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TECHNICAL ASPECTS
1. SAMPLE TAKING
A. Naturally voided urine:   Cheap, easy, large volume & can be repeated NB: Abdominal massage is recommended before voiding of urine, since it allows better cellular exfoliation
Avoid 1st flow sample since it contains many contaminants from urethra or              
     bacteria
   Midstream good for urinary bladder lesions



  Terminal stream: contains prostatic secretions
B. Catheter samples: retrograde catheterization of ureters and renal pelvis. T determine the nature of a space occupying lesion seen by radiology or to localize an occult tumour diagnosed in voided urine
C. Bladder wash/ barbotage:  during cystoscopic or catherization particularly for high risk patients to obtain well preserved cells and have a high cell yield Specimen of choice for DNA ploidy analysis
D. Direct brushing: indications the same as for catheterization
E. Imprints for intraoperative tumors
Urine samples are used for
a. Making the initial diagnosis
b. Detection of CIS when there are urinary symptoms in the absence of a mass (otherwise atypical cells are considered high grade TCC)
c. Follow up of patients on various TT protocols : chemo- radiotherapy-BCG- kidney transplantation 
d. Determination of cause for hematuria
e. Investigation of patients with micturition problems
f. Hormonal assay in females (urocytogram)
g. Research
Urine samples in tumour diagnosis  
Sensitivity: G1 50-86%

       G2 70-88%
                  G3 90-96%
False negative: mostly bad quality technique or marked inflammation
False positive : true false are rare but may occur in seminal vesicle tumours or post therapeutic. Temporary false +ve after cystoscopy
2. SENDING THE SAMPLE
· Fresh urine samples that are delivered to the laboratory for processing within 6–12h of voiding do not require fixation but require refrigeration. These specimens should be promptly processed.
· Fixed : Add = volumes of urine and fixative (50% ethanol or 10% formalin)
3. SAMPLE FIXATION
Immediate fixation is the rule except for Giemsa slides
Freshly voided urine should be processed within the hour
4. SAMPLE PROCESSING
Clear sample--------- use cytospin / milipore filter
Turbid sample------- centrifuge 2-4000 rpm for 10 mins
Use sediment to spread on a slide for air drying and another two for fixation in 95% ethanol. The rest of sediment is fixed in formalin and a cell block is made( not particularly useful as in other samples)
Other methods of processing: liquid based preparations(LBP)
5. STAINING
· PAP staining of fixed slide
· Giemsa / MGG for air dried slide
· HE for cell block 
· Unstained 2nd fixed slide
· Special techniques and stains
· Examination of unstained sediment for casts & vegetable cells
· Toluidine blue for casts, urocytogram and devitalized cells
· Polarized light for cholesterol crystals and leucine (Maltese cross)
NORMAL SMEAR
1. PATTERN OF EXFOLIATION (low cellularity clean smears)
· Single cell exfoliation: mainly urothelial cells in small numbers. Actually the number depends on the method. More cells in cystoscopic samples, bladder washing or after exercise
· In groups: Usually seen after catheterization or after cystoscopy
2. CELL TYPES
A- Epithelial cells : few
1. Urothelial cells
· Superficial /umbrella cells----freshly voided
· Intermediate cells---freshly voided
· Deep  cells in catheterized samples
2. Squamous cells: exfoliate from distal urethra in male or are vulvo-vaginal in females. They may also exfoliate in the presence of stones-parasites-trichomonas 
3. Prostatic & seminal vesicle cells:  cells: rare except after prostatic massage
4. Renal cells: rare
B- Non epithelial cells : few
1. WBC ( neutrophils and lymphocytes) should be less than 5/HPF if more consider urinary tract inflammation & RBCs should be less than 1/several HPF ( if they appear crenated or distorted, their source is  from the kidney and not the bladder )
2. RBCs non glomerular 
C- Non cellular elements: Occasional hyaline & finely granular  casts  & corpora amylacea (males)
NB
1-crystals: normally should not be present
2-casts: important in the follow up of renal transplants for rejection/ indicate renal disease
1. Hyaline: can normally be present (1 or 2 in a smear) if urine is too concentrated or acidic. They are pale blue homogenous, well defined & cylindrical transparent, may have orange color if increased it means excess protein filtration in GN / nephrotic syndrome
2. Cellular/epithelial: normal none or 1/10 HPF, they are desquamated cell + protein. If they contain fat patient is diabetic. As the contents degenerate they become
3. Granular casts may be found after strenuous exercise otherwise pathologic NB: if the casts are wide in caliber (tubular dilatation) bad sign.
4. WBC:   with sharp contours indicate:   A. pyelonephritis / AGN. 
5. RBC casts: normally not present  
They indicate hemorrhagic condition in kineys: AGN- polyarteritis nodosa-crush syndrome, hepatorenal-A.graft rejection
· Pigment casts: should not be present 
· Fatty casts: nephrotic
NB: Pseudocast are trapped WBC with irregular contour and originate from lower urinary tract infection

D-Contaminants

Females ( from vagina & vulva : squamous cells & doderlein bacilli


Males: seminal vesicle cells & spermatozoa
Fungus- vorticells (fresh water protozoa) – parasites- organisms in water or plant material (pollen)
D- CELLULAR FEATURES
A- Urothelial cells
· Superficial/umbrella cells: 
- Large – multi/binucleated
- Pear shaped abundant cytoplasm with smooth contours, finely vacuolated, cyanophylic with thick cytoplasmic outline Saucer appearance
- Nucleus single / multiple with perinuclear clearing-may be round or oval in shape with fine chromatin
· Intermediate cells 
- Have size of the parabasal squames, round to oval
- Loose groups
- Cyanophylic cytoplasm which may contain glycogen
- Nucleus is similar to that of a superficial squamous cell
· Deep cells: 
- Small cells slightly larger than macrophages
- Cytoplasm thin cyanophylic & transparent may have small vacuoles (if vacuoles are large then cell is degenerated
- Nucleus central with no nucleolus & has perinuclear clearing
B- Squamous cells: mostly superficial or aneucleated squames
C- Renal cells: similar to transitional but more oval if they contain fat they have the appearance of the Maltese cross. May be present if there is a cyst or repair and their cytoplasm is granular & are usually surrounded by tubular debris
D-Tubular cells: Are round & small with pale blue cytoplasm & a paracentric nucleus they resemble parabasal squames or deep transitional cells
E- Prostatic cells: similar to transitional cells but cytoplasm is eosinophylic. They may be cuboidal or columnar. They are rarely seen except after prostatic massage & associated with seminal vesicle cells & spermatozoa
F- Seminal vesicle cells: Large irregular columnar cells with thin blue cytoplasm & yellow lipofuschin pigment. The nucleus contains dense chromatin & a prominent nucleolus
ABNORMAL SMEARS

• BENIGN LESIONS

• Infections

• Inflammatory conditions

• Haematuria

• Urolithiasis

• PREMALIGNANT LESIONS

• Squamous metaplasia

• Dysplasia
• SUSPICIOUS FOR MALIGNANCY

• NON-CLASSIFIED LESIONS

• Reactive changes

• TUMOURS

– Urothelial tumours: Papillary tumours &Non-papillary

– Non-urothelial tumours

• Squamous

• Adenocarcinoma

– Metastatic tumours

• INADEQUATE

BENIGN NON NEOPLASTIC
1. INFLAMMATORY SMEARS & INFECTIONS
1. Cell types in background: inflammatory cells +/- bacteria
2. Pattern: desquamation of urothelial cells in groups
3. Cytoplasm: Vacuolated & if it contains inclusions: red ( necrosis) blue (malakoplakia)
4. Nucleus: perinuclear clearing, may be pyknotic & dense. Nuclei may appear reactive( vesicular, pale with small nucleoli)
5. Special infections:
VIRAL :  
Polyoma V: Huge dense nucleus , with a blue intranuclear inclusion seen in immunosuppressed DD malignancy
BKV:  is a virus from polyoma family occurs in females & immunosuppressed patients
HPV: koilocytotic cells like in PAP smears
Herpes simplex ( like in  PAP smears)
TB: tubercles may be seen in urine. If BCG was administered DD papillary carcinoma
Parasites: Bilharzia & Enterobius ova
Candida & Trichomonads
2. LITHIASIS:
Large numbers of cells are exfoliated. Mainly Reactive & characterized by a prominent nucleolus /dysplastic/ metaplastic as well as repair cells.
Many cells have a pale nucleus and prominent nucleolus (reactive change) DD Low grade papillary carcinoma
Many leukocytes, Ca oxalate and uric acid crystals
3. HEMATURIA

RBC's may appear normally shaped, swollen by dilute urine (in fact, only cell ghosts and free hemoglobin may remain), or crenated(Fig 1) by concentrated urine. Both swollen, partly hemolyzed RBC's and crenated RBC's are sometimes difficult to distinguish from WBC's in the urine. In addition, red cell ghosts may simulate yeast. 
The presence of dysmorphic RBC's in urine suggests a glomerular disease such as a glomerulonephritis. Dysmorphic RBC's have odd shapes as a consequence of being distorted via passage through the abnormal glomerular structure.

If source is UB :  RBCs are round smooth & healthy >70%
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– Tumors of bladder

– Tumors of urethra

– Hemorrhagic cystitis

– Cystitis

– Bladder lithiasis

– Diverticulum

– Urethritis

– Trauma of urethra
If source is kidney or upper urinary tract: RBCs are crenated or dysmorphic (other abnormal shapes and could be glomerular and nonglomerular in origin)>70%and many are lysed . RBC casts are present

– Kidney neoplasm

– Acute glomerulonephritis 
– Tuberculosis

– Tumours of ureters

– Pyelonephritis

– Nephrolithiasis

– Cystic kidney

– Trauma of kidney

– Infarct of kidney
What does a cytologist do in hematuria cases: send patient to 
– Nephrologist: crenated &/ Dysmorphic Erythrocytes >70%

– Urologist (usually): Smooth E >70%

– Nephrologist and urologist:50% smooth E and 50% crenated & /dysmorphic E

– Biopsy:>50% abnormal shaped cells
PREMALIGNANT

A. METAPLASIA
Metaplastic smears ARE GENERALLY CELLULAR ONES displaying inflammatory changes
a. Squamous cells: cytoplasm pink –orange with double contour
Nucleus may be vesicular ( mature metaplasia)
b) Columnar cells: uniform cells with basal nuclei
B. DYSPLASIA/atypia ( urothelial intraepithelial neoplasia UIN)  Monolayer sheets - no nucleolus- No mass
Dysplasia may be seen in both transitional & squamous epithelial cells: the cells show irregularity in shape & size of nuclei. There is noticeable irregularity of chromatin density & pattern 
- Mild dysplasia / low grade UIN is insignificant clinically
- HG severe dysplasia requires cystoscopic biopsy and follow up DD LG TCC and cannot be differentiated without cystoscopic biopsy and absence of a mass in dysplasia
NB ALL KERATINIZING dysplasia are considered high grade / CIS
- CIS : Single cell exfoliation- NO MASS – No tumour diathesis & NO nucleolus ( DD HG TCC)
NEOPLASTIC
1. SQUAMOUS CELL CARCINOMA
SCC accompanies squamous metaplasia/dysplasia smear patterns
Pattern: Cellular smears with a large number of clusters & single cells

     Dirty background (tumour diathesis)
Cytoplasm: sharp refractile border pink –orange (keratinizing SCC) or blue (non keratinizing SCC)

     Cells appear pleomorphic with tadpole, spindle cell forms 
               Nucleus: central and hyperchromatic, presence of prominent 
               nucleolus  
	
	Low grade SCC
	High grade SCC

	Cell clusters
	Cell in cell
Bundles
pearls
	Cell in cell

	cytoplasm
	Abundant
hyperkeratinization
	Scanty
Very little (mostly nonkeratinzing)

	Abnormal shapes
	Spindle
Tadpole
stellate
	

	N/C ratio
	Mild alteration
	Increased
Marked nuclear abnormalities
DD high grade TCC


2. TRANSITIONAL CELL CARCINOMA
A. Papillary carcinoma: cells have scanty blue cytoplasm with ill defined borders in a papillary cluster configuration. Nucleoli are not prominent. NB cells can be similar to normal or slightly dysplastic UIN low grade & can be difficult to differentiate  
	Low Grade 
	High Grade

	Large groups with regular borders (papillae) & slight nuclear abnormality
nuclei vesicular no nucleoli

Clean
	Single cells / scyncetial clusters with marked nuclear abnormalities
  . coarse chromatin
  . thick membrane
  . eccentric nucleus

Tumour diathesis

	No cytoplasmic abnormalities & homogeneous dense not vacuolated cytoplasm
	Elongated cells
Scanty cytoplasm & homogeneous cytoplasm
Prominent multiple nucleoli
(absent in CIS)

	DD stone-inflammation-post cystoscopy
	No clinical mass=CIS
Mass= high grade TCC


NB:
GI is very difficult to diagnose & differentiate from reactive changes ( monolayer & bubbly cytoplasm). The more malignant the smear the more single cells are found.
CIS : lacks a tumour diathesis & a prominent nucleolus & no mass

B. Non papillary ( CIS & invasive types)
High grades 2-3 are easy to diagnose unlike low grades 1-2
CIS: malignant cells in urine with no visible clinical mass. It resembles high grade tumours and is very difficult to differentiate from High grade papillary or high grade non papillary. It is characterized by the absence of a tumour diathesis in the background & no mass
2. ADENOCARCINOMA
Usually associated with cystitis cystica or is of embryologic origin
Few cells are exfoliated with an eccentric nucleus & a prominent red nucleolus. The smear contains acinar and papillary patterns & cells resemble colonic cells by being characterized by cytoplasmic mucus and or a signet ring appearance with nuclear overlapping
3. OTHERS
Small undifferentiated carcinoma – giant cell carcinoma- fusiform carcinoma 
Non epithelial: rhabdomyosarcoma -leiomyosarcoma
DIFFERENTIAL DIAGNOSIS
· SCC versus low grade papillary TCC:   keratinization is evident in SCC
· High grade SCC & High grade TCC: cell in cell occurs only in SCC
· Hyperplasia of chronic inflammation & low grade papillary TCC: In hyperplasia the sheet or cluster is a monolayer
· Adenocarcinoma & low grade papillary TCC: The red prominent nucleolus is a feature of adenocarcinoma as well as cytoplasmic vacuolation
· Degeneration versus malignancy: In degeneration there is vacuolation and homogeneous nuclear chromatin
· Tubular renal cells & deep transitional cells: deep transitional cells have a little tail
· Tubular renal cells, deep transitional cells & parabasal squames : squames have a denser homogeneous bluish larger cytoplasm
· Dysplasia & malignancy: in dysplasia the cells have a cobble stone monolayer exfoliation pattern unlike 3D clusters, sheets & nuclear overlapping of malignancy
· Catheterization, regenerative activity( stone or inflamm) versus malignancy In malignancy the sheets have irregular contours & aren’t monolayer:
· Reactive cells, histiocytes, TCC high grade & renal carcinoma: in renal carcinoma nuclei have a large single nucleolus. Reactive cells have a pale nucleus & a prominent small nucleolus although they appear large yet NC ratio is preserved and nucleus has fine chromatin . TCC have hyperchromatic pleomorphic nuclei
INTERPRETATION- COMMENT & DIAGNOSIS
1. Cytology inconclusive repeat smears
2. Benign smears----- normal or irritated(reactive) metaplastic or infection
3. Neoplastic smears-------urothelial high /low grade or non urothelial (state type)

4. Atypical (mild UIN) &/ reactive smears with atypia-----ask for repeat smears or cystoscopic biopsy ( mild UIN usually can’t exclude papillary neoplasm)

5. Suspicious (High grade UIN) ask for cystoscopic biopsy
NB: Clinical is important, ask for 
1. History of stone- prostatic hyperplasia & history of treatment as  type of treatment and date of last administration
2. Method of sample taking ( since instrumental samples are cellular show basal cells and nucleoli)
3. Prostatic massage information
4. Presence or absence of a mass
Cystoscopic biopsy is recommended for :
i. suspicious cells in smears
ii. large number of exfoliated cells( metaplasia, leukoplakia and verrucous squamous carcinoma all have benign appearance but exfoliate very much
iii. if there is a clinical mass and the smear has metaplastic cells  ask  for biopsy
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6. Moch et al WHO classification of the urinary system & male genital organs  2016
Helpful Hints
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