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Introduction 

Fine needle aspiration cytology (FNAC) has a well established role in diagnosis of malignancy in all age groups 

of patients including in the paediatric age group.1,2 Specifically in children, FNAC is the primary diagnostic 

modality for evaluation of liver masses in children since it is safe, does not have a risk of bleeding like core 

needle biopsy and yields a diagnosis in most liver tumors in conjunction with radiological imaging studies.3 

Most tumors of the liver are hepatoblastoma for which pre-operative chemotherapy is needed, which is given 

based on FNAC diagnosis. 

Tumors of the paediatric kidney are much commoner, being the commonest after leukemia/lymphoma, tumors 

of the central nervous system and neuroblastic tumors.4,5 FNAC or core needle biopsies are controversial in this 

location, needing a risk reward evaluation. The main concern in use of biopsy in kidney tumors is upstaging. In 

adults, renal cell carcinoma is the most common renal tumor. It is an aggressive neoplasm which responds 

poorly to chemotherapy. Upstaging is therefore deleterious and unless patient is already having disseminated 

disease, FNAC is contraindicated in renal cell carcinoma. 

Wilms tumor (WT) on the other hand has effective chemotherapy available. Concerns of upstaging following 

core needle biopsy has abated following the publication of reviews in which the benefits of early diagnosis 

outweighed the concerns and it was demonstrated that core needle biopsy is safe and does not upstage the 

tumor.6 FNAC is a less traumatic procedure than core needle biopsy in WT and is therefore preferable if results 

are equivalent to biopsy. No study comparing FNAC with core needle biopsy has been conducted as yet. 

However, publications on the benefits of pre-operative evaluation of paediatric renal tumors using FNAC are 

available. 

Benefits of FNAC in Evaluation of Paediatric Renal Tumors 

A number of advantages make FNAC an attractive investigational modality. The single biggest advantage in 

comparison to biopsy is that it does not require anaesthesia, an important benefit in paediatric patients. FNAC is 

safe, does not harm the patient, gives quick results and importantly, does not upstage a tumor. In a majority of 

instances, the treating physician gets the answer he is looking for from FNAC, thereby eliminating the need for 

biopsy. However, it is important to be aware of the limitations of FNAC as well. In general, FNAC is usually 

indicative and not the final diagnostic modality which is histopathology. Cytology is a very subjective science 

and only an experienced cytopathologist will be able to adequately assist the paediatric surgeon. Cytology 

cannot be effectively practiced by general histopathologists and the physician must be aware of this limitation. 

In the specific setting of paediatric uro-oncology, FNAC serves certain important purposes.7 The main aim is to 

identify rare variants or types of renal tumor which are treated differently. Secondary usefulness is in assessment 

of treatment response. WT, also known as nephroblastoma, is the most common renal tumor in children, which 

is capable of divergent differentiation along primitive blastemal, tubular as well as mesenchymal tissue.4 It has a 

good outcome with surgery and chemotherapy, with tumors in Stage 1, II and III of favourable histology having 

over 95% survival.8 With such an excellent outcome, the main focus of improving treatment in paediatric renal 

tumors has turned to early identification and specific targeted chemotherapy for rare variants which have poor 

outcome. These rare variants include anaplastic WT, clear cell sarcoma of the kidney (CCSK), Rhabdoid tumor 

of the kidney (RTK) and a newly described anaplastic sarcoma of the kidney which is exceptionally rare.9 Many 

of these variants can be identified on FNAC, making it a useful procedure. 

The other main indication for FNAC comes in Stage III paediatric renal tumor which is inoperable. In these it is 

necessary to give pre-operative chemotherapy to shrink the tumor, for which tissue diagnosis is preferable.10,11,12 

In developing countries like India, most tumors are in Stage III, many of which are inoperable. In a study of 52 

consecutive cases seen on our department, 40 (76.9%) were in Stage III or higher stage and according to 

protocol were slated for chemotherapy before surgery. In this situation, FNAC is desirable before start of 

chemotherapy, since separate protocols exist for WT, anaplastic WT, CCSK and RTK. 



The FNAC Procedure 

FNAC is performed using a 22 to 26 gauge needle of adequate length to reach the mass. For superficial 

swellings a one inch or one and a half inch needle is used, fitted on a 10 or 20 ml syringe. Using a specially 

constructed syringe holder permits one handed operation, freeing up the other hand for localizing and stabilizing 

the swelling. The needle is introduced into the swelling without suction, then 5 to 10 ml of suction pressure is 

applied. Three to five passes of the needle, traversing through the substance of the swelling, are made. Then 

suction is completely released after which the needle is withdrawn. All material collected within the needle is 

expelled onto a small area of a slide. A second slide is used as a spreader to spread the material on to one or 

more slides. Spreading should evenly spread the material without causing crushing. Smears should ideally be 

subjected to both alcohol and air dried fixation. The smear should be immersed immediately in alcohol before 

the material dries in the air. Such smears are suitable for Papanicolaou staining (or Haematoxylin and Eosin in 

some centers). Airdried smears are suitable for Giemsa (May Grunwald Giemsa) staining. Papanicolaou stained 

smears are ideal for evaluating nuclear features and making a diagnosis of malignancy as well as the 

architectural features for subtyping the tumor. Giemsa stained smears provide additional details regarding 

cytoplasmic features which may help in subtyping in some cases. 

In WT aspiration, the non-aspiration technique is preferred. In this, needle passes are made without application 

of suction and without attachment of a syringe. This is less traumatic, since respiratory movements are 

accommodated with corresponding external movement of the needle hub, the entry point into the skin acting as 

the fulcrum. Yields are somewhat less cellular than with suction but the aspirates are also less bloody, which is 

better for immunocytochemistry. The risk of intra-abdominal bleeding as well as tumor spillage are likely to be 

reduced by using this technique, although no study has specifically examined this issue. In contrast, using a 

syringe attached to a syringe holder makes the aspiration apparatus rigid. As the child breathes, the respiratory 

movements cannot be compensated by motion in the external aspiration apparatus. However, performing the 

aspiration procedure quickly within seconds, overcomes the limitations of using suction, especially as the 

suction process yields highly cellular material adequate for diagnosis and for making extra smears. Both 

aspiration procedures are therefore equally useful. Deep seated swellings which cannot be reached with an 

ordinary one and a half inch needle require ultrasound guidance and a 22 or 23 gauge LP needle. The majority 

of childhood intra-abdominal masses in India are large and can be aspirated without guidance using ordinary 

needles in an outpatient setting. 

Complications of FNAC 

Complications of FNAC are extremely rare. The only real complication is haemorrage, which can be 

problematic in abdominal masses, since it requires emergency nephrectomy, which is clearly undesirable. The 

incidence of this complication is around 1 %, making it uncommon. Ideally overnight observation of the patient 

should be done for sudden increase in abdominal girth. If the patient is going home, the parents should be 

explained the circumstances for which they should return immediately to the hospital and under no circumstance 

should they leave the city until the next day. Prothrombin time is a good screening test which should be 

available before intra-abdominal aspiration is performed without admission. Needle track tumor seedling has 

been over-emphasized in the past as a complication. Initial fears of tumor dissemination along needle track have 

not been substantiated in paediatric renal tumors, and it is now accepted that FNAC does not upstage a tumor. 

FNAC in Paediatric Tumors 

A study of fine needle aspiration cytology done in the AIIMS between 1987-2003 found 152 aspirations had 

been performed in the study period. The break up of cases is given in Table-1. The procedure had a 9.2% 

unsatisfactory rate, in which only blood or necrosis or cyst fluid was aspirated. There were no complications 

during this period. However, in 57 FNACs performed subsequent to this period, there were two instances in 

which patient developed intra-abdominal bleeding, characterized by sudden increase in abdominal girth. In both 

cases the patient had to be taken up for emergency nephrectomy. 

 

  



Table 1. FNAC in paediatric renal tumors seen at AIIMS from 1987 to 2003 

Diagnosis    Number of cases  Percentage 

Wilms tumor, favourable histology  108   71.05 

Anaplastic Wilms (unfavourable histology) 2   1.32 

Clear cell sarcoma   8   5.26 

Rhabdoid tumor    1   0.66 

Malignant round cell tumor, non-specific 19   12.5 

Unsatisfactory aspiration procedure1 4   9.21  

Total     152   100 

FNAC of Wilms Tumor 

FNAC features of WT are well described.13,14,15,16,17,18 Aspirates from WT show varying proportions of blastema, 

tubules and mesenchyme. Triphasic or biphasic aspirates (having blastema and tubules) can be called WT on 

FNAC based on slide morphology alone. Aspirates with mesenchymal tissue almost always have tubules as 

well. A diagnosis of WT should not be made when blastema and mesenchyme alone are identified without 

accompanying tubules, since mesenchyme on cytology is difficult to distinguish with certainty from stromal 

tissue accompanying other malignant round cell tumors. Since the identification of tubules is important in 

diagnosis, criteria used for identification have to be stringent. Tubules are well defined tubular structures with 

anatomical borders. Vague rosetting is a common feature of blastemal cells and should not be called tubule. 

Similarly, vague aggregation of blastemal cells is common and this grouping should not be called epithelial 

differentiation. 

 

Fig. 1. Aspirate from Wilms tumor showing blastema and two well defined tubules with abatomical borders. Papanicolaou, X 

100. 

 

 

 

 In a study of 110 aspirates from WT seen over the period of 1987-2003, morphologic diagnosis of WT was 

possible in 72.7% of the 110 cases. The remaining 28.3% of aspirates could not be diagnosed since they showed 

only blastema, which is not reliably distinguishable from other malignant round cell tumors. It is important to 

note that these blastema only aspirates turn out to be WT in the vast majority, over 90% of instances. So a 

diagnosis of WT made in a paediatric renal mass is going to be WT, regardless of cytologic features, in over 

90%. The utility of cytology is therefore tested not by the correct diagnosis of WT but by analyzing what 

proportion of the differential diagnosis and variants are correctly picked up. The frequency of important 

cytological features which help in diagnosis is given below. 

Cystic change in WT can be occasionally seen. They have to be differentiated from multicystic nephroma and 

cystic partially differentiated nephroblastoma. Although FNAC features of CPDN are reported, this distinction 

is better made on radiological features, since aspirates will yield mainly fluid, on which definite diagnosis is not 

possible.19 

 



Table 2. Frequency of cytomorphologic features in 110 aspirates from WT 

Cytomorphologic Feature   Percentage  

Blastemal cells     100 

Tubules      72.73 

Mesenchymal tissue    40 

Rosettes      67.27 

Glomeruloid bodies    9.09 

Stroma predominance     10.0 

Rhabdomyoblasts     4.55 

Anaplastic WT     1.82  

 

Anaplastic WT can be picked up on FNAC, using the same criteria as in histopathology, i.e. three times increase 

in nuclear size, hyperchromasia and atypical mitotic figures.20 However, on FNAC a diagnosis of anaplastic WT 

is possible only when the aspirate shows tubular differentiation or other immunohistochemical evidence of WT. 

Blastema only aspirates from anaplastic WT cannot be diagnosed on FNAC without immunocytochemical 

support. Anaplasia when seen on FNAC is an indication of diffuse anaplasia which responds poorly to 

chemotherapy and for which a more intensive chemotherapy regimen is given.21 

Stromal predominant WT can be present in 10% of WT aspirates and correlate well with stromal predominant 

histology in the corresponding excision specimen. In 4.55% of aspirates, there was rhabdomyoblastic 

differentiation in addition to stroma predominance. These should not be confused with primary 

rhabdomyosarcoma of the kidney, which is very rare.22 Stroma predominant WT have good outcome similar to 

triphasic WT but because of their peculiar composition, they do not shrink with pre-operative chemotherapy, 

although the blastemal foci are ablated.23 This can lead to a false impression of chemoresistance and suspicion 

regarding the primary diagnosis of WT. In these situations, prior FNAC characterization helps in evaluation of 

the treatment response. 

Role of Immunohistochemistry in FNAC of Wilms Tumor 

Two thirds of WT aspirates can be diagnosed on cytomorphology. One third shows blastema only. In these, 

immunocytochemistry on the aspirate should be performed. Cytokeratin is positive in epithelial elements of 

WT.24 In blastema only aspirates, we have found 20% of cases to show focal cytokeratin positivity which helps 

in making a positive diagnosis. Cytokeratin is a common immunostain available in most laboratories, and hence 

important. However 80% of blastema only aspirates will come negative. 

WT-1 is a specific immunohistochemical marker which is strongly positive in the nucleus of WT cells.25, 26 It 

works well in cytology slides, since it is a nuclear rather than cytoplasmic stain. Positivity for WT-1 will 

establish a case as WT in over 95% of FNACs. WT-1 has to be interpreted in the correct clinical and 

cytomorphological context, since lymphoblastic lymphoma and desmoplastic small round cell tumors are also 

positive for WT-1. 

Another vital role for immunocytochemistry is to rule out the main differential diagnosis of WT on aspirates. 

Hence immunocytochemistry for Synaptophysin (for neuroblastoma) and CD99 (for primitive neuroectodermal 

tumors) should also be performed.24 At least 4 unstained smears from a case suspected to be WT should be 

alcohol fixed. After studying the morphology, these should be used for immunohistochemistry. By means of 

FNAC and immunohistochemistry, over 90% of cases will be accurately classified as WT and over 90% of the 

variants will be picked up. The remaining 10% will mostly get diagnosed after dye excretion tests, biochemistry 

and serum markers and a biopsy will be required in only rare instances. 

FNAC of Clear Cell Sarcoma 

CCSK is the most common tumor of the paediatric kidney after WT, but is rare, forming just 5% in the NWTS 

series.27,28,29 WT never metastasizes to bone, whereas CCSK does so frequently and hence is termed bone 

metastasizing tumor.27 CCSK should be suspected whenever a patient with renal mass has bony metastasis. 

However, statistically the commonest source of bony metastasis is neuroblastoma of the adrenal. PNET of the 



kidney and retroperitoneum are rarer than CCSK but also have a tendency to bony metastasis as does paediatric 

malignant pheochromocytoma and renal cell carcinoma, both of which are extremely rare in this age group. 

The diagnosis of CCSK has become important. Recent advances in chemotherapy have improved survival, so 

that stage for stage, the results of therapy in CCSK are getting closer and closer to WT.30,31 However, the 

chemotherapy regimen used is different from WT, incorporating doxorubicin. Early identification of a tumor as 

CCSK before bony or other distant metastasis takes place is the single most important intervention which can 

save a life. Presumptive treatment of CCSK as WT in Stage 3 with the wrong chemotherapy gives time for 

tumor progression and metastasis. The use of FNAC is important in this regard.32 

Aspirates from CCSK are frequently misdiagnosed as WT. In our series of 8 cases, over half had been 

misdiagnosed on FNAC as WT or as anaplastic WT in some instances.32 This is because CCSK shows presence 

of stroma like tissue which is mistaken for mesenchyme. Entrapped normal tubules are frequent on histology 

and can be seen in 25% of aspirates as well, leading to a mistaken triphasic appearance. These tubules have a 

benign appearance and can be easily categorized by an experienced cytopathologist. 

CCSK on FNAC is well described.32,33,34,35,36 Aspirates from CCSK are cellular and are composed of two cell 

types. The first is cord cells which have moderate cytoplasm, eccentric placement of nucleus and a vesicular 

grooved pleomorphic nucleus. Cord cells are always seen. The second cell type is septal cells which come in 

stromal fragments of spindle shaped cells arranged around vessels and are not always seen. Myxoid material is 

seen in these spindled fragments and in the background in a majority of cases. Careful attention to detail is 

needed to separate out CCSK from WT but distinction is almost always possible. 

 

Fig. 2. Aspirate from clear cell sarcoma showing the cord cells on the right and  septal cells on the left embedded in myxoid 

matrix. Papanicolaou, X100 

 

 

 

There is no positive stain or molecular marker for CCSK and its histogenesis remains uncertain. Negative 

immunocytochemistry for differentials (synaptophysin for neuroblastoma, cytokeratin and WT-1 for WT, CD99 

for PNET) should be done before labeling a case as CCSK.37,38,39 Since aspirates from CCSK have 

pleomorphism, a mistaken diagnosis of anaplastic WT can also be suspected on FNAC and needs to be ruled out 

with cytokeratin and WT-1 immunohistochemistry. 

FNAC of Rhabdoid Tumor 

This tumor is much rarer than CCSK and has a poor outcome. The single most important prognostic factor is 

early diagnosis before tumor progression and metastasis.40,41 Although treatment for RTK is not as effective as 

for CCSK, many patients do respond and show improved survival. Hence early diagnosis based on FNAC is 

useful. 

RTK, like CCSK, is also frequently mistaken for WT on FNAC. Aspirates from RTK are characterized by cells 

with cytoplasmic eosiniphilic inclusions and large nuclei with prominent nucleoli.42 There is no tubular or 

mesenchymal differentiation. Morphology is characteristic but can show variability in extent which may not 

always be visible on FNAC. Immunocytochemistry for INI-1 is positive in all normal tissues but is negative in 

RTK, unlike all other tumors like CCSK and WT. This reflects deletion/translocation of the INI-1 gene in RTK, 

which can also be detected using molecular biological tests. 



Fig. 3. Aspirate from Rhabdoid tumor showing eosinophilic cytoplasmic inclusions and focal prominent nucleoli. Papanicolaou, 

X200. 

 

 

 

Differential Diagnosis 

Radiology plays a vital role in diagnosis of tumors which occur in relation to the kidney and adrenal in the 

paediatric age group. In cytology practice, the main radiological concern is the confidence of the radiologist in 

placing a tumor as renal or supra-renal. In our experience, very large tumors replacing the whole kidney are 

difficult to place as primary renal tumor or a suprarenal tumor secondarily invading and destroying the kidney. 

Secondly, tumors arising in the upper pole of kidney need to be viewed with suspicion, since frequently they 

turn out to be suprarenal. 

The main differential diagnosis of WT is with neurblastoma. FNAC of neuroblastoma is characteristic in a 

majority of cases, since it shows presence of a fibrillary neuropil background. Tumor cells are embedded in this 

fibrillary matrix and show prominent rosette formation.43 A minority of cases look like malignant round cell 

tumors. Immunocytochemical markers like synaptophysin, chromogrannin, NB84 and GD-2 are positive in 

neuroblastoma and can help make a diagnosis in difficult cases. FNAC is an important diagnostic modality 

which can help in performing molecular biological tests as well.44,45 

 

Fig. 4. Aspirate from neoroblastoma showing neuropil material around which the tumor cells are arranged in rosettes. 

 

 

Papanicolaou, X100. 

Pheochromocytoma and adrenocortical carcinoma are rare in the paediatric age group. These have characteristic 

biochemical markers in the form of norepinephrine, urinary VMA and cortisol levels which should be estimated. 

Anaplastic WT can be a differential diagnosis in the above tumors which can show considerable pleomorphism 



Renal and retroperitoneal PNET are very rare in this age group. PNET can show presence of moderate 

cytoplasm and also have bony metastasis.46 A mistaken diagnosis of CCSK should be avaoided in these. CCSK 

usually replaces most of kidney. If a good amount of kidney tissue is seen separate from the mass, confident 

FNAC diagnosis of CCSK should not be made without immunocytochemistry. PNET is positive for CD99 

(Mic-2) which helps in diagnosis. 

Fig. 5. Aspirate from PNET showing moderate cytoplasm. Giemsa, X 400 

 

 

Rhabdomyosarcoma of the retroperitoneum is very rare.47,48 Most aspirates have a round cell tumor appearance 

and only occasionally shows well differentiated rhabdomyoblasts and strap cells. Immunocytochemistry for 

myogenic markers are needed in difficult cases. Blastemal cells of WT are desmin positive in many instances, 

making desmin a poor marker when trying to differentiate WT and rhabdomyosarcoma. Myogenin is the best 

marker for myogenic differentiation in this situation, which being a nuclear stain is also easier to interpret in 

cytology material. Rhabdomyoblasts can be seen in WT aspirates which would also be myogenin positive. 

However, they usually come in triphasic aspirates in which a lot of stromal tissue is present, and hence do not 

come in the differential diagnosis. 

Fig. 6. Aspirate from rhabdomyosarcoma shows a malignant round cell tumor in which the tumor cells show cytoplasm to one 

side. Papanicolaou, X400 

 
 

Fig. 7. Aspirate from mesoblastic nephroma showing a spindle cell tumor. Papaicolaou, X 200 

 



 

 

Exceptionally, unusual presentations of lymphoma, leukemia or other tumors may be seen in the paediatric 

kidney.49 Mesoblastic nephroma is a renal tumor seen in the neonatal period or in infancy and has a spindle cell 

appearance, which allows easy diagnosis on cytology.50 

Conclusion 

The main purpose of FNAC in paediatric uro-oncology is identification of tumor type so that specific targeted 

chemotherapy can be given. Separate chemotherapy regimens exist for WT, Anaplastic WT, CCSK, RTK, 

Neuroblastoma and PNET. FNAC from renal and supra-renal masses helps in selection of the correct 

chemotherapy regimen, especially in Stage 3 and above renal masses. In India over three fourths of cases 

present in Stage 3 or above, making FNAC valuable. Immmunocytochemistry plays an important role in 

diagnosis. There are specific markers for WT, RTK, neuroblastoma and PNET which helps in differential 

diagnosis. 
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