FLUID SAMPLES B
3 FEB 2004 updated 2017
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 

4- Toluidene blue: for imprints of frozen sections or for rush samples and confirmation of FNAC sample cellularity
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DESTAINING


If an unstained is not available for special staining & there is no more material left, then destain the MGG slide by dipping in methanol until slide clears of color. PAP smears & H&E may be destained with 70% ethanol but with poorer results

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
	-

	Hemosiderin macrophages are not indicative of prior hemorrhage
	Hemosiderin 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


\

\

I-SEROUS EFFUSIONS   updated 2017
GINA ASSAAD

SOHEIR MAHFOUZ

ABNORMAL SMEARS
GROSS & MICROSCOPIC
	Transudate
	Exudates
	Hemorrhagic
	Chylous

	< 3gm ptn

SG<1.015

serum LDH ratio <0.6.
Clear 

Straw colored

Serum filtration

-Cardiac IVP

-Nutritional

-Cirrhosis

-Renal failure
	> 3gm ptn.

>1.015 SG

serum LDH ratio > 0.6
Turbid

purulent or bloody
BV wall damage

Inflammation

Cancer 
	> 3gm ptn

>1.015 SG

serum LDH ratio > 0.6
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

+ cancer cells 

Fibrin network
	Many RBCs

+ cancer cells 


	Many lymphocytes


NB: If transudate stands on the bench for a long time it becomes very cellular due to the proliferation of Mesothelial cells.

      An atypical mesothelial cell proliferation is common in a chronic or long-standing serous effusion. This may be secondary to cirrhosis, chronic inflammatory lung diseases, pulmonary infarction, radiotherapy, chemotherapy, collagen vascular diseases or trauma
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MICROSCOPIC
A) 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

· 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

B) NEOPLASTIC SMEAR

These smears are characterized by:

1- Cellular smears:

· Single cells

· Sheets of cells with more than 1 layer showing nuclear & cytoplasmic moulding & malignant criteria (see later)

· Rosettes

· Acini (groups with an empty center)

· Papillae (3 dimensional small groups)

2- Background of:

· PAS/diastase +ve material (mucus)

· Psamomma bodies: ovary / mesothelioma/ breast / thyroid carcinoma

· Melanin: melanoma

· Excess keratinization: squamous cell carcinoma

CELL TYPES IN EFFUSIONS

A) NON NEOPLASTIC CELLS:

Mesothelial cells – histiocytes – lymphocytes – PNLs – eosinophils – others: Anitschkow cells– squamous cells

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   

NB: staining with EMA & p53 antibody may be useful in distinguishing these cells  from

mesothelioma cells as malignant cells may express p53 and strong membranous EMA and reactive cells may not stain with P53 but may express weak membranous EMA staining. 
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

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

VI HEPATOCYTES: Single or cells in sheets. They are very large cells, commonly binucleated with giant vacuolations, which are PAS +ve.

NB: in accidental liver perforation these cells are seen in the ascitic fluid alongside amorphous material and bile

VII CILIATED COLUMNAR CELLS – DUST CELLS: suggestive of bronchopleural fistula when seen in pleural effusion

VIII SQUAMOUS CELL – FAT- STRIATED MUSCLE: are smear contaminants but may be present in peritoneal wash  samples

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)

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 ascitis:  Eosinophylic pattern + microfilaria / Echinococcus scoleces
9. Liver cirrhosis: NO INFLAMMATORY COMPONENT just macrophages & mesothelial cells  & atypical reactive mesothelial cells
      In active phases of cirrhosis with necrosis & jaundice: atypical reactive mesothelial cells in clusters, papillae or rosettes) + giant cells (these never appear in malignant smears)

10. Uremia (pleural): Atypical reactive mesothelial cells with nuclear membrane irregularities difficult to differentiate from malignancy 

11. Dialysis ascitis: characterized erythrophagocytosis & another condition with this picture is Chediak – Higashi syndrome)
12. Scleroderma (peritoneal): Atypical reactive smear
13. Radiotherapy: Atypical reactive smear
14. Sickle cell anemia: Abnormal RBCs
15. Megakaryocytic ascitis with myeloid metaplasia

16. Chronic pericarditis: Reactive smear prominent single nucleolus but size is uniform
A) BENIGN CELLS : rare in effusions  e.g. benign mesothelioma
B) 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 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

4. Granularity of chromatin and absence of nuclear membrane are 2 features never present in benign cells

5. High N/C ratio except in mucus secreting adencocarcinoma & keratinizing squamous cell carcinoma

6. Nuclear haloes are never present in benign cells

7. Atypical mitosis: tripolar or multipolar

8. Multiple levels of cells in sheets or clusters

9. 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
CHARACTERS OF SOME NEOPLASMS

1) Squamous cell carcinoma
	
	Keratinizing SCC
	Non keratinizing SCC

	Pattern
	Single & few clusters or pearls
	Single> clusters

	Cells
	Many aneucleated squames

Bizarre squames

Cytoplasm keratinized (orange)
	Variable in size

Cytoplasm not keratinized (not orange)

	Nucleus
	Few nucleated cells, mostly aneucleated
	Majority nucleated

Abnormal nuclear


NB: clumps of cells are not helpful in diagnosis

IF THERE ARE MANY SQUAMOUS CELLS IN AN EFFUSION, IRRESPECTIVE OF THE STATE OF THE NUCLEUS, SMEAR CAN BE DIAGNOSED AS MALIGNANT

DD: PD or MD adencarcinoma usually needs special mucin stains

2) Adenocarcinoma

Pattern: Round or oval clusters or papillae & glandular structures 

Cytoplasm: Positive for mucin

Nucleus: large hyperchromatic with an abnormal large nucleolus

DD: WD mesothelioma doesn’t show nuclear abnormalities

PRESENCE OF CYTOPLASMIC VACUOLES ARE NOT DIAGNOSTIC OF adenocarcinoma since they are also present in histiocytes & mesothelial cells

3) Breast & ovarian carcinoma 
 If the malignant cells are seen in pleural effusion think of breast if present in ascitic fluid think of ovarian cancer

Both tumors are characterized by: 

· Multiple Barr bodies

· 3 dimensional structures in breast carcinoma they appear as smooth contoured ball structures

· Indian file pattern in scirrhous carcinoma (mesothelial cells rarely give Indian files longer than 3 cells)

4) Mesenchymal tumors: 

Benign: Fibroma: rarely produces effusion


  Fibrous plaques: rarely produces effusion and are more common than 

  Their malignant counterpart


  Papillary mesothelioma: rarely produces effusion

Malignant: 

1- Epithelial (carcinomatous) mesothelioma: 

Pattern: Cellular smear with many papillae some have a large complex structures and many 3 dimensional gland-like structures and mulberry like clusters with a smooth festooned outline. Many scattered single cells and sheets



+/-   psammoma bodies

Cytoplasm: bizarre forms + multinucleated giant cells

Nucleus: WD smooth regular contoured nucleus  & may be difficult to differentiate from atypical hyperplasia



MD & PD: large irregular nucleus with large irregular nucleolus

2- Fibrosarcomatous mesothelioma: No effusion needs FNAC for diagnosis. Pattern mainly bundles of elongated nuclei with malignant criteria

3- Biphasic mesothelioma Atypical mesothelial cells + spindle cells

	Immunohistochemestry
	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

- Mesothelin and WT1
-Secretory component


	+ve  100%

+ve
-ve
	-ve

-ve
-ve
	-ve    100%

-ve 
+ve in 60%


NB: a combination of 2 positive markers (calretinin, CK5/6, WT1) and  2 negative epithelial markers (CEA, MOC31, Ber-Ep4) is adequate for a firm diagnosis of EM.
5) Small cell neoplasms: scirrhous & oat cell carcinomas + Lymphoma

	
	Oat cell carcinoma
	Scirrhous carcinoma
	Lymphoma/leukemia

	Pattern
	Small columns or rows of cells
	Small columns or rows of cells
	Single cells

Monotonous smear (except if lymphoblastic) characterized by budding & karyorrhexis (lymphoma only)

	Cytoplasm
	Small rim 
	Small rim containing a vacuole +ve for mucus
	No rim unless large cell types

	Nucleus
	
	
	Marble chromatin & nucleolus (lymphatic leukemia)

Large nucleolus is not a feature of lymphoma except lymphoblastic type




6) Metastasis: Primary site is usually difficult to know

Female pleural effusion: 

with a known history of neoplasia  breast > ovary> lung> lymphoma

without



 Lung   & consider mesothelioma(DD)


 Ascitic fluid: 

with a known history of neoplasia  Ovary> breast> GIT

without



 Ovary- GIT   & consider mesothelioma(DD)

Males: pleural effusion:

with a known history of neoplasia  Lung> GIT > Lymphoma

without



 Lung   & consider mesothelioma(DD)

Ascitic fluid:

with a known history of neoplasia  GIT > Pancreas> lymphoma

without



 GIT   & consider mesothelioma(DD)

Children (few cells): Wilms, Ewing or embryonal rhabdomyosarcoma

1. CK7+ and CK20+: Urothelial carcinoma and ovarian mucinous carcinoma.

2. CK7+ and CK20-: Carcinomas of lung (small cell, non-small cell and non-squamous), breast, ovary (serous type), endometrium and thyroid; germ cell

 tumors and epithelial mesothelioma.

3. CK7- and CK20-: Squamous cell, prostatic, renal cell and hepatocellular carcinomas.

4. CK7- and CK20+: Colorectal and Merkel cell carcinomas
INTERPRETATION, COMMENT & DIAGNOSIS OF EFFUSION SMEARS

	DIAGNOSIS
	COMMENT

	Unsatisfactory smear
	Fresh sample is required

	Transudate 
	

	Exudate: Reactive

             Inflammatory

             Neoplastic

                 Carcinoma

                 Mesothelioma

                 Lymphoma/leukemia
	Bacterial or fungal culture required

Exclude TB and viral infection

	Suspicious smear

  Suspicious cells or 

  Suspicious pattern

     Lymphocytic-mesothelial

     Hemorrhagic-lymphocytic

     Mesothelial- Histiocytic

     Mixed with eosinophil<15%


	Repeat sample

Ask for up to 2 more taps & notice any increase in cellularity or the appearance of obvious malignant cells

NB: Malignant samples accumulate rapidly whereas benign take much longer & cellularity is stationary or improves with time 


NB: Marked inflammation with marked eosinophilia + necrosis + multinucleated giant cells are good features of a benign sample

       If TB is suspected mention bacteriologic investigation Ziehl Nielsen & culture since ZN may be +ve in only 20% of fluids

EFFUSION SCHEME

	GROSS
	Clear
	Turbid
	RED/Brown
	Milky

	
	Transudate
	Exudates (Can also be clear)
	Hemorrhagic
	Chylous

	           SPg.

           Ptn
	<1.015 

<3 gm
	>1.015 

>3 gm
	>1.015 

>3 gm
	>1.015 

>3 gm

	Microscopic
	Few cells
	Many
	Many RBCs
	Many


GENERAL MICROSCOPIC PATTERNS

	PATTERN
	NON NEOPLASTIC PATTERN
	NEOPLASTIC PATTERN

	PNL predominance
	1.Pleural Empyema / septic peritonitis

2.Irritation

     Inflammation (aseptic)

Infarction (RBC + mesoth)

3.Perforation (columnar cells + food/ squamous cells)
	Perforation: necrotic debris, columnar cells, food + MALIG CELLS

	Eosinophylic
	Allergic / parasitic

Collagen disease

Subpleural irritation
	Less than 15% eosinophils

Hodgkin

Reticulosis

	RBCs
	1.Traumatic (No hemosiderin in macrophages)

2.Infarction

3.Leukemia-lymphoma

4.Malignancy 
	Leukemia  

Lymphoma  (lymphoglandular bodies)

	Lymphocytic
	TB

Viral

Lymphoma /Leukemia

Preinvasive malignancy
	Lymphocytes &few mesothelial

Mononuclears + mesothelial

Lymphocytes lymphogland B

Lymphocytes + reactive mesothelial cells + RBCs

	Mesothelial-histiocytic
	Mesothelioma
	

	Mixed (all cells + eosinophils)
	Neoplastic
	Dirty background


BENIGN & MALIGNANT MICROSCOPIC FEATURES

	FEATURES
	BENIGN
	MALIGNANT

	Background
	Protein
	RBCs, débris, psammoma bodies, pigment

	Exfoliation
	Single > clusters

1 layer of cells in cluster
	Single + clusters

3 D clusters, papillae, sheets more than 1 layer & acini

	Cells
	Benign nuclear features

Rare moulding  & clefts are present in mesothelial groups
	Malignant nuclear features

Moulding

Abnormal large nucleoli


MALIGNANT TUMORS ACCORDING TO CELL SIZE

	Larger than mesothelial cells
	Equal in size to mesothelial cell
	Smaller than mesothelial cells

	Squamous cell carcinoma

Mesothelioma (large cell type)
	Carcinomas
	Lymphomas

Neuroblastoma

Wilm’s tumor

Oat cell carcinoma

Scirrhous carcinoma breast


NB 

Epithelial and mixed mesotheliomas account for about 90% of all pleural and peritoneal primary tumors. Both neoplasms are commonly associated with a serous effusion. Sarcomatous and desmoplastic mesotheliomas are usually not associated with an effusion. Sarcomatous cells in a mixed mesothelioma do not usually and spontaneously exfoliate into associated effusions.
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PAS: adenocarcinoma remains positive on digestion with diastase & mesothelial cell becomes negative on digestion






























