Pathology 4
Tubulointerstitial Disease:

Acute tubular injury:

· May be due to primary causes (ischemia, nephrotoxins are most common, while immunologic or genetic mechanisms are rarer) or secondary ones (with glomerular or vascular injury, or with interstitial nephritis).  You generally don’t see a lot of inflammation with toxic or ischemic injury, though inflammatory cells appear to play some role in ischemic injury.  
· Different injuries or toxins may affect different regions of the nephron.  You can get abnormal reabsorption (fluid/electrolyte, AA or glucose loss), electrolyte and acid/base imbalance, or failure of GRF (resulting in fluid overload, hyperkalemia, or toxin buildup).  
· The normal proximal tubule looks like very pink tall cells with a visible brush border.  The normal distal tubule is not as pink and shows no brush border. 

· Tubular cell injuries can be sublethal, lethal, or due to regeneration and repair.  

· Sublethal tubular cell injury is characterized by loss brush borders, blebbing of the apical cytoplasm, cell swelling and vacuolization, and cell detachment from the basement membrane.  Injured cells look more mesenchymal (epithelial → mesenchymal transition).  With repair and regeneration, PCT cells may be flattened, you can see some large or mitotic nuclei, and there is new gene expression and protein synthesis.  If repaired, the damaged mesenchymal-looking cells transition back so they look like epithelium again.  If mesenchymal too long, cells may become pro-fibrotic, which is pretty bad.  
· Lethal tubular cell injury can cause epithelial cells to detach be appear inside of the tubules.  This compromises the kidney function, since epithelial cells mediate everything.  You can see lots of necrosis (pink cell debris and shrunken pyknotic nuclei) or apoptosis (small, dense nuclei).  

· Intracellular events with tubule injury include ATP depletion and no oxidative metabolism, increased [Ca], activation of proteases, generation of radicals, injury to membranes and cytoskeleton, and altered adhesion and polarization.  Transporters can migrate between apical and basolateral surfaces, causing a loss of cell polarity.
· Acute renal failure can lead to ischemic injury.  Obstruction of the tubules can block glomerular filtration, altered tubular function can cause delivery of too much fluid and afferent arteriole vasoconstriction, or loss of tubular integrity can lead to leaking of filtrate into capillaries.  You lose endothelial integrity and vasodilators, as well as upregulate adhesion molecules.  This creates a pro-coagulant state that can interfere with restoring normal flow.  You can treat this by infusing endothelial cells or other cells expressing NO to vasodilate, etc.  

· Toxins that cause this include poisons, but also many drugs, particularly antibiotics.  Toxic injury looks a lot like ischemic injury, but you tend to see more necrosis and you can see crystals that indicate the presence of a toxin.  Different toxins affect different nephron segments.  Specific lesions associated with specific toxins include aminoglycosides causing myeloid bodies (only visible on EM), calcineurin inhibitors (cyclosporin) causing microvacuolization, and acyclovir forming intratubular crystals.  
· Patients can just recover from acute tubular injury, they may require dialysis or renal replacement to recover, they may only partially recover, or they can die (usually of multi-organ system failure).  

Tubulointerstitial Nephritis:

· With tubulointerstitial nephritis, you have changes in the interstitium that affect the tubules too.  Interstitial nephritis/fibrosis can be caused by infection (directly by pyelonephritis or indirectly due to systemic infection), drugs, immune-mediated processes, obstruction/reflux, or it can be secondary to glomerulonephritis or vasculitis.  

· Bacterial infections can be either ascending pyelonephritis (resulting in changes that streak out into the cortex from the medulla) or due to hematogenous spread of the bacteria that produces glomerulocentric patterns of involvement.  Pyelonephritis can result from a dysfunctional ureter-bladder junction, and is most commonly caused by E. coli.  Either of these two processes can lead to scarring and loss of function.  
· Acute pyelonephritis (very common) shows interstitial edema causing the tubules to appear spread farther apart, inflammatory infiltrates (often PMNs) around and in tubules (may form casts).  Characteristic cortical microabscesses may be present.

· Chronic pyelonephritis shows interstitial fibrosis, inflammatory infiltrate that can even form germinal centers, and pyelitis.  

· Risk factors for pyelonephritis include vesicoureteral reflex, obstruction, foreign objects like catheters or calculi, and virulent bacteria (often E. coli with pili to enhance retrograde motility).  

· Drugs can cause acute interstitial nephritis.  Among those implicated are lots of antibiotics, anticonvulsants, diuretics, immunosuppressants, NSAIDs, allopurinol, and others.  Drug-induced reactions tend to show edema, inflammatory infiltrates, and very often eosinophils.  

· Immune mediated causes of acute interstitial nephritis include cell mediated processes (sarcoidosis, TB which may produce granulomas, or renal allograft rejection which doesn’t produce granulomas), or antibody based mechanisms that mediate damage through complement (Goodpasture’s syndrome) or immune complexes (lupus).  To assess for immune tubular injury, you can do immunofluorescence to look for Ig.  Linear deposits indicate antibodies against structural antigens expressed uniformly along the tubular basement membrane.  Granular deposits indicate an irregular distribution, usually as a result of Ab-Ag complexes with bacteria.  

· With acute interstitial nephritis, tubular dysfunction can lead to altered tubuloglomerular feedback, you can get vasoconstriction of or injury/compression of capillaries, you can get tubular obstruction.  This may be in part due to cytokines or enzymes from inflammatory cells, and tubular injury can cause electrolyte or acid/base defects. 

· Chronic interstitial nephritis often shows interstitial fibrosis with tubular atrophy and a mononuclear cell infiltrate.  It can be the chronic result of any acute interstitial nephritis, or it can result from chronic ischemia, a drug reaction, or other causes.  This results in chronic renal failure (concentrating defects or fluid/electrolyte/acid/base imbalance).  Fibrosis occurs in descrete stages with potential for arrest or even reversal.  
· Histologically, with chronic interstitial nephritis you don’t see much tubular lumen, rather lots of pink fibrosis and decent looking glomeruli.  This process may be patchy.  Trichrome stains for collagen show fibrosis.  Thickened basement membranes can be seen wit tubular atrophy, and there is lots of epithelial to mesangial transformation.  

Special entities:

· Obstructive nephropathy is due to obstruction and usually refers to cases where it has led to fibrosis.  It may be unilateral or bilateral depending on where the obstruction is.  You often see hydronephrosis, where the collecting system is dilated and the increased pressure upstream of the obstruction leads to ischemia and injury, which shows as thinning and fibrosis.  This may or may not be related to infection.  It can be caused by stones, tumors, clots, enlarged prostate, pregnancy, etc.  You see very dilated calyces and collecting systems in the kidneys.  As a result, kidneys may become shrunken and fibrotic.  
· Vesicoureteral reflex is the retrograde propulsion of urine into the ureters, often resulting from a congenital defect in the implantation of ureters into the bladder.  Renal injury can present very early in life, or in adults.  You commonly scarring at the poles of the kidney, where compound papillae are more likely to be present.  At simple (single) papillae, pressure tends to close the orifaces between the renal papilla (medulla) and the calyx (collecting system).  At complex ones, back pressure opens some of the ducts.  This reflux can cause tissue damage by infection, elevated pressure (ischemia), or blocking the drainage of those nephrons and causing hyperfiltration in the remaining ones.  

Nephrotic Syndrome:
· Injured podocytes can undergo no change, cell hypertrophy, or dedifferentiation/proliferation

· Nephrotic refers to proteinuria without hematuria, without cell casts, and without inflammation or prloliferation.  

· Nephritic refers to hematuria with casts, inflammation, renal insufficiency, and maybe proteinuria.

· Glomerular diseases may be diffuse (>50% of glomeruli involved) or focal (<50%).  They may also be classified as global (the whole glomerulus is involved) or segmental (only parts of the glomerulus are involved).  Sclerosis refers to hardening, resulting from increased matrix in the glomerular tuft (collagen, scar) that is associated with proteinuria.  Proliferative or hypercellular conditions increase the glomerular cells or inflammatory cells in the glomerulus and are associated with hematuria +/- proteinuria.  

· The nephrotic syndrome is when you have proteinuria (>3.5 g/day), hypoalbuminemia, edema, increased serum lipids and doubly refractile fat bodies in the urine.  

· The glomerulus has mesangial cells between capillaries, endothelial cells inside the vessels, and epithelial cells (podocytes) outside the vessels.  Podocytes help regulate permselectivity, contact several capillaries to provide structural support, help remodel the glomerular basement membrane (GBM), and help endocytose filtered proteins.  These cells have lots of complex protein interactions.  The slit diaphragm of podocytes functions in filtration, as do the GBM and fenestrated endothelial cells.  
· All small stuff gets through the glomerular filter.  Because the filter is negatively charged, only neutral and positive medium sized particles get through.  No large particles get through.  

· With renal disease, you tend to see edema.  This is because you lose albumin in the urine, and the decrease in oncotic pressure contribute to plasma loss into the interstitum.  Also, you tend to get sodium and water retention in the kidney (less response to ANP, more response to ADH), which expands plasma volume and increases hydrostatic pressure.  

· Increased glomerular permability can lead to protein loss that leads to increased infection, malnutrition, hypoalbuminemia that leads to activation of hepatic protein synthesis (including lipoproteins) and hyperlipoproteinemia, alterations in coagulation factors that lead to thromboembolism, and increased tubular reabsorption of protein that causes tubular damage and catabolism of albumin.  Bascially there are lots of complications.
· The therapeutic strategies for proteinuric glomerular diseases include removing the inciting factors, treating with steroids/immunosuppression, preventing glomerular hypertension and hyperperfusion via ACE inhibitors or angiotensin receptor blockers.  It’s key to reduce proteinuria (will produce long term damage) and potentially try to get revascularization or reversal of sclerosis.  

· The main causes of Nephrotic syndrome include:  Minimal change disease, focal segmental glomerulosclerosis, glomerulonephritis and generalized systemic diseases.  

Minimal Change Disease:

· This disease is most common in kids, and it is characterized by selective proteinuria (loss of albumin).  It has a remitting and relapsing course, but shows normal renal function and a good prognosis (good response to steroid tx).  

· MCD has no known cause, and is very hard to distinguish on light microscopy.  On EM you can see that podocytes are effaced (no foot processes), and they may form ruffles, microvilli and/or vacuoles.  
· MCD may result from altered negative charges on proteoglycans, circulating factors like lymphokines or cationic factors that might neutralize negative charges on the filtration barrier, thromboxane mediated changes, or it may be secondary to drugs/lymphoma/toxins or viral infection (like HIV or upper respiratory infections).  

Focal Segmental Glomerulosclerosis:

· This disease is common in both kids and adults, more so in black populations.  Proteinuria here is not selective for albumin, but shows a poor response to steroids.  It may recur in allografts, in which case there is a poor prognosis.  

· FSGS may be idiopathic with generalized podocyte injury, or it may be secondary (‘post adaptive’) to conditions that reduce the number of nephrons and force the remaining ones to work harder and eventually develop glomerulosclerosis.  This secondary associations include reflex nephropathy (loss of nephrons), renal dysplasia, oligomeganephonia (a few large nephrons), morbid obesity, sickle cell (micro-infarcts cause loss of some tissue), primary glomerular diseases, hereditary nephropathies, heroine abuse, or HIV-associated FSGS.  

· Common morphologic patterns of FSGS include only changes in podocytes (early in the disease progression), perihilar (classic) sclerosis/hyalinosis, adherence of the capillary tuft to the edges of bowman’s capsule due to podocyte detachment, capillaries full of hyaline, collapsing FSGS where podocytes hyperproliferate outside of the collapsed capillaries and the podocytes detach from the GBM (may be large vacuoles in the podocytes filling up bowman’s space, tip lesions, etc.  

· With HIV nephropathy (or SLE or Hep C, because of interferon release), you can see tubuloreticular inclusions (commonly seen with collapsing FSGS).  HIV nephropathy can also show microcystic tubular dilatation, where tubules are dilated and full of cysts.  

· FSGS can be caused by glomerular epithelial injury (global dedifferentiation in the collapsing variant, localized podocyte loss in ‘post adaptive’), circulating factors that can be removed by plasmapheresis, glomerular hypertrophy/hemodynamic factors/hyperlipidemia in ‘post adpative’ FSGS, viral infection, adulterants in heroin, or TGF-beta, angiotensin II or cytokines that lead to increased matrix deposition.  
Membranous Glomerulopathy (aka membranous glomerulonephritis…but it’s not really –itis)

· Membranous glomerulopathy is most common in adults, and it presents as poorly selective proteinuria with variable prognosis.  This manifestation is mediated by immune complexes, usually from chronic low level release of antigens.  

· Immunofluorescence shows granular immune deposits in a diffuse, global pattern.  Light microscopy shows thick capillary walls and expansion of the mesangial matrix.  It’s not hypercellular, rather it’s due to subepithelial immune complexes depositing and the basement membrane responding by sending up spikes to try and engulf the immune complexes (visible on EM).  

· Membranous glomerulopathy can be primary/idiopathic with an unknown antigen, auto-antigen or complexes that form in the glomerulus.  Or, the cause can be secondary due to chronic infection, drugs, autoimmune disease, malignancy, or anything with chronic low levels of circulating immune complexes.  Small cationic immune complexes may cross the filter and allow complexes to form in tubules.  Because these deposits are subepithelial and out of the bloodstream, there’s not a big inflammatory response.  Causes may include hepatitis, syphilis, toxins like gold or penicillamine, epithelial neoplasms, SLE or RA.  
Diabetic Nephropathy:

· Diabetes mellitus can be due to a lack of insulin (type I) or a resistance to insulin (type II).  Complications cause morbidity and mortality.  Diabetic nephropathy is a late complication of diabetes mellitus.  

· The nephropathy is associated with poor serum glucose control and hypertension, and it occurs in 40% of patients.  There is a familial/genetic component.  It usually develops 10-15 years after onset of DM and occurs in five stages:

· Stage I:  early – increased GFR.

· Stage II:  latent – asymptomatic thickening of basement membrane

· Stage III:  incipient – microalbuminemia

· Stage IV:  overt – proteinuria and decreasing GFR

· Stage V:  end stage – fibrosis, sclerosis.  This is a very common cause of ESRD

· Diabetic nephropathy shows diffuse pronounced mesangial matrix (looks dark on silver stain) with hyalinosis.  The basement membrane thickens and can be visible on light microscopy, particularly around atrophic tubules.  It can produce nodular sclerosis with Kimmelstiel-Wilson nodules.  
· It is caused by a genetic predisposition, hemodynamic changes, glomerular hypertrophy, and glycosylated collagen.  This collagen shows decreased degradation (causing thick BM), decreased heparin sulfate binding to capillary walls resulting in anion loss, and macrophage release of IL-1 and TNF to increase matrix production.  

Glomerulonephritis:  Proliferative glomerulopathies
· Glomerulonephritis refers to glomerular diseases characterized by an increase in glomerular cellularity (hypercellularity).  It includes hematuria (sometimes with RBC casts, which are pathognomonic for glomerulonephritis), decreased renal function (high BUN and serum creatinine), proteinuria (may be present or absent), edema, hypertension, decreased urine output (if severe), and hypercellularity.  

· This is in contrast with nephrotic syndrome which is proteinuria without much hematuria, often with normal serum creatinine and normal cellularity.  

· Exudative glomerular diseases are ones in which neutrophils comprise a significant portion of the glomerular cells present.  Acute, post-infectious glomeruonephropathies are commonly exudative.  Crescentic diseases are ones characterized by extracapillary cell/matrix proliferation (crescents).  

· Focal, segmented glomerulonephritis shows some normal glomeruli, and in affected glomeruli only parts are hypercellular.  Diffuse GNs are all hypercellular.  

· A crescent is when there is proliferation of the epithelial or inflammatory cells in Bowman’s space that is contiguous with Bowman’s capsule.  

Forms of glomerulonephritis:

· Post-infectious (immune complex):  Most often associated with group A strep infection, usually 1-2 weeks after recovery.  It presents with gross hematuria, low C3 (complement), and has an excellent prognosis (particularly in kids).  A small fraction progresses to ESRD.  

· Histologically, it looks like diffuse, proliferative, exudative/PMNs GN (very hypercellular).  Crescents may be present, and if they are they are a poor prognostic indicator.  

· IF shows granular IgG and C3 in glomerular capillary loops (subepithelial) and mesangium.  EM shows large subepithelial humps (deposits), with subendothelial and mesangial deposits usually present.  

· IgA Nephropathy (immune complex):  Most common primary glomerulonephritis in the world, but uncommon in African Americans.  May be discovered as microscopic hematuria/proteinuria, or gross hematuria during/following an upper respiratory tract infection.  Up to 40-50% of patients will develop ESRD.  Proteinuria and hypertension are poor prognostic indicators.  There’s no widely accepted treatment, and the etiology is unknown (though abnormal glycosylation of IgA is thought to contribute).  It is likely related to henoch-Schonlein purpura (a systemic vasculitis).  
· Histologically it’s usually focal and segmental with mesangial proliferative GN.  It may be diffuse and/or crescentic, which is prognistically worse.  The histology may even look normal, which is a good indicator.  

· IF shows granular IgA and C3 in the mesangium and possibly sub-endothelium.  Foot processes are intact.  C1q is typically absent.  EM shows mesangial deposits with some cases have subendothelial deposits.  

· Membranoproliferative Glomerulonephritis (immune complex):  This is fairly rare, and presents as mixed nephritic/nephrotic.  Serum C3 is usually low (low C3 can only be lupus, post-infectious GN, or membranoproliferative GN), and progression to ESRD is common.  It has a high recurrence rate in renal transplants.  A subset of patients (often Hep C positive) have mixed cryoglobulinemia (Igs that deposit at low temp).  
· Histologically you see diffuse proliferative GN with hyperlobular glomeruli.  There are double contours of basement membrane on PAS or silver stain.  Intracapillary pseudothrombi (cryoglobulins) may be present obstructing capillary loops.  The hypercellular mesangium extends into the capillary separating the endothelial cells from the basement membrane, and they form a new basement membrane inside the original.  

· IF shows granular IgG and C3 deposits in capillary loops (subendothelial) and mesangium.  Intracapillary pseudothrombi (cryoglobulins) stain for IgG and IgM.  

· Crescents are not specific for any single disease, but they indicate severe glomerular injury.  Acute crescents are made of proliferated epithelial cells, macrophages and fibrin that are adherent to Bowman’s capsule.  They may be crescentic or extend around the circumference of the capillary.  Over time, they may become fibrocellular and then fibrous (almost all collagen).  

· Crescents often form at the site of basement membrane injury.  Cytokines and growth factors for leukocytes and fibrin production leak out and stimulate epithelial cells in Bowman’s capsule.  On silver stain, you’ll see necrosis and rupture of the basement membrane, with nearby cells proliferating.  Interstitial inflammation can also be seen in crescentic GN.  
· Immune complex related crescentic GN:  These are always diffuse/global.  Causes include lupus, membranoproliferative GN, post-infectious GN, and IgA nephropathy.  Crescents indicate a poor prognosis.  Dx requires demonstration of immune complexes.  

· ANCA associated (pauci-immune) crescentic GN:  Low grade infection primes PMNs to express ANCA antigens on their surfaces, and antibodies bind and activate PMNs causing them to release granules and induce kidney damage.  Vasculitis can sometimes be seen, and may be necrotizing.  
· P-ANCA (anti-myeloperoxidase) positive is most common.  This stains perinuclear.  It may be microscopic polyangiitis, a small vessel vasculitis, but arteritis is only seen in 10% of cases.  It can be pauci-immune crescentic GN, limited to the kidneys.  Or it can be Wegener’s, but Wegener’s is more commonly C-ANCA.

· C-ANCA (anti-PR3) positive stains diffusely and cytoplasmically.  It is most often associated with Wegener’s, occasionally with microscopic polyangiitis or pauci-immune.  

· Anti-GBM nephritis:  This is least common, and it has a rapid, severe progression.  It has autoantiboies against type IV collagen (goodpasture antigen).  Diagnosis requires seeing linear IgG in glomerular capillaries on IF.  It can be confirmed by ELISA for goodpasture antigen.  No immune complex deposits are seen.  The antibody can cross-react with pulmonary alveolar basement membrane, and can produce Goodpasture’s disease (hemoptosis and lung opacity).  20-30% of patients are also ANCA positive.  

Renal Manifestations of Systemic Disease:

Systemic Lupus Erythematosus is an autoimmune disease typically with anti-nuclear antibodies (ANA), most commonly anti-dsDNA and anti-Sm.  Most damage from lupus is mediated by immune complexes.  About 70% of lupus patients have renal involvement, and renal failure and infection are the most common causes of death in these patients.  SLE generally presents with a rash, photosensitivity, arthritis, pleuritis, pericarditis, neurologic disorders, hematologic disorders, etc.  
· Lupus nephritis is classified in 6 classes:

· I.  Minimal mesangial lupus nephritis where glomeruli look normal but there are some mesangial immune complex deposits.  This is pretty rare.  

· II.  Mesangial proliferative lupus nephritis where you have pure mesangial hypercellularity and mesangial matrix expansion with no capillary obstruction, necrosis, sclerosis or crescent.  It’s due to mesangial immune complex deposits and may look like IgA nephropathy.  Clinically, you see hematuria with a little proteinuria
· III.  Focal lupus nephritis (hypercellularity) involving <50% of glomeruli.  

· IV.  Diffuse lupus nephritis (hypercellularity) involving >50% of glomeruli.  This is most common.  Classes III and IV can show mesangial, subendothelial, and sometimes subepithelial immune complex deposits, as well as hypercellularity in all three regions.  Subendothelial deposits may stain pink and look like thick, wire-loop deposits.  These wire-loops stain for Ig and complement.  Clinically you see hematuria and proteinuria.  
· V.  Membranous lupus nephritis, resembles membranoproliferative GN.  It usually has subepithelial and mesangial deposits, with mesangial hypercellularity.  It is characterized by uniformly thickened capillary walls, due to a thickened GBM (but not as thick as wire loops).  The GBM thickens around subepithelial deposits producing spikes of BM.  There is extensive foot process effacement too.  IF is granular due to immune complex desposits.  Tubuloreticular inclusions may be seen.  Clinically you see proteinuria, but not hematuria.
· VI.  Advanced sclerosing lupus nephritis where >90% of glomeruli are globally sclerosed.  

· IF shows a ‘full house’ pattern of immunoglobulin (IgG, IgA, IgM) and complement (C1q, C3) deposits, particularly in class III and IV.  C1q is almost always present, even in classes II and V.  Deposits may also be seen in tubular basement membrane.  

· EM may show tubulo-reticular inclusions, but these aren’t specific for lupus. They are due to interferon exposure.  

· With classes III and IV, the more % involvement of glomeruli, the worse the prognosis.  But, people who respond to treatment do very well regardless of their severity when they present.  Lack or response to therapy is associated with poor survivial.  

· Lupus nephritis may progress from class II to III to IV over time.  Lupus nephritis is measured with an activity index and chronicity index that together can help figure out the prognosis.  

Monoclonal light chain disease (Multiple myeloma) can present in three forms:

· Light Chain Cast nephropathy (Myeloma Kidney) is the most common manifestation of light chain disease.  It usually presents as acute renal failure, and may be the first symptom of myeloma.  
· It’s characterized by light chains (kappa or lambda) in acidic urine, which can combine with Tamm-Horsfall glycoprotein to form large casts that can obstruct tubules.  These casts often appear fractured and frequently surrounded by cells (including multinucleated giant cells).  Kappa or lambda is present, but not both.  You may see some tubular atrophy and interstitial thickening.  The casts aren’t bring pink like hyaline.  
· Amyloid has two major types:  AL is primary amyloid derived from light chains (mostly lambda).  AA is secondary amyloid derived from the plasma protein SAA and seen only in chronic inflammatory conditions.

· AL and AA amyloid can only be distinguished by IF or immunohistochemistry.  Renal amyloidosis presents with proteinuria and nephrotic syndrome.  

· AL is most common after age 50 and is a very common cause of nephrotic syndrome.

· Histologically, it looks like expansion of mesangial areas with eosinophilic, congo-red staining (looks green in polarized light) acellular material.  Vessels may frequently be involved.  Amyloid deposition starts in the mesangium and extends to obstruct glomerular capillaries.  It extends through the BM, lifts epithelial cells off of the BM and leads to proteinuria.  There is no hypercellularity.  

· EM shows randomly oriented, extracellular, thin non-branching fibrils.  

· Light chain deposition disease is the least common of the three renal manifestations of light chain disease.  Many of these patients have multiple myeloma.  It more often involve kappa than lambda.  People present with renal insufficiency and proteinuria, and often progress to ESRD.  Light chain deposits (finely granular by EM) are seen in the tubular and glomerular BMs (subendothelial). 
· 60% of cases show nodular glomerulosclerosis resembling diabetic nephropathy (though these deposits are negative on silver stain, unlike diabetes nephropathy).  
Thrombotic microangiopathies:  these are types of lesions, not a specific disease.  They are characterized by endothelial cell injury in capillaries or arterioles.  Endothelial cells swell and detach from the BM, and fluid/fibrin/debris/platelets accumulate in the subendothelium and result in vessel narrowing.  It can also cause trauma to circulating RBCs, producing mircoangiopathic hemolytic anemia with fragmented RBCs (schistocytes) on peripheral blood smear.

· When glomeruli and arterioles are involved more than bigger arteries, thrombotic microangiopathy tends to be caused by Hemolytic Uremic syndrome (HUS), thrombotic thrombocytopenic purpura (TTP), or anti-phospholipid syndrome (with or without lupus), or it can be caused by drugs like cyclosporin/FK506, or post-partum acute renal failure.  

· When arteries and arterioles are involved more than smaller glomerular capillaries, thrombotic microangiopathy is more likely caused by scleroderma or malignant hypertension.  

· Hemolytic Uremic Syndrome (HUS) comes in two types.  

· Type D+ is the majority of cases and is diarrhea positive/classic/epidemic.  It occurs mostly in kids and can sometimes be traced to undercooked meat.  Renal disease follows several days of diarrhea, usually by toxigenic E. coli.  The toxin binds endothelial cells and injures them.  Mostly glomeruli are just involved, and the prognosis is good.

· Type D- occurs in adults and children, due to an unclear etiology.  These are diarrhea negative.  They often involve arterioles and small arteries and have worse prognosis.  

· HUS causes microangiopathic hemolytic anemia, thrombocytopenia, and renal failure due to denuded endothelium.  It’s a big cause of acute renal failure in children.  It may have CNS involvement.  

· Thrombotic Thrombocytopenic Purpura (TTP) occurs mostly in adults under 40 and more commonly in women.  The classical syndrome includes fever, microangiopathic hemolytic anemia, thrombocytopenic purpura, neuologic manifestations, and renal failure (in 50% of patients).  It may be cause by abnormalities in von Willebrand factor cleavage.  It can be treated to give good survival.  

· The pathology of HUS and TTP involves fibrin/platelet thrombi occluding smaller vessels (glomeruli, arterioles).  Glomeruli may contain RBC fragments, show RBC stasis or just show lots of endothelial swelling.  The endothelial cells separate from the GBM producing a double contour (but here it’s not proliferative like membranoproliferative GN).  You can see a loss of mesangial cells and matrix.  Arterioles may show focal fibrinoid necrosis.  Arterial involvement is a poor prognostic sign.

· Basically look for a loss of mesangial matrix, swollen endothelial cells separated from the GBM and on EM, effacement of foot processes.  

· Scleroderma is a more common cause of thrombotic microangiopathy with involvement of larger vessels (arterioles, arteries).  Scleroderma is characterized by excessive collagen deposition at multiple sites, it is usually ANA positive, particularly anti-topoisomerase I antibodies.  Severe hypertension with acute real failure is a major cause of mortality.  

· Scleroderma very commonly has renal involvement, mostly involving small arteries.  Arteries show mucoid intimal hyperplasia (concentric proliferation with fibrin and/or RBC fragments).  Arteriolar involvement is also common, and can show endothelial swelling, focal necrosis, luminal thrombi, and RBC fragments within the vessel wall.  Glomeruli may or may not be involved, and are usually only affected due to ischemia (they collapse without hypercellularity).  Changes may be similar to HUS.  Vascular changes resemble malignant hypertension.  You see no podocyte changes, unlike collapsing glomerulonephritis.  

Bladder and Kidney Tumors:

Bladder Tumors

· Transitional (urothelial) cell carinomas (TCC) are the most common in people around 50 years old and they are more common in men.  It’s the fourth most common cancer in men, 8th in women.  Most are caught early while local and have good survival, but they often recur and can generate a lot of cost. 

· TCC are easy to detect because cells are often present in the urine. 

· Genetic predispositions like low acetylation are at increased risk.  Several mutations confer familiar risk but they are pretty rare. 

· TCCs are often environmentally induced by tobacco, occupational chemical exposure, drugs, infection, etc

· TCCs are commonly multifocal because carcinogens in the urine contact all of the urothelium.  The urothelial lining from the renal pelvis to the urtethra is at risk. 

· Patients present with gross of microscopic hmaturia, 30% with flank pain due to obstruction and occasionally only with irritation symptoms.  

· Non-invasice urothelial neoplasms may be categorized as papillary or carcinoma in situ (CIS)

· CIS shows a flat morphology and you only need a few malignant cells present to qualify as this type of carcinoma.  CIS cells are often discohesive and are shed into the urine, facilitating easy detection.  CIS is, by definition, high grade with at least a few highly atypical cells.  

· With CIS, the bladder may show flat hemorrhages or ulcers.  The prognosis of CIs is pretty poor, with 40-80% progressing to invasive neoplasm.  But the course is variable and may  not progress. 

· CIS is treated with BCG, which tries to induce a host immune response against tumor cells.  Initially, 80% of patients respond, but only 30% remain disease free after 10 years.  30% of patients who are refractory to treatment progress to invasive cancer.  

· CIS is driven by p53 or RB mutations and has a higher risk of invasion or recurrence.  

· Papillary lesions are driven by other mutations and are much less likely to invade or recur.  Papillary lesions have low malignant potential and can mostly be cured by excision.  They may be low or high grade, and the grade is related to the prognosis.  Papillary appearance shows finger-like projections with an epithelial lining and fibrovascular core. 

· Recurrence of urothelial tumors may be due to the field effect (all sites are exposed to carcinogens in urine) with multiple new tumors, or it may be due to shed tumor cells re-implanting and growing.  Other cancers, in contrast, tend to have regrowth of the same tumor at the same site.  

· Most TCCs present as non-invasive papillary lesions with good prognosis.  Most invasive ones are already invasive at presentation.  Local invasions can be treated with cystectomy, but distant metastases are what can lead to mortality.  

· Small, limited TCCs are treated with transurethral resection.  If larger, multifocal or high grade, also treat with BCG (an attenuated mycobacterium).  If invasive or refractory to treatment, a cystectomy or prostatocystectomy is performed.  

Renal Cancers

· Renal call carcinoma (RCC) is most common in adults 55-60 and is more common in men than in women.  It’s pretty rarely bilatereal. 

· RCC classically presents as hematuria, flank pain, and/or abdominal mass.  Risk factors include smoking, obesity, and some familial syndromes.  

· Grossly, kidneys look large and fatty with some hemorrhage and necrosis.

· RCCs may be classified as:  Chromophobe (good prognosis, stains light with perinuclear clearing), papillary (very good prognosis), clear cell (prognosis depends on stage), and more rarely – collecting duct (aggressive), medullary (dismal), or sarcomatoid (aggressive).

· Clear cell RCC looks clear due to fat that has fallen out in processing the slide.  

· Local RCCs are treated with radical or partial nephrectomy, wedge resection or in-vivo ablation.  Advanced RCCs are treated with anti-angiogenic agents or tyrosine kinase inhibitors.  

· These tumors most often spread to the lungs, bones, or other unusual sites.  They may metastasize many years after resection.  5-year survival for local disease is good (70-90%), worse for regional (40-50%) and poor if there are distant metastases (<5%).  

Pediatric Renal Cancers

· Renal tumors are the 5th most common cancers in kids.  Of these, Wilm’s tumor (nephroblastoma) is very common.  Other types of renal cancer include congenital mesoblastic nephroma, clear cell sarcoma of the kidney, rhabdoid tumor of the kidney and miscellaneous renal cancers.  

· Wilm’s tumor is an embryonal tumor, in which the microscopic appearance recapitulates the normal developmental histology of the organ.  For embryonal tumors, the nomenclature involves basically taking the affected organ and adding __blastoma to it.  
· Wilm’s tumor has a triphasic histology with blastema cells, epithelial cells, and stroma.  It can often show heterologous differentiation with various tissues being present (cartilage, bone, skeletal muscle, various epithelia, etc.  

· Wilm’s tumor is a childhood tumor (mean age = 3.5) and it’s usually detected as an abdominal mass, bilaterally in 5% of cases.  It can spread to the lymph nodes and the lungs.  It has over 95% survival with favorable histology (usually functional p53 and responsive to tx), though it if has an anaplastic histology it can have a poor prognosis (usually mutated p53 and poorly responsive to tx). 

· The prognosis of pediatric renal tumors depends on stage and histopathology.  It’s good with favorable histology Wilm’s or congenital mesoblastic nephroma.  It’s intermediate with clear cell carcinoma of the kidney.  It’s poor with anaplastic Wilm’s or rhabdoid tumor fo the kidney.  

· Anaplastic Wilm’s has enlarged nuclei and mitotic figures.  Rhabdoid tumors of the kidney show pink cytoplasm, and they are very aggressive with no good treatment options (80% mortality).  Clear cell sarcoma of the kidney responds well to adriomycin, but it is fairly aggressive.  Congenital mesoblastic nephroma has decent prognosis (may be cured with surgery, without chemo) despite a high degree of atypia.
Pediatric Bladder Cancers

· The most common tumor of the bladder in kids is rhabdomyosarcoma, a malignant tumor or primitive skeletal muscle.  Since there’s normally no skeletal muscle in the bladder wall, this is thought to be due to the pluripotent potential of the precursor cells there.  

· Prognosis is based on stage and histopathology.  Rhabdomyosarcomas may be alveolar or embryonal.  Botryoid embryonal rhabdomyosarcoma has a good prognosis, and it looks like a bunch of grapes.  Here, the neoplastic cells are deep in the bladder wall, and the cells look like spindle shaped muscle cells. 

Hypertension:  

· Primary hypertension is of unknown cause, and it represents 95% of hypertension.  It’s more common in black populations.  

· Secondary hypertension results from a specific abnormality, and represents 5% of HTN.  Renal parenchymal disease (GN, FSGS) is the most common, followed by renal artery stenosis, tumors, pregnancy (pre-eclampsia) and drugs (oral contraceptives).  

· Malignant (accelerated) hypertension is relatively uncommon, and it’s defined as having a diastolic BP >130-140 mmHg.  It’s associated with retinal hemorrhage, exudates, and papilledema (swelling of the optic disc).  

· Hypertensive nephrosclerosis refers to changes in the kidney that result from hypertension.  Benign nephrosclerosis results from chronic mild or moderate hypertension, but the effects are not harmless as the name seems to imply.  Malignancy nephrosclerosis results from malignant hypertension.

· Benign nephrosclerosis:  This is the second most common cause or ESRD.

· Grossly, kidneys are decreased in size, they show cortical narrowing, a granular surface that is irregular and adherent to the capsule, and they may have small cortical cysts.  

· The arteries show intimal thickening, a narrowed lumen, duplication of the internal elastic lamina, and they may have some medial hypertrophy too.  Arterioles may show hyaline arteriolosclerosis.  

· Glomeruli show many globally sclerotic glomeruli, particularly nearest the capsule (deeper regions may appear more normal).  Glomeruli also show periglomerular fibrosis and maybe a mild increase in mesangial matrix.  Glomeruli may often look collapsed due to poor perfusion.  

· The tubules and interstitium show tubular atrophy and interstitial fibrosis.  

· Malignant hypertension:  

· The pathophysiology of malignant hypertension is poorly understood, but is likely related to the RAA system, since it is the main target of successful treatment.  Its earliest symptoms are proteinuria +/- hematuria.  CNS lesions may lead to visual disturbances, headache, nausea vomiting, and even loss of consciousness.  It can rapidly lead to ESRD, and it’s potentially fatal if not treated.

· Grossly, you see normal or swollen kidneys with a smooth surface (as long as there’s no benign nephrosclerosis at the same time).  You see small hemorrhages with areas of pallor due to local ischemia.  Occasionally, you can see small cortical infarcts with central pallor and hemorrhagic borders. 

· Arterioles and small arteries show fibrinoid necrosis (dense, pink filled) and/or mucoid intimal hyperplasia (looks like onion-skin that sort of fills up the arteriole…which is also seen in the kidney with scleroderma).  This is very light colored/edematous and NOT pink/fibrotic.  Scleroderma and malignant HTN may be indistinguishable histologically.  

· Glomeruli look collapsed with wrinkled capillary loops due to ischemia/poor perfusion.  They may show segmental necrosis or thrombotic microangiopathy, though these are relatively uncommon.  The changes of benign nephrosclerosis may also be seen if that condition is also present.

· In the tubules and interstitium, focal ischemic ATN with mild interstitial edema can be seen acutely.  Tubular atrophy and interstitial fibrosis can develop over time.  

· The most common causes of secondary hypertension are renal parenchymal disease and renal artery sclerosis.  Renal artery sclerosis has been induced in animal models, and shows a subsequent increased in BP.  

· The RAA system is though to play a role in the pathogenesis of HTN because in these patients you see increased plasma renin activity, an ischemic kidney produces renin and has a prominent JGA, and in animal models if you reverse the induced stenosis, the HTN improves.  

· Since atherosclerosis is the most common cause of renal artery stenosis, if you catch renal artery stenosis before end organ damage occurs, you can treat it with angioplasty.  It’s most often very proximal in the renal artery.  Post-stenotic distention is often seen as a result of turbulent flow.  

· If fibromuscular dysplasia causes the renal artery stenosis, there are usually multiple sites of stenosis.  In this case, you see hypertrophy of the media (outside the internal elastic lamin) rather than the intima.  

· Initially, the kidney supplied by the stenosed artery becomes small due to ischemia, tubular atrophy and interstitial fibrosis (glomeruli are relatively spared).  Ultimately, systemic hypertension results in damage to the other kidney as well, due to hypertensive nephrosclerosis.  

Forensic Pathology and Death Certification:

· Maryland has a state-wide medical examiner system.  The MEs are pathologists with additional fellowship training.  A coroner is an elected official (not necessarily and MD) who investigates sudden/violent deaths.  

· Cause of death is the disease process or injury that ends life.  The immediate cause is the final thing that caused death, whereas the proximate cause is underlying condition or event that initiates the chain of events culminating in death (ex: if you die from sepsis due to a stab wound, sepsis is the immediate cause and the stab wound is the proximate cause).  The cause of death on a death certificate needs to include the proximate cause.  

· Mechanism of death is the physiologic process that results from the cause of death (ex: asystole, cardiopulmonary arrest, etc).  The mechanism of death should NEVER be put on a death certificate.  

· Manner of death is the circumstance under which the death occurred.  It may be one of 5 categories:  Homicide, Suicide, Accident, Natural, or Undetermined.  Any death that is not ‘natural’ (ex: if there’s any injury, trauma, etc) must be signed or co-signed by a medical examiner.  

· Homicide is when death results from the actions of 1 person on another.  Murder implies intent to kill.

· Death certificates are legal documents that have many (insurance, closure, public health) implications.  The DC must be filled out by the attending or covering physician, or a medical examiner if necessary. If the cause of death is not natural, the DC requires a medical examiner’s signature.  

· Deaths that need to be reported to the medical examiners include any death where an accident, homicide, poisoning, suicide, criminal abortion, rape, therapeutic misadventure, drowning, or unusual/suspicious death is present or suspected…or if an apparently healthy person dies or arrives dead.  If there’s any doubt, just call and they’ll tell you what to do.

· Causes of death may be due to events like GSWs or loss of limbs in the distant past.  

· Post-mortem changes include lividity (pooling of blood and congealing that prevents blanching), rigor mortis (appears after ~1 hour, maximum effects at 12 hours, is maintained for 12 hours, then declines over 12 hours), and algor mortis (cooling).  

· Decomposition includes autolysis (discoloration, bloating), marbling (decomposition of blood in dilated subcutaneous vesels), skin slippage and bloating.  A lot of this is dependent on the environment.  

· GSWs:  entrance wounds have a circumferential marginal abrasion collar with unopposable edges.  Exit wounds are usually larger and have opposable edges.  

· With a contact GSW, soot and gunpowder are within the wound and a muzzle imprint on the skin may be visible.  If on the scalp, the scalp may tear.

· With a near/loose contact GSW, soot and gunpowder are within and partially around the entrance wound.

· With a close range GSW, the skin is seared within 2-3 inches, soot is deposited within 6 inches, and you see gunpowder stippling (punctuate abrasions due to unburned particles of gunpowder…cannot be wiped off like soot) within 18 inches of the entrance wound.

· With a distant GSW, you see no soot or gunpowder.  

· A cut is due to a sharp force injury and is longer than it is deep, whereas a stab is deeper than it is long.  A laceration is due to a blunt force injury and usually has irregular contours with tissue bridging between the two opposing edges.  A contusion is a bruise and an abrasion is a scrape with damage to the surface of the skin.  

· In a car accident, dicing injuries are small angulated cuts from side/rear windows.  Slicing injuries are long, thin cuts from the laminated windshield glass.  

· Asphyxiation occurs due to lack of oxygen.  It can be due to suffocation (failure of oxygen to reach the blood), strangulation (closure of vessels and air passages in the neck) or chemical asphyxia.  

· Strangulation with 4-5 lb of pressure will occlude the jugular veins and cause petechial hemorrhage.  11 lb of pressure will occlude the carotids and produce unconsciousness in 10 seconds, but won’t cause any hemorrhage.  Strangulation due to hanging usually leaves ligature marks on the skin angled upwards toward the ears, whereas homicide is typically horizontal.  

Interstitial Lung Disease:

· Diffuse interstitial lung diseases are present throughout the lung, though not necessarily uniformly.  

· Clinically, they may be classified as chronic or acute:

· Chronic interstitial lung diseases:  these may be idiopathic as in idiopathic pulmonary fibrosis (pathologically seen as usual interstitial pneumonia), non-specific interstitial pneumonia and sarcoid, OR they may have a known cause in cases like allergy, collagen vascular diseases (autoimmune), or pneumoconiosis (inhaled inorganic stuff).

· Acute interstitial lung disease:  these may also be idiopathic as in acute interstitial pneumonia (pathologically seen as diffuse alveolar damage).  You can also see this pattern of DAD in cases of known etiology.

· So basically, chronic stuff shows up as IPF/UIP, NSIP, or sarcoid if idiopathic, or it can have a known cause.  Acute stuff shows up as AIP/DAD.

· The normal alveoli are lined with very thin type I pneumocytes and they have very thin interalveolar septae with elastic and collagen fibers, fibroblasts, and vessels/bronchi.  It’s pretty inconspicuous in a normal lung.  

· These interstitial lung diseases show inflammation and fibrosis.  Honeycomb lung can be the end-stage result of almost any interstitial disorder.  
· Idiopathic Pulmonary Fibrosis (IPF)/Usual Interstitial Pneumonia (UIP) – chronic, idiopathic  

· The diagnostic criteria are a patchwork pattern (non-uniformity), architectural distortion (honeycomb, scarring), and temporal heterogeneity of fibroblast foci and collagen deposition.  It tends to occur in people over 50, manifests as insidious onset otherwise unexplained dyspnea on exertion, must last over 3 months and show bi-basilar inspiratory crackles.  Surgical biopsy is recommended for diagnosis, and definitive diagnosis requires exclusion of other causes of diffuse interstitial lung disease.
· These inflammatory/fibrotic changes are more prominent in the bases of the lungs and underneath the pleura, and they cause a reduced lung volume (seen on X-ray).  They often form cysts and a honeycombed appearance due to the fibrosis pulling air-spaces open to greater-than-usual sizes.  This honeycombing prevents oxygen uptake and makes it harder to clear the lungs of mucus and other stuff, so it really impairs ventilation.  
· This process is patchy, and a small biopsy may not be representative of the whole lung.  You can see some areas of active inflammation, areas of young collagen (stains light with very cellular fibrosis), and areas of older collagen that are less cellular.  You see scarring and remodeled alveoli which have no capillaries in the septae, leading to V/Q mismatch.  
· Remodeling of the alveoli can cause epithelial metaplasia and cause the alveoli to be lined with respiratory epithelium.  

· Macrophages and mucus can accumulate in the air-spaces causing a ground glass appearance on imagine studies.  
· IPF/UIP is though to start with repeated stimulus at separate foci that results in injury/inflammation, and this leads to sequential lung injuries that have aberrant healing that ultimately leads to fibrosis.  Genetic predispositions and Th1/Th2 balance may play important roles.

· Non-Specific Insterstitial Pneumonia (NSIP) – chronic, idiopathic:

· NSIP can have two different patterns.  The cellular pattern shows chronic inflammatory infiltrates with mild and uniform thickening of alveolar septae and little fibrosis.  The fibrosing pattern shows uniform fibrosis, but no honeycomb changes, no architectural distortion, and no fibroblast foci. 

· A key distinction between IPF/UIP and NSIP is that IPF/UIP is patchy whereas NSIP is uniform.  

· Again, other diagnoses of chronic interstitial inflammation/fibrosis (ex: collagen vascular disease, drug reaction, hypersentivity, pneumoconiosis, pulmonary hypertension) must be ruled out before these idiopathic diagnoses can be made.  

· Pneumoconiosis – chronic, known etiology:

· Pneumoconiosis is chronic interstitial inflammation/fibrosis related to inhaled inorganic dusts.  It may be due to fibrogenic dusts (silica, asbestos, beryllium, some coal) that cause fibrosis and injury, but you can also detect inert dusts in the lungs (some coal, iron) that may not incite this type of reaction.  

· In coal miners’ lungs you may see fibrosis and opaque peri-hilar lymph nodes.  

· With silicosis, you often see concentric lamellar nodules of fibrosis (may be refractile in polarized light).  

· Absestos tends to cause basilar disease.  In these patients you can see asbestos bodies in which the body reacts to normally invisible fibers and causes them to be apparent on light microscopy.  

· Mixed dust (silica plus other dust) pneumoconiosis can produce a medusa head nodule with nodular fibrosis spreading into other part of the lung.  

· Inert things like iron oxide may show deposits but no fibrosis/destruction, and there shouldn’t be any functional impairment.  

· Interstitial lung disease with granulomas – chronic:

· Extrinsic Allergic Alveolitis (hypersensitivity lung disease, basically allergy) – known etiology:  This is reaction to any of a variety of inhaled antigens.  It may be due to exposure to thing like farm environments, mushrooms, organisms in humidifiers, birds, etc.   In this case you see interstitial inflammation with vaguely formed, pretty small granulomas.  They can have some giant cells, often with some inflammatory cells mixed in.  
· Sarcoid – unknown etiology/idiopathic:  These granulomas are much more discrete.  On radiograph, you see peri-hilar lymph node involvement and interstitial lung disease that preferentially affects the upper lobes.  You see granulomas without a whole lot of other interstitial inflammation.  The granulomas here are non-caseating, and they are distributed somewhat randomly.  These granulomas are often much more discrete and well demarcated than in allergy.  Sarcoid is a systemic disease, so you may see granulomas in the eyes or liver as well.  Pulmonary granulomas can be detected on bronchial lavage.  In some patients, the granulomas can become fibrotic and cause problems, in other patients they may just go away.  

· Diffuse Alveolar Damage (DAD)/Acute Interstitial Pneuomnia (AIP) – acute, known or unknown etiology.
· DAD is an acute lung injury patter that is “diffuse” because it damages al components of the alveolus (epithelium, septae, vessels), but it is not necessarily present throughout the lung.  Interstitial leads to alveolar leak/edema.  Hyaline membranes are present early, and it may either resolve or later form fibrosis.
· With lung toxins, you get epithelial injury and necrosis of type I cells that causes hyaline membrane formation.  You also get endothelial injury that causes edema.  These are the characteristics of the acute stage of DAD.  Over time, this will enter the organization stage and you’ll see alveolar collapse/coalescence, fibrosis, and honeycomb lung.  

· In DAD, there’s an acute exudative stage (edema, hyaline membranes), followed by a proliferative stage (interstitial inflammation, pneumocyte proliferation, microthrombi), and finally an organizing stage (fibroblastic proliferation in the septae and in the alveolar lumen, CT synthesis).  

· The proliferative stage may start to show significant inflammation and fibrosis as little as a week after the injury.  As type II pneumocytes try to heal, they proliferate and can undergo metaplasia to form type I cells…these may look neoplastic even though they are not.  

· Remodeling often produces abnormal air spaces which will likely lead to fibrosis.  You see lots of stuff/fibrosis in the interstitium.  

· On chest X-ray, it looks like a white-out of the lung fields.  Grossly, the lungs look very red, beefy and solid.  

· DAD can ultimately be caused by many, many different things.  These include viral pnemonias (which may show viral inclusions), trauma, radiation, shock, sepsis, auto-immunity, chemicals, toxic gas, oxygen, drugs, aspiration, etc.  In any case, DAD (unlike UIP) is caused by massive injury at one time, not a chronic repeating injury.  

· DAD was described by Drs. Hammond and Rich here, so DAD is also known as Hammond-Rich syndrome.  

· The pathogenesis of DAD is mediated by complement, granulocytes, fibrin, platelets, surfactant, and oxygen.  

COPD and Asthma:

· In the airways, total surface area expands greatly when diameter <2mm, so the major site of resistance in normal lungs is the large central airways.  Trachea/bronchi include 30% cartilage, 5% smooth muscle along with mucus glands and the usual CT/vessels/nerves.  Smaller vessels like terminal bronchioles lack cartilage and show more smooth muscle.  As you get down to terminal bronchioles, respiratory epithelium becomes a single layer of columnar epithelium.  As you progress to smaller airways, these epithelial cells become flatter until they are squamous in the alveoli.  Alveoli include type I pneumocytes (flat) and type II pneumocytes (more plump).  
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· Asthma:  It may be extrinsic (due to type I hypersensitivity – allergy) or intrinsic.  Intrinsic asthma is poorly understood and is due to infection, drugs, irritants, stress, exercise, etc.  

· Allergic asthma is due to antigen exposure, presentation to Th2 CD4 cells, IgE production and IgE binding to mast cells.  Re-exposure leads to degranulation and attraction of inflammatory cells that causes early and late phase allergic responses.  Allergens can also directly mediate allergy independent of mast cells.  

· The critical histologic alterations in asthma include:  Intraluminal secretions (may be a mucus film on the alveoli), airway epithelial desquamation, goblet cell hyperplasia (usually goblet cells are scarce), airway inflammation (lymphocytes and esoinophils), and hyalinized/thickened basement membranes with collagen fibrils (NOT hyaline membranes of acute interstitial pneumonia).  Smooth muscle hypertrophy may be seen.  Crystals of Charcot-Leyden may be seen, and these are degraded eosinophils that look like pink material in the lumen.  

· COPD is characterized by the presence of chronic bronchitis or emphysema associated with airflow obstruction.  Airflow obstruction may be accompanied by airway hyper-reactivity which is fairly permanent.  It’s strongly associated with smoking.  

· Chronic bronchitis:  This is characterized by chronic cough and mucus production with or without airflow obstruction.  You see bronchial inflammation (lymphocytes, macrophages, neutrophils), massive hypertrophy and hyperplasia of the submucosal mucus glands, and thickened basement membrane possibly with some fibrosis.  Bronchiolar inflammation/injury and subsequent remodeling may be the basis of airflow limitation.  Sloughed epithelial cells may be present in the lumen of bronchioles.  

· Emphysema:  This is abnormal and permanent enlargement of the airspaces distal to the terminal bronchioles accompanied by destruction of the alveolar walls, but without obvious fibrosis.  In centri-lobular emphysema you see destruction of the respiratory bronchiole, which produces the lesions in the middle of the acinus with a preserved periphery(tends to affect the upper lobe).  Centrilobular emphysema may develop subpleural bullae/blebs that may rupture and produce spontaneous pneumothorax.   In pan-acinar emphysema you see destruction of the alveoli and destruction of the entire acinus.  Emphysema may be in a paraseptal distribution.  You may see some inflammation around the airways, but the main abnormality is enlarged airspaces and loss of parenchyma/alveolar septae.  

· The pathogenesis of emphysema is though to involve alveolar inflammation (macrophages, neutrophils), protease/antiprotease imbalance, and alveolar apoptosis.  Oxidate stress also contributes.  Apoptosis can be detected by TUNEL staining (where apoptotic cells look black).  Anti-1 antitrypsin deficiency is the only known genetic abnormality leading to COPD/emphysema, which strongly supports the role of protease/antiprotease imbalance.  This deficiency produces panacinar emphysema.

Pulmonary Arterial Hypertension:

· Pulmonary arterial hypertension (PAH) may be idiopathic or associated with other diseases.  The normal mean pulmonary arterial pressure is <25 mmHg.  Mild/moderate PH is between 30-45, and severe pulmonary hypertension is >45 mmHg.  
· Mild/moderate PAH is associated with COPD, ILD (interstitial lung disease), and sleep apnea.  Severe PAH may be idiopathic or associated with collagen vascular disease, HIV, sacroidosis, or congenital heart malformation with left to right shunt.  

· The big elastic pulmonary arteries have lots of lamellae of elastic and collagen fibers.  Smaller vessels are more muscular and have both internal and external elastic laminae (unlike smaller systemic vessels).  These smaller, muscular vessels are the ones that vasoconstrict with hypoxia.  The muscular vessels branch into smaller non-muscular pulmonary vessels, which are mostly endothelium and a little bit of elastic tissue.  

· Pulmonary arterial hypertension (PAH) is characterized by vascular remodeling.  It may be seen as:

· Atherosclerosis in elastic arteries.

· Medial muscular hypertrophy and intimal fibrosis in muscular arteries (potentially reversible).

· Abnormal muscularization of non-muscular pulmonary vessels (occurs with hypoxia, and permits these vessels to vasoconstrict)

· Loss of alveolar capillary beds

· Plexiform lesions in the muscular arteries.  These are proliferative endothelial lesions that are seen in severe PAH, and are diagnostic for severe PAH.  They may look like vascular dilation or angiomatoid lesions.  

· PAH can result in cor pulmonale, or right heart failure.  You see enlargement of the right ventricle due to high blood pressure in the lungs.

· Pulmonary Hypertension classifications:

· Group 1:  PAH (idiopathic, familial, or associated with other disease but showing the same histology as idiopathic)

· Group 2:  PH with left heart disease

· Group 3:  PH with primary lung disease and/or hypoxemia (loss of capillary bed, for example, but no plexiform lesions seen).  May be associated with COPD (emphysema and chronic bronchitis), sleep apnea, or interstitial lung diseases (including collagen vascular diseases, sarcoid, etc).  

· Group 4:  PH due to chronic thrombotic/embolic disease

· Group 5:  Miscellaneous

· About 6% of PAH is familial, most often with a mutation in Bone Morphogenetic Protein Receptor 2.  But, lots of people have the mutation and don’t get PAH.  Plexiform lesions have been shown to frequently have microsatellite mutations at tumor suppressor genes like TGF-beta receptor and Bax.  

· PAH is associated with collagen-vascular diseases (SLE, scleroderma), HIV, congenital heart problems, liver disease, etc.  So these things must be ruled out before a diagnosis of IPAH (idiopathic) can be made.  

· With Group 3 PH, you may see emphysema and loss of capillary beds.  With chronic bronchitis, you can see excess mucus production that compromises the airway and leads to hypoxemia and abnormal smooth muscle.  In bronchitis and sleep apnea, you see development of a muscular media in precapillary pulmonary arteries (shouldn’t have muscle).  In interstitial lung disease (like UIP) you get vascular remodeling, intimal fibrosis, medial hypertrophy, and loss of capillary beds.  The loss of capillary beds is often associated with remodeling and honeycomb changes in the lung.

· PE has a pretty high mortality rate (10-30%).  It can produce infarct (usually requires other heart or lung problems because normally the bronchial arteries from the aorta anastomose with pulmonary arteries) or if you get chronic emboli, many clots can produce pulmonary hypertension .  A saddle embolus blocks both pulmonary arteries at their branch point and is a rapid, severe occlusion associated with a high mortality.  If an embolus is present for a long time, it can recanalize and look like a web on gross examination.  With chronic, recurrent PE, you may see vascular obstruction and remodeling with medial hypertrophy.  Emboli may be a result of IV drug use.  Emboli may also be due to disseminated carcinomatosis (multipole emboli due to a cancer).  
Pathology of Pulmonary Neoplasia:

· Squamous cell carcinoma:  This almost always occurs in smokers.  It involves the large airways.  Histologically these show squamous differentiation and varying degrees of keratinization.  These are often accompanied by squamous metaplasia in the airways or carcinoma in situ (represents widespread damage from smoke).  

· Adenocarcinoma:  This carcinoma is much more common in smokers, but also occurs in non-smokers.  These arise more peripherally in the smaller airways.  Histologically they have a glandular morphology with tall/columnar glands, papillary structures, acini, etc…there is a quite a big of variability.  

· Bronchoalveolar carcinoma is a distinctive variant of adenocarcinoma in which malignant cells grow along alveolar walls (lepidic growth) without invading the stroma.  Some bronchoalveolar carcinomas grow throughout the lung and can mimic pneumonia.  This shows a similar frequency in smokers and non-smokers.  

· Atypical adenomatous hyperplasia (AAH) looks just like bronchoalveolar carcinoma, except the lesions are <1cm.  These are proposed to be precursors to adenocarcinoma, since they look similar and share many mutations, but isn’t well established.

· Large cell carcinoma is less well defined.  These are likely adenocarcinomas or squamous cell carcinomas that aren’t differentiated enough to be called either one.  Some large cell carcinomas have really large, bizarre cells (giant cell carcinoma), others have neuroendocrine differentiation.  These variants have a poor prognosis.  

· Squamous cell carcinoma, adenocarcinoma and large cell carcinoma make up the “non-small cell” lung cancers.  

· Small cell carcinoma is a very virulent type of lung cancer.  It’s characterized by small cells with scant cytoplasm, conspicuous mitotic figures, and often some features of neuroendocrine differentiation.  They may show mixtures of small cell and non-small cell carcinoma patterns.  These cancers tend to metastasize widely, so is usually not resectable.  

· Carcinoid tumors are derived from neuroendocrine cells and morphology resembles neuroendocrine tumors (they’ll stain for neuroendocrine markers too).  These tumors usually have a low malignancy potential.  Carcinoid tumors DO NOT progress to small cell carcinoma.  They most often present as small, well circumscribed nodules that protrude into a bronchus.  Small ones without atypia have a really good prognosis.  Larger, more atypical carcinoid tumors may metastasize, but still have a better prognisos than any of the lung carcinomas.

· Lung cancer can commonly spread to adjacent tissues or metastasize via lymphatics, most commonly to brain, liver, bone and adrenals.  If detected before metastasis, resection is usually OK due to the lung’s reserve capacity, but many lung cancers present after metastasis.  

· Clinical staging of cancer without lymph node histology often under-stages the cancers.  Basically stage 1 is a small tumor, and it goes up to stage 4 which is a tumor of any size with metastasis.  With distant metastasis 2 year survival is ~0, but even with stage one 5-year survival is only ~50%.  They’d like to be able to differentiate the different severities within stage one better.

· Molecular pathology of lung cancer has a wide range.  P53 mutations are common.  

· EGF-Receptor mutations in a small fraction of patients who responded very well to an EGFR inhibitor.  EGFR mutations are most common in adenocarcinomas.  These mutations are more common in cancers arising in non-smokers, women, and Asians.  EGFR mutations are predictive of response to EGFR inhibitors, but the mutations aren’t required for survival benefits of the drugs, so EGFR may be amplified in these patients.  

· Ki-ras mutations are present in some adenocarcinomas.  These mutations are mutually exclusive with EFGR mutations, and cancers with Ki-ras mutations do not responds to EGFR inhibitors.  

· Nothing really clinically useful has come of these molecular classifications yet.

· Paraneoplastic syndromes (syndromes resulting from cancer) may be present with lung cancer.  They include clotting disorders, neuromuscular disorders, skin and CT disease, and joint abnormalities.  The relationship with lung cancer is unknown.  The most common systemic manifestations of lung cancers include weight loss, weakness, fatigue, and loss of appetite.  

· These tumors can also produce hormones, including ACTH (small cell carcinoma, carcinoid tumors), ADH, calcitonin, and parathyroid hormone (squamous cell carcinoma).  hCG and HGH are also uncommonly associated with adenocarcinoma or large cell carcinoma.  

· Patients with lung cancer often present with advanced disease with symptoms related to metastasis, which has a very poor prognosis.  Detection and diagnosis of lung cancer try to detect it as early as possible, but x-ray and sputum surveillance didn’t show much benefit.  There’s some enthusiasm now around high resolution CT monitoring.  


· Methods used to diagnose lung cancer depend on the location of the tumor.  They can include: 

· Sputum cytology – not a great technique, sometimes used for central lesions

· Bronchial brushings – better samples than sputum, good for centrally located squamous and small cell carcinomas.  

· Bronchial biopsy – good for all cancers except peripheral lesions that can’t be accessed via the bronchi

· Trans-thoracic needle biopsy – used for peripherally located adenocarcinomas.  Small lesions may be tough to sample.

· Open lung biopsy – if no better alternative. 

· Tobacco carcinogenesis is a model for evaluating causality.  It fulfills the following criteria:  strength of association, consistency of association, persistence when considering confounding variables, appropriate temporal relationship, dose-response relationship, and biological plausibility.  

· Shifts in the different types of cancers taking place correspond with changes in cigarettes.  We now see fewer squamous cell carcinomas and increasing numbers of adenocarcinomas.  Now, they’re about equally common.  Cigarettes now generally have filters and perforations to minimize tar (PAH) exposure and dilute smoke.  But to get more nicotine, they inhale more deeply, bringing more carcinogens to the peripheral lung and causing more peripheral lung cancers (adenocarcinomas).  The amounts of stems and ribs used has also increased, and these lead to increased levels of NNK, which specifically causes adenocarcinomas.  

· Other causes of lung cancer include occupational exposure to asbestos, radiation (radon in homes not shown to cause it), air pollution, rare familial genetic predispositions, and arsenic/chromium in a the few exposed people

· Tumors in the lungs may also be metastases to the lung from other sites via blood or lymphatics.  In these cases, there are usually multiple tumor masses that are peripherally located.  They tend to spread through the lymphatics in the lung pleura.  

· Mesothlial cancers (mesothelioma) can also show up in the lungs.  These are cancers of the mesothelial cells lining the pleura, and the cancers grow along the lung surfaces.  But the cancers can also invade the lungs or surrounding structures, and they can metastasize.  Mesotheliomas are almost always fatal.  

Lung Infections:

· Lung infections may be bacterial pneumonia, viral, fungal or related to AIDS.  They contribute to a lot of deaths each year.  

· Bacterial pneumonias may be classified based on their gross, anatomical locations (lobar or bronchopneumonia).  They are most often caused by S. pneumo, Staph, pseudomonas, or gram (-) rods.  They are characterized by abrupt onset fever, chills, productive cough and pleuritic chest pain.  Diagnosis is often by blood culture.

· Bronchopneumonia is patchy a centered around the distribution of a bronchus/bronchiole.  Here, the alveolar septae are not changed, but you see lots of pus in the airspaces.  Lots of PMNs and cell remnants are embedded in fibrin filling up the airspaces.  

· Lobar pneumonia is demarcated by the lines between lobes of the lung.  It looks much like bronchopneumonia on microscopy with PMNs and fibrinous exudate in the airspace.  The progression of lobar pneumonia begins with congestion (lots of RBCs in enlarged vessels around alveoli, edema in them), progresses to red hepatization (fibrinous exudate with PMNs in the airspaces, clotted RBS in capillaries, looks like liver grossly), gray hepatization (RBCs breakdown, the exudate remains there and the lung surface looks gray/dry), and it may end with resolution in which there is a return to normal.  Or, it may end with organization and fibroblasts coming in to deposit collagen that obliterates the airspaces.  

· Granulomatous lung infections are caused by TB, atypical mycobacterial infections and some fungi

· TB is characterized by caseating granulomas (central necrosis, giant cells, histiocytes, peripheral lymphocytes), though they may be less developed in immunocompromised hosts.  It’s transmitted by inhalation.  Debilitation, old age, or immunosuppression puts you at increased risk.  It’s very common globlally, and most common in Hispanic/Asian immigrants in the US.  A person’s first TB infection is typically mild, but reinfection with a different organism or reactivation of an existing, walled-off lesion can cause an immune or hypersensitivity reaction.  Organisms are visualized as slender, acid-fast rods.  They can be stained with Zeil-Nelsen, Fite or auramine/rhodamine.  

· Atypical mycobacteria are most common in immunocompromised hosts.  They include M. avium (most common, seen in AIDS), M. bovis, and M. leprae.  They typically show poorly formed granulomas.  M. avium (aka MAI) is commonly located around bronchioles, and macrophages full or organism can be easily seen.

· Fungal pneumonias:

· Aspergillus – most common in immunocompromised patients or with chronic disease.  It can be invasive (most dangerous), saprophytic (feeds on dead cells), and allergic.  It shows hemorrhagic infarction with sparse inflammation, and may produce a fungus ball (aspergilloma).  It is characterized by septate hyphae that radiate outward with 45 degree branching

· Mucormycosis is most common with chronic disease.  It has thicker hyphae with wide, thick walls.  It shows 90 degree branching, and it looks like ribbons that are twisting and haphazardly scattered .

· Candida is most common with immunosuppression.  It shows pseudohyphae that look like sausage links.  It also has both yeast and hyphae forms present.  

· Granulomatous fungal pneumonias:

· Histoplasma (endemic to Ohio, Tennessee) is quite small and forms necrotizing/caseating granulomas that look a lot like TB.  It may form calcifications and be surrounded by collagen though.  You can see macrophages full of the histoplasma organisms.  PAS stains the cell wall of the organism.  

· Coccidiomycosis (endemic in the southwest US) includes small endospores and also spherules containing many endospores.  The spherules are a unique characteristic.  

· Cryptococcus varies in size, but is identifiable because it has a capsule the leaves a little space around it during slide prep.  These organisms are present inside macrophages.  

· Blastomycosis is most yeast, but can rarely be seen in the hyphal form.  It has a double wall sort of appearance.  

· Pneumocystis Pneumonia is an interstitial pneumonia with an intra-alveolar exudate.  This produces heavy, firm, solid lungs.  You see diffuse alveolar damage with proteinaceous stuff in the alveoli where the organism is, not granulomas.  

· PCP produces a hypoxic and restrictive lung disease presentation.  It alternates between trophozoite and cyst forms in its lifecycle.  

· PCP has a variable clinical presentation.  People range from few symptoms to fever/dyspnea/dry cough, to respiratory failure.  It was very lethal in AIDS patients, but is better new with pentamidine treatment.  

· It can be diagnosed by BAL, biopsy, antibody tests, or PCR.  

· Lung abscesses often evolve from necrotizing pneumonia.  It’s commonly cause by S. aureus, Strep, gram (-)s, or mixed (anaerobic) infections.  They are more common in the right lung, because aspiration there is more common.  These abscesses commonly rupture into airways.  

· It most frequently occurs as a result of aspiration of infective material due to altered consciousness.  Or it can be aspiration of gastric contents (or really anything), or simply a complication of necrotizing pneumonias (Staph, Klebsiella, pneumococcus) or fungal infections.  They may occur with septic embolism and hematogenous spread of bacteria too.  

· Abscesses present with cough, fever, weight loss, foul smelling sputum, chest pain, etc.  The course is variable, and most resolve, though some are fatal.  Complications occur when abscesses extend into the pleural cavity (empyema, pneumothorax), or you can see hemorrhage, or brain abscesses, or reactive amyloidosis.  

· Histologically, they just look like PMNs and pus.  

· All lung abscesses eventually end up with anaerobic and microaerophilic bacteria colonizing them (from the oropharynx).  These anaerobes smell bad.  

· Abscesses can drain into the bronchi (coughed up, swallowed), pleura (empyema, fistula), or pulmonary vessels (spread to any part of the body, often the brain).  

· Unusual pneumonias:  

· Nocardia occurs in immunocompromised hosts.  You get necrotizing acute bronchopneumonia with abscesses and poorly formed granuomas (basically everything).  You can detect a filamentous, branching gram (+) organism.  

· Actinomyces (a gram + anaerobe) can be found in normal patients with emphysema and bronchiectasis (dilated bronchi).  You get lots of tissue destruction and sulfur granules/grains.  You see thin, filamentous rods with terminal clubbing. 

· Viral pneumonias:

· CMV is characterized by big cells and both nuclear and cytoplasmic basophilic inclusions.  You can usually see a little space between the nuclear inclusions and the rest of the nucleus, whereas cytoplasmic inclusions just look like dots.  Necrosis isn’t prominent.  

· Herpes simplex virus shows only intranuclear, eosinophilic inclusions (in Cowdry A cells).  Cowdry B cells show a ground glass nucleus.  This is usually accompanied by extensive necrosis.  Multinucleated cells may be seen rarely.  

· Adenovirus is the common cold.  It rarely produces viral pneumonia.  If it does, it’s mostly in young kids and immunocompromised people.  You may see smudge cells a smaller cell that looks like the Cowdry A cells (nuclear, eosinophilic inclusions) of HSV.

· Pulmonary disease is a leading cause of death in HIV patients.  They are susceptible to opportunistic pathogens, but the usual S. pneumo, S. aureus, and H. flu still cause a lot of serious problems.  

· At CD4>200 you see normal pneumonia organisms.  When CD4<200, you start to see PCP occur.  When CD4<50, you see things like CMV and MAC (mycobacterium avium complex).

· Not all pulmonary infiltrates are infectious, and cancer should be considered. 

Lung Development:

· Lung development begins with as just a lung bud (embryonic) from the foregut like the esophagus, then becomes pseudogladular as the outpouchings push out more into the thoracic mesenchyme, then it becomes canalicular and capillaries begin to invade the airspaces, and as the smaller airways are produced it becomes saccular and finally alveolar.  The vast majority of alveoli develop after birth. 

· The lungs are well developed enough by 28 weeks that viability is pretty reasonable.  

· The laws of lung development:  The bronchial tree is developed by the 16th week of intrauterine life.  Alveoli develop after birth, and they increase in size and number until the age of 8.  The development of pre-acinar arteries corresponds with the development of the airways.  

· 8-10 weeks:  lobes have formed (thoracic mesenchyme is bound by the pleura) and the lung is pseudoglandular.  But, capillaries aren’t yet juxtaposed with airways.  Cells can be seen to have lots of glycogen.

· 16 weeks:  you can begin to differentiate airways (bronchioles) from airspaces (alveoli).  There is less mesenchyme and capillaries are now associated with airways.  

· Later, alveoli with septae and capillaries can be seen.  Their size and number increases with age.  They are lined with flat type I cells and more round, metabolically active type II cells.

· In infants, the forces that cause the lung to collapse are dominated by surface tension of fluid in the alveoli.  In adults, it’s more the elastic properties of the lungs.  

· Type II alveolar cells have lamellar bodies (aka omsiophilic bodies) in which surfactant is produced.  These are then extruded to the surface and released into the alveolar airspaces, where the surfactant can line alveoli and decreased surface tension.  The pressure in an alveolus is equal to 2*(surface tension) / pressure, and in infants surfactant and the lining of the alveoli is important for alveolar stability.   

· In the uterus, the lung is not completely collapsed.  The lungs are filled with fluid (amniotic fluid) that keep the volume of the lung around FRC.  The fetus has pseudo-breathing that moves the fluid in and out, so we can sample the amniotic fluid and see if any surfactant is being produced in the lungs.  

· At birth, you go from liquid filled lungs to air filled lungs.  Lots is squeezed out with a vaginal delivery and cleared by the lymphatics.  The first breath after birth is quite difficult, but subsequent ones get easier and easier.  Without surfactant, every breath would be difficult like the first one.  So it relieves surface tension and helps keep the baby breathing more easily and at more optimal lung volumes.   

· Transient Tachypnea of the Newborn:  This occurs when there’s a delayed clearance of the liquid in the lungs.  It requires rapid, harder breathing and shows an abnormal chest x-ray, but usually resolves pretty quickly.  

· Respiratory Distress Syndrome of the Newborn (aka Hyaline Membrane Disease):  This is a case of deficient or abnormal surfactant.  It is common in premature infants where the surfactant system isn’t yet active, but this is now easily treated with nebulized surfactant.  It can also occur with genetic abnormalities, for example in protein B.  A third way it can happen is in newborns with some kind of insult that damages the surfactant system.  Most of these can be fairly simply resolved with administration of surfactant. 

· This looks like diffuse alveolar damage (DAD), and the damage may further impair the surfactant system.  The airspaces are collapsed and you see a ground glass appearance on chest x-ray.   The lungs are firm, rubbery and collapsed, so it looks a bit like liver.  It’s hard for the kids to breathe, and the high negative pressures they can develop in the thorax may collapse the chest wall.

· Histologically, you see acute DAD.  There are lots of collapsed alveoli (atelectasis) and you see lots of hyaline membranes (dead epithelial cells and fibrin due to hypoxia, damage and necrosis).  

· Kids at increased risk are prematurely born, males, whites, kids of parents with previous premature kids, cesarean delivery before 38 weeks (the stress of labor may accelerate surfactant production, so administering cortisol can help), infants with diabetic mothers (hyperglycemia causes the baby to make lots of insulin, which damages the surfactant system), second born twins and genetic disorders.  

· Some genetic disorders of surfactant production don’t necessarily cause hyaline membranes to be produced.  You may just see proteinaceous fluid in the alveoli
· Bronchopulmonary Dysplasia:  

· In the old version of this disease, babies born at 28-32 weeks get this as a result of being treated for hyaline membrane disease (above).  The damage is due to mechanical ventilation and high levels of oxygen exposure.  Higher than normal oxygen levels in the lungs can cause epithelial damage of the larger airways causing obliteration of the lumen of some bronchioles.  Mechanical ventilation at higher than physiologic pressures in the newborn can cause alveolar damage and remodeling with widened septae and vascular/fibroblast proliferation.  Now they use small ventilation pressure and low oxygen concentrations…just enough to keep the baby ok. 

· A new form is BPD is now seen in extremely premature infants (<28 weeks).  It can be a complication of treatment (surfactant) of infant respiratory distress syndrome, or support just for premature birth.  You basically get abnormalities of lung growth and development that shows up as decreased, larger, simplified alveolar airspaces.  They can show fewer capillaries and more interstitial tissue.  You don’t see a lot of epithelial changes in the bronchioles, and less severe lesions of the vasculature.  

· BPD is basically caused by severe RDS or its management, and leads to altered lung development, altered alveolar/vascular interactions, and ECM remodeling.  All of this is caused by hyperoxic lung injury, infection, abnormal signaling in the lungs, genetics, etc.  

· Grossly, you see a cobblestone pattern caused by some areas of collapsed lung and some areas of over-expanded lung (large, simplified alveoli).  

· Pulmonary Interstitial Air (aka Pulmonary Interstitial Emphysema):  This is also a complication of ventilator therapy, or it can be due to meconium aspiration, or it can just be spontaneous.  This may be diffuse or more commonly localized/lobular.  It can lead to pneumothorax, pneumomediastinum, or pneumopericardium.  

· In PIA, you get cystic changes in the lungs (big airspaces).  High pressures, as with mechanical ventilation, can cause alveoli to rupture and air to get out of the normal airspaces causing pneumothorax, etc.  This air in the lungs (but outside the airspaces) can compress airways or blood vessels.  It may cause a giant cell reaction by exerting pressure and compressing stuff in the lung.  
· You may see a greenish placenta, indicative of a baby passing meconium (the 1st bowel movement) before it’s born.  This is most common in more mature babies, because it takes pretty vigorous respiratory strength for the baby to bring the meconium into its lungs.  Aspiration of meconium is really like a form of aspiration PNA where the meconium gets into the airways.  It mimics the patchy distribution of bronchopneumonia.  When you breathe in, the bronchioles dilate and air gets in, but breathing out causes the bronchioles to constrict and you can’t get the air out around the meconium.  This can increase lung pressures over time and lead to alveolar rupture and pulmonary interstitial air.  Histologically, the meconium looks like fetal squamous cells and mucus in the airways.  It causes mechanical issues, but can also induce a fetal reaction.  

· Perinatal Pneumonia:  This can be transplacental (from mom’s blood), intrauterine (common, often due to ascending infection from the mom’s vagina and infected amniotic fluid or aspiration PNA), acquired during birth (common, usually with maternal vaginal infection), or acquired after birth from the environment.  Group B strep is a common pathogen in intrauterine and acquired-during-birth forms.  

· This looks much like normal adult pneumonia, showing lots of neutrophils in the airspaces.  

· Group B strep can produce toxins that cause DAD, making this look like hyaline membrane disease.  But, if you do a gram stain, you’ll see lots of the organism in the membranes.  Importantly, this is treated with antibiotics, unlike normal hyaline membrane disease.  

· Cystic Fibrosis:  This is due to genetic abnormalities in the CFTR chloride channel.  Normally in the airways, there’s a pericilliary liquid layer underneath the usual mucus layer.  This really facilitates ciliary motility and allows function of the mucociliar escalator.  With FR, you lose this liquid layer and the mucus collapses down onto the cilia so that secretions aren’t easily cleared.  This leads to infections, commonly strep, pseudomonas, etc.  Somehow, this can lead to dilated airways.  Infectious organisms can form biofilms which may make them very resistant to treatment.  
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