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Abstract

Objective: Fine needle aspiration cytology (FNAC) is safer, simpler, faster and cost effective, compared to tru-cut biopsy, and patient compliance is generally 
better. There is not much data on the use of FNAC, which is used in many organs and lesions, in parenchymal diseases in the liver. Therefore, in this study, the 
benefit of FNAC in showing iron deposition and injury of liver is evaluated.

Methods: There were 2 control groups in the study. At the end of the study, FNAC and tru-cut biopsy samples were taken from these groups, where no 
administration was performed. FNAC and tru-cut biopsy procedures were also performed to the study groups after the iron overload was created by 
intraperitoneal iron dextran (88 mg/kg) administration for 28 days. Hepatocyte injury, inflammation and iron deposition were evaluated histopathologically 
in the preparations. The sensitivity, specificity, positive and negative predictivity and diagnostic accuracy of both methods were calculated based on the 
hepatectomy material. 

Results: In hepatocyte injury; sensitivity (60%), diagnostic accuracy (66.7%) and negative predictivity (50%) were found to be significantly higher in tru-cut 
group. It was observed that the methods were not superior to each other in the evaluation of inflammation, and FNAC almost approached tru-cut biopsy rates 
(100%) with a sensitivity of 83.3% and diagnostic accuracy in iron deposition.

Conclusion: In iron-induced liver damage, the gold standard should be tissue examination, so tru-cut biopsy must be the first choice. However, based on 
the present study results, it is suggested that FNAC may be preferred over more invasive options in cases where tru-cut biopsy can not be used in terms 
of susceptibility to bleeding, situations where surgical accessibility is not available, patient orientation and cooperation is poor, or in presence of different 
accompanying diseases.
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Introduction
Diagnostic fine needle aspiration cytology (FNAC) and tru-
cut biopsies are widely used nowadays(1-3). While FNAC is 
used more frequently in routine practice in secretory organs 
with loose stroma, tru-cut biopsies are mostly preferred in 
solid areas. Thyroid FNAC has an important place in the 
guideline in terms of diagnosis and treatment planning(4), 
on the other hand, tru-cut biopsies are applied mostly as 
in the evaluation of hepatitis in the liver tissue(5). However, 
especially in epithelial tumors, because the adhesion of 
tumor cells to each other is weak, FNAC is also used in cases 
of malignancy located in the liver(6,7). 

When FNAC and tru-cut biopsy are compared, complications 
such as bleeding, hematoma, pain, and rupture are more 
likely to be seen in tru-cut biopsy(8). Patient compliance is 
generally better in FNAC, which is safer, simpler, faster and 
cost effective(9). However, there are not many data regarding 
the use of FNAC in parenchymal diseases in the liver, except 
for mass lesions located in the liver(5,10).

There are many diseases that cause iron deposition in the 
liver(11). Increased iron use or transfusion-related conditions 
and hepatitis C infections are among the diseases associated 
with iron overload, in which secondary accumulations are 
involved in the etiology rather than primary diseases(11). Tru-
cut biopsies are used in routine practice to evaluate the iron 
deposition in the liver and its effects in these diseases. In 
this study, the benefit of FNAC, which is rarely used except 
in cases with suspected neoplasia in the liver, in showing 
iron deposition and liver injury caused by iron overload was 
evaluated.

Materials and Methods
In the study, a total of 24 female Wistar Albino rats, 
4-6 months old, weighing 190-250 g, were used, which 
were obtained from Atatürk University Experimental 
Animal Breeding Unit. Ethical approval for the study was 
obtained from Kafkas University Animal Experiments 
Local Ethics Committee (ethical approval number KAU-
HADYEK-2016/053). The animals were fed ad-libitum 
until the time of study, maintained at room temperature 
of approximately 25 °C, in an environment with adjustable 
light-dark cycle for 12 hours and with ventilation. The 
animals were divided into 4 groups according to their weight, 
including 6 rats in each group.

These groups were:

Group I (Control FNAC): The group in which FNAC was 
applied after feeding ad-libitum for 28 days without any 
administration,

Group II (Control tru-cut): The group in which tru-cut biopsy 
was applied after feeding ad-libitum for 28 days without any 
administration,

Group III (Iron FNAC): The group in which FNAC was 
performed after iron overload was created by intraperitoneal 
(i.p.) iron dextran (88 mg/kg) administration for 28 days (6 
days a week),

Group IV (Iron tru-cut): The group in which tru-cut biopsy 
was performed after iron overload was created by i.p. iron 
dextran (88 mg/kg) administration for 28 days (6 days a 
week).

Öz

Amaç: İnce iğne aspirasyon sitolojisi (İİAS) tru-cut biyopsiye göre daha güvenli, basit, hızlı ve uygun maliyetlidir ve hasta uyumu genellikle daha iyidir. Birçok 
organda kullanılan İİAS’nin karaciğerdeki parankimal hastalıklarda kullanımına ilişkin fazla veri yoktur. Bu nedenle bu çalışmada İİAS’nin demir birikimini ve 
karaciğer hasarını göstermedeki faydası değerlendirilmiştir.

Yöntem: Çalışmada 2 kontrol grubu yer aldı. Çalışma sonunda herhangi bir uygulama yapılmayan bu gruplardan İİAS ve tru-cut biyopsi örnekleri alındı. Yirmi 
sekiz gün süreyle intraperitoneal demir dekstran (88 mg/kg) verilerek demir yüklenmesi oluşturulduktan sonra çalışma gruplarına İİAS ve tru-cut biyopsi 
işlemleri de yapıldı. Preparatlarda hepatosit hasarı, enflamasyon ve demir birikimi histopatolojik olarak değerlendirildi. Hepatektomi materyaline göre her iki 
yöntemin duyarlılığı, özgüllüğü, pozitif ve negatif prediktifliği ve tanısal doğruluğu hesaplandı.

Bulgular: Hepatosit hasarında; sensitivite (%60), tanısal doğruluk (%66,7) ve negatif öngörü (%50) tru-cut grubunda anlamlı olarak daha yüksek bulundu. 
Enflamasyonun değerlendirilmesinde yöntemlerin birbirine üstün olmadığı ve İİAS’nin demir birikiminde %83,3 duyarlılık ve tanısal doğrulukla tru-cut 
biyopsi oranlarına (%100) neredeyse yaklaştığı görüldü.

Sonuç: Demire bağlı karaciğer hasarında altın standart doku incelemesi olmalı, bu nedenle tru-cut biyopsi ilk seçenek olmalıdır. Ancak mevcut çalışma 
sonuçlarına dayanarak tru-cut biyopsinin kullanılamadığı kanamaya yatkınlık, cerrahi erişimin mümkün olmaması, eşlik eden farklı hastalıkların varlığı ya 
da hasta oryantasyonu ve kooperasyonunun zayıf olduğu durumlarda İİAS’nin daha invaziv seçeneklere göre tercih edilebileceği önerilmektedir.

Anahtar Kelimeler: Karaciğer, ince iğne aspirasyon sitolojisi, İİAS, Tru-cut, demir yükü artışı
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At the end of the 28-day study, the animals were prevented 
from feeding for 12 hours and then sedated by anesthetic 
agent. Subsequently, the liver was imaged with the linear 
probe of the ultrasonography device (Toshiba Aplio XG), fine 
needle aspiration was performed with the help of a 20 mL 
injector and tru cut biopsy procedures were performed with 
a 18G tru-cut biopsy needle from areas without vascular 
structures. After these procedures, the animal’s life was 
terminated with cervical vertebra dislocation in accordance 
with ethical rules and tissue samples required for the study 
were taken.

Tissues belonging to tru-cut biopsy and hepatectomy 
materials were kept in 10% buffered formaldehyde solution 
for 24 hours and then manually embedded in paraffin 
after routine tissue processing. For histopathological 
examinations, 4 µ thickness sections taken from the paraffin 
blocks and were stained with hematoxylin and eosin (H&E) 
then examined under a light microscope (Olympus BX46). 
Obtained cytological materials were prepared as direct 
smears and were stained with H&E then examined under 
a light microscope (Olympus BX46). Hepatectomy material 
sections, tru-cut biopsy sections and FNAC preparations 
in all groups were evaluated in terms of inflammation, 
congestion, hepatocyte injury and iron deposition. The 
sensitivity, specificity, positive and negative predictive 
values and diagnostic accurancy ​​of FNAC and tru-cut 
biopsy methods from the data obtained on the parameters 
examined were compared with the excisional biopsy and 
calculated according to the formulations given below with 
the help of Table 1.

Statistical Analysis

SPSS 15.0 package program (SPSS Inc. Released 2006. SPSS 
for Windows, Version 15.0. Chicago, SPSS Inc.) was used for 
statistical analysis and p<0.05 was considered statistically 
significant in the analyzes performed at 95% confidence 
interval.

Results
In the histopathological examinations of the hepatectomy 
materials of the rats in group 1 and group 2, no finding 
other than mild congestion was found. In addition to 
severe iron deposition in rats in groups 3 and 4, hepatocyte 
injury, inflammation and congestion in varying degrees 
were noted in the excision materials. Hepatocyte injury 
(p=0.005), inflammation (p=0.005) and iron deposition 
(p=0.001) observed in group 3 and group 4 were statistically 
significantly higher than in groups 1 and 2. The sensitivity, 
specificity, diagnostic accuracy, positive predictivity and 
negative predictivity values of the histopathological results 
for hepatocyte injury, inflammation and iron deposition 
parameters of FNAC and tru-cut biopsies performed on rats 
in groups 3 and 4 are presented in Table 2. The zero values 
observed in the tables are due to the zero value in one or more 
of the true positive, true negative, false positive and false 
negative cases. Histopathological examination photographs 
of the samples taken from the groups are demonstrated in 
Figures 1 and 2. Figure 3 shows the short summary of the 
results as a graphical abstract. 

Discussion
Biopsy in liver diseases is described as an excessively 
invasive and aggressive procedure by patients and general 
practitioners, but it is essential for the diagnosis of diseases 
and planning treatment for specialists dealing with the 
hepatobiliary system(12,13). In this context, excisional biopsy is 
seen as a more challenging procedure, while tru-cut biopsy 
seems more innocent in many aspects, especially for patients. 
For this reason, although tru-cut biopsy, which is one of the 
biopsy methods used in liver diseases, is more accepted, 
there are studies showing that FNAC with less complications 
and more patient compliance can also be rational(14,15). 

In one of the studies conducted in terms of neoplastic 
lesions, FNAC was applied to 1756 of 1929 patients with 
serum α-fetoprotein level <200 ng/mL(14). In this series 

Table 1. The calculation of sensitivity, specificity, positive and negative predictive values

Methods (FNAC or tru-cut)
Gold standard method 
(excisional biopsy)

Positive Negative Total

Positive a (true positive) b (false positive) a + b

Negative c (true negative) d (false negative) c + d

Total a + c b + d

Formulas: Sensitivity: a/(a+c) x 100; Specificity: d/(b+d) x 100; positive predictive value: a/(a+b) x 100; negative predictive value: d/(c+d) x 100, FNAC: Fine needle 
aspiration cytology
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Figure 1. A) Vascular congestion observed in the control group hepatectomy specimen (white arrow), H&E, 200x, B) Normal 
hepatocytes observed in the control group tru-cut biopsy sample (white arrow), H&E, 100x, C) Normal hepatocytes observed in 
the control group FNAC sample (white arrow), H&E, 400x

H&E: Hematoxylin and eosin, FNAC: Fine needle aspiration cytology

Figure 2. A) Hepatocyte injury (white arrow) and iron deposition (black arrows) observed in iron group hepatectomy material, 
H&E, 200x, B) Iron deposition observed in iron group tru-cut biopsy material (black arrows), H&E, 200x, C) Inflammatory cells 
(white arrow) and iron deposition observed in the iron group FNAC material (black arrows), H&E, 400x, D) Hepatocyte injury 
(white arrow) and iron deposition observed in the iron group FNAC material (black arrows), H&E, 400x

H&E: Hematoxylin and eosin, FNAC: Fine needle aspiration cytology

Table 2. Sensitivity, specificity, diagnostic accuracy, positive predictivity and negative predictivity values in the comparison of 
histopathological materials of the FNAC (group 3) and tru-cut (group 4) groups with respect to hepatocyte injury, inflammation 
and iron deposition after iron administration
Groups Diagnostic value parameters Hepatocyte injury Inflammation Iron deposition

Group 3

FNAC/excisional biopsy

Sensitivity 0% 40% 83.3%

Specificity 100% 100% 0%

Diagnostic accuracy 16.7% 50% 83.3%

Positive predictivity 0% 100% 100%

Negative predictivity 20% 33.3% 0%

Group 4

Tru-cut biopsy/excisional 
biopsy

Sensitivity 60% 40% 100%

Specificity 100% 100% 0%

Diagnostic accuracy 66.7% 50% 100%

Positive predictivity 100% 100% 100%

Negative predictivity 50% 33.3% 0%
FNAC: Fine needle aspiration cytology
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where 1590 cases were malignant, the sensitivity of FNAC 
was reported as 92.96%, specificity 100%, positive predictive 
value 100%, negative predictive value 59.71% and diagnostic 
accuracy 93.62%(14). Similarly, in a series of 94 patients 
with liver mass, it was reported that FNAC was diagnostic 
enough(15). FNAC was found to be effective in distinguishing 
primary and metastasis in a series of 46 cases, 19 of which 
were primary liver tumors and no complications were 
observed during and after the procedure(16). Sattar et al. (7) 
stated that the ultrasonography-guided FNAC was a fast, 
simple, reliable and uncomplicated method for diagnosis in 
which they evaluated 450 patients with liver masses. Kaçar 
Özkara and Ozöver Tuneli(17) conducted cytopathological and 
histopathological analysis in their series of 101 cases of liver 
mass and found that FNAC had high specificity, especially 
in hepatic neoplasms, but combined cyto-histopathology 
was superior. In another study where it was stated that 
histological correlation with FNAC was provided in 112 
cases in 755 liver lesions, it was reported that the diagnostic 
compliance rates varied between 98.9% and 58.8%(18).

In our study, in which the iron overload, one of the non-
neoplastic liver parenchymal diseases, was evaluated, it was 
observed that the sensitivity, diagnostic accuracy, positive 
and negative predictivity values of tru-cut biopsy were 
higher in detecting hepatocyte injury in rats. It was noticed 
that the methods do not show superiority to each other in the 
evaluation of inflammation, and in terms of evaluating the 
iron deposition, FNAC almost approached the tru-cut biopsy 
rates of 100% with a sensitivity and diagnostic accuracy rate 
of 83.3%. 

Study Limitations

When evaluated in the light of the literature, the use of 
FNAC may be preferred in benign or malignant lesions that 
occupy space in the liver. FNAC, which is an effective choice 
in terms of easy applicability, cheapness and reliability, 
as well as diagnostic features such as benign-malignant 
differentiation, primary-metastasis distinction, has limited 
effectiveness in iron-induced liver damage, one of the 
parenchymal diseases. Although FNAC, which has variable 
diagnostic characteristics for different parameters, did not 
show superiority over biopsy; it has the same sensitivity, 
specificity, positive and negative predictive values and 
diagnostic accuracy data as tru-cut biopsy in the evaluation 
of inflammation. This is thought to be due to the reason 
that inflammatory cells are not attached to each other like 
epithelial cells and are easily aspirated. On the other hand, 
the fact that tru-cut biopsy is superior to FNAC in terms 
of the evaluated diagnostic values, which is thought to be 
caused by the hepatocytes holding tightly to each other even 
if damaged, also supports this theory.

Conclusion
The gold standard must be tissue examination in iron-
induced liver damage and therefore tru-cut biopsy should 
be the priority choice. However, based on the current study 
results, it is suggested that FNAC may be preferred over 
more invasive options in cases where tru-cut biopsy cannot 
be used in terms of susceptibility to bleeding, situations 
where surgical accessibility is not available, in poor patient 
orientation and cooperation, or in presence of different 
accompanying diseases.

Figure 3. Sum of results presented as a graphical abstract

FNAC: Fine needle aspiration cytology
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