aids in examination modality choice to attain 
high yield information. 
While the anatomy is complex, a sequential, logical and reproducible step wise 
approach to evaluation of the posterior pelvic organs can reduce indecision and 
anxiety felt by clinicians and radiologists alike when these cases are encountered. 
 
 
 

ACR Appropriateness Criteria for Imaging. 
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Polypoid irregular rectal wall mural thickening. Most tumors are sessile or 
pedunculated tumors, becoming semianular or annular as the tumor progresses. 
Adenocarcinoma account for the vast majority of rectal tumors. Invasive rectal 
masses may have extracolonic tumoral extension, giving an irregular serosal 
margin appearance on CT and MRI. Loss of the perirectal fat plane indicates 
perirectal fat invasion. Rectal cancer most commonly causes metastasis to external 
iliac and paraaortic lymph nodes. Patients may have lung and bone metastasis 
before liver. MRI is the premier modality for locoregional staging of rectal 
carcinoma. 
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rectal Cancer Staging 
• T1 and T2 tumors are limited to the bowel wall. 
• T3 tumors invade through the bowel wall and infiltrate the perirectal fat without 

reaching the mesorectal fascia. 
• T4 invades through the visceral peritoneum. 
The mesorectal fascia plays a critical role in  treatment planning as invasion of the 
mesorectal fascia precludes total mesorectal excision as that is the plane of 
resection. These patients will need neoadjuvant chemoradiotherapy and down 
staging prior to surgical resection. 
IMPORTANT COMPONENTS IN REPORTING OF A RECTAL TUMOR : 
• Distance from the anal verge. 
• Distance to the anal sphincter complex. 
• Whether the mass lies above or below the peritoneal reflection. 
• Extent – size and invasion of muscularis propria, extent of extramural spread, 

distance to the mesorectal fascia and extramural venous invasion. 
• Nodes – irregular or spiculated – numbers of nodes at the level of tumor and 

above the level of tumor.  
• Circumferential resection margin. 
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Rectocele, Rectal Intussusception and Prolapse 

Rectoceles are a common finding in women occurring following a tear in the 
rectovaginal fascia. They are an outpouching of the rectal wall, most commonly 
anteriorly through the posterior wall of the vagina  due to the relative weakness of 
the rectovaginal septum.  Rectoceles are usually small and only considered 
abnormal when >4cm. They may cause tenesmus due to trapping of contents in the 
rectocele at the end of defecation. Rarely occur posteriorly. 
 
Rectoceles are classified as small - <2cm, moderate 2-4cm and large >4cm, 
however size does not correlate with symptoms. Can be associated with prolapse of 
the anterior and middle compartments.  
 
Risk factors: vaginal delivery trauma , hysterectomy, constipation and chronically 
increased intrabdominal pressure. 
 
Rectal intussusception is the invagination of the rectal mucosa upon itself and 
folds in towards the rectal lumen which worsens with straining. They are difficult 
to appreciate on physical exam or proctoscopy and may be overlooked. 
Intussusception forms a ring during defecation that may reach down to or through 
the anal canal causing a mechanical obstruction to defecation. Manual maneuvers 
to aid defecation may be required. 
 
Rectal intussusception can be intra-rectal, intra-anal or  extra anal (prolapse) 
involving the mucosa or the full thickness of the rectal wall.  
Symptoms include difficulty in rectal emptying, pain, incontinence and mucous 
discharge. Chronic intussception can lead to  bleeding, incontinence and solitary 
rectal ulcer syndrome. 
 
MR defecography can aid in distinguishing between mucosal and full thickness 
intussception.  - Useful when deciding surgical intervention – Mucosal 
intussception can be treated with transanal excision, full thickness intussception 
may require rectopexy 
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Tumor (T) Lymph Nodes  (N) Metastasis (M) 

Tx: primary tumor cannot be assessed Nx: regional LNs cannot be 
assessed 

M0: No distant metastasis by imaging 

T0: No evidence of primary tumor N0: No regional LN metastasis M1a: Metastasis confined to 1 organ or 
site without peritoneal Metastasis 

Tis: Carcinoma in Situ, intramucosal 
carcinoma 

N1a: Metastasis in 1 regional LN M1b: Metastasis to 2 or more 
organs/sites without peritoneal 
metastasis 

T1: Tumor invades submucosa N1b: Metastasis in 2-3 LN’s M1c: Metastasis to peritoneal surface 
alone or with other site or organ 
metastasis 

T2: Tumor invading muscularis propria N1c: No regional LN metastasis, 
but positive tumor deposits in 
the subserosa, mesentry or 
localised pericolic  or 
perirectal/mesorectal tissues 

T3: Tumor invades through MP  into 
the pericolorectal tissues 

N2a Metastasis in 4-6 regional 
LN’s 

T4a: Tumor invades through the 
visceral peritoneum 

N2b Metastasis in 7 or more 
LN’s 

T4b: Tumor invades or adheres to 
adjacent organs or structures 

ULCERATIVE COLITIS (UC) 
Inflammatory bowel disease limited to the mucosa and submucosa. UC involves the 
rectum in the majority of patients and colonic involvement is continuous from the 
rectum. Perianal involvement is rare. Chronic inflammation can cause submucosal 
fat deposition in the rectum, giving the appearance. There is a slight male 
predilection. 
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CSF leakage is a medical condition in which the 
cerebrospinal fluid (CSF) held in the membranes 
surrounding the brain and the spinal cord leaks out through a 
hole in the dural / thecal sac into either the epidural spaces 
or outside the central nervous system (CNS).  It is a complex 
problem that has a diverse etiology, and a variety of clinical 
presentations. The evaluation of CSF leakage is also 
complex, requiring the application of different imaging 
modalities depending on the symptoms and locations of the 
CSF leaks.   
 
The purpose of this exhibit is:  
1) to review the clinical and radiological features of the CSF 
leakage 
2) to determine which imaging modality should be used for 
each of the conditions in searching for their underlying 
causes 
3) to understand the pearls and pitfalls of the different 
imaging techniques.  
 
The related treatment plan and the clinical courses will be 
briefly discussed. 
 
At the end of this exhibit, the reviewers will: learn the 
different causes and clinical presentations of CSF leakage; 
know how to evaluate CSF leaks using different imaging 
techniques according to the locations of the leaks; 
understand the pearls and pitfalls of each of imaging 
modalities utilized  

High resolution CT: No intrathecal contrast. Images obtained 
through paranasal sinuses and temporal bones. Bone reformats most 
useful. Findings include skull base bone defects, air-fluid 
levels/pneumocephalus, opacified adjacent sinus or opacified 
mastoid/middle ear in the setting of tegmen fracture.  
 
 
 
 
 
 
 
 
 
 
 
 
 
CT cysternography and Myelography: CT images obtained in the 
prone and supine positions of maxillofacial or temporal bones. Iodinated 
contrast administered by LP and patient placed in trendelenburg 
position. If the patient has otorrhea, the patient’s head is placed down 
on the side of otorrhea following administration of contrast via LP to 
increase sensitivity for detection of skull base defect. Provacative 
manouvers such as sneezing may be stimulated. Compare pre and post 
contrast images. Positive result involves a skull base defect with 
contrast noted extracranially, i.e in nasal cavity, sinus, mastoid air cells 
or midle ear.CT Cysternography may be combined with radionuclide in 
complex cases. Limitation – Must have active CSF leak at time of study. 
Contraindicated in patients with meningitis and elevated ICP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Myelography: Iodinated contrast administered via LP. Slow leaks 
better delinated than fast leaks in the setting of intracranial 
hypotensin.Useful assessment for nerve root sleeve enlargement or 
rupture 
 
 
MRI of Brain and Spine: Indicated in cases where assessment for 
encephalocele or meningoencephalocele. Limitation – decreased bone 
detail  and therefore decreased ability to detect subtle osseous defects.  
 
 

Spontaneous idiopathic CSF fistula is a diagnosis of exclusion when no 
discernible source of CSF leak can be identified. They can occur 
anywhere in the skull base particularly in the anterior cranial fossa.  
 
In the spine, rupture of the enlarged nerve root sleeves of the thecal sac 
can lead to CSF leak with development of intracranial hypotension. 
Clinical symptoms include postural headache, nausea, vomiting, neck 
pain, vertigo hearing and visual disturbances. Opening pressure  at LP  
is noted at <7cm H2O. 
 
Management: 
Most CSF leaks resolve spontaneously with conservative management.. 
Conservative measures include bed rest and prevention of precipitating 
elevations in ICP such as straining, coughing or sneezing. Occasionally 
repeated LP is required to facilitate therapeutic decreased ICP and 
promote healing. Initially non targeted LP blood patch is attempted to 
occlude the CSF leak when the source is suspected in the spine. If 
unsuccessful multilevel spinal LP blood patch may be attempted. 
 
Persistent leaks require surgical repair due to increased risk of CNS 
infection. Surgical repair includes endoscopic sinus surgery or open 
intracranial repair. Open repair is complicated by the morbidity of 
craniotomy and anosmia due to disruption of the olfactory nerves in the 
cribriform plate. CSF leaks are often occluded with graft composed of 
either bone, fascia or mucosa. Surgical recurrence rates approach 40%. 
 

Cases were reviewed from Baystate Medical Center between 2008-
2017. The imaging modalities performed at our center include high 
resolution CT, CT Cisternography, CT Myelography, Radionuclide 
Cisternography, Myelography and MRI of the Brain and Spine. 
Examples of different imaging modalities used to search for the origins 
and locations of the CSF leakage were illustrated and compared. The 
advantages and disadvantages of each technique are discussed 
 
 

CSF leaks are clinically diverse with the most common etiology being 
post traumatic or iatrogenic. Presenting commonly with CSF rhinorrhea 
or ottorhea they often require multimodality evaluation prior to definitive 
identification. Following radiographic visualisation many resolve 
spontaneously with conservative management. Persisted CSF leaks 
require surgical correction for definitive management or non targeted 
lumbar puncture blood patch where the source is unclear in intracranial 
hypotension. 

Cerebrospinal fluid (CSF) leak occurs when there is a defect in the skull 
base allowing loss of CSF from the intracranial cavity.  A hole in the 
dural or thecal sack permits CSF to leak into the epidural space or 
outside the central nervous system via either the nasal, rhinorrhea, or 
middle ear cavities, otorrhea. The etiology of CSF leak is clinically 
diverse but can broadly be classified as idiopathic, post traumatic, post 
surgical or post-infectious. During this exhibit we evaluate the radiology 
modalities available to elucidate active CSF leak.  
All cases have been gathered at Baystate Medical Center between 
2008-2017.  
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Post traumatic or Iatrogenic/post surgical etiologies comprise the 
majority of CSF leaks. They commonly present as otorrhea or 
rhinorrhea. Post traumatic CSF fistula is often a complication of skull 
base fracture. Fractures of the cribriform plate, sphenoid sinus, sella, 
lateral temporal bone and mastoid tegmen may all lead to CSF leak.  
Neurosurgical procedures particularly skull base surgery, sinus surgery 
or otolaryngologic procedures may be complicated by CSF leak. Many 
CSF leaks close spontaneously, however persistent CSF leaks 
predispose the patient to meningitis, encephalitis or intracerebral 
abscess. 
 
Nontraumatic etiologies of CSF leaks involve infection, neoplasms or 
congenital defects. Tumor or aggressive CNS infection may develop a 
CSF fistula by erosion through the calvarium, sinus or mastoid air cells. 
Less common etiologies of CSF leak include congenital skull base 
defect or congenital inner ear abnormality. 

Radionuclide Cisternography: Performed for identification of CSF 
leak and diagnosis of normal pressure hydrocephalus. IN111 DTPA 
administered intrathecally via lumbar puncture (LP). The patient is 
placed in trendelenburg position to facilitate flow of radiotracer cranially. 
Images of the head and paranasal sinuses are obtained at 4 and 24hrs 
in AP and Lateral projections. Radionuclide cisternography has a high 
sensitivity for CSF leak although it is technically difficult to pinpoint the 
precise location of the leak 
Limitations – Must have active CSF leak at time of study. Unable to 
characterize the defect causing CSF leak. 
 
 

Fig.1+2  NM cisternography  

Fig 3 + 4. Axial and Coronal non contrast CT demonstrating post surgical 
pneumocephalus and CSF leak 

Fig 5+6 Coronal and sagittal Head CT cysternography demonstrating CSF 
leak 

Fig 7-9. Demonstrate intracranial Hypotension secondary to CSF leak in the thoracic spine 

Fig 10 Coronal MRI without 
contrast CISS sequence 

Fig 11 Sagittal CT 
cisternography 

Fig 12 Coronal CT cisternography 

Fig 7. Sagittal T2 MRI head w/o contrast Fig 8. Axial T2 MRI thoracic spine w/o 
contrast 

Fig 9. Axial CT thoracic spine with 
intrathecal contrast 
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