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Summary. Purpose: To demonstrate the advantages of CT-guided biopsy of subdiaphragmatic small renal 
nodule with the coaxial technique using MPR images. Methods: The study included retrospectively 12 pa-
tients who underwent CT-guided biopsy with 18 G needle of subdiaphragmatic small renal nodule (<15 
mm) suspected. Histology reports have been the reference standard. Results: The histology was diagnostic in 
12 biopsies (100%): out of 10 neoplastic nodule (83.3%), 8 were malignant (80%) and 2 were benign (20%); 
2 out of 12 were non-neoplastic (16.6%). No procedural complications were observed (0%). Conclusions: By 
using MPR images there is an effective improvement during coaxial CT-guided biopsy of subdiaphragmatic 
small renal nodule difficult to reach and to reduce the complication as pneumothorax. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

Diagnostic imaging is very important in the de-
tection of tumors in the histological characterization 
through imaging-guided biopsies (1, 2). 

At present, percutaneous CT-guided Biopsy is a 
highly diagnostic and minimally invasive procedure, 
and it is often possible to avoid removing tissue to be 
examined surgically thanks to the support of imaging 
(3, 4).

The Multiplanar Reconstructions (MPR) tech-
nique during CT-Guided Biopsy, can significantly 
increase the number of lesions which can be biopsied 
percutaneously thus reducing the need of surgical 
techniques (2, 5-6).

MPR images are helpful in the pre-operative as-
sessment of the most useful course of the needles that 
are used for biopsies of thoracic, abdominal and retro-
peritoneal lesions (7-10).

The renal lesion located at the subdiaphragmatic 

space is difficult to reach with a traditional coaxial Ct-
guided biopsy, without having a pass through the lung, 
with the risk of pneumothorax. 

Both ultrasound (US) and multi-detector com-
puted tomography (MDCT) are used as guide for bi-
opsy procedures; while US allows the real-time evalua-
tion of the course of the needle and is not associated to 
ionizing radiations (11-14), MDCT is helpful in the 
detection of small lesions that are located in anatomic 
sites difficult to evaluate with US (15-16). 

There is no study that analyzes the positive con-
tribution of MPR images to CT-guided biopsy for 
small renal lesion (<15 mm) difficult to reach, in par-
ticular renal lesion located into the subdiaphragmatic 
space.

The aim of this study was to demonstrate the ad-
vantages of CT-guided biopsy of subdiaphragmatic 
small renal nodule with the coaxial technique using 
MPR images, which are impossible to reach with con-
ventional non-surgical biopsy techniques.
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Materials and methods

Patient population

We retrospectively included in our study 12 pa-
tients (7 males, 5 females; age ranging from 52 to 68 
years) that underwent CT-guided biopsy for small re-
nal lesions (size of the lesion between 9 and 14.8 mm) 
in the period from May 2017 to February 2018. The 
indication to the CT-guided biopsy was represented 
by a nodule that could not be biopsied through ultra-
sound or axial CT scans, for his difficult position.

We have excluded patients with a known tumor 
history, pediatric patients and those with bleeding di-
athesis.

CT-guided Biopsy Technique

The patients’ informed consent was obtained in 
all cases. 

The procedures were all performed with a 64-de-
tector helical scanner (Optima CT540, GE Health-
care, USA), without the administration of contrast 
media; the following technical parameters were used: 
100 kV, 100 mAs, 2 mm collimation, 2.5 slice thick-
ness with 1 mm of reconstruction increment. The mul-
ti-planar reformatted images were obtained through a 
dedicated software of a post-processing workstation 
(AW Server, GE Healthcare, USA). All patients were 
biopsied with a coaxial technique, using MPR images 
(Fig. 1). 

The extemporaneous microscopic evaluation of 
the biopsy’s samples to be analyzed has been evaluated 
by our laboratory.

One experienced radiologist with 7 years of ex-
perience in CT-guided biopsies performed the proce-
dures. 

The patients were placed on the CT bed in vari-
ous positions depending on the site of the lesion that 
should be biopsied.

The first step was the acquisition of the axial scans, 
followed by the multi-planar reconstruction in order to 
decide the most adequate trajectory of the 14-Gauge 
needle (Cook Medical, Bloomington, USA).

Once the stylet of the guide was removed, a sec-
ond needle was introduced, namely a 16-Gauge needle. 

A second CT scan and the respective MPR im-
ages allowed evaluating if the needle was in the cor-
rect position and if position was adequate the biopsy 
sample was taken. 

To exclude any procedure-related complication, a 
third scan was obtained after the needle was removed; 
the patients were kept under clinical observation for 4 
hours after the biopsy in order to exclude major com-
plications. 

The histologic report was used as reference stand-
ard for assessing the accuracy of the procedure.

Statistical Analysis

The overall diagnostic accuracy of CT-guided bi-
opsy of renal small lesions was calculated as: true posi-

Figure 1. a-c. 62 years old male with renal nodule (arrow) located at the upper lobe, very difficult to achieve with a traditional coaxial 
biopsy, without having to pass through the lung with the risk of having a pneumothorax. CT-guided biopsy in three different scan-
ning planes, with coaxial technique with MPR images (a-c), with needle-track in the subdiaphragmatic space
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tive (TP) + true negative (TN)/TP+TN+ false positive 
(FP) + false negative (FN) (17).

Results

Twelve CT-guided biopsy with coaxial technique 
and MPR images were performed (Table 1) (Fig. 1, 2).

All the target lesions subjected to biopsy were all 
located at the upper renal level. 

In all cases, the CT-guided biopsy technique co-
axial with MPR images enabled us to detect the tip of 
the needle within the target lesion (100%). 

The biological material was considered to be suit-
able for biopsy study, with a diagnostic value, in 12 
biopsies (100%); we did not have inadequate sample. 

Among these, 10 out of 12 (83.3%) were found to 
be neoplasms (Table 1), of which: 

- 8 were malignant primary renal lesions (66.6%);
- 2 were oncocytoma (16.6%); 
Two out 12 (16.6%) were Angiomyolipoma (Ta-

ble 1). 
The overall diagnostic accuracy of the method was 

100%. 

Procedural complications did not occur in any of 
the 12 cases (0%) (Fig. 3).

Discussion

The MPR images allowed collecting biological 
samples useful for a diagnosis through CT-guided bi-
opsies with coaxial technique in 100% of cases (Figs. 
1, 2); the diagnosis of renal small lesions was obtained 
in 100% of the cases, without the need to perform a 
surgical biopsy. 

Figure 2. a-c. 57 years old male with renal nodule located at the upper lobe. CT-guided biopsy in three different scanning planes, with 
coaxial technique with MPR images (a-c), with needle-track in the subdiaphragmatic space

Table 1. Bioptical diagnosis after CT-guided coaxial biopsy with MPR technique (n: number of cases)

	 n (%)		  n (%)

Renal Tumor	 10 (83.3)	 Renal Cell Carcinoma	 8 (66.6)

		  Oncocytoma	 2 (16.6)

Angiomyolipoma	 2 (16.6)

Figure 3. Control after Ct-guided biopsy: the needle track has 
been subdiaphragmatic without the onset of a pneumothorax
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In case of small renal lesions as our population, 
unreachable through US, CT-guided biopsy represents 
the best option to obtain tissue samples (2, 15-16); 
moreover by using reformatted images it is possible to 
biopsy lesions that cannot be reached with axial CT 
images alone (7-10). 

Our study population presented renal small le-
sions (<15 mm) suspected of malignancy in previous 
radiological imaging; all the nodules were located at 
the subdiaphragmatic level, very difficult to achieve 
with a traditional coaxial biopsy, without having to 
pass through the lung with the risk of having a pneu-
mothorax (Fig. 3) (17-20). 

With the MPR images we have found the best 
and safest needle trajectory (6, 18-21). 

To our knowledge, studies concerning the effec-
tiveness of the coaxial technique using MPR images 
for CT-guided biopsies for small renal lesion, located 
in a difficult area like the subdiaphragmatic region, 
have not yet been carried out. 

Our study suggests that the advancement of CT-
guided coaxial biopsy technique in small renal lesions 
can be successfully performed thanks to this addiction 
to MPR methods, having the possibility to reduce the 
complication, in particularly the pneumothorax, and to 
find the best needle trajectory.

Our study presents a certain amount of limita-
tions; the study was retrospectively and the number of 
cases was small.

This is explained by the exclusion of all those 
lesions in which it was possible to perform a biopsy 
with simple coaxial technique without using MPR 
reconstructions, such as the lesion located at the mid 
and lower renal pole and with the exclusion of lesions 
above 15 mm.

In conclusion by using MPR images there is an 
effective improvement during coaxial CT-guided bi-
opsy of subdiaphragmatic small renal nodule difficult 
to reach and to reduce the complication, as pneumo-
thorax.

The paper was performed as the Declaration of Helsinki: ethical 
principles for medical research involving human subjects.
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