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PREFACE 

  

How to Use This Manual 

  

  

1. Basic reaction (BR): these are reactions or tissue 
changes which are repeated in the same way throughout 
the whole course 

2. Key words: are important words which describe in brief 
the reaction or the pathological change being discussed 
and  will be printed in bold 

3. Synonyms: are other names for the same disease or 
reaction and  will be printed in italics 

4.    Summary : is an outline of the chapter being discussed 

5.    Clinical signs and symptoms of importance, clinical 
picture  (CP) 

6. Objectives of the chapter: What the student should focus 
on knowing 

 

This volume has been specially designed to meet the basic requirements 
of Chest clinicians preparing for the MSc. & MD degrees. 

2013/2014 
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INTRODUCTION 
 

athology is the science of disease(abnormalities in structure & function).  It is 
the study of abnormal anatomy, abnormal histology, abnormal biochemistry and 
abnormal physiology 

P a t h o l o g y  c o m p r i s e s  t h e  s t u d y  o f :  
 

1. Definition of the disease 

2. Etiology(cause) + Pathogenesis(mechanism) 

3. Manifestations: a) Tissue morphology (gross pathology + microscopic): this 
is a manifestation of the disease in the body & it takes the picture of tissue 
damage + local reaction to damage (lesion). b) General  body reaction to tissue 
damage (clinical picture)  

4. Sequelae (course or progress of the disease)  

5. Prognosis & fate i.e. disease outcome + complications (unhealthy effects) at 
the site of disease & away from the site (spread to other organs). It is the final 
outcome of the disease i.e.  

Good prognosis: cure or recovery  

Bad prognosis: progression of disease (morbidity) or death (mortality) 

Normal cell         Injury       Abnormal cell (disease) Aim Medicine-Surgery 

Pathologic lesion   Clinical 
picture 

 Function:biochem+physiology     * diagnosis 

 Structure:anatomy+histology     * treatment 

                                                                                                   * Follow up 

                                                     * Prevention 

  Damage at site     Body reaction 

 

 

P 



6  

 

 

 

    
 

 

 

 

ETIOLOGY & PATHOGENESIS  
                              LOCAL DAMAGE 

INJURY (CAUSE)                   MECHANISM             DISEASE  

BODY REACTION 

                  

A) ENVIRONMENTAL       1) CELL INJURY 

 Physical & chemical                                        Intracellular:  

 Microbial      Reversible:- 
   Adaptations  

                                                                              Metabolic  
                 Accumulations                                                            

  

     Hormonal Irreversible:  
Necrosis            
Apoptosis  
Neoplasia 

  Mechanical                                                      Extracellular: abnormal 

deposits & pigmentation 

 Vascular & circulatory      

 Immunological(antibodies cell-mediated) 

 Nutritional 

B)        GENETIC      2) INFLAMMATION-Repair-Infection 

 Normal genes--Susceptibility genes   Infection=inflammation + organism 

                        Blood group genes 

 Abnormal genes 
Mutations 
Congenital: at birth 
Hereditary: passed on from parents 
Spontaneous : neoplasia 
    

C)       MULTIFACTORIAL (A + B)    3) CIRCULATORY DISTURBANCE 

        4) GROWTH DISTURBANCES 

        Malformations (Hereditary &congenital) 
        Adaptations, Neoplasia (tumors) 
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        5) IMMUNOPATHOLOGY 
        6) OTHERS:NUTRITIONAL- RADIATION 

         

                                               

 
BASIC OR GENERAL PATHOLOGY(The above items 1-6) 

SPECIAL/SYSTEMIC PATHOLOGY:  

 6 main disease patterns but discussed in each organ 

 The disease in any system has the same basic reaction (i.e. picture) but the 

difference is in the function according to the site. 

MANIFESTATIONS OF DISEASE-LESIONS 

  Type & extent of tissue damage 

INJURY Severity   1 or more of the 6 main DISEASE PATTERNS 

  Duration 

 Very mild/short duration  No change  (body can overcome injury)  OR   

          Just functional disturbance e.g. pain 

 Mild + long duration    Functional abnormality +/- ultrastructural change 

      Moderate injury + short duration 

     Or severe but very early (at start) 

 Severe + short duration   Functional + Morphological 

      Mild or moderate + prolonged  

Reversible i.e. degenerated cells (sick) 

Irreversible i.e. necrosis (cell death) 

 

PHASES OF A DISEASE PROCESS 

 Phase I: Functional disturbance stage : diagnosed  from body fluids (hematology / 
cytology) or by molecular and genetic methods 

 Phase II: Functional & early morphologic changes(ultrastructure) diagnosed  from body 
fluids (cytology) or tissue(biopsy) by molecular and genetic methods as well as 
electron microscopy 

 Phase III: Functional &   morphologic changes diagnosed  from body fluids or 
tissue(biopsy) by molecular and genetic methods, electron microscopy, gross & light 
microscopic changes 
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DOCTOR’S APPROACH TO PATIENT 

A) CLINICIAN 

 History taking =symptoms of the patient 

 Clinical examination =signs of the disease discovered on examination 

 Provisional diagnosis + differential diagnosis (based on symptoms & signs) 

 Final diagnosis usually after requesting special investigations or sample taking 

B) PATHOLOGIST/other specialties:  

 Investigations: -------------x-ray, ultrasound, CT scan etc… 

 Laboratory work out ------pathologists 

 

                       PATHOLOGY 

                                          SAMPLE 

Fluids (cytology)                                           Organ/tissue (autopsy-biopsy) 

Blood or bone marrow (hematology lab)   Surgical pathology (histopathology) 

Stools or urine (chemical pathology-microbiology)   Body fluids (cytology lab) 

ROLE OF PATHOLOGIST: 

Making the final diagnosis, monitoring of treatment and follow up of patients 

 

BIOPSY: tissue removed during surgery from living patient 

CYTOLOGY: study of cells derived from body fluids 

AUTOPSY: tissue removed after death i.e. during a post mortem 

 

IF diagnosis is difficult, pathologists resort to special staining:  

 cyto/histochemistry 

 Immuno cyto/histochemistry 
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 Molecular pathology(receptors & PCR) & other ancilliary methods 

 

CLINICIAN RECIEVES REPORT & STARTS TREATMENT BASED ON FINAL DIAGNOSIS  

TREATMENT is either curative (cures) or palliative (can’t cure but helps symptom relief) 

  Treatment depends on diagnosis & prognosis 

 Follow up even after recovery may be required in some cases e.g. recurrent tumors   
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CELL INJURY 

A)       INTRACELLULAR 

 REVERSIBLE: Adaptations-Degeneration  

 IRREVERSIBLE:  Apoptosis  necrosis & neoplasia 

  OTHERS:        Metabolic accumulations & Storage disorders 

        

B)     EXTRACELLULAR: Depositions-Abnormal pigmentation-Calcification 

 
Normal cell +Injurious agent     → EXTENT OF DAMAGE is according to:                                                

     -Severity of injury   
                                                    -Cell  or tissue type   injury                         
                                                   -Duration of injury  

               
Damage may or may not be accompanied by a local or generalized body reaction 

and IS EITHER  

A) REVERSIBLE 
B) IRREVE RSIBLE  

 INJURIOUS AGENTS     

          

A. ENVIRONMENTAL 

1. Physical: heat – cold(frost bite) – Irradiation 
2. Chemical: toxins – free radicals – acids – alkalis 
3. Infections: bacteria, viruses, parasites 
4. Immunological: self antigen(autoimmunity) – foreign    proteins(antigens) 
5. Circulatory: hypoxia or ischemia 
6. Nutritional: protein calorie deficiency-vitamin deficiency   
7. Mechanical: trauma 
8. Hormonal 

 

Chapter 

1 
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B. GENETIC 

1. Congenital : Down’s syndrome 
2. Hereditary: metabolic enzyme disorders 
3. Mutations: cancer 

 

C. MULTIFACTORIAL 

Mechanism of action of injurious agent: 

1. Hypoxia: deficient oxygenation to tissues 

2. Toxic: free radicals and other poisonous chemicals 

3. Direct injury to cell 

Type of damage depends on tissue type, severity & duration of 
injurious agent: 

1. Type of tissue: 

 Labile (rapid regeneration e.g. skin) divide continuously producing reversible 
changes 

 Stable (parenchymatous organs & connective tissue) divide on injury 
producing reversible/irreversible damage 

 Permanent (never divides e.g. striated muscle –neurons) producing 
irreversible damage 

2.     Severity of injury & its duration:  

 Mild-moderate injury /severe short = reversible damage 

 Severe or moderate & prolonged injury = irreversible damage  

TYPES OF DAMAGE 

i) REVERSIBLE (cell can revert to normal state) intracellular 

1-Adaptive mechanisms: atrophy-hypertrophy-hyperplasia-metaplasia 
2-Degeneration & accumulations 

ii) IRREVERSIBLE (cell death) intracellular or abnormal uncontrolled proliferation 

1-Necrosis: tissue death 
2-Apoptosis: cell death 
3-Neoplasia: uncontrolled pathologic proliferation 

iii) Depositions – Abnormal pigmentation- Abnormal calcification 

1. Extracellular depositions: Amyloid 
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2. Extra & intracellular depositions /accumulations: Protein(hyalinosis),  
Mucin(myxomatous change), pigment disorders & abnormal calcification 

 

TERMINOLOGY 

 Degenerations: Accumulation or changes which occur inside metabolically active 
cells(parenchymatous epithelial cells) i.e. not in macrophages or other connective 
tissue cells or lymphoid cells 

 Accumulations: Concentration of material inside any cell (epithelial or 
mesenchymal) 

 Depositions: Concentration of material outside cells i.e. on fibers, basement 
membranes, necrotic material, products of inflammation & organizing thrombus 

 

ACCUMULATIONS & DEPOSITIONS 

Intracellular    Extra+intracellular  Extracellular 

Water =hydropic/vacuolar 

Fat =fatty change 
        lipid storage disease  
        atherosclerosis 
CHO =mucoid change        myxomatous change 

Glycogen storage disease               

Protein =hyaline change        hyaline change        Amyloid 

Pigment=lipochrome  Carbon (tattoo) 
               Melanin 
                      Hemosiderin/hemochromatosis 

                       Jaundice (bilirubin) 

               Calcium (dystrophic & metastatic) 

MOST FORMS OF DAMAGE are usually accompanied by BODY 
REACTION and both together (damage + body reaction), form a 
pathologic lesion or disease (there are 6 main disease patterns: 
Inflammatory, degenerative, circulatory disorders, growth 
disturbances, immunological & others as nutritional & radiation) 
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Subcellular response to injury(reversible & irreversible) 

1) First line of injury: 
 A-Mitochondria: Are respiratory organelles (ATP energy source) +source of some lipids. They 
are altered in acute cell injury or death  

-Number = Hypertrophy (cell size) 

-Number = Atrophy (cell size) 
-Large size =Hydropic change 
or Oncocytoma 
 
B-Rough Endoplasmic Reticulum(RER) 
Injury causes loss of ribosomes affecting protein synthesis, whilst dilatation of the RER 
produces vacuolar change 
 

2) Second line of injury: 
Smooth Endoplasmic Reticulum(SER): important in cell adaptation, lipid synthesis & drug storage 
 Drug tolerance          swelling of SER     hypertrophy 
 Injury releases heat & shock (stress) proteins these can protect from tissue damage i.e. 

limitation of damage 
 Lipid accumulation: fatty change & storage disorders 

 
3) Cytoskeletal abnormalities: result in loss of support with change in cell shape 

   +   Motility 
 Defective cell movement                    migration of inflammatory  cells 

  Phagocytosis 
 Defective organelle movement   ciliary action e.g. respiratory infection 

   Mitotic spindle causing infertility 
 Defective intracellular accumulation of fibrils e.g. Alzheimer neurofibrillary tangles 
4) Lysosomal catabolism: they contain digestive enzymes 

           Soluble matter 
 
1ry lysosomes          fusion               2ry lysosome or phagolysosome 
                 
                with membrane bound vesicles 
                    of endocytosisis: 

a- Pinocytosis 
b- Phagocytosis 

Insoluble matter 
Residual body e.g. 
a-undigested debris (lipochrome) 
b-undigested pigment (tattoo) 

Lysosomes normally can sequester or store material which cannot be metabolized but in case of 
enzyme deficiencies (metabolic disorders) producing lysosomal storage disease 
 

5) Final step 
Plasma & nuclear membrane damage occurs in cell death i.e. necrosis 

 Nucleus is important in mitosis & protein synthesis 

 Plasma membrane is important in carrying receptors that recognize environment  & is 
responsible for the passage of molecules to & from the cell (phagocytosis-pinocytosis-
selective permeability) 

 
LOSS OF THESE FUNCTIONS RESULTS IN CELL DEATH 
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Diagram of SUBCELLULAR CHANGES in cell Injury 

 

 O2 

               Oxidative phosphorylation (energy) →     plasma membrane 

*Mitochondria       Na pump  

 
       
Na+H2O 

    Influx 

 

*Other organelles  → Lactic acid + other metabolites      OP    
  breakdown            
                                                                                               + pH 
 

 

*Anaerobic glycolysis: to  maintain  ATP  from  glycogen      
             
        Pallor of cell     
        glycogen 

*Dilated RER &  Ribosomes               of protein synthesis & Vacuolar change               

 

* Dilatation of SER                   lipid accumulation   

 

 

* plasma membrane damage   Ca++ influx                                            
      Loss of ptn: a-Coenzymes 
                b-RNA  

Accumulation of metabolites 
 

   *Cytoplasm + Nuclear degradation   Enzyme degradation damaged lysosomal 
           (Necrosis)               membranes 
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I) Reversible cell changes 

1-CELL ADAPTATION of growth & differentiation  

 

A) PHYSIOLOGIC 
Changes that occur under the effect of hormones e.g. breast enlargement during 
lactation 
 

      B) PATHOLOGIC 
1) Synthesis of new proteins e.g. stress proteins 

2) Over production of specific proteins e.g. in chronic inflammation with collagen & 

extracellular matrix proteins 
3) Adaptation in cell growth (see growth disturbances) 
Atrophy =  cell size resulting in weight & size of organ 
Hypertrophy = cell size resulting in organ weight & size 
Hyperplasia = cell number resulting in organ weight & size 

Metaplasia = cell number & change in cell type e.g. columnar cells changes to 
squamous or vice versa (see growth disturbances) 
 

ATROPHY: 

A) Physiologic: aging results in  organ size & function e.g. Brown atrophy of heart 
(see lipochrome pigment)- atrophy of thymus at puberty 

B) Pathologic:  Mechanism & types 

1) Hormonal atrophy(endocrinal) 

     Pituitary deficiency  hormone e.g. atrophy of thyroid, gonads & adrenals 

2) Vascular atrophy 

Tumor causing pressure/narrow blood vessel        blood         O2 & atrophy 

3) Pressure atrophy: same mechanism as vascular atrophy 

4) Neuropathic atrophy e.g. poliomyelitis 

   Reflexes & activity        function with atrophy of muscle 

5) Disuse atrophy: e.g. Blocked duct of a gland 

    Muscles after prolonged immobilization in fracture bone      
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BROWN ATROPHY OF THE HEART 

Aging results in wear and tear and an  in the wear & tear pigment (lipochrome) as well 
as  function resulting in atrophy and dark brown coloration of cardiac muscle. 

Gross      Microscopic     

Size & wt.      -Size of muscle fibers  
Surface  -Loss of pericardial fat, which is  -Paranuclear yellow-brown pigment  
                replaced by jelly like material 
              -Tortuous coronaries    
Color=dark brown     
 
AGEING 

A-True aging: Aging not complicated by disease i.e. aging under minimal stress. The 
main controlling mechanism is intrinsic (genetic?) mitochondrial DNA changes: 

  mitochondrial oxidative enzymes  energy 

 synthesis of enzymes & protein receptor responsible for metabolism & growth 

NB: most cases are accelerated & aggravated by 2 groups of extrinsic factors: 

1) stress of infection - degenerative diseases(e.g. cardiac)-accidents-wear & 
tear with  free radical especially if exposed to irradiation-antioxidants e.g. 
vitamin E & or / glutathione peroxidase 

2) immune response with inability to respond to stress 

Aging alone rarely causes death and usually one or more of the above accelerating or 
aggravating factors are present causing death. 
 
B-Premature aging (progeria) 

Early aging due to an error in DNA replication & improper repair with  cell viability 

 

HYPERTROPHY:  size & weight of organ due to  size of its cells 
Physiologic: Pregnant uterus due to hormone stimulation & muscle hypertrophy in 
athletes 
Pathologic: Cardiac muscle hypertrophy in hypertension & valve disease & urinary 
bladder hypertrophy in bladder neck obstruction 
 

HYPERPLASIA:  size & weight of organ due to  number of its cells 
Hyperplasia can occur in any cell type capable of division 

Physiologic Pathologic 

1- hormonal hyperplasia =endometrium 
after menstruation due to estrogen 
stimulation 

2- compensatory = bone marrow 
hyperplasia after hemorrhage 

1- hormonal = endometrial 
hyperplasia in repeated anovulatory 
cycles & benign prostatic 
hyperplasia 
2- lymphoid hyperplasia in response 
to antigenic stimulation 
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2-INTRACELLULAR ACCUMULATIONS  

DEGENERATION  

DEFINITION: Acute reversible cell injury to parenchymatous cells, (i.e. metabolically 
active e.g. epithelial organs & muscle) resulting in an accumulation of mostly water 
or fat.  (Carbohydrates & proteins may also accumulate intracellularly). 

1.  HYDROPIC SWELLING (cloudy  swelling) 

DEFINITION: Accumulation of water intracellularly. Hydropic swelling formerly 

called cloudy swelling then proceeds to VACUOLAR CHANGE (dilation of 
mitochondria & RER with water leading to vacuoles). 

PATHOGENESIS: Injurious agent (see before), of a toxic or hypoxic nature   
produce mitochondrial damage with ATP production. This causes  plasma 
membrane Na pump action (ATP energy is low). Na enters the cell drawing with it 
water (Na osmosis) & K leaves cell. The cell swells & the beaded mitochondria give 
the cell the granular or cloudy appearance. More injury causing mitochondrial + RER 
swelling results in VACUOLAR CHANGE   

SITES: Parenchymatous organs e.g. liver, kidney tubules, heart and other glandular 
epithelium of organs          

2.   FATTY CHANGE(Steatosis) 

DEFINITION: Accumulation of neutral fat intracellularly in parenchymatous organs as 
a result of reversible cell injury e.g. in viral hepatitis C 

II) Irreversible cellular changes 

NECROSIS & CELL DEATH 

DEFINITIONS OF CELL DEATH:  

 Necrosis: Irreversible injury, resulting in death of groups of cells in a living 
tissue. It is accompanied by an acute inflammatory reaction. 

 Necrobiosis (apoptosis): programmed single cell death in a living tissue. It 
is not accompanied by inflammation. 

 Autolysis death of groups of cells as a result of death of the host. It is not 
accompanied by inflammation. 

TYPES OF NECROSIS 

1. Coagulative or ischaemic necrosis e.g. renal, splenic or myocardial 

infarction. It is characterized by outline preservation since   protein denaturation 
more than enzyme denaturation   
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2. Liquefactive or colliquative necrosis e.g. pus & brain infarction with loss of 

cell detail since enzyme denaturation more than protein denaturation. The 
necrotic area softens and becomes turbid fluid(gross and microscopic features 
of pus see Inflammation) 

3. Caseous necrosis e.g. tuberculosis (TB) is a type of coagulative necrosis rich 

in lipids from the bacterial wall giving it a semi solid cheesy appearance (gross 
& microsc see  TB) 

4. Gangrenous necrosis e.g. Dry & wet gangrene = ischaemic necrosis + 
putrefaction(see circulatory disturbances) 

5. Fat necrosis & enzymatic fat necrosis e.g. Traumatic fat necrosis of breast &   
enzymatic necrosis of the omental fat in pancreatitis 

6. Fibrinoid necrosis e.g.. Muscle in toxemia , Aschoff nodule & wall of blood 
vessels in   arteritis 

AETIOLOGY &PATHOGENESIS 

Severe irreversible damage with loss of nuclear & cell membranes 

 Injury  protein denaturation which appears homogenous dark pink 
cytoplasm   

 The damaged cell membrane causes Na & H20 entry into the cell.  Osmotic 
pressure inside cell causes swelling of necrotic cells. K & enzymes escape 
from the cell due to loss of Na pump mechanism and cause an  level of 
enzymes in the blood 

 Organelle breakdown also  intracellular OP, mitochondrial RNA   

 Nuclear membrane damage results in: Karyopyknosis -Karyorrhexis -
Karyolysis  

NB. Increased enzymes a) in the blood are the first signs of necrosis  

      b) At site of injury, the enzymes & chemical mediators 
released into the tissue cause irritation of the living tissues resulting in an acute 
inflammatory reaction and degenerative changes. 

1-COAGULATIVE NECROSIS (ischemic necrosis) 

DEFINITION: death of parts of tissues. It is usually secondary to lack of blood supply 

i.e. no oxygenation. E.g. infarction of solid organs: heart, spleen & kidney 

TYPES: Pale & Red infarctions 

A) Recent Infarction 

    GROSS(BR) 
 Pale: in most solid organs since the blood cells can be squeezed by the swollen 
necrotic cells. Such infarctions are usually swollen and bulge from surface 
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 Red (hemorrhagic): in loose tissue (intestine-lung) since blood cells can’t be 

squeezed by the swollen necrotic cells so they accumulate in the alveoli. This can also 
occur in solid organs e.g. spleen if there was previous chronic venous congestion 

     MICROSCOPIC (BR) 
 
 Homogenous dark pink cytoplasm of necrotic cells(protein 

denaturation) 
 Swelling of cells(damaged plasma membrane allows Na & H2O into 

the cell)  
 Nuclear membrane damage results in 
 Karyopyknosis: shrunken dark nucleus due to condensation of 

chromatin 
 Karyorrhexis: fragmentation of nucleus 
 Karyolysis: disappearance or lysis of nucleus or simply a pale fading 

nucleus 
 NECROTIC AREA IS PINK AND GRANULAR CONTAINING NUCLEAR 

DEBRIS. The more resistant connective tissue and cells retain some 
of their outlines and appear as ghostsNB Infarctions do not normally 
occur in healthy lungs or liver since both organs have a double blood 
supply. Lung infarcts are common since mitral valve disease & left 
sided heart failure are common diseases and cause chronic venous 
congestion of the bronchial circulation. Only when the bronchial 
circulation is impaired can an embolus in the pulmonary vessels 
cause infarction. 

 

B) Healed Infarctions: Are pale, formed of fibrous tissue, which causes shrinkage 
of the lesion and thus the healed, infarcted area is depressed below the surface. 
They still retain the original pyramidal shape 

2-LIQUEFACTIVE NECROSIS   

a) Pus: see chapter of inflammation  (abscess) 

b) Cerebral infarction: due to occlusion of cerebral arteries. It   is rapidly liquefied 

due to the high fat content in the brain, which on cutting of tissue will leave a cavity 

3-CASEOUS NECROSIS: see chapter of tuberculosis (combination of coagulative & 

liquifactive) 

4-FAT NECROSIS 

a) Enzymatic fat necrosis e.g. in chronic pancreatitis release of pancreatic enzymes act 
on the omentum & mesentry resulting in necrotic fat cells which release triglycerides 
producing fatty acids which unite with calcium producing insoluble soapy material. This 
appears white in color 

b) Traumatic fat necrosis occurs in the fat of the breast, resulting in a granulomatous 
reaction to the necrotic fat cells which release their irritating contents and produce an 
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acute inflammatory reaction. This is followed by a localized form of chronic 
inflammation  

5-FIBRINOID NECROSIS: is a type of necrosis of connective tissue especially muscle 

fibers e.g. in immunological disorders arteritis & rheumatic fever (Aschoff nodule see 
later in systemic). The affected wall of the blood vessels becomes a swollen dark pink 
homogeneous mass with narrowing of the lumen. In Toxemia, the anterior abdominal 
wall muscle becomes a homogeneous pink mass with swelling of the muscle fibers 

6-Gangrenous necrosis: ischaemic necrosis + putrefaction (see circulatory disturbances) 

(combination of coagulative & liquefactive)  

Fate of necrotic tissue      (this depends on amount of necrosis) 

Minimal necrosis                            The few necrotic cells are surrounded by inflammation 
and the macrophages and PNLs remove the debris 

 

Excessive necrosis               The cells & the connective tissue are both damaged 
resulting in healing by organization with replacement 
fibrosis. 

 
NB: If there is no organization or incomplete organization, the remaining necrotic  
Tissue (alkaline medium) helps deposition of calcium salts (dystrophic calcification) 
e.g. TB and atherosclerosis 
 

OTHER FORMS OF CELL DEATH 

AUTOLYSIS               APOPTOSIS  

Postmortem change                During life 

Self digestion            Single cell suicide 

Depends on role of enzyme activity after death  1-Occurs in physiologic conditions as  
Embryogenesis, menstruation & thymus 

involution        
2-Pathologic states e.g. Councilman 
bodies in viral hepatitis & defective 
apoptosis genes leading to tumor 
formation 

Slowed by refrigeration    Stopped by fixation 

       (formalin) 
 

Loss of plasma membrane    No plasma membrane loss 

No body reaction occurs, occurs in dead body        No body reaction (plasma membrane intact) 
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APOPTOTIC CHANGES: are said to occur as a result of stimulation of endogenous 

endonucleases 
 
-Cells shrink because of organelle condensation & cytoplasm becomes deep pink. 
-Shrunken cells form surface outgrowths called blebs, which contain some organelles 
and possibly nuclear fragments.        
-Blebs detach from cell surface with a complete plasma membrane around them. Some  
contain nuclear fragments others are devoid (Apoptotic bodies). 
-Macrophages phagocytose these bodies & quickly get rid of them

III) Depositions-abnormal pigmentation- abnormal calcification 

EXTRACELLULAR DEPOSITIONS 

AMYLOID (glycoprotein) 

DEFINITION: Waxy extracellular deposit of abnormal protein (B pleated fibrils) + non-

fibrillary glycoproteins (normal serum amyloid protein P1 (SAP) +carbohydrate heparan SO4 
(glycosaminoglycans GAG)), on basement membranes of blood vessels & epithelial acini, as 
well as on connective tissue reticular fibers. 

AETIOLOGY & PATHOGENESIS 

Old terminology:  Primary amyloidosis: unknown cause   
Secondary amyloidosis: 2ry to chronic disease   

 
New terminology(uptodate 2013) 
Types of Amyloidosis          

1- AL amyloidosis(Amyloid  light chain - Primary) — AL amyloidosis is due to 

deposition of protein derived from immunoglobulin light chain fragments. It is a 
plasma cell dyscrasia in which a monoclonal immunoglobulin is detectable in the 
serum or monoclonal light chains in the urine  ,AL amyloidosis can occur alone or 
in association with multiple myeloma or, much less often, Waldenström’s 
macroglobulinemia or non-Hodgkin lymphoma.   

2- AA amyloidosis — Acute phase Amyloidosis may complicate chronic diseases in 

which there is ongoing or recurring inflammation, such as rheumatoid arthritis 
(RA), spondyloarthropathy, or inflammatory bowel disease; chronic infections(TB); 
or periodic fever syndromes.   The fibrils are composed of fragments of the acute 
phase reactant serum amyloid A. 

3- Dialysis-related amyloidosis — Dialysis-related amyloidosis is due to deposition 
of fibrils derived from beta-2 microglobulin, which accumulate in patients with end-
stage renal disease who are being maintained for prolonged periods of time by 
dialysis. This disorder has a predilection for osteoarticular structures. 

4- Heritable amyloidoses — Many mutations lead to heritable types of 
amyloidosis,). An example of this heterogeneous group of disorders is heritable 

                                                

1
 Amyloid P= an amyloid precursor protein & a common precursor to all forms of amyloid 
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neuropathic and/or cardiomyopathic amyloidosis due to deposition of fibrils derived 
from transthyretin (also referred to as prealbumin) 

5- Age-related (senile) systemic amyloidosis — Deposition of otherwise normal 
(wild-type) transthyretin in myocardium and other sites has been referred to as 
Systemic Senile Amyloidosis (SSA).  The fibrils consist of the transport protein 
transthyretin (TTR); and may also be termed ATTR. 

6- Organ-specific amyloid — Amyloid deposition can be isolated to a single organ, 
such as the skin, eye, heart, pancreas, or genitourinary tract, resulting in specific 
syndromes. Forms of primary localized cutaneous amyloidosis include macular, 
nodular, and lichen amyloidosis 

 
PHYSICOCHEMICAL STRUCTURE OF AMYLOID 

The protein component is in the form of a B pleated polypeptide fibril, which has a 
special fibrillary arrangement which gets attached to a non fibrillary glycoprotein 

(serum amyloid protein P (SAP) + Heparan sulfate glycosaminoglycans(GAG)),  giving 
amyloid its special chemical & physical properties and tissue damaging properties. 

Mechanism 
1-Amyloid light chains (AL) derived from immunoglobulin  2-Serum Amyloid associated Ptn 
 Fragments, especially light chains (lambda)     (SAA) similar to Acute phase  
It is  product of plasma cells     proteins normally present in 
         Serum of many inflammation    
         as (SAP) serum amyloid ptn. 
 
Both these proteins are exposed to proteolytic or other processes, which cause fibrillary forms 
These fibrillary forms attach to non-fibrillary, normal serum proteins & CHO & form the 
final molecule of abnormal glycoprotein Amyloid AL or Amyloid AA 
 
Abnormal monoclonal plasma cell proliferation  Active chronic Injury 

 

Abnormal immunoglobulin lambda light chain   Acute phase reaction ptn 
undergo proteolysis               proteolysis & necrosis 
 AL         Attachment of          SAA 
          B pleated (fibrillary) protein 
          to  Non fibrillary glycoprotein  
                                       (CHO + SAP protein) 

 

Final form Amyloid AL      Final form Amyloid AA 
 
PATHOLOGY(BR) 
GROSS                   MIC ROSCOPIC 
Specimen: liver, kidney, spleen, any tissue      H&E stain  

 Homogenous pink material deposits 
Size:  size & weight     on basement membranes & BV       
Surface smooth-capsule stretched     Congo red stain  
Cut section: sharp edges flat surface  amyloid appears orange red 
Consistency: firm      Metachromatic stains 
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Color: pale brown      e.g. (methyl & cresyl violet) 
Amyloid stains rose red & rest  

Gross Stains:      of tissue is violet 
-Lugol’s Iodine:amyloid (starch-like): 2  Immunofluorescence 
stains brown  & rest yellow   Amyloid gives apple green color  -
-Iodine +H2SO4: stains amyloid blue  
Electron microscopy 
Extracellular, haphazardly arranged as non-branching fine fibrils 70 A0 

 

SEQUELAE & COMPLICATIONS 

 Pressure on adjacent tissue     pressure atrophy 

 Blood vessels  get narrowed          flow & hypoxia  fatty change 

                                 Permeability    ptn.Transudation             casts in kidney 
             
          proteinuria 
AMYLOID DEPOSITS IN DIFFERENT ORGANS: Almost any tissue can be affected 

without serious functional impairment except if fibrous tissue replacement of amyloid 
occurs 

INTRA & EXTRACELLULAR DEPOSITIONS/ACCUMULATIONS 

1- PROTEIN DEPOSIT or ACCUMULATION=HYALINE CHANGE(hyalinosis) 

DEFINITION: Accumulation of intracellular protein or deposition of a glassy pink 
homogeneous protein in dead or dying tissues 

PATHOGENESIS 

                                                
2
 Although amyloid is mostly protein in nature yet due to its blue color with iodine & sulfuric acid it was termed starch-

like. This pattern of staining is attributed to the small carbohydrate portion of the molecule (heparan sulphate GAG) 

Intracellular 
 

Extracellular 
 

1- protein presented to cell e.g. kidney 
tubules in states of  albumin 
reabsorption in proteinuria 
  
2- cell synthesis e.g. 1-plasma cell full 
of immunoglobulin= Russell body as in 
rhinoscleroma & liver cell full of fibrillary 
protein=Mallory body in alcoholic 
hepatitis 
 
Microscopic: glassy pink material  

Protein is deposited on: dead or dying tissue: 
1-collagen in scars,  
 
2-muscle wall of arterioles in systemic 
hypertension & diabetes Mellitus(basement 
membrane protein & precipitated plasma 
protein)  
 
3-Mesenchymal tumors 
 
Gross: white firm tissue with cystic breakdown 
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2- MUCIN ACCUMULATION /deposition (CARBOHYDRATES)  

Intracellular mucin accumulation is known as mucoid change where as 
extracellular deposition= myxomatous change 

Mucoid change (intracellular)   Myxomatous change 
(extracellular) 

e.g.:       e.g.: 
-Catarrhal inflammation   In mesenchymal (connective tissue) tumors 
-Cells of mucoid carcinoma  Gross: soft jelly like translucent 
material 
-Cells of mucinous cystadenoma  
Microscopic: clear swollen cells              Microscopic: stellate cells with 

outgrowths forming a loose network 

3- STORAGE DISEASES  

Glycogen (Pompe’s, McArdle,Von Gierke’s disease)  
Fat  . (Gaucher’s disease & Nieman Pick’s disease) 
 
PATHOGENESIS 
 
Enzyme deficiency  accumulation of glycogen or fat in  connective 
tissue (CT) histiocytes & in parenchymatous cells 
 
NB Other disorders of fat accumulation include: 

-Fatty change: fat in parenchymatous cells 
-Xanthoma skin: fat in foamy histiocytes 
-Atherosclerosis: lipid in foamy histiocytes & smooth muscle fibers of arterial 
wall 
 
4-PIGMENT DISORDERS 

Endogenous 

1. MELANIN:  Normally found in:skin, adrenals & choroid plexus  
Abnormally: neoplasms 
 

Melanin is synthesized in melanocytes in the basal layer of 
epidermis. Pigment is then transported by macrophages called 
melanophores and remains in dermis giving the skin its color. This 
process is under the stimulatory effect of UV rays direct action on 
melanocytes which in turn stimulate pituitary melanocyte stimulating 
hormone (MSH), which regulates the amount of pigment synthesized 
under the inhibitory effect of adrenocortical hormones. Adrenal  

 

medullary hormones, on the other hand, have a direct inhibitory 
effect on skin melanocytes bypassing the pituitary. 

Local pigmentation    Generalized 
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Nevi (hamartoma)     Sun tan 
Malignant neoplasms: Melanoma   Addison’s disease 
       Chloasma of pregnancy 
NB: HYPOPIGMENTATION ( melanin) e.g. Albinism & Leukoderma 

2. BLOOD COMPONENTS: Hemoglobin breaks (in splenic 
reticuloendothelial cells) into:               

Hb-Heme and     globin               protein               protein pool 

Fe                 Bilirubin       

Forms new Hb in bone marrow          Conjugates with glucuronic acid in liver→bile pigment 

(Fe→haemosiderin deposit)    (Fe free pigment) 

a) Hemoglobin 

Incompatible blood transfusion       haemolysis  acute 
renal failure (tubular necrosis) (Hb in urine haemoglobinuria) red urine 
Paroxysmal nocturnal haemoglobinuria resulting in chronic haemolysis & 
Hb in urine   

 b) Bilirubin (Non Fe containing pigment): 

Jaundice:  Post hepatic obstructive jaundice 
       Prehepatic Hemolytic jaundice 
       Hepatic Hepatotoxic jaundice 
NB Haematoidin is a crystalline yellow Fe free pigment deposit derived 
from bilirubin 

c) Hemosiderin (Fe containing pigment):  

Haemosiderosis      environmental 
     Hemochromatosis     genetic 

 

Haemosiderosis: It is the presence of excess iron in the form of hemosiderin. 

During life, Iron containing pigment from RBC breakdown is held in spleen, 
liver, & marrow in a protein bound form. In the plasma, it is transported also  

by a protein molecule transferrin. These two mechanisms form a balance 
between the Fe content in these three sites. When the amount of Fe in the 
cells becomes excessive & overloads the ferritin system, it is deposited as 
a brown granular material called hemosiderin. 

 Local Haemosiderosis: in local chronic venous congestion of the 
lung (heart failure cells) & at sites of local trauma e.g. black eye. The RBC’s 
break down in the tissue.   

Area is at first red (extravasated RBC’s)                            these become 
phagocytosed  by macrophages                                   (greenish blue color) 
haemosiderin & bilirubin are released giving yellowish brown color 
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 Visceral siderosis: seen in liver & spleen, in cases of haemolytic 

anemia & in patients requiring repeated blood transfusion. The liver 
becomes deep brown. Fe is found in liver cells & Kupffer cells(Fe can 
be demonstrated by a +ve Prussian blue reaction) 

Hemochromatosis (bronzed diabetes or Primary hemochromatosis) 

DEFINITION: This is a genetic defect in the Fe absorption from the 
intestine, which becomes uncontrolled. This causes the system to be 
overloaded with Fe, which is deposited as haemosiderin in many sites. 
MECHANISM: 
Normal mechanism: Fe in diet is taken up by intestinal epithelium, where 
some are bound to ferritin and returns to the lumen to be excreted. The rest 
according to body need is not combined and passes to blood, where it is 
transported on the protein transferrin to reach bone marrow, liver & spleen i.e. 
sites of Fe utilization. The ferritin content of intestinal epithelium, Fe saturation 
of plasma, stores of Fe (in the liver, spleen & bone marrow) &  demand for 
Fe are considered as balancing mechanisms. 

NB: ALL Organs become brown 
       Secondary hemochromatosis is a very severe deadly form of    
                                                       hemosiderosis 
 
d) Haematin: An Fe containing pigment in an unreactive form 

Malaria parasite & Bilharzia worm ingests Hb  Haematin 
(altered Hb) which is phagocytosed by blood monocyte and goes to spleen 
& liver 

3. LIPOCHROME (lipofuscin): is a wear & tear pigment with high lipid content. 

It is found in liver, heart, and testis  

Exogenous 
1) INHALATION: Coal dust pigment which is carbon (anthracosis), blackens 

tissue                            

                                Stone dust which is silica (silicosis) gives a grey coloration 

Particles are ingested by pulmonary macrophages get deposited in lung 
tissue and drained to regional lymph nodes 

Sequelae    fibrosis (Pneumoconiosis) i.e. dust induced fibrotic 
diseases of the lung.    

2) INGESTION:  

- Metals like mercury, silver & lead produce a blue line in gums  

-carrot eating produces yellowish or orange skin pigmentation 
(carotinaemia)  
 
3) INJECTION : Injected carbon in skin     Tattoo  
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5- PATHOLOGICAL CALCIFICATION   

DEFINITION: deposition of calcium in tissues other than bone & teeth                              

TYPES 

Dystrophic calcification     Metastatic 
calcification 

Ca deposition in dead or dying tissues         Deposition in living tissues in 
presence of normal serum Ca levels                    cases of  serum Ca 3 

1-Deposition in dead fetus (Lithopedion)     Deposits of Ca in interstitial tissue in 

2-Mesenchymal tumors                    -Connective tissue & blood vessels  

3-Products of inflammation & necrosis e.g. TB      -Lungs, kidney & stomach 

4-Old thrombus 
 
Gross: chalky white granular material (BR) 
 
Microscopic: Blue deposits: intracellular in dead mitochondria or 
extracellular in connective tissue (collagen fibers) 

 
 

LEARNING OBJECTIVES 
    Bold print very important topics 

Chapter 1: Cell injury: have a general idea about: 
1. Student should be acquainted with types of injurious agents, 

mechanism of injury & pathologic lesions or reactions resulting 
from injury 

2. Should have an idea about sub cellular changes as a result of 
injury (molecular pathology of injury) 

3. Should be familiar with: 

 Types of reversible changes 

 Types of irreversible changes focusing on types 
of necrosis 

 Types of abnormal depositions , focusing on 
abnormal pigmentations and pathologic 
calcification 
 

                                                
3 Causes of hypercalcaemia:     exogenous          endogenous 

   1- hyperparathyroidism   1- hypervitaminosis D 

   2- bone catabolism e.g. metastasis 2- milk-alkali syndrome 
   3- renal failure 
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INFLAMMATION4 

DEFINITION: It is a reaction of living tissue to injury. The reaction consists of 
a local tissue reaction (vascular & cellular) in addition to a systemic 
response. Such a reaction is important to kill & remove the injurious agent,  
making way for repair. 
 
AETIOLOGY, TYPES, PATHOGENESIS 
 
Injurious agent  direct    irreversible                 chemical 
(All causes of cell injury) toxic     cell injury(necrosis)    mediators 

    hypoxic        
 

     INFLAMMATION 

 
 

 Acute    Subacute               Chronic 
 
Onset    rapid        gradual 
Duration   short (days)          prolonged (3 mths/ ) 
 
PATHOGENESIS 
LOCAL REACTION      SYSTEMIC 
 
Regional     necrosis &   degeneration  Fever 
lymphangitis    + inflammation   Malaise 
& lymphadenitis      Bood changes: 

-Leukocytosis 
-Immune reaction 
-Bacteria in culture 

-C reactive ptn &ESR 

                                                

 4
 In diagnosis of inflammation  should include :Type(Acute/Chronic)+Organ/ tissue+  itis e.g.Acute 

diffuse suppurative appendicitis (see terminology at end of chapter) 

 

 

Chapter 

2 
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ACUTE INFLAMMATION 

DEFINITION: It is the first reaction to injury of living tissue, which is 

characterized by a rapid onset & short duration. The reaction consists of a 
local tissue reaction (vascular & cellular) in addition to a systemic 
response. Such a reaction is important to kill & remove the injurious agent, 
making way for repair. 
 
PATHOGENESIS: 
A-LOCAL REACTION 

1-Hyperemia: blood flow. This proceeds in 3 steps: 

 Temporary vasoconstriction (direct injury) followed by capillary 
dilatation(chemical mediators) 

 Arteriolar dilation : 2ry to nerve reflex (direct stimulus) 

 Weal formation as a result of exudation of fluid 
This is compatible with Lewis’s triple response: injurious stroke = 1-transient 
white line (vasoconstriction), followed by dull red line or flush (capillary 
dilatation) 2-flare or bright red zone around the line (arteriolar dilatation), 3-
weal  
injury to normal tissue results in: a) direct vascular injury b) axon (nerve) 
reflexes acting on arterioles & c) toxic, chemical mediator release from 
damaged cells. All 3 actions produce vascular dilatation with increase in 

blood flow (1st step of acute inflammation). 
 
Clinical(CP): redness & hotness 
 
2-Formation of fluid exudate i.e. Exudation: leakage of fluid exudate results 
in swelling of area. Mechanism:  

a) Transudation: very early, since there is  in hydrostatic pressure only 
produces fluid plasma, poor in protein & large molecules   (no cells) & 

specific gravity 

b) Exudation: occurs after  permeability allowing fluid + large protein 

molecules (fibrinogen & immunoglobulins i.e. antibodies) with sp.gr. to come 
out. Later, this is followed by cellular exudate, which increases the swelling.  
Mechanism: 
Chemical mediators cause endothelial swelling & contraction (increasing 
gaps), direct injury to endothelium & leukocyte dependent injury produces 

gaps which result in  vascular permeability   
Factors helping the exudation process:  

-Capillary hydrostatic pressure  

-Chemical mediator effect on wall (permeability)              

-Tissue osmotic pressure (from cell breakdown) which pulls fluid out from 
vessels 
 
Clinical(CP): swelling or wheal 
Importance (see later) 

 Fate: -Lymph flow & venous drainage→ return of area to normal (resolution) 
-Spread of organisms in fluid exudate to lymphatics producing 
lymphangitis & to blood- stream causing thrombophlebitis which is 
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responsible for: toxemia (toxin in circulation), pyaemia (pus in 
circulation), bacteremia (some bacteria in circulation ) or 
septicemia(bacteria in  pus multiplying in circulation & producing toxins) 

 
3-Formation of cellular exudate       
-With exudation of fluid blood becomes more viscous &the flow slows 
(congestion or stasis). Axial stream & plasmatic zones are disturbed. Cells 
are thrown outwards& line up against the endothelial wall, which is known as 
margination (pavementation) 
These cells carry surface adhesion molecules (integrins, selectins & 
immunoglobulins) to help them stick to the endothelium & not get washed 
away by blood stream. 
-Emigration: polymorphonuclear leukocytes (PNLs) & blood monocytes leave 
blood vessels to go to site of injury  producing more swelling (importance, see 
later) 
Chemical mediators cause swelling of endothelium increasing gaps between 
cells. The PNLs find openings through which they send pseudopodia & 
emigrate outwards, pulling with them some RBCs by diapedesis. 
-Chemotaxis: Is the directed movement of PNLs (later macrophages) to site 
of injury under the effect of chemotactic factors e.g. a)humoral (complement 
fragment C5a,  and Ba, fibrinopeptides, kallikrein and plasminogen activator) 
or B) cellular type (from different cells - LTB4, PAF, chemotactic cytokines 
etc.) 
-Diapedesis: Is the passive escape of red blood cells (RBCs) through the 

endothelial gaps widened by the migration of neutrophils 
-Phagocytosis: Process by which neutrophils (microphages)& macrophages 

(blood monocytes & tissue histiocytes) engulf injurious agent. These are O2 

dependent with H2O2/free radicle formation or O2 independent as lysosomal 
enzyme release  
a-Recognition + attachment: cells carry surface receptors for 

opsonins(antibodies) which attach to antigen & complement. This facilitates 
the engulfment of the antigen and prevents its escape from the phagocytic cell 
by ensuring its proper attachment  
b-Engulfment: pseudopodia form around antigen-antibody & complement 

attached to receptor on cell surface 
c-Degradation : H2O2& lysosomal enzymes degrade the contents of the 

phagosome containing the antigen (after lysosomes fuse with the phagosome 
, forming a phagolysosome).  
NB: Cell, may die (e.g. when neutrophil dies it becomes a pus cell) or live with 

bacteria inside it (e.g. macrophages containing TB bacilli). With exudation into tissue, 
the blood becomes more viscous with slowing of the flow (stasis). This process is 

called congestion 
 
Clinical: -More swelling (fluid + inflammatory cells) 
     -Pain: from direct injury-swelling-chemical mediators released from  

     necrotic cells 
     -Loss of function resulting from pain & loss of tissue (necrosis) 

 
CHEMICAL MEDIATORS: are vasoactive amines & polypeptides, released 

during tissue injury from necrotic cells, cells of acute inflammation & bacterial 
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toxins as well as others. They are capable of: -vasodilatation (hyperemia) e.g. 
prostaglandin E & prostacyclins 

     - Permeability (exudation) e.g. C3a, C4a, C5a 
                         -Cell emigration, chemotaxis (C5a) & phagocytosis (C3b acts as   

an opsonin)  
     -Fever & leukocytosis e.g. interleukin 1 & TNF alpha 
 
Steps of microbial killing in acute inflammation:    
1-PNLs & macrophages  
2-Immune response: non specific opsonization or specific humoral or cell 
mediated immunity (specific responses occur only on 2nd exposures, see 
immunopathology) 
 
IMPORTANCE OF INFLAMMATORY REACTION: The inflammatory reaction 

comprises the formation of the fluid + cellular exudate.vascularity &  
vascular permeability are important in:  
1) cellular exudate :bringing important cells as PNLs & monocytes(in 

addition to CT histiocytes & PNLs) for phagocytosis & elimination of the 
injurious agent. These cells also remove necrotic debris & the blood; 
provides the  

2) fluid exudate which: a) contains fibrinogen, which changes to fibrin in 
tissue. This is important for1- preventing spread of infection (by surrounding 
the site & blocking the lymphatics). 2- It also forms a scaffold (area outline) 
which helps bring phagocytic cells to site & 3-later, binds the tissues and 
helps repair (by allowing more fibroblasts into the area) b) brings antibodies 
any circulating antibiotic or important drugs to the area. c) fluid exudate,  also 
dilutes toxins & irritants as well as decreasing their effect 
 
BASIC REACTION (BR) for all types of acute inflammation: 
 
Damage(cell injury)   in the form of  Necrosis around injurious agent 
+ 
Reaction around necrotic area in the form of acute inflammation 
1-Acute inflammatory cells from connective tissue & inflammatory 

cellular exudate from the blood = PNLs & macrophages (tissue 

histiocytes or blood monocytes) 
2-Inflammatory fluid exudate: edema & fibrin 
The inflammatory exudate is composed of  

a) fluid exudate is rich in the protein fibrinogen. This changes into 
fibrin threads in tissue outside blood vessels (BV).  
 
NB: fluid in tissue is called edema but if it collects in serous membranes of 
body cavities e.g. pleura, pericardium & peritoneum, it is called effusion. 

b)cellular exudate:PNLs &  macrophages 
3-Dilated hyperemic blood vessels 
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B-GENERAL OR SYSTEMIC REACTION 

 Fever: from pyrogens released from injurious agent or chemical 
mediators e.g. prostaglandins. These act on temperature regulating 
centers in brain stem. 

 Blood changes 

1-Changes in white blood cells (leukocytosis i.e.  white blood cells in 
circulation) 
2-Changes in plasma proteins:  

3- erythrocyte sedimentation rate   

4-acute phase reactant proteins as C-reactive protein & Alpha1- 
antitrypsin   
5-Immunoglobulins & T lymphocytes 

 
FATE OF ACUTE INFLAMMATION (SEQUELAE + COMPLICATIONS) 
 
I)HEALING: When body resistance takes upper hand over injury this will 

result in: 
a) Resolution: cure i.e. return to normal This occurs if there is minimal tissue 

damage, rapid removal of organism /injurious agent & rapid removal of 
inflammatory exudate. e.g. lobar pneumonia 
Mechanism: after the bacteria are killed, the following occurs: 
1-Fibrin is lysed by PNLs enzymes, fibrinolysin 
2-Fluid exudate is removed by blood vessels (BV) & lymphatics (LV) 
3-Debris (dead fragments) are removed by PNLs & macrophages & drained to 
lymph nodes (LN) 
4-Decreased hyperemia & return to normal 
b) Regeneration or fibrosis: depends on extent & type of tissue damage 
(see repair) 
 
II) PROGRESSION: Body resistance < injury            Progression with more 

damage +/- suppuration 
 
Local more necrosis     Local /direct spread to nearby  
or more suppuration     organs +thrombophlebitis 

Systemic: -Blood:  
Bacteraemia 

                 Septicemia 

     Exudate                  Pyaemia 

     Necrosis                           Toxemia 
     -Lymphatics:  

Lymphangitis 
Lymphadenitis 

 COMPLICATIONS of acute inflammation 
1-Repair by organization with complications of healing by fibrosis (see 
repair). e.g. stenosis, adhesions 
2-Chronicity: Acute proceeds to chronic inflammation 
3- Spread (see infections): direct to surrounding organs & distant by 

lymphatics or blood 
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III) CHRONICITY: When Body resistance is of equal strength to injury, the 
lesion becomes chronic with tissue damage + repair (an ongoing processes of 
destruction & healing) e.g. granulomas (TB) 
Complications: of repair by fibrosis & chronicity (ulcer-sinus- fistulae, 
amyloidosis, neoplastic change, and see later) 
 
TYPES OF ACUTE INFLAMMATION 
 
A.Suppurative Inflammation 
1) Localized acute inflammation e.g. acute abscess: localized area of 
suppuration 
2) Diffuse acute inflammation: diffuse suppuration e.g. cellulitis of limbs & 
septic bronchopneumonia 
 
B.Others (Non-Suppurative) 
1) Catarrhal inflammation: occurs in mucous membranes e.g. common cold 

2) Exudative inflammations: serous: e.g. burns, serofibrinous e.g. serous 
membrane as pleurisy or fibrinous e.g. lobar pneumonia 
3) Pseudomembranous occurs on mucous membranes with a dirty grayish 
false membrane forming on surface. e.g. diphtheria 
4) Haemorrhagic: Inflammatory basic reaction + many RBCs e.g. small pox & 
acute haemorrhagic pneumonia of influenza 
5) Necrotizing: Inflammatory basic reaction + much necrosis e.g. necrotizing 
vasculitis & cancrum oris (if it is complicated by putrefaction it is called 
gangrene)  
6) Allergic  inflammation e.g.. Hypersensitivity e.g. hay fever, bronchial 
asthma. This reaction IS CHARACTERIZED BY acute inflammatory basic 
reaction but there is a predominance of eosinophils (cells of allergy) or 
mononuclear cells e.g. typhoid  & much swelling due to edema e.g. urticaria 
weals, nasal polyps (see later immunopath). This inflammation is the result of 
an antigen antibody reaction (hypersensitivity) with resultant inflammation due 
to tissue injury. 
 

A) ACUTE SUPPURATIVE INFLAMMATION 

 
DEFINITION: Is an acute inflammation characterized by pus formation 
PUS: is liquefied necrotic tissue secondary to the pyogenic organism injury  
NB pus never contains fibrin since enzymes liquefy it 
MORPHOLOGY (Character of pus) 
Gross        Microscopic 

Yellowish, turbid, opaque    -Fluid exudate + protein 
(without fibrin) 

Odorless, alkaline fluid    -Cellular exudate PNLs of  
Which many die and become 
pus cells 
-Bacteria, with its pigments & 
toxins 

       -RBCs 
       -Necrotic host tissue (see basic  
        reaction of necrosis) 



3 4  

 

 

 
ETIOLOGY & PATHOGENESIS (mechanism of pus formation) 
Pyogenic bacteria by direct & toxic effect producing: 
a) Marked necrosis & 

b) Attraction of  PNLs, death of many neutrophils due to the  virulence of 
the organism more pus cells are formed with release of their enzymes, which 
liquefy necrotic tissue & fibrin (No fibrin in pus) 
 
1-LOCALIZED SUPPURATIVE INFLAMMATION- ABSCESS  
 
DEFINITION an abscess is a localized collection of pus commonly caused 
by pyogenic (pus forming) organisms e.g. Staph aureus 
 
ETIOLOGY & PATHOGENESIS 
1) Pyogenic Bacteria by direct & toxic effects produce pus (see above 
mechanism) 
2) Staph aureus releases coagulase enzyme, which changes fibrinogen 
protein into fibrin threads, thereby localizing the area and walling it off from 
spread of infection (WALL) 
NB:  There are particular forms of abscesses e.g. furuncle (boil)-carbuncle. 
 
GROSS (BR) 

 Small:  yellow swollen area surrounded by a zone of 
redness(congestion) 

 Large:  cavity with irregular wall, rough lining & yellow in color. 
Its contents are liquid pus (describe BR above). A zone of 
congestion surrounds the cavity. 

 
MICROSCOPIC(BR) 
Early: 2 zones: central necrosis & peripheral zone of acute inflammation  
Later: 3 zones 

 Central zone of pus (see BR of characters of pus, above for description) 

 Pyogenic membrane: new capillaries, PNLs, macrophages, pus 
cells, fibrin & few fibroblasts (acute inflammation) 

 Outer zone of reversible damage or degeneration 

 
FATE of an abscess 

 If the abscess is small & superficial, it causes thinning of surface 

cover (pointing), followed by rupture & discharge of pus producing an 
ulcer. But if, abscess is small & deep, its contents become absorbed & 

it heals by fibrosis, leaving a scar. 

 If large & superficial, it produces an ulcer, which is an area devoid 
of its surface epithelium, this heals by organization & fibrosis. If large &  
deep, its contents become thick i.e. inspissiated +/- dystrophic 
calcification and the wall becomes fibrotic(see repair, healing by 
secondary intention & chronic abscess) 

 Deep abscesses tend to track their pus to the surface to evacuate 

or into another hollow organ producing fibrous tracts called sinus tracts 
or fistulae(see repair complications)   
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 Excessive damage  

    a) Spread of infection                 Direct (local) 
                                                                    Systemic (blood e.g. toxemia,  

septicemia etc..) 

        b) Putrefaction on top of the necrosis resulting in gangrene 

 Persistence of injurious agent  produces a chronic abscess & 

complications 

 Hemorrhage  with complications of anemia or shock , if bleeding is 
severe 

 
2- ACUTE DIFFUSE SUPPURATIVE INFLAMMATION 
 
DEFINITION: Diffuse pus & inflammation with no localization e. g.: cellulitis 
of arm & Acute diffuse suppurative appendicitis 
CAUSE: Streptococcus hemolyticus 
MECHANISM 
Streptococci secrete streptokinase (fibrinolysin), an enzyme, which 
dissolves fibrin & hyaluronidase enzymes, which liquefies the extracellular 
matrix, helping the spread of the organism and spread of pus. This is common 
in loose connective tissue. 
 

Strept. hemolyticus                      Thin sanguinous( bloody) pus & necrotic 
     tissue (sloughs) 
All layers of tissue are affected by the diffuse suppurative inflammation 
(grossly & microscopically). 
 

B) ACUTE NON-SUPPURATIVE INFLAMMATION 

 
1) CATARRHAL INFLAMMATION e.g. rhinitis (common cold) 
DEF: Acute non-suppurative inflammation of mucous 
membranes(respiratory, GIT) 

 
MORPHOLOGY 
GROSS     MICROSCOPIC 
Swollen mucosa (edema)        Swollen columnar cell with mucin 
Redness (congestion) Acute Inflammation in mucosal 

connective tissue 

Mucus discharge     mucus on epithelial cell surface 
CP: blocked runny nose 
 
2)EXUDATIVE INFLAMMATION  
Occurs in body cavities and on skin surfaces  
NB lung alveoli may be considered as microscopic body cavities 

1-Serous inflammation: Acute inflammation, characterized by exudate & 

fibrin e.g. 
 A-Surfaces: e.g. burn bleb (on skin)- Herpes simplex vesicle (on 
mucosa/skin). 
Burn bleb on surface of skin: epidermis is raised and full of inflammatory fluid 
exudate. Dermal CT contains acute inflammatory reaction (acute 

inflammatory cells congested BV + edema + fibrin (BR)      
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B-Lining of cavities (pericardium, pleura, peritoneum, joints & meninges) 
e.g.effusions 

 
2-Fibrinous Inflammation e.g. lobar pneumonia & rheumatic pericarditis                              
3-Serofibrinous inflammation 

Fibrin>fluid       fibrin=fluid 

e.g. lobar pneumonia              e.g. effusions 
        rheumatic pericarditis 
Effusion:  
Microscopic: a-fluid in a cavity (amount depends on type of inflam)  b- 
acute inflammation (BR) in submesothelial CT  c- fibrin forms a network 
on surface of visceral and parietal layers , entangling acute 
inflammatory cells (amount depends on type of inflammation i.e. 
fibrinous  or serofibrinous)) 
Gross: thick opaque rough serous membrane . The roughness is caused 
by the cotton-like yellowish white fibrin on surface, (BR).  

  
Fate of exudative inflammation: 

 Serous:                              resolution: return to normal after fluid is 
totally absorbed 
 Serofibrinous 
 Fibrinous   organization by fibrosis (adhesions) 
 
3) HEMORRHAGIC: Inflammation basic reaction + many RBCs e.g. acute 
hemorrhagic pneumonia of influenza & hemorrhagic tracheitis 
Virus damages BV severely  loss of many RBCs 
 
4) NECROTIZING: Inflammatory basic reaction (BR) + extensive necrosis 

e.g. necrotizing tracheitis & if necrosis is associated with putrefaction it is 
called gangrene   
 
5) PSEUDOMEMBRANOUS Severe acute inflammation caused by exotoxins 
of bacteria (Shigella or Diphtheria). This causes inflammation of mucosa & 
submucosa. The denuded surface mucosa is covered by fibrin derived from 
submucosa. This network entangles the organisms, toxins, acute 
inflammatory cells (PNLs, macrophages), necrotic columnar cells and 
some RBCs forming a pseudomembrane. The underlying tissue shows 
the basic reaction of acute inflammation. 

Grossly, the pseudomembrane is characterized by its rough dirty greyish 
yellow color and its adherence (since, when pulled it leaves a raw bleeding 
surface). 
 
6) ALLERGIC  e.g. urticaria, bronchial asthma & nasal polyp characterized 

by edema, eosinophils, plasma cells or lymphocytes  

CHRONIC INFLAMMATION 
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DEFINITION: Reaction of living tissues to injury, which has a gradual onset & 
prolonged duration. The cell injury goes hand in hand with the repair 

process.  
 
Basic reaction(BR) 
Systemic      Local reaction 
                                                                                      I 
-Fever    Tissue destruction  +  Chronic inflam  +  Repair(FT) 

-Malaise                                          
-Blood changes  necrosis       lymphocytes    fibrous tissue: 

 Lymphocytosis      plasma cells     fibroblasts  

 Plasma cells       macrophages    collagen + 
 Monocytosis       +/- giant cells      
           Antibodies                           + BV: endarteritis obliterans 

 
NB: In chronic inflammation, cellular exudate>fluid. The fluid is minimal as 

the vessels are very thick walled & have narrow lumen. 
 
AETIOLOGY   

1. Following acute inflammation(secondary): same injurious 

agents(see acute inflammation) which if not removed continue to cause 
damage e.g. chronic abscess 

2. Starts as chronic from the start (primary) a) if organism has low 
toxicity e.g. TB or b) long exposure to non-degradable material as silica 
or hemosiderin c)autoimmunity (body reacts against its own tissues ) 
e.g. rheumatoid arthritis (see later, immunopathology) 

 
PATHOGENESIS 
 Cell injury of a continuous, persistent nature, produces necrosis of tissue 
associated with healing by fibrosis at the same time, since the process occurs 
over a prolonged period. Necrosis results in release of chemical mediators 
and uncovering of cellular antigens (antigens hidden in cytoplasm), these 
excite a chronic cell population (see above), narrow thick walled BV 
(endarteritis obliterans & endophlebitis) also granulation tissue & fibrous 
tissue of repair. 
 
TYPES 
1-Non-specific (mostly after acute inflammation) 2-Specific (chronic from 
the start) 

 Suppurative (chronic abscess)   - granuloma 

 Non-suppurative (chronic ulcer)   - diffuse (rare) 
 
 
 
 
1) Non-specific 
I) Chronic abscess 
BR 
Gross      Microscopic 
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Well defined round cavity  Central pus(see character in acute 
inflammation) 
Wall is regular, smooth &white  surrounded by chronic 
inflammatory cells, 
Cavity contains thick pus  endarteritis obliterans & FT 
Lining smooth as it is formed of fibrous tissue 
 
II)Chronic ulcer (see repair) 
III) Chronic bronchitis 

 
2)  Specific (Granuloma) 
DEFINITION: Localized collection of chronic inflammatory cells forming 
granules, nodules or a tumor-like mass. Such lesions have a predominance 
of macrophages & have diagnostic microscopic picture i.e. specific features 

indicative of type of injurious agent. The macrophages may be modified & 
have a pink ill-defined cytoplasm (hence called epithelioid cells) & some types 
of granulomas have central necrosis. 
 
Basic reaction (BR) of GRANULOMA 
GROSS: whitish firm tumor-like mass 
MICROSCOPIC: 
E.g. TB tubercle which consists of: 

1) Central zone of necrosis (caseation) 
2) Macrophages of  the epithelioid type surround the necrotic 

center 
NB epithelioid cells are formed if the injurious agent persists & is 
not destroyed within the macrophage, thereby changing its 
appearance to an epithelial like cell with abundant, foamy pale 
eosinophilic cytoplasm with unclear cell outlines. The nucleus is 
oval and pale. This cell is an activated macrophage with the ability 
to produce lysozyme as well as other enzymes but have poor 
phagocytic abilities. 

3) Lymphocytes, few plasma cells + giant cells (Langhan’s type in 
TB).  

4) Giant cells : Large cells with many nuclei, they may be 
produced due to the fusion of several macrophages or the 
division of the nucleus of a macrophage repeatedly without the 
division of the cytoplasm. 

5) Zone of capillaries, fibroblasts & chronic inflam cells i.e. 
granulation tissue 

  6)   Outer zone of fibroblasts + collagen fibers (FT)+ endarteritis 
obliterans 

 
 
 
FATE & COMPLICATIONS OF CHRONIC INFLAMMATION 

1. Small area or treated lesion, undergoes fibrosis and with or without 
dystrophic calcification ending in scar tissue (see complications of 
scar repair) producing stenosis, obstruction, pressure atrophy on 
adjacent organs, dilatation or rupture 



3 9  

 

 

 
2. Complications of chronicity (chronic tissue destruction): 

 Hemorrhage, organ failure 

 Chronic ulcer with repeated attacks of secondary infection. Such 
ulcers in certain areas may undergo MALIGNANT transformation. 

 Sinus : a sinus is a tract opened at one end(blind ended tract), 

lined by granulation tissue or FT resulting from opening of a chronically 
inflamed deep abscess cavity onto a surface. It is caused by the 
persistence of pus or the presence of a foreign body e.g. a)sinus of 
osteomyelitis: a suppurative inflammatory disease of bone(see bone) & 
b) pilonidal sinus: a nest of hairs which have penetrated deeply under 
the skin of the midline of sacrum and are associated with chronic 
inflammation  

 Fistula: is a track open at both ends, through which abnormal 
communication occurs i.e. 2 cavities or a body cavity & surface.(a tract 
between 2 surfaces)   

1-congenital fistula: due to developmental abnormality 
2-acquired due to trauma (e.g. postoperative biliary fistula), inflammation 
(gastrocolic fistula) or necrosis especially due to tumor (e.g. vesico-vaginal 
fistula following radionecrosis in treatment of cancer cervix) 

 Systemic amyloidosis(AA): chronic tissue destruction is 

responsible for an  abnormal fibrillary protein (B pleated protein fibrils)   
+ non fibrillary serum ptn. (SAP, circulating in blood) with CHO heparan 
sulphate  

 Malignant transformation (rare) e.g. Marjolin ulcer 

 Distant spread of infection: by lymphatics & may result in 
generalized lymphadenopathy. Spread may also occur  by blood 
stream (bacteremia, pyaemia, toxemia or septicemia) 

 
3. Complications of healing by fibrosis (see repair) 

 
TERMINOLOGY IN INFLAMMATION 

Rule : name of organ + itis =   inflammation of this organ. There are 

some exceptions to this rule 
 

 
 
 
 
 
 
 
 
 

LEARNING OBJECTIVES 
Chapter 2: Inflammation 

Student should be able to : 
1. Know the types of acute and chronic inflammations 
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2. Describe the sequence of vascular changes in acute 
inflammation (vasodilation, increased permeability) and their 
purpose. 

3. Define the terms edema and exudates special focus on 
components of the acute inflammatory exudate.  

4. Compare and contrast acute vs chronic inflammation with 

respect to causes, nature of the inflammatory response, and 
tissue changes BR 

5. Compare and contrast the clinical settings in which 
different types of inflammatory cells (eg, neutrophils, 

eosinophils, monocyte-macrophages, and lymphocytes) 
accumulate in tissues. 

6. Distinguish between fibrinous, purulent, and serous 
inflammation. 

7. Define an abscess,fate and BR of acute & chronic abscess. 
8. Understand the fate of acute & chronic  inflammations 
9. Define granuloma and state types 
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HEALING & REPAIR 

 
 

Healing & repair follow most forms of cell injury. 
Healing follows tissue destruction & inflammatory reactions.  
 
HEALING OCCURS BY: 

1) RESOLUTION  or  2) REPAIR 

Return of tissue to normal  Replacement of damaged 
tissue by a new & healthy 
one. This may be: 

Occurs with a-Minimal damage 
b- Rapid removal of injurious 

agent & products of inflammation 
 
 
 
 
 
 

Regeneration    Organization 

 
Replacement by same cell type Replacement by fibrous /glial 

tissue  

Only with minimal damage i.e. only cells  Occurs with  damage (cells 
+ CT5 frame) 

Cell types affected: 
1-Labile cells e.g. epithelial cells, 1-Labile & stable if extensive 

damage to cells & 
Haemopoietic & lymphopoietic cells  framework has occurred 
These cells divide regularly during life.   
2-Stable cells: e.g., epithelium of glands, 2-Permanent cells e.g. 

striated muscle  

                                                
5
 CT= connective tissue 

Chapter 

3 
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Connective tissue cells & peripheral nerves       fibers (cardiac &skeletal) CNS  

These cells only divide if damaged. neurones 

FACTORS RESPONSIBLE FOR REPAIR (stimulatory-

inhibitory) 

1.Stimulatory factors    2. Inhibitory factors 

 Growth factors (GF)    - Growth factors (GF) 

 Extracellular matrix proteins (ECM)  - Others: 
    Old age-local hypoxia- 
    Persistent infection  

    Poor nutrition ( vit C &  
    protein) 

Glucocorticoids-Diabetes  
mellitus 

NB:  glucocorticoids, interferes with PNLs & macrophages, thereby 
increasing the patient’s susceptibility to infection. 
        Diabetes mellitus causes bad circulation & high risk of infection. 
 
A. Stimulatory factors: 
1-Growth factors (GF) 

 
Macrophage                GF act on resting cell (Go / intermitotic phase) ending in 

mitosis     Presynthetic phase 

Platelets                                 
 
Epithelial cell injury causes Cytokine release 

 
Types of GF 

 EGF =epidermal growth factor 

 PDGF=platelet derived GF       act on fibroblasts, smooth muscle of BV  

 FGF = fibroblast GF                 & endothelial cells 

 TGF =transforming GF acts on fibroblast chemotaxis 

 IL-1 = interleukin –1 (cytokine) with stimulation of collagen synthesis 

 TNF = tumor necrosis factor  acts on fibroblast chemotaxis & 
stimulation of collagen synthesis 
 
2- Extracellular matrix proteins (ECM glycoproteins) 

 FN = fibronectin  stimulates: migration, proliferation, differentiation, & 

adhesion of the fibroblast 

 Laminin (same as FN) 

 
B) Inhibitory factors 

 TGF           stimulates collagen degradation 

 TGF    inhibits cell growth 
 
Mechanism of cell-cell interaction: When cells are injured, healthy nearby 
cells proliferate to fill the gap. When these come in contact with each other 
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they stimulate the inhibitory receptors which are carried on the surface of 
cells. 

REGENERATION 

 
DEFINITION: Replacement of damaged cells by the same cell type 
AETIOLOGY: Any injurious agent (see cell injury) causing damage + A. 

inflammation 
MECHANISM: 

I) Labile cells: these are cells which proliferate continuously during life 

 Epithelial:  surface cells e.g. skin abrasion  & superficial skin ulcer 
lining cells e.g. mucous membrane (catarrhal inflammation.) & 
serous membranes (serous & serofibrinous inflammation.) 

 Haemopoietic (bone marrow ) cells & lymphopoietic (lymphoid) cells of 
lymph nodes, spleen & thymus 

 
II) Stable cells: These are cells which proliferate only if stimulated i.e. 

injured 

 Epithelial cells of parenchymatous organs i.e. cells with specialized 
function :e.g.liver-pancreas – kidney (so long as the connective tissue 
framework is intact) 
E.g., acute hepatitis heals by regeneration & similarly after partial 
hepatectomy 

 Connective tissue (CT): fibrous tissue (FT)-bone  - cartilage & smooth 
muscle fibers 
Dead cells at the site of damage are absorbed through the lymphatics 
and blood vessels & healthy cells, surrounding the area of injury, 
proliferate to fill the gap.  

ORGANIZATION OR HEALING BY FIBROSIS 

DEFINITION: Replacement of damaged cells /tissue by a stronger different 
tissue type (fibrous tissue or glial tissue in CNS healing) 
 
MECHANISMS: This type of healing depends on:  
a) Cell type:  
1-Labile or stable but with extensive damage to cells + framework e.g.: 

 Liver cirrhosis: hepatocytes have limited regeneration in the presence 
of diffuse destruction; therefore heal by regeneration  & fibrosis 

 Wound healing by 1ry & 2ry intention 
          
2-Permanent: cells, which are unable to divide as striated muscle fibers 

(cardiac & skeletal) and CNS neurons e.g.: 

 Cardiac muscle e.g. myocardial infarction heals by myocardial scarring 

 CNS e.g. cerebral infarction heals by gliosis 
 
b) Presence of structureless material e.g. products of inflammation- 

thrombus inside a BV 
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 Inflammatory exudate rich in cells, fibrin and fluid 
                Organization 

 
Large thrombus inside lumen of BV 

 
 ORGANIZATIO N BY F I BRO SIS  IS T HE END RESULT OF 

W OUND HEALI NG & CHRO NIC I NFLAMMATION  

Steps of FT formation (Stages of scar formation) 
Platelets, macrophages & injured epithelial cells result in the release of 
peptide growth factors & cytokines (chemical mediators), producing: 
 
 
 
Regeneration of epithelial cells   Fibroblast activation  New capillaries      
                                                                                         (Angiogenesis) 
 
                    

            Granulation tissue 
1-Migration of fibroblasts & myofibroblasts + new capillaries 
(angiogenesis)= granulation tissue(GT) 
 
2-Proliferation of fibroblasts &myofibroblasts which synthesize collagen 

fibers (first type III then type I) in addition to proliferated BV forming fibrous 
tissue (FT) 

Fibrocytes & primitive cells in CT & around capillaries are stimulated to 
enlarge and become active fibroblasts. These are responsible for: a) Protein 
synthesis (proline & hydroxyproline),  b) Secretion of ground substance 
{extracellular matrix (ECM)} adhesive glycoprotein, FN which provides a 
framework for the tissue defect & contributes to repair c) secretion of 
procollagen (very fine fibrils seen only by EM). Procollagen condenses to 

form collagen III, further condensation to collagen I occurs. 
 
3-Fibroblasts decrease whilst collagen I increases and is acted upon by a 
remodeling enzyme in addition to bonding of fibers resulting in high tensile 
mature tissue over a long period of time. This causes pressure on the BV 
shutting them down producing avascular fibrous tissue or SCAR. 
 
4-Old scars undergo hyalinosis or dystrophic calcification. 

Best example of a scar is myocardial scarring or healed myocardial infarction 
 
NB: 

 Angiogenesis: formation of new capillary vessels 
Basement membrane (BM) of vessel is digested by  proteolytic enzymes & 
endothelial cells proliferate under the GF effect producing solid buds of 
endothelial cells, which grow out of the basement membrane gap. With 

maturation, a tube is formed and collagen type IV deposits reforming BM & a 
new BV is formed. 
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 Myofibroblast: is a cell with both fibroblastic & muscle contraction 
abilities leading to wound contraction with decrease in wound size in 
addition to collagen synthesis. 

 
 

FACTORS INFLUENCING HEALING BY FIBROSIS 

 
1.Local 

 Infection 

 Poor blood supply 

 Excessive movement (interferes with GT) 

 Presence of foreign body 
 
2.General 

 Vitamin C deficiency 

 Deficiency of zinc & amino acids (in malnutrition) 

 Adrenal glucocorticoids 

 Debilitating(disabling ) chronic disorders 
 
The general causes are responsible for failure of proper collagen synthesis, 
with delayed healing and weak easily ruptured scars.  

HEALING  - SPECIAL SITUATIONS 

 
A) REPAIR BY REGENERATION: 

 
I) Skin: healing of a superficial ulcer (abrasion) 

 ABRASION: Is a superficial ulceration or absence of the epidermis ; it 
heals by regeneration 

 ULCER6: is a defect in the surface covering  as well as underlying 
tissue   as a result of necrosis and it is covered by inflammatory products 
Healing of a superficial simple ulcer on skin or mucous membranes is by 
regeneration whereas deep ulcers will heal by fibrosis i.e. organization 
Mechanism: cells of the surface epithelium which have been lost as a result of 
necrosis, will be replaced by active mitosis in the cells at the healthy edge of 
the ulcer. The proliferating cells creep over the floor of the ulcer, which is 
composed of fibrin and debris. These are actively removed by the acute 
inflammation in the base. The result is a completely normal area.  
NB if the irritant persists this ulcer proceeds into chronicity i.e. chronic 
ulcer. The base will contain chronic inflammatory cells & FT, resulting in a 

fibrous scar on healing. 
 
B) REPAIR BY FIBROSIS (organization) 

                                                
6 Types of ulcers: 

1-Simple or inflammatory ulcers 2- Traumatic ulcers        3-Malignant ulcers 
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1- Limited REGENERATION + FIBROSIS 
This occurs when gross damage occurs in solid epithelial organs containing 
stable cells and including their supportive tissue e.g.: 

 Wound healing: epidermis regenerates & dermis & subcutis heal by FT 

 Chronic or deep ulcer: ulcers involving mucosa & submucosa / 

epidermis & dermis 
Healing by 1ry intention (surgical incision) Healing by 2ry intention 
-Clean &small wound    -Large or infected wound 
-Minimal necrosis     -Much necrosis 
-Short time to heal    -Longer since  

necrosis/infection 

-Inflammation &  scar    - inflammation &  scar 
-Few or no complications    -Complications common  

(depends on size & amount of damage) 

24 hrs Little necrosis-clot-acute     Much necrosis-raw area – 
 inflammation      acute inflammation. 

Surface covered by dried clot 
 (Scab) 

3-7days: inflam-GT fills gap    -Wound starts to contract  

(myofibroblasts in GT)- acute 
     - mitosis in basal cells to fill gap inflammation 
              -BM forms on contact of basal cells -Mitosis in basal layer of  

epidermis with complete 
Weeks: FT & scar with no adenexa  regeneration of epidermis 
 Epidermis regenerates by prolifer - occurs after GT has filled the  

ation upward of basal layer to surface  entire gap 
GT-FT, followed by scar.  GT,FT, then scar. Time 

depends on size of wound & 
amount of necrosis that  
has to be removed before  
healing. 

Complications of wound healing 
1-Contracture & deformity 

2- GT (proud flesh) which prevents proper epithelization since it grows 
above the surface 

3-  GT                                    -Weak scar tends to rupture   (deheisance)  
     - Delayed healing 

4- hyalinosed collagen is known as Keloid, which is a raised deforming 
scar with hyalinosed, scar (swollen scar); it occurs in people with a 
hereditary predisposition. Attempts at surgical removal cause its 
reappearance. Treatment is by irradiation. 
5- Chronic ulcer-fistula-sinus usually occurs if infection is persistent. 
6- Epidermal cyst: some epidermal cells become trapped in the dermis 
during injury; they grow and form a cyst. 
7-Malignant transformation (rare) 
 
2- REPAIR by ORGANIZATION (by fibrosis or gliosis in CNS) 
This occurs when gross damage occurs in solid epithelial organs containing 
stable cells and including their supportive tissue e.g.: 
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Infarction kidney (see circulatory disturbances): necrotic tissue is removed & 
organization occurs, ending in a scar (GT followed FT then Scar) 
Healing of structureless material, i.e. not tissue, e.g. thrombus or 
products of inflammation (inflammatory exudate), as in serofibrinous or 
fibrinous inflammation. These heal by fibrosis are called adhesions as the FT 
causes white, firm bands which glue the two layers of the serous 
membranes together. 
 
MORPHOLOGY (BR) 

GROSS      MICROSCOPIC 
GT    Pink granular, bleeds easily Fibroblasts+new capillaries 
      (+/-inflammatory cells) 
FT    White, firm, smooth tissue  Fibroblasts+ BV +collagen 
        causes shrinkage 

Scar  Same as FT    fibroblasts  +collagen (no BV) 
 
Gross Appearance of FT / Scar: depends on site 
-Body cavities→adhesions (white firm, smooth, bands joining visceral to 

parietal layer) 
-Abscess cavity→smooth thick white wall around cavity 
-Hollow structure(intestine – urinary tract etc.) resulting in Stricture,  which 
causes narrowing of lumen i.e. stenosis. If a stricture doesn’t form, the whole 
wall may be thinned out and dilates, producing a pouch, i.e. dilatation or 
aneurysm (if in a vessel wall). This area is usually weak and may rupture.  
-Solid organs e.g. liver: bands or irregular patches of white firm, smooth 
tissue which shrinks and causes surface depression (irregularity or 
nodularity on surface). 
 
 

SUMMARY OF FATE & COMPLICATIONS 
OF CHRONIC INFLAMMATION & REPAIR BY FIBROSIS 

 
 
 

Local tissue destruction  Spread  Repair by FT 
 
A-COMPLICATIONS OF CHRONIC INFLAMMATION 
1-LOCAL TISSUE DESTRUCTION 

 Hemorrhage 

 Organ failure (loss of function due to tissue destruction) 

 Dystrophic calcification  

 Systemic amyloidosis 

 Malignant transformation due to chronic irritation 
 

 
 
2-SPREAD 

(i) Direct 

 Spread of the inflammation & necrosis resulting in ulcer , sinus or  
fistula formation 
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 Transluminal (respiratory or biliary tract spread etc…) 

 Transcoelomic e.g. septic peritonitis i.e. in body cavities 
(ii) Distant 

 Lymphatic spread: at first regional lymphangitis and regional 
lymphadenitis then generalized lymphadenopathy 

 Blood stream spread: bacteraemia-septicemia-toxemia-pyaemia( see 
infections) 
 
B-COMPLICATIONS OF HEALING BY FIBROSIS 

 In solid organs with loss of function e.g. liver cirrhosis ends in  liver 
failure 

 Surfaces: Skin: deformity or contracture 
                      Body cavities e.g. pleura etc… leads to adhesions   

 Hollow structure e.g. intestine etc…                  stenosis(narrowing of 
lumen/obstruction ) or dilatation (bronchiectasis )or pouch formation with 
weakening & thinning of wall (vascular aneurysms) 

 NB: dilated areas may cause pressure on surrounding structures or may 
rupture e.g. aneurysms (see special) 

 Keloids(increase in hyalinosed collagen) & proud flesh ( GT) 

 Epidermal cyst 

 Dystrophic calcification 

 Weak surgical scar may  rupture under pressure (wound deheisance) 
or inscisional hernia may occur(see special) 

 
SUMMARY OF CELL INJURY – INFLAMMATION & REPAIR 

 
            

INJURY WITH CELL DEATH & RELEASE OF MEDIATORS 

                  
 
              IF persistent 

 ACUTE INFLAMMATION     CHRONIC INFLAMMATION 
 
Vascular + cellular responses of A. Inflammations are followed by resolution, 
regeneration or fibrosis    
 
Vascular + cellular responses + repair by fibrosis & or regeneration occur during 

Chronic inflammation 
 
 

 

HEALING 

 
 

RESOLUTION       REPAIR 

Injurious agent destroyed quickly             Injurious agent not destroyed quickly 
 
 
Little or no necrosis       necrosis of 
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        Healing depends on amount of products of inflammation 

 
 
 
Little exudate   Much exudate  Labile cells      Permanent cells 

resolves  organizes by FT Stable cells 
 
 
     Frame intact  Destroyed 
 
 
RESOLUTION SCARRING REGENERATION         SCARRING             SCARRING  

e.g.      e.g.        e.g.            e.g.        
Lobar pneumonia Serofibrinous    bronchial mucosa   bronchiectasis   

                                                           (adhesions)          
Small thrombus Big thrombus    

      
 
 
 
 
 
 
 
        
LEARNING OBJECTIVES  Chapter 3: Repair 
 

1. Be familiar with types of healing & repair 
2. Describe the differences between the various cell types (ie, 

labile, stable, and permanent cells) in terms of their regeneration 
potential. List examples of each cell type. 

3. Describe the morphologic features of granulation tissue & 
fibrous tissue at different sites BR 

4. Describe the complications of healing 
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 INFECTION 

 
DEFINITION: Is a form of injury, where the injurious agent is a pathogenic 
(harmful) organism 
 
INFECTIOUS DISEASE: 
DEFINITION: Is the clinical manifestation resulting from tissue damage + 
reactions as a result of exposure to pathogenic organism 

 
ORGANISMS  
 
 
Pathogenic       Nonpathogenic (putrefactive/opportunistic) 
 
-Bacteria   Saprophytes    Commensals 
-Parasites          Present in environment  Inside body 
-Viruses          Normally will not produce disease unless there is  
-Fungus          necrosis or lowered immunity 
-Chlamydia  
-Rickettsia 

 
TYPES OF INFECTIONS        Localized (abscess) 

 

1. Pyogenic infection Diffuse(acute diffuse suppurative 
appendicitis) 

2. Putrefaction :area of necrosis + saprophytic bacteria (putrefaction) =   
gangrene 

3. Toxic infections              Endotoxin(endotoxic shock) 
                                              Exotoxin(bacillary dysentery-cholera-tetanus-diphtheria) 

4. Opportunistic infection: low body resistance (defective immune 
response) will encourage commensals to become pathogenic e.g. E.coli & 
fungal infections which are common particularly in AIDS patients. 

A- BACTERIAL INFECTIONS 

A) ACUTE BACTERIAL INFECTIONS 
 
1-Acute suppurative 
Localized e.g. Staph aureus e.g. subcutaneous abscess 

Chapter 
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Diffuse e.g. Strept pyogenes causing cellulitis or acute diffuse suppurative 
appendicitis also serous membrane suppuration as empyema (sac full of pus) 
& septic peritonitis 
 
2-Acute non -suppurative 
1-Fibrinous  
2-Serofibrinous &  
3-Serous inflammation. 
4-Pseudomembranous e.g. Diphtheria & Bacillary dysentery 
5-Hemorrhagic e.g. small pox & necrotizing e.g. Hemophilus influenza    
6-Putrefactive e.g. gas gangrene caused by Clostridia organisms 
7-Allergic hypersensitivity to Typhoid (Salmonella)   
 
B) CHRONIC BACTERIAL INFECTIONS 

Non specific 
Specific (granulomas) 

 Tuberculosis (TB) and Atypical mycobacteria 

 Leprosy: caused by Mycobacterium leprae 

 Syphilis: caused by Treponema pallidum 

 Rhinoscleroma: caused by Klebsiella rhinoscleromatis 

 Actinomycosis: caused by Actinomycetes israeli 

 
Mechanisms-Etiology: 
 
A-The injurious agent is bacteria:    Saprophytes   + necrosis in tissue 
        Commensal   + low immunity 
        Pathogenic                disease 
B-Route of infection 

Inhalation e.g. TB, pneumonia 
Ingestion e.g. Typhoid 
Contact or direct e.g. venereal diseases as gonorrhea or syphilis 
 

 
   Factors related to both organism & host 
 
*Host organism interaction 
   Host resistance>organism -No or subclinical infection 
Organism  Host resistance<organism -Direct adhesion to cell    
      -Endotoxin (gm-ve) or      

-Exotoxin (gm+ve) 
                                                                 -Hypersensitivity reaction (immunopath) 
* Host resistance = Natural mechanisms   
   Induced immune mechanisms (see immunopath) 
 
Natural defense mechanisms 
 1-Physical e.g. skin & mucous membranes, secretions, hairs & cilia 
 2-Chemical e.g. Acid (HCL of stomach) 
       Lysozyme (tears- saliva) 
       Non specific as sebum & sweat 
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 3-Natural immunity: e.g. antibodies as agglutinins & opsonins. This 
occurs in response to non-specific injury.  
 
Induced immune mechanisms (see immunopathology) 

If the injury is due to a specific agent to which the body has already reacted to 
before, the resultant induced reaction is specific either humoral (antibodies) or 
cell mediated (cytotoxic cells). In this case, it is an induced immune reaction 
(see later) 
 
*Factors depending on organism: 
Dose i.e. quantity 
Virulence i.e. strength or ability to produce disease 

    This depends on: a) Ability to resist phagocytosis & attack of enzymes 
        b) Adhesive properties of organism to cell wall 
         c) Toxin production 

Healthy host (has good natural resistance & immunity) 
 
 
Non virulent /low virulence organism   Virulent organism 
Fails to enter tissue      enters tissue 
(Natural resistance) 
      Fails to multiply  Multiplies 
      (Natural immunity)        (no immunity) 

          
            
 
No disease     Subclinical infection      Clinical 
disease 

(Immune system not activated)                  (Activated immune system) 

 
 
 
       Death  Recovers 
 
     Immunity to agent                          Immunity to agent 

 
COURSE & FATE OF ANY INFECTION   
A) Inflammatory reaction: Acute          fibrin deposition 
                  Limitation of spread 
         Chronic        FT formation 
 
B) Immune response (humoral or cell mediated) attacks organism & prepares    
for healing 
 
C) Gamma Interferon is important in viral infections 
 
D) Phagocytic activity removes debris & organism to make way for healing 
 
E) Failure of protective mechanisms resulting in SPREAD of infection 

 Direct spread 
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 Distant spread: 
a) Lymphangitis, regional lymphadenitis, generalized lymphadenitis & 
finally spread through thoracic duct to reach blood stream 
b) Blood stream spread leads to: 

 
TOXAEMIA  BACTERAEMIA SEPTICAEMIA       PYAEMIA 
Circulation of:            Transient circulation  Circulation of      Circulation of 
Toxins                          of bacteria                   toxin + bacteria     insoluble material 

     multiplying  + bacteria     
   

                  (Septic emboli) 

                                   
+/-SHOCK               Fever   Shock   Pyaemic abscess 
Degeneration     Necrosis  /Septic infarction 
+ Organ necrosis     +A.inflam 
+A.inflam     +Toxemia 

 
        
MANIFESTATIONS of distant blood stream spread of infection 
 
1) Bacteremia: circulation of low doses or low virulence organisms in the 
blood stream may cause no disease or just fever.(symptoms only with no 
lesions) except if there is already an abnormality e.g. diseased heart valves or 
congenital heart disease, where it produces lesions of subacute infective 
endocarditis) 
NB in viral infection it is called viraemia 
 
2) Toxemia: Organismal toxins in the circulation 

Endotoxin: gram negative bacteria release toxins when they die & produce 
endotoxic shock (see shock) 
Exotoxin : gram positive bacteria produce toxins which act on specific sites 
e.g. 

 Tetanus(clostridium tetani acts on presynaptic junctions locally at site + 
away from site of infection, producing severe contraction of muscle i.e. 
spasm ) 

 Diphtheria toxins result in neural malfunction (neuritis) +myocarditis + 
fibrinoid necrosis of abdominal wall muscle (dark pink coagulated mass 
of necrotic muscle). Shock (acute circulatory failure) may also occur. 
Death occurs due to acute heart failure as a result of toxic myocarditis 

 Bacillary dysentery i.e. Shigella: like diphtheria it is another 
pseudomembranous type of inflammation where the organism cannot 
penetrate the tissue but sends its toxins to the submucosal BV and 
produces the same picture.  Toxins produce shock + degeneration & 
necrosis + acute inflammation 

 
 Common features of toxemia: 

1-Effect of toxins on nerves & muscles (fibrinoid necrosis & toxic myocarditis) 
2-Toxic injury to liver & kidneys in the form of fatty change up to necrosis  
3-Bone marrow depression 
 
 
3) Pyaemia 
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It is the process of circulation of insoluble necrotic material containing 
pyogenic organisms. These circulating insoluble substances are called septic 
emboli and will circulate until they reach a BV with a small lumen, where they 
get impacted and an abscess is formed, named   
 
PYAEMIC ABSCESS 

 
GROSS     MICROSCOPIC 
Multiple ,small,yellow BV with nearby focus of suppuration(describe  
abscesses  surrounded pus) and surrounded by pyogenic membrane 
by a zone of congestion (structure of abscess, see acute inflammation) 
related to a BV 
 
TYPES 
1)Pulmonary pyaemia    2)Systemic pyaemia       3)Portal pyaemia 
Cause:  
1.Cellulitis/abscess  a) Pulmonary vein septic thrombo-    Septic thrombo- 
       phlebitis          phlebitis of GIT veins 
2.Septic thrombophlebitis b) Lt.heart vegetations (acute        (tributaries of portal vein) 
of any systemic vein                 infective endocarditis) 
    c)Very small emboli which by pass       
       lungs & reach pulmonary Veins 
    d) Emboli which by pass lung through 
             a congenital defect in Rt atrium or Rt  
        Ventricle (ASD & VSD) 

 
Mechanism: 
Emboli reach Rt. Heart-              Emboli are distributed to all organs   Emboli reach portal   
Pulmonary artery  by the aorta                      veins to liver  
& then impact in lung BV 

 
Fate 
Pyaemic abscesses  Pyaemic abscesses         Pyaemic abscesses 
In LUNG   in BRAIN-KIDNEYS etc…        in LIVER 

 
NB The gross & microscopic picture of pyaemic abscesses is similar to that of 
acute abscess but they are small, multiple & always related to a BV.  
If the septic embolus is LARGE it doesn’t produce an abscess, it produces 
SEPTIC INFARCTION (see circulatory). 
 
4) Septicemia (usually fatal): Circulation of large numbers of bacteria, which 
are multiplying, in the blood stream & releasing their toxins. 
Etiology: 1- severe infections i.e. high virulence organisms e.g. 
meningococcal meningitis or 2- ordinary infection with a lowered body 
resistance e.g. E.coli, abscess, cellulitis 
Manifestations: 
Bacteria   + Toxins in large doses produce: shock + necrosis +acute 
inflammation + Toxaemia 

 Septic shock (see circulatory 

 Septic inflammation of serous membranes (septic peritonitis etc…) 

 Acute splenic swelling: large, soft friable & necrotic spleen (inflammed + 
necrotic) 
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 Waterhouse-Fridriechsen syndrome: haemorrhagic necrotic adrenals 

 Toxic injury(toxemia): toxic myocarditis-toxic injury to liver & kidneys-bone 
marrow depression 

 Damage to alveoli (DAD) ending in acute respiratory distress syndrome  

 Disseminated intravascular coagulopathy (DIC): thrombosis in small 
vessels & capillary hemorrhages (see circulatory) 

B-VIRAL INFECTION 

DEFINITION: Obligate intracellular agents that use host for replication.  
TYPES: 
A) DNA viruses are directly introduced into the host cell’s nucleus & 

incorporated into its genetic material. 
B) RNA viruses first enter cytoplasm & after a process of reverse transcription 

virus is introduced into the nucleus & incorporated into its genetic material 
 
MECHANISM: of viral infections 
1) Complete virus comes in contact with cell membrane receptors 
2) Penetration into the cell with release of viral protein & nucleic acids 
 

Viral replication  or Dormancy i.e. latent viral infection 
       Virus persists in the cell which  
      continues to function normally 
 
 
 
Cell continues Function altered Reactivation of    Neoplastic change 
Normally     virus (later) 
 
 
 
 
   Reversible sublethal injury          Irreversible injury 
 
 
 Morphologic cell change 
 associated with viral replication 
 
 
 
Formation of viral inclusion bodies        Cell degeneration   Cell necrosis 
 
Examples of some viral disease: Mumps – Measles – Cytomegalovirus (CMV) 
– Herpes – HIV or AIDS(details in special & immunopathology) 

MEASLES 

Etiology: Virus transmitted by droplet infection with an incubation period of 2 
weeks 
Pathology: 
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1-Catarrhal inflammation of respiratory mucosa 
2-Generalized skin rash of macules & papules 
3-Koplik’s spots: tiny hyperemic spots in buccal mucosa 
4-Lymph node enlargement (cervical) due lymphoid hyperplasia & 
inflammation, which is characterized by giant cells, called Warthin-Finkeldey 
cells 
5-Giant cell pneumonia 
Complications: Encephalitis (rare) - 2ry bacterial infection (common) resulting 
in septic bronchopneumonia 

AIDS 

Acquired immunodeficiency disease caused by human immunodeficiency 
virus (HIV)(see immunopathology) 

C-FUNGAL INFECTION 

DEFINITION: Infective suppurative granulomatous disease caused by fungal 

infections 
LESIONS 

 Suppurative granuloma or 

 Chronic non specific suppurative inflammation 
EXAMPLES: 

1) Aspergillosis                           2) Moniliasis (candidiasis) 

Moniliasis 

CAUSE: Candida albicans is a normal commensal of oral cavity, GIT, vagina 
& skin. It is a yeast like fungus which becomes pathogenic: after prolonged 
antibiotic therapy-Immunosuppressive therapy- low resistance e.g. diabetes 
mellitus or AIDS 
1-Superficial candidiasis 
a) Thrush: white patches in oral mucosa composed of fungal colonies & 

debris with mild or no submucosal inflammation 
b) Vaginal lesions: similar to thrush 
c) Paronychia: lesions under the nails with maceration of inter- digital skin 
2-GIT candidiasis 
3-Systemic or invasive candidiasis due to blood stream spread→ renal, 
hepatic, pulmonary & myocardial abscesses- endocarditis – brain 
microabscesses -endopthalmitis                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
Lesions: consist of diffuse acute inflammation (which may be minimal) with 
suppuration + fungal colonies. Grossly reddish areas covered by a white soft 
creamy material (fungal colonies) 

D-PARASITIC INFESTATIONS 

 Bilharziasis or schistosomiasis 

 Hydatid disease(see special liver) 

 Amoebiasis(see special colon)  
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SCHISTOSOMIASIS (Bilharziasis) 

 
DEFINITION: Parasitic allergic granulomatous disease caused by 
Schistosoma mansoni or hematobium. 
 
AETIOLOGY & PATHOGENESIS 
Schistosoma mansoni affects GIT. 
Schistosoma hematobium affects urogenital tract. 
 
Mechanism: 
1-Skin penetration by cercaria in swimming water   allergic 
dermatitis or bathers itch (acute allergic inflammation) itchy macules or 
papules rich in eosinophils, some PNLs, macrophages & dilated congested 
blood vessels 
2-Adult worm lives in veins of GIT   (S.mansoni) or urogenital system 
(S.haematobium) 
 
            Dead worms    Living worms 
 
           Ova          Parasitic pigment in  
             reticuloendothelial cells(REC) 
 
Severe acute allergic inflammation 
in BV wall (thrombophlebitis) 
Necrosis + A.Infl. rich in eosinophils 
 
    Mechanical irritation 
    in submucosa(highly vascular) 
 
 
Some trapped in submucosa Released in lumen       Some carried by blood 
Forming granuloma  come out in urine to liver or lungs(emboli)  
    or stools  forming granulomas +  
       REC hyperplasia 

 
Ova & worms produce mechanical irritation at site resulting in bilharzial 
granulomas & release antigens which stimulate the immune system types 
I,II,III & IV hypersensitivity reactions with an associated enlargement of LN & 
spleen which are organs  of the reticuloendothelial (RES) 
 
MANIFESTATIONS 
1-Granuloma(bilharzioma)+    reticuloendothelial system  
                                                   hyperplasia(lymphadenopathy &    
                                                                        splenomegaly)  
MICROSCOPIC 
Early granulomas are cellular (many cells + GT) 
Later:      fibrocellular(cells + FT) 
Very late:     fibrotic or healed (FT or scar tissue) 
Granuloma{ basic reaction(BR)}: 
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 Central zone contains ovum(oval structures) with a refractile 
shell. 

 Ova may contain a living miracidium which is pink & nucleated 
or a dead miracidium which is pink but with no nuclei. Dead ova 
in long standing infestations become dystrophicaly calcified & 
appear blue (H&E stain). 

 Surrounded by many eosinophils, macrophages, lymphocytes, 
plasma cells , PNLs & giant cells (this is a mixture of 4 different 
hypersensitivity reactions). 

 Outer zone of bilharzial granulation tissue which changes to FT 
+ endarteritis obliterans & later scar tissue with no cells. 

 
Generalized lymphadenopathy & splenomegaly are caused  by antigenic 
stimulation of reticuloendothelial cells(REC )in LN & spleen resulting in their 
proliferation (hyperplasia) with increase in the size of these organs. 
 
CLINICAL PICTURE 
Shistosoma hematobium            Shistosoma mansoni 

         
Bilharzial cystitis            -Bilh. Colitis  

       -Bilh hepatic fibrosis & 
               congestive splenomegaly  
       Emboli (ova/worm)                     (bil.hepatosplenomegaly) 
    

 
 

Pulmonary Bilh. 

 
PULMONARY BILHARZIASIS 
Ova   necrotizing arteriolitis which heals by FT---endarteritis obliterans 

    
Bilharzioma 

Dead worms    verminous pneumonia 
May reach lungs through: 
1-Opening of porto-systemic anastomosis and passage of mansoni ova from 
GIT 
2-Vesical plexus, internal iliac veins & inferior vena cava to lungs in 
hematobium infestation 
3-Diffuse fibrosis of lung granulomas may result in interstitial fibrosis of lung 
 
 
 

SUMMARY OF BACTERIAL INFECTIONS 

 
ACUTE inflammation    CHRONIC inflammation 

A) Suppurative     a) Non -specific 
B) Non- suppurative     b) Specific (granuloma) 
       c) Infl.  + Immune reaction 
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  Favorable( immunity)  Unfavorable(hypersensitivity) 
 
 
Any infectious disease whether acute or chronic should be described in 
the following manner: 
 
Etiology & pathogenesis 

1-Organism & its description 
2-Route of infection  
3-Site of lesions 
4-Mechanism of lesion production 
 
Manifestations: 

 Local: gross & microscopic picture of lesions 

 General : e.g. fever & blood changes i.e. clinical picture 
 
Progress & fate 

1-Recovery & healing 
2-Persistence of organism: Acute changes to chronic (chronicity) 
3-Complications a) Tissue damage & necrosis with loss of function of organ 
       b) Spread (no localization) 
               Direct (local spread) 

 Distant- Lymphatic 
                 Bloodstream (bacteremia, septicemia etc……) 
       c) Complications of healing by fibrous tissue according to site 
                                 (see repair) 
 

 
LEARNING OBJECTIVES Chapter 4: Infections 

 
1. Define infectious disease, enumerate causes & types of 

infections 
2. Understand fully the course & fate of an infectious disease 

with special emphasis on blood stream spread 
3. Describe bilharziasis of lung 
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EXAMPLES OF ACUTE & CHRONIC INFLAMMATIONS 

& INFECTIONS OF THE LUNG & BRONCHI 

Lung parenchyma Bronchi Pleura 

1-Pneumonia+lung fibrosis 

Acute & chronic 

1-Bronchial asthma 

Acute & chronic 

1- Pleurisy 

Acute 

2-Lung abscess 

         Acute & chronic 

2- Bronchitis 

Acute & chronic 

2- Empyema 

Acute & chronic 

3- Granuloma 

Chronic 

3- Bronchiectasis 

Chronic 

3- Adhesions 

Chronic 

PNEUMONIA 

DEFINITION: Patchy or diffuse, Inflammation / infection of the lung 
parenchyma 
TYPES 
Types according to: Cause 
 

  CAUSATIVE AGENT 
 

MODE OF EXPOSURE 
 

Bacterial 
Mycoplasma 
Legionella  
Chlamydia 
Viral  
Fungal 
Protozoal 

Postoperative 
Postinflammatory (embolic) 
Postobstructive 
Postinfluenzal (staph. aureus) 
Aspiration  
Ventilator associated 
 

 
The frequency of infection with a certain organism relates  
to the site of acquisition, virulence, dose & immune status 
 Community acquired (CAP):  

Chapter 

5 
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 Viral –Influenza, Respiratory scyncetial virus. 
 Bacterial- Pneumoniae, H.influenza etc… 

Non infectious: Aspiration pneumonia.-Lipid pneumonia.- pneumonia 
Bronchiolitis obliterans organizing pneumonia (BOOP) -Eosinophylic 
pneumonia  - Usual interstitial pneumonia (UIP)- immune mediated 
(farmers lung) 

 Hospital acquired (Nocosmial): 
 Resistant bacteria-Staph, Klebsiella, pseudomonas 
 Fungal-Candida, Mucor 
 Viral-Cytomegalovirus & varicella 
 Parasitic- Pneumocystis carinii  
 Others: SARS- Pneumocystis carinii- Chronic pnumoniae 

(granulomatous)- pneumonia in immunocompromised host. 
 Non infectious: Aspiration pneumonia-lipid pneumonia- BOOP-

UIP-eosinophylic  pneumonia 
 
 
Types according to anatomic distribution: 
 Lobar : Bacterial, whole lobe affection 
 Bronchopneumonia: Bacterial, patchy distribution 
 Interstitial: Viral, little or no alveolar space exudation 
 Segmental: like lobar pneumonia, but involves part of a lobe 
 Granulomatous pneumonia: mycobacterial & fungal…… 

 
1-LOBAR PNEUMONIA 
 
DEFINITION: Acute diffuse fibrinous inflammation of the alveoli, uniformly 
filling one or more lobes of the lung 
NB:     Common in Community acquired pneumonia (CAP) is caused by  
   
ETIOLOGY & PATHOGENESIS 
Organism: Streptococcus pneumonia (pneumococci), Klebsiella in alcoholics 
        & Legionella.   
Route: airborne by droplet infection 
 
Occurs in previously healthy young individuals & middle aged people 
(organism is highly virulent, spreading rapidly through the pores of Kohn) 
producing cross country filling of alveolar spaces with inflammatory exudate.  
 
 
 
 
PATHOLOGY (Manifestations)  
 

Pathology 
Stage 

Stage of 
Congestion 
1st day 

Red 
hepatization 
2nd –4th  

Grey 
hepatization 
5th - 8th  

Resolution 
/Yellow 

hepatization 

9th-21st day  

Gross 
1 or more 

Large  weight 
Red 
CS: wet sponge 

Large  weight 
Red 
Dry & firm  

Large  weight 
Grey 
Dry & firm 

Decrease in size  
Yellow 
Soft (PNLs→ 
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lobes Oozes frothy red 
fluid 
 

(consolidation 
/hepatization) 

Hilar LN  size 
Fibrinous pleurisy 

(consolidation/ 
hepatization) 

Hilar LN  size 
Fibrinous pleurisy 

liquefaction of 
exudate), 
drainage  by BV 
& LV with return 
to normal 
(resolution since 
no necrosis) 

Microscopic 
Alveolar wall 
 
 
Alveolar space 
 
 
 
 
 
 
 
Pleura 

 

 thickness 
congestion + 
edema 
 
RBC’s + 
bacteria 

 

 thickness 
congestion + 
edema 
 
RBC’s + 

bacteria +  

fibrin +  PNLs  
 
 
 
 
 
Fibrinous 
pleurisy(describe

- G) 

 
Thin wall 

congestion & 
edema 
 

RBC’s + 
bacteria + fibrin 
retraction from 
borders of 
alveolar wall +  

PNLs + 
macrophages  
 
Fibrinous 
pleurisy(describe

- G) 

 
 thickness 
congestion(to 
drain exudate) 
 
Liquefied 
exudate: 
(removed by 
macrophages & 
drained by BV & 
lymphatics) 

Clinical 
picture 

Fever + rigors 
Starts by 
crisis i.e. 
sudden 
illness 

Fever +    
dyspnea 

Cough: rusty 
brown sputum 

Chest  pain 
(pleurisy) 

Lab: 
leukocytosis & 
+ve blood 
culture 

Same but 
less coughing  

Ends by lysis 
i.e. sudden 
improvement 
on 9th day 

 
NB: CONSOLIDATION = solidification of lung tissue due to inflammatory 
exudate replacing air in alveolar spaces. When this affects a whole lobe, the 
lobe becomes solid & liver like i.e. HEPATIZATION 
 
FATE of lobar pneumonia 
1- Most cases Resolution 
2- Complications (not common): 

a) Failure of resolution produces carnification (fibrosis which 
renders lung tissue airless and lung tissue like a piece of flesh) 

b) Toxemia (see G): occurs on 9th day results in AHF  due to toxic 
myocarditis 

c) Spread: 
-Direct to heart & mediastinum, causing pericarditis & mediastinitis 
-Blood stream spread causing toxemia 

d) Post pneumonic lung abscess & gangrene: 2ry infection of 
consolidated area produces an abscess + air borne putrefactive 
organisms which cause gangrene  
Complications: direct spread: pus in pleural cavity (empyema) 
     Blood spread: Toxemia, septicemia & pyemia   

     e) Disturbances in ventilation & perfusion (due to consolidation) 
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DIAGNOSIS 
 Clinical evaluation: CP in 80% of pts 
 Laboratory: Sputum >25 PNLs & few / no epithelial cells- culture 

+ve(Gm +ve diplococci) 
 Blood: Leukocytosis(15-30,000)+ shift to left* 
 Radiographic : chest X ray   
 Microbiologic : blood , sputum & trans bronchial culture & 

sensitivity 
 
2- BRONCHOPNEUMONIA (LOBULAR)  
Commonly known as septic bronchopneumonia 
 
DEFINITION: Patchy, suppurative, acute inflammation of terminal 
bronchioles & their surrounding alveoli 
 
ETIOLOGY & PATHOGENESIS 
Organism: streptococci, staphylococci (in hospital acquired infection), 
pneumococci, Klebsiella, Hemophilus influenza…….many organism 
Occurs usually in low resistance individuals as a secondary infection  

Predisposing factors: 
1. extremes of age (very young  & very old) 
2. Chronic debility (diabetes mellitus, malignant cachexia, TB etc…..) 
3. 2ry infection ontop of viral infections e.g. complication of measles, 

mumps,  
Route of infection: Exogenous air borne, droplet infection e.g. hospital    

        Infection 
          Endogenous from URT infection 
 
PATHOLOGY 
GROSS: Usually bilateral lower lobe affection 
1. Bronchioles: contain pus 
2. Patchy areas of yellow consolidation (purulent exudate in alveoli). In 

areas some may become confluent 
3. Pleurisy 
4. Hilar lymphadenopathy 
 
MICROSCOPIC 
1.   Bronchioles: picture of acute diffuse suppurative inflammation 

 Congestion + edema of whole thickness of bronchial wall + acute 
inflammatory cells  

 PNLs, pus cells, macrophages, liquefied necrotic material & 

bacteria in lumen (  pus) 
2.   Alveoli: surrounding these bronchioles suffer from destruction of alveolar 

walls & spread of the suppuration. The alveoli are full of pus (patchy 
areas of consolidation). Other alveoli not yet reached by the spread of 
the infection show collapse & compensatory dilatation (compensatory 
emphysema) 

 
FATE & COMPLICATIONS (very common since there is tissue destruction) 
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1) Death: especially if occurring in debilitated patients 
2) Fibrosis is common, due to incomplete resolution since there is much 

suppuration.  
3) Bronchiectasis: healing of bronchial wall by FT causing weakening of   

their walls an permanent dilatation of the lumen 
4) Spread: Direct: empyema, pericarditis & mediastinitis 

Blood: Toxemia, septicemia, and pyemia causing brain abscess 
or meningitis or acute infective endocarditic 

5)    Post pneumonic abscess & gangrene 
 
FOR DIAGNOSIS 
1- True sputum sample: diagnostic feature intracellular organisms in 
neutrophils & macrophages 
2- Culture is necessary for determination of organism & antibiotic sensitivities 
NB In many cases the microbial agent is never diagnosed 
 
BRONCHOPNEUMONIA SPECIAL PRESENTATIONS 
1- Pseudomonas aeroginosa 

 Infects lung hematogenously especially in burn patients & 
immunocompromised. In cystic fibrosis pts. It may be air born 
and usually fatal 

 Causes inflammation  with necrosis of vascular walls resulting in 
hemorrhagic pneumonia 

 
2- Legionella pneumonia 
 Neutrophils +many macrophages in a background of fibrin 
 Org: short gm –ve coccobacillus 

 
DIAGNOSIS: Serology, culture & IF of sputum 
CP: Acute onset but responds to appropriate 
       antibiotics 
 
HISTOPATHOLOGIC VARIANTS OF BP 
 Neutrophilic or exudative type : common type (SBP) 
 Histiocytic: Legionella & Mycoplasma 
 With hyaline membranes: Strept & E. coli 
 With coagulative necrosis 
 With abscess formation 
 With hemorrhage: Pseudomonas (septic vasculitis) & Klebsiella 
 With leukopenia: in leukemic patients or in chemotherapy 

patients 
 With granulomas 

 
3-INTERSTITIAL PNEUMONIA  & INTERSTITAL LUNG DISEASE (ILD) 

 
DEFINITION: Inflammation / infection of the alveolar septae (i.e. not involving 

the alveolar space)  
NB Atypical pneumonia is a patchy form of interstitial pneumonia & is also 
called pneumonitis 
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ETIOLOGY 
Organism: obligate intracellular pathogens 
1-  Viral: (commonest) Influenza (A is fatal, B or C)  
                 Measles, adenoviruses & cytomegalovirus  
2-  Mycoplasma 
3- Protozoal opportunistic infection pneumocystis carinii which commonly 

occurs in AIDS patients 
4- Chemical: drugs or irritant fumes of gases e.g. chlorine 
5- Connective tissue disease: SLE- rheumatoid  or mixed CT disease 
6- Vascular: multiple recurrent pulmonary embolism   
7- End stage of chronic inflammation & chronic lung disorders as 

bronchiectasis, TB, amyloidosis and emphysema 
8- Pneumoconiosis: dust diseases 
9- Granulomas: sarcoid- Wegners granulomatosis 
10- Hypersensitivity aveolitis (farmers lung), bird fanciers lung, bagassosis 

and byssinosis) all forms of type III, hypersensitivity reactions. Also – 
Good Pastures syndromeGVH reactions 

11-IDIOPATHIC INTERSTITIAL Pneumonia (IIP) (ATS/ERS 2002) Interstitial 
pneumonia and interstitial lung disease (ILD) including pulmonary fibrosis may 
present as : 
 
 
 
 
 
 
 
 

Histological pattern Pathologic diagnosis 

1- Idiopathic pulmonary fibrosis / 
cryptogenic fibrosing alveolitis 

Usual interst. Pneum.          UIP 

2- Non specific interstitial 
pneumonia 

                                             NSIP 

3- Diffuse alveolar damage (DAD) Acute interstitial pneumonia  AIP 
(Hamman Riche) 

4- Respiratory bronchiolitis Respiratory bronchiolitis lung 
disease                                  
RBILD 

5- Desquamative interstial 
pneumonia 

                                               DIP 

6- Lymphocytic interstial 
pneumonia 

                                               LIP 

7- Organizing pneumonia Bronchiolitis obliterans organizing 
pneumonia  BOOP now called                             
Cryptogenic organizing 

pneu
monia                                         
COP 
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PATHOLOGY of viral pneumonia 
Gross: Large, heavy dark hemorrhagic lungs 
 CS: oozes frothy blood stained fluid 
 Pleurisy 
Microscopic: 

Alveolar septum: thick walled with congested capillaries, edema &  
lymphocytes & macrophages +/- giant cells. Loss of pneumocytes lining the 
alveoli in more sever cases the picture resembles diffuse alveolar damage 
DAD with a hyaline membrane 
 
CP: Fever, dyspnea & dry cough (there is no alveolar exudate)   
 
DIAGNOSIS: LM, serology look for a 4 fold rising titer & DNA probes 
 
COMPLICATIONS 

A. Acute necrotizing viral pneumonia  or Diffuse alveolar 
damage(DAD): Virus A infections are fatal, lesions show extensive 
necrosis of the alveolar wall +Hemorrhage  hyaline membrane & 
rapid clinical progression    

B. Secondary infection on top of the interstitial pneumonia causes 
septic bronchopneumonia of bacterial origin 

C. Spread of viral infection: Direct: tracheobronchitis or viral myocarditis 
& pericarditis 

     Blood: viremia with viral encephalitis 
  D.   Complications of healing by fibrosis: interstitial fibrosis (honey comb 

lung7) this results in pulmonary hypertension & chronic RHF 
(Corpulmonale) 

4- OTHER PNEUMONIAS (NON INFECTIOUS) 

A) ASPIRATION PNEUMONIA  

 Chemical 

 Bacterial 

 Mechanical obstruction: fluids & solid objects 

B) LIPID PNEUMONIA 
Lipid pneumonia is an example of a foreign body reaction, which can occur 
following aspiration of gastric contents or mineral oil. Exogenous or 
endogenous lipid can give rise to this type of pneumonia, which ends in 
fibrotic granulomas 

 Endogenous : usually associated with Airway obstruction by 
neoplasm or FB which releases lipids & gives rise to pneumonia 

                                                
7
 Honey comb lung or interstitial fibrosis is the  end result of healing of the pulmonary tissue resulting in 

diffuse fibrous replacement of lung tissue giving the appearance of variable sized empty 
spaces(retraction of FT around bronchi & alveoli) 



6 7  

 

 

 Exogenous :Are a reaction to aspiration of gastric contents or 
mineral oils 

 gives rise to a FB granulomatous reaction 

D) EOSINOPHYLIC PNEUMONIA  

E) ALLERGIC ALVEOLITIS (Farmers lung / extrinsic alveolitis) 

LUNG ABSCESS 

DEFINITION: Localized area of suppuration in the lung it may be acute or 
chronic 
 
ETIOLOGY, PATHOGENESIS & TYPES 
Organism: Staphylococci, pneumococci & other pyogenic organisms 
Route and Types 

 Aspiration lung abscess 

Aspiration of: a) blood clots during surgery or b) vomitus during anesthesia 
& coma c) foreign body or food 
Pathology of acute lung abscess 
Gross: In cases of aspirated material 1 abscess develops in the lower part 
of upper lobe or upper part of lower lobe of the right lung (since Rt 
bronchus is more straight & in line with trachea than left). Th abscess is 
composed of a single cavity with an irregular necrotic wall, which is 
congested & red. The lining is rough yellow (pyogenic membrane) and the 
contents of cavity are the yellow liquid (pus). Pleura over site,  shows 
pleurisy 
Microscopic: see BR 

 Post pneumonic abscess: A complication of pneumonia 

Gross:One or more abscesses in a background of lobar or  
bronchopneumonia (describe both lesions) 
Microscopic : see BR 

 Pyemic abscess: blood stream spread of septic emboli 

 Gross: multiple very small and always next to a blood vessel, yellow spots 
surrounded by a zone of congestion (usually too small to form cavities) 
Microscopic picture: see BR 

 Abscesses occurring as a Complication of a) bronchiectasis, b) 

infected cysts c) direct spread from a liver abscess d) bronchial 
obstruction by mucus plug / tumor/ foreign body. Abscess occurs just 
distal to the occluded bronchus 

 
FATE OF AN ACUTE LUNG ABSCESS 
a) Small sized: fibrosis no effects 
b) Rupture into a bronchus: Hemoptysis & cough of purulent sputum 

Bronchopleural fistula causing pyopneumothorax 
Exposure to putrefactive organisms in air resulting 
in gangrene 

c) Lung gangrene & severe toxemia 



6 8  

 

 

Grossly the cavity is irregular with a necrotic lining but black in color & 
has a foul odor 

d) Spread: Toxemia , septicemia, pyemia(see bronchopneumonia) 
e) Chronicity: chronic lung abscess and 2ry amyloidosis(only in 

chronic cases) 
 
NB CHRONIC LUNG ABSCESS 
Gross: Well-defined cavity with a thick FT wall. The lining is smooth & the 
contents are inspissiated (thick pus). Dystrophic calcification as whitish 
specks is common 
Microscopic: Central zone of thick pus & possible dystrophic calcification 
surrounded by a zone of chronically inflammed tissue & dense fibrosis 

GRANULOMAS OF THE LUNG 

1- TUBERCULOSIS(TB) 
2- Fungal: histoplasmosis- cryptococcosis-aspergillosis 
3- Parasitic: Hydatid cyst, Entameba histolytica, & microfilaria, bilharzial 

ova. Parasitic reactions in general evoke a strong eosinophylic tissue 
reaction & blood eosinophilia 

4- Actinomycosis suppurative granuloma 
5- Sarcoidosis (unknown etiology) 

 
 
 
TUBERCULOSIS 
 
DEFINITION: Infective granulomatous disease caused by Mycobacterium 
tuberculosis 
 
ETIOLOGY: 

Organism: Mycobacterium tuberculosis (human or bovine). The bacteria have 
a lipid capsule (which stains with Ziehl Neelsen). They are gram +ve, acid fast 
bacilli & composed of a polysaccharide-protein body which is highly antigenic. 
 
Route of infection & sites of lesions: 

  Inhalation of dust or droplets containing human type of bacteria. 
Sites:  tonsils & or lungs 

  Ingestion of contaminated milk containing bovine type. Sites: tonsils 
& or small intestine particularly terminal ileum 

  Skin contact (rare) 
 
 
TYPES 
Primary TB   Post 1ry TB or   2ry TB 
(Childhood) type  (Complicated type)  (Adulthood type) 
    *Spread of 1ry  Reactivation of old 1ry 
    *Complicated 2ry  Reinfection 
 
1ry complex     Spread to any organ + Any organ is affected 
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Granuloma + lymphangitis generalized lymphadeno- No lymphadenopathy 
+regional lymphadenitis pathy                                   Caseation(hypersen) 
 
Fate:    

-Healing & recovery    
-Dormancy                reactivation  
-No localization & spread         spread     
            
Tissue reaction: 
Proliferative reaction (granuloma)       Both  Exudative reaction (hypersensitivity) 

1ry complexes at site of entry       Caseation at site of reactivation/ 
e.g.:                 entry 
Lung + lymphangitis + hilar LN 
Tonsil+ lymphangitis + cervical LN 
Intestine+lymphangitis+mesenteric LN 
Skin+ lymphangitis+ axillary /inguinal LN 
 
 

I)PRIMARY TB (Childhood TB) 

 
GROSS 

Gohns focus is taken as an example. It is part of the primary pulmonary 

complex which is the Initial lung lesion Ghon’s focus  (tubercle) + 
lymphangitis + lymphadenitis (hilar) 

  Subpleural 1-2mm yellowish(early with caseation ) or white (later  

FT+/- dystrophic calcification) 

  Present in the lower part of upper lobe or upper part of lower 
lobe 

  The regional (hilar lymph nodes ) are enlarged yellowish or white in 
color 

     NB lymphangitis is not usually visible grossly 

  Minimal caseation( cheese-like semisolid necrotic tissue)occurs 

after 2 weeks i.e. late in the disease  
 
MICROSCOPIC: The tubercle i.e. the cellular or proliferative tuberculous 
reaction BR  

  Central zone of caseous necrosis which is structureless necrosis 
occurring as a result of the high lipid content of the bacilli 

 Surrounding macrophages become transformed into large pink 
epithelioid cells with foamy cytoplasm and indistinct cell borders. 
The nucleus is pale, plump oval and vesicular (you can see details 
of chromatin) 

  Langhan’s’ giant cells large pink cells with multiple nuclei 

arranged in a horse –shoe shaped manner at the periphery of the 
cell or forming a complete circle. 

  Mostly lymphocytes (Type IV hypersensitivity reaction to the 

protein content of the organism) & few plasma cells surround the 
area 

 The outer most zone is composed of fibroblasts & collagen(FT)  
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MECHANISM OF TUBERCLE FORMATION 
1-Polysaccharide of bacilli attracts PNLs early but they can’t digest the lipid 
coat.  
2-Macrophages produce lipase that causes digestion of lipid giving a bubbly 
appearance to the cytoplasm & the cell transforms to an epithelioid cell. Most 
macrophages are unable to digest the actual organism which remains 
intracellularly dormant for years to be later possibly reactivated causing 2ry 
TB  
3-The protein content of the organism is an antigenic stimulus & 10-14 days 
after the first exposure, the lymph node produces T lymphocytes (in response 
to the antigenic bacterial protein) which release lymphokines & Gamma 
interferon. Lymphokines are responsible for: a) cytoxic effect on 
macrophages carrying organism b) Macrophage Chemotactic factor (MCF), 

attracts macrophages to the site, c) Macrophage  migration inhibition factor 
keeps macrophages at site and prevents them from leaving area (MIF)  & c) 

Macro-phage activating  factor, which promotes bactericidal effect of  
macrophages at site of lesion (MAF)  (see immunopath, Type IV 

hypersensitivity) 
4-The lymphokines bring about cell destruction resulting in the central zone of 
caseation 
 
FATE OF 1ry TB 

1.  Localization (95%): a-recovery & removal of bacteria or b- 

organism remains dormant in the scar tissue of the primary complex 
to be reactivated if immunity is lowered years later. 

2.  Spread of the primary complex if child is very debilitated resulting in 
Post primary TB(complicated TB in child) 

 

II) SECONDARY TB(Adulthood type) 

            -Healing(FT) 
1ry  REACTIVATION           fate      -Localization (fibrocaseous) 
             low immunity       of       -Spread (like post 1ry) 
              as         Old tubercle           

-AIDS         LN of 1ry complex   
-Old age   

                     -Debilitating disease 
 
REINFECTION: new infection or re-exposure reaction is 2ry since immune 
system has already been exposed to organism.  
NB most people who have been vaccinated (BCG) during childhood will react 
in this way. 
 
MANIFESTATIONS: Exudative reaction is represented by Caseation (a 

necrosis, resulting from hypersensitivity IV to the TB bacilli body protein) 
 
GROSS BR 

  Caseation: yellow, semisolid greasy cheese-like material (due to 

high lipid content of TB bacilli coat) 
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  Fibrosis: represents the body’s ability to heal during a chronic 

process of tissue destruction (body resistance). It is whitish, firm 
tissue, which shrinks. 

 
MICROSCOPIC BR 
 Caseation: pink totally structureless, granular material. The 

amount of caseous material depends on dose of organism/ 

degree of hypersensitivity.  dose &  hypersensitivity results in 

 caseation. This is counteracted by the body’s resistance 
(ability to localize & form FT).  

 The body resistance also involves cells of the immune reaction 
(activated lymphocytes & macrophages)+ fibroblasts & collagen 
fibers & the size of the lesion is determined by the balance 
between hypersensitivity & body resistance. 

 
 Lymphocytes, epithelioid cells, Langhan’s giant cells & 

fibroblasts surround area of caseation 
 
The proportions of each of the above, depends on what takes the upper hand 
the organismal hypersensitivity or the body’s resistance. We have 3 
possibilities of lesions: 

 Body resistance(immunity) > Hypersensitivity                         Fibrotic 
TB 

whitish firm scar tissue, causing shrinkage 

 Immunity=Hypersensitivity produces Fibrocaseous TB: area of yellow 

caseation surrounded by a white thick wall of fibrous tissue. Such 
lesions have a tendency to form cavities. The lining is caseous & rough 
& contains ridges (thick walled endarteritic BVs & or fibrotic bronchi if in 
lung) 

 Immunity<Hypersensitivity produces Caseous TB with spread & 

complications: diffuse yellow caseation replacing most of the organ 
with little or no FT in addition to a scanty cell reaction (since body is 
unable to protect itself). The progress is very rapid with spread (direct 
& distant). It usually ends in death. 

III POSTPRIMARY TB OR COMPLICATED 2RY TB(2ry TB with spread) 

 
A.  Local or direct spread 

1.  Serous membranes: Tuberculous pleurisy (serofibrinous 
inflammation) or tuberculous empyema(caseation in the sac) 

2.  Solid tissue with excessive caseation e.g. lymph nodes, tonsils 
etc….. Cold abscess, which is liquefied caseous material 
simulating pus, but is not a true abscess since it is not hot nor 
does it contain pus cells (dead PNL’s). 

3.  Lung: tuberculous caseous pneumonia or kidney: TB 
pyonephrosis  

4.  Transcanalicular e.g. GIT or bronchi    TB 
bronchopneumonia 

                                                                                         TB of GIT 
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5. Sputum contains organisms, in the expectorant, which may 
spread the organisms to tonsils or produce lesions in GIT 

6.  Transcoelomic: spread in cavities e.g. TB peritonitis with 
tubercles on mesothelial surface 

 
B.   Distant spread 

a) Lymphatic spread: regional lymph nodes become caseous and 
lymphatics spread infection to other lymph nodes (generalized 
lymphadenopathy). 

     NB the spread may continue through thoracic duct to reach blood stream 
 
b)  Blood spread: destruction of BV at site of caseation results in spread of the   

organisms into bloodstream: 

  Low dose & low hypersensitivity : The reticuloendothelial cells get 
rid of organisms 

  Moderate dose & moderate hypersensitivity: produces 
 isolated organ TB. This is a localized caseous area in any 
organ e.g. a tuberculoma brain or kidney 

  High dose or high hypersensitivity: Miliary TB: 1-2mm tiny 

paravascular areas of caseation surrounded by epithelioid cells & 
Langhan’s giant cells with few lymphocytes & no fibrosis, since 
immunity is low & thus rapidly fatal. Tubercles are scattered in 
many organs. 

 
TB IN VARIOUS ORGANS 
1-PULMONARY TB 
 
Primary TB: Primary complex =Gohn’s focus in lung tissue + lymphangitis + 

hilar lymphadenitis (see before) 
 
Secondary TB: 
1-Apical fibrosis: Imm>H Scar tissue at the apex of lung + pleural adhesion   

over apex 
2-Fibrocaseous TB: I=Hypersen Apical cavity (see gross & microscopic 

before). Commonly bronchi are eroded and material is aspirated settling at 
the base of the lungs, where they form small caseous patches related to 
bronchioles called basal or acinar lesions (bronchopneumonia)  + pleural 
adhesions 

3- Tuberculous pneumonia: I<H Diffuse caseation of lung tissue. The LN 
also caseous 

NB There is NO LN enlargement in 1&2 since hypersensitivity reactions are 
dealt with mainly at site of reaction.    
      In 2ry TB LN enlargement may occur if there is overwhelming infection & 
caseation (with low immunity) or if the LNs are the source of reactivation 
 
Post primary or Complicated secondary TB lesions in lung e.g. 

  Miliary TB : gross: tiny paravascular areas of caseation(see before) 

  Isolated organ TB or tuberculoma of lung 

  Tuberculous bronchopneumonia : caseous patches  (acinar 
lesions) 
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related to bronchi due to aspiration of infected sputum . By time they 
may become fused resulting in confluent tuberculous pneumonia  

  Tuberculous pleurisy : serofibrinous inflammation with 1ry effusion 
or tuberculous caseous empyema with dense adhesions 

 
For gross & microscopic of these lesions see basic reaction before 
 
COMPLICATIONS OF PULMONARY TB 
 
Chronic destruction + Healing (C.inflam)      
1-Hemoptysis i.e. coughing of blood due to hemorrhage into bronchus  
2-Alveolar or bronchial rupture into pleura---Bronchopleural fistula or 
                     Pneumothorax (air in pleural cavity) 

3-Respiratory failure in diffuse caseous pneumonia or miliary TB 
4-Right sided heart failure secondary to diffuse lung fibrosis, since this would 
elevate the pressure in the pulmonary artery producing corpulmonale (right 
sided heart failure 2ry to lung disease) 
5-2ry or systemic amyloidosis & dystrophic calcification (see cell injury) 
6-Bronchiectasis i.e. dilatation of bronchi 
7-Apical fibrosis may produce Horner's syndrome due to affection of 
peripheral nerves and blood vessels of the region.  
 
Spread 
Direct-----Lung: confluence of acinar lesions produces confluent pneumonia 
      Pleura: 1ry effusion (no Caseation) 
         Caseous empyema 
         Dense adhesions 
                Spread to pericardium & mediastinum leading to adhesive   

mediastinopericarditis 
Transbronchial spread: Caseous material if aspirated. Producing TB 
bronchopneumonia in one or both lungs & if swallowed in sputum it may 
lead to intestinal, tonsillar or laryngeal TB 
Distant: 

 Generalized lymphadenopathy 

 Blood stream: Isolated organ TB or Miliary TB 
    

2-INTESTINAL TB 
 
1ry complex:  

  Small intestinal tubercle formation in Peyer's patches of terminal 
ileum. The tubercles coalesce forming 1 small nodule (granuloma) 
which may ulcerate on the mucosa resulting in a single tuberculous 
ulcer. 

  Lymphangitis: tiny tubercles along the course of the lymphatics. 

  Mesenteric draining lymph nodes are studded with multiple small 
tubercles. 

Post primary: 
   Mesenteric lymph nodes are enlarged, undergo caseation and fuse, forming 

a  yellowish amalgamated mass with central caseation (Tabes 
mesenterica). 
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   Blood spread lesions of Miliary TB in intestine 
Secondary intestinal TB 

Small intestine is studded with multiple TB ulcers secondary to swallowing 
infected sputum or 2ry to lymphatic or blood stream spread or reinfection with 
infected milk. 
Gross: Multiple, transverse ulcers (since spread occurs along lymphatics of 
Peyer’s patches) 
Edges: undermined i.e. edges hang over the defect in the underlying tissue 
since there is more submucosal destruction than mucosal.  
Floor: yellow caseous material  
Base: tuberculous granulation tissue 
 
3-TONSILLAR TB 
 
1ry TB primary tonsillar complex: granuloma in tonsil (describe) + 
lymphangitis + cervical lymphadenitis 
 
2ry Tonsillar TB from swallowing infected sputum or reinfection by 

contaminated milk. 
Marked caseation of the tonsil, may present with TB ulcer or a cold abscess 
containing, liquefied caseous material, which simulates pus. A cold abscess is 
not a true abscess since it is not hot, nor does it contain pus cells (dead 
PNL’s). 
 
Post 1ry or complicated 2ry lesions Miliary TB or isolated organ TB 
 
COMPLICATIONS OF TONSILLAR TB 
1-Hemorrhage: blood tinged sputum 
2-Dysphagia: inability to swallow due to obstruction 
3-Cold abscess in cervical LN which may result in skin sinus formation 
4-Secondary amyloidosis 
5-Spread (see before local & distant, blood & lymphatic): Infected material 

if swallowed may produce intestinal TB & if aspirated may produce pulmonary 
TB lesions 
4-Tuberculous lymphadenopathy 
1ry TB: as part of the primary complex only regional lymph nodes (hilar, 

cervical or mesenteric) are affected in the form of tiny tubercles which 
coalesce & cause LN enlargement 
 
Post primary lymphatic spread results in generalized tuberculous 
lymphadenopathy. E.g. Tabes mesenterica: grossly: matted (fused) LN with 
extensive caseation 
Microscopically: a homogenous structureless (no ghosts of tissue or nuclear 
debris) pink area of granular caseation surrounded by epithelioid cells, some 
Langhan’s giant cells  & an outer layer of lymphoid cells & the LN capsule. 
 
In 2ry TB, there is no LN enlargement: These reactions are due 
hypersensitivity. They will they become large only if the lymph nodes are the 
source of reactivation or they are draining diffuse caseous TB (the amount of 
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destruction is more than the drainage ability or immunity is low) (gross & 
microscopic see before) 
COMPLICATIONS 

  Cold abscess(cold since no hyperemia to cause  heat- abscess 

since contents are yellow and liquefied by enzymes released in 
large areas of necrosis i.e. similar to pus)  

  Sinus draining on the skin 

  Spread (direct, lymphatic & blood) 

 
5 -TB OF SKIN 
1ry TB: rare usually in laboratory workers handling infected material 
 1ry complex: skin tubercles form a skin nodule + lymphangitis + 

regional   (axillary lymphadenitis) 
2ry TB skin also called Lupus vulgaris 

Consists of a nodule, which may ulcerate producing a tuberculous skin 
ulcer. This condition is precancerous and may cause squamous cell 
carcinoma 

 

TB in ANY OTHER SITE (OTHER THAN 1-5) is secondary TB 
 
6- GENITO-URINARY TB 

 Source of infection: direct, Transcanalicular or blood stream spread 
 
RENAL TUBERCULOSIS 
Lesions (2ry TB) & Post 1ry or complicated 2ry TB 
URINARY BLADDER (UB) 
Same source as kidneys but mostly direct spread from renal TB (descending 
infection) 
EPIDIDYMUS & TESTIS 
Source: blood spread 
FALLOPIAN TUBES 
Source mostly blood stream affecting both tubes 
 
7-BONES & JOINTS 
JOINTS: 
Source: Direct from bone 
       Blood spread 
BONES  
Source: blood spread to long bones or vertebrae (Pott’s disease of vertebral 
column) 
-POTT’S disease of vertebrae: comprises a triad of Kyphosis, cold abscess 

& paraplegia). 
Caseation of vertebrae (especially lower thoracic & upper lumbar, followed by 
cervical) & the intervening discs8 causes vertebral collapse & deformity 
(kyphosis) 

                                                
8
 NB: Destruction of intervertebral discs can differentiate between TB & malignancy. In malignancy the 

discs are intact (malignant cells prefer invasion of tissue with the least resistance), whereas in TB they 
are destroyed.  
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Cold abscess: caseous material collects under the vertebral ligament & is 
squeezed into different places according to site of accumulation a) TB of 
thoracic vertebrae: abscess in posterior mediastinum b) Lumbar vertebrae: 
caseous material reaches the sheath of the psoas muscle & appears in 
femoral triangle (Psoas cold abscess)  c) Cervical vertebrae: caseous material 
reaches retropharyngeal area & appears at posterior border of sternomastoid 
Pressure of caseous material on peripheral nerves & on spinal cord producing 
paraplegia (paralysis lower limbs) this is accentuated by the associated 
endarteritis obliterans (little blood supply to area) & easy fracture of the 
bones, also causing damage to nerves. 
-Long bones (tuberculous osteomyelitis) bones undergo caseation and 
pathological fracture is common.   Direct spread to the adjacent joint is also 

common. Such fractures undergo faulty union e.g. fibrosis or weak union. 
 
8-TB PERITONITIS 
Source: direct from genitourinary tract or caseous mesenteric lymph nodes 
    Blood spread 
    Lymphatic spread from generalized lymphadenopathy 
 
9-TB OF CNS 

Source: blood stream 
Lesions: Tuberculoma = caseous necrotic mass in brain surrounded by 

gliosis 
   TB MENINGITIS= TUBERCLES ON MENINGES + MUCH EXUDATE 

rich in lymphocytes & fibrin but poor in epithelioid cells & Langhan’s giant 
cells. CSF is under high pressure. The pia & arachnoid mater are mainly 
affected as well as the lining of the ventricles 
 
TB SUMMARY 
 

 1RY TB COMPLEX Proliferative lesion(granuloma) with minimal 

exudative reaction (late in the disease with onset of hypersensitivity) 
Lymphangitis 
Regional lymphadenitis 

 

 2RY TB  Exudative (hypersensitivity reaction) 

characterized by caseous necrosis (no lymph node enlargement) 
Minimal proliferative reaction 

 

 POST 1RY or COMPLICATED 2RY Proliferative & exudative 

reaction with generalized lymphadenopathy(enlargement) 
 
LESIONS 
 
PROLIFERATIVE   EXUDATIVE   
 FIBROTIC 

Granuloma    Caseation    FT/scar 
     or lymphocyte rich effusion 
 
C.inflam + immune reaction Hypersensitivity reaction  Healing 
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  (late)     (harmful immune reaction) 
1ry - post 1ry                    2ry - post 1ry    1ry & 2ry 
      
 Activated lymphocytes  Necrotic cheesy like   White -
firm tissue 
 & epithelioid cells                    that 
shrinks 
  
1-Tubercles   e.g.:    1-TB pneumonia   1ry-
healed Gohn’s 
 -Multiple Miliary TB  2- Serous effusions   2ry -apical 
fibrosis  
 -Single Gohn’s focus 3- Cold abscess 
2-Tuberculoma (isolated organ TB)   4- Caseous empyema 
1-5 cms, formed of fused tubercles with  5- Pott’s disease 
central caseation 

 

SARCOIDOSIS: 
DEFINITION:  non caseating granulomatous disorder of unknown etiology but 
evidence suggests a disordered immune regulation mechanism involving 
CD4-T helper cells in genetically predisposed individuals associated with HLA 
A1 & B8 exposed to certain environmental agents as: Mycobacteria-rickettsia-
propionbacterium acne. 

GROSS: 1-2 cms noncaseating non cavitating granulomas associated with 
enlarged discrete lymphadenopathy 

MICROSCOPIC: GRANULOMAS: distributed along lymphatic, around bronchi 
and BV: 

 Tight clusters of epitheloid cells with lymphocytes 
 Langhan and foreign body giant cells with Shauman bodies 

(laminated calcium and protein concretions) and Asteroid 
bodies(stellate inclusion) in their cytoplasm 

 Fibrous tissue rim 
 
ACTINOMYOCOSIS 
DEFINITION: Infective suppurative granulomatous disease caused by the 
filamentous bacteria, Actinomyces Israeli. 
ETIOLOGY & PATHOGENESIS 

Organism: filamentous anaerobic gram+ve organism. It is a commensal found 
in oral cavity & intestines. Long blue filaments, having red knobby tips. The 
filaments branch. 
Sites: Cervico-oral  (jaw)- intestine (ileocoecal), lungs (pulmonary) & less 
commonly skin 
MANIFESTATIONS 

GROSS 
Multiple pus containing cavities surrounded by FT 
+ 
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multiple sinuses opening onto skin releasing granular yellow material (sulfur 
granules) which is pus containing organism 
MICROSCOPIC 

 Central zone of pus (describe pus) +  irregular blue clump of 
organism with a red periphery 

 PNLs & macrophage 

 Outer zone of lymphocytes-plasma cells-macrophages + endarteritis 
obliterans(chronic inflammation) & FT 

NB: Madura foot /Nocardiasis has a similar picture; it is endemic in Egypt & 

Madura in India. The organism is present in the soil & people get infected by 
walking bare footed. Lesions are mostly restricted to the feet. 
 
PNEMOCYSTIS CARINII PNEUMONIA 

ETIOLOGY: Extracellular protozoan parasite in undernourished 
populations & immunocompromised AIDS patients. It exists as 4u cysts, 
helmet shaped excysted forms & trophozoites. Organisms stain with silver 
(GMS) & gram positive stains  
PATHOLOGY: Parasite produces an interstitial infiltrate of lymphocytes, 
plasma cells & foamy, intra-alveolar exudates within which the organisms 
are found  

BRONCHITIS 

DEFINITION: Inflammation of the bronchi, which may be acute or chronic 
ACUTE BRONCHITIS: 

 Catarrhal 

 Muccopurulent 

 Purulent 
NB: like URT inflammation 

CHRONIC BRONCHITIS9 

DEFINITION: Chronic non-specific inflammation of the bronchial tree, 
characterized by productive cough for at least 3 months for 2 consecutive 
years 
ETIOLOGY & PATHOGENESIS 
Predisposing factors:  

Chronic irritation:  1- Smoking results in loss of ciliary action &  mucus  
which is a good medium for bacterial proliferation  
2- Air pollution  
3- Repeated attacks of acute bronchitis 

Types:1) Simple: mucoid sputum 
 2) Muccopurulent 
 3) Asthmatic bronchitis: is hypersensitivity type I reaction which occurs 
against the offending organism. The patient will present with 2 pictures that of 
chronic bronchitis with a picture of allergy type I or patient may have a 

                                                
9
 This disease belongs to the group of chronic obstructive airway diseases (COAD) along with 

emphysema & bronchial asthma 
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hyperreactive response of his airways to a non specific stimulus due to an 
abnormal autonomic response 
PATHOLOGY 
GROSS: thick walled bronchi, lumen is normal or narrow & contains much 
tenacious (thick & sticky) mucus 
MICROSCOPIC 

 Lining mucosa: loss of cilia of respiratory epithelium, squamous 
metaplasia in long term cases 

 Wall chronic non-specific inflammatory cells & fibrosis of 
submucosa. NB PNLs, congestion & edema may also be seen at 
the same time (in repeated acute attacks or in cases of 2ry infection), 
in addition to hypertrophy of mucus glands & hyperplasia of mucus 
secreting cells producing a  thick wall 

COMPLICATIONS 
1- Secondary infection: a)on top of  viral infections or chronic irritation  b) 

on top of  the bronchial obstruction with retention of mucous ( a 
medium which favors the flourishing of bacteria) c) chronic bronchitis 
destroys the ciliary action favoring infection 

2- Fibrosis:  
a) Stenosis of bronchioles (incomplete obstruction) resulting in emphysema 
b) Weakening of bronchial walls with bronchial dilatation resulting in 
bronchiectasis 
3- Obstruction of small bronchioles or bronchi 

 Complete obstruction produces lung collapse 

 Incomplete obstruction only on expiration (chronic obstructive 
bronchiolitis) is responsible for the blue bloater, since patient is 
cyanotic & suffering from corpulmonale with cardiac edema 

BRONCHIECTASIS 

DEFNITION: Permanent dilatation of medium sized bronchi (i.e. proximal to 
the terminal bronchioles) & chronic suppuration of their walls 

 
ETIOLOGY & PATHOGENESIS:  
Mechanism    

Recurrent inflammation or septic bronchopneumonia 
        
         Cilia lost 

Bronchioles & alveoli   Chronic bronchitis   2ry infection 

         
Fibrosis & obliteration   Musculo-elastic destruction 
       + 

      Fibrosis in the wall 

        
a)Alveoli pull on bronchial wall  a) Weak fibrotic wall easily dilates 
b) Cough (-ve pressure increased) b)Obstruction by mucus with collapse 

      of alveoli which  pull on walls 
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   PERMANENT DILATATION OF BRONCHI 
ETIOLOGY & TYPES 
1- Postpneumonic (septic bronchopneumonia) 
2- Chronic obstruction by : mucus plug 
3- Congenital  

a- Kartagener’s syndrome: defective ciliary action → 
bronchopneumonia &  weakness of bronchial wall → dilatation 
under pressure 

b- Mucoviscidosis: abnormally thick mucus secretions predisposes 
to obstruction & bronchopneumonia 

PATHOLOGY 
GROSS types 
There are 3 types of dilatation:  
1-Saccular bronchiectasis: dilatation involves a part of the circumference of 

a segment producing a sac like dilatation 
2-Fusiform: dilatation involves the whole circumference of a segment of the 

bronchus 
4- Cylindrical: dilatation involves the whole circumference of the whole 

length of the bronchus.  
 The disease is mostly bilateral affecting lower lobes 
 The bronchi appear thickened, with suppuration of their 

lining. The dilatation is seen from hilum upto the pleura 
(normally only the bronchi around hilum are seen as they 
taper i.e. their circumference is reduced until they are 
totally not apparent near the pleura) NB: in cylindrical type 
the bronchus nearly has the same circumference at the 
hilum & peripherally. 

 The pleura is thickened , fibrotic with adhesions 
MICROSCOPIC 

Bronchi 
 Lumen: filled with pus & blood: describe G 
 Lining respiratory epithelium shows : a) loss of cilia  b) areas of 

microscopic ulceration c)squamous metaplasia 
 Wall: chronic inflammatory cells + FT & endarteritis obliterans in 

addition to a diffuse suppurative reaction PNLs, pus cells , 
congested vessels & edema) ending in loss of musculo-elastic 
tissue 

Alveoli 
 Adjacent alveoli undergo fibrosis 
 Patches of compensatory emphysema(to compensate for non 

functioning alveoli) 
Pleura: adhesions (describe FT ) 

 
COMPLICATIONS 
  1) Hemoptysis with abundant foul smelling, yellowish red sputum(pus + 
blood) 
  2) Lung abscess – gangrene 
  3) Spread of infection (see septic bronchopneumonia) 
  4) Bilateral lung fibrosis ending in honey comb lung ,  pulmonary    

 hypertension &  Rt. HF (chronic corpulmonale) 
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5)  2ry Amyloidosis (chronic destructive condition) 
6) Squamous cell carcinoma of bronchus (bronchogenic carcinoma) 

Chronic irritation, metaplasia, dysplasia followed by carcinoma insitu & then 
invasive carcinoma 

BRONCHIAL ASTHMA 

DEFINITION: Increased irritability of the bronchial tree with paroxysmal 
narrowing of the airways, characterized by attacks of bronchospasm, 
resulting in dyspnea, wheezing on expiration & coughing of mucus plugs 
 
ETIOLOGY & PATHOGENESIS 
A) Extrinsic: Atopy (type I hypersensitivity): Usually starts in childhood with 

an  sensitivity of bronchi to inhaled allergens (pollen, dusts, fibers etc…) in 

addition to a +ve family history (hereditary).  serum IgE & +ve skin allergy 
test 
B) Intrinsic: This type occurs in adulthood commonly & is 2ry to abnormal 
autonomic regulation i.e. hyperreactive airway response due to abnormal B 

–adrenergic receptors. This hyperreactivity is in response to non specific 
stimuli as asthmatic attacks which are precipitated by: a) respiratory infections 
as chronic bronchitis b) drug induced e.g. aspirin c) stress induced d) 

exposure to cold. No serum IgE or +ve skin allergy test 
Cells involved: Type 2 helper T which are responsible for interleukines 
responsible for allergic inflammation & stimulation of B cells to produce IgE & 
CD4+helper T which is responsible for interferon gamma & IL2 production 
which cause activation of macrophages and cytotoxic T cells 
Reactions involved: mostly type I hypersensitivity but type III reactions may 
also be present (see BR later) 
Chemical mediators involved: 

1- Leukotriens C4,D4 & E4 which produce 
bronchoconstriction and increased permeability as 
well as acetyl choline release from intrapulmonary 
nerves thus also promoting bronchoconstriction 

2- Histamine(bronchoconstriction) & Prostaglandin 
D2 (bronchoconstriction & vasodilatation) 

3- Cytokines (IL1-TNF-IL 6) & Chemokines (eotaxin-
neuropeptides, NO- bradykinin and endothelin) 

 
CLINICAL CATEGORIES OF ASTHMA 
1- ATOPIC: 
DEFINITION: This is an allergic or atopic (type I hypersensitivity see BR) 
inflammation of the bronchial tree, characterized by attacks of 
bronchospasm, resulting in dyspnea, wheezing on expiration & coughing of 
mucus plugs 
2- NON ATOPIC/ REAGIN: This is triggered by mostly viral infections which 
are responsible for lowering the threshold of subepithelial vagal receptors 
encouraging chronic inflammation and hyperreactivity of the airways 
3- DRUG INDUCED e.g. aspirin induced asthma 
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4- OCCUPATIONAL: hypersensitivity to an agent inhaled at work  as 
fumes of: epoxy resin, toluene gas, formaldehyde chemical & penicillin 
products 

5- ASTHMA ASSOCIATED WITH ALLERGIC BROCHOPULMONARY 
ASPERGILLOSIS: involves Type I followed by type III hypersensitivity 
reactions 

 
PATHOLOGY 
GROSS: 
1-Lumen: contains large amounts of thick,(tenacious) mucus plugs, 
forming casts of the bronchial tree 
2-Wall : thick, swollen & red 
 
MICROSCOPIC 

 Lumen: mucus rich in eosinophils 
 Mucosa & submucosa: respiratory epithelium , cells 

produce much mucus +  in number of mucus glands . The 
basement membrane is characteristically thick and forms a 
band –like structure(like in allergic nasal polyp). The 

inflammatory reaction mostly eosinophils,  edema & 
congestion other cells present include: lymphocytes & 
plasma cells (chronicity of repeated attacks). PNLs may 
also be present in large numbers if 2ry infection is present. 
Submucosa is widened by muscle hypertrophy in addition 
to the edema & congestion 

CP:  Wheezing chest & cough with scanty, tenacious mucus forming tree- 
like casts of bronchioles 
 Serum  & sputum eosinophilia 
 
COMPLICATIONS 
1-Repeated attacks cause 2ry infection and chronic bronchitis  ending in 
emphysema 
2-An acute prolonged attack is termed status asthmaticus which may end in 
death from asphyxiation 

PLEURAL INFLAMMATION 

PLEURISY 

Definition: Acute fibrinous or serofibrinous inflammation of the pleura 
Etiology: 

1. Bacterial infections of lung / bronchi 
2. Viral 
3. Uremia (renal failure) 
4. Recent infarction lung 
5. Pathology: gross & microscopic (see G) 

Gross & Microscopic: see chapter 2   Fibrinous non suppurative acute 
inflammation (BR)  & see cytology for effusions, chapter 10 
 
EMPYEMA 
Definition: Acute or chronic suppuration in thew pleural cavity (a bag of pus) 
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Etiology: pyogenic organisms: Staph, strept, pneumococci…… 
1-  Direct spread from A) lung & bronchial suppurative inflammation ( 

septic  bronchopneumonia, abscess & bronchiectasis). B) direct 
spread from osteomyelitis of the ribs 

2-  Trauma e.g. penetrating infected stab wounds 
3-   Blood spread in septicemia 
4-  Tumors 

Pathology 
Gross types: 
a) Diffuse or total empyema (usually acute): pleural cavity filled with 

purulent effusion & collapse of underlying lung tissue 
b) Localized in pockets  as a result of FT adhesions (usually chronic) & 

leads to  partial collapse\ 
Complications 
1-  Chest sinuses discharging pus 

2-   fibrosis causing chest deformity, collapse of lung &  ventilation & 
respiratory failure 

3-   Spread: direct to surroundings  & by blood stream   
6- Chronic empyema  &  2ry amyloidosis 
 
PLEURAL ADHESIONS 
Definition: Fibrous tissue bands connecting both visceral & parietal layers of 
the pleura 
Etiology: 
1-Healing of any acute inflammation or chronicity in acute inflammations of 
lung 
2-Healed lesions e.g. infarctions 
3- Tumors 
Pathology 
Gross: White bands connecting visceral to parietal layers of pleura 
  Bands are firm & smooth 
Microscopic : fibroblasts & collagen fibers +/- BV (FT & scar tissue) 
 

 

LEARNING OBJECTIVES 

Chapter 5: Examples of inflammations & Infections 
 

1. Define pneumonia. Distinguish between bronchopneumonia and lobar 
pneumonia. List common etiologic agents for each type of pneumonia 
and the laboratory tests to detect these. 

2. List predisposing factors in the development of pulmonary infections. 

3. List potential complications of bacterial pneumonia. 

4. Define primary atypical pneumonia/interstitial pneumonitis. List 
etiologic agents of interstitial pneumonitis. Contrast the gross and 
microscopic findings of interstitial versus acute bacterial 
pneumonia. 
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5. List the etiologic organisms, predisposing factors, and characteristic 
pathologic changes in lung abscesses. 

6. Mycobacterial lung infection: Compare and contrast the following in 
relation to their gross and histologic lung pathology: 

a. primary tuberculosis (include a definition of the Ghon 
complex) 

b. secondary or reactivation tuberculosis 
c. miliary tuberculosis 

7. Complications of TB 
8. An idea about other granulomas including sardoidosis  
9. Asthma 

a. Define asthma. 
b. Compare and contrast immune-mediated and nonimmune-

mediated forms of asthma in terms of initiating factors and 
pathogenic mechanisms. 

c. Understand the term bronchial hyperresponsiveness and its 
relationship to all types of asthma. 

d. Describe the morphologic changes in chronic asthma, and 
discuss the clinical course. 

10. Define bronchiectasis. Describe the gross anatomic lesion, 

and list the conditions that predispose to its development 
11.  Describe morphology and complications of chronic bronchitis 
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CIRCULATORY 

DISTURBANCES 

 
1. Hyperemia 
2. Congestion: Chronic venous congestion lung 
3. Edema and effusions: Pulmonary edema and pleural effusions 

4. Hemorrhage: Hemoptysis- Diffuse pulmonary hemorrhagic syndromes( 
Good Pastures- Idiopathic pulmonary hemosiderosis- Wegners granulomatosis 

5. Shock: Shock lung 
6. Thrombosis 
7. Embolism: pulmonary embolism 
8. Ischemia 
9. Infarction: Hemorrhagic infarction of lung 

10. Gangrene: Gangrenous lung abscess 
11. Pulmonary hypertension 

 

1-HYPEREMIA 

 

DEFINITION: Increase in the blood content of an organ or tissue due to 

active dilatation of arterioles & capillaries with an increase in blood flow 
through the tissue. 
 

AETIOLOGY & PATHOGENESIS 

 

 Physiologic: stomach during digestion – muscle in exercise – blushing 

 Pathologic: Acute inflammation (see inflammation Mechanism) 

Axon reflex 
Injury              Vasodilatation + increase blood flow 
  Chemical mediators 

 

MANIFESTATIONS 

-GROSS: Redness 
-MICROSCOPIC: Increase number of capillaries (opening of all the capillary 

bed) 
       Dilated arterioles & capillaries with increased blood content 

Chapter 

6 
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-CLINICAL PICTURE: Redness & hotness 

2-CONGESTION 

DEFINITION: Increased blood content of organ or tissue due to passive 

dilatation of capillaries, veins & venules resulting in the slowing of the 

blood flow (stasis). 

 

AETIOLOGY & PATHOGENESIS 

 Acute congestion 
a) Localized congestion: One organ is affected due to sudden  

1) Complete occlusion of a vein draining an organ. Mechanical 
obstruction e.g. tourniquet or strangulation of bowel with occlusion of the 
vein followed by artery i.e. both are occluded (artery + vein).   
2) Acute inflammation  

 
Effects: 
 -Stasis occurs, & produces pain (metabolites accumulate & cause 

nerve irritation). It also causes cyanosis which is a bluish color due to the 
presence of reduced hemoglobin in large amounts (no oxygenated blood 
reaches the area). 
 -Increased pressure results in edema, dilated engorged veins, more 
edema  & peticheal hemorrhage due to rupture of weak vessels under 
pressure (NB. This pressure may obstruct artery ending in wet gangrene) 
Gross:   organ is swollen and red due to edema & congestion also dilated 
veins & cyanosis occurs  
Microscopic: Increased number of dilated BV containing many RBCs      + 
tissue edema  
 

b) Generalized congestion e.g. Acute heart failure 
ALL organs are affected. 
 

 Chronic venous congestion 
 

a) Localized: One organ is affected due to gradual incomplete 

obstruction of the draining vein. 
 
E.g.: 1-Pregnant uterus causes pressure on the iliac veins resulting in 
congestion & edema of lower limbs, due to congestion of the leg veins. 
Gross: both lower limbs are swollen (edema) with dilated tortuous 
(varicose) veins due to opening of collateral channels +/- varicose ulcers 

(trophic change due to hypoxia) & pain due to stasis of metabolites.  
Microscopic like above: dilated congested vessels + tissue edema 

 2-Mitral valve stenosis results in back pressure in the pulmonary 
veins, which is transmitted to lungs producing chronic venous congestion 
of the lung (brown induration) 
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Gross:     Microscopic 
Size lungs are enlarged  Alveolar sac filled with RBCs +           
Surface: smooth  Macrophages engulfing hemosiderin 
Color: reddish brown                      (heart failure cells)   . 
Cut section: oozes frothy blood  Alveolar wall is thick due to 

congested 
Consistency: firm due to fibrosis BVs & edema, & fibrosis develops 

around free hemosiderin 
Effects of congestion depending on: 
a) High venous pressure with opening of collaterals (varices, piles, varicose 
veins etc…) 
b) Local hemorrhages with pigment release & fibrosis  

c) Fluid leakage due to  hydrostatic pressure & edema 
d) Stasis results in:   

Cyanosis (increased reduced Hb) 
Thrombosis 
Trophic changes due to hypoxia, decreased nutrition & metabolite     

accumulation (lactic acid) leading  to: trophic ulcer and   pain. 
 

b) Generalized (systemic )venous congestion: 

This is congestion in all the systemic veins & their tributaries, with or without 
congestion of the pulmonary veins. There is an affection of many organs due 
to progressive or chronic heart failure (systemic venous congestion)   

Causes: 
 Right sided valve stenosis or tricuspid incompetence   
 Right sided  heart failure which may be: 
 2ry to lung disease & pulmonary hypertension Corpulmonale: Rt. 

Sided heart failure on top of lung disease   
 2ry to left  sided heart failure     
 2ry to mitral stenosis 

 
NB: In cases of Lt. sided heart failure & mitral stenosis at first, only 
the lungs are congested i.e. local venous congestion. Only when 
failure of Rt. Side of heart occurs (as a result of pulmonary 
hypertension) does systemic chronic venous congestion follow. 
 
EFFECTS: 

A) Congestion of all organs  1)stasis & thrombosis  2)Increased 
hydrostatic venous pressure which is responsible for cardiac 

edema which is a type of generalized edema (see later) 
1-Lower limb edema & varicose veins and ascitis  
2- Opening of collaterals & distention of neck veins 
3- Hepatic venous congestion (nutmeg liver) 
4-Chronic venous congestion of spleen 
5-Intestinal & renal congestion 
 
ALL organs are congested except lungs, which are congested only 

if right-sided failure is secondary to left failure, lung disease or mitral 
stenosis. 
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NB: Portal venous congestion & portal hypertension causes CVC spleen  
ascitis , opening of collateral circulation(piles, esophageal varices, varicose  

    veins of lower limbs and caput medusa around umbilicus.) & lower limb   
    edema 
   

B) Hypoxia due to anoxic hypoxia or stagnant hypoxia results in 
development of a) cyanosis due to the slowing of the blood producing  
large amounts of reduced hemoglobin    

b) parenchymatous organ degeneration 
 
C) Edema & effusions may be due to a) decreased cardiac output (due to 

weak flow from Rt. side of heart) & decreased renal flow leading to 
decreased glomerular filtration rate. This stimulates renin-angiotensin 
system also affecting aldosterone release & salt and water retention or 

b) in hydrostatic pressure 
 

MANIFESTATIONS 

Organ congestion   + edema + fibrosis (chronic) in  ALL organs +/- lung. (see 
before) 
Gross BR: organ is enlarged dark reddish brown and soft to firm according 
to amount of fibrosis. Cut section oozes blood 
Microscopic BR: dilated congested BVs + free RBCs in tissue + 
macrophages with hemosiderin + edema + fibrous tissue 

Clinical picture of Rt. sided heart failure (see CVS)  
 
SPECIFIC PICTURES of chronic systemic venous congestion 
 
1-Chronic venous congestion of lung in cases of lt. sided heart failure & 
mitral stenosis (occurs only if right sided heart failure occurs as a 
complication) 
 
   Gross: BR      MicroscopicBR 
Size enlarged, heavy         Thick walled septae(congested
             BV+edema+/-fibrosis) 
Surface smooth           
Color reddish brown   
 
Cut section: frothy blood (presence of air)     Alveoli full of RBC’s+heart failure 
           cells(hemosiderin-laden macrophages) 

 
Consistency: soft-firm according to amount of fibrosis   
 
2-Chronic venous congestion of liver or nutmeg liver 

 

3-EDEMA 

 
DEFINITION: Accumulation of excess fluid in the extravascular interstitial 
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tissue & or in the body cavities, where they are known as effusions  
(Excess fluid accumulating in serous cavities). 

 

AETIOLO GY & PATHO GEN ESIS  

Mechanism: 
1-Increased hydrostatic pressure inside BV as in cases of congestion 
2-Decreased osmotic pressure (OP) inside BV as in cases of hypoproteinemia 
3-Increased OP in tissues as when metabolites accumulate & in acute 
inflammation 
4-Increased permeability of BV wall as in acute inflammation 
5-Lymphatic obstruction resulting in defective drainage 
 
TYPES: Edema is classified according to:        A-type of fluid or  

       B-localized or generalized  
       C-pitting or non-pitting 
 

A) Type of fluid(exudate/transudate)The fluid may be:  

a) Transudate low in protein content  e.g.  congestion or  
hypoproteinemia 

b) Exudate high in protein e.g. inflammatory conditions: permeability    
           & lymphatic obstruction 
 
 
 
TRANSUDATE      EXUDATE 

Pitting edema      Non pitting (protein in tissue) 
        (excites fibrosis) 

protein       protein 
Doesn’t clot on standing (no fibrin)    Clots 
Congestive edema:         Inflammatory & lymphatic 
cardiac,renal & nutritional    (localized) 

(generalized edema) 
 

B) Localized or generalized 
  

 LOCALIZED: local disturbance of fluid exchange. It can occur in 

any organ but if it occurs in : 
Larynx: it may lead to suffocation. 
a) Lungs: pulmonary edema is fatal and may cause A. respiratory failure 
/acute right-sided heart failure (RHF)  
b) Brain edema is very dangerous since skull restricts swelling & swollen 
brain is responsible for pressure on vital centers, which leads to death. 
 
Examples of localized edema, which are relatively harmless: 
Edema  of venous obstruction commonly transudate e.g. ascitis in portal 

hypertension or lower limb edema due to pressure of pregnant uterus on 
iliac veins & PULMONARY EDEMA 
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Pulmonary edema 

 

DEF IN IT IO N :  Most  i mpor tan t  o f  the  l oca l i zed  types  o f  ede ma 
s i nce  assoc ia ted  wi th  ser i ous  hear t  d i sease  whether  acu te  o r  
chron i c  

ETIOLOGY & mechanism 

A)  hydrostatic pressure    C) OP 
-LHF and mitral stenosis        -Hypoalbumineamia 

           -Over transfusion of blood ( volume)      -Nephrotic syndrome 
     -Chr. Liver disease 
 

B)  capillary permeability    D)Lymphatic obstruction 
         -Inhalation of irritant gases / drugs            E)Edema of unkown origin 
         -Inflammation          - high altitude edema 
 
PATHOLOGY 

Fluid accumulates in both the interstitial tissue (septae) & alveolar sacs 
 
Gross BR; 
Size: large, & heavy 
Surface: smooth 
Color : usually congested 
Cut section: rounded borders oozes frothy pink fluid (blood tinged) 
Consistency: soft early in chronic cases firm due to fibrosis 
 
Microscopic: commonest picture: chronic venous congestion (describe BR) + 

pink homogenous fluid replacing air in alveoli (edema) 
 
CP: Patient drowns in his own secretions and dies of respiratory failure 
(acute) or in chronic cases of RHF (chronic corpulmonale) 
 
TYPES/ causes of pulmonary edema   
a) Non inflammatory edema (see above) 

b) Inflammatory edema (+ allergic): fluid is an exudate ( proteins & cells) & 
caused by 

- Chemical mediators which produce increased vascular permeability. 
- Some degree of lymphatic obstruction or destruction prevents drainage of 
exudate occurring secondary to regional lymphangitis & lymphadenitis. 
c) Lymphatic edema (fluid is lymph in nature & composition) 
As in:1-LV obstruction due to tumor, parasite as Filaria / inflammation. 

  2-Destruction of LV & LN by surgery, tumour or inflammation 
   
 

 GENERALIZED(ANASARCA): salt and water retention / low OP   

1-Cardiac edema due to congestive HF (Rt.heart failure or combined Rt + 

left) 



9 1  

 

 

2-Nutritional edema =malnutrition in famines, malabsorption & chronic liver 
diseases, resulting in decrease protein level (hypoproteinemia) in blood this 
results in decreased OP and of the blood. 
3-Renal edema in kidney diseases 

 

1-CARDIAC EDEMA: Character of the fluid is a TRANSUDATE. 

 
3 factors are responsible (also see chronic venous congestion) 
 
1-Reduced left  2-RHF  
cardiac output  Venous congestion  

 
      3-Retention of metabolites 

 

Renal blood flow  hydrostatic pressure    
Renin –angiotensin  in venules 

Aldosterone secretion 
 
 

Retention of Na   reabsorption of tissue          tissue osmotic pressure 
Retention of fluid   fluid 
 

Blood volume 
  
hydrostatic pressure arterioles 

 
Edema 

 
 
Clinical picture: 
Early: edema is slight and seen where hydrostatic pressure is greatest 

(around feet & ankles, in ambulant patients, but around sacrum in bedridden 
patients) 
Later: as condition deteriorates fluid accumulation reaches peritoneum 
(ascitis), then pleural cavity (hydrothorax) and ultimately a generalized form of 
edema (anasarca) 
occurs.  

 

Hydrothorax 

DEFINITION: Accumulation of transudate in pleural cavity 
ETIOLOGY 

 Part of generalized edema (cardiac, renal, nutritional) 

 Part of Meig’s syndrome:   -Ovarian fibroma  
-Hydrothorax 
-Ascitis 

COMPLICATIONS 

Pressure on lungs  collapse  
NB: NO fibrosis in transudate (low protein watery fluid) 
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2-RENAL OEDEMA (Character of the fluid is a TRANSUDATE or 

EXUDATE). 
 2 forms exist depending on the underlying kidney disease 
 
                ACUTE NEPHRITIC  NEPHROTIC 
 
Disease  Inflammatory   non -inflammatory (amyloid) 
              

Cause           -Glomerular filtration protein (hypoproteinemia) 
      rate(GFR)  

           -Salt & water retention  plasma OP 
 
Degree of edema Slight    Marked 
 
Distribution  Loose tissue e.g. ankles More generalized 
   & around eyes (puffy) 
 

Proteinuria  Moderate    Marked  
 

Plasma OP  Normal    
 

3-NUTRITIONAL EDEMA: (Character of the fluid is a TRANSUDATE.) It 

occurs in 

1-Starvation states (famines) where there is  protein intake leading to 
hypoproteinemia  

2- In chronic liver disease (protein synthesis)  

3-Malabsorption syndromes (protein absorption) 

Mechanism: protein in blood (hypoproteinemia) & plasma OP producing 
edema   
NB: a special effect of starvation is the associated cardiac edema due to 

vitamin B1 deficiency causing Beriberi: protein in blood (hypoproteinemia) 

& plasma OP causing edema &  blood volume. This in turn causes 
vasoconstriction & renal ischemia with activation of renin-angiotensin, 

followed by release of aldosterone which is responsible for salt & water 
retention (an attempt to increase the lowered blood volume) 
 

4-HEMORRHAGE 

DEFINITION: Escape of blood outside the vascular system 
 
ETIOLOGY & PATHOGENESIS 
A-Physiologic e.g. menstruation (hormonal) 
B- Pathologic (BR) 

-Mechanical causes: surgery or accidents 
-BV destruction by cancer invasion or inflammation e.g. TB 

-Rupture due to  pressure (hypertension or venous congestion) 
- General causes (bleeding tendencies) 

  Vitamin C & K 



9 3  

 

 

  Drugs e.g. heparin, warfarin (act as anticoagulants) 
 Diseases of blood: hemophilia –thrombocytopenic purpura-

leukemia 
  Fever & hypertension 
 
TYPES 

     External Hemorrhage     Internal Hemorrhage 
   
1-Skin wounds: bleeding    1.Interstitial (skin) 
2-Nose bleeding=epistaxis      -petichae: small dots 
3-Respiratory tract=hemoptysis       (capillary hge) 
   (Coughing of blood)                 -ecchymosis: flat bruise 
4-GIT: Hematemesis (vomiting blood)    -hematoma: nodular        
                                                                                collection of blood 
          Melena (altered blood in stools)        
          Bleeding per rectum (fresh blood)    2.In cavities 
5-Male genital=hemospermia (blood in semen)         -hemopericardium 
6-Female=Menorrhagia (menstrual flow                -hemoperitoneum 
                                              or prolonged flow)        -hemothorax 
                        -hemarthrosis (blood in joints) 

      Metrorrhagia (irregular uterine bleeding) 
7-Urinary tract=Hematuria (blood in urine)         
 
MANIFESTATIONS 

 
GROSS & MICROSCOPIC 

1. Cut edges of BV are glued together by a clot of fibrin & blood cells. 
2. Depending on amount released in tissue 

-Peticheal Hge: tiny red spots due to capillary & small vessel rupture 
-Ecchymosis: flat area of discoloration (bruise) (see localized pigment 

disturbances) 
-Hematoma a larger sized vessel will cause a mass-like accumulation of 

blood in the tissues forming a reddish firm mass, which heals by 
organization. 

3. If bleeding occurs in a cavity (hemorrhagic effusions): blood is found 
instead of serous fluid in pleura, pericardium, peritoneum, meninges or joints.  
 
EFFECTS & FATE 

LOCAL 

Wound with cut in BVclotting at edgeresolution if small or organization 

by granulation tissue followed by fibrosis (GT FT) if large 
 
SYSTEMIC 

1-Chronic loss (small amounts over a long period)iron deficiency anemia 
e.g. terminal hematuria of bilharziasis 
2-Rapid loss 

> 1 liter shock 

< 1litercompensatory mechanisms: 
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A) Hge   blood pressure (BP)(loss of fluid)blood volumerelease 

of catechcolamines which cause vaso constriction to help raise BP. (VC→ 

BP) 
B) Release of renin-angiotensin from juxtaglomerular apparatus in the 

kidney due to renal ischemia stimulating the adrenals to produce 

aldosterone and the pituitary to produce antidiuretic hormonesBP.  

Aldosterone also causes salt & water retention   volume  more  BP 

  Blood flow   volume renin angiotensin & aldosterone  

         salt & water retentionvolume→BP 

C) Blood cells bone marrow hyperplasia to replace cell loss 
    Loss of plasma proteins this results in the use of protein pool to return to 

normal 

 

Hemoptysis 

DEFINITION: coughing of blood 
 
ETIOLOGY 
General causes (see above) 
Local causes: 
1)Bronchial:  a) Chronic bronchitis 
  b) Bronchiectasis 
  c) Bronchogenic carcinoma 
 
2-Lung causes:  a) Acute & chronic abscess 
   b) Pneumonia 

    c) TB 
      d) CVC lung  

     e) Infarction lung 
 f) 1ry or metastatic tumor 
  

3-Cardiac causes: left sided HF or mitral stenosis with congestion of lung 

 

Hemothorax 

DEFINITION: Accumulation of blood in pleural cavity 
 
ETIOLOGY 
A) General causes (see before) 
B) Local causes : trauma, tumors 
 
COMPLICATIONS 
 Pressure on the lungs producing collapse 
 2ry infection resulting in empyema 
 Healing: Adhesions 

DIFFUSE PULMONARY HEMORRHAGIC SYNDROMES 

1- Good Pasture’s syndrome 
2- Primary pulmonary hemosiderosis 
3- Wegners granulomatosis 
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4- NB : hemorrhages may occur in Infarction, complication of Interstitial 
LD & Chronic venous congestion 

5-SHOCK 

 
DEFINITION: Acute circulatory collapse or decrease in the effective blood 
circulation (blood volume) to tissues resulting in widespread hypoperfusion 

of the tissues (oxygen & nutrients). 
 
AETIOLOGY & PATHOGENESIS 

A-Massive injurydeath 
B-Non- massive injury 

 Early Release of catchecolamines, ADH & renin –angiotensin & 
aldosterone mechanism 

 These result in vasoconstriction of all arteries except those of brain & 
coronaries as an attempt to raise the blood pressure. 

 Progressive(reversible phase) 
Hypoxia of vital organs results in  degeneration of organs & anaerobic 

glycolysis lactate acidosis which causes vasodilatation and more 

pooling of the peripheral blood leading to relative  in the blood 
volume. 

 Irreversible: Anoxic tissue injury  necrosis 
 

TYPES OF SHOCK    

1) Cardiogenic shock: Is due to failure of myocardial pump resulting in 

sudden  in cardiac output. It occurs in severe acute  heart disease e.g.: 
-Myocardial infarction 
-Rupture of heart 
-Arrhythmia   
-Cardiac tamponade 

-Massive pulmonary embolism  RHF 
2) Hypovolaemic shock due to inadequate volume of blood or plasma 

e.g. hemorrhage or fluid loss in burns, severe vomiting or severe 
diarrhea. 

3) Septicemic or toxic or neurogenic  shock due to peripheral 

vasodilatation (VD)  sequestration(pooling) of circulating blood 
volume in tissues other than brain & heart 

A- Endotoxic shock of gram –ve bacteria: (mechanism similar to septicemic shock) 

B- Gram +ve septicemic shock. Mechanism: 
 Toxins produce VD by activation of complement & mast cell 

degranulation with release of the chemical mediator (histamine).  
 Toxin stimulates monocytes to secrete tumor necrosis factor (TNF), 

which activates PNLs & macrophages to release lysosomal 

enzymes & prostaglandins vascular permeability with loss of 

fluid into tissue & subsequent  in effective cardiac output & 

circulating blood volume.  
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 Toxins endothelial injury with activation of clotting mechanism 
& formation of tiny clots in the capillary bed disseminated 
intravascular coagulation (DIC)  

C-Neurogenic shock due to spinal cord injury or spinal anesthesia or even 

severe emotional trauma vasodilatation (VD) 

D-Anaphylactic shock & drug overdoseperipheral vasodilatation. 
 
MANIFESTATIONS 
 
GROSS & MICROSCOPIC (see BR of degeneration & necrosis before) 
Post mortem picture 
 All organs are pale except in septic shock(peripheral & splanchnic 

vasodilatation) 
 Kidney- Acute tubular necrosis  
 Adrenals – Waterhouse Friedrichensen stress response in the form of 

hemorrhagic, necrotizing inflammation of the adrenals 
 Lungs- Diffuse alveolar damage (DADs) see later     
 Liver- fatty change & necrosis 
 GIT- patchy necrosis & hemorrhage 

 Heart- subendocardial & subpericardial hemorrhage 

 

CLINICAL PICTURE  

1-Hypotension due to  blood volume 

2-Weak rapid pulse & shallow respiration due to  cardiac output + 

stimulation of cardiac & respiratory centers by hypoxia & metabolic acidosis 

3- Oliguria or anuria as a result of  glomerular filtration rate (GFR) & 
vasoconstriction (VC), which may be severe enough to produce acute tubular 
necrosis & acute renal failure 
4-Patient is pale cold with cyanotic lips due to VC (except in septicemic 

shock where the skin is flushed & warm due to vasodilatation) 

6-THROMBOSIS 

 

DEFINITION: Active process of compact mass formation in the 

cardiovascular system during life, formed out of the circulating blood 
components (platelets + clot {fibrin +RBC + WBC}). 
Clot: Passive process of compact mass formation in the cardiovascular 
system after death or during life, formed out of the stagnant blood 
components (fibrin +RBC + WBC) 
NB clot doesn’t contain platelets  

 

TYPES & PATHOGENESIS  

1-Types according to color: 
 Pale: mainly platelets forms in the  rapid arterial system 
 Red: formed of all blood constituents in the slower venous stream 
 Mixed / laminated: layers of pale + red thrombi 
 Agonal: mostly composed of fibrin, WBCs & RBCs (red). It occurs in 

the Rt. ventricle just before death due to right-sided stasis. 
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2-Types according to vascular occlusion 
Thrombi may be: occlusive, non-occlusive (occurring in wider sites as aorta 
& heart), or propagating in nature 
Propagating thrombus: Thrombosis occurs till BV is obstructed, causing 
complete stagnation distal to obstruction, this is followed by clot formation 
(red) which extends until a tributary of the vein is reached, here a turbulent 
circulation is present & thrombosis occurs again. This process may continue 
along the whole course of a vein & sometimes reaches the heart via inferior 
vena cava. 
 
3-Types according to sites   
 
Veins:phlebothrombosis(non inflammatory) or thrombophlebitis(septic or 

aseptic) 
-Commonest type since circulation is slow in veins 
-Veins is also thin walled and more likely to collapse   
-Many veins are superficial and more likely to be traumatized 
 
Arterial: 
-Atherosclerosis: plaques cause roughening of intima 
-Inflammations i.e. arteritis causes roughening of intima 
-Severe spasm 
-Aneurysms 

 
Capillaries 
Acute inflammation 
DIC (disseminated intravascular coagulopathy) 
Frost bite with severe cold 
 
Heart 
-Vegetations: are small platelet thrombi (pale), on diseased valves or 

endocardium due to endocarditis. 
-Ball thrombus: It is a free thrombus (not attached) in left atrium in mitral 

valve stenosis.  
-Auricular thrombus: occurs in auricular fibrillation, as there is stagnation of 

blood due to ineffective contraction. 
-Mural thrombus occurs on the ventricular endocardium overlying an 

infarction. 
-Agonal thrombus: is formed of mostly of fibrin & trapped blood cells in right 

ventricle just before death as a result of severe stasis 

 

Mechanism of thrombosis:  

Factors predisposing to thrombosis: 

1-Endothelial injury: exposes sticky collagen to platelets in circulation & 
causes release of thrombogenic factors 
 
2-Alterations in blood flow 

A) Stasis: e.g. in varicose veins or in states of increased blood viscosity 
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Platelets are deviated from axial blood stream and come in contact with 
endothelium resulting in platelet activation and retarding inflow of 
antithrombotic factors 
B) Turbulence e.g. arterial aneurysm, atrial fibrillation, compression of a BV, 
in such cases platelets get deviated from axial blood stream and come in 
contact with endothelium. This causes platelet activation and retarding of the 
inflow of antithrombotic factors. 
Turbulence also causes endothelial cell injury (mechanical trauma). 
NB turbulence + stasis are responsible for propagating thrombus 
 
3-Blood alterations 
A-Inherited lack of natural anticoagulants e.g. antithrombin III, protein C & 
protein S 
B-Acquired 

 Diseases: hyperlipemia - polycythemia (RBCs)- thrombocytosis 

(platelets) - leukemia 

 Severe loss of plasma causes  viscosity e.g. in burns, severe diarrhea, 
loss of whole blood (surgery & trauma) 

 Drugs 

 

Factors favoring thrombosis (MECHANISM) 

1-Injury of endothelium causes uncovering of underlying collagen fibers 
which are sticky & help platelets stick on them (platelet adhesion) 
2-Once stuck, platelets tend to attract more platelets to stick to them 
(platelet aggregation) & synthesize thrombaxane which causes platelet 
mass contraction 
Platelets also synthesize ADP, von Willibrand factor, factor VIII & serotonin, 
which in addition to PF3 (platelet factor 3), act on prothrombin producing 
thrombin, along with the added help of thromboplastin. Thrombin under the 
effect of coagulation factors IX & X transform fibrinogen to fibrin. 
Fibrin deposits on the surface of platelet aggregate and entangles RBCs & 
WBCs. 
The injured endothelial cells also play a role by releasing Factor V, factor IX & 
X & tissue binding factors.   

 

Factors which prevent thrombosis 

1-Healthy endothelial cells synthesize prostaglandin 2, (PG2)& nitric oxide 

(NO) which inhibit platelet aggregation  
2-Healthy endothelial cells carry receptors for thrombomodulin, which is 

responsible for changing protein C to its active form. Active protein C acts by 
proteolysis of factors Va & VIIIa.  
3-Healthy endothelial cells carry a heparin like molecule, which acts as a 
receptor for antithrombin III. This is responsible for inactivation of thrombin, 

factors Xa, IXa & causes fibrinolysis.  
 
Such mechanisms prevent thrombosis in healthy vessels & check (stop) the 
process if an area of damage has occurred. 
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MANIFESTATIONS 
GROSS     MICROSCOPIC 
-Small pale e.g. vegetations -Head of thrombus attached to 1 side 
-Red     -Fused platelets pale pink at head of 
thrombus 
-Mixed: pale + red & in  -Pale pink lines of fused platelets 
laminated layers     radiating from head (lines of Zahn) 
-Linear as propagating thrombus -Fine threads of fibrin between lines of Zahn 
                                                       forming a network & entangling RBCs & WBCs 

 
FATE 

Small    1. Resolution 
       2. Incorporation into the intima   
 

Large    1.Organization by fibrosis 
       2.Dystrophic calcification produces a phlebolith 
                 3.Obstructive thrombi undergo recanalization or propagation 
                 4.Embolization: 
   Septic emboli produce pyaemic abscesses 
   Aseptic emboli may produce infarction or gangrene 

7-EMBOLISM 

DEFINITION: Impaction of circulating Insoluble material (i.e. an embolus) in 
a blood vessel of smaller size. 
 
ETIOLOGY & PATHOGENESIS 
TYPES 

1. THROMBO-EMBOLISM 

99% of emboli are of thrombus origin, due to its fragmentation & detachment. 
If embolus is septic, it produces pyaemic abscess & if it is aseptic, it produces 
infarction. 
A-Pulmonary embolism:  

 
ETIOLOGY: 90% originate from thrombi in deep leg veins or pelvic veins, in: 

a) patients who have been immobilized (in bed) for a long time 
b) after surgery 
c) after childbirth 
d) in patients with cardiovascular diseases as atherosclerosis, myocardial  

infarction & congestive heart failure 

e) patients on contraceptive steroids( estrogen content) 
 
  
 
EFFECTS OF PULMONARY EMBOLISM: these depend on size & number 
of emboli: 
Effects: 
-Large pulmonary trunk (saddle embolus) causes acute right HF& sudden 
death 
-Medium /small pulmonary vessels:  
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     a) Good collaterals: no change in tissue 
     b) Bad collaterals e.g. In chronic venous congestion of bronchial 

system. If embolus occurs in systemic circulation & obstructs 
pulmonary vessels an infarction occurs (if embolus is aseptic). Normal 
lungs do not suffer from infarction unless the second blood supply (i.e. 
bronchial) is chronically congested   

 
NB-If embolus is septic, it produces pyaemic abscess (good /bad 
collaterals) & if it is aseptic, it produces infarction (bad collaterals or end 
arteries). 
-If putrefaction, by saprophytes from air, reaches necrotic area by 
bronchial tree it produces gangrene   
 

 Sudden death: may occur with large embolus becoming 

impacted in right ventricular outflow tract or main pulmonary 
artery (saddle embolus) 

 Pulmonary infarction: when medium sized embolus obstructs 
a peripheral pulmonary artery in a patient with an impaired 
bronchial circulation as in CVC lung 

 Pulmonary hypertension: isolated small emboli settling in 

small pulmonary artery branches. These produce no immediate 
effects (bronchial artery usually sufficient for oxygenation), but 
multiple small emboli over a long period of time may cause 
diffuse alveolar fibrosis & pulmonary hypertension 

 Pyemic abscesses: If source is a vein with septic 
thrombophlebitis 

 
B-Systemic embolism: Thrombi forming in left side of heart or aorta and 
systemic arterial system, detach to reach any organ ( brain, kidneys, liver 
etc..) 
Effects same as medium /small pulmonary vessel obstruction 
 
C-Portal embolism: Thrombi forming in splenic, portal or mesenteric veins 
detach to reach liver.   
 Effects: these rarely produce infarction since liver has a double blood supply; 
but may result in pyaemic abscesses if the emboli are septic. 
 
D- Paradoxical embolism:  
 Tiny emboli in systemic venous system reach lungs & by pass them 

reaching left side of heart and aorta. 
 By pass of lung may occur through a congenital defect in heart (ASD 

or VSD) 
Effects same as medium /small pulmonary vessel obstruction 

 
2. FAT EMBOLISM 
Bone fracture: results in release of the bone marrow fat into the circulation, 
this may cause obstruction of small vessels & damage by fatty acid injury. 
 
3. AMNIOTIC FLUID EMBOLISM 
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Amniotic fluid may be forced through placental vessels to reach lungs as 
emboli. They produce damage by obstruction of pulmonary arteries & due to 
the presence of prostaglandins, vasoconstriction occurs & the activated 
thrombogenic factors produce DIC (disseminated intravascular coagulopathy) 
 
4. AIR (GAS) EMBOLISM 

a) Gas bubbles in neck wound go to Superior vena cava then lung 
b) Caisson's disease (Bends) in deep-sea divers: entry of soluble CO2 & 
nitrogen into blood stream under pressure. On ascent of the diver rapidly, 
these gases don’t have time to leave the circulation in their soluble form & 
change to gas bubbles inside circulation causing obstruction in many sites. 
 
Effects: severe pain particularly in knees (Bends) 
      in brain causes death 
   Infarctions in organs with end arteries 
   
5. TUMOUR EMBOLI: Circulation of groups of malignant cells (metastasis) 
 
6.  PARASITIC EMBOLI: Circulation of ova or worms e.g. bilharziasis 
 
7.  BACTERIAL EMBOLI: Circulation of purulent (septic) emboli containing 
organisms as in fragmentation of septic thrombophlebitis 
 
8. FOREIGN BODY EMBOLI: Circulation of insoluble material usually in 

intravenous drug users 
 
SUMMARY GENERAL EFFECTS 
    -Good collaterals –no pathology 
Small or medium vessel 
     -No or poor collaterals –(end artery organ or CVC)  
            Aseptic: Infarction +/- gangrene 

                  Septic emboli : pyaemic abscess 
Large: commonly saddle embolus of lung: sudden death due to acute RHF 
 

8-ISCHEMIA 

DEFINITION: Decreased blood supply to organ / tissue 
AETIOLOGY & PATHOGENESIS 

           TYPES 
ACUTE      CHRONIC 
Sudden complete arterial occlusion   Gradual incomplete Arterial occlusion 

 
-Thromboembolism 99%       -Atherosclerosis 
-Strangulation/ligature/rare venous      -Arteritis e.g. polyarteritis nodosa 
   obstruction         -Pressure on arterial wall from without ie tumor                          
-Severe arterial spasm 

 
EFFECTS: Anoxic     Hypoxic 
-poor collaterals-infarction/gangrene    -pain on exercise e.g. angina pectoris 
-good collaterals-no effect            -patchy atrophy ending in fibrosis e.g. ishaemic heart 
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             -parenchymatous organ degeneration (reversible) 

 

9-INFARCTION 

 
DEFINITION: Area of massive ischaemic necrosis, due to sudden 
complete obstruction of arterial blood supply in the presence of a poor 
collateral circulation. 

 
ETIOLOGY & PATHOGENESIS 

-Thromboembolism 99% & occlusive arterial thrombus 
-Strangulation/ligature: artery + vein occlusion with congestion, necrosis & 
hemorrhage 
-Severe arterial spasm 
 
GENERAL MANIFESTATIONS (BR) 

 
GROSS 
RECENT:BR 
Shape: pyramidal, as it takes the shape of the distribution of arterial 
blood supply. The apex is at the site of the occluded vessel while the 
base is towards the surface. Whole area is swollen (edema & 
hemorrhage) 
Surface: bulging & opaque rough (if covered by a serous membrane) 
due to serofibrinous inflammation 
Color: according to type red or pale 
 
HEALED BR: Healing occurs by organization (GT-FT- scar) 
Shape: pyramidal  
Surface: depressed (below surface) with adhesions in serous covering 
Color: white  
 
MICROSCOPIC 
RECENT BR 
 Protein denaturation: homogenous dark pink cytoplasm 
 The damaged cell membrane  draws Na & H2O into the 

cytoplasm causing, osmotic pressure inside cell(swelling of cells)   
 Nuclear membrane damage results in 

-Karyopyknosis: shrunken dark nucleus due to condensation of 
chromatin 
-Karyorrhexis: fragmentation of nucleus 
-Karyolysis: disappearance or lysis of nucleus 

 
1. THE NECROTIC AREA IS PINK AND GRANULAR 

CONTAINING NUCLEAR DEBRIS. The more resistant 
connective tissue and cells retain some of their outlines 
and appear as ghosts. (BR) NB: The necrosis is coagulative 
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in infarctions of all organs except CNS where it is 
liquefactive in nature 

2. The rest of the organ appears normal except in lung 
infarction where there is previous lung congestion 

3. The area adjacent to the infarction shows a zone of acute 
inflammation 

 
NB: a) Increased enzymes in the blood are the first signs of necrosis. 

       b) At site of injury, the enzymes & chemical mediators released into 
the tissue cause irritation of the living tissues, resulting in an acute 
inflammatory reaction (dilated congested BV + edema + PNLs & 
macrophages + fibrin) and degenerative changes in nearby healthy 

tissue..  
           c) If there is a serous covering membrane it shows serofibrinous 
inflammation. 

 
HEALED: Pale fibrous tissue causing shrinkage of the lesion at first 
granulation GT followed by fibrous tissue FT then scar 
 
TYPES OF INFARCTION 
1-Pale (solid organs)               2- Red: -Loose tissue:-lung        
                                                                              intestine/Solid organ with -2                
                                                                              blood supplies (1 is already   

                                                                                             defective as in congestion)        
           -Arterial + venous occlusion at   

                                                                             same time e.g. strangulation 
Recent: Immediate pallor (no blood supply)           -Already congested & red,  

                                                                             but more red 
 
(Acute)   

 24 hrs: acute inflammation around area(red )  

both show:   
Hge & swelling in necrotic center 
Surface bulge + surface inflammation 

     

36 hrs: swelling pushes RBCs out        RBC & or loose tissue;  
       causing pale infarct  in area (wet sponge effect) 
        same (RBCs remain)  
 
Healed:   both show 

Scar white firm area producing   
      surface depression 

 

A) PALE INFARCTION 

a) Renal infarction: 
Etiology: blockage of an end artery produces an area of necrosis to the part 
supplied by it  
 
b) Myocardial Infarction: caused by obstruction of the coronary arteries 
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B) PALE & RED 
Cerebral infarction: due to thromboembolic occlusion of cerebral arteries, 
jugular vein thrombosis or in severe shock. 
 

C) RED INFARCTION 

Lung infarction: Emboli to the small pulmonary arteries may cause 

infarctions (lung has a double blood supply) only if the bronchial circulation is 
impaired, as in chronic venous congestion secondary to left sided heart 
diseases e.g. mitral stenosis or left sided heart failure. 
Gross: Red or haemorrhagic type because lung is a spongy organ and blood 
cannot be squeezed out easily also there must be previous congestion in the 
bronchial circulation which is the lungs’ second blood supply. The gross 
picture is the same as in the BR +serofibrinous pleurisy 
Microscopic Same changes at site of infarction (BR), but the surrounding 
viable lung tissue is not normal, it shows the picture of chronic venous 
congestion lung (describe). The zone separating the infarction from the rest of 
the lung shows the picture of an acute inflammatory reaction 
NB: Infarctions of lung are always red  & occur only if there was previous 
lung congestion due to left ventricular failure or mitral stenosis 
 
NB: 1) ALL recent infarcts consist of coagulative necrosis except brain 
infarction is liquefactive 
       2) ALL healed infarcts are pale, shrunken and take the shape of the 
original recent infarction 
 

10-GANGRENE 

DEFINITION: Massive necrosis with putrefaction 
ETIOLOGY & PATHOGENESIS 
a) Ischaemic necrosis 
b) Bacterial infections (infective gangrene)  bacteria→necrosis + 

putrefaction 
Mechanism: 
Necrotic tissue → exposure to saprophytes → decomposition of dead tissue (putrefaction)

                                           
         H2S (bad odor) 

                  +  Fe    
          FeS (black color)    
MANIFESTATIONS according to TYPES& mechanisms: 
 

1) DRY GANGRENE 

 

Site & etiology: Lower limbs of old people (senile) due to atherosclerosis 
                        or due to Beurgers disease (vessel inflammation & thrombosis)
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   Upper limbs in Raynaud’s disease (severe intermittent arterial    
spasm) 

 

2) MOIST GANGRENE 

 
A-Diabetic Gangrene: mostly lower limb & it is moist (swollen with fluid) since 

there is much sugar in tissue (diabetics) which pulls much fluid; evaporation & 
venous return are insufficient to drain all the fluid present. The process is 
rapidly spreading & the presence of diabetic sensory loss causes traumatic 
ulcerations, secondary infection & rapid necrosis. Source of saprophytes is 
the skin. 
 
B-Strangulated Bowel: 
-Volvulus:  loop of intestine twisted on itself trapping the mesenteric artery & 

vein 
-Intussception: 1loop (upper intussuceptum) is pulled inside the lower 

segment (intussucepient) along with its mesentery. 
-Strangulated hernia: loop of intestine + its mesentery is trapped in an 

intestinal wall defect. 
Mechanism: Pressure on thin mesenteric veins→congestion, Hge & edema 

of trapped loop, this results in more pressure which occludes the mesenteric 
artery→intestinal infarction (necrosis), area is quickly invaded by intestinal 
saprophytes→ putrefaction i.e. gangrene. The bacteria of lumen easily cross 
the necrotic wall into peritoneum causing septic peritonitis. 

 
C- Bed sores: skin over pressure points (bony prominences as sacrum) in 

bedridden patients often ulcerates due to pressure & occlusion of vessels. 
Ulcers get quickly secondarily infected + saprophytes→moist gangrene 
Effects: Rapid putrifaction→severe toxemia 
 

3) INFECTIVE GANGRENE (necrosis caused by bacterial infection followed by 

putrefaction) 

 
Synergistic gangrene i.e. both bacteria help each other (remaining bacteria 
from the original infection + saprophytic bacteria from wound, formed by 
surgical drainage of deep abscesses). This is followed by putrefaction. 
 
Lung abscess: black cavity with shreddy wall and bad odour 
 
Gas gangrene 

11- PULMONARY HYPERTENSION 

DEFINITION: Elevation of mean arterial pulmonary pressure above 25mm Hg 
 
ETIOLOGY 

 Primary /idiopathic (unknown cause) PPH 

 Secondary to  1- Mitral stenosis 
 2- LHF 
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 3- Congenital heart disease with left to right shunts 
(ASD, VSD & PDA) 

 4-Multiple recurrent pulmonary embolism 
      - Arteritis as part of CT disease 
      - Chronic pulmonary diseases:   

A)Emphysema,(destruction of alveolar walls 
containing BV) 

   B)Diffuse interstitial fibrosis (honey comb lung) 

   C)Chronic bronchitis with  Fibrosis & 
bronchiectasis 

Another classification: 

 Precapillary PH: Multiple pulmonary emboli lead to occlusion of 

pulmonary arterial bed 
   Left – right shunts 
   Primary or unknown cause PPH 

 Capillary PH: due to disease in the pulmonary vascular bed e.g.: , 
ILD, honey comb lung & severe chronic airway obstructive diseases 
COAD 

 Post capillary PH: a) Pulmonary veno-occlussive disease PVOD 

venous counterpart of PPH, but may also be secondary to drugs causing 

venous fibrosis  b) Cardiac causes : 2ry to  pressure in pulmonary 
venous system  causing back pressure into arterial system e.g.: mitral 
stenosis, LV failure of any cause  

NB: any cause of chronic hypoxia results in PH 
 
PATHOLOGY & COMPLICATIONS 
Small arteries: Intimal fibrosis & muscle hypertrophy with narrowing of arteries 

& pulmonary pressure resulting in RV hypertrophy, dilation & failure RHF i.e. 
Corpulmonale & systemic venous congestion 
 
Vascular changes in PPH   (Heath & Edwards) 
GI&II: mild reversible: medial hypertrophy and intimal proliferation and 
abnormal muscularization of  arterioles 
G III: Intimal laminar fibrosis (onion skin) this is borderline reversible 
G IV, V, VI:  aneurysmal dilatation, Fibrinoid necrotizing arteriolitis and 

plexiform lesion (mass of disorganized vessels arising from pre-existing 
pulmonary arteries considered a form of misguided angiogenesis. 
 
Large arteries (Pulmonary trunk): atherosclerosis 

 
Pulmonary hypertension causes corpulmonale & systemic venous 
congestion 

LEARNING OBJECTIVES 

Chapter 6: CIRCULATORY DISTURBANCES 
1. Be acquainted with the different types of circulatory disturbances 

2. Describe in detail chronic venous congestion 

3. Describe in detail pulmonary edema 
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4. List causes of hemoptysis & conditions associated with 

pulmonary hemorrhage 

5. Types of shock & shock lung 

6. Understand the pathophysiology of thrombosis , types of emboli 

and focus on Pulmonary embolism 

7. Morphology of infarction 

8. Understand types of gangrene 

9. Discuss etiology and pathology of pulmonary hypertension 

10. Causes of hydro & hemothorax 
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GROWTH DISTURBANCES & 

NEOPLASIA 

Growth involves: A- Proliferation of cells i.e. ( number) and 
        B-Differentiation i.e. maturation & specialization of cells 

 Defective Growth: 

-DEVELOPMENTAL DEFECTS IN GROWTH 

-Agenesis: failure of organ development from primitive embryonic cells 
Proliferation defects i.e. defects in organ analage cell division  
-Hypoplasia: failure of organ to develop into adult size i.e. incomplete 
maturation. This occurs due to abnormal division but normal cell differentiation 
Differentiation defects 
-Dysgenesis: Normal or abnormal cell division & abnormal cell differentiation 

 

-NON DEVELOPMENTAL DEFECTS IN GROWTH 

Atrophy:  size & or number of cells with size of organ after organ had 
reached its adult size 

Excessive Growth:  

-REVERSIBLE (Non Neoplastic): Tissue returns to normal if growth 

stimulus is removed. Basement membrane is always intact. They are 
characterized by a known stimulus, purposeful growths, limited to duration of 

stimulus & controlled by body regulatory mechanisms  

 Hypertrophy:size of organ due to  size of its cells(see cell injury) 

 Hyperplasia:size of organ due to  number of its cells(see cell 
injury) 

 Metaplasia: number of cells & change in their morphology   
Definition: Transformation of 1 mature differentiated cell type to another 
of the same category in response to an injurious agent, which is more 
resistant to chronic injury       
Etiology & Pathogenesis   

  Types 
A-Epithelial Metaplasia: 

Chapter 

7 
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 a- Squamous Metaplasia: columnar or transitional cells squamous   
epithelium which is tougher  e.g. chronic bronchitis & bronchiectasis 

b- Leukoplakia : columnar or transitional cells Keratinized squamous 
epithelium, which is tougher e.g. Bilharzial epithelial UB changes & chronic 
cervicitis 

Gross: irregular white patches   
Microscopic 
Squamous epithelium + keratinization+ chronic inflammation in subepithelium 

 
c- Intestinal Metaplasia: columnar cells change into mucous secreting cells 
like those of intestine e.g. gastritis 

 
B-Mesenchymal Metaplasia    Chondroblasts 
Fibroblasts exposed to chronic injury     
        Osteoblasts 

E.g. Myositis ossificans: muscle fiber injuryNecrosisgranulation tissue. 

The fibroblasts of which undergo osteoblastic metaplasia   bone 
 

 Dysplasia: Is a form of disordered proliferation. number of cells & 
change in their morphology due to abnormal (but reversible)  
maturation and differentiation & proliferation . This disordered 
proliferation is characterized by : 

     -Loss of cell pattern (polarity) 
    -Cellular pleomorphism (different shapes & sizes) 

   -Mitotic figures 
   -Reversible changes 
  -Basement membrane always intact (proliferation occurs above BM) 
Etiology-Pathogenesis  
Types     Mild dyspalsia /Grade I: abnormal cells in lower  
                                                                                                             1/3d 

Epithelium chronic irritation    Moderate or Grade II: abnormality in 1/2-2/3  
of thickness   

     Severe or Grade III: abnormal cells in all thickness 
This usually proceeds to carcinoma insitu i.e. pre-invasive carcinoma  
Basement membrane is intact    

a) Cell injury results in Hyperplasia & if stimulus of chronic irritation 
persists  then Metaplasia occurs  and with more more Chronic irritation 
this is followed by Dysplasia I, II then III ending in carcinoma insitu 
(CIS) which after some time ( could be years ) proceeds to Invasive 
carcinoma (etiology of bronchogenic carcinoma) 

b) Chr. Cervicitis also a form of chronic irritation  results in cervical 
dysplasia (cervical intraepithelial neoplasia or CIN) then carcinoma 

 

-IRREVERSIBLE (Neoplasia): number of cells & change in their 

morphology due to abnormal maturation and differentiation & proliferation  
This new growth is characterized by being uncontrolled, unlimited, 
purposeless, progressive & irreversible. 
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NEOPLASIA 

DEFINITION: New growth due to the pathologic proliferation of any cell 

type (epithelial, mesenchymal, embryonic or neuroectodermal). It is 
characterized by being Purposeless-progressive, irreversible, uncontrolled & 
unlimited 
 
ETILOGY & PATHOGENESIS 
A.PREDISPOSING FACTORS (co –carcinogens) 
Co-carcinogens are factors that help the process of malignant 

transformation that act after the initiation phase  
1. Genetic factors 

-Inherited e.g. familial polyposis coli→adenocarcinoma large intestine 
  Multiple neurofibromatosis→neurofibrosarcoma 
  Retinoblastoma 
- Acquired as mutations during life (spontaneous or carcinogen 
induced) or during pregnancy (spontaneous or teratogenic exposure 
to carcinogens as  virus/drug/ radiation) 

2. Racial factors e.g. whites are susceptible to skin cancer 

    Chinese have  incidence of nasopharyngeal carcinoma 

3. Geographical: 
-Industrial zones e.g.  asbestosis→ mesothelioma 

           -Type of diet: betel chewing in India→oral cancer 
   Smoked fish in Japan→gastric cancer 

4. Age: Older age groups present with more cancer since exposed for a 
long time to carcinogens & body DNA repair mechanisms are 
improperly functioning  in addition to diminished  immunity 

5. Hormonal/sex factors:oestrogen→breast cancer or uterine cancer 

                           testosterone→prostate cancer 
6. Chronic irritation at sites where cells are known to divide rapidly(labile) 

E.g.  Bilharzial epithelial changes in UB→UB carcinoma 
  Smoking→bronchogenic carcinoma 

7. Trauma: Unknown effect but is suspected to play a role 
 
B. CARCINOGENESIS:Carcinogens + Oncogenes 
 The process of neoplasia begins with cell transformation (DNA damage 
& genetic mutation). A variety of factors are responsible : a) chemical 
carcinogens as benzene, cigarette smoke & nitrites can initiate & or promote 
this process b) Radiation, either as low level, long-term environmental gamma 
rays or as higher, therapeutic irradiation, can also produce genetic mutations. 
c) Infections particularly viral e.g. human papilloma virus (HPV) are also 
important agents (a&b & c are called carcinogens. They are external 
agents that can cause DNA damage)10 
 
 Genetic damage with DNA alterations leads to a) point mutations, b) 
translocation of genetic material from 1 chromosome to another, c) gene 
reduplication with amplification. These alterations transform proto-

                                                
10

 NB Carcinogens are also called teratogens if they produce neoplasia during pregnancy 
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oncogenes (genes which are responsible for promotion & regulation of 
growth in embryogenesis or normal growth but are suppressed or “turned 
off” in adult life) into oncogenes (are “turned on” proto-oncogenes) 
 

1) Chemical carcinogens 
A-Industrial: -Aniline dyes e.g.Naphthylamine→UB carcinoma 

              -Insulators e.g. Asbestos→Mesothelioma 
              -Plastics e.g.Vinyl chloride→Angiosarcoma 

    -Mineral oils & tar-Benzepyrene & other hydrocarbons→  
      Squamous carcinoma skin 

     B-Dietary: Nitrosamines→UB carcinoma  
       -Wheat aflatoxin→Liver neoplasia 
       -Synthetic flavors & dyes 
     C-Social: Tobacco & Betel chewing→oral cancer 

      Smoke organic compounds: Cigarettes→lung cancer 

              Smoked fish→gastric cancer 
Mechanism: direct action at site of entry or through products of metabolic 

degradation at local site or at site of excretion e.g urinary tract  & GIT 
 

2) Viral carcinogens:2 types of viruses  
-DNA viruses e.g.    HPV (human papilloma virus)→cancer cervix 
        EBV (Ebstein-Barr virus)→nasopharyngeal carcinoma 
        Hepatitis B→hepatocellular carcinoma 
-RNA viruses e.g.    Retroviruses→leukemia /lymphoma 

Mode of action: Addition of viral DNA to the cell’s original DNA→mutation & 
malignancy 
-DNA Viruses invade cells and directly incorporate their DNA in host nucleus 
-RNA viruses invade cells →produce enzyme reverse transcriptase in 
cytoplasm & the RNA viral material becomes transformed to new DNA, which 
becomes incorporated in the  nucleus 
 

3) Irradiation  
Mechanism: The ionizing activity of X-rays and atomic radiation produces 
many DNA changes ranging from single gene mutation to gross chromosomal 
damage. The mutated cell proliferates to form a clone of abnormal 
uncontrolled cells i.e. neoplasm (see Radiation injury) 
E.g.  X-ray workers→skin cancer, leukemia 
 Mining of radioactive substances→lung cancer 

Therapeutic administration of radioisotopes e.g. in thyroid disease 
may→thyroid carcinoma 

 

Important definitions 

-Carcinogen: external agents, which can cause DNA damage & point 
mutations 
-Proto-oncogenes (c-oncogenes i.e. cellular oncogenes): gene sequences 
that promote & regulate growth i.e. expressing growth factors e.g. EGF –
PDGF etc…. These are inhibited or regulated during normal growth by anti-
oncogenes which are genes expressing growth inhibitory effects e.g. TGF B & 
P53, which are also called tumor suppressor factors  
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-Oncogene11: is an activated proto-oncogene (activated by change in gene 
structure or in gene expression i.e. functions) They are no longer sensitive to 
growth regulatory stimuli 
 

 THEORIES OF ORIGIN OF NEOPLASMS 

It is  postulated that mutation in 1 cell can lead to  tumor , but in some  
cases   some tumors, develop at same time from   cells at different sites  
 
 Monoclonal origin            Multiple Field of origin 

  
-Abnormal proliferation of 1 cell  Separate cells proliferate at different 
sites 
-Abnormal daughter cells (clones)   A variety of clones are produced→ 
-Proliferation continues→1 mass         Multiple masses 
Eg:B  cell lymphomas   UB carcinoma & bilateral breast 
      carcinoma 

  
 Etiology of neoplasms is still unclear but several theories try to explain the 
pathogenesis: 
1. Multistep theory of neoplasia(multiple hits & multiple factors) 
 
a) Stage of initiation: 

 
Normal cell exposed to carcinogens  Biochemical change→active 

chemicals→DNA damage 

Interaction with DNA→structural & functional changes (anti-oncogenes & 

     oncogenes) 
 
b)Latent stage 
Normal        Initiated cell (still under body control) may remain up to 10yrs 
 
c)Stage of promotion                                   exposure to  
    N cell exposed to carcinogen   Initiated cell  co-carcinogen        proliferation either:  

     
 Reversible(hyperplasia-metaplasia-dysplasia)  or irreversible (malignant)  
 
  d) Stage of malignant transformation (Irreversible) 
Neoplasia is an irreversible, persistent, purposeless, progressive, uncontrolled 
& unlimited cell proliferation 
 
2. Genetic mutation theory: Is the result of a spontaneous mutation or 

hereditary acquiring of, a susceptibility gene 
 
3. Epigenetic theory: Abnormality of gene expression due to abnormalities 

in regulatory genes. The important changes do not occur in the 
genetic apparatus but in the protein products of the growth regulatory 

genes 
                                                
11

 Examples: c-erb-B2 in breast carcinoma, ras found in many carcinomas & leukemias, BRCA-1 in 
breast & ovarian carcinomas, Rb in retinoblastoma & p53 in many carcinomas 
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Normal nuclear genetic apparatus→regulatory protein in cytoplasm exposed 
to chemical (carcinogen) in cytoplasm→new protein, which affects growth   
 
4. Virogene –Oncogene theory: Process of ONCOGENESIS 
Malignant transformation is the result of activation or derepression(removal of 
suppressor effect) of growth regulatory genes ie  proto-oncogenes  by: 

-Mutation of proto-oncogene (cellular or c- oncogene)→oncogene 
-Translocation to a more active part of the genome 
-Insertion of oncogenic viral DNA at or near the site of important gene, 
thereby affecting its action 
-Amplification (production of multiple copies) of growth promoting, 
proto-oncogene 
-Derepression of gene (loss of suppressor activity) 
-Introduction of viral oncogene & replacement of the original gene 
The result is a mutant gene (oncogene)→neoplasia 
Proto –oncogene (c-oncogene) contains growth regulatory genes.  

Virus introduction→  v-oncogene, which is identical to cellular, DNA 
sequences but lacks important growth regulatory sequences (genes) 
RNA viruses: have nucleic acids complementary (similar) to proto-
oncogenes so by reverse transcriptase enzymatic changes Viral RNA 
into →viral DNA sequences v-oncogene, which are then used by the 
nucleus instead of the original  
DNA viruses: are directly incorporated in cell genome and function as 
oncogenes from the start 

Viruses, not only affect growth regulatory genes but also may 
cause loss of tumor suppressor gene function and cause 
limitation of apoptosis 
 
5. Failure of immune surveillance mechanismsNeoplastic cells →new 

antigens (tumor associated antigens-TAA)12 which are considered 
foreign by the immune system. The immune system   reacts by   a 
cytotoxic immune response. If the immune system is defective or fails 
to recognize the new antigens as foreign e.g. AIDS failure of immune 
system to recognize these new foreign antigens & kill the cells carrying 
them →  tumor formation  (cell escapes immune system) 

 
 
 
 

SUMMARY 

A-CONTROLLED GROWTH 

 
Hyperplasia  stimulation   inhibition             Hypoplasia 

                                                
12

  Tumor associated antigen(TAA): a) viral antignes b) oncofetal antigens e.g. arcinoembryonic 
antigen(CEA), alpha feto protein( AFP) these are derepressed genes existing from embryonic 
development  c) chemically determined antigens  
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   Of GF    GROWTH 
Hypertrophy         Atrophy 
    Normal--------------Abnormal 
    Physiologic        controlled 
 
 

Plasia (number)      Trophy(size) 

              
 
        Irreversible    Abnormal 
 

B-NEOPLASIA 

 
Definitions 
Def 1: Pathologic proliferation of any cell type characterized by being : 
 Irreversible,uncontrolled,progressive & purposeless 
 
Def 2: (Molecular): Disorder of growth regulatory,promotive genes(proto-

oncogenes) & tumor supressor genes(anti-oncogenes) resulting in a multistep 
proliferation & differentiation sequence 
 
According to :1)Mode of growth        2)Rate of growth   and          3)Spread 
2 main types of neoplasms(tumors)  exist:  
        
            BENIGN TUMOURS  MALIGNANT TUMOURS 

a)locally malignant( no metastasis) 
b)frank malignant (metastatic) 
 

Rate:  slow     rapid 
 
Mode            Expansile     Invasive 
  Well defined (round/oval)            -ill defined (irregular shape) 
  Capsulated              -non capsulated 
  No hemorrhage   -hemorrhage 
  No necrosis              -necrosis 
Spread          No spread since localized  Spread since invasive: 
          Local spread 
          Distant(metastasis) 
Microscopic exactly like tissue of origin   Similar but not identical 

 
Types of BENIGN & MALIGNANT tumors13 
 
1)EPITHELIAL     2)MESENCHYMAL  3)OTHERS 
        Embryonic tumors 
        Pigmented tumors 
        neuroectodermal 
NB Hamartoma is not a neoplasm, it is only disorganized tissue forming 
a tumor like mass i.e. a developmental abnormality 

                                                
13

 Names of tumors usually end in OMA i.e. Tissue of origin + oma 
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Classification 

A. According to type of growth(rate mode& spread), tumors are either: 
Benign or Malignant.            Malignant tumors are further subdivided into: 

       Primary 
 Locally malignant  Invasive 

 (do not metastasize) + SPREAD Secondaries(metastasis) 
spread locally (invade BM & 
tissue with no distant spread)  

 & 
Carcinoma insitu 
(no basement membrane invasion 

limited to epithelium) 
 

B. According to histological origin of tumor 
Epithelial –Mesenchymal(connective tissue) - others  

 
General characteristics of Benign & Malignant tumors 

   BENIGN    MALIGNANT 

 
Rate & Slow rate of growth   Rapid rate 
Mode of  expansile mode   Invasive mode 
Growth non recurrent    Metastasizes & recurs 
 
Treatment     Lumpectomy    Radical surgery 
GROSS 
 
1-Solid organs (mass=oma) 
Size              Variable    Variable 
Shape           well defined    Ill defined  
  Round/oval(capsule)  Irregular shape(invasive) 
Surface Smooth capsule of FT  Regular & adherent to tissue 
  Capsule:FT from pressure 
  Atrophy on surrounding 
  Tissue & produced by tumor 
Cutsection Homogenous              Mottled (Hge-necrosis) 
Color  =original tissue    =original tissue+ red & yellow 
Consistency  =original tissue   Firm to hard + friable areas  

                                                                                                  (Necrosis) 
 
2-Surfaces & linings 
shapes: papillary growth   Polypoid fungating  

  (papilloma)    Malignant ulcer 
       Diffuse infiltrative 
       Localized infiltrative(stricture) 
 
MICROSCOPIC(BR)    (criteria of malignancy) 
 
Like original tissue Appearance Depends on 

grade or differentiation 
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       GI(well differentiated)=similar 
       GII(moderately diff)can be traced 

       GIII(poorly diff.) very difficult 
       Anaplastic: no resemblance
                (undifferentiated)  
1-cell size  same as mother cell             Pleomorphism(of size & shape) 

& shape                Small & large cells, variable shape 

 

2-Number No cell crowding but  hypercellularity 

of cells  mild      
 
3-Nucleus 
chromatin Normochromic   Hyperchromatic(dark) 
-size  Uniform    Small & large(pleomorphic) 
-shape   Round to oval   Pleomorphic 
-nucleoli      Prominent 
-N/C ratio 1/5     Increased 1/1 or ½ 

-Mitotic   or none    Increased & abnormal 
figures 
 
4-Invasion: None (well localized )  Cells seen invading healthy 

tissue 

 

 

 

EPITHELIAL NEOPLASMS14 (Groups of cells surrounded by CT) 

BENIGN (OMA)    MALIGNANT (CARCINOMA) 

A)Gross & microscopic types 

Solid organ (glandular epith)   
Adenoma       Adenocarcinoma 

BR+ cells in groups surrounded by CT           Grade & differentiation:     

Malignant tumors only see before 
 

 
Surface/lining  epithelium     

Papilloma        Carcinoma  
Polypoid - ulcerative – diffuse  

 
-Squamous cell papilloma                  -Squam. Cell carcinoma 
-Basal skin cells:           -Basal cell carcinoma(rodent ulcer) 

-Transitional cell papilloma        -Transitional cell carcinoma 

                                                
14

 Terms for epithelial  Benign tumors: tissue + oma    

                                  Malignant : tissue + carcinoma 
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-Duct papilloma                   -Duct carcinoma 
-Columnar epith: papillary adenoma,     -Adenocarcinoma 

   adenoma or adenomatous polyp 
 
Microscopic: BR               
 
Papilloma/polyp:  
are finger like projections from a 
surface or a lining they are covered on 
all sides by skin or mucosa & have a 
CT core with BV. The papillary 
structures usually have very thin cores, 
whereas the polyps may have much 
broader cores. Papillomas are always 
benign neoplasms , polyps may be 
neoplastic e.g.adenomatous polyp or 
non-neoplastic e.g. nasal 
polyp(allergic inflammation) 

 

 

 

 

MESENCHYMAL NEOPLASMS 15 each cell surrounded by CT(no 

groups) 
    -CT: cartilage-bone-adipose tissue-fibrous tissue- muscle 
    -Endothelial and mesothelial tissue 
    -Lymphopoetic & haemopoetic tissue 
 

BENIGN    MALIGNANT 
     OMA    SARCOMA    
Gross    Benign mass   Malignant mass 
Microscopic  BR    BR & cells arranged 
individually                                                           i.e. sheets 
types     
Fibrous tissue Fibroma   Fibrosarcoma 
Cartilage  Chondroma   Chondrosarcoma 
Adipose tissue Lipoma   Liposarcoma 
Bone   Osteoma   Osteosarcoma 
Muscle  Myoma 
 smooth muscle -Leiomyoma         -Leiomyosarcoma 
 striated muscle -Rhabdomyoma                       -Rhabdomyosarcoma 
Blood vessels Angioma   Angiosarcoma 
                                 (hemangionendothelioma16) 

                                                
15

 Benign mesenchymal tumor=tissue + oma      Malignant =tissue +sarcoma 

16
 infantile hemangioendothelioma since adult type is considered malignant 
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            Hemangioma6 

Lymphatic vessels Lymphangioma6 

Peripheral nerves Neurofibroma  Neurofibrosarcoma 
Lymphoid tissue      Lymphoma 
Myeloid tissue     Leukemia 
(Bone marrow)  

OTHERS 

1-Embryonal (primitive)        
Totipotential (cells of 3 germ layers) 

   Dermoid cyst   Malignant teratoma 
   Benign teratoma  

Multipotential (cells of ½ germ layers) Embryoma (Wilm’s tumor) 

       Hepatoblastoma 

2-Fibrohistiocytic      Benign fibrous histiocytoma  Malignant FH 
3-Pigmented cells Nevi17    Melanoma 
4-Mixed tumors     Carcinosarcoma 
5-Neuroendocrine     Carcinoid 
/neurocetodermal    

 

EFFECTS (behavior & complications) 

1-Behavior 
a) Benign:  
 Slowly growing, expansile, capsulated mass causes no hemorrhage or 

necrosis 
 Large masses show degenerative central changes due to poorer blood 

supply e.g.: myxoid change-hyalinosis-dystrophic calcification 
 No recurrence after simple surgical removal 
 These cause problems (COMPLICATIONS) only if they: Enlarge 

causing pressure or obstruction. If they are confined in tight spaces 
e.g. brain→death  (pressure on vital centers) 

 Pressure on surrounding structures or lumen obstruction (do not invade 
or spread) 

 Benign tumors do not usually cause death except in critical sites e.g. 
brain  pressure of mass on vital centers 

 Tumors of endocrine organs may be functioning tumors i.e. produce 
excess hormones 

 Some benign tumors if left may  undergo malignant transformation 
b) Malignant:Malignant tumors vary according to behavior into several 
subtypes: 
Locally malignant: Epithelial & mesenchymal tumors with malignant criteria, 
which invade only locally & produce no metastasis (distant spread) e.g. 

Basal cell carcinoma-adamantinoma-gliomas-osteoclastoma 

                                                
17

 Nevi - hemangioma & lymphangioma are not true neoplasms they are developmental abnormalities 
called hamartomas 
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Carcinoma insitu(CIS): Collection of malignant cells that do not invade 
basement membrane. Usually in mucous membranes eg. CIS carcinoma in 

situ cervix occurs also in UB & bronchial tree 
Occult tumors: are those, which are hidden & may be noticed accidentally at 
autopsy or during a screening program or after having metastasized e.g. 
Prostate,testis & thyroid… 
Invasive 1ry tumor (carcinoma /sarcoma). Usually a single mass which has 
the ability to spread via BV & lymphatics to distant sites i.e. produce 
metastatic deposits. 
NB.Some tumors may be multiple, in different areas without any connection 
e.g. transitional cell carcinoma UB & breast cancer (lobular carcinoma) 
Secondaries/metastasis: multiple tumor masses arising in a variety of organs 
but are similar to the primary in appearance. Usually secondary to blood or 
lymphatic spread 
 
Behavior of malignant tumors   
 

 Rapidly growing , invasive, non capsulated mass causes  hemorrhage & 

necrosis due to BV invasion & blood supply 

 Malignant tumors induce: 
-Neovascularization (angiogenesis) to supply the rapidly increasing 
new  growth 
-Inflammatory reaction to the dead (necrotic) cells. 
-Immune reaction against tumor associated antigens. 
-Fibrosis  

 These tumors invade tissues at site of origin(local spread) and give 
distant metastasis (spread) as a result of BV &LV invasion(see clinical 
stage above ). Some may cause pressure on surrounding structures or 
lumen obstruction 

 Recurrence after simple surgical removal 

 Tumors of endocrine organs may be functioning tumors i.e. produce 
hormones and some non endocrine tumors may abnormally start 
producing hormones ECTOPIC HORMONE production →a confusing 
mixture of signs & symptoms PARA NEOPLASTIC SYNDROME eg.lung 
carcinoma cells may→ACTH →Cushing syndrome 

 Malignant tumors   usually cause death 
 
Behavior of malignant tumors  and their prognosis depend on 
histological grade (degree of cell differentiation) & clinical stage (degree 
of local and distant spread) 

 
Histological grade:  

-Grade I: (GI )(well differentiated): tumor in all areas resemble to a 
great extent the mother cell. The cells show mild criteria of malignancy 
i.e. pattern of tissue of origin can be easily identified. Low aggressive 
potential 
-Grade II (GII) (moderately differentiated): There is partial resemblance 
to origin, which can still be traced. Moderate aggressive potential 
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-Grade III (GIII) (poorly differentiated.) Very difficult to trace tissue of 
origin only a small part of tumor may bear some resemblance.  Severe 
aggressive potential 
Anaplastic (undifferentiated): no resemblance at all cannot be traced. 
Severe aggressive potential 

Clinical stage: 
-Stage I: tumor restricted to tissue of origin 
-Stage II: tumor of large size in tissue of origin + /-LN regional 
-Stage III: tumor of large size in tissue of origin +  many  LNs  
-Stage IV: tumor of large size in tissue of origin + distant metastasis 
(hematogenous spread) 

 
Other staging systems: TNM (Tumor –LN-Metastasis) see special  
         ABCD system (see special) 

 
2-Complications & cause of death  
 

I)GENERAL COMPLICATIONS OF MALIGNANCY 

1-Cachexia: a severe form of protein calorie malnutrition→severe body 
wasting. The rapidly growing tumor uses up all the patients’ nutrition & 
bleeding from destroyed vessels, anorexia (loss of appetite) & vomiting 
(obstruction) or malabsorption worsens the condition. 

CP: severe wasting (weight & weakness)-pallor (anemia)-malaise & fever 
(toxic tumor metabolites&macrophage TNF alpha in circulation)+/-2ry 
infections in malnourished patient 
 
2-Anemia from repeated blood loss –metastasis in bone marrow & 

malnutrition 
 
3- Fatal Hemorrhage  
 
4-Severe infection (2ry infection + spread): Lowered resistance to infection 

(malnutrition &immune response) 
 
II)  Local causes : according to organ: 
1-Extensive destruction may→organ failure or death from local severe 

hemorrhage 
2-Obstruction of a lumen may be fatal as in intestinal obstruction with septic 

peritonitis. Or pressure from the outside on the lumen 
  
III) SPREAD OF MALIGNANT TUMOURS : involvement of many organs by 
metastatic spread of the tumor may cause multi- organ failure 

 

A) LOCAL INVASION- (direct spread) 

1- Direct tissue spread at site of 1ry tumor by invasion 
 
2- Perineural spread: malignant cells invade the nerve sheaths and spread 
along them 
Mechanism:   
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1. Loosening of intercellular junctions, due to loss of E cadherins, change 
in cell surface receptors.These surface molecular changes help free 
movement of tumor cell,  whilst  loss of contact inhibition (helps 
uncontrolled cell proliferation) 

2. Surface receptors to adhesive glycoproteins laminin & fibronectin (FN 
)of basement membrane & underlying CT, respectively (adhesion to 
these molecules determines direction of spread & shape of cell) 

3. Proteolytic enzymes & metalloproteases produced by tumor cells 
degrade BM & CT e.g. Type IV collagenase-plasminogen activator- 
hyaluronidase. Collagen is cleaved, by collagenases and malignant 
cells use their own motility apparatus (actin) and start invading the 
tissues, as they move along, they adhere to stromal FN in the 
connective tissue. 

 
B) DISTANT SPREAD-metastasis or secondaries (2ries) 
 
1- Lymphatic spread: Carcinomas prefer to spread through 
lymphatics more than blood. The opposite is true for sarcomas, 
which metastasize rapidly by the blood stream and rarely, affect 
lymph nodes. 

Lymphatic permeation: invasion of LV → solid growth inside LV 
Lymphatic embolization: small groups of tumor cells get carried in 
lymphatic circulation to be impacted in the subcapsular sinus of the 
regional LN. With complete replacement of the LN by malignant cells, 
they spread to other LN groups away from the region.  
Retrograde lymphatic spread: Instead of malignant cells travelling with 
the lymph flow they travel backwards when there is an obstruction in 
their pathway 

 
2- Hematogenous spread (blood stream): Sarcomas prefer 

this mode of spread. It also occurs in carcinoma but later after 
lymphatic spread. Source of malignant cells: direct invasion of BV 
wall or from lymphatics through the thoracic duct. Spread is:  

-Mostly embolization 
-Some tumors e.g. hypernephroma also spread by permeation 

Sites of choice for hematogenous emboli:  
Liver –Lungs –Bone & Brain 
GIT tumors spread via portal system to liver 
Most other carcinomas travel by systemic circulation to lungs-liver-brain & 
bones (tumors depositing here generally cause osteolysis & pathological 
fracture except for prostatic carcinoma→osteosclerosis 
 
3- Transcanalicular spread: This type occurs in hollow 
structures and parts of tumor detach fall into lumen eg.bronchi & UB 
and form metastatic deposits distally. 
 
4- Transcoelomic: When tumor cells reach a mesothelial 
cavity, e.g. peritoneum, pleura & pericardium. They detach to 
deposit, forming tumors in various organs. Tumors formed due to 
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spread of GIT carcinoma to ovaries are called Krukenberg 
carcinoma 
 
5- Implantation/Inoculation 

 Tumor cells may implant along the course of a needle track or 
surgical incision  

 Inoculation of 2 adjacent surfaces with tumor cells e.g. upper lip 
carcinoma cells may affect opposite site on lower lip 

 

PROGNOSIS & MANAGEMENT OF TUMORS 

 
Factors Influencing Prognosis 
1-Histological type: Sarcomas spread early by bloodstream & are therefore 
worse in prognosis than the lymphatic spreading carcinoma. 
2-Site: Superficial tumors are easily diagnosed & are more accessible to 
removal than deeper ones & therefore better prognosis 
3-Grade & differentiation: The higher the grade &  the worse the  cell 
differentiation , the higher the aggressiveness of the tumor 
4-Stage: The higher the stage the worse the prognosis 
Low stage: 0-II confined to organ +/- regional LN 
High stage: III-IV many LNs-Hematogenous spread 
T=tumor size (1-4) N=nodal involvement(0-3) M=metastasis  
5-Immune host response: Tumor associated antigens (TAA), excite an 
immune reaction(cytoxic T cells, Natural Killer cells ,opsonins & cytotoxic 
antibodies) with a cytotoxic effect on tumor cells.  
6-Hormone receptors: tumors that are hormone dependent can be treated 

with anti-hormone therapy e.g. breast cancer in addition to surgery & have a 
better prognosis 
7-Growth Fraction: High GF tumors, are those not in the G0 (resting) phase 
of cell cycle i.e. they are highly mitotic. They are more sensitive to 
chemotherapeutic agents, which mainly act on mitotically active cells. 
8-Radiosensitivity: 

Radiosensitive tumors are those with actively dividing cells i.e. labile cell 
tumors. They have a better prognosis than radioresponsive stable cell tumors 
or radioresistant tumors from permanent cells (see radiation injury) 

 

DIAGNOSIS: 

 
-Screening programs: Very early detection of neoplasm before patient 
symptomatizes. They  detect, precancerous lesions and occult 
lesions(hidden) 
-Early diagnosis: Detects insitu lesions or lesions with early invasion 
 
methods of detection: 

1-Biopsy: Frozen section (freezing tissue removed at time of 
surgery)→immediate diagnosis while patient is anesthetized. 
      Paraffin block ordinary biopsy: takes 1-2 days for processing. 
2-Cytology: Fluids by exfoliative cytology: pleural, pericardial,ascitic & 
joint effusions 
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          Fine needle aspiration cytology (FNAC),  of solid masses 
3-DNA Tests: flow cytometry & Image cytometry 
Normal cells are diploid in DNA content whereas malignant cells are 

aneuploid(DNA →hyperchromasia) 
4-Tumor markers: search for tumor associated antigens (TAA) in blood 
& tissue is important for diagnosis, follow up & planning of treatment 
CEA carcinoembryonic antigen in GIT tumors 
AFP alpha fetoprotein in germ cell tumors 
PSA prostatic specific antigen in prostatic cancer 
5-Electron microscopy especially for poorly differentiated tumors, it can 
detect cell of origin 
6-X-rays, CT scan , MRI etc… 

 

TREATMENT 

a)Benign: Lumpectomy: only the mass is removed 
b) Malignant: 
 

 -Radical Surgery i.e. removal of mass + safety margin + draining lymph 
nodes i.e. whole or nearly all the organ is removed with the cancer 
-Chemotherapy: drugs which interfere with metabolism especially 

protein synthesis & DNA block 
-Radiotherapy: affects tumor cell DNA by breaking it (dose is sufficient 

to affect only the more mitotically active cells & spare the slow normal 
ones 
-Hormonal therapy: drugs: e.g. anti-estrogens in breast cancer 

    surgical removal of ovaries tohormone 
-Immunotherapy: boosts the immune system e.g. BCG vaccination 

(non-specific stimulus), Interferon treatment or (interleukin) IL-2 
-Gene therapy: changing the genetic sequence  

 

FOLLOW UP 

This is highly recommended in 
Precancerous lesions: dysplasia-metaplasias(  see before) 
Benign tumors if not excised surgically or are multiple (rare) e.g. 
Multiple leiomyoma 
Malignant tumors are known to recur 

 
TUMOR-LIKE LESIONS 
 
Definition: Are mass forming non-neoplastic lesions, characterized by: 

-Absence of capsule 
-Grows at same rate as normal cell 
-Stops growing with rest of body 

 
1-HAMARTOMA: Tumor –like mass formed as a result of a developmental 
abnormality with haphazard crowding of normally present structures in one 
area, thereby form  a mass e.g. nevi-hemangioma-lymphangioma-multiple 
neurofibromatosis-osteochondromatosis(single or multiple exostosis) 
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1)Capillary Hemangioma   2)Cavernous Hemangioma 
 

Site:   Skin(birthmark)    Skin 
  Mucous membranes  macroglossia(large tongue) 
Organs:  Brain ,kidney etc   Liver spleen, muscle,bone 
Gross  Deep red well defined patch         Red well defined soft mass 

Micro Small capillary like spaces   Wide vascular spaces lined by  
endothelium lined + blood.            endothelium ,separated by FT      

  
3)Capillary lymphangioma  4)Cavernous lymphangioma 
 

Site  Skin of head & neck-axilla  Skin of neck→cystic hygroma 
  Mucous membranes lip & tongue   

(macrochelia&macroglossia) 
Organs Liver, spleen & others  Liver & spleen  
Gross  Soft,1-2cm nodules,grey-pink  Cystic mass, large size,soft-greyish 

pink 

Micro  Small endothelial lined spaces Large endothelial lined spaces  
 separated by CT.  

The spaces are filled with homogeneous pink lymph & 
lymphocytes 
 

5)Melanocytic Nevi(Pigmented nevi or moles):These are benign 

melanocytic tumor- like lesions that represent a developmental abnormality.   
Types: 

a-Congenital:1-Giant nevus: Large dark lesion, which may be hairy 
             2- Blue nevus:Heavily pigmented cells   
b-Acquired:Absent at birth,  appear in childhood & even later , may 
disappear but some persist 

 
2-CHORISTOMA: Tumor –like mass formed as a result of a developmental 
abnormality with presence of misplaced, ectopic (foreign) tissue  
Mechanism: embryonal cell rests are misplaced during organogenesis 
i.e.ectopic pancreatic tissue in spleen or in wall of intestine. 
 
3-FIBROMATOSIS: non neoplastic reactive proliferation of FT forming an 
irregular , uncapsulated mass also called pseudosarcoma 
-Desmoid(musculo-aponeurotic fibromatosis ) : abdominal or extrabdominal 
-Palmar(Dupytren’s contracture)-plantar or penile  fibromatosis 
-Keloid(see repair) 
-Nodular fascitis 
 
4-GRANULOMA: Chronic specific inflammation 
 
5-EXOSTOSIS(OSTEOCHONDROMA)lateral aberrant growth of epiphyseal 
cartilage of long bones especially femur. Growth is arrested at puberty 
  
 
B) PRECANCEROUS DISORDERS 
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A)HYPERPLASIA e.g. endometrial Hyperplasia.-Fibrocystic disease of breast-
Liver cirrhosis 
B)METAPLASIA e.g.: Leukoplakia-glandular metaplasia (cystitis glandularis) 
C)DYSPLASIA e.g. cervical intraepithelial neoplasia(CIN) in cervix- urothelial 
intraepithelial neoplasia (UIN) in UB & dysplasia of bronchial lining 
D)INFLAMMATIONS e.g. atrophic gastritis-Autoimmune thyroiditis- Marjolin 
skin ulcer  
 
 
 
 
 

SUMMARY 

MANIFESTATION OF NEOPLASIA 

1-Gross morphology 
2-Microscopic: *Histologic classification tumor cell type (epithelial-
mesenchymal or other 
3-Behavior of tumor a) is it benign or locally malignant or malignant 
&Criteria of cellular malignancy b) Grades or degree of differentiation for 
malignant tumors. Host can restrain behavior of neoplasms: Immune 
response & inflammatory reactions. Local & general changes. c)Tumor stage 
d)Effects: progress & complications 

-LOCAL: pressure-obstruction +/-destruction & Invasion if malignant  
-SPREAD: local-blood –lymphatic 
-GENERAL: cachexia-pain –hemorrhage-infection 
-DEATH: Benign from pressure or obstruction 
             Malignant from local damage-spread (metastasis) –hge-cachexia-
infection        

 

MANAGEMENT OF NEOPLASMS 
1-Diagnosis 
2-Treatment curative for benign & palliative for most malignant tumors 
3-Follow up of pre-cancerous (intestinal metaplasia-leukoplakia-dysplasia) 
lesions- and benign tumors & follow up after surgery since malignant tumors 
may recur after removal 
           
DESCRIPTION OF ANY NEOPLASM( BENIGN or MALIGNANT)   
  
1-Definition: Benign/Malignant neoplasm arising from  ----- tissue 
2-Incidence – sites, precancerous lesions 
3-Manifestations 
A-Gross: Specimen(mass of lumpectomy/organ in radical specimens  
    Size of tumor 
    Shape   
    Surface(outer) & outline (ie.defined capsulated or ill-defined & invasive) 
    Cut section: Benign: +/- 2ry changes(myxomatous,hyaline or dystrophic      

                                     calcification 
                Malignant: shows areas of hemorrhage & necrosis 
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    Color Benign 1 color like original 
              Malignant: mottled red(hemorrhage), yellow(necrosis) & original  
                                                                                                 tissue color 
   Consistency: Benign like original tissue  

     Malignant firm-hard 
B)Microscopic 
Benign: describe tissue histology(cells + fibers) + FT capsule at periphery18 
Malignant: A)Criteria of malignancy(pleomorphism of cell & nucleus-

hyperchromatism-hypercellularity- mitotic figures-N/C ratio-invasiveness 
        B)Grade according to degree of differentiation 
 
4-Effects & complications 
Benign: Pressure-obstruction-hyperfunction-absence of  recurrence or 
spread-benign tumors may→malignant (rare) 
Malignant  

Local:Pressure – obstruction-paraneoplastic syndromes-
hyperfunction→endocrine disorders -organ failure 
General: Hge-anemia-malnutrition-cachexia  
Recurrence & spread(local –distant) 

5-Prognosis: Stage & grade determine the prognosis for malignant tumors 
6-Treatment: 
 Benign: Lumpectomy (only the mass is surgically removed) 
 Malignant:Radical surgery (Mass + surrounding tissue + regional LN) 
  +/-  Chemotherapy 
  Radiotherapy 
  Combination(radio+chemotherapy) 
  Others: Hormonal-Immunotherapy-Gene therapy 
Treatment may be curative in some tumors with early stage & low grade or 
palliative in most cases 
 
7-Any special features of the tumor 

EXAMPLES OF BENIGN & MALIGNANT TUMORS 

A) EPITHELIAL 

BENIGN 

 
1-ADENOMA:Benign, capsulated tumor of exocrine or endocrine glandular 

origin 
Complications:  
Endocrine adenomas→may be hormone secreting e.g. thyroid  
                                     adenoma→thyrotoxicosis 
Malignant transformation→adenocarcinoma 
 
2-PAPILLOMA: Benign , non-capsulated surface epithelial tumor arising as a 
surface finger-like protrusion 

                                                
18

 Benign tumors which do not have capsules: Leiomyoma-papilloma-adenomatous polyp-osteoma 
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a)Squamous cell papilloma: benign tumor of stratified squamous epithelium  
sites: lip-tongue-pharynx-larynx-cervix-vagina 
Gross      Microscopic 
Small sessile or pedunculated  Thin CT core with BV 
surface projection    Surface layer of stratified squamous  

epithelium.thickness of prickle 
cells(acanthosis)  

&  keratin(hyperkeratosis) 
b)Duct papilloma: Benign  tumor arising from major ducts of breast 
c)Adenomatous polyp(adenopapilloma): Benign  tumor arising from mucosa 
of GIT. Malignant transformation→adenocarcinoma 
d) Transitional cell papilloma: benign tumor covered by transitional 
epithelium with fine fibrovascular core. Complications: hematuria & 50% 
transform into transitional cell carcinoma  

 

MALIGNANT 

 
1-ADENOCARCINOMA: malignant tumor of glandular epithelium 
Sites: endocrine & exocrine glandular organs 
          mucosal linings as GIT,respiratory tract,cervix etc…. 
Gross 
1-Solid organs: see malignant mass 
2-Linings: Polypoid fungating: single-wide based-irregular outgrowth-indurated 
base 
      Ulcerative(malignant ulcer BR)single –large-raised everted edge 

     raised necrotic floor-indurated base 
Infiltrative: Infiltrative thickening which may affect a localized 
segment causing an annular stricture or diffusely infiltrative growth 

 
Microscopic 

  Malignant cells arranged in variable shaped variable sized acini with 
no definite basement membranes 

 Cells show criteria of malignancy(see before) 

 Cells lining malignant acini show stratification some may be papillary 
in appearance (papillary adenocarcinomas) and may invade all layers 
reaching the serosa .  

 Malignant glands which form cystic dilations are termed 
cystadenocarcinomas 

 Malignant glands which form cystic dilations with papillae are termed 
papillary cystadenocarcinomas 

 According to the degree of glandular  formation the tumors are defined 
as: 

Well differentiated: Whole tumor has a glandular pattern 
Moderately differentiated: half or more of the tumor has a glandular pattern 
the rest is is formed of solid groups of cells 
Poorly differentiated: most of the tumor is solid groups of cells,  only a small 
part retains glandular features 
Undifferentiated or Anaplastic: all tumor is solid groups of cells, hardly 
resembling tissue of origin e.g. carcinoma simplex of breast 
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Variants of carcinoma 
Mucin secreting carcinomas 
a-Mucoid carcinoma(colloid/mucinous carcinoma): adenocarcinoma with 
abundant intra & extracellular  mucin forming lakes around groups of cells 
b-Signet ring carcinoma: malignant cells are swollen with intracellular mucin 

pushing the nucleus against the cell membrane 
 
2-SQUAMOUS CELL CARCINOMA: malignant tumor arising from squamous 
epithelium 
Sites:  Skin  

Mucous membranes lined with stratified squamous epithelium e.g.   
lips-tongue-larynx-esophagus-cervix-vagina-anal canal 

          Other mucous membranes on top of squamous metaplasia e.g. urinary  
bladder- bronchi 

Predisposing factors: 
 Prolonged exposure to sun 
 Squamous metaplasia & leukoplakia 
 
Gross     Microscopic 
1-Ulcerative: (see malig. ulcer) Groups of pink malignant cells invading  
   raised everted edges  dermis or submucosa called cell nests 
   rough necrotic floor  Cells show all criteria of malignancy 
  indurated base    The outer layer is formed of basal cells   
 
2-Polypoid fungating  followed by a prickle cell layer and a central

    
3-Infiltrative    whorl of keratin(cell nest/keratin pearls)

        
The less differentiated the neoplasm, the lesser the number of keratin pearls 
Broders grading:GI=75%-100% of tumor has cell nests 
       GII=50-75% 
       GIII=25-50% 

                 GIV=25% 
Spread: Direct-lymphatic then blood   
 
3-BASAL CELL CARCINOMA:Locally malignant tumor arising from the 
basal cell layer of the epidermis 
 
4-TRANSITIONAL CELL CARCINOMA  

B) MESENCHYMAL  

BENIGN 

1-FIBROMA: Benign tumor of fibrous tissue 

Sites: 1-Dermis and subcutaneous tissue 
 2-Organs as ovary etc…. or wall of GIT 
 
Gross     Microscopic 
Capsulated round /oval  Fibroblasts & collagen & BV 
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Grey     Spindle shaped nuclei with tapering end 
Firm mass    Cellular fibroma :   fibroblasts>collagen 
Complications: rarely→ fibrosarcoma 
 
2-LIPOMA: Benign tumor of adipose tissue 
Sites:1-Subcutaneous tissue 
         2-Omentum, retroperitoneum,mediastinum 
         3-Intermuscular septum 
         4-Wall of GIT or organs as kidney 
 
3-CHONDROMA: Benign tumor of cartilage 
site: 1-Enchondroma: within short bones of hands /feet usually solitary but if 

multiple it is called enchondromatosis or Ollier’s disease 
2-Subperiostial or juxtacortical chondroma on the surface of  bones 

 3-Extraskeletal soft tissue chondroma 
 
 
Gross     Microscopic 
Capsulated round mass  Capsule with fibrovascular septae dividing  
Lobulated surface   tumor into lobules of hyaline matrix 
Bluish grey translucent  & cartilage cells with vacuolated cytoplasm 
Firm     Myxoid change-calcification & ossification  
     are common 
Complications: Chondrosarcoma especially in enchondromatosis 
 
4-OSTEOMA:  
a) Osteoid Osteoma: Benign tumor arising in any bone cortex & rarely in the 
medulla 
b) Osteoblastoma: similar to osteoid osteoma but 
c) Ivory Osteoma (compact osteoma) 

 
 
5-MYXOMA: rare benign tumor arising from remnants of primitive 
mesenchyme  
 
6-RHABDOMYOMA: benign tumor of skeletal-cardiac muscle fiber  

 
7-LEIOMYOMA: benign tumor of smooth muscle origin 

Sites: a-uterus commonest female benign tumor b-wall of GIT 
 
8-NEUROFIBROMA: benign tumor of peripheral nerves  

 

MALIGNANT (SARCOMA) 

 
1-FIBROSARCOMA: Malignant tumor of fibrous tissue 
Sites: same as Fibroma 
Gross: malignant mass (see before ) but white with Hge + necrosis, firm 
Microscopic: criteria of malignancy in sheets of malignant spindle cells with 
varying quantities of collagen according to degree of differentiation. 
Spread: like all sarcomas direct followed by blood stream & lastly lymphatics 
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2-LIPOSARCOMA: Malignant tumor of adipose tissue 

sites: same as Lipoma 
 
3-MALIGNANT VASCULAR TUMOURS 
A-Hemangioendothelioma(adult) 
Low grade malignant vascular tumor composed of vascular channels lined by 
spindle shaped or plump endothelial cells. It has a good prognosis due to its 
slow rate of growth & late metastasis.(Infantile type is benign) 
B-Angiosarcoma 
Highly malignant vascular neoplasm 
Sites: skin-subcutaneous tissue-spleen –liver-soft tissue 
Gross: small red nodule can reach large sizes and become pale greyish 
brown in color 
Microscopic: Sheets of malignant endothelial cells with some lumena 
containing RBC’s (write criteria of malignancy) 
C) Kaposi’s Sarcoma 
 Well formed endothelial lined vascular spaces mixed with sheets of 
plump spindle cells and free RBC’s in their midst (see later with AIDS) 
D)Hemangiopericytoma: Tumor arising from pericytes on the outer blood 
vessel  envelope.  
E)Lymphangiosarcoma: malignant tumor, which is composed of neoplastic 
lymphatic vessels . It can be a rare complication of post radical mastectomy 
irradiation which→ prolonged lymphatic obstruction→lymphedema followed 
by lymphangiosarcoma in some patients 
 
4-LEIOMYOSARCOMA & RHABDOMYOSARCOMA 
 
5-OSTEOSARCOMA-CHONDROSARCOMA-NEUROGENIC SARCOMA 

C) OTHERS 

1-TERATOMAS: Arise from primitive cells (Totipotential) capable of giving 

neoplasms containing tissues from all 3 germ cell layers (ectoderm-mesoderm 
& endoderm). Totipotential cells are cells, which during embryonic 

development organize to form different organs. It is said that if such cells 
escape the influence of the primary organizer during embryogenesis, they will 
remain in their primitive state & and later (after birth) may proliferate to give 
tumors composed of a mixture of ectodermal,endodermal & mesodermal 
components. 
 Sites: Ovary & testis 
 Others:Anterior mediastinum-retroperitoneum-base of skull- 
                      sacrococcygeal region 
 
Types A) Mature teratomas: usually benign & contain fully formed adult 

tissue as skin bone hair &  teeth, GIT glands, nerves etc…… 
 
Gross: 2 types  
-Cystic teratomas: e.g. DERMOID CYST mainly occurs in ovary & consists of 
a cystic mass with a solid elevation called the dermoid ridge. This contains 
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structures representative of all 3 germ layers but with a predominance of 
ectodermal tissue as skin structures (hair) & teeth .The rest of the wall is thin 
smooth and the lumen contains sebaceous material. 
Microscopically: adult tissue from all 3 germ layers  with a majority of skin 
structures (hair, sebaceous & sweat glands ). The cyst wall is composed of 
epidermis and dermis + adenexa 
-Solid teratoma: less common 
-Specialized teratomas Struma ovarii: a benign teratoma with a predominance 
of mature thyroid tissue 
 NB: Malignant transformation occurs in 1% of mature teratomas. 
 
B) Immature teratoma : malignant and contain embryonic tissues of 1 or 

more of the above mentioned structures. 
Gross: predominantly solid mass with Hge & necrosis 
Microscopic: Immature tissue from all 3 germ cell layers e.g. immature 
cartilage, immature neuroepithelium & immature glandular structures. The 
degree of malignancy is proportionate to the degree of immaturity. 
 
2-EMBRYOMA: Arise from Multipotential (pluripotential) cells. Although 
these cells are still primitive i.e. embryonic remnants , they are slightly more 
developed than Totipotential since they are geared to produce a certain 
organ(& not the whole body). They give rise to neoplasms after birth in infants 
and young children, containing all tissues of the specific organ i.e.  1or more 
germ layers but not all 3 e.g.:      

  Nephroblastoma (Wilm's tumor) in kidney 
     Pulmonary blastoma in lung 
     Hepatoblastoma in liver 
     Retinoblastoma in eye 
     Medulloblastoma in brain 
NB: all are malignant 

 
3-MIXED TUMOURS: -Mixed mesodermal tumors 

      -Fibrohistiocytic tumors 
      -Mixed epithelial & mesenchymal: carcinosarcoma &  
                                   cystosarcoma  phylloides 
      -Adenosquamous carcinoma 
 
4-PIGMENTED TUMOURS (melanocytic)-MELANOMA: arise de novo but 
may arise ontop of nevi which are pigmented lesions(mole) 
 
5-NEUROENDOCRINE: - Carcinoid and oat cell carcinoma of lung 
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TUMOUS OF THE LUNG & BRONCHI 
 

BENIGN MALIGNANT 2ries > primary tumors 
Epithelial Mesenchymal Epithelial  

Bronchogenic 
carcinomas WHO 
1999 

Mesenchymal + 
others 

1- Squamous 
cell 
papilloma 

2- 2-Bronchial 
adenoma 

1-Fibroma 
2-chondroma 
3-Leiomyoma 
4-Angioma 
5-Lung hamartoma  

1)Squamous cell 
carcinoma 
 
2) small (Oat)  

cell carcinoma   
 
3) large cell 
carcinoma 
 
4) Adenocarcinoma 
 
5)  Mixed 
carcinoma  
adenosquamous 
carcinoma 
 

6) Carcinomas with 
pleomorphic or 
sarcomatous 
elements 
 
7) Carcinomas of 
salivary gland type  
 
8) Carcinoid  
 
9) Unclassified 

1- Fibrosarcoma 
2-Chondrosarcoma 
3-Leiomyosarcoma 
4-Angiosarcoma 
5-Pulmonary 
blastoma(embryonic 
tumor) 
6- Pulmonary 
Lymphoma 

 

LUNG HAMARTOMA: Is a disorganized mixture of FT + Cartilage + smooth 

muscle fibers + slits lined by epithelium (constituents of the bronchus) 

 

BRONCHOGENIC CARCINOMA 

INCIDENCE: A tumor that arises in middle aged males > females 
 
ETIOLOGY & PATHOGENESIS 
      Chronic irritation 

Respiratory epithelium of bronchial tree    Squamous metaplasia  
→ Dysplasia I, II, III & carcinoma insitu → Invasive squamous cell carcinoma / 
anaplastic carcinoma (undifferentiated)         

 
 Predisposing factors 

1- Smoking (cigarettes): The risk of bronchogenic carcinoma is 
proportionate to the number of cigarettes smoked / day. The 
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carcinogen is still not defined but possibly hydrocarbons, aromatic 
amines & nickle 

2- Air pollution → noxious gases in the petroleum industry 

  → humidity since  it  concentration of irritant gases 
  → radiation pollution & mining of heavy metals  

3- Pneumoconiosis (inorganic dusts) e.g. Si, asbestos… 
4- Bronchiectasis 
5- Scar cancer: an adenocarcinoma which arises in old scar tissue in the 

lung 
 
TYPES OF BRONCHOGENIC CARCINOMA 
ANATOMICAL  
A) Central: 85% of tumors arise in major bronchi producing  a mass at the 

hilum of the lung, narrowing of lumen & obstruction 
 
GROSS: polypoid fungating mass 
 Malignant ulcer 
 Diffuse / annular stricture type 
 
MICROSCOPIC: 
1-90% are squamous cell carcinomas (see before BR) 

  
2-Anaplastic / undifferentiated (small and large carcinomas) 

a) Small cell carcinoma (oat cell type):  
b) Large cell carcinoma  :  

Large cell neuroendocrine car. 
Combined large cell neuroendocrine car. 
Basaloid carcinoma 
Lymphoepithelioma- like carcinoma 
Clear cell carcinoma 
Large cell carcinoma with rhabdoid phenotype 
 

3- Adenocarcinoma: rarely central 
 
Peripheral 
 
GROSS: Occurs in lung tissue mostly in the form of a mass 
a) Apex (Pancoast tumor although peripheral but most 
commonly squamous)→a)compression of sympathetic 
chain(Horner’s syndrome19), b)compression  of T1 & T2 with  
motor & sensory defects as: wasting of muscles of arms, pain & 
numbness on medial aspect of arm   
b) Subpleural any where in the lung  
 
 
MICROSCOPIC 
a) Adenocarcinoma  types and Variants (see BR) 

                                                
19

 Horner’s syndrome: ptosis of eye lid (paralysis of lid),pupillary constriction & absence of sweating on 
the side of the lesion 
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- Acinar 
- Papillary 
-  Bronchoalveolar carcinoma:  
- Scar carcinoma: adenocarcinoma arising in a fibrosed area 
- Solid adenocarcinoma with mucin secretion 
- Mixed 
- Variants: well differentiated fetal carcinoma-   
                  mucinous(colloid)-mucinous  
                 cystadenocarcinoma- signet ring-clear cell type. 
b) SCC rare peripherally (except for Pancoast tumor) 
c) Anaplastic / undifferentiated: small /large types : rarely occurring 
peripherally 
 
HISTOLOGICAL CLASSIFICATION WHO 1999 
 
1. Squamous cell carcinomas (see before BR) 
 papillary 
 clear cell  

small cell  
basaloid 

2.Small cell carcinoma (oat cell type): with groups of small dark cells, round to 
oval with scanty cytoplasm & a high N/C ratio. Possibly arising from 
neuroendocrine cells. Variant combined small cell carcinoma 
3.Adenocarcinoma  types and Variants 

a. Acinar (see BR) 
b. Papillary 

- Bronchoalveolar carcinoma: characterized by tall 
columnar  mucus rich malignant cells lining alveolar 
walls & forming papillary projections. 

       1-Non mucinous (Clara cell/ typeII pneumocyte 
       2-Mucinous (goblet cell type) 
       3- Mixed 1+2 

Grossly the tumor is a peripheral mucinous  mass 
- Scar carcinoma: adenocarcinoma arising in a 

fibrosed area 
- Solid adenocarcinoma with mucin secretion 
- Mixed 
- Variants: well differentiated fetal carcinoma- 

mucinous(colloid)-mucinous 
cystadenocarcinoma- signet ring-clear cell 
type. 

4.Large cell carcinoma  :  
Large cell neuroendocrine car. 
Combined large cell neuroendocrine car. 
Basaloid carcinoma 
Lymphoepithelioma- like carcinoma 
Clear cell carcinoma 
Large cell carcinoma with rhabdoid phenotype 

5. Adenosquamous 
6. Carcinomas with pleomorphic,sarcomatoid or sarcomatous elements 
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 Carcinomas with spindle and or giant cells 
- Pleomorphic carcinoma 
- Spindle cell carcinoma 
- Giant cell carcinoma 

 Carcinosarcoma 
 Pulmonary blastoma 

7. Carcinoid 
 Typical 
 Atypical 
8.Carcinomas of salivary gland type 
 Muccoepidermoid 
 Adenoid cystic carcinoma 
 Others 
9. Unclassified 
 
COMPLICATIONS & EFFECTS OF MALIGNANT TUMORS 
General effects of any malignancy 
Local effects 

1- Hemoptysis 
2- Obstruction: → Localized emphysema 

        Collapse 
        2ry Infection→ Bronchiectasis or bronchopneumonia 
        → Lung abscess & gangrene 

3- Spread In malignant tumors 
a) Direct  → other lung 

→ pleura → effusion hemorrhagic 

→mediastinum & heart 
→eosophagus: dysphagia (can’t swallow) 

b) Lymphatic →Hilar LN, tracheobronchial , lower cervical lastly 
supraclavicular & paraortic 

→Peribronchial & perivascular lymphatics 
→Thoracic duct producing chylous effusion (pleural sac 

full of lymph) 
→Retrograde lymphatic spread (pleural lymphangitis 
carcinomatosis) appears as a reticulated marking of the 
lung on x-ray + effusion (commoner in metastatic tumors) 

c) Blood stream → liver & adrenals 
→ brain 
→ bone & kidneys 

4- Paraneoplastic syndrome & ectopic hormone production (see G) 

a) Ectopic hormone production resulting in Cushing syndrome 

b)  parathormone resulting in  hypercalcemia 
c) 5 hydroxytryptamine (serotonine) producing 

Carcinoid syndrome 
d) ADH resulting in oliguria 

CP: Cough, dyspnea, hemoptysis & chest pain (pleural pain) & cachexia + 
symptoms of complications 
 
PROGNOSIS OF BRONCHOGENIC CARCINOMA 
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 Squamous cell carcinoma & central large anaplastic tumors usually 
manifest early & therefore earlier removal by surgery improves the 
prognosis 20% for SCC but less for the anaplastic type since more 
aggressive 

 The worse prognosis is that of small anaplastic carcinoma (oat cell 
type)., since it has usually metastasized at time of diagnosis. No 
surgery is possible & patient is given chemotherapy 

 Adenocarcinoma & peripheral tumors come in the middle. Prognosis 
is not that good (but still better than small cell type) & surgical removal 
is difficult  

 

LYMPHOMAS & LYMPHOPROLIFERATIVE DISORDERS 

Neoplastic lymphoproliferative disorders: 

1. Secondry to nodal lymphomas 

2. Primary: A) Pseudolymphoma/ Nodular lymphoid hyperplasia: It is a 
monoclonal B cell proliferative disorder with an indolent behaviour.  B) 
Pulmanry B cell mucosa associated lymphoid tissue (MALT) is the 
commonest primary pulmonary lymphoma and has a low grade 
behaviour. C) lymphomatoid granulomatosis / Angiocentric 
immonoproliferative lesion AIL: Mixed T and B  atypical lymphocytes 
with angiodestruction, necrosis and granuloma formation 

Reactive lymphoproliferative disorders: 

1. LIP 

2. Follicular bronchiolitis 

 

 

 

NEUROENDOCRINE LESIONS & TUMOURS 

Lesions 

1. Neuroendocrine cell hyperplasia: occurs in association with: fibrosis or 
inflammation – adjacent to carcinoids- or diffusely  with or without 
fibrosis or obstruction 

2. Tumourletts: small mass like hyperplastic collection of Neuroendocrine 
cells 
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Tumours 

1. CARCINOID (Argentaffinoma)20 

Typical carcinoid 

DEFINITION & INCIDENCE: A  low grade tumor arising from the  
neuroendocrine cells in the bronchial mucosa It arises in young to middle 
aged adults. It is considered a locally malignant tumour but it may metastasize 
in 10 % of cases 
 
GROSS: Small, appears at 1st as a round nodule arising in the bronchial 
mucosa. The tumor actually later has a dumbbell shape since it extends by a 
narrow extension into the bronchial wall & on reaching the looser lung tissue it 
easily grows forming another mass (2 masses connected by a stalk) 
 
MICROSCOPIC: Cuboid cells with neuroendocrine granules forming small 
organoid groups (solid or trabecular or acinar), separated by fine fibrovascular 
tissue. Contain  round to oval nuclei with finely dispersed chromatin By EM: 
The cytoplasm of these cells show neuroendocrine or electron dense granules 
 
COMPLICATIONS & EFFECTS 
1-Bronchial obstruction 
2-Hemoptysis 
3-Metastasis only in a few cases, usually very late spread to LN & by 
bloodstream metastasis go to the liver producing Carcinoid syndrome21(see 
GIT) 
Atyypical carcinoid 
Are well differentiated neuroendocrine carcinomas. They are similar 
microscopically to typical carcinoids except they have areas which are 
architecturally disorganized , show sheet –like growth, necrosis and high 
mitotic index. Cytologic atypia is also another feature. These tumours usually 
have metastasized to lymph nodes at time of presentation. 
 
2. LARGE CELL NEUROENDOCRINE CARCINOMA (LCNEC) 

Variant: Combined large cell neuroendocrine carcinoma 
 
3.SMALL CELL CARCINOMA  OF LUNG 
Variant: Combined small cell carcinoma 
 

PLEURAL TUMORS 

BENIGN MALIGNANT 
1ry                    <             Secondaries 

Fibrous mesothelioma Malignant mesothelioma 

                                                
20

 argentaffinoma: is another term for carcinoid tumors which contain neuroendocrine granules that have 
an affinity for silver stains 

21
 Carcinoid syndrome: is a clinical condition, which arises due to  serotonine levels from a large 

amount of metastatic carcinoid cells in the liver. The patient suffers a variety of symptoms mostly 
flushing & diarrhea 
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MALIGNANT MESOTHELIOMA 

INCIDENCE: Occurs in asbestos workers usually above 50 years 

GROSS: 
Early: Pleural mass & hemorrhagic effusion 
Late: Diffuse thickening of both layers of the pleura. The tumor is yellowish 
white gelatinous with pleural sac obliteration 
MICROSCOPIC: 
1-Sarcomatoid type: sheets of spindle malignant cells 
2-Epithelial type: Cuboidal cells forming papillae & lining acini 
3-Mixed type (biphasic): pictures 1 &2 i.e. epithelial + sarcomatous 
PROGNOSIS: poor 
COMPLICATIONS 
A) Local: Hemothorax 
  Spread: direct & distant 
  Compression collapse 
B) General: complications of any malignant tumor (G) 

The AJCC has designated staging by TNM classification (Lung. In: 

American Joint Committee on Cancer.: AJCC Cancer Staging Manual. 6th ed. New York, NY: 
Springer, 2002, pp 167-181. )   

TNM Definitions  

Primary tumor (T) 

 TX: Primary tumor cannot be assessed, or tumor is proven by the 

presence of malignant cells in sputum or bronchial washings but is not 
visualized by imaging or bronchoscopy  

 T0: No evidence of primary tumor  

 Tis: Carcinoma in situ  

 T1: A tumor that is 3 cm or smaller in greatest dimension, is 

surrounded by lung or visceral pleura, and is without bronchoscopic 
evidence of invasion more proximal than the lobar bronchus (i.e., not 
in the main bronchus).  [Note: The uncommon superficial tumor of any 

size with its invasive component limited to the bronchial wall, which 
may extend proximal to the main bronchus, is also classified as T1.] 

 T2: A tumor with any of the following features of size or extent:  

o Larger than 3 cm in greatest dimension  
o Involves the main bronchus and is 2 cm or larger distal to the 

carina  

o Invades the visceral pleura  
o Associated with atelectasis or obstructive pneumonitis that 

extends to the hilar region but does not involve the entire lung  
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 T3: A tumor of any size that directly invades any of the following: 
chest wall (including superior sulcus tumors), diaphragm, mediastinal 

pleura, parietal pericardium; or, tumor in the main bronchus less than 
2 cm distal to the carina but without involvement of the carina; or, 
associated atelectasis or obstructive pneumonitis of the entire lung 

 T4: A tumor of any size that invades any of the following: 
mediastinum, heart, great vessels, trachea, esophagus, vertebral body, 
carina; or, separate tumor nodules in the same lobe; or, tumor with a 

malignant pleural effusion.  [Note: Most pleural effusions associated 
with lung cancer are due to tumor; however, in a few patients multiple 

cytopathologic examinations of pleural fluid are negative for tumor. In 
these cases, fluid is nonbloody and is not an exudate. Such patients 
may be further evaluated by videothoracoscopy and direct pleural 

biopsies. When these elements and clinical judgment dictate that the 
effusion is not related to the tumor, the effusion should be excluded as 
a staging element, and the patient should be staged as T1, T2, or T3.] 

Regional lymph nodes (N)  

 NX: Regional lymph nodes cannot be assessed  
 N0: No regional lymph node metastasis  
 N1: Metastasis to ipsilateral peribronchial and/or ipsilateral hilar lymph 

nodes, and intrapulmonary nodes including involvement by direct 
extension of the primary tumor  

 N2: Metastasis to ipsilateral mediastinal and/or subcarinal lymph 

node(s)  
 N3: Metastasis to contralateral mediastinal, contralateral hilar, 

ipsilateral or contralateral scalene, or supraclavicular lymph node(s)  

Distant metastasis (M) 

 MX: Distant metastasis cannot be assessed  
 M0: No distant metastasis  

 M1: Distant metastasis present.  [Note: M1 includes separate tumor 
nodule(s) in a different lobe (ipsilateral or contralateral).]  

AJCC Stage Groupings  

Occult carcinoma          TX, N0, M0  

Stage 0    Tis, N0, M0  

Stage IA    T1, N0, M0  

Stage IB    T2, N0, M0  

Stage IIA    T1, N1, M0  
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Stage IIB    T2, N1, M0    

T3, N0, M0  

Stage IIIA 

T1, N2, M0  

T2, N2, M0  

T3, N1, M0  

T3, N2, M0 Stage IIIB 

Any T, N3, M0  

T4, any N, M0  

Stage IV    Any T, any N, M1  

Learning objectives: Growth disturbances and neoplasia 
 

1. Understand and know the different forms of non neoplastic 
growth disturbances 

2. A brief idea about general characteristics of benign & malignant  
neoplasia, types & behaviour & complications 

3. Malignant tumours of the lung latest WHO classification 
4. Focus on morphology of : Neuroendocrine tumours 

(carcinoid)- squamous cell carcinoma and adenocarcinoma- 
bronchoalveolar carcinoma – Large and small cell carcinoma- 
Mesothelioma- metastasis 

5. List lymphoproliferative disorders of the lung 
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MISCELLANEOUS 

DISORDERS 

Chronic obstructive airway (pulmonary) diseases 

(COAD/COPD) 

1. Chronic bronchitis 
2. Bronchial asthma 
3. Emphysema 
4. Bronchiectasis  

 

EMPHYSEMA 

 
DEFINITION: Permanent overdistention of air spaces, with destruction of 
their walls. The distention occurs distal to the terminal bronchioles 

 
MECHANISM: 

1.  Proteases e.g.elastase (source : PNLs & macrophages) 
elastase leads to  destruction of elastic fibers , preventing alveoli from 
returning to normal size after their inflation with air during inspiration 

a- Congenital deficiency of alpha 1 anti-trypsin which is an anti-protease 
b- Cigarette smoking  :  1) Causes chronic irritation & stimulates release of 
elastase from the PNLs & macrophages coming to the site  e.g. chronic 
bronchitis 2) Antioxidant levels  in cigarette smokers is lower than non 
smokers, since smoking interferes with action of enzymes in clearing oxidants 
   
2. Chronic bronchitis 

a) Chronic cough with  intrathoracic pressure 

b) Inflammation causing an  in PNLs & macrophages results in  
elastase 

c) Obstruction by mucus plugs leads to trapping of  air with over 
distention of alveolar walls & their rupture 

 
Destruction of septae with coalescence of several air spaces to form large air 
filled sacs (bullae) leads to defective ventilation (since much air is trapped & 
not exchanged during exhalation & inhalation). Destruction of the septae also 
causes loss of many capillaries, resulting in defects in gas exchange 
(defective diffusion & perfusion) i.e. ineffective blood oxygenation 

Chapter 

8 
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MANIFESTATIONS 
GROSS 

1.  size but  weight (full of air). The large air-filled lungs cover other 
organs as heart & liver 

2. Color very pale since many capillaries of destroyed septae disappear 
and those present in remaining septae are so stretched & thus 
compressed 

3. Lungs are not only pale but also dry ( BV) 
 
MICROSCOPIC 
Types: 
Centriacinar (bronchiolar emphysema) 

Definition: Distention of respiratory bronchioles sparing the alveoli at first. This 
type is common in chronic bronchitis & inorganic dust diseases 

(pneumoconiosis) e.g. coal miners disease (carbon), silica & asbestos 
Pathology:  
-Terminal bronchiole not distended 
-Respiratory bronchiole is dilated & surrounded by chronic inflammatory 

cells 
-Alveolar ducts and spaces not affected (except late in the disease when the 
disease progresses to panacinar type) 
 
Panacinar(alveolar or panlobular) 
Definition permanent overdistention of all air spaces distal to the terminal 
bronchiole i.e. the whole lobular unit 
Pathology 
-Terminal bronchiole not distended 
-Respiratory bronchiole is dilated   
-Alveolar ducts and spaces all distended with air forming confluent large 
air spaces containing fragments (spurs) of destroyed septae projecting into 
the space. The thin remaining septae contain few compressed blood vessels 

( BV number & many are closed due to stretch) 
1st) Emphysema variants22  
1- Compensatory emphysema: dilatation of alveoli near non-functioning 

air spaces in bronchopneumonia, Bronchiectasis (next to collapsed / 
consolidated alveoli) or after partial lobectomy. Commonly 
asymptomatic 

2- Paraseptal  & paracicatricial: nearby an area of pulmonary scarring it 

is a symptomatic 
3- Bullous emphysema: unknown cause may rupture producing  

pneumothorax 
4- Senile or atrophic emphysema: Occurs as a result of senile loss of 

elasticity of tissues accompanying the atrophic changes accompanying 
the aging process. Grossly lungs are not enlarged but pale & light in 

                                                
22

 Variants of emphysema appear similar to the major types but are not necessarily true emphysema 

i.e. the changes may be reversible or not permanent or they may dilatation & destruction in smaller 
areas  & are thus not associated with COPD 
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weight microscopically: markedly dilated airspaces, which have 
become confluent. Asymptomatic 

5- Interstitial (surgical) emphysema: air collects out of the air spaces 
i.e. in the septal walls tracking into the mediastinal & neck connective 
tissue. It may be caused by sudden rise in –ve intrathoracic pressure 
(severe cough) e.g. whooping cough or trauma surgical or   stab 
wounds 

 
CLINICAL PICTURE:  

 Barrel chest ( antero-posterior A-P diameter): Big chest with 

straightening (horizontal ) ribs & elevated clavicle due to over inflation 
of the lung Hyperresonace of chest during percussion (full of air) & loss 
of liver dullness 

 Chronic dry cough with progressive dyspnea: difficulty in breathing 

 Tendency to hyperventilate, patient will tend to sit in the forward 
position, to help respiratory muscles overcome the breathing difficulty. 
Mouth breathing (blowing appearance) & widening of nose (pink 
puffer) so as to maintain oxygenation of blood are other compensatory 
mechanisms (see blue bloater of chronic bronchitis)N.B. hypercapnea 
results in vasodilatation which is responsible for the pink color 

 Finger clubbing & pulmonary osteoarthropathy 

 Chest X-ray shows large black spaces (air –filled , with loss of 
vascular markings), with flattening of diaphragm , small heart (covered 
by air filled lungs) and pulmonary artery dilation due to pulmonary 

hypertensionR ventricular hypertrophy & dilatation ending in RHF 

 Congested neck veins  
COMPLICATIONS 

1-Corpulmonale: Pulmonary hypertensionright ventricular and atrial 
hypertrophy & dilatation, chronic RHF (CVC of all organs & generalized 
cardiac edema) & death 
2- Respiratory failure from defective ventilation, perfusion & diffusion of gases 

 Co2 in blood, respiratory acidosis & death 
3-Rupture bullae containing air into pleura producing pneumothorax (air in 
pleural cavity) 

RESTRICTIVE LUNG DISEASES (Interstitial lung disorders) 

DEFINITION: Stiff lungs, which need high pressures to expand 
TYPES: 

 

A) Acute: Adult  respiratory distress syndrome ARDS also called 

histologically Diffuse alveolar damage (DAD) or Shock lung 

 
Etiology: 

1. Infections: septicemic shock, Miliary TB & interstitial 
pneumonia(see before) 

2. Chemical poisons: Irritation by gases as hyperbaric O2, nitrogen 
dioxide & chlorine also drugs like heroin overdose 

3. Physical injury: mechanical trauma, ionizing radiation & burns 
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4. Others e.g. fat emboli, hypovolemic shock & DIC (see G) 
5. Near drowning  effect due to salt water aspiration (osmotic 

gradient results in damage) 
6. multiple transfusions 

 
Pathology: Diffuse damage (Acute necrotizing inflammation) of alveolar walls. 
The lining pneumocytes of the alveoli are lost. The endothelium is also 
damaged producing an exudation of a protein rich fluid, which forms a pink 
homogenous membrane (Hyaline membrane disease). This membrane lines 
the alveolar sac, leading to loss of the surface tension (which is necessary to 

keep the alveoli open under normal conditions). The lung ends by collapsing. 
Remaining type II pneumocytes undergo hyperplasia giving a fetal lung 
appearance (collapsed alveoli lined by cubical cells) 

 

B) Chronic: Diffuse interstitial fibrosis characterized by diffuse 

inflammation & fibrosis involving the interstitial tissues & the alveolar septae. 
The end stage of this disorder is associated with extensive fibrosis & often 
formation of cystic spaces of alveoli & bronchi termed  Honey comb lung 

 

1-Idiopathic interstitial fibrosis or IDIOPATHIC 

INTERSTITIAL Pneumonia (IIP).  (ATS/ERS 2002). may present as : 

 

Histological pattern Pathologic diagnosis 

1- Idiopathic pulmonary fibrosis / 
cryptogenic fibrosing alveolitis 

Usual interst. Pneum.          UIP 

2- Non specific interstitial 
pneumonia 

                                             NSIP 

3- Diffuse alveolar damage (DAD) Acute interstitial pneumonia  AIP 
(Hamman Riche) 

4- Respiratory bronchiolitis Respiratory bronchiolitis lung 
disease                                  
RBILD 

5- Desquamative interstial 
pneumonia 

                                               DIP 

6- Lymphocytic interstial 
pneumonia 

                                               LIP 

7- Organizing pneumonia Bronchiolitis obliterans organizing 
pneumonia  BOOP now called                             
Cryptogenic organizing 

pneu
monia                                         
COP 

 
 

2-Diffuse Pulmonary lung disease DPLD/ILD from known cause: 

 
A) Pneumoconiosis (Inorganic dust diseases) 
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Definition: dust in the lungs denoting pulmonary disease 2ry to inhalation 
of various inorganic dusts an occupational hazard   
Types:  
a) Silicosis: due to inhalation of silica in sandblasting occupations 
b) Berylliosis: beryllium inhalation by workers in fluorescent lamp 

industries 
c) Anthracosis: inhalation of massive amounts of carbon particles by coal 
miners also called coal miners disease 
d) Kaolin pneumoconiosis: inhalation of clay in pottery workers 
e) Asbestosis: inhalation of asbestos from insulation materials    

B) Interstitial connective tissue disease (SLE & rheumatoid)  
C) Hypersensitivity alveolitis (allergic lung) e.g. Farmer’s lung, bird fancier’s 

lung, bagassosis, byssinosis) all are forms of Type III & IV hypersensitivity 
D) GVH (graft versus host reaction)  
E) Chemical & physical: Drug induced (heroin, parquat herbicide) or 
Radiation induced fibrosis e.g., radiation pneumonitis23 & toxic gases 
F) Vascular : Multiple recurrent pulmonary embolism & Good pasture’s 
syndrome 

G) End stage of chronic inflammations & other diseases of lung: chronic 

bronchitis, bronchiectasis, amyloidosis & eosinophilic pneumonias 
& emphysema 
 

3- Granulomas: TB, sarcoidosis, Wegner’s granulomatosis,  

 

4- Others: Langerhans histiocytosis & lymphangiomyomatosis  

HONEY COMB LUNG 

DEFINITION: It is the final common pathway of the many different diseases 
that progress to chronic interstitial lung fibrosis. 
PATHOLOGY 
GROSS: Stiff spongy & fibrotic with cystic changes apparent by naked eye 
MICROSCOPIC:  

 Dense interstitial fibrosis & peribronchial scarring 

 Decreased or absent alveolar capillaries 

 Marked medial hyperplasia of pulmonary arteries and arterioles 

 Increased peribronchial and intersttial smooth muscle 

 Cystic dilatation of alveolar ducts & alveoli with loss of surface 
area for gas exchange and mucinous or columnar metaplasia of 
alvelar lining 

ATELECTASIS & COLLAPSE 

Definition: Atelectasis is a collapse of lung tissue affecting part or all of one 

lung. It is a condition where the alveoli are deflated. Infant respiratory distress 
syndrome is another distinct type of atelectasis.  

                                                
23

 pneumonitis: inflammation of the interstitial tissue sparing the alveolar space 

http://en.wikipedia.org/wiki/Alveoli
http://en.wikipedia.org/wiki/Infant_respiratory_distress_syndrome
http://en.wikipedia.org/wiki/Infant_respiratory_distress_syndrome
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Etiology 

A) Loss of lung volume, due to failure of expansion of air spaces at birth 
1- Respiratory center defect with  no respiratory movement & a lung which 

has never expanded from birth (fatal) 
2- Absent surfactant, which is a material producing surface tension & thereby 

important for separation of the alveolar walls 
Gross 
Both lungs are small  
Surface wrinkled (pleura forms folds over the shrunken lung) 
Consistency fleshy (no air) & rubbery (edema) 
Color: reddish (congestion) blue (Hb not oxygenated) 
Microscopic 
Alveolar walls thick edematous with congested blood vessels 
Alveolar sacs: very narrow appear as slits (fine openings) 
B) Loss of lung volume after complete expansion of the air spaces at birth  

Types: 
1-Resorption or obstructive or absorption collapse: 

Complete obstruction (foreign body inhalation, tumor, mucous plug, LN 
pressure from out side) of the bronchus leads to air absorption from the air 
sac walls & collapse  of part of the lung 
Pathology: same gross & microscopic as atelectasis but only a segment of 

the lung (not the whole lung) is affected according to the pattern of distribution 
of the obstructed bronchus 
Complications 
- 2ry infection of the area resulting in lung abscess 
- Healing by fibrosis (restrictive lung) 
2-Compression collapse 

This occurs when there is pressure on the lung from the outside e.g.:  

 Empyema, hydro, pneumo & hemothorax 

 Upward pushing of the diaphragm by ascitis 
Pathology: Whole lung is affected (one or both) 
Complications: If pressure isn’t reversed collapsed areas become 2ry infected 
(lung abscess) or undergo fibrosis 
3- Microatelectasis / collapse due loss of lecithin surfactant (hyaline 

membrane disease) 

 Adult respiratory distress syndrome (ARDS) (Adult hyaline 
membrane disease) (see restrictive lung diseases) 

 Neonatal Hyaline Membrane disease: Respiratory distress, which 

occurs in, prematures or babies delivered by caesarian section. NB 
time of onset of total collapse is delayed several minutes to several 
hours.  

PATHOLOGY: Patchy areas of collapse Describe as before) grossly & 
microscopically similar to atelectasis. But an additional feature of a 
homogenous pink membrane is present lining the collapsed alveoli 
 
4- Contraction collapse: Is a Fibrotic, irreversible form of collapse of the lung 

which MAY BE LOCALIZED OR GENERALIZED  
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CORPULMONALE 

DEFINITION: Is right ventricular hypertrophy & dilation i.e. right sided 

heart failure secondary to lung disease ending in PULMONARY 
HYPERTENSION 
ETIOLOGY: see pulmonary hypertension all causes 

PULMONARY ALVEOLAR PROTEINOSIS 

PAP is an idiopathic condition associated with multiple factors as exposure to 
inorganic dusts and nearby TB lesions. It represents an imbalance between 
surfactant production by alveolar type II pneumocytes and the ability of 
macrophages to remove it. 
PATHOLOGY 
Alveoli filled with homogeneous pink-red PAS +ve material with cholesterol 
clefts inaddition to ghost outlinrs of macrophages & type II pneumocytes 

ACUTE LUNG INJURY 

This term encompasses a spectrum of pulmonary lesions (endothelial & 
epithelial) which can be initiated by multiple factosr resulting in acute lung 
injury with a rapid clinicopathologic course. Lung injury may manifest as 
congestion, edema, surfactant disruption and atelectasis. These may 
progress to acute respiratory distress syndrome(DADS/ARDS) whivch has a 
known cause or acute interstitial pneumonia  which does not have a known 
cause 

PNEUMOTHORAX 

DEFINITION: Presence of air in pleural cavity 
ETIOLOGY 
1-Trauma: air is sucked through a chest wall defect or enters the pleura from 
laceration of the lung by a broken rib  
2-Spontaneous pneumothorax as a complication of rupture of an 
emphysematous bulla or after a bout of severe coughing e.g. whooping 
cough, TB bronchial asthma 
CP: sudden onset of severe chest pain & dyspnea 

 Physical examination reveals hyperresonace over 1 lung &  breath 
sounds by auscultation  
COMPLICATIONS: lung collapse 
Learning objectives: Miscellaneous disorders 
 
1. A complete understanding of all aspects of diseases causing 
COAD 
2. A complete understanding of all aspects of Restrictive pulmonary 
disorders 
3. Enumeration of disorders responsible for cor pulmonale & its 
definition 
4. A brief idea about alveolar proteinosis & honey comb lung 

5. A brief idea about acute lung injury 
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6. A brief idea about pneumothorax 
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IMMUNOPATHOLOGY 

IMMUNITY- Immune response      

It is a beneficial reaction of the immune system in response to entry 
or presence of a foreign or altered protein (antigen). The reaction is in the 
form of a humoral (antibody), cell mediated (lymphoid cells, T) response 
or both combined in an attempt to destroy the antigen. 

 
                                                Humoral immunity 
                                                  
Antigen  
                                                  

  Cell mediated immunity    

IMMUNOPATHOLOGY  -   Hypersensitivity 

  It is a harmful reaction of the immune system in response to entry or 
presence of a foreign or altered protein (antigen) . The reaction is in the form 
of a humoral (antibody) , cell mediated (lymphoid cells, T ) response or both 
combined in an attempt to destroy the antigen, BUT HOST TISSUE is also 
destroyed. 
    
                                                  Humoral immunity 
                                                  
Antigen  
                                                     Cell meditated immunity 
      
Foreign antigen → Hypersensitivity   - Graft rejection 
          Immunodeficiency disease (↓ Number of immune cells   

or functional defect) 
Self antigen →         Autoimmune disease – e.g. connective tissue disease 

 
 
 
 
 
 
 

Chapter 

9 

Only 
antigen is 
destroyed 

 Antigen + 
tissue are 
destroyed 
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Immunopathology 

 
Immunodeficiency    Hypersensitivity 

 

 B cell defects  Foreign antigen              self  antigen 

 T cell defects     

 B + T cell defects       Type I(Atopy-Anaphylaxis )allergy   Autoimmune  

 Phagocytic cell defects   Type II Cytotoxic                    disease & 

 Complement disorders    Type III immune complex       Type V hypers 
           Type IV cell mediated 

IMMUNITY 

 Non Specific Natural or innate immunity:  ( mechanical (skin) –

physical(temperature) – chemical (lysozyme-tears-saliva)– 
cellular(micro&macrophages)- {natural killer cells(non specific cytotoxic) 
lymphocytes, opsonins}. 

 

  Acquired(Specific) 
           No Disease 
   A) Primary(first exposure to antigen)             Disease (clinical /subclinical) 

1-In acute infections :Recovery + Memory to specific antigen 
2-Chronic infections : On going process(immune response start 10-14 
days after infection) Antigen destruction  + Memory to specific antigen 
e.g. caseation in 1ry TB 

 
B) Secondary(re- exposure)   
The specific memory produced in 1ry reaction will produce a very rapid 
response on re exposure to the same antigen (humoral) immediate ( 
minutes-hours) or (cell mediated) delayed (24-48 hrs) 

 

SOURCES OF IMMUNE CELLS 

 
             Bone marrow stem cells 
               are processed in 
       
GIT                  Thymus 
25% B-lymphocytes                   in peripheral blood  &70% T cells 
        + 
  5% Null cells(non T & non B lymphocytes) 
These cells go and populate lymphoid organs: lymph nodes and spleen 
        -Follicles in cortex contain B cells 
        -Paracortex contains T cells  
 
 
 
 
 
Changes occurring on exposure to antigen 
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 Exposure to antigen 

 

 Will activate resting lymphocyte(preparation for protein synthesis and 
mitosis) 

 

 Transformation and enlargement ( B / T lymphoblasts) in cortex and 
paracortex  

  

 Cell division and daughter lymphocytes formation 

             

 Maturation into: 
1- Memory cells (B / T)   2- plasma cells and 3- sensitized T lymphocytes 
(in lymph node medulla or blood) 
-antibody secretion from plasma cells arising from sensitized B 

lymphocyte in: a)  in cortex of LN  b) tissues or c)  blood    (Humoral 
immunity)                                               
-T lymphocyte or lymphokine products present in: a) medulla of LN 
b) tissues or c)blood(Cell mediated immunity) 

 
TYPES OF IMMUNITY 
 

A. HUMORAL IMMUNITY : This depends on ANTIBODIES: Ig 
A,D,E,G and M. their source is a sensitized B lymphocyte which 
transforms into a plasma cell→antibodies 

 
Antibody structure: 
 1) Fc fragment 
1-Attatchment to mast cells or basophils  
2-Attraction of other lymphocytes, monocytes and eosinophils 

3- opsonic activity & killer cell activity Lysis of cells carrying 
antigen→necrosis→Acute inflammation 
4-Antibody(antigen-antibody complex) combines with  
   complement→complement activation, causing: 

a) Cell lysis or bactericidal effect 
b) Chemotaxis  of PNLs   

c) Vasodilatation &edema by anaphylatoxin (vasoactive amine) 

d)Opsonic activity→adherence & phagocytosis 
             

2)Fab fragment combines with antigen→ antigen-antibody complex 

 
REACTION BR 

Antigen-antibody reaction with complement activation→Acute 

inflammation in tissue (Acute inflamm.cells + VD + edema) + B 
lymphocytes & plasma cells +/- eosinophils 

 
B. CELL MEDIATED IMMUNITY : depends on T lymphocyte 

lymphokines & macrophages 
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Mechanism : Exposure to antigen→ lymphokine release . These act on 
lymphocytes,macrophages, fibroblasts, endothelial cells & cellular antigens 
 

EXPOSURE to ANTIGEN  

1-Action on lymphocytes→Transformation to lymphoblast & lymphokine 
release 
 
GIF (growth inhibitory factor) Mitogenic factor  Transfer factor   T helper   T suppressor  

 
lymphocyte     lymphocyte            sensitizes cells  B lympho   B lympho 

                i.e. transfers       Ig        Ig  
              memory 
          controlled by needs                                                             Cooperation with B lymphocytes 

 
 
2-Action on Macrophages 
    T lymphoblast 

 
 
MCF(macrophage chemotactic factor) MAF( macroph. activating factor)  MIF(migration 
inhibition factor) 

 
The main function of these macrophages 
 

A) Phagocytosis:  
1- In inflammation especially granuloma(epithelioid cells & giant cells)  
 Inflammation  →macrophages(non specific effector cells)→cooperate with T 
helper→specific lymphokine stimulators which bring more macrophages to the 
site & stimulate(MAF) them to phagocytose- MIF prevents macrophages 
already present at site from leaving    
 
2 - Storage & metabolic processing e.g. iron & lipids 

 
B) Synthesis: of substances e.g. complement fractions-interferon-proteolytic 
enzymes-pyrogens and GF growth factors 
 
C) Antigen processing 
*NB actions of A, B & C are lymphokine dependent 
 
3-Action on PNLs 
    T lymphoblast(transformed lymphocyte) 
 
 
  Chemotactic factor     activating factor    MIF(migration inhibition factor) 

 Enhances opsonization 

 Antibody adherence & phagocytosis by PNL 
 
4-Interferon: Is a substance produced by T cells also virally infected cells 
which can prevent viral disease 
 
5-Colony stimulating factor: 
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Tcells             in severe inflammation              CSF (colony stimulating factor) 

Macrophages         which stimulates bone marrow 
PNL           to produce granulocytes & 
monocytes 
 
6-Killer cell: Are Tcells which can attack cells carrying surface antigen 
directly or indirectly by a lymphtoxin (lymphokine ) 
 
7-Memory cells: Sensitized cells which carry specific information (e.g. 
surface receptors) for a specific antigen over many years after 1st exposure 
 

8-Pro-coagulation factor: acts instead of factor VIII→fibrin  
 
9-Other lymphokines: activated lymphocyte products i.e. cytokines which 
help 
in antigen destruction as amines-growth factors – toxins-factors which activate 
fibroblast and collagen synthesis→ fibrosis 
 

IMMUNOPATHOLOGY 
 
DEFINITION: It is the study of abnormal immune responses 

     

Abnormal Immune Response 

 
EXAGGERATED  DEFICIENT     LOSS OF TOLERANCE 
                                        To self antigens(Abnormal response) 

Hypersensitivity          Immunodeficiency        Autoimmunity 
 

Types I-V    B or          Hypersensitivity Types II-V 

    T lymphocytes 

     macrophages 

     complement 

     phagocytosis(number/function) 
 
Harmful→tissue destruction    or no immune reaction      Immune  reaction to self  

 

HYPERSENSITIVITY 

DEF: Harmful exaggerated immune response on re-exposure to antigen(i.e. 
2nd exposure) 
 
IMMEDIATE HYPERSENSTIVITY (Humoral mechanisms ) 
Type I: Allergy – Anaphylaxis(systemic) & Atopy(local) 
Type II : Cytotoxic 
Type III: Immune complex 
 
 
DELAYED HYPERSENSTIVITY (Cell mediated reaction) 



1 5 4  

 

 

 Type IV: e.g. T cell granulomas 

 Transplant rejection  -  Graft versus host reaction (GVH) 

 Autoimmune diseases 
Types II-IV 
Type V: Stimulatory antibodies e.g. Graves disease 
thyrotoxicosis 
 

IMMUNODEFICIENCY DISORDERS 

Primary genetic 
Secondary to disease 
1.Humoral system (Lack of B cells – inability to secrete Ig –     activation of   

suppressors) 
2.Cell mediated (Di George’s syndrome-AIDS) 
3.Phagocytic cell deficiencies(Chronic granulomatous disease-Lazy leukocyte 

syndrome) 
4. Complement deficiencies 

I) HYPERSENSITIVITY 

TYPE I HYPERSENSITIVITY 

Mechanism 
1st exposure Antigen→ IgE attatches on surface of Mast cells/basophils    
(sensitized cell) 

2nd exposure Antigen→antigen attaches to Fab fragment of antibody and→ 
degranulation of mast cell or basophil→release of vasoactive amines or 
chemical mediators (chemotactic to eosinophils & neutrophils) 
 
ANAPHYLAXIS           ATOPY 

 Systemic reaction           Local reaction 
In blood stream(injection) Hay fever     Bronchial asthma 

Antitoxic sera             grass –pollen mite dust 
Drugs-penicillin      animal fur 
Bee stings 
 
Wide spread reaction      localized at site of IgE production 

Basophils are in any tissue    It has a genetic predisposition 
 
Edema larynx→death  local sensitization  bronchospasm 

Bronchospasm      -conjunctiva   mucus 
secretions 

Skin rash(urticaria)      -nasal passages    
Hypotension       -upper resp tract  difficult breathing  
Shock        +wheezing 
Vomiting & diarrhea    Acute catarrhal Inflammation 

 
Gross: Picture of acute inflammation 
 

Microscopic BR:eosinophils + macrophages + some PNL, lymphocytes & 

plasma cells + vasodilatation +  edema 
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TYPE II HYPERSENSITIVITY-CYTOTOXIC 

Cellular antigen on cell membrane exposed to antibody (IgG/IgM) + 
Complement→cytolysis (cell lysis) & activation of opsonization & killer cell 
activity with resultant phagocytosis examples: 

 Hemolytic anemia 

 Incompatible blood transfusion reactions 

 Rh incompatibility(erythroblastosis fetalis) 
ReactionBR: plasma cells & B lymphocytes + macrophages + VD + 
edema 
 

TYPE III HYPERSENSITIVITY-IMMUNE COMPLEX DISORDERS 

(Arthus type) 

BR: Antigen + Antibody (IgG/IgM)→ circulate in blood→ get trapped in BV 
basement membrane(Immune complex & activate the complement 
(anaphylatoxin & PNL chemotaxis)→VASCULITIS (Fibrinoid Necrosis of BV 
wall + acute inflammation of wall→Damaged endothelium→platelet 
aggregation & THROMBOSIS→ischemia→NECROSIS of surrounding tissue 
 
Examples: 
- Post streptococcal glomerulonephritis-Rheumatic fever 
- Acute serum sickness 

1 dose of serum injected produces slow release of antigenic proteins (long 
exposure)→urticaria-fever-glomerulonephritis-joint pains-LN enlargement 

- Arthus reaction 

Repeated injections e.g. insulin→vasculitis-necrosis-edema & hemorrhage 
- Parasitic infestation 

 

TYPE IV HYPERSENSITIVITY-CELL MEDIATED hypersensitivity 

Sensitized T lymphocytes→ direct cytotoxicity 
           → cytotoxic lymphokines 

 Granulomas e.g. TB  

 Viral infection with intracellular organism 

 Contact dermatitis 

 Insect bite  

 Parasitic infestation 

 Graft rejection 
 
Viral infection mechanism 
Virus enters cell as an obligate nuclear parasite, replicates →change of DNA 
sequence→foreign protein→T cell reaction→killing of virus & cell containing 
the virus 
 
3 steps are involved 
1-stimulation   of T lymphocytes & macrophages at site 
2-Antigen processing by dendritic macrophages in draining LN→Memory 
cells-T helper B cells & Cytotoxic T cells 
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3-Sensitized T cytotoxic cells & macrophages accumulate at site→ killing of 
cell with virus  
 
Bacterial – Granuloma 
Bacteria living inside macrophage (e.g. TB) produce antigens which get 
processed in the dendritic macrophages of regional LN→these present the 
processed antigen to the T lymphocytes→transformation into T lymphoblast 
which divides→ sensitized T cells (Cytotoxic)-memory cells-lymphokines 
(MAF & MF……..) → accumulation of macrophages + lymphocytes + 
fibroblasts & collagen forming the granuloma 
 
Graft rejection 
Tissue cells carry specific surface antigens called Major Histocompatibility 
Antigens (MHC)→ these can evoke Type IV reactions & the RBC content with 
its ABO system can evoke in addition a Humoral type II reaction & type III 
reactions to any complexes in blood 
Microscopic 
T Cytotoxic, T helper (attack graft cells ) + B cells(antibodies) + 
macrophage 
This rejection can be suppressed by –cyclosporins(drugs or 
Irradiation/surgical removal of thymus(source of T cells) 
 
GENERAL REACTION IN T CELL responses BR 
A) Granulomatous: Lymphocytes+plasma cells+ epithelioid 

macrophages+giant cells + FT & endarteritis obliterans       OR 
B) Diffuse reaction e.g. in graft rejection  & contact dermatitis 

     Perivascular lymphocytes + edema 
C)Patchy e.g. in insect bites 

 
NB: GRAFT VERSUS HOST reaction (GVH): It is a reaction which occurs in 

immunosuppressed patients where graft lymphocytes → immune response to 
patient i.e. host tissue i.e. attacks the host producing disease        
 
TOLERANCE 

Natural tolerance 
 It is a process by which the body’s immune system prevents itself from 
reacting to the body’s own antigens 
 
Acquired tolerance: Occurs after neonatal period & throughout adult life 
when very small doses of foreign antigen are introduced over a long period of 
time. This may induce tolerance in an adult & is the basis of desensitization 
treatments in allergy 
 
Mechanism of tolerance  (not yet well understood) possible hypotheses:  
1-Burnet’s Forbidden clone theory (clonal selection): In fetal life all lymphoid 
cells, which could respond immunologically to self-antigens, are eliminated 
2-In adults, acquired tolerance is associated with specific T suppressor cell 
activity which inhibits both helper T cells & B cells 
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TOLERANCE thus protects our bodies from developing Autoimmune 
disorders 

II) AUTOIMMUNE DISORDERS 

DEFINITION: Immune system of the host reacts against its own cells i.e. 
against self-antigens 
 
MECHANISM:  

1)Genetic or familial defect 
2) Instability of tolerance mechanism 
3) Cross reactivity: 
 a)Foreign antigen may be similar to a body antigen 
           b)Antibody produced against a foreign antigen may also react with 

certain body antigens 
4) Uncovering of sequestrated (hidden) antigens  

chronic tissue destruction→ A)release of hidden proteins(thyroglobulin or 
semen or even intracytoplasmic proteins)→new antigen to immune system     

         B)Alteration of surface antigen Altered antigen 

5) Absence of T suppressor cell activity  examples: 

 Autoimmune hemolytic anemia       Type II 

 Connective tissue diseases: Autoimmune diseases characterized by 
injury to collagen especially in blood vessels and tissues around them 

Systemic lupus erythematosus(SLE) –Rheumatic fever-Rheumatoid 
arthritis-  Polyarteritis nodosa-scleroderma-polymyositis/dermatomyositis 

mostly    Type III 
 

MicroscopicBR: Fragmentation of collagen→pink mass (fibrin-like) of 

Fibrinoid necrosis→ Inflammation followed by fibrosis 

 

 Graves disease                                Type V        

  IgG (LATS) + thyroid follicle cell with TSH surface receptor→ 
long acting thyroid stimulator takes the place of TSH  & stimulates the 
receptor escaping the control feed back mechanism 

 Others(ulcerative colitis-1ry biliary cirrhosis-some types of male 
infertility-Hashimoto thyroiditis Type IV 

III) IMMUNODEFICIENCY STATES  

Failure in either the specific immune response(Humoral/cell mediated ) or the 
non-specific system (phagocytes-complement) may result in alteration of the 
immune response, which may be quantitative or qualitative  
 
A) Primary or inherited deficiencies of B or T cells →recurrent respiratory or 
alimentary tract infections 
B)Secondary deficiencies e.g.  

 Infections: Acute viral-chronic bacterial-chronic protozoal(malaria) 

 AIDS or acquired immune deficiency syndrome(HIV virus) 

 Malnutrition particularly protein deficiency 
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 Drug induced e.g. corticosteroids & Cytotoxic drugs which cause 
immunosuppression 

 Malignant disease e.g. advanced cancer of lymph nodes 
(lymphoma/Hodgkin disease) 

 
All the above cause impaired immunity → infection particularly : 

 

EXAMPLES OF HYPERSENSITIVIY: 

 

EOSINOPHYLIC Reactions 

DEFINITION: Are presumed hypersensitivity disorders with both tissue and 
blood eosinophilia 
LUNG 

 Eosinophylic pneumonias: 
 Lofflers syndrome  
 Tropical eosinophilia: due to microfilaria of Wuchereria bancrofti 
 Acute eosinophilic pneumonia: picture of DAD & tissue 

eosinophilia 
 Chronic eosinophylic pneumonia: reaction to drugs & fungi  

Aspergillus 

 Allergic bronchopulmonary aspergillosis: hypersensitivity to 
noninvasive aspergillosis  

 Bronchocentric granulomatosis: part of the spectrum of 
pulmonary angiitis & granulomatosis.  

 BOOP 

 Churg Strauss syndrome:  

 Eosinophylic granuloma (Langerhan’s histiocytosis) 
 

BRONCHI 

 Bronchial asthma : se before 
PLEURA 

 Reactive eosinophylic pleurisy 

EXTRINSIC ALLERGIC ALVEOLITIS (HYPERSENSITIVITY 

PNEUMONITIS) 

Is a hypersensitivity type III & IV to various inhaled antigens from plant 
sources ( moldy hay, grain, sugar cane, cheese )as well as animal proteins as 
feces or feathers from pigeons & poultry  and also from certain drugs. 
CAUSES :  
 

Etiology Disease 

Thermophylic actinomycetes Farmers lung, grain handlers lung, 
humidifier lung, air condition lung and 
bagassosis 

Saprophytic fungal spores Malt & cheese workers lung 

Animal and bird protein Bird fanciers lung 

Drugs  Methotrexate 

Unknown antigens  
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MANIFESTATIONS 
Type III / IV hypersensitivity reactions see BR 

 Diffuse interstitial pneumonia/ fibrosis 

 Granulomas  

 

OPORTUNISTIC INFECTIONS: 

DEF: These are diseases caused by non pathogenic or low virulence 

organisms with an impaired immune system and which usually cause death 
 
Causes: 

 Congenital immunodeficiencies 

 Acquired 
a) result of disease e.g. HIV→AIDS   
                                   or malignancy (lymphoma ) 
b) 2ry to treatment with immunosuppressive as cyclosporins or antibiotics 
which may change intestinal flora 
 
Types & manifestations: 

1-Bacteria: Low virulence Strept epidermidis or viridans→bacterial 
endocarditis   - septicemia 
2-Protozoa: pneumocystis carinii→pneumonia with a foamy(frothy pink) 

alveolar exudate 
         Toxoplasmosis→pneumonia  or CNS damage 
3-Viruses: → generalized infection - severe organ damage e.g.: Herpes 
encephalitis & 
cytomegaloviral infection 
4-Fungi: Monilia(candidiasis) of GIT-systemic fungemia-endocarditis 

   Aspergillosis: granulomas in lung – systemic fungemia  

 

ACQUIRED IMMUNODEFICIENCY SYNDROME - AIDS   

Etiology Epidemiology & Transmission 
HIV: human Immunodeficiency virus –RNA virus 
 Although virus is present in many body fluids & secretions , 

transmission is by parentral route 
 Sexual contact (homosexual or heterosexual): from seminal fluid 

to blood stream of partner through abrasions or ulcers 
 Transmission by blood 
 Blood transfusion 
 Use of contaminated syringes & needles 
 Maternal: Transplacental & from contaminated breast milk 

Mechanism 
RNA virus binds to Tcell surface receptor(usually T4  helper cell)→enters 
cytoplasm and by reverse transcriptase viral RNA→viral DNA which inside the 
nucleus causes death of T lymphocyte or if it survives it has an altered genetic 
matter and functions abnormally 

  T4 cells → a) early B cell may proliferate→ LN enlargement and 
antibody formation(initial B cell hyperplasia) 
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             b) late gradual   effector immune mechanisms since 
both B & T cells are now defective 
 
MANIFESTATIONS 
A) Initial stage: No initial symptoms & T4(helper)lymphocytes >500/mm3 
B) Latent & prodromal stage: Production of AIDS related complex ARC + LN 
enlargement (takes months to years) 
There are no initial symptoms but virus is in lymphocytes, later may be 
persistent LN enlargement , fatigue & fever 

T4  are <200mm3 
C)Stage of opportunistic infection & tumors 
 Infection=opportunistic  & non opportunistic 
 Tumors malignant= Kaposi sarcoma 
    Lymphoma 

T4 counts<200mm3 
 
Clinical:Brain:AIDS dementia complex=meningitis-peripheral neuropathathy-

encephalopathy 
  Tumors 

Mouth,trachea,oesophagus: candidiasis 
 Lungs: pneumocystis carinii-fungal infection or TB 
 Intestines: Protozoal, or salmonella infections 
 Skin: Kaposi’s sarcoma or fungal infections or Herpes zoster 
 Blood changes:  

antibodies: up to 6 months may pass before anti-HIV antibodies appear. 
immunoglobulins: usually elevated in early stages 
T4 cells are severely reduced → lymphopenia. T4/T8 
ratio reversed 
 
Summary of the effects of the T4 helper lymphocytes: 

1- response to antigens &  lymphokines 

2- specific cytotoxic action 
3-Natural killer cells (NK) are less capable of killing tumor cells 

4-B cell/plasma cells→Ig production 
5-disordered function of macrophage 

   a) phagocytosis   b)chemotaxis  

   c)  IL-1 secretion    
   d) defective  antigen processing & presentation 
 
IMMUNOLOGY & CANCER 
Cancers stimulate immunological reactions since tumor cells have altered 
genes, which produce altered proteins . On the  cell surface,  these proteins 
are considered foreign by the body (tumor associated antigens TAA). 
The involvement of the immune mechanism has been recognized since some 
cancers  
1-Tend to regress in some patients 
2-2ries are relatively rare in spleen, probably due to the spleen’s ability to 
destroy abnormal cells in the circulation 
3-In some tumors the presence of lymphocytic response around the tumor is 
associated with a favorable prognosis 
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4-BCG is given in some treatment protocols to  cell mediated immunity in 
general i.e. non-specific boost of immune system 
 
APPLIED IMMUNOLOGY 
A-DIAGNOSIS:  
1-SEROLOGIC ANTIBODY DETECTION METHODS: by detection of 
circulating specific antibodies using specific antigens as in: agglutination & 
complement fixation methods used for detection of infections & autoimmune 
diseases 
2-IMMUNOHISTOCHEMISTRY & TUMOR MARKERS(tissue & serum) 
Rabbit/mouse is injected with specific antigen e.g. TAA→ left to live long 
enough to form antibodies against the antigen then it is bled→blood 
containing the specific antibodies which are tagged(i.e. labeled) with 
fluorescine (a fluorescent dye) or with peroxidase(gives brown color in tissue) 
or alkaline phosphatase (red color). Only cells containing the specific tumor 
antigen will react with the labeled antibody and staining only of the specific 
tumor cells will occur 
 
B-PROPHYLAXIS & TREATMENT of infectious disease(VACCINES) 
A) Passive : Injection sera containing   Immunoglobulins specific or non-
specific to bacteria or their products e.g. toxins. An important complication is 
serum sickness or anaphylaxis & shock 
B) Active(modified antigen vaccine) Killed------typhoid 
                                                         Toxoid-----tetanus 
         Attenuated or weakened e.g. viral 
vaccines of polio & measles 
Organ transplantation-blood transfusion 
Desensitization: Introduction of small gradually increasing doses of a specific 
antigen which is responsible for a certain allergy, may result in tolerance to 
this antigen. This is a good method of treatment of atopic disorders(Type I 
hypersensitivity) 
 
Learning objectives: Immunopathology 

1. Understand the difference between immunity and 

hypersensitivity 

2. Have brief idea about the different types of abnormal immune 

reactions 

3. Focus on types I,III & IV hypersensitivity reactions BR & GVH 

4. Discuss Eosinophylic reactions & extrinsic allergic alveolits & 

bronchial asthma 

5. Have idea about opportunistic lung infections  

6. AIDS 
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CYTOLOGY 
 
 It is the branch of science dealing with the study of cells. It is rapidly 
gaining precedence over many diagnostic techniques because: 
 

 Easy technique 

 Rapid : can take many samples in a short time 

 Inexpensive: requires few personelle and minimal equipment 

 Repeatable : Non invasive method which offers no inconvenience 
to   the patient 

 
Uses: 

1. Screening:Early detection of premalignant  & early invasive neoplasia  
 Cervico-vaginal PAP smears 
 Breast carcinoma screening programs 
 Urine screening 
 Sputum screening for bronchogenic carcinoma 

1) Labeling of samples is very important since large numbers are 
collected and all samples look alike 

2. Initial diagnosis 
Clinical data are vital for adequate and complete diagnosis especially 
Site of sample and method of sample taking 

3. Follow up and monitoring of treatment 
drugs taken or method of treatment must always be reported 
If previous cytology has been performed cytologist must be informed 
since comparison of samples determines the progress of the  
disease 

4. Research and tissue culture material 

 
CYTOLOGY SAMPLES 

1) FLUIDS: Effusions  Pleural and Pericardial 
2) SMEARS 

 Imprint of mass/ organ e.g. lymph nodes 
 Brush samples: bronchial/gastric…….. 

3) SPUTUM 
4) ASPIRATES AND LAVAGE: Bronchial 
5) FNAC/FNAB: fine needle aspiration cytology or biopsy 
  Superficial masses or organs  
  Deep organ masses ultrasound directed  
 Cysts  

Chapter 

10 
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HANDLING THE SAMPLE 
 
CLINICIAN 

Proper labeling of container or slide 
 

Materials needed for sample taking 
 Containers for fluid samples : clean and capped to avoid contamination 
 Box of glass slides 
 Fixative ( glass slide carrying jars + 95% ethanol)/ spray fixative 
 21 gauge syringes & lignocaine anaesthetic: for FNAC of masses/ cyst 

aspirate/organs 
 labels and  permanent markers 
 cardboard or wooden slide boxes 
 gloves 
 

Fluid sample 
Effusions can stay over night unfixed in fridge if delay of 2 
nights add an equal volume of ethanol 50% and store in 
fridge 

  

1st. Proper spreading of slide + fixation Immediate wet fixation of smears 
Never use circular movement . Spread like a blood film 

 

Clinical data 

 Name age sex 

 Clinical information: 
CYTOLOGIST 

 
2) Should preferably take the sample or be present with the clinician 

taking it. To ensure proper fixation and sufficient sampling 
3) Examination of gross and guiding the technician with respect to 

processing, staining and number of slides according to the type of 
each sample (large volume or small volume- clear or turbid). 

4) Microscopic examination: 
         Low power 
      Determination of adequacy   

Pattern & background 
Cell types 

At this level abnormal cells or groups can be marked for later HP use 
and an idea about the disease category is formed: Inflammation- 
degeneration/repair/neoplasia 
Inadequate smears can be dismissed 

 
High power + Oil immersion 

Determination if benign or malignant by cytoplasmic & nuclear 
details: 
1-N/C ratio 
2-Cell & nuclear shape and size 
3- Cell & nuclear membranes 
4-Others: Inclusion bodies   
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     Bacteria/fungi/parasites 
      Nucleoli-mitotic figures-chromatin pattern 
                Artifacts 
Diagnosis: based on clinical-gross & microscopic picture 
 

Organ  Method B/M  +/-Type 
Liver  FNAC  Malignant: well diff 
HCC 

Never diagnose malignancy if:Sample is inadequate or If 
cytoplasm is not intact: nuclei in degenerated cells may have 
features similar to preneoplastic or neoplastic conditions  
Types of diagnosis: 

1st. Inconclusive(difficult to diagnose) 
    Inadequate (poor cellularity / lesion missed / defective 

processing    Repeat smear 
2nd. Normal smear/no abnormal cells        Normal 

/hormonal changes 
3rd. Abnormal smear consistent with benign non dysplastic 

or non neoplastic changes of: Inflammation –degeneration 
– repair – treatment – metaplasia – hyperplasia 

4th. Abnormal smears consistent with benign tumour or 
dysplasia For : 3&4  Manage and follow up. Biopsy not 

required, except in grade  III dysplasia 
5th. Abnormal smear consistent with malignancy                             

Confirmatory biopsy is important for further typing of tumour 
especially in lymphomas & heterogeneous neoplasm’s 
(more than 1 cell type and more than 1 grade) 

 
Recommendations 

1. Repeat sampling                               Inconclusive or inadequate smears 
Lesion may have been missed or important cells may be masked 

2. Request special stains, tumour markers or investigations (X-ray-echo or 
CT scan……..) 

Ruling out other differential diagnosis or searching for possible primary 
tumour in various organs  
 
PITFALLS & LIMITATIONS 
The inadequate smear   REPEAT SMEAR 

1) Inadequate cellularity:      False -ve 
No or few cells insufficient for diagnosis 
Non representative cell types 

2) Inadequate due to contamination   False +ve 
Talc from gloves 
Lubricant from vaginal speculum 
Air born organisms(fungus-bacteria) 
Squamous cells from hands or puncture site 
Lesion may be misdiagnosed or masked 

3) Inadequate Fixation          False +ve  
Air-drying artifact: smear eosinophilia 
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distortion of cell shape & size 
blurred nuclear membrane 
pallor and loss of chromatin pattern 
loss of cytoplasm/cytoplasmic vacuolation 
NB: always mention if slide was air dried in clinical sheet, lab would 
proceed to rehydrate before staining this will only save squamous but 
not columnar cells(if of importance better to repeat smear) 
4) Inadequate smear thickness        False +/ -ve 
Too many RBCs Haemorrhagic 
Too many inflammatory cells/pus cells 

           Won’t be fixed resulting in air-drying artifact  
5) Staining defects                repeat staining only 
Red nuclei:  air drying or water too acidic 
Understained –all cells  air-drying 
      Nuclei  old haematoxylin 
      Columnar cells hair spray fixative 
       Bubbles  dilute xylol 

6) Mounting defects                              False +ve/-ve 
 Brown or black sediments may be misdiagnosed as melanin or 
haemosidrin or may mask important cells 

 
Do not diagnose the following 

1. Haemorrhagic smears 
2. Marked inflammation 
3. Air dryed 
4. Scanty cells 

TECHNICAL ASPECTS  
FIXATION 

1. Ethanol 85-98% (95%)   
Rush sample minimum 5mins 
Ordinary sample minimum 15 mins 

Always filter alcohol between cases to avoid contaminant cells from previous 
case 
Wet fixation is the rule: if sample is too watery: 

 Just wait till edges of sample dry then dip into ethanol 

 Spray fixation 

 Pre-albuminization of slides helps cells to stick 
Effusions: send unfixed, can be left in fridge over night but if longer add an 
equal volume of 50-70% ethanol and put in fridge .If sample has been left 
unfixed on the bench for more than 2 hours you must notify lab since cells and 
bacteria if present will tend to over multiply and a false impression of atypical 
hyperplasia or neoplasia may be reached. Must mention in clinical sheet that 
you have fixed the sample because of the protein precipitate in high protein 
samples 
 
Brush sample: After direct smear wash brush with alcohol/saline and put in 
container 
2. Spray fixatives 

 Cytofix spray   expensive but excellent quality decreases cell loss 
 Water soluble high alcohol content of commercial hairspray  
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Please notify lab if you use hair spray, as sample will have to be washed 
overnight in water, if not columnar cells will be weakly stained. Do not spray 
too close as this damages cells  

3. 10% formalin for FNAC and treated like a biopsy sample also used for 

fragments of tissues floating in fluids. If you have a good sized tissue core fix 
in 10% formalin, paraffin process and stain with HE 

 
PROCESSING 
EFFUSIONS 
Big volume:  
Clear :centrifuge   followed by cytospin 
Turbid : Centrifuge  remove supernatant and spread          
sediment as smear. Extra sediment is fixed in formalin like biopsy       
Small volume:  Cytospin /milipore filter 
Tissue fragments: pick out  - fix in 10% formalin & treat like biopsy 
NB: Millipore filter: syringe attached to a filtering unit used  for fluids very 

large quantity or very small quantity, to ensure trapping of all cells in the 
sample on a filter paper which is attached to a slide and treated like a smear 
 
SPUTUM    

Sputum          send immediately to lab No fixation. if you have to fix : use 
equal volume 50% ethanol and notify lab 
In Lab: Always note gross appearance 

 Pour contents into a Petrie dish and select samples with a glass probe 
from 3 different looking areas (bloody – purulent – discoloured) 

 Transfer to slide and use another slide to squash and spread sample 

 Fix immediately 
Do a cell block from the rest of sample, keep in fridge until you can work with 
them or just add fixative 
Cell concentration samples: 

a) enzymatic digestion 
b) mechanical emulsification 

FNAC 
 
                                                            Smear on slide 
                               21 gauge  
           10 cc 

                                                             Flush empty syringe with saline/95%  
-masses superficial or deep(ultrasound guided) 
-organs e.g. LN 
ethanol put in cytospin and make 2 slides 1 air-dried the other fixed 
 

STAINS 
Routine 
Fixed slides PAP All  
            HE: FNAC & rest of sediment 
Unfixed  slides Giemsa: FNAC thyroid & LN  and fluids       
                Toluidene blue/ Diff Quick: For immediate 

diagnosis(rush sample. Toluidene blue: for imprints of frozen sections or 
for rush samples and confirmation of FNAC sample cellularity) 
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 Special stains 
1- PAS: for detection of mucus or glycogen (digestion with diastase 

is important to differentiate mesothelioma from adenocarcinoma) 
2- ZN: if TB is suspected 
3- Immunohistochemical stains: CEA – CK – Vimentin  

 
IMPORTANT CLINICAL POINTERS 
1st. SPUTUM: Used for central, bronchial lesions 

A) Spontaneous ( morning sample): 

 Should be taken in the sitting position after washing the mouth with saline. 
Sample should be taken immediately  on awakening before brushing of teeth 
and breakfast to avoid contamination 

 Collection of sample should be in a wide mouthed bottle 

 Sample should be immediately sent to lab. If delay is imminent then add 
fixative (70% ethanol or Saccomano fixative) 

B) Induced sputum with nebulizer of polyethelene glycol 

 If there is little expectoration 

 In asymptomatic cases as a routine check 
NB Postural drainage may help 

C) 3 consecutive morning samples 

 Important for cancer cell detection 

 For treatment follow up (chemotherapy) 
SPUTUM SHOULD BE SENT IN A CLEAN CAPPED CONTINER UNFIXED  
IF DELAYED MAKE A SMEAR OR SEND  IN A CONTAINER + FIXATIVE 
PROCESSING 

NB: AIR DRIED ie AS SOON AS FLUID EVAPORATE STAIN IMMEDIATELY 
GIEMSA  STAINS ALSO HAVE METHANOL WHICH ACTS AS FIXATIVE 
 
2nd. BRONCHOSCOPY + BRUSH: Used for central, small bronchial 

lesions 
                        Fixed        PAP                                          

                       Air dried    G                                                                                
 
Brush ---------wash in 95% ethanol/saline  ---------- cytospin 

 Transbronchial bronchoscopically directed and gives a high yield of 
diagnostic cells good for central lesions. 

 Samples are smeared directly on slides with a circular motion diameter 
2cms and immediately fixed in ethanol & sent to lab 

Samples usually come to lab already spread on a slide and fixed 
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3rd. WASH (25mls)  -  LAVAGE (100mls). Although lavage has a 
lower diagnostic cell yeild it is usefull for infection diagn- alveolar 
proteinosis-interstitial lung disease and sarcoidosis 

Lavage: 100 mls saline is introduced into bronchial tree and aspirated 

Wash: 25 mls 
Although these methods give a lower yield of diagnostic cells & are not 
exactly from the site of the lesion yet they have an advantage over   sputum 

since they aren’t contaminated by buccal and upper respiratory cells. These 
samples are good for detecting infectious and interstitial lung diseases as well 

as a treatment for alveolar proteinosis 
PROCESSING 
Best send fresh if delayed  -  Saccomano carbowax   or  equal volume ethanol 
50% ----------         CYTOSPIN   ----------      Smear 

Millipore filter                                                                                                                           
 
4th. FNAC: X-ray or CT or Ultra sound guided for peripheral lung 

lesions – pleural lesions – metastasis    
A) Transbronceal/bronchial for central lesions: performed via a 

bronchoscope 
B) Percutaneous: FNAC through chest wall. Ideal for peripheral lesions as 

coin shadows, metastasis, peripheral carcinoma, pneumocystis and 
pneumonias.  

METHOD 
 Puncture above ribs to avoid intercoastal artery 
 Puncture both pleural surfaces in same motion to avoid 

pneumothorax 
 Puncture 1 pleural surface to obtain a pleural sample 
 Introduce syringe without suction 
 Apply suction with to and fro motion 
 Release vacum before withdrawing needle 
 Separate needle from syringe and fill syringe with air 
 Evacuate air and needle contents on a slide 

Press 2 slides to flatten sample                                                                                     

Syringe: Use 20 mls syringe & 22-23 gauge needle, wash with 95% 
ethanol/saline—  cytospin +/- cell block 
This method is contraindicated in: 
a. Severe hemoptysis 
b. Bleeding diathesis 
c. Severe pulmonary hypertension 
d. COPD with PO2: 60mmHg 
e. Vascular lesions(aneurysms, AV malformations and 
pulmonary varix) 
 

Choice of procedure for central lesions: 

 Sputum 

 Bronchoscopic samples 

 FNAC 
Choice of procedure for peripheral lesions: FNAC 
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 IT IS IMPORTANT TO KNOW HOW YOUR SAMPLE WAS TAKEN since  criteria & cell 
components differ in wash samples & spontaneous effusions  
 

PERITONEAL WASH ASCITIC FLUID 

Mechanical stripping of large sheets of 
mesothelial cells (honey comb appearance) 

Single / small clusters 

Cells may be round or flat 
Nuclei variable with irregular outline 

Round 
Round 

May contain skeletal muscle- adipose tissue-
ciliated cells 

- 

Hemosiderine macrophages are not 

indicative of prior hemorrhage 

Hemosiderine macrophages are  indicative of 

prior hemorrhage 

Psammoma bodies may be found in reactive 
mesothelial proliferations 

When found       malignant 

Diagnosis of malignancy is more difficult & 
DD: reactive mesothelial cells 
- endosalpingiosis - endometriosis 

Easier than wash 

   
    

THE CYTOLOGY OF EFFUSIONS 
 

ABNORMAL SMEARS 
  

GROSS & MICROSCOPIC 
 

Transudate Exudates Hemorrhagic Chylous 

< 3gm ptn 
SG<1.015 
Clear  
Straw colored 
Serum filtration 
-Cardiac IVP 
-Nutritional 

-Cirrhosis 
-Renal failure 

> 3gm ptn. 
>1.015 SG 
Turbid 
 

BV wall 
damage 

Inflammation 
Cancer  

> 3gm ptn 
>1.015 SG 
Turbid 
Red or brown 
Cancer 
Infarction 
Trauma 

Perforation 
 

> 3gm ptn 
>1.015 SG 
Milky 
White  

Cancer 
Parasites 
Lymphatic obstruction 
  

Few cells 
Lymphocytes 

Histiocytes 
Mesothelial cells 
 

No fibrin clot 

Many cells 
PNLs   

Histiocytes 
Mesothelial cells 
 
Fibrin network 

Many RBCs Many lymphocytes 

 

NB: If transudate stands on the bench for a long time it becomes very 
cellular due to the proliferation of Mesothelial cells. 
 

MICROSCOPIC 

REACTIVE SMEAR 
 

1- PNL predominance (Severe pleural irritation): 

 Septicemia/Empyema: bacterial colonies detected by 
Geimsa/Gram 

 Viscous perforation: undigested food-bacterial colonies-
columnar cells or squamous cells 

 Lung perforation: eosinophils 
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 Recent infarction lung: RBCs & isolated reactive Mesothelial 
cells 

2- Eosinophylic pattern (Moderate irritation) 

 Subpleural irritation by: Infarction – Inflammation- rarely 
malignancy may be present, if eosinophils are less than 15% 

 Sub diaphragmatic irritation: abscess  

 Allergic lung disease (parasitic)- malignant reticulosis- Hodgkins 
disease 

 Several days after a pleural aspiration 
3- Lymphocytic pattern: 

 Pure lymphocytic no or few mesothelial cells: TB good 

prognosis type. Bacterial culture is usually negative 

 With mononuclears & mesothelial cell: Viral 

 Proliferating reactive mesothelial cells + PNLs + Histiocytes & 
lymphocytes: TB bad prognosis with +ve culture 

 Reactive mesothelial cells (lymphocytic-mesothelial): Highly 
suggestive of malignancy. 2nd  or 3d  sample will contain an 

increasing number of reactive mesothelial cells and finally the 
malignant cells 

 RBCs (hemorrhagic -lymphocytic): 
- Suggestive of early invasion especially if pleural but if 

peritoneal it is less ominous but a 2nd sample must be 
asked for 

- Lymphoma 
4- Histiocytic- mesothelial:  highly suggestive of mesothelioma 

particularly if there are rosettes & groups of mesothelial cells 
5- Mixed pattern:  PNLS- eosinophils-lymphocytes-plasma cells – 

Histiocytes & mesothelial cells suspect malignancy & ask for a 2nd 

sample 
 
If you suspect carcinoma cells but there is severe inflammation. 
Do not diagnose malignancy unless you know that the cancer has 
perforated the viscous 
 

NEOPLASTIC SMEAR 
 

These smears are characterized by: 
1- Cellular smears: 

- Sheets of cells with more than 1 layer showing nuclear & 
cytoplasmic moulding & malignant criteria   

- Rosettes 
- Acini (groups with an empty center) 
- Papillae (3 dimensional small groups) 
- Single cells 

2- Background of: 

- PAS/diastase +ve material (mucus) 
- Psamomma bodies: ovary / mesothelioma/ breast / thyroid 

carcinoma 
- Melanin: melanoma 
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- Excess keratinization: squamous cell carcinoma 
 
CELL TYPES IN EFFUSIONS 

A) NON NEOPLASTIC CELLS: 
 
Mesothelial cells – histiocytes – lymphocytes – PNLs – eosinophils – 
others: Anitschkow cells– squamous cells contaminants 
 

I MESOTHELIAL CELLS: 
1. Non-stimulated mesothelial cells:  

- Single cells 85 % or form small clusters 
- Cell size around 15 u and round in shape.  
- Cytoplasm is usually dark pinkish blue (purple) & homogeneous with a 
distinct cell border, surrounded by a paler zone. The cytoplasm may be 
pale, finely vacuolated surrounding a central nucleus. The latter picture 
may mimic a histiocyte but the vacuoles are peripherally situated & the 
nucleus is bean shaped and more or less eccentric. 
- Nucleus is   single but may be binucleated. It is round to oval with fine 
chromatin, a distinct nuclear membrane & centrally located 

2.  Reactive / stimulated mesothelial cells: 

- Present as single cells and few clusters (or monolayer sheets of cells in 
wash samples). Cells may show moulding but the windows or spaces or 

clefts between the cells are present. Cell in cell appearance may be 
seen. They may also be present as small papilla or rosettes but few in 
number and not 3 dimensional which is a feature of malignant cell balls 

- Cells are slightly larger than unstimulated mesothelial cells,  
- With a uniform round nucleus & prominent nucleoli and normal mitotic 

figures 
3. Atypical reactive: sheets & papillary clusters & rosettes 

Large cells  & giant cell forms (in malignancy there are no giant cells   
Large nuclei & prominent nucleoli but there are no nuclear membrane or 
chromatin abnormalities    

4. Signet ring cells: These represent degenerative changes in chronic long-
standing effusion 
Special stains:  

 PAS: gives a granular positive staining at cell periphery this 
differentiates the mesothelial cell from the histiocyte which is 
PAS –ve & the adencocarcinoma cell which has a +ve stained 
single large cytoplasmic globule resistant to diastase digestion 

 Mucicarmine: -ve in mesothelial cell, but +ve in carcinoma cells 

 CEA negative – EMA, CK & vimentin positive in malignant 
mesothelial cells 

 
II HISTIOCYTES 

 Present as single cells or loose monolayer clusters with NO 
moulding of cytoplasm. Cell in cell appearance is common, 
particularly in inflammation & in association with malignancy in 
exudates 

 Special stains: 
1- For Iron for phagocytosed particles 
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2- Acid phosphatase for lysosomes 
3- Sudan for lipids 
4- Neutral red or Jannus green differentiates 

leukocytes from histiocytes, mesothelial & cancer 
cells 

 

 Mesothelial cells Histiocytes 

Pattern Single or in monolayer 
sheets/ clusters 

Single or in groups of 
separate cells 

Cytoplasm Homogenous (never  
granular. uncommonly 
vacuolated 

Granular & vacuolated 

Nucleus Oval or round central Oval/kidney shaped, 
eccentric 

 
III LYMPHOCYTES: Single cells (benign lymphocytes do not show budding or 
karyorrhexis & are usually associated with other cells) 
IV PNLs: single cells 
V PLASMA CELLS: seen in chronic inflammation – Hodgkin disease – 

Multiple myeloma 
VII CILIATED COLUMNAR CELLS – DUST CELLS: suggestive of 

bronchopleural fistula when seen in pleural effusion 
VIII SQUAMOUS CELL : can be contaminants  on slide but think of 

squamous cell carcinoma 
 
CHARACTERS OF THE SMEAR IN SOME DISORDERS: 

1. Hyporoteinemia: Transudate composed of few lymphocytes & 

mesothelial cells 
2. Congestive heart failure: Transudate 
3. Rheumatic pleural effusion:  Exudates with a dirty background 

composed of PNLs + histiocytes   + sheets of atypical mesothelial cells 
+ Anitischkow giant cells (elongated nucleus with a central bar of 
chromatin) found in long standing effusions 

4. Rheumatoid: Clumps of amorphous material in background – 
histiocytes & multinucleated giant cells – FEW mesothelial cells 

5. Infarction: Acute: PNL pattern exudates or eosinophylic pattern with 
single proliferating mesothelial cells + mild to moderate RBCs + 
histiocytes with erythrophagocytosis & hemosiderin later 
                  Organized: Exudate with reactive proliferating mesothelial 
cells & histiocytes with hemosiderin 

6. Inflammation:  

Acute: PNL pattern + necrotic debris 
Chronic: nonspecific lymphoplasmacytic exudates with      

 reactive atypical mesothelial cells + macrophages with  
 engulfed material 

          Specific TB: lymphocytic exudates +/-  few PNls & mesothelial cells    
(good prognosis). DD: lymphoma /leukemia/ virus 

        Lymphocytic-mesothelial: sheets  & papillae    
  of mesothelial cells + necrosis + PNLs ( clinical is very   
  important) 
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7. Eosinophylic pleural effusion (EPE) : Eosinophils when present in 
an exudates as 15% or more  consider a favorable prognosis  
Idiopathic (1ry): Unilateral pleural effusion in a young adult 
2ry EPE: Parasitic- collagen disease – cancer - allergy 

8. Parasitic:  Eosinophylic pattern + microfilaria / Echinococcus scoleces 
9. Radiotherapy: Atypical reactive smear 
10. pericarditis: Reactive smear prominent single nucleolus but size is 

uniform 
 

BENIGN & MALIGNANT SMEARS 
BENIGN CELLS : rare in effusions  e.g. benign mesothelioma  
General features of Benign cells 

1. NUCLEI :Equal size – same shape(round or oval) – normal size 
2. NUCLEAR MEMBRANE: Smooth - regular 
3. CHROMATIN: Fine & uniform diffuse distribution 
4. NO NUCLEOLUS: (few exceptions) 
5. CLEAN BACKGROUND: No tumour diathesis 
6. N/C RATIO: Normal according to the cell type 

 
General features of dysplasia 

1. NUCLEI: enlarged – pleomorphic - hyperchromatic 
2. NUCLEAR MEMBRANE: smooth +/- indentations 
3. CHROMATIN: dense but uniformly distributed 
4. NO NUCLEOLUS 
5. CLEAN BACKGROUND 
6. Always good amount of cytoplasm around nucleus despite 

increased N/C ratio 
 
MALIGNANT CELLS : 

 Clinical data is very important 

 Never diagnose malignancy if protein is less than 3 gms 

 Never diagnose malignancy if there is a severe inflammatory reaction 
in the presence of suspicious cells, unless there is actual viscus 
perforation 

 Never diagnose malignancy if; 
1. Morphology is indistinct 
2. Smear appears composed of monotonous cells & monotonous 

uniform nuclei 
3. Absent structural or nuclear abnormalities 
4. the presence of excess PNLs & necrotic debris unless viscus 

perforation is stated 
IF still suspicious ask for another sample 
 
GENERAL CRITERIA OF MALIGNANCY 

1. Marked nuclear & cellular pleomorphism as well as an irregular nuclear 
membrane is a rule but in fluids shape is rarely affected & is round or 
oval with smooth nuclear membrane.   Bizarre, or spindle cells don’t 
occur in benign smears  

2. Large prominent nucleolus with irregular contours  
3. Hyperchromasia and abnormal chromatin clumping rarely clear nuclei 
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4. High N/C ratio except in mucus secreting adencocarcinoma & 
keratinizing squamous cell carcinoma 

5. Atypical mitosis: tripolar or multipolar 
6. Multiple levels of cells in sheets or clusters 
7. Special features: Psamomma bodies- melanin –mucus – multiple Barr 

bodies in breast and ovarian carcinomas ( dense chromatin 
concentrations on the nuclear membrane ). Usually helpful in 
determining source of primary 

Features favouring invasive neoplasm 

 Prominent large nucleoli 

 Abnormal cell shapes e.g. tadpole cells – squamous whorls …… 

 Tumour diathesis 
 

Immunohistochemistry Mesothelioma Sarcoma Adenocarcinoma 

CEA -ve -ve +ve except in 
renal and ovarian 
tumours 

CK +ve -ve +ve 

Vimentin +ve in only 65% +ve -ve in 85% 

Others 
   
-Calretenin 
 

-Secretory component 
 
- WT1 
 

 
 
+ve  100% 
 
-ve 
 
+ve  

 
 
-ve 
 
-ve 
 
-ve 

 
 
-ve    100% 
 
+ve in 60% 
 
-ve 

 
                                                 
Learning Objectives: Cytology 

1. Stress on types of cytology samples, how to send 
sample, preserve & deal with it(fixation and 
preservation 

2. What are the samples considered as unsatisfactory 
and why 

3. Types of diagnosis in cytology 
4. Criteria of malignancy  and features of benign smears 
5. Cell types commonly encountered in effusions 
6. Types of effusions , gross & microscopic 

 
 
 
 
 
 
 
Resources 
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1. Kumar,V., Abbas, A.K. and Fausto,N: Robbins and Cotran 
Pathologic Basis of Disease. 7th edition, Elsevier Saunders 
International. edition. 2005 

2. Underwood, J.C.E.: General and Systematic Pathology. 3d 
edition. Churchill Livingstone. Edinburgh, London, Madrid, 
Melbourne, New York & Tokyo. 2000 

3. Hasselton P. & Flieder DB (editors): Spencer’s Pathology of 
the lung 6 th edition Cambridge Univ Press 2013 

Chandrasoma, P. & Taylor, C.R.: Concise Pathology. 3d edition. 
McGraw Hill Education 1997 

2. El Hindawi, A.: Basic General Pathology. Faculty of 
Medicine, Cairo University 2009 

3. Reid,R  Callander, R Ramsden I,  Roberts,F  . 
MacFarlane,PS. Pathology Illustrated  6th edition, Elsevier Science 
Health Science div 2005 

4. Jones, E. & Morris, A.: Cell biology & Genetics. Mosby, 
London Philadelphia St. Louis, Sydney, Tokyo. 1998 

5. Kumar,V., Abbas A.K. Cotran, R.S. Robbins,& Cotran Basic 
Pathology. 7h edition, W.B. Saunders Co., Philadelphia, London, 
Toronto, Sydney, New York, Sydney & Tokyo. 2005 

6. Stevens,J. & Lowe,J.: Pathology. Mosby. 1998 

7. Underwood, J.C.E.: General and Systematic Pathology. 3d 
edition. Churchill Livingstone. Edinburgh, London, Madrid, 
Melbourne, New York & Tokyo. 2000 

Marbas, L. & Case E. Visual mnemonics for pathology. Blackwell 
publishing 2003 

3. Important web sites 

PATH MAX: http://www.pathmax.com/main.html 

http://www.path.queensu.ca/present/boag/resp/ 

WEBPATH: http://medstat.med.utah.edu/WebPath/webpath.html 

http://www.vh.org/adult/provider/radiology/LungTumors/CaseStudie
s/ViewCaseStudies/PathologicCases.html 

http://erl.pathology.iupui.edu/C604/INDEX.HTM 
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http://www.path.uiowa.edu/cgi-bin-pub/vs/fpx_search.cgi 

http://www.medscape.com/pages/editorial/resourcecenters/public/lu
ngcancer/rc-lungcancer.ov 

pulmonary.medscape.com 

http://www.medicine.cu.edu.eg/beta/en/jcalpro/2428.html  

http://www.kasralainy.edu.eg/elearning/ 

http://www.pathmax.com/ 

http://www.elc.cu.edu.eg/E-Courses.html  

http://www-medlib.med.utah.edu/WebPath/LABS/LABMENU.html#2 

http://www.med.uiuc.edu/PathAtlasf/titlePage.html 

http://www.medscape.com/pathologyhome 

http://www.gwumc.edu/dept/path/2F.HTM 

http://www.path.uiowa.edu/virtualslidebox/ 

http://web.med.unsw.edu.au/pathology/Pathmus/pathmus.htm#Inter
activeImages 

http://www.virtualpathology.leeds.ac.uk/ 

http://histopathsho.34sp.com/index.html 

http://pathology.class.kmu.edu.tw/index.htm 

http://www.gla.ac.uk/faculties/medicine/teaching/MedCALlist.htm 

 


