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Abstract The aim of the study is to present the diagnostic

feasibility, usefulness, and safety of a novel technique for

coaxial CT-guided fine-needle aspiration biopsy of small

(B20 mm in diameter) lung nodules. A 18-gauge

(G) (1.2 9 40 mm) needle is inserted through the skin in

the depth of the thoracic wall tissues remaining outside the

pleura. Its positioning is planned and adjusted using mul-

tiplanar reconstruction (MPR) images along the 18-G guide

needle axis tracing a reference outline extended from the

needle tip to the target nodule. When the insertion of the

18-G extra-pleuric needle (EPN) proves to be precise, a

22-G Chiba needle is then passed through the outer 18-G

EPN until it reaches the thoracic lesion for the sampling

procedure. Patient population included 153 males and 94

females, with a mean age of 61.3 ± 21.6 years. Mean

nodule diameter was 14.1 ± 2.2 mm. The lesion depth

from pleural plane ranged from 0 mm to 127 mm. An

average of 1.29 aspirates were performed per lesion. The

most common complication was pneumothorax in 27

cases; there were no cases of PNX requiring chest tube

insertion. Intrapulmonary bleeding along the needle track

was observed in 32 patients. Exploiting the advantage of

MPR images, our novel technique of extra-pleuric coaxial

system with a 18-G EPN allows the operator to multiple

samplings of small (B20 mm) target lesions in various

locations with a thinner (22-G Chiba) needle, thus reducing

the degree of pleural, parenchymal, or adjacent organs

damage.
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Abbreviations

CT Computed tomography

EPN Extra-pleuric needle

FNAB Fine-needle aspiration biopsy

G Gauge

MDCT Multidetector CT

MPR Multiplanar reconstruction

PNX Pneumothorax

Introduction

Pathological verification of pulmonary nodules suspicious

for malignancy is a necessary requirement to plan the most

adequate treatment [1–4]. The diagnostic options available

include computed tomography (CT)-guided biopsy, bron-

choscopy with transbronchial biopsy, or diagnostic surgical

removal of the lesion [5, 6].

CT-guided fine-needle aspiration biopsy (FNAB) with

percutaneous transthoracic access has become a well-

established procedure for characterization of pulmonary

lesions thanks to its recognized minimal invasiveness, great
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safety, effectiveness, and tolerability [1, 2, 7–9]. Multide-

tector CT (MDCT) provides good-quality multiplanar

reconstructions (MPR) images revealed to be a very useful

tool for guiding percutaneous lung FNAB procedures

[7, 10]. Although peripheral lesions are particularly suit-

able for CT-guided biopsy, central lesions can also be

diagnosed, and this option represent an essential diagnostic

tool when transbronchial biopsies are not feasible or have

failed [1, 5]. For both the single-needle and coaxial system

technique, the biopsy needle is advanced in one motion

through the pleura to the prescribed depth [6]. It is reported

that multiple punctures of the pleura and larger puncture

needles are associated with a higher risk of pneumothorax

(PNX) [5]. To reduce the complication rate, the coaxial

technique can be employed obtaining multiple biopsies by

means of a single puncture of the visceral pleura [5]. The

precise insertion of the coaxial needle into the target lesion

represents a crucial step for avoiding complications during

CT-guided FNAB [2]. However, the correct insertion of the

coaxial needle may require many attempts also for skillful

operator, especially when the nodule is central or small

(B20 mm), increasing the risk of PNX or injuries to

adjacent organs [2].

In this novel coaxial technique, a 18-gauge

(G) (1.2 9 40 mm) needle is inserted through the skin in

the depth of the thoracic wall tissues, and its positioning is

planned and adjusted remaining outside the pleura using

MPR images. MPR images traced along the guide needle

axis are employed to trace a reference outline from the tip

of the extra-pleuric needle (EPN) to the target nodule.

When the insertion of the 18-G EPN proves to be precise, a

22-G Chiba needle is then passed through the outer 18-G

EPN until it reaches the thoracic lesion for the sampling

procedure. The aim of this study is to present the diagnostic

feasibility, usefulness and safety of this novel technique for

coaxial CT-guided FNAB of small (B20 mm in diameter)

lung nodules.

Materials and methods

Study population

Imaging records of all patients who had undergone CT-

guided lung biopsies at our institution from January 2007

and December 2015 were retrospectively reviewed. At our

institution, retrospective review of the patients’ radiologic

images and clinical records does not require institutional

review board approval. Patients were referred for diagnosis

of primary, metastatic, and inflammatory lung lesions. All

examinations were strictly performed for clinical indica-

tions only if approved by a fellowship-trained interven-

tional radiologist to ensure feasibility and patient safety.

Among all 1283 procedures, small (B20 mm) nodules were

retrospectively identified in 273 (21.3%) cases. Our novel

technique was employed in 247/273 (89%) patients (153

males and 94 females; mean age 61.3 ± 21.6 years) with

small (B20 mm) nodules. The diameters of all nodules

were measured along the maximum long-axis diameter

using lung window settings. All patients had undergone

diagnostic chest CT, either in our hospital or at another

institution, before the biopsy.

Procedure

Pre-procedural preparation

Prior to the procedure, previously performed diagnostic CT

scans were reviewed to provisionally decide the patient

position (supine, prone, or lateral) and the most appropriate

route on the basis of the location of the target lesion in

relation to the pleural fissures, large bronchi, vascular

structures, and bones and distance from the chest wall. Any

anticoagulation or antiaggregant therapy was promptly

discontinued when possible. The patients were instructed to

take a reproducible breath and to abstain from talking,

moving, coughing, or breathing deeply during the proce-

dure. An intravenous 20-G cannula was inserted to have a

venous access ready in the event of complications.

MDCT

All procedures were performed under MDCT guidance

after obtaining the patient’s informed consent. After proper

positioning of the patient, a spiral 6-row CT (Somatom

Emotion 6, Siemens, Erlangen, Germany) was performed

in the region of interest. Technical parameters were 120

mAs, 90 kV, 10.26 mGv, 6 9 2-mm collimation, 2.5-mm

slice thickness, and 1-mm reconstruction increment. Image

post-processing was performed on a Leonardo workstation

(Siemens).

Biopsy

The biopsy procedure was standardized. Preliminary

unenhanced MDCT images were obtained through the

thoracic lesion when the patients held their breath at the

end of a normal inhalation. A metallic centimeter grid was

placed on the body surface corresponding to the target

lesion to identify the skin landmark around which to pre-

pare the sterile field (Fig. 1a). Three-dimensional CT

images were reconstructed using 1-mm-thick MPR in axial,

coronal, and sagittal planes, as appropriate. The most

appropriate skin entry site and route were determined. The

biopsy route was planned so that the needle trajectory

would reach highly attenuating areas of non-calcified tissue
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within the nodule avoiding emphysematous lung, travers-

ing large vessels, main and lobar bronchi, pleural fissures,

or bony structures. The puncture angle and the distance

from the skin entry site and pleura were measured in order

to verify the feasibility of the EPN positioning. The dis-

tance of pleural plane from the skin surface should not be

\4 cm along the bioptic route.

The patient was advanced into the gantry again and

stopped at the skin entry site. The selected skin entry site

was marked using a skin marker and the integrated laser

beam. The skin entry site was then prepared and draped in

a sterile manner. A local anesthetic (lidocaine 1%) was

injected through the skin entry site into the level of the

parietal pleura. The anesthetic needle was kept in an extra-

pleuric position, and then a CT scan was performed to

verify if the position of the skin entry site was correct. In

between breaths held by the patient at the end of a normal

inhalation phase, the 18-G EPN was gradually advanced

toward the predefined sampling position without penetrat-

ing the pleura. The needle position was checked several

times during the procedure by using intermittent CT

guidance. MPR images along the needle axis were

employed to evaluate the needle path and its inclination in

the three spatial planes. On these MPR images, an outline

was extended along the EPN axis from EPN tip to the

predefined sampling position of the target nodule (Fig. 1b)

to verify the alignment of the EPN direction with the most

appropriate route and to assess the projective overlapping

of the predefined sampling position with the distal

extremity of the extended MPR outlines. If the position of

the EPN tip was confirmed to be incorrect even after

manipulation, the EPN was withdrawn from the thoracic

wall and then inserted again without penetrating the pleura

toward the same predefined sampling position. If the nod-

ule was on the MPR extended line of the needle path, the

biopsy procedure was continued introducing a 22-G Chiba

Fig. 1 CT images of a 67-year-old male smoker with cytological

diagnosis of non-small-cell lung cancer. a The CT axial section shows

a 18-mm solid non-calcified pulmonary nodule (arrow) close to the

pericardium. See the metallic grid used to mark the skin entry region.

b MPR oblique sagittal image along the needle axis shows the 18-G

extra-pleuric needle; an outline (dotted line) traced from the tip of the

needle toward the target lesion and parallel to needle axis, indicates

the correct needle path toward the nodule. cMPR oblique axial image

shows the tip (arrowhead) of the 22-G Chiba needle inserted in the

target lesion through the extra-pleuric guide. d Post-procedural CT

axial image reveals no pneumothrax and the presence of low-grade

parenchymal bleeding along the needle track; notice the extra-pleuric

needle remained fixed
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needle with centimeter markings and appropriate length

passing inside EPN and penetrating the pleura to reach the

nodule for the sampling (Fig. 1c). If control CT images

confirmed the position of the 22-G needle tip into the target

lesion (Fig. 2a, b), then the Chiba needle was connected to

a 20-mL syringe for aspiration, and suction was applied

while rotating and moving the needle to and from within

the lesion. The plunger was then released and the needle

withdrawn, while the EPN remained fixed (Fig. 1d) for any

eventual further sampling.

The cytological sample adequacy was assessed imme-

diately by the onsite cytopathologist after being smeared on

a glass slide, immersed in 95% alcohol and stained with

Giemsa. The bioptic sampling through the same EPN guide

was repeated whenever real-time cytology proved non-

diagnostic.

Post-biopsy evaluation

After obtaining adequate sampling, the EPN was removed

and unenhanced MDCT scan was performed on the whole

thorax to check for immediate PNX and hemorrhage.

Patients were observed in a monitored recovery unit for a

minimum of 4 h after the procedure, and upright chest

radiography was performed prior to discharge.

The degree of PNX detected by CT was graded as mild

when lung surface retraction was\2 cm, moderate when

lung surface retraction measured between 2 and 4 cm, and

severe when lung surface retraction was more than 4 cm

from the chest wall [8]. If a small, asymptomatic, imme-

diate PNX developed, the patient was conservatively

treated by the administration of supplemental oxygen and

serial inspiratory chest radiographs were obtained to

monitor the PNX.

Symptomatic PNXs were treated with manual immedi-

ate aspiration, while patients with rapidly expanding PNX

or decreased oxygen saturation received chest tube inser-

tions and were managed as inpatients. Inpatients were then

followed up regularly to ensure resolution of the PNX and

improvement in patient symptoms. The discharged patients

were instructed to return to the nearest emergency depart-

ment if symptoms, including substantial pain and shortness

of breath, developed following dismissal.

Bleeding complications were graded as mild (intrapul-

monary bleeding along the needle track or around the target

lesion presenting as air spaces haziness) moderate (\5

episodes of hemoptysis, estimated at \30 ml blood or

minimal hemothorax), and severe (hemoptysis or hemoth-

orax associated with hemodynamic instability) [8, 11]. For

patients with severe hemoptysis, lung hemorrhage, and

hemothorax, hemostasis was provided.

Statistical analysis

Data were analyzed with SPSS software version 22.0

(SPSS Inc., Chicago, IL) and are presented as the mean and

standard deviation (SD) for continuous variables and as

frequency and percentage for categorical variables. A

P value\0.05 was considered significant. Chi-squared tests

and t tests were performed to compare the presence of PNX

according to categorical and continuous variables,

respectively.

Fig. 2 CT images of a 52-year-old female smoker (prone position)

with cytological diagnosis of adenocarcinoma. a CT axial image

shows the tip (arrowhead) of the 22-G Chiba needle inserted in the

target lesion. b MPR oblique axial image shows the 22-G Chiba

needle inserted in the target lesion through the extra-pleuric guide
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Results

From January 2007 through December 2015, 247 patients

underwent CT-guided FNAB of small (B20 mm) lung

nodules with extra-pleuric coaxial system.

The characteristics of 247 patients, lung lesions and

biopsy procedures are reported in Table 1. Of 247 nodules,

49 were covered by ribs (Figs. 3, 5) by pleural fissures; in

these cases, MPR images proved essential for needle

guidance.

The overall diagnostic yield of extra-pleuric coaxial

technique was 89.9% among all confirmed cases (Fig. 6).

The sensitivity, specificity, and negative and positive pre-

dicted values for malignancy were 88.7, 97.1, 59.6, and

99.4%, respectively.

Complications were observed in 71 of the 247 (28.7%)

patients. Overall, the most common complication observed

in 27 cases was mild (21/27) and moderate (6/27) PNX—

23/27 pneumothoraces (85.1%) resolved spontaneously,

4/27 (14.8%) by immediate aspiration. There were no cases

of PNX requiring chest tube insertion. Intrapulmonary

bleeding along the needle track was observed in 32 (12.9%)

patients, pulmonary hemorrhage around the target lesion

was found in 9 (3.6%) cases, while hemoptysis (\5 epi-

sodes) presented in 3 (1.2%) patients without clinical

significance.

In univariate analysis, the lesion–pleural distance

(P = 0.031) was a significant factor related to the risk of

PNX. No significance was found in the rate of PNX in rela-

tion to patient sex, age, lesion size, lesion location, patient

position, number of pleural passes, and emphysema on CT.

Discussion

The traditional general procedure of coaxial CT-guided

FNAB is as follows: with CT guidance, a coaxial needle

(consisting of an outer cannula and an introducer stylet

used for positioning the outer cannula) is inserted through

the skin until it reaches the thoracic lesion. The introducer

stylet is then removed while keeping the outer cannula in

position. A biopsy needle is then passed through the outer

cannula for the sampling procedure [2, 12]. Our extra-

pleuric coaxial technique introduces a modification of the

traditional coaxial one since a large entry (18-G) needle

remains in extra-pleuric position while it is used as guid-

ance cannula to pass through the subcutaneous tissues to

target the lesion. According to our experience, this varia-

tion represents a safe and accurate technique for perform-

ing CT-guided FNAB of small (B20 mm) lung nodules.

Using MPR images oriented along the EPN axis, an

outline is traced extending from the tip of the EPN (placed

within the thoracic wall soft tissue) toward the target

nodule. The MPR line is used to verify the alignment of the

EPN direction with the most appropriate route and to check

whether the distal extremity of the extended MPR outline

projectively matches the predefined sampling position.

Moreover, MPR images are employed to determine the best

needle path for lesions difficult to reach on the basis of the

native axial images alone because of overlying bony

structures (ribs, sternum, and scapulae) (Fig. 4) or critical

location (pulmonary hilum, proximity to the heart or large

mediastinal vessels) or simply for the small size (B20 mm)

[13]. MPR needle guidance makes it possible to avoid

Table 1 Characteristics of 247 patients, lung lesions and biopsy procedures

Variable Value

Patient characteristics

Age (years), mean ± SD (range) 61.2 ± 11.6 (37–89)

Sex (number of patients), male/female 153 (61.9%)/94 (38%)

Smoker (yes/no) 165 (66.8%)/82 (33.2%)

Lesion characteristics

Size (mm), mean ± SD (range) 14.1 ± 2.2 (7–20)

Location (central/peripheral) 33 (13.4)/214 (86.6%)

Depth from pleura (mm), mean ± SD (range) 44.2 ± 31.3 (0–127)

Procedure characteristics

Approach (number), anterior/posterior/lateral 200 (80.9%)/28 (11.3%)/19 (7.7%) cases

Number of pleural pasages (number) 1/2/3/4; mean (range) 191 (77.3%)/41 (16.6%)/13 (5.3%)/2 (0.8%); 1.29 (1–4)

Patient population included 153 (61.9%) males and 94 (38%) females, with a mean age of 61.3 ± 21.6 years (range 37–89 years); 165 (66.8%)

patients were smokers. Lung nodule diameters ranged from 7 to 20 mm, with a mean diameter of 14.1 ± 2.2 mm. Most (86.6%) of the

pulmonary nodules were located in the peripheral region while 33 nodules were located in the hilar/para-mediastinal region. The lesion depth

from pleural plane ranged from 0 to 127 mm, with a mean depth of 44.2 ± 31.3 mm. Patients underwent FNAB in prone, supine, or lateral

decubitus positions in 200 (80.9%), 28 (11.3%), and 19 (7.7%) cases, respectively. In 191 of the 247 FNABs, the pleura were crossed once. The

number samples with pleural transgressions was 2 in 41 patients, 3 in 13 patients, and 4 in 2 patients. An average of 1.29 (range 1–4) aspirates

were performed per lesion
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crossing pleural fissures during the procedure and to select

a plane parallel to the needle path without crossing bullous

emphysema or pleural fissures in order to reduce the rate of

PNX. Furthermore, MPR images allow a precise depiction

of the needle tip inside the lesion and a clear visualization

of necrotic areas to be avoided in order to reduce the risk of

false-negative results [7]. The wrong placement of the

needle tip not appreciated in the native axial images is

reported to be the most common negative predictive factor

of CT-guided FNAB [14].

In the depth of soft tissue, craniocaudal, and/or medio-

lateral inclination of the extra-pleuric (18-G) guide can be

easily and safely adjusted more times with painless

manipulations, and even if the needle is withdrawn from

the thoracic wall and then inserted again there is no risk of

pleural injury. This is not possible with traditional coaxial

technique procedure in which repeated attempts to angle

the introducer needle toward the lesion often follow the

previous trajectory and cause pleural/parenchymal damage

[6]. Clearly, our novel coaxial technique is not feasible

when subcutaneous tissue of any possible appropriate entry

sites is not enough thick to include the entire length

(40 mm) of the EPN (18-G) along its planned orientation

avoiding pleural puncture. In our study, 9.5% of patients

with small (B20 mm) nodules were not suitable for extra-

pleuric coaxial technique. These nodules were mainly

(76.9%) located in anterior segments of upper lobes, where

soft tissue are generally less represented. However, lesion

location in the upper lobes has been described as predictive

of traditional coaxial FNAB success, likely due to minimal

respiratory lung motion and ease of access relative to other

lobes. Superior lesions frequently have pleural bases and

exhibit close-fitting surfaces or chest wall infiltration; thus,

the biopsy needle can be introduced without transposing

the pleural space [15]. Instead, it has been reported that

injurious effect to the lung tissues and pleura due to tra-

ditional coaxial technique are more frequent for basal

lesions because of the effect of the diaphragmatic move-

ment than the upper lung zone [16].

PNX remains the most common complication of CT-

guided FNAB despite advanced techniques, occurring in

the range of 8–64% of cases (with chest tube insertion rate

ranging from 2 to 31%) [6, 11, 17]. In addiction to lesions

size B20 mm, for both coaxial and non-coaxial techniques,

emphysema, basal lung localization, increased distance of

lung parenchyma transgressed by biopsy needle, traversing

many pulmonary surfaces in the needle path, the frequency

of needle passes, the guide needle G, the degree of needle

angle, patient’s age, and operator experience are reported

as potential significant risk factors responsible for the

occurrence of PNX [8, 11, 14, 16–18]. The use of tradi-

tional coaxial technique decreases the number of passes

through the pleura in an effort to reduce the frequency of

PNX [17]. As for traditional coaxial system, in this new

technique the EPN provides a temporary guide to the lesion

allowing the repetition of multiple sampling whenever real-

time cytology proves non-diagnostic, but despite the tra-

ditional procedure which reduces the number of pleural

Fig. 3 CT images of a 65-year-old male smoker (prone position)

with cytological diagnosis of adenocarcinoma. a CT axial image

shows a solid pulmonary nodule (20 mm) of the left upper lobe totally

covered by a rib (see Fig. 4); the tip (arrowhead) of the 22-G Chiba

needle is within the nodule. b MPR oblique sagittal image shows the

18-G extra-pleuric needle and the outlines traced (dotted line) from

the tip to the nodule in order to verify the precision of the needle path.

c MPR oblique sagital image shows the tip of the 22-G Chiba needle

inserted in the target lesion through the extra-pleuric guide
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punctures, each biopsy specimens to be obtained with our

technique requires pleural re-penetration because the guide

needle does not penetrate the lung parenchyma [15, 16].

Although it is reassuring that the coaxial technique makes a

single pleural pass possible, some studies agreeing with our

results have failed to show a relationship between the

number of pleural passes and the rate of PNX with this

system [17, 19]. Our observed low PNX rate, despite a

mean of 1.29 (range 1–4) pleural passage numbers, is in

agreement with the statistically insignificant difference in

incidence between traditional coaxial and non-coaxial

techniques [16, 20]. It has been reported that a moderately

longer duration of the coaxial needle in the lung par-

enchyma in the case of multiple biopsies with onsite

pathologic interpretation does not appear to result in a

significant increase in the risk of PNX [5]. However, with

longer dwell times of the traditional coaxial technique,

needle motion during patient respiration could influence

PNX rate by widening the pleural puncture site and dam-

aging the lung parenchyma [21].

The risk of PNX is also influenced by other technically

modifiable factors such as the guide needle G and the

needle angle degree [16]. During the past two decades,

there has been a trend toward the use of smaller guide

needles (19-G or smaller) to reduce PNX rate and chest

tube insertion [17, 19]. The bottom line is that the use of

smaller needle sizes which penetrate pleura and lung par-

enchyma lowers the risk of PNX [5]. Unlike other

unavoidable technical risks such as lesion size and depth,

the choice of guide needle G is within operator control. In

the current study, the null chest tube insertion rate (0%)

may be explained by the small G of the needle which

penetrated the lung parenchyma (22-G) thanks to the extra-

pleuric position of the guide used for repositioning. Our

results support the hypothesis that lower needle guide G

may determine the reduction of PNX and chest tube

insertion rates also for small nodules.

The precise placement of the coaxial needle is a pre-

requisite for minimizing injuries and complications and its

precision increases as the experience of the operator

increases [2]. However, experience may help to lower the

incidence of PNX during a CT-guided coaxial FNAB until

a critical lung lesion size (B20 mm) is reached [22].

Indeed, during FNAB procedures of small (B20 mm)

lesions, a correct needle–pleura angulation is technically

more difficult, resulting in a higher number of needle path

modifications and longer procedure times [8]. In particular

if in a deeper location, smaller lesions also theoretically

require more redirection, causing torque at the pleural

surface and expanding the pleural puncture [19]. Our novel

Fig. 4 Serial CT axial images of the same case described in Fig. 3; the needle penetrates the chest wall at C7 level in oblique caudal direction

toward the nodule below the rib
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technique enables the operator with more or less experi-

ence to multiple painless extra-pleuric manipulations in

order to correct the bioptic route in a safe way.

As in other studies, our PNX risk correlated signifi-

cantly with the increasing length of the intrapulmonary

puncture track. A longer needle path tends to damage a

larger part of the lung parenchyma between the pleura and

the target nodule, and it may cause an increase in the

amount of air leakage, which in turn may affect the chest

tube rate [19]. Increasing target nodule depth is also

described to correlate with increased risk of bleeding, due

to the greater number of needle crossings of pulmonary

vessels in a longer lung parenchyma needle tract [8]. Our

overall bleeding rate (12.9%) did not differ from the

incidence of pulmonary hemorrhage reported in the

literature varying from 3.4 to 43% [8]. Most (91.1%) of

intrapulmonary hemorrhages were considered as mild,

asymptomatic alveolar bleeding (9/41) or needle tract

bleeding (32/41) and none of the patients presented

hemothorax or hemodynamic instability. However,

parenchymal bleeding seems to results in an advantage

protecting against PNX [11]. According to this hypothe-

sis, in the present study PNX was not observed in asso-

ciation to intrapulmonary bleeding along the Chiba needle

track (Fig. 5) [11]. Even if small lesions are reported to be

associated with decreased diagnostic accuracy of CT-

guided FNAB, however, in our study, safety was not at the

expense of accuracy; our result (89.9%) was slightly

higher than the upper limit of the reported range

(64.6–88%) for lesions B20 mm [6, 8] (Fig. 6).

Fig. 5 CT images of 49-year-old male smoker with cytological

diagnosis of non-small cell lung cancer. a CT axial image shows a

solid pulmonary nodule (14 mm) and the 18-G extra-pleuric needle

(EPN) inserted in the chest wall tissue. b First sampling; MPR oblique

axial section to check the needle progress depicts the 22-G Chiba

needle—inserted through the EPN—correctly directed toward the

lesion, with the tip (arrow) 5 mm away from the nodule. The Chiba

needle was then advanced for the sampling (not shown). c Post-

procedural MPR oblique axial CT scan image shows the bleeding

along the needle path (arrowheads) up to the nodule without

pneumothorax. d Second sampling; MPR oblique axial image depicts

the 22-G Chiba needle inserted into another area of the nodule

(arrow) through the EPN guide

Fig. 6 Results of CT-guided FNAB procedures of 247 small nodules.

The diagnoses of 239 biopsies were confirmed and included in the

analysis. Among malignant cytology, definitive diagnosis confirmed

malignancy in 181/182 cases with 1 false-positive case; among

benign cytology, definite diagnosis confirmed benignity in 34/65

cases, revealed benignity in 23/65 cases, while 8 cases were not

confirmed
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This study had several limitations because of its retro-

spective design which impeded the evaluation of any

relations between the operator experience and the safety of

this new technique, because all procedures were performed

by a single operator. The study did not consider other

factors that have previously been reported to influence the

PNX and chest tube insertion rates such as the proximity to

bronchovascular tree or diaphragm, prior chest surgery or

the angle of needle entry.

Conclusions

For pathological characterization of lesions with difficult

approaches, including small (B20 mm), deep nodules and

lesions near large vessels, MDCT-guided percutaneous

FNAB represents a safe and useful diagnostic tool, more

widely used than cutting-needle biopsy [6, 15]. PNX and

missed pathological diagnosis are the main complications

of the procedure, and in the attempt to overcome these

limitations, we introduced a variant of the traditional

coaxial technique. Exploiting the advantage of MPR ima-

ges, our novel extra-pleuric coaxial technique allows the

operator to multiple sampling of target small (B20 mm)

lesions in various locations with a thinner (22-G Chiba)

needle thus reducing the degree of pleural, parenchymal or

adjacent organs damage.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of

interest.

Ethical standards All procedures performed in this study involving

human participants were in accordance with the ethical standards of

the institutional research committee and with the 1964 Declaration of

Helsinki and its later amendments or comparable ethical standards.

Patient consent Informed consent was obtained from all patients

before diagnostic examination.

Financial disclosure The authors have no financial relationships

relevant to this article to disclose.

References

1. Otto S, Mensel B, Friedrich N, Schäfer S, Mahlke C, von Bern-
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Fortschr auf dem Geb der Röntgenstr und der Nukl.
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