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Background: Intra operative cytology (IC), including touch imprint (TI) and crash preparations (CP), in general has been demon-
strated to be a diagnostic tool for many organs but its validity and reliability for diagnosis of thyroid nodules remain controversial. 
We evaluate the diagnostic value of frozen section, touch imprint, crash preparation and the combination of touch imprint and crash 
preparation and the combination of frozen section, touch imprint and crash preparation. Materials ans Methods: 55 intra operative 
specimens from patients with thyroid nodules who underwent thyroidectomy were evaluated at Alzahra and vali-Asr hospital labora-
tories. For all of the patients frozen section (FS), touch imprint (TI) and crash preparation (CP) was obtained and reviewed by two 
pathologists at the same time. Serial TI and CP, and FS, TI and CP were reviewed by the same pathologists. Sensitivity, specificity, 
positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood ratio and accuracy were calculated 
according to the permanent section as the gold standard test. Results: In our study sensitivity, specificity and accuracy for FS was 
100%, 97.6% and 98.1% respectively; for TI they were 78.6%, 95% and 92.4%; for CP they were 78.6%, 92.7% and 89.9%; for 
serial TI and CP they were 85.7%, 92.7% and 90.9%; and for the combination of FS and TI and CP they were 100%, 97.6% and 
98.18% respectively. Conclusions: Intra operative cytology (including TI and CP) seems to be a useful, valuable and inexpensive 
method in clinics, which do not have equipment for frozen sections. Intra operative cytology combined with FS increased the overall 
accuracy of diagnosis. Further studies are needed to validate the obtained results of this study. 
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INTRODUCTION 
 

Thyroid nodules are very common, while thyroid 

cancer is a rare condition. [1] Estimated prevalence of 

thyroid nodule ranges from 4% by palpation to 67% 

by ultra sonography.[2] On the other hand, thyroid 

cancer accounts for less than 1% of all malignancies, 

with an incidence of 0.004% per year.[1,3] 

 

Although thyroid nodules are common, only ma-

lignant nodules or large symptomatic nodules need 

surgery, a systemic approach evaluation is neces-

sary to avoid erroneous surgical treatment.[4] Often 

these nodules can be managed conservatively. The 

clinical problem is to identify malignant lesions that 

require surgical operation. The most cost-effective 

method for evaluating thyroid nodules is fine 

needle aspiration (FNA); its accuracy exceeds 80% 

in most series.[3-5] 

 

To avoid unnecessary surgical treatment intra oper-

ative frozen section (FS) is usually performed. FS  

has been in use since 1818, but it became routine 

after the introduction of cryostat in 1960.[6] 
 

The role of FS has been criticized by some authors 

who have found no or little difference in the accu-

racy of FS and FNA methods, and some have rec-

ommended against the routine use of FS due to its 

cost-effectiveness and validity. [5,7,8] 
 

Intra operative cytology (IC), including touch im-

print (TI) and crash preparations (CP), has been 

demonstrated to be a diagnostic tool for breast, pa-

rathyroid, salivary gland and thyroid specimen. [ 

9,10,11] 
 

The performance of intra operative cytology is very 

rapid and easy but its validity and reliability for 

diagnosis of thyroid nodules remain controversial; 

there are different sensitivity, specificity and accu-

racy in literature for these techniques in the diagno-

sis of different histopathology statuses for example 

papillary carcinoma, colloid nodules and follicular 

neoplasm. [8-13] 
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The purpose of our study was to assess the value of FS, 

TI, CP, TI and CP, and FS, TI and CP techniques in 

predicting malignancy in patients with nodular thyro-

id disease. 

 
MATERIALS AND METHODS 
 
In this cross-sectional study 55 fresh, unfixed intra 

operative specimens submitted during thyroidectomy 

were reviewed in Alzahra (Isfahan, Iran) and Vali-asr 

(Arak, Iran) hospital laboratories during 2010-2011. 

Thyroglossal duct, cyst excision, incidental thyroid 

resections as part of laryngectomy or during another 

neck surgery for the other indication and metastatic 

lesions were excluded.  

 

All specimens were sectioned by the pathologist in the 

abnormal area, then frozen and cut in cryostat (MI-

CROM). The number of blocks depends on the size of 

the nodule: 2 blocks if the diameter of nodule was <= 2 

cm, 3 blocks if it was greater than 2 cm. Three or more 

sections of each block were stained with the haematox-

ylin-eosin method. 

 

The area of indicated lesion was touched by the surface 

of the glass slide in a small area before freezing, to 

prepare touch imprint slides. For preparation of crash 

slides, a piece of specimen was crushed between two 

glassy slides with a little force, so that the tissue would 

not be destroyed.  

 

All smears were air dried and then stained with the 

fast Hematoxylin-Eosin method. The main difference 

of this method with the routine method is in the dura-

tion of eosin staining (3 minute versus 7 minute in rou-

tine H & E method). 

 

The remaining tissue was fixed with formalin and then 

processed to prepared paraffin embedding and per-

manent sectioning (3 microns). The final diagnosis 

based on permanent H & E section (PS) was considered 

as a gold standard. 

 

All FS, TI, CP and permanent slides were reviewed 

separately by two pathologists at the same time, and 

then TI and CP, and FS, TI and CP were reviewed to-

gether by the same pathologists retrospectively. These 

pathologists were blinded to the final and other tech-

niques’ reports. All of these slides were reviewed after 

surgery and surgeons did not use this information to 

change the approach of surgery in this stage of the 

survey. 

 

In FS and intra operative cytology (TI and CP), sepa-

rately or together, the pathologic diagnoses were 

coded as malignant or suspicious nodule. All remain-

ing diagnoses were coded as benign, including: goiter, 

adenoma, Hurtle cell adenoma, hyperplasia and thy-

roiditis. 

 

Permanent, suspicious nodules could be categorized as 

malignant (follicular carcinoma) or benign (follicular 

adenoma) 

 

Results of FS, TI, CP, combination of TI and CP, and 

the combination of FS, TI and CP were compared to 

permanent histological examinations for the determi-

nation of sensitivity, specificity, positive predictive 

value (PPV), negative predictive value (NPV), positive 

likelihood ratio (PLR), negative likelihood ratio (NLR) 

and accuracy for each technique. Sensitivity was based 

on the equation: true positive / (true positive + false 

negative); specificity was calculated by the equation: 

true negative / (true negative + false positive); PPV was 

defined as: true positive / (true and false positive); 

NPV was defined as: true negative / (true and false 

negative); and PLR and NLR represented the combina-

tion of sensitivity and specificity respectively: sensitivi-

ty / (1- specificity) and (1- sensitivity) / specificity. Ac-

curacy was calculated by the equation: (true positive 

and negative) / total cases). 

 
RESULTS  
 

The studied patients were comprised of 46(83.6%) fe-

male and 9(16.4%) male. The mean (and standard dev-

iation) age was 43.83(17.35) years, ranging from 21 to 

76 years. 

 
Permanent histological examination 
Out of 55 patients with final pathological diagnosis by 

permanent section, 14 (25.5%) of the nodules were ma-

lignant and 41 (75.5%) were benign (Table 1). The re-

sults of FS, TI, CP, combination of TI and CP, and the 

combination of FS, TI and CP are compared with PS in 

table 2. We have no cases of follicular carcinoma be-

cause this diagnosis is very rare in our region; howev-

er, cytological techniques have limitations in the diag-

nosis of follicular carcinomas. 

 
Frozen section 
FS examinations revealed malignant nodules in 14 pa-

tients (25.5%), one of which  was benign as compared 

with PS. The FS were diagnosed benign lesions in 41 

cases (74.5%) but 1 specimen was malignant as com-

pared with PS. 
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Table 1.Final Histopathological D iagnosis in 55 P atients with 
Thyroid Nodules   
Diagnosis  Patients’ no. (%)  

Benign  41(74.56) 

nodular goiter 33(60) 

Hashimoto’s thyroiditis 4(7.28) 

follicular adenoma 4(7.28) 

Malignant  14(25.44) 

papillary carcinoma(classic & follicular 
type) 

12(21.81) 

Poorly or undifferentiated carcinoma 2(3.63) 

 
Touch imprint 
Imprint examination showed malignant lesion in 13 

patients (23.6%), but PS revealed that only eleven of 

them were malignant. Thus, the findings of malignan-

cy were correct in 11 of 13 cases (84.6%) when showing 

2 false positive findings. Benign imprint lesions were 

found in 42 (76.4%) patients, but PS revealed that 3 of 

them were malignant thus being false negative results. 

Imprint diagnosis of benign conditions was correct in 

39 of 41 (95.1%) patients. 

 
Crash preparation 
Crash method found malignant nodules in 14 patients 

(25.5%), 3of which were diagnosed benign in PS; thus 

there were 3 false positive results. Out of 41 benign 

crash lesions, 3 lesions were malignant in PS, which 

means there were 3 false negative results. 

 
Combination of touch imprint and Crash prepara-
tion 
Combination of TI and CP examination showed 15 ma-

lignant (27.3%) and 40 benign (72.7%) nodules. 3 of 15 

malignant lesions were benign in PS and 2 of 40 benign 

lesions were malignant compared with PS. Thus there 

were 3 false positive and 2 false negative results. 
 

Combination of frozen section, touch imprint and 
crash preparation 
Among the 15 cases diagnosed as malignant by the 

combination of the three techniques, 14 were con-

firmed by permanent pathology. Therefore, there were 

no false negative results. However, one case of those 

diagnosed as malignant was revealed to be benign in 

permanent pathology and considered as a false posi-

tive result. 

 

Overall sensitivities, specificity, positive and negative 

predictive value, positive and negative likelihood ratio 

for FS, TI, CP, combination of TI and CP, and the com-

bination of FS, TI and CP are presented in table 3, 4 

and 5. Total accuracy was 96.36, 92.45, 89.9 and 98.18 

respectively for each of these examinations.   

 

DISCUSION 
 

Although physical examination, scintigraphy and ul-

trasound give some preoperative information about 

the nature of nodules, they fail in the discrimination 

between benign and malignant nodules. Therefore, 

preoperative FNA biopsy, intra operative FS and cy-

tology including imprint and crash preparation are 

required for this purpose. At present, preoperative 

FNA and intra operative FS are used routinely in both 

the diagnosis and management of the thyroid nodules. 

[7,8,13] 

 

Fine-needle aspiration (FNA) is currently considered to 

be the single most accurate and cost-effective diagnos-

tic method  in the preoperative evaluation, with an ac-

curacy rate exceeding 80% according to most stu-

dies,[5,14,15] but it has some limitations in non-diagnostic 

results and follicular lesions. In these cases many au-

thors suggest the use of intra operative FS to increase 

Table 2.Results of each diagnostic method versus final histopatologic result 

Final histopathology  
Frozen section  Benign malignant total 
Benign 40 1 41 
Malignant 1 13 14 
Total 41 14 55 
Touch imprint    
Benign 39 3 42 
Malignant 2 11 13 
Total 41 14 55 
Crash preparation    
Benign 38 3 41 
Malignant 3 11 14 
Total 41 14 55 
TI and CP    
Benign 38 2 40 
Malignant 3 12 15 
Total 41 14 55 
FS and TI and CP     
Benign 40 0 40 
Malignant 1 14 15 
Total 41 14 55 
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Table 3. Sensitivity and Specificity of each method 

method sensitivity 95% CI for se nsitivity  
Lower%      upper% specificity 95% CI for spec ificity  

Lower%       upper% 
TI 78.6 48.8 94.3 95 81.8 99.1 
CP 78.6 48.8 94.3 92.7 79 98.1 
FS 92.9 64.2 99.6 97.6 85.6 99.9 

TI and CP 85.7 56.2 97.5 92.7 79 98.1 
FS and TI and CP 100 73.2 100 97.6 85.6 99.9 

 

the sensitivity for detecting a thyroid malignancy. 

[10,11,16] 

 

Intra operative imprint cytology is rich for cells and 

thus has been assumed a more suitable cytological ex-

amination technique by pathologists, in spite of its li-

mitation for detection of vascular and capsular inva-

sion. [13] 

 

Masuda et al. showed that imprint cytology may be 

useful in the prompt intra-operative evaluation. [17] 

 

In another study Novik et al. evaluated patients with 

thyroid nodules and found the sensitivity of FNA bi-

opsy and/or imprint cytology to be 92.3% and the spe-

cificity to be 75 % in regard to demonstrating malig-

nancy. These results suggested an important role of 

cytological examinations in the management of thyroid 

nodules by showing that imprint cytology is more effi-

cient and reliable because of its cellularity. [18] 

 

On the other hand, Faroux et al. compared patients 

with thyroid nodules examined by intra-operative im-

print cytology with patients evaluated by preoperative 

FNA with regard to 31 cytological criteria to distin-

guish benign from malignant lesions. They could not 

find any significant differences between the two me-

thods. [19]  

 

Ferit et al. in their study on patients with thyroid no-

dules reported the accuracy of FS and imprint to be 

95% and 96% respectively. They suggested that imprint 

cytology can provide a useful adjunct to the frozen-

section diagnosis and cytopathology and may be used 

safely in the diagnosis and management of thyroid no-

dules, especially in the case when the FS cannot be per-

formed. [13] 

 

Basolo et al. reported the value of intra operative con-

sultations with FS examinations and tumor scrape 

preparation stained with ultrafast papanicolaou and 

they demonstrated that FS agreed with the final diag-

nosis in 29 cases out of 41 and that the diagnostic accu-

racy of FS increased up to 98% with the association of 

intra operative cytology(IC). [20] 

 

In another study done by Basolo et al., FNA results and 

FS separately or in combination with IC were com-

pared. In this study the diagnostic accuracy of FNA 

and FS was 88.8%, whereas combination of FS and IC 

had an accuracy of 95.7%.[12] 

 

As found in our study, intra operative cytology 

showed the results comparable to FS. Although sensi-

tivity of TI and CP were lower than FS separately, 

these sensitivities were valuable; specificity and overall 

accuracy of these methods were approximately equal 

to FS. It should be added that TI and CP need less in-

strumentation, do not have expensive equipments and 

are also less time consuming. Intra operative cytology 

can be managed properly because many of the nodules 

were not palpable and slides of preoperative FNA 

were insufficient, but during the surgical operation 

nodules were also easily seen. Moreover even when 

results of intra operative cytology (including TI and 

CP) combined with the findings obtained by FS, the 

overall accuracy, sensitivity, specificity, PPV, NPV and 

PLR were increased and NLR was decreased. 

 

Table 4. Positive predictive value (PPV) and negative predictive value (NPV) of each method 

method PPV 95% CI for PPV 
Lower%      upper% NPV 95% CI for NPV 

Lower%       upper% 

TI 84.6 53.7 97.3 92.9 79.4 98.1 

CP 78.6 48.8 94.3 92.7 79 98.1 

FS 92.2 64.2 99.6 97.6 85.6 99.9 

TI and CP 80 51.4 94.7 95 81.8 99.1 

FS and TI and CP 93.3 66 99.7 100 89.1 100 
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Table 5.Positive likelihood ratio (PLR) and Negative  likelihood ratio (NLR) and total accuracy for each technique 

Method PLR NLR Total accuracy 
TI 16.04 0.2 92.45 
CP 10.76 0.23 89.9 
FS 38.70 0.07 96.36 

TI and CP 11.73 0.15 90.90 
FS and TI and CP 41.66 0 98.18 

 

According to our observations, in TI and CP which 

were stained by fast haematoxylin-eosin some criteria 

such as overlapping or folding of nuclear contour, nuc-

lear groove and clearing have been accepted to be fea-

tures of malignancy versus large size and powdery 

appearance of nucleus in slide which were prepared by 

ultrafast papanicolaou staining. 

 

One of the limitations of our study was that there were 

no cases of medullary carcinoma in the malignant 

group, so our results can only be applied to those le-

sions arising from follicular cells. This study does not 

give us any information about the diagnostic efficacy 

of intra operative cytology and frozen section for me-

dullary carcinoma which arises from Para follicular 

cells. 

 

CONCLUSION  
 

Intra operative cytology (including TI and CP) seems 

to be a useful, valuable and inexpensive method in the 

management of thyroid nodules for clinics, which do 

not have expensive equipment. Intra operative cytolo-

gy combined with FS increased the overall accuracy of 

the diagnosis. Further studies are needed to validate 

the obtained results of this study. 
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