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The Spleen
Anatomy and Physiology

· Develops as an outpouching of the mesogastrum at the 5th week.

· ~200 grams

· Has to be double sized (400 grams) to be palpable

· Massive splenomegaly = 1500 grams (by definition)

· Accessory spleens (spleniculi)

· 10-15% of the population

· Most are in the hilum

· Can be just about anywhere – omental, gastrosplenic, scrotal, along the left mesocolon, mesenteric

Vascular supply
· 5% of cardiac output

· Splenic artery from celiac trunk

· Divides 3 cm from spleen to give a superior pole artery, then divides into 3-5 segmental branches.

· Runs along the superior surface of the pancreas

· Short gastric arteries from Gr curve of stomach

· From lt gastroepiploic art.

· The spleen can also parasitize vessels from the omentum, diaphragm and mesocolon if it gets very large!

· Splenic vein

· Drains into portal vein

· IMV drains into it
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- Greenfield

Ligamentous support

· 5 ligamentous attachments (first 3 are always present) [these are the Greenfield ones]:

1. Splenogastric – contains short gastrics

2. Splenorenal –ties the spleen to the superior pole of the left Gerota’s fascia. 

· Taking it down allows you to medialize the spleen to see the hilum from the back.

3.  Splenocolic – attaches the inferior tip of the spleen to the splenic flexure.  

· May contain parasitized mesenteric vessels

4. Lienophrenic – superior attachment to diaphragm

5. Spleno-omental – just adherence of the omentum to the spleen

Microanatomy

· Splenic arteries divide into segmental end branches.

· Blood flows out through the Periarterial Lymphatic Sheath (PALS) into the red pulp where it sits.

· The spleen is drained by veins that course along fibrous trabeculae out to the surface, coalesce and then go to the hilum.
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-Greenfield

· PALS is full of B cells and lymphoid follicles at various stages of maturation.

· Blood gets slowly filtered through the white pulp, then through the red pulp.

Physiology

· Functions of the spleen:

· Immunologic:

· IgG production

· Opsonin production: Tuftsin and Properdin

· Filtering of opsonized material

· Germinal center

· Hematologic

· Hematopoesis in the fetus and in myelofibrosis

· Storage of platelets

· Some animals can even contract their spleens to extrude more platelets and WBC’s as needed

· Culling of senescent RBC’s

· RBC maintenance (pitting)

· Removal of Heinz bodies (hgb aggregates), Pappenheimer bodies (iron granules) and Howell-Jolly bodies (nuclear remnants)

· Out of interest:  The spleen kills 100 billion RBC’s everyday!

· Average life span of an RBC = 120 days
· The theory is that anything that passes too slowly through the splenic parenchyma will get killed
· i.e. – RBC’s with abnormal structure, opsonized material, antibody bound material.
Pathophysiology

· Three potential problems with the spleen:

1. Splenomegaly

· Radiographically: length > 11 cm

· Clinically: palpable spleen tip

· Anatomically: wt > 400 g ( “massive” if wt>1500 g)

· SPLENOMEGALY IS NOT SYNONYMOUS WITH HYPERSPLENISM!

2. Hyposplenism

· Most commonly iatrogenic

· Other causes:

· Sickle cell anemia

· Congenital absence (very rare and probably an in utero vascular accident)

3. Hypersplenism

· All of the things that cause splenomegaly CAN cause hypersplenism

· You can also have hypersplenism with normal spleen size

· Definition has 3 criteria:

· Anemia, thrombocytopenia or leucopenia

· Appropriate bone marrow response to the cytopenia

· Correction of the cytopenia with splenectomy

Hyposplenism
· Usually due to surgical removal

· Can also be congenital or due to spleen destruction (eg sickle cell anemia)

· Manifestations of hyposplenism:

· Loss of RBC maintenance:

· Howell-Jolly bodies

· Pappenheimer bodies

· Heinz bodies

· Loss of sequestration:

· Acutely:

· Thrombocytosis – up to 1000000

· Leukocytosis

· Loss of clearance of opsonized material:

· Overwhelming Post-Splenectomy Infection (OPSI)

OPSI

· Risk factors:

· Young age at time of splenectomy

· Splenectomy for reasons other than trauma (they’re just sicker people)

· Incidence:

· 1.4% if indication was trauma

· 25% if indication was thalassemia!

· Presentation:

· 80% of the time it occurs within 2 years of splenectomy

· can be any infection that overwhelms the patient (pneumonia is #1)

· Bacteria (in decreasing order of occurence):

· Streptococcus pneumoniae

· Haemophilus influenza b

· Neisseria meningitidis

· Beta hemolytic Strep

· Staphylococcus aureus

· E. coli

· Pseudomonas

· Prevention:

· Immunize against the top three two weeks prior or two weeks post splenectomy

· NOTE: Kids <2 and pt’s on chemotherapy won’t make a response to the vaccine anyway so they will have to be vaccinated again or just wait until they are off chemo/old enough.

· All should have medic-alert bracelets

· All should be warned to get to the hospital at the first sign of any infection and get antibiotics immediately.

· Prophylactic abx in kids under 5 and immunosuppressed adults

· Pen V 125 mg po bid

· Amoxicillin 20 mg/kg daily

· TMP-SMX or clarithro in pen allergy
Hypersplenism

· Really just a decrease in one or more of the circulating blood elements with a normal compensatory response by the bone marrow.

· Diagnosis also requires correction of the abnormality by splenectomy.

· Problem with this definition is that blood cell disorders actually qualify because they have a deficiency of a blood component, normal marrow and are fixed with splenectomy.

· So it can be either a spleen problem or a blood problem

· Treatment is splenectomy

· Diseases fitting under here include

· Red cell disorders

· Hereditary spherocytosis

· Hereditary elliptocytosis

· G6PD deficiency

· Pyruvate Kinase deficiency

· Thalassemia major

· Sickle cell anemia

· Autoimmune Hemolytic Anemia

· Platelet disorders

· Wiskott-Aldrich syndrome

· TTP

· ITP

· White cell disorders

· Hairy cell leukemia

· CLL

· CML

· Non-Hodgkin lymphoma

· Autoimmune neutropenia

· Spleen disorders

· Note: the above neoplastic disorders are all really primary disorders of the spleen (neoplastic infiltration of the spleen causes the problem)

· Cellular infiltrative

· Agnogenic myeloid dysplasia

· Mastocytosis

· Chediak-Higashi syndrome

· Metabolic infiltrative

· Gaucher’s disease

· Sarcoidosis

· Vascular

· Splenic vein thrombosis

· Portal hypertension

I’ll discuss the most pertinent diseases under indications for splenectomy:

Indications for Splenectomy

1. Trauma (including iatrogenic)

2. Incidental

3. Blood cell disorders

· Including autoimmune disorders, intrinsic cellular problems

4. Tumors and cysts

5. Abscesses

6. Vascular Problems

· Splenic vein thrombosis

· Splenic artery aneurysms

· Vascular procedures

7. Symptomatic Wandering Spleen

8. Splenomegaly due to metabolic disease

· Gaucher’s and sarcoidosis

Basically you can divide all of the indications into:


1. Problems affecting the spleen directly


2. Blood and bone marrow problems


3. Vascular problems

1. Trauma
· Most common intraabdo organ affected in blunt trauma

· SSx – pain (LUQ, Left flank, Left Shoulder (Kehr’s sign), hypotension, palpable spleen (Ballance’s sign))

· Treatment

· Blunt injury – observational unless unstable, other operative indication, inability to tolerate hemodynamic stress in case of bleed, inability to monitor adequately

· Observation requires monitored bed, Hgb q8h, immediate OR access

· Repeat CT scans have been shown to NOT change the management of pt’s, thus they are not necessary

· Penetrating – all require operative intervention

· 95% have another associated injury

2. Incidental Splenectomy

· Removal of an adjacent organ or tumor that requires splenectomy for complete resection

· Most commonly during distal pancreatectomy because the splenic vein is within the pancreas

· Some are trying to preserve the spleen by leaving the vein behind if the tumor will allow or by dividing the artery and vein and relying on the short gastrics to feed the spleen

· Next most common reason is during gastrectomy as part of the node dissection

· Take home message: The spleen should be seen as expendable when it comes to cancer surgery!

TABLE 75.10 DIAGNOSIS: FINAL PATHOLOGIC DIAGNOSES IN 122 SPLEENS REMOVED FOR DIAGNOSTIC PURPOSES

	Indication
	Diagnosis
	No.

	Splenic mass



	Lymphomas

Metastatic cancer

   Carcinoma

   Sarcoma

Benign

   Cysts

   Hamartoma

   Hemangioma

   Other
	52

17

14

12

2

20

11

3

3

3

	Splenomegaly
	Lymphoma

Benign lymphoid proliferation

Benign vascular

Granulomatous disease

Infarction/hemorrhage
	41

24

5

4

4

4

	Categorize lymphoma
	Malignant (successful)

Benign
	29

28

1

	(Adapted from Kraus MD, Fleming MD, Vonderheide RH. The spleen as a diagnostic specimen: a review of 10 years' experience at twotertiary care institutions. Cancer 2001;91:2001–2009.)
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3. Blood Cell Disorders

1. Platelet Diseases

a.  ITP

· Very common reason for splenectomy
· IgG against platelets

· Dx requires Plt < 100, but pts often present with counts <10

· Resolves spontaneously 90% of the time in kids and 10% of the time in adults

· Thus splenectomy is really uncommon in kids

· Tx:

· Steroids – 1 mg/kg/day prednisone

· IVIG – 1 mg/kg/day

· SPLENECTOMY

· Failure of medical tx

· Relapse (even the first relapse)

· Need for prolonged steroids

· Splenectomy has an 80% success rate with a 0.80% moprtality.

b. TTP

· Petechiae, neurologic changes, fever

· Rapidly fatal without tx

· DO NOT give platelets – the problem is not that the platelets are getting eaten, the problem is that they are getting activated and clumping in the periphery!!

· Tx:

· Plasma exchange

· Splenectomy

2. Red Blood Cell diseases

a. Autoimmune hemolytic anemia

· Due to some sensitization to the RBC membrane proteins, red cells get opsonized and phagocytized either right in the vasulature or in the spleen

· Can be IgG (warm antibodies) or IgM (cold antibodies)

· Spleen macrophages only recognize IgG Fc so splenectomy does not help in cold antibody AIHA

· Comes on acutely with jaundice, anemia, fever

· Half are idiopathic, the others are due to drugs or are post infectious

· First tx = high dose steroids – 1-2 mg/kg/day prednisone

· Splenectomy for failure of medical tx

· 80% response to splenectomy

b. Hereditary Spherocytosis

· Autosomal Dominant

· Most common hemolytic anemia treated with Splenectomy
· Due to genetic defects SPECTRIN and ANKYRIN causing cytoskeleton abnormalities that make round cells that move too slowly through the spleen and thus get killed
· Dx by osmotic fragility test in kids with anemia
· Asymptomatic until they get an infection and the immune system gets turned on – then they get sudden widespread RBC destruction!
· Tx:
· Splenectomy is curative
· Combined with cholecystectomy because they always have black pigment stones.

· Wait until AFTER age of 4 due to high risk of OPSI in young kids!
c. Hereditary Elliptocytosis

· Same pathophysiology as spherocytosis just not as severe (different mutation in same gene)

· Tx:

· Splenectomy +/- chole

d. Sickle Cell disease

· Congenital hemolytic anemia with Hgb chain mutation

· Sickle cell crisis = bone pain, abdominal pain, hematuria, priapism, massive splenomegaly

· Problem is again that misshapen cells move slowly through the spleen.

· Tx:

· Avoid hypoxia and hypothermia and supportive

· Splenectomy only for the very young with HUGE splenomegaly that sequesters all of the blood and causes circulatory collapse.  Otherwise don’t touch them with a 10ft pole.

· Those that don’t get splenectomies autosplenectomize.

e. Thalassemia major

· Lack of production of Hgb beta chains (homozygous beta chain mutation)

· Problem is that this leads to a surplus of alpha chains that accumulate inside RBC’s and make them misshapen so they move too slowly through the spleen so they get killed.
· In the long run they get hemosiderin deposits everywhere from the excess alpha chain production and die of cardiomyopathy.
· They also get immune dysfunction due to repeated transfusions and Fe deposits
· In the meantime they get splenomegaly from the RBC killing
· Tx:
· Transfusion to keep Hgb >90 and iron chelation to get rid of the excess.
· Splenectomy is for splenomegaly and doesn’t help their survival
f. Pyruvate kinase deficiency
· Autosomal Dominant
· Lack of PK somehow causes abnormal RBC cell membrane that slows traverse through red pulp – thus cells are killed.
· Splenectomy decreases transfusion requirements
3. White blood cell diseases

a. Leukemia

· CLL and HCL are amenable to splenectomy

· CLL

· Symptoms are due to cytopenias and splenomegaly

· There is no cure but chemo with alkylating agents (cyclophosphamide) can slow progression

· Stage II is defined by splenomegaly and hypersplenism (cytopenias and anemia) 

· Splenectomy is for this indication – it helps the cytopenia in ¾ patients

· HCL

· 80% have enlarged spleens and many are symptomatic

· splenectomy for symptomatic splenomegaly

b. Non-Hodgkin’s Lymphoma

· Aggressive types tend to be T-cell and in younger patients

· More indolent types tend to be B-cell and in older patients
· 1/3 occur at extranodal sites.
· Splenomegaly rates vary among the types of lymphoma
· Splenectomy again is to treat the symptoms of splenomegaly and the hypersplenism
· 80% will have decreased transfusion requirements post splenectomy
· With hx, physical and imaging, splenectomy is NOT required for staging.
c. Hodgkin’s disease

· If it is stage 1 (only one site), then HL is treated with radiotherapy
· Stage 2 disease requires chemo, so splenectomy used to be used for staging
· Now, imaging is so good that it is no longer necessary.
4. Bone marrow diseases

a. Myelofibrosis

· aka agnogenic myeloid metaplasia
· all get splenomegaly and 1/3 are symptomatic
· Splenectomy is for symptomatic splenomegaly
· Problem is that post op complications (especially infections) are much higher in these guys than for other indications.
b. Myeloproliferative disorders

· Includes CML, AML, polycythemia rubra vera, essential thrombocytopenia
· All wind up with myelofibrosis eventually.
· Splenectomy is for symptomatic splenomegaly
4. Tumors and cysts of the spleen

1. Malignant Tumors

a. Primary Tumors (mainly angiosarcoma)

· Lymphoma is the most common malignancy of the spleen but this is usually due to extension from other sites

· Hodgkin’s develops first in the spleen 10% of the time.

· Neither lymphoma nor HD require splenectomy as treatment for the primary disease, just for symptomatic splenomegaly

· Most common non-lymphocytic malignancy is ANGIOSARCOMA.

· Angiosarcoma has a very poor prognosis with early metastasis and central necrosis of the tumor

· Splenectomy is typically palliative, but the risk of splenic rupture makes it useful.

b. Metastatic tumors
· Usually non-GI sources – melanoma, lung, breast
· Splenic involvement is usually a manifestation of disseminated disease
1. Benign Tumors

a. Solid tumors

· Hemangiomas

· Typically, the patient has hemangiomas elsewhere too.

· Problems:

i. Can rupture (unlike hepatic ones)

ii. Can sequester platelets

· Treatment is splenectomy only for symptomatic ones

· Hamartomas

· Can be cystic or solid

· Splenectomy for symptoms or if diagnosis is in question

· Lymphangiomas

· Cystic lesions

· Splenectomy for symptoms and for diagnosis

3.  Cysts
· True nonparasitic cyst

· Epithelium lined (ie true)

· Can be epidermoid or dermoid

· Solitary, unilocular and well defined on CT

· Symptomatic when they are bigger than ~10 cm.

· Problems:

· Infection

· Hemorrhage

· Spontaneous rupture

· Tx = splenectomy

ii. True parasitic cysts

· Hydatid disease (ie Echinococcal)

· Only cause 1/20 cysts in North America, but is the most common cause in 3rd world.

· Most common is Echinococcus granulosis which makes a single non-loculated cyst

· Echinococcus locularis and vogeli make multiloculated cysts.

· Typically there is echinococcal disease in the liver too.

· DX:

· Serology

· CT – large cyst with calcifications and internal daughter cysts

· Problems:

· Bacterial superinfection

· Rupture ( anaphylaxis

· Tx:

· SPLENECTOMY for all of them

· Do all you can to prevent intraop cyst rupture!

iii. Pseudocysts

· No epithelial lining

· VAST majority of cysts are actually pseudocysts

· Causes include:

· TRAUMA

· Extension of pancreatic pseudocyst

· Dx:

· Avascular, calcified wall on CT

· Unilocular

· Problems:

· Mainly LUQ pain, early satiety

· Tx:

· Splenectomy when symptomatic or >10cm

5. Splenic Abscess

· Uncommon but quite serious (can be fatal)

· Hematogenous spread from other infected sites (eg bacterial endocarditis, IVDU, pyelonephritis, intraabdominal infection)

· Higher risk with structural spleen problems like infarctions, cysts

· Especially higher risk with immunosuppressed state

· Presentation:

· Fatigue, fever, ^WBC, LUQ pain, bacteremia

· Can erode into neighbouring structures (pleural cavity, bronchus, stomach)

· Organisms

· Staph and Strep

· E.coli, salmonella

· Depends on inoculant of course.

· Tx:

· Unilocular = Percutaneous drainage under CT or U/S guidance

· Successful 90% of the time

· Multilocular or failed perc drainage = SPLENECTOMY
· Leave a drain in the LUQ
6. Vascular Problems of the Spleen

1. Splenic Vein Thrombosis

· Thrombosis occurs in the splenic veing behind the pancreas

· Causes gastric varices by the short gastrics so the presentation is usually an UGIB

· Causes:

· Pancreatitis

· Pancreatic pseudocyst

· Pancreatic Ca

· Gastric ulcer

· Retroperitoneal fibrosis

· Dx:

· UGIB with gastric varices in the absence of stigmata of chronic liver disease or portal hypertension

· No cirrhosis and no esophageal varices on scope!

· Celiac angiogram or MRA or U/S can all diagnose

· Tx:

· Splenectomy

· All patients with splenic vein thrombosis should get splenectomy.

· NB:

· Avoid splenectomy in patients with varices due to portal hypertension as the operative risk if VERY HIGH!

2. Splenic Artery Aneurysm

· Second most common artery to undergo aneurysmal change but wwwwwaaaayyyy less common than the first (aorta)

· More often in women

· Two types of patients:

1. Old people with arteriosclerosis

2. Young women with a diathesis for splenic artery aneurysm 

· These have a high risk of rupture during pregnancy

· Dx:

· Typically asymptomatic

· Calcified widening of splenic a. on CT or AXR

· LUQ pain, nausea, vomiting if there has been rupture!

· Tx:

· Young patients – splenectomy

· Old patients with a calcified aneurysm – can be followed

· Bleeding patients – urgent splenectomy

· Poor operative candidates = embolization

7.
Wandering Spleen

· Extreme laxity of the splenic attachments

· Drops into the lower abdomen and hangs by its vascular attachment

· 13:1 women to men

· Presentation:

· Incidental on U/S or CT

· Lower abdominal mass

· Pain (visceral epigastric) if the spleen twists about its vascular pedicle

· Dx: CT

· Tx:

· If the spleen is viable then it can be tacked back into its normal position

· If it has infracted then splenectomy

· Treat all of them surgically

· Note: these are ideal for lap splenectomy because they are free of any attachments

