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Transthoracic needle aspiration in solitary pulmonary nodule

Wen Yang', Hongli Jiang', Ali Nawaz Khan’, Carolyn Allen’, Luca Bertolaccini’, Tangfeng Lv', Yong
Song'; written on behalf of the AME Lung Cancer Collaborative Group

'Department of Respiratory Medicine, Jinling Hospital, Nanjing University, School of Medicine, Nanjing 210002, China; *Department of Radiology,
North Manchester General Hospital, Acute Pennine NHS Trust, Crumpsall, Manchester M8 6RB, UK; *Thoracic Surgery - AUSL Romagna, Santa
Maria delle Croci Teaching Hospital, Viale Vincenzo Randi 5, 48121 Ravenna, Italy

Contributions: (I) Conception and design: Y Song, T Lyv; (II) Administrative support: T Lv; (III) Provision of study materials or patients: AN Khan,
C Allen, L Bertolaccini, T Lv, Y Song; (IV) Collection and assembly of data: W Yang, H Jiang; (V) Data analysis and interpretation: W Yang; (VI)
Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Yong Song; Tangfeng Lv. Department of Respiratory Medicine, Jinling Hospital, Nanjing University School of Medicine, Nanjing
210002, China. Email: yong_song6310@yahoo.com; bairoushui@163.com.

Abstract: With improved awareness of public health and the recent advances in various imaging
technologies, the detection rate of solitary pulmonary nodules (SPN) is continuously increasing.
Transthoracic needle aspiration (TTINA) has represented a major approach for the diagnosis and differential
diagnosis of pulmonary masses, owing to its simplicity and minimal invasiveness. This paper demonstrates

the role of TTNA in SPN.
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Introduction conducted under general anaesthesia, with risk, surgical

. . trauma and high cost; nevertheless, some patients cannot
Lung cancer remains the leading cause of cancer deaths

) ) ) undergo general anaesthesia. Bronchoscopy has a great
worldwide. With the established role of computed

diagnosis value in central type lung nodules, but the
determination value in peripheral SPN is limited. TTNA,
as a minimally invasive diagnostic method, has been widely

tomography (CT) screening for lung cancer, and the broad
application of high-resolution CT, the solitary pulmonary

nodule (SPN) are increasingly detected. Accurate assessment, used in the diagnosis of small nodules. In 1976, Haaga and

Alfidi (2) reported the first case of CT-guided pulmonary
puncture biopsy, and after that, this technology has been

proper treatment and timely surgical resection of malignant
pulmonary nodules will be highly beneficial to the survival of

patients with lung cancer (1). Therefore, the discovery rate continuously developing and updating. By reviewing the

of SPN is evidently elevated: most of them are benign, but latest literature, we summarized the relevant notes and

some of them are lung cancer. The diagnosis of this kind of strategies about TTNA in SPN diagnosis.

nodules is difficult and obtaining tissue samples to conduct
pathology examination is the key point. The main ways to
btai . . .. Do TTNA as diagnostic tool
obtain a specimen for pathology diagnosis include exfoliative
cell examination of sputum, bronchoscopy, transthoracic Currently, an accepted definition of SPN is a single, well

needle aspiration (TTNA), video-assisted thoracic circumscribed, radiographic opacity <30 mm in diameter

surgery (VATS) and open-lung biopsy. The exfoliative cell
examination of sputum is easy and non-invasive, but its
positive rate is low. VATS and open-lung biopsy must be
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surrounded by aerated lung and not associated with
atelectasis, hilar enlargement, or pleural effusion (3). SPN
can be caused by a variety of factors, including malignant
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Figure 1 It shows the solitary pulmonary nodule (SPN) adherent to a major pulmonary artery and within a few mm of right lower lobe

77

bronchus carrying the risk of pulmonary haemorrhage, pneumothorax, and development of a fistula. Extra-care and planning are needed

when lesions lie very close to major vessels; an example is shown where the lesion was biopsied safely. These lesions are biopsied with

computed tomography (CT) scan guidance.

diseases, or a range of benign lesions. In recent years,
an important type of pulmonary nodules has gradually
increased, namely the subcentimeter nodules, which refer
to those with a diameter <8 mm. Studies have shown that
sub-centimeter lung nodules have an overall low degree
of malignancy (4). Improved imaging techniques such as
high-resolution chest CT scan, result in the most common
identification of small and often sub-centimetric SPN (5).
With high-resolution CT, lung nodules can be categorized
in a more accurate and detailed way. Ground-glass opacity
(GGO) is a particular type of pulmonary nodules: is a sign
of slightly increased density on the CT where the bronchial
and vascular textures are still visible (1). Although most
SPN is benign, the pathology of the nodule is crucial to
a patient with a history of cancer even if the SPN is small
and peripheral. Also, even in small pulmonary lesions
<1 cm, the overall malignancy rate is as high as, or slightly
lower than that in nodules >1 c¢m (5). TTNA is a minimally
invasive diagnostic method, with a high positive diagnostic
rate, less injury and low cost; so, it has been widely used in
the routine diagnosis of SPN. Diagnosis of TTNA on small
nodules has the following features:

() Wide adaptation range. Except for central type
lesions, the diagnostic rate of bronchoscopy on the
peripheral type and diffuse lesions is little while
TTNA can be applied both in central type lesions
or peripheral type and diffuse lesions, as long as
there is no apparent adhesion in blood vessels
(Figure I). It is vital that other SPN mimics are
excluded on imaging alone, and invasive procedures
avoided (Figure 2A4,B);
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TTNA has a high accuracy. CT scan can clearly
show the location, density of pulmonary nodules
and anatomic relationship between lesions and
the surround tissues, and it can also locate the
puncture site, the angle and the depth accurately.
For lesions about 0.5-1 cm, it can also successtully
conduct biopsy under CT guidance. It is important
to emphases: (I) extrinsic/thoracic wall lesions can
mimic an SPN; (II) malignant SPN can increase as
well as reduce in size; (III) benign lesions may co-
exist; (IV) some lesions with a wider differential
such as BAC almost always need tissue sampling; (V)
not all calcified lesions are benign (Figures 2-8);

High diagnostic accuracy. TTNA is a well-
established, useful procedure. However, the
diagnostic accuracy of TTNA depends on the size
and location of the lesion, as well as the guidance
technique, and decreases from over 90% to 25%
when the malignant nodule is small (<1 c¢m), and
to 70% when the lesion is benign. As many as 29%
of patients whose conditions were not diagnosed
as malignant on trans-thoracic needle biopsy were
ultimately found to have carcinoma (5). According
to literature reports, the sensitivity and specificity
of lung biopsy are separately 86% and 98.8% while
its sensitivity and specificity can reach 91%, 94%
by combining with perspective and CT guidance
(7,8). The accuracy of puncture is evidently
related to the location, depth and size of lesions;
for nodules <2 cm, the total diagnosis accuracy of
CT-guided puncture is about 77.2% (9); while for
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Figure 2 The SPN should be confirmed before invasive procedures. (A) It is vital that extrinsic lesions, such rib lesions simulating a solitary

pulmonary nodule (SPN) are identified and dealt with on imaging alone. The roentgenogram shows a bone lesion in the right upper zone,

confirmed by an axial computed tomography (CT)-scan (Figure 2B); (B) an axial CT scan on the same patient as in Figure 24, showing an

expansible lesion within a rib; as the patient was asymptomatic with normal blood parameters, the consensus was to follow the lesion with a

roentgenogram. The lesion remains stable and asymptomatic after 3-year follow-up.

Figure 3 Solitary pulmonary nodule (SPN) should be genuine before embarking on an invasive pathway. (A) It is important to determine

as to whether an SPN is genuine before embarking on an invasive pathway. In the example shown a nipple shadow was queried, although

the shadow is rather high for a nipple; (B) the SPN seen in Figure 34 was biopsied, with histological findings that of bronchiolitis obliterans
organizing pneumonia (BOOP). The SPN was FDG-PET avid, which has the potential for misdiagnosis.

nodules with the diameter about 0.5-0.7 cm, its
sensitivity is only 50%. At the same time, a number
of aspirates also seriously influence the diagnosis of
lesion nature; for nodules with the diameter <1 cm,
only 77% lesion sampling can satisfy the pathology
diagnosis (10); according to reports by Tsukada
et al., the diagnosis accuracy of diameter 6-10,
11-20, 21-30 mm are separately 66.7%, 78.9% and
86.7% (11);

High safety. Although T'TNA is a safe and

reliable examination method, it is still a traumatic
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investigation, so there are still some complications.
The main complications of T'TNA mainly include
pneumothorax and haemorrhage. According to
literature reports, the incidence of pneumothorax
is about 10-40% while the incidence of pulmonary
injury is about 26-33% (12). The occurrences of
these complications are not only related to nodule
size, depth to the chest wall and patients’ basal
lung function, but also related to the preoperative
preparation, operation technology and patients’
cooperation.
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Figure 4 Characteristics of the scar carcinoma. (A) A posterior-anterior and lateral chest radiogram show calcification in a right apical
solitary pulmonary nodule (SPN), proved scar carcinoma [see computed tomography (CT) scan]. Calcification with an SPN does not
exclude malignant nodules (6); (B) the SPN evident on the CXR (Figure 44), which in spite of the internal tumour calcification the lesion

was malignant with areas of tumour necrosis and invasion of the chest wall, representing a scar carcinoma.

8

Figure 5 Emphases are made that benign and malignant tumours may coexist creating difficulty in staging the disease. (A) Emphases are
made that benign and malignant tumours may coexist creating difficulty in staging the disease. In the case shown a benign chondroid
hamartoma (left lung) & bronchogenic carcinoma (right lung) co-exist; (B) emphases are made that benign and malignant tumours may
coexist creating difficulty in staging the disease. In the case shown a benign chondroid hamartoma (left lung) & bronchogenic carcinoma (right
lung) co-exist; (C) emphases are made that benign and malignant tumours may coexist creating difficulty in staging the disease. In the case

shown a benign chondroid hamartoma (left lung) & bronchogenic carcinoma (right lung) co-exist.
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Figure 6 Dynamic follow-up is an important method for confirming the character of the solitary pulmonary nodule (SPN). (A) An SPN can
grow as well as reduce in size; it is important to make sure there is no associated infection or bronchial obstruction from a mucous plug. A
roentgenogram of a 53-year-old shows a classical right upper atelectasis. The patient was a non-smoker. The patient had a cough with raised
inflammatory markers. The patient was treated with a cephalosporin for 2 weeks; (B) a repeat radiograph of the same patient as in Figure 64
taken 3 weeks later show considerable resolution of the right upper lobe atelectasis. However, a mass remains evident in the right upper
lobe (arrow); (C) a chest X-ray taken 3 months later of the same patient as in Figure 64,B show the right upper lobe opacity has shown a
significant increase in size; (D) axial contrast-enhanced computed tomography (CT) scans at the level of the aortic arch show a solid tumour

with a comet tail sign. A CT guided needle biopsy revealed an adenocarcinoma.

Tips and pitfalls aspirates. CT characteristics of the focal localization

scanning should be analyzed seriously. If there is any larger

The direct purpose of T'TNA is to improve the diagnosis . . . .
purp P & lesion, sites with evident enlargement should be chosen as

C
accuracy of nodules. Before the procedure, patients’ clinical the puncture targets and liquefactive necrosis tissue should

and imaging materials should be fully understood. If it is an
enhanced scanning, sites with evident enhancement should
be chosen for puncture. If it is a benign tumour, a puncture
needle with larger diameter should be selected to obtain
enough pathology tissue. If it is tuberculosis, polymerase
chain reaction-tuberculosis DNA (PCR-TB DNA) and
acid-fast bacillus examination should be conducted on
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be avoided. If a Franseen needle is selected, movement at
the time of negative suction and cutting should be softly
and each puncture time should be shortened as shorter as
possible to reduce the influence of focal haemorrhage on
obtaining the final samples. To maintain a certain amount
of negative pressure, the selection of syringes is also critical.
If the syringe volume is too small, it is not sufficient to
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Figure 7 The importance of identifying vascular anomalies cannot be over emphasized to prevent embarkation on invasive procedures. A
53-year-old man presented with left-side pleuritic chest pain and shortness of breath. He gave a history of DVT-3 months earlier and was
on oral anticoagulants. A CTPA was performed for suspected pulmonary embolism. An anomalous vessel was shown in the left para-aortic
space. Multiplanar reconstruction showed this vessel arising from the left pulmonary artery and drained into the left brachiocephalic vein.

The findings suggested an incidental anomalous pulmonary venous drainage. No pulmonary embolus was identified.

.

Figure 8 Transthoracic needle aspiration (T'TNA) in bronchoalveolar carcinoma (BAC). (A) The diagnosis of BAC can be problematic as
BAC can mimic many other pathologies and tissue diagnosis is often required; (B) the diagnosis of BAC can be problematic as BAC can

mimic many other pathologies and tissue diagnosis is often required. Accurate needle placement, as shown above, is necessary.
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produce a proper negative pressure effect, but if it is too
large, it will be difficult to operate, so syringes of 10 or
20 mL will be a right choice. After pulling out the needle,
samples should be carefully searched and selected, especially
when there is plenty of sludge blood in the aspirates. If
the operator is a lack of experience, he/she should conduct
the selection, film preparation, submission and deciding
whether there should be another puncture with the
assistance of a pathology physician or a clinical physician.
Therefore, the operator’s experience is paramount. The
extension-type automated biopsy gun should be selected
because one puncture can keep several materials, which
will make treatment available for several times. This set of
puncture equipment is expensive, while Franseen needle
is cheaper and its repeat utilization rate is high. Besides,
for patients with blood in the sputum after operation or
patients with a highly suspected malignant tumour or those
who are not satisfying with the puncture results, Sputum
cytology examination should be conducted after the
process. Since biopsy may quickly make cancer cells fall off
and flow out along the bronchi, so the positive rate of post-
operative cytological examination of sputum is often higher.
The skills of core biopsy, combination use, and aspiration
in our present cohort were higher than those reported by
Yamagami ez al. (13). Differences in lesion characteristics
(the length of aerated lung or the proportion of experienced
operators) may affect diagnostic accuracy. The number of
specimens and biopsy methods are significantly different
between success or failure groups. Hiraki ez al. reported that
the acquisition of a larger number of samples significantly
increases diagnostic accuracy because the sampling error
decreases (14). However, the rate of pneumothorax in
patients with a single puncture is significantly less than in
patients with three tentatives. With the coaxial technique,
core biopsy could be performed without other pleural
punctures and with a reduction of the risk of pneumothorax.
A higher rate of complications was reported using the more
approaches compared with a single technique in a study
by Klein et /. (15). While simultaneously considering the
risks and benefits, it is important to decide first the number
of specimens and to choose the right method. Regarding
the methods, the diagnostic accuracies of aspiration, core
biopsy, and the combination of techniques were respectively
93.4%, 95.2%, and 100.0%. Yamagami et 4/. investigated
the efficacy of the combination use of core biopsy and
aspiration compared with each method alone (13). Lung
biopsy is needed to determine the particular cell type of
lung cancer. Moreover, the current trend of using receptor
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antagonists as chemotherapeutic agents requires more tissue
to determine the presence of specific receptors and perform
various kinds of immunohistochemical staining. Also, when
a lesion is shown to be benign, clarification of the particular
cell type may be necessary. Core biopsy or a combination
of core biopsy and TTNA is required for higher diagnostic
accuracy and more pathologic information. It is not obvious
whether the consistency of the nodule is a significant factor
associated with diagnostic accuracy. Hur et al. reported
that the diagnostic accuracy of aspiration is significantly
lower for evaluating pure GGO nodules than mixed
GGO nodules (16). On the other hand, the sensitivity, the
specificity, and the accuracy of TTNA were not significantly
different between pure GGO nodules and mixed GGO
nodules according to Yamauchi ez /. (17). Considering that
a diagnosis of adenocarcinoma made up most of the false-
negative biopsy results, adenocarcinomas presenting as
pure GGO nodules may also show low diagnostic yield on
TTNA (18). Within the past decade, new techniques have
emerged that offer guidance through the tracheobronchial
tree during bronchoscopy to help reach and biopsy the
nodule, such as electromagnetic navigation bronchoscopy
(ENB) and endobronchial ultrasonography (EBUS)
(Figure 9) (19,20). The diagnostic accuracy of peripheral
pulmonary nodule by EBUS and ENB is 46-86.2% (21-23),
and 62.5-76.9% respectively (24,25). Steinfort et al. (26)
comprehensively analyzed 1,420 EBUS biopsies of the
peripheral pulmonary tumour from 16 studies, with a
sensitivity of 0.73 (P<0.05, 95% CI: 0.70-0.76). Also, a
meta-analysis of 15 studies involving 1,033 patients with
SPN by Gex et al. (27) showed that diagnostic accuracy of
pulmonary nodules with ENB was 73.9% (P<0.05, 95%
CI: 68.0-79.2). Based on the above data, we suggest that
the diagnostic accuracy of SPN with TTNA is significantly
higher than that with EBUS or ENB. Therefore, the
positive predictive factors of TTNA of pulmonary nodules
are correlated to nodule size (the larger the diameter, the
better the accuracy), non-calcific density (the higher the
density, the better the accuracy), and distance between
the nodule and the pleural plane (the shorter the distance,
the better the accuracy). The most common negative
predictive factor of TTNA is the wrong placement of the
needle tip, not appreciated in the native axial images but
retrospectively observed in the sagittal and axial oblique CT
images. The diagnostic accuracy of cytologically assisted
TTNA can, therefore, be improved by the use of imaging,
which is useful to plan the needle path while performing
needle aspiration (28).
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Figure 9 Electromagnetic navigation bronchoscopy (ENB) and endobronchial ultrasonography (EBUS) in the diagnosis for solitary
pulmonary nodule (SPN). (A) Ultrasound is a non-invasive, reliable and cheap modality that can characterize lung nodules, particularly
peripheral lesions. More central lesions can be analyzed by navigational bronchoscopy. SPN/mass at the left cardio-phrenic angle is shown
to represent lung consolidation with a pleural effusion above the left hemidiaphragm. Note the air bronchogram (bright echoes)/fluid within
the bronchi (anechoic); (B) an opacity right costophrenic angle show lung consolidation (hepatization). The lesions mimic a Hampton’s
hump Courtesy Ravi Kadasne Consultant Radiologist Al Ain UAE; (C) ultrasound shows an air-bronchogram at the right lung base in
an area of lung consolidation; (D) a roentgenogram of a 52-year-old smoker with a history of asbestos exposure presented with a cough
for 6 months. It’s hard to be certain from the CXR as to whether there is consolidation or a pleural effusion at the left lung base; (E) an
ultrasound shows a solid mass above the inverted diaphragm (D). There are areas of necrosis within the mass. The right kidney is marked K;
(F) the lesion was biopsied under ultrasound guidance, and core tissue was taken; (G) histopathological slides of the core tissue obtained by
ultrasound-guided core biopsy. (left H & E x100, right H & E x400).
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Conclusions

Selecting the appropriate diagnosis method according to
the clinical features of SPN patients can maximally improve
the diagnostic accuracy and avoid adverse reactions. For
TTNA, the risk of pneumothorax increases if the nodule
is near the hilar or away from the surface, or the puncture
path passes pulmonary bulla, or when the patient’s lung
function is compromised. The risk of haemorrhage is high
in a biopsy if the nodule is located near large blood vessels,
such that other diagnostic methods should be considered
in this case. Overall, TTNA has several advantages such
as high diagnostic rate, low cost, and manageable adverse
reactions. With proficient operating skills and precise
positioning of puncture, the diagnostic accuracy of TTNA
can be significantly improved, and its complications can be
minimized. Thus, this conventional method is still useful if
it is the appropriate approach based on the SPN features.
The development of new technology will add more
complementary values to the traditional ones.
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