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ABSTRACT

Aim: The purpose of this study is to assess the diagnostic
accuracy of computed tomography-guided transthoracic
biopsy (TTB), and to determine the type and incidence of
complications.

Methods: This was a retrospective analysis of 124 CT-guided
TTB of the pulmonary lesions at the Department of Radiology
atthe Rijeka Clinical Hospital Center. All patients were followed
for 6-12 months after the biopsy to verify the accuracy of
pathohistological diagnosis and were divided into four groups:
true and false-positive and true and false-negative groups.
The sensitivity, specificity, diagnostic accuracy, positive and
negative predictive values were calculated.

Results: Out of the total number of biopsies, 71.8% of the
procedures were performed on men and 28.2% on women.
The largest group of patients (44.4%) were between the age
of 66 and 75. Pneumothorax was reported in 27 procedures
(21,8%), and pulmonary hemorrhage occurred in 9 biopsies
(7.1%). No patient had any symptoms of complications, and no
case required chest tube placement. The diagnostic accuracy,
sensitivity, specificity, positive and negative predictive values
were 97.6%, 97.4%, 100%, 100%, 75%, respectively.

Conclusion: CT-transthoracic needle biopsy is a gold standard
for peripheral and paracentric lung lesions diagnostics. This
study shows an acceptable rate of complications a the null
rate of chest tube placement or severe complications. Also,
we presented the diagnostic significance of this method in the
two years at the Rijeka Clinical Hospital Center. As with any
diagnostic procedures, further technological and technical
development is vital.

Keywords: Image-Guided Biopsy; Pneumothorax; Radiology;
Thorax
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INTRODUCTION

Transthoracic needle biopsy (TTB) is a minimally invasive
diagnostic method that is used to obtain a tissue sample for
cytological and pathohistological analysis. Pulmonary lesions
with suspected malignant etiology must be diagnosed as
early as possible. Various diagnostic methods are available,
depending on the size and location of the lesions. In most
cases, centrallesionsare accessible to bronchoscopicsampling,
while CT-guided TTB is recommended for the diagnosis of
paracentral and peripheral lesions. The suitability of the
aforementioned diagnostic method is a minimally invasive
approach by which alternative diagnostic procedures, such as
thoracoscopy or exploratory thoracotomy, are avoided.
Indications for TTB are pulmonary, mediastinal, and other
thoracic solitary or multiple nodules or masses which,
due to suspected malignant etiology, should be analyzed.
Furthermore, it is often necessary to re-biopsy and re-
evaluate pathohistological diagnosis after malignant
progression. Indications for TTB are lesions with inflammatory
characteristics that do not regress to therapy and hilar masses
with unsuccessful or negative bronchoscopic biopsy results.
(Anzidei et al., 2017; Bichard, 2011; Guo et al., 2018)
Contraindications for TTB are uncooperative patients, inability
to control the cough or breathing on demand, and unsigned
informed consent. Also, the biopsy is contraindicated if
arterial venous malformation and hydatid cyst are suspected.
Patients with unregulated coagulopathy, severe pulmonary
hypertension, or chronic obstructive pulmonary disease also
should not undergo biopsy. (Anzidei et al., 2017; Bichard, 2011)
Minorcomplicationsoftransthoracicbiopsyarepneumothorax,
pulmonary hemorrhage, and transient hemoptysis. Major
complications include intervention requiring pneumothorax,
hemothorax, air embolism, needle tract seeding, and death.
The major complication rate is low in CT-guided lung biopsy.
(Heerink et al., 2017)

This study aims to evaluate the diagnostic accuracy,
sensitivity, specificity, the positive predictive value (PPV), and
negative predictive value (NPV) of our biopsy technique and
to determine the incidence of pneumothorax and pulmonary
hemorrhage.

METHODS

In this retrospective study, we collected the data of 124 CT-
guided TTB performed at the Department of Radiology at the
Rijeka Clinical Hospital Center from January 2017 to January
2019. Uncooperative patients were excluded from the study
because of the higher risk of additional complications.
Prerequisites for TTB are a signed informed consent and valid
coagulation test (not older than seven days). Also, patients are
advised not to take anticoagulant therapy four days before
the procedure. TTB was performed on 124 patients, 89 (71.8%)
men and 35 (28.2%) women. The average age of men was 71,
and the mean age of women was 66 years.

We explained the procedure, possible complications and
the goals of the biopsy to each patient, as well as breathing
instructions since compliance is essential. Every patient
signed informed consent. We placed the patient in the most
comfortable and convenient position for the procedure, and
the patient remained entirely calm during the intervention.
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All biopsies in our facility were performed by one radiologist
with more than 15 years of experience. Chest CT scan was
performed on each patient before the procedure, by which
the exact depth and size of the lesion were determined.
Based on the chest CT scan, we positioned the patient and
planned the safest access to the lesion to avoid damage to the
larger blood vessels and bronchi. Once the needle entry point
is determined, itis mandatory to disinfect the skin with alcohol.
In all patients, the puncture site was subcutaneously injected
with local anesthetic (2 ml of 2% lidocaine) immediately before
the intervention. After the skin incision, all biopsies were
performed with an 18-gauge or 16-gauge cutting needle. At
least two scans are required for superficial lesions: one before
pleural puncture and one before entering the lesion. Deeper
lesions require at least three scans, first before penetrating the
pleura, second about halfway to the lesion and third scan after
entering the lesion. Additional scanning was required to check
the needle position, in cases of missed punction of the lesion
by the radiologist and if patient’s cooperation was inadequate.
When the needle is inserted in the lesion, radiologist removes
the tissue cylinder and withdraws the needle from the chest.
Finally, the collected tissue sample is put in formalin and sent
to pathohistological analysis, and its imprint for cytological
analysis. The site of the biopsy should then be covered with
sterile gauze. After the procedure, a control chest CT scan is
performed to detect any complications.

Cytological and/or histological findings were assessed and
divided into two diagnostic categories. The first category
included the diagnosis of primary or secondary malignant
tumours. Patients with any of these diagnoses were included
in the group with positive findings. Positive pathohistological
findings after surgery and the regression of the lesion after
oncologic therapy confirmed the diagnosis. All positive
cytologic and/or histological diagnoses were confirmed;
therefore, all patients included in the group were true positives.
There were no false-positives. The second diagnostic category
included those patients diagnosed as having benign entities
and those with negative histopathologic or cytopathologic
results. In both cases, the patients were clinically monitored with
controlled non-invasive radiological methods for 6-12 months.
If during this period, findings regressed or remained the same,
patients were determined to have a true-negative result. When
the clinical course and CT findings indicated malignant lung
disease, patients were determined to have a false-negative
result. In this group of patients, the diagnosis was established
by open surgical biopsy or repeated bronchoscopy.

The Ethics Committee of the Rijeka Clinical Hospital Center
has approved the conduct of this research. Patient data were
collected from a hospital information system (WIN BIS), while
TTB information was gathered from the ISSA application.
Diagnostic contribution of the method was determined by
sensitivity, specificity, positive and negative predictive value
and overall diagnostic accuracy test.

RESULTS

Between January 2017 and January 2019, 124 biopsies were
performed, 71.8% on men and 28.2% on women. The youngest
patient was 41, and the oldest was 87. Most patients (44.4%)
were between the age of 66 and 75, 19.4% were younger than
65, and 36.3% were older than 75 years.
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Of the total number of biopsies, 27 (21.8%) resulted in
pneumothorax and 9 (7.1%) in pulmonary bleeding. The
average pneumothorax width was 14,4mm. Pneumothorax
occurred in 17 men (63%) and 10 women (37%) (Figure 1).
We also presented the age distribution of patients with
pneumothorax (Figure 2). Three patients with pneumothorax
were hospitalized at the Department of Pulmonology, two
of them for 24 hours, and one patient for four days, mostly
because their place of residence was not well connected
with other major centers. Those three patients were treated
conservatively with an oxygen mask with a maximum flow
rate of 15L/h. No patient had symptoms of pneumothorax,
and no case required chest tube placement.

The most common pathohistological and cytological finding
among our subjects was adenocarcinoma with an incidence
of 41.1%, followed by squamous cell carcinoma with an
incidence of 25.8%. Non-small cell carcinoma, without detailed
differentiation, was diagnosed in 7.3%, neuroendocrine
carcinoma in 5.7%, and small cell carcinoma in 2.4% of all
biopsies. In addition to the above, two mesothelioma (1.6%),
two hemangiopericytomas (1.6%), one thymoma (0.8%),
synovial sarcoma (0.8%), non-Hodgkin's lymphoma (0.8%)
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Figure 1: Gender distribution of patients with pneumothorax
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Figure 2: Age distribution of patients with pneumothorax

Table 1: Results of cytological and pathohistological analysis

Percentage
Pathohistological and cytological diagnosis | N (%)
Adenocarcinoma 51 41,1
Squamous cell carcinoma 32 25,8
Neuroendocrine carcinoma 7 57
Mesothelioma 2 1,6
Hemangiopericytoma 2 1,6
Thymoma 1 038
Synovial sarcoma 1 0,8
Non-Hodgkin's lymphoma 1 0,8
Leiomyosarcoma 1 08
Non-small cell carcinoma 9 7.3
Small cell carcinoma 3 24
Suggestive results 2 1,6
Negative results 12 9,7
Total 124 100
Table 2: Diagnostic significance
Diagnostic significance N/%
True positive 112
True negative 9
False positive 0
False negative 3
Sensitivity (%) 97.4(112/115)
Specificity (%) 100 (9/9)
Diagnostic accuracy (%) 97.6 (121/124)
Positive predictive value (%) 100 (112/112)
Negative predictive value (%) 75(9/12)

and leiomyosarcoma (0.8%), along with two suggestive
findings of malignant etiology (1.6%) were diagnosed (Table
1). Out of the total number of biopsies, 12 or 9.7% resulted in
a negative histopathological and cytological diagnosis. Nine
of the mentioned 12 were true negative, and three were false-
negative results. Two patients, out of three false-negative
results, were subjected to surgical biopsy, and the third to
repeated bronchoscopy. In all three patients, alternative
methods resulted in positive pathohistological results.

All patients in our study were monitored for 6-12 months after
the biopsy to verify the accuracy of the diagnosis. We divided
the biopsy results into four groups: true positive (n = 112), false
positive (n = 0), true negative (n = 9), and false negative (n =
3). Based on the obtained data, the diagnostic accuracy was
97.6%, sensitivity 97.4%, specificity and positive predictive
value 100%, and negative predictive value 75% (Table 2).

DISCUSSION

We conducted this study to verify the diagnostic accuracy of
our method and to determine the incidence of complications:
pneumothorax and pulmonary bleeding. The ultimate aim of
this research is to compare our results with the results of other
recent studies.
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Pulmonary bleeding in our study occurred in nine patients
(7.1%) while most authors reported incidences of pulmonary
bleeding higher than ours. The incidences in recent studies
varies according to different reports, ranging 2.5-45.4% (Lee
and Lee, (2016), Lazgouet et al. (2016), Tian et al. (2017), Yang
et al. (2015), Wang et al. (2014), Gorguli et al. (2017), Khan
et al. (2008), Li et al. (2013), Zhao et al. (2017), Li et al. (2017),
Schulze et al. (2015), Wattanasatesiri et al. (2018), Aktas et al.
(2015a), Yun et al. (2018), Lu et al. (2012), Heyer et al. (2018),
Aktas et al. (2015b)).

The pneumothorax rate in our study is 21.8% (27 biopsies).
The incidence of pneumothorax during transthoracic needle
biopsy varies according to different studies and ranges from
4.1 to 47.3%. The following authors reported incidence lower
than 22%: Lee and Lee (2016), Lazgouet et al. (2016), Tian et
al. (2017), Yang et al. (2015), Wang et al. (2014), Gorguli et al.
(2017), Khan et al. (2008), Li et al. (2013), Zhao et al. (2017), Li
etal. (2017), Schulze et al. (2015), Wang et al. (2016), Cruz et al.
(2014). Rate of pneumothorax higher than 22% was reported
by Wattanasatesiri et al. (2018), Aktas et al (2015a), Yun et al.
(2018), Lu et al. (2012), Heyer et al. (2008), Aktas et al. (2015b),
Fontaine-Delaurelle et al. (2017), Brandén et al. (2014) and
Kuban et al. (2015). The pneumothorax rate in our study is
comparable to the rates reported in recent literature.

In our study, no patient with pneumothorax required chest
tube placement. To our knowledge, only a few authors
reported a zero per cent rate of chest tube placement:
Lazgouet et al. (2016), Gorgulu et al. (2017), Lu et al. (2012)
and Zhao et al. (2017). Most authors reported an incidence of
chest tube placement in a range from 1 to 10%: Yang et al.
(2015), Wang et al. (2014), Li et al. (2013), Khan et al. (2008),
Wattanasatesiri et al. (2018), Heyer et al. (2008), Schulze et al.
(2015), Li et al. (2017). Branden et al. (2014), Cruz et al. (2014),
Fontaine-Delaruelle et al. (2017), Hiraki et al. (2010), Yun et al.
(2018). In contrast, Kuban et al. (2015) presented the incidence
of chest tube placement in 15% of performed biopsies and
reported that a 19-gauge coaxial guide needle significantly
decreases the risk of pneumothorax and chest tube placement
compared with an 18-gauge needle.

Major complications, such as hemothorax, pulmonary
embolism or fatal outcome, have not occurred in our study.
Tian et al. (2017), Fontaine-Delaruelle et al. (2017) and Wang
etal. (2014) reported the incidence of hemothorax to be lower
than 2%, while Aktas et al. (2015a) and Aktas et al. (2015a)
reported an incidence of 4%. Three authors reported a fatal
outcome: Fontaine-Delaruelle et al. (2017), Ocak et al. (2016)
and Padrao et al. (2018). The following authors reported the
cases of pulmonary embolism: lalongo et al. (2017), Pando et
al. (2015), Hung et al. (2015), Smit et al. (2013), Kukuljan et al.
(2018) and Galvis et al. (2017).

The diagnostic contribution of transthoracic biopsy in
our study (sensitivity 97.4%, specificity 100%, diagnostic
accuracy 97.6%, positive predictive value 100%, and negative
predictive value 75%) is comparable with reports by Yang
et al. (2015) (95.3%, 95.7%, 92.9%, 99.2% and 78.6%), Wang
et al. (2014) (97.3%, 100%, 97.7%, 100% and 87.7%) and Yun
et al. (2018) (83%, 99%, 87,6%, 99.5% and 69.9%). The NPV
in our study was 75% due to three necrotic samples, which
were classified as false-negative findings. Tian et al. (2017)
reported the diagnostic contribution of the transthoracic
biopsy of lesions smaller than 30 mm. The overall sensitivity,

32 Bilten 36 (2)

specificity, accuracy, PPV and NPV for diagnosis of malignancy
were 92%, 98.6%, 94.6%, 100%, and 90.9% respectively. Li et
al. (2013) showed the results of CT-guided percutaneous core
needle biopsy for lesions smaller than 20 mm. The overall
diagnostic accuracy was 93.5%, the sensitivity for malignancy
and specificity for benign lesions were 90.4% and 100%, while
positive and negative predictive values were 100% and 83.3%,
respectively.

Finally, a comparison of our results with the results of recent
studies showed a comparable pneumothorax incidence and
comparable diagnostic accuracy. The significant difference
between our study and most recent studies was the 0% rate of
chest tube placement. We assume that this is a great benefit
because pneumothorax is not a significant clinical problem if
chest tube placement is not needed.

CONCLUSION

We conducted this study on 124 transthoracic biopsies
of pulmonary lesions performed at the Department of
Radiology at the Rijeka Clinical hospital Center from January
2017 to January 2019. The results of this study directly show
the success of this procedure. Diagnostic accuracy is 97.6%,
sensitivity 97.4%, specificity and positive predictive value is
100%, and negative predictive value is 75%. The incidence of
pneumothorax was 21.8%, and the rate of pulmonary bleeding
was 7.1%. No patient had symptoms of the mentioned
complications, and this diagnostic procedure can be labeled
as safe due to the low rate of severe complications. (Heerink
etal, 2017)

CT-guided TTB is an excellent diagnostic method for
peripheral and paracentral pulmonary lesions. Furthermore,
TTBis a relatively fast procedure that does not require general
anesthesia. The patient is aware and can cooperate with the
radiologist, which is one of the essential characteristics of
this intervention. In the case of unsuccessful biopsies, we
recommend repeating the biopsy, given the very high overall
diagnostic accuracy and low complication rate.
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