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The Pancreas
EMBRYOLOGY
· From the endoderm of the primitive duodenum ( the pancreas develops in two parts. 
· The dorsal part or anlage is the first to appear, as a diverticulum from the dorsal wall of the duodenum. ( Forms part of the head  & the whole of the neck, body and tail of the gland, together with. 
· The ventral anlage develops as a diverticulum from the developing bile duct at the point of its open into the duodenum. 
· After the appearance of the two parts, the duodenum undergoes partial rotation ( approximate 2 parts & fuse. 
· In the majority of cases, fusion of the two ducts of the two parts occurs at the junction of the head and body of the gland. 
· In > 90 % of individuals the ventral duct becomes the main excretory pancreatic duct.
THE NORMAL PANCREAS 

· Site: The pancreas lies in the anterior pararenal space, the most anterior of the three retroperitoneal compartments,. 
· Relations: Ventrally bounded by the posterior parietal peritoneum. 
· Dorsally the space is bounded by the anterior renal or Gerota's fascia and more laterally by the lateral conal fascia. 
· Other structures occupying the anterior pararenal space include the duodenal loop and ascending and descending colon. 
· The pancreas is surrounded by retroperitoneal fat although this may be very small in volume in children or underweight adults. 
· The position, size and configuration of the pancreas are very variable, depending on * body habitus & * the size and shape of adjacent organs and this inherent variation ( it difficult to define the normal size of the pancreas. 
· It is relatively larger in children than adults and becomes smaller with increasing age.
CONGENITAL ANOMALIES

Several congenital anomalies of the pancreas may occur secondary to failure of normal embryological development.

PANCREAS DIVISUM
· Incidence: commonest congenital pancreatic anomaly. 
· Description: In approximately 5–10 % of the population the dorsal and ventral ducts fail to fuse( forming a pancreas divisum
N.B. In > 90 % of individuals the ventral duct is the main pancreatic drainage route. But in up to 30–60 % the minor papilla remains patent, ( alternative pathway for pancreatic drainage. 
· Pathology: It may result in functional stenosis and pancreatitis. 
· Pancreatic malignancy incidence is increased. 
· Diagnosis: Endoscopic retrograde cholangiopancreatography (ERCP) and magnetic resonance cholangiopancreatography (MRCP) will enable visualization of the duct anomaly.
ANNULAR PANCREAS 

· Incidence: second most common congenital anomaly.

· Etiology:  result of failure of normal rotation during development ( pancreatic tissue partially or completely encircling the duodenum. 
· Effects: It may cause proximal duodenal dilatation and symptomatic duodenal narrowing. 
· It is also associated with:  *duodenal atresia, *duodenal stenosis, *oesophageal atresia, *tracheo-oesophageal fistula and *Down's syndrome. 
· Diagnosis: 
· Barium studies ( It may suspected if narrowing of the duodenum at the level of the major papilla 
· CT: pancreatic tissue is seen surrounding the second part of the duodenum.

·  (ERCP) or (MRCP): ( a segment of pancreatic duct encircling the duodenum. 
PANCREATIC AGENESIS, HYPOPLASIA 
· Incidence: Agenesis of the whole pancreas is exceptionally rare, 
· Agenesis or hypoplasia of the dorsal anlage may occur. 
· CT: absence of the body and tail of the gland.

· ERCP or MRCP : a corresponding short duct in the dorsal anlage. 

ECTOPIC PANCREAS 

· Sites: most commonly in the gastric or duodenal wall. 
· The diagnosis is usually incidentally during barium examination or upper GI endoscopy ( ectopic pancreatic tissue is seen as a smooth mural nodule, often with central umbilication representing a rudimentary pancreatic duct.

MULTISYSTEM DISEASES 
WITH PANCREATIC INVOLVEMENT

CYSTIC FIBROSIS 

· Genetics: autosomal recessive inheritance Cystic fibrosis is a 
· Pathology:  a condition in which there are defects of serous and mucous secretion involving multiple organs; 
· Obstruction of the main pancreatic duct and side branches by inspissated secretions ( acinar and ductal dilatation ( atrophy of the acinar tissue.
· C.P: 85 % of patients have severe exocrine pancreatic insufficiency and steatorrhoea. 
· (US), (CT) and pancreatic duct imaging: may show abnormalities, including:  * Marked fatty replacement of the normal pancreatic parenchyma *Dystrophic calcification and * Pancreatic cysts resulting from ductal obstruction.

Von hippel–lindau disease 

· Inherited as an autosomal dominant condition 
· Characterized by: 
* Renal cell carcinomas, 
* Phaeochromocytomas, 
*Retinal angiomatosis &
* Haemangioblastomas of the cerebellum

· The most common pancreatic lesions in this condition are ( simple pancreatic cysts.

· But serous cystic pancreatic neoplasms and pancreatic islet cell tumours may also occur.
POLYCYSTIC KIDNEY DISEASE

· Autosomal dominant inherited form of polycystic renal disease is the presence of multiple renal cysts . 
· Other organs may also be involved ( Hepatic cysts may occur and in 10 % of patients , The pancreas also shows cystic change.

OSLER–WEBER–RENDU DISEASE 

· Vascular disorder, Characterized by telangiectasia of :

Skin,  mucous membranes, GIT,  Urinary tract, Liver, & Pancreas.

· The angiographic findings of pancreatic involvement are characteristic and consist of dilated pancreatic arteries supplying a racemose collection of vessels with early draining veins.

ACUTE PANCREATITIS 

· Etiology: 

· Idiopathic pancreatitis: In 10–30 % no apparent cause. some of these cases are associated with congenital duct anomalies

· Alcohol, 
· Abdominal and cardiac surgery, 
· It is also associated with (AIDS). 
· Cholelithiasis, 
· Trauma

· Viral infections, examples: mumps and cytomegalovirus 
· Drugs: steroids and thiazide diuretics. 
· Metabolic disorders such as: * hyperLipidaemia & * hyperCalcaemia. 
· Diagnosis:  In many cases the diagnosis is a straightforward clinical:  * upper abdominal pain * HyperAmylasaemia or * Raised plasma Lipase.  +  History of heavy alcohol intake

· The clinical staging of the severity of acute pancreatitis at the time of presentation may be extremely difficult. also carried out with scoring systems such as the Ranson score
· Ultrasonography in these cases is indicated, primarily to detect an underlying treatable cause such as cholelithiasis
( The Atlanta classification of acute pancreatitis divides the condition into mild and severe categories. 
· Mild acute pancreatitis: 70–80 % of cases.

· Ultrasonography:  * may be normal Or 
*Enlargement (generalized or less commonly, focal) with reduced reflectivity. 
*The pancreatic margins may be ill defined.

*Peripancreatic collection may be visualized. 
*Hepatic changes such as hepatic steatosis in 20–25 % of cases with a high alcohol intake.
· Computed tomography : 

Contrast-enhanced CT is the most reliable imaging modality for the staging of acute pancreatitis.
· Mild swelling of the gland ( enhances uniformly, has indistinct margins ( peripancreatic oedema. 

· +/- Peripancreatic fluid.
· Thin sections during maximum pancreatic enhancement should be obtained. 
· An example of helical technique would be * the administration of oral water-soluble contrast or water * with an IV iodinated contrast agent volume of 100–150 ml injected at 3 ml/s with a 30 and 70s data acquisition delay ( visualize the pancreas in both the arterial and portal venous phases of enhancement.

· Sever acute pancreatitis:  
· Gland necrosis is the hallmark of severe acute pancreatitis.
· Necrosis is the major determinant of morbidity and mortality. 
· US cannot reliably detect pancreatic necrosis. 
· Serum markers, such as C-reactive protein, usefulness is limited by their specificity or availability.
·  Contrast-enhanced CT: is the investigation of choice to assess the presence and extent of pancreatic Necrosis, the extent of peripancreatic Inflammation and the presence of fluid Collections.

There is expressed concern that iodinated contrast agents may exacerbate pancreatic necrosis and renal impairment. 
· Necrotic tissue is seen as areas of non-enhancement within the pancreatic parenchyma. 
· The extent of necrosis may be categorized into: * less than 30 %, 
* 30–50 %   * more than 50 % of the gland. 
· Infected necrosis:  occurs in 20–70 % of necrotic pancreatic tissue ( 80 % of deaths from acute pancreatitis. 
· Gas bubbles within an area of necrotic tissue (highly suggestive of infection but can also be caused by a fistula to GIT. 
· Fine-needle aspiration is required for confirmation of infection.
·  If infection is present within necrotic tissue ( surgical intervention is indicated.
	Necrosis
	  Score

	None
	0

	<30%
	2

	30–50%
	4

	>50%
	6


· CT is very accurate in grading severity of acute pancreatitis. 
the Balthazar CT Severity Index (CTSI) can be calculated and this correlates well with morbidity and mortality
	CT Features
	Score

	Grade
	 

	Normal gland
	0

	Focal/diffuse enlargement
	1

	Peripancreatic inflammatory change
	2

	Single pancreatic fluid collection
	3

	Two or more fluid collections or abscess
	4


· CTSI VS. Morbidity & Motality   
	Score
	Morbidity (%)
	Mortality (%)

	0–3
	8
	3

	4–6
	35
	6

	7–10
	92
	17


· Complications of Acute Pancreatitis: 

1. Pancreatic necrosis (Discussed above)
2. Pancreatic abscess:  
· Pathology: Localized collection of pus, usually confined by a wall or rind of inflammatory tissue. 
· Gas bubbles are a helpful pointer to the presence of an abscess, but most abscesses appear as nonspecific fluid collections. 
· Managment: If the diagnosis is confirmed on fine-needle aspiration and the abscess is localized, ( percutaneous catheter drainage can be used.
· The more solid necrotic tissue contained within the abscess (will not be adequately drained by percutaneous catheter drainage. So the abscess should be drained surgically 
· CT: (fluid collection with a contrast-enhancing capsule.
· MRI:  more accurately detect unrecognized necrotic debris, which will not be effectively drained percutaneously.
3. Fluid collections and pseudocysts
·  Fluid collections arise within or adjacent to the pancreas in approximately 40 % of patients ( more than half resolve spontaneously without clinical sequelae. 
· In other cases they persist and over several weeks ( develop into pseudocysts, which classically have fibrous capsule.
· A pseudo cyst: defined as any fluid collection persisting for > 4 weeks after an attack of acute pancreatitis, irrespective of the wall of the collection.
· Fate: More than 50 per cent of pseudocysts resolve spontaneously 
· Complications:  including 
* Pain,                  * Infection ( may Gas is seen in the pseudocyst  
* Haemorrhage(High attenuation fresh blood   
* Rupture,             * Duct obstruction biliary or pancreatic 
· TTT:  Effective treatment may be provided by percutaneous catheter drainage following full pre-drainage evaluation.

4. Vascular involvement 

· This is a not uncommon complication of pancreatitis.
· Direct effect of pancreatic enzymes ( erosion or thrombosis Intrapancreatic and peripancreatic Arteries and Veins. 
· Manifestations: acute haemorrhage due to vessel erosion, rupture of oesophageal, gastric, or mesenteric varices, or leakage from an arterial pseudoaneurysm. 
· High-resolution, contrast-enhanced CT images may identify the site of vascular involvement 
· Angiography and vascular embolization:  may be required in cases of severe acute haemorrhage or pseudoaneurysm formation.
5. Gastrointestinal involvement  :  GIT may involved by: 
( Direct extension (frequently occur) of the inflammatory process from the inflamed pancreas
· This can result in ( Oedema, Necrosis, or Perforation of the wall of the stomach or duodenum. 
( Secondary involvement of bowel (may occur): 

· When pancreatic enzymes permeate through mesenteric attachments, 
· Or secondary to vascular complications ( bowel ischaemia. 
(Bile duct involvement: may occur 2ry to oedema in the head of the pancreas, ( transient compression of the common bile duct. 
· The bile duct wall may be directly involvemed in severe or chronic pancreatitis ( persistent stenosis or obstruction.

CHRONIC PANCREATITIS 

· Pathology: irreversible inflammatory disease of the pancreas( Loss of exocrine and endocrine functions.

· The pancreas size is very variable: 

·  Atrophy of the whole gland is a common ( fibrosis.

· Enlargement: may also be seen, either generalized or focal.
· Longstanding chronic pancreatitis ( high incidence of vascular complications:

· Splenic, Mesentric , P.v. Thrombosis 

· Arterial stenosis or occlusion.

· Arterial pseudoaneurysms.  
· C.P.: 

·  History of prior attacks of acute pancreatitis. Chronic pancreatitis 
·  Abdominal pain.
·  Loss of exocrine ( steatorrhoea. 
· Loss of  endocrine function( weight loss, and diabetes. 
· Plain abdominal radiographs or barium studies ( may reveal pancreatic calcification +/- evidence of a mass. 
· US: 
· Echo texture may be inhomogeneous. 
· Main pancreatic duct may Dilated of > 3 mm +/- Calcification or protein plug filling defects within it
· Common bile duct may secondary dilated. 
· Duct dilatation + focal enlargement of the gland( appearance mimic pancreatic carcinoma.
· +/- Cysts & vascular changes.
Endoscopic US assessment of the pancreas ( high-resolution images ( allow parenchymal changes to be detected early, but its role is still unclear.

· CT: Same mentioned finding at level of CT.
· Biopsies: pancreatitis and carcinoma may coexist ( necessitating biopsy which may be multiple in difficult cases. 
· Angiography: high accuracy of dynamic CT in vascular abnormalities ( Angiography unnecessary for most patients.
· ERCP or MRCP: ( detailed images of the duct system. Findings in chronic pancreatitis include:

· Main pancreatic duct Dilatation or multifocal stenoses and its lateral side-branches, 
· Intraductal filling defects ( protein plugs.

· Common bile duct (intrapancreatic segment) ( Areas of calcification and narrowing. 
· MRCP avoiding the complications of ERCP as: Acute pancreatitis (up to 1/10 cases), Haemorrhage & cholangitis. 

TRAUMA
· Incidence: relatively uncommon, ( only 3 % of surgical treated abdominal trauma cases. 
· Etiology: severe direct impact or forceful deceleration injuries ( compression of the pancreas against the vertebrae. (Such as those from a steering wheel or bicycle handlebar)

·  + +/- other visceral injuries, esp. of the liver and duodenum. 
· Pathology: 

Main pancreatic duct disruption is indicator of severity.

· Blunt pancreatic injuries without ductal leakage ( resolve spontaneously, no recourse to surgery. 
· Leakage from the pancreatic duct ( post-traumatic pancreatitis.

· US: may show 
- Peripancreatic fluid.         - Discontinuity in pancreatic contour.

· CT: is the most effective in injury.
·  Best results with thin-slice examinations. 
· Nonspecific findings:  such as Thickening of the anterior renal fascia and Fluid in the lesser sac. 
· More specific features:  
·  Fluid lying between the splenic vein and pancreas 
· Increased attenuation of the peripancreatic Fat. 
· Fracture line through the pancreas +/- separation of the fracture fragments 
· Focal enlargement +/- Haematoma. 
· ERCP or MRCP (for high suspicion of ductal injury.
Solid Lesions of the Pancreas 
(Fundamentals 3rd)
PANCREATIC CARCINOMA P.787
 (Ductal Adenocarcinoma)

· Incidence: 3% of all cancers 
· Pathology: highly lethal tumor.

·  Unrespectable Usually at presentation. 
· The average survival: only 5 to 8 months. 
· CT:  by rapid bolus contrast injection & thin slices.
·  Hypodense mass (distorts pancreatic contour. 
· Associated findings :

·  Obstruction of CBD and pancreatic duct.

· Atrophy of pancreatic tissue beyond the tumor. 
· Metastases: commonly go to regional Nodes, Liver, & Peritoneal cavity.
· Tumor recurrence: following the Whipple procedure is best detected with MDCT.  
( Surgical resection is the only hope of cure ( Radiographic assessment of resectability is critical. 
· Signs of potential respectability: 
· Isolated pancreatic mass +/- dilation of the bile or pancreatic ducts. 
· Signs of unresectability: Only 10% to 15% are potentially resectable using these criteria.
(1) Tumor extension beyond the margins of the pancreas, 
(2) Tumor involvement of adjacent organs, 
(3) Enlarged regional lymph nodes (>15 mm), 
(4) Encasement or obstruction of peripancreatic arteries or veins. 

 (5) Hepatic Metastases. 
(6) Peritoneal carcinomatosis. 
· Image-guided biopsy:  ( confirm diagnosis when expecting unresectable tumors. 
· MR : postcontrast T1WI : low-signal infiltrative tumor, surrounded by high-signal enhanced parenchyma. 
· MRCP: ductal dilatation proximal to the stricturing tumor. 
· MRA and MR venography: excellent in identifying vascular involvement by tumor.

 ( D.D.:  Mass due to Chronic pancreatitis ( mimics carcinoma, but
· Pancreatic duct Beaded dilatation ( characteristic of chronic pancreatitis / smooth dilatation is most frequent with carcinoma. 
· Calcifications within the mass ( common with chronic pancreatitis & very rare with adenocarcinoma but more common in Islet cell tumors.
· Image-guided biopsy: needed for definitive diagnosis, as 14% of adenocarcinoma cases have chronic pancreatitis also. 
· Sampling errors ( negative biopsy is not always definitive.
ISLET CELL TUMORS
· Pathology: * Functioning islet cell tumors ( clinical syndromes ( usually present while the tumors are small.
·  Insulinomas ( hypoglycemia.

· Gastrinomas (peptic ulcers, or Zollinger-Ellison syndrome. 
· Glucagonoma ((diabetes mellitus and painful glossitis), 
· Somatostatinoma ((diabetes and steatorrhea), 
· VIPoma ((massive watery diarrhea). 
· size vary from 0.4 to 4.0 cm
· Malignant potential of Functioning tumors vary in, Insulinoma 10% & gastrinoma 60% & for glucagonoma 80%.

*Nonfunctioning islet cell tumors (clinically silent until ( symptoms of a growing,( usually large, mass. 
· Size Nonfunctioning islet cell tumors ( 6 to 20 cm diameter
· Up to 80% are malignant. 
· Precontrast CT:  Most small islet cell tumors cannot be identified.

· Post-contrast CT: 

· Lesions tend to be hypervascular( bolus contrast / rapid, thin-slice, MDCT ( best chance of lesion visualization as an enhancing nodule within the pancreas.
· Large islet cell malignancies ( characteristic heterogeneous attenuation.
· U.S.:  ( hypoechoic masses within the pancreas. 
· Scintigraphy: Octreotide is a somatostatin analogue used for detection of islet cell tumors. (Fig. 28.12). Imaging findings include coarse calcifications, cystic degeneration, necrosis, local and vascular invasion, and metastases. 
· MR: most islet cell tumors are 
· T1WIs ( hypointense 
· T2WIs ( hyperintense 
· Dynamic postcontrast T1WIs ( bright arterial enhancement.
METASTASES to THE PANCREAS 

· Pathology: most frequent with renal cell carcinoma and bronchogenic carcinoma. 
· Tumors have no predilection for any particular portion of the pancreas.
· CT: Lesions may be:

·  Solitary, well-defined, Heterogenously enhancing mass, 
· Diffuse heterogeneous Enlargement of the pancreas, 
· or as Multiple Ndules. 
· MR: most lesions are T1WIs ( low signal & T2WIs (high signal. 
· Melanoma metastases ( characteristically hyperintense on T1WIs ( paramagnetic properties of melanin.

LYMPHOMA

· Pathology:  - pancreas as a primary site (rare) or - direct extension from disease in the retroperitoneum.
·  CT:  most lesions ( Lesions may be a localized, well-defined mass, or they may be infiltrating diffusely enlarging or replacing the gland
· Homogeneous, Lower attenuation<muscle, and Limited enhancement.
· Attenuation may be so low ( appear cystic.

Pancreatic Fatty lesions

Similar to those of the liver, include:

 Diffuse fatty infiltration, 
Focal fatty infiltration, 
focal fatty sparing, 
Lipoma. 
(Diffuse infiltration: with aging , obesity and pancreatic atrophy. 
Fat infiltrates between the lobules of pancreatic parenchyma.
 In patients with cystic fibrosis, pancreatic parenchyma ( completely replaced by fat. 
(Focal fatty sparing: in diffuse infiltration ( simulate a pancreatic mass, esp. when it involves the head or uncinate process. 
(Focal fatty infiltration: may involve any portion of the pancreas. (Lipomas:  are rare, usually incidental findings
Usually solitary, fat-density masses. 
May occasionally obstruct the pancreatic or bile ducts.
Cystic Lesions of the Pancreas

I. Pseudo cysts

· Most common pancreatic cystic lesions is Pseudocysts resulting from pancreatitis.
 They are of fluid density and have a definable fibrous wall that may be calcified. 
· Internal septations and multiple loculations are common.

II. Abscess 
· Any patient (cystic pancreatic lesion + fever (Abscess must be considered.

· Usually as a complication of pancreatitis.

· Most abscesses ( indistinct walls and contain fluid and debris. 
The presence of gas bubbles in cystic lesion ( good evidence for abscess. 
· Image-directed aspiration confirms the diagnosis and may be followed by percutaneous catheter placement for treatment. 
III. True pancreatic cysts, 
· Incidence: 10% of patients with autosomal-dominant polycystic disease, 
· 30% of patients with von Hippel-Lindau syndrome, & some patients with cystic fibrosis.
· Pathology: A true cyst with epithelial lining, 
They appear as well-defined, fluid-filled masses with walls of variable thickness. 
IV. Cystic tumors
· Incidence:  uncommon (5% to 15% of pancreatic cysts). 
· Pathology: 

(Islet cell tumors (extensive necrosis (appear cystic. 
(Cystic teratomas:  rare in pancreas , usually have characteristic hair, fat, calcifications, and cystic + solid components.

(Microcystic adenoma (serous cystadenoma) :is a benign , innumerable small cysts 1 mm : 2 cm in size. 
· The lining epitheliumare rich in glycogen, ( alternate name of glycogen-rich cystadenoma. 
· The cysts may be so small ( appears as a solid lesion on imaging studies. 
· Noncontrast CT ( well-defined mass with low attenuation near water density. 
· Contrast enhancement ( marked, with demonstration of multiple internal septations ( honeycomb appearance. 
· US ( echogenic mass, with only a few of the larger cysts visible.

( Macrocystic serous cystadenoma: 
· unilocular or bilocular cyst > 2 cm,. 
· Most are smaller than 5 cm. 
· Benign tumors are indistinguishable from potentially malignant mucinous cystic tumors.
( Mucinous cystic neoplasm: 

· Also known as macrocystic adenoma or mucinous cystadenoma cystadenocarcinoma. 
· Size Lesions are 2 to 30 cm.
· Consist of a mucin-filled cyst, thick fibrous capsule lined by mucin-producing cells.
· Metastases ( liver, tend to be cystic.

· CT: shows a multilocular or unilocular cyst in the body or tail of the pancreas - larger than 2 cm - six or fewer in number. 
· MR with contrast enhancement (optimal detail of the structure inside the cyst. 
 All mucinous tumors carry a risk of malignancy ( surgical resection is the treatment of choice. 
(Intraductal papillary mucinous neoplasm (IPMN):

· Recent term for pancreatic tumors that produce an excessive amount of mucin, ( marked dilatation of the pancreatic duct and cystic enlargement of the branch ducts. 
· ERCP : demonstrates a bulging papilla with mucin protruding from the orifice + Only a thin rim of atrophic pancreatic parenchyma.
· IPMN of the branch duct type ( focal group of small cysts (1 to 2 cm in diameter) that intercommunicate through dilated branch ducts. 
· These lesions are most common in the uncinate process. 
· Some lesions consist of a single unilocular cyst. 
· Pancreatic parenchyma adjacent to the lesions ( atrophies (becomes the capsule of the cystic mass.
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