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Abstract 

Introduction  Ultrasound (US) has become an integral tool for chest assessment as it provides crucial information 
on pleural pathologies and peripherally located lung lesions.

Aim  To assess the diagnostic yield of combined fine needle aspiration (FNAB) and core needle biopsy (CNB) ver-
sus each technique ultrasound-guided in peripheral lung and pleural lesions.

Methodology  The present study enrolled 30 patients presenting to Alexandria Main University Hospital, with CT 
scans showing undiagnosed peripheral lung or parietal pleural lesions with or without effusion. A full ultrasound 
chest assessment was done covering 12 regions. Assessment of the lesion of interest, vascularity was assessed 
via color Doppler, locating the safest entry site. Real-time US-guided FNAB was done using a spinal needle 22 gauge. 
Then real-time US-guided CNB using 18 gauge Trucut needle in the same setting. Duration and complications 
of each procedure were reported. In FNAB, three smears were prepared, fixed in alcohol, and stained with hematoxy-
lin and eosin stain. The remaining sample was fixed in formalin and centrifuged to prepare cell blocks. On the other 
hand, Trucut needle biopsy specimens were fixed in formalin and processed as paraffin-embedded blocks. Immuno-
histochemical staining was done. The results were classified into four categories (inadequate, negative, suspicious, 
and positive for malignancy.

Results  The diagnostic yield of combined techniques was 96.7% versus 63.3% using FNAB and 96.7% using CNB. The 
sensitivity of FNAB was 86% while CNB was 95%. The specificity and positive predictive value of both methods were 
100%. The negative predictive value of FNAB was 57% versus 80% for CNB in peripheral lung lesions. Duration of US-
guided CNB was statistically significantly longer than that of FNAB in both peripheral lung and pleural lesions. No 
major complications were reported using either technique.

Conclusion  Combined FNAB and CNB were not superior to CNB alone regarding diagnostic yield but were superior 
to FNAB. Ultrasound-guided CNB has a superior diagnostic yield over FNAB, with no statistically significant difference 
regarding associated complications, both techniques are safe. FNAB provided sufficient material for ancillary molecu-
lar testing.
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Introduction
Ultrasound (US) has become an integral tool for chest 
assessment. Its use has grown among pulmonologists 
over the past decade as it provides valuable information 
in cases of pleural effusion, lung consolidation, pleu-
ral pathologies, peripherally located lung lesions, medi-
astinal lesions, and chest wall as well as in lymph node 
assessment [1]. There have been many advantages of 
ultrasound in pulmonary medicine compared with other 
radiological examinations regarding the availability, cost, 
time, and lack of irradiation as well as the bedside exami-
nation; facilitating the assessment, especially in emergen-
cies [2].

For malignant lesions, thoracic ultrasound (TUS) can 
provide important data regarding the size, local exten-
sion, any associated atelectasis or necrosis and the vascu-
larity surrounding the lesion denoting vascular invasion 
and the vascularity of the lesion itself. TUS provides 
information regarding pleural effusions with higher sen-
sitivity than other radiological investigations [2]. It is 
superior in some aspects over chest computed tomogra-
phy (CT) scans as TUS evaluates the pleuropulmonary 
interface and diaphragmatic movement in a real-time 
manner during normal respiration and cough [3].

Also, the introduction of second generation contrast 
material for the US has enabled the prospect of perfusion 
analysis of lung lesions with far fewer adverse risks com-
pared to other contrast agents used in CT scans [4]. In 
patients with any contraindications for contrast admin-
istration, the use of elastography can be helpful [5, 6]. 
Regarding limitations, TUS assessment of peripherally 
located lung lesions provides data proportional to the 
tumor-pleura contact. In cases where the pleural abutting 
is small, the visualized part of the tumor is small even if 
the actual size is large [7]. The bony parts of the thorax 
can limit the visualization of some peripheral lesions, 
particularly those involving the paravertebral, retro 
scapular, parasternal, and to some extent apically located 
lesions [1]. Another limitation is difficulty in the presence 
of a chest wall pathology over the region of interest [2]. 
On the other hand, ultrasound-guided biopsy was effec-
tive when thoracoscopy was not feasible [8, 9]. Ultra-
sound offers a real-time view of the needle and a rare 
need for breath hold, unlike the CT-guided approach. 
Meta-analysis research compared the diagnostic effi-
cacy of CT-guided lung biopsy versus ultrasound-guided 
lung biopsy and showed an overall diagnostic accuracy of 
88.7% for ultrasound-guided biopsy, whereas CT-guided 
biopsy had a diagnostic accuracy of 92.1% [10].

The fine needle aspiration (FNAB) approach uses a hol-
low needle less than 22 gauge (G) in diameter for aspi-
ration and only allows cytological analysis of the sample. 
The core needle biopsy (CNB) uses a 20G or larger 

diameter hollow needle, which can be used to collect 
tissue samples sized to allow for full histological exami-
nation [11]. FNAB-derived cell blocks (CBs) can also 
provide enough material for molecular profiling, such 
as EGFR mutation and ALK gene rearrangement tests, 
which are required for the therapeutic choice in lung ade-
nocarcinoma [12]. US-guided transthoracic FNAB is an 
established and safe technique for diagnosing intratho-
racic pathologies with a reported sensitivity of 74% to 
95% and a specificity of 87% to 100% [13]. The incidence 
of serious complications in a previous study did not differ 
significantly between CNB and FNAB procedures, even 
though the total complication rate was much greater with 
CNB [14, 15].

The present study recruited patients who underwent 
both US-guided FNAB and CNB with comparative doc-
umentation of the different aspects of the procedures 
emphasizing the diagnostic yield of combined biopsies 
versus each technique alone.

Aim of the work
The primary objective was to assess the diagnostic yield 
of combined ultrasound-guided FNAB and CNB ver-
sus each technique alone in cases of peripheral lung and 
pleural lesions. The secondary objective was to compare 
the procedure time, technical complexity, and ancillary 
molecular tests between FNAB and CNB.

Patients
The present prospective study enrolled thirty patients 
presenting to Alexandria Main University Hospital 
(AMUH), Pulmonology Department with chest CT scans 
showing an undiagnosed peripheral lung lesion and pari-
etal pleural thickening with or without pleural effusion. 
The timeframe that started on the 1st of May 2021 till 
the 1st of October of the same year. We enrolled patients 
with undiagnosed pleural-based lung nodules, patients 
with undiagnosed peripheral lung masses, patients with 
undiagnosed pleural thickening failed to be diagnosed by 
thoracocentesis (in cases with associated effusion), age 
18 years or older. We excluded patients with centrally 
located masses and patients with a low platelet count of 
1.5. Patients with respiratory failure or skin lesions at the 
site of needle introduction.

Methods
The present prospective study enrolled 30 patients pre-
senting to Alexandria Main University Hospital (AMUH), 
Pulmonology Department. The study was accepted by the 
local ethical committee of Alexandria Faculty of Medi-
cine (available from www.​med.​alex.​edu.​eg/​wp-​conse​nt/​
uploa​ds/​2012/​04/.​pdf ). Patients enrolled in the study 
were expected to come for two visits.

http://www.med.alex.edu.eg/wp-consent/uploads/2012/04/.pdf
http://www.med.alex.edu.eg/wp-consent/uploads/2012/04/.pdf
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The first visit included detailed history taking; includ-
ing age, gender, occupation, marital status, and medi-
cal and surgical history as well as history of previously 
diagnosed malignancies or chronic lung diseases. Physi-
cal examination included general examination, local 
chest examination, oxygen saturation assessment, blood 
pressure, heart rate, and respiratory rate recording and 
review of the patient’s chest CT scans that were available 
with or without IV contrast.

A full ultrasound chest assessment was done cover-
ing 12 imaging regions, 6 on each side. Vascularity was 
assessed via color Doppler flow, locating the safest site 
and trajectory for biopsy [16]. A routine blood workup 
was ordered and coagulation profile; prothrombin time, 
activity, and INR. Patients who were currently on thera-
peutic or prophylactic anticoagulation were instructed to 
stop the drug before the next visit for a duration depend-
ent on the drug’s half-life. Bridging therapy for patients 
on warfarin was done [17]. The second visit included 
checking the laboratory workup for any exclusion cri-
teria and reviewing and signing the consent. The ultra-
sound machine used was Sonoscape M22 EXP and the 
probe used was the curved array transducer. Equipment 
was prepared including sterile gloves, povidone-iodine 
10%, normal saline, two sterile containers containing 10% 
formalin and another container containing sterile saline 
(for samples collected for microbiological analysis), six 
glass slides sprayed with ethanol, one spinal needle 22G, 
one Trucut needle size 18 15 cm in length, different size 
syringes, an insulin syringe, one stainless steel blade, and 
lidocaine 2%.

Ultrasound reassessment was done and the duration of 
the procedure was recorded. According to the location 
of the pathology, the patient’s position was either lateral 
decubitus, prone, supine, or sitting position with his/her 
chest and arms supported. Real-time US guided (FNAB) 
was done using a spinal needle 22 gauge, 3–5 passes 
with different angulations to cover different areas in the 
lesion. After US-guided FNAB was done, US assessment 
for pleural sliding and absence of any bleeding or pneu-
mothorax was confirmed using the M-mode and visu-
alization of the “sea shore” sign. In the FNAB specimen, 
two or three smears were prepared, fixed in alcohol, and 
stained with hematoxylin and eosin (H&E) stain. The 
remaining sample was fixed in formalin and centrifuged 
to prepare cell blocks for paraffin embedding. Cytological 
diagnosis was based on the cytomorphologic features of 
the smears and cell block preparations and the results of 
immunocytochemical stains on cell blocks [18].

Then a very small incision using the stainless-steel 
blade was done to facilitate the Trucut needle entry; a 
real-time US-guided CNB using an 18-gauge Trucut nee-
dle of 15 cm length was done. Four to six samples were 

taken; one sample was placed in a sterile container for 
microbiological examination and the remaining were 
placed in 10% formalin for histopathological examina-
tion. Again, excluding any bleeding or pneumothorax 
was done using M-Mode. CNB specimens were fixed in 
formalin and processed as paraffin-embedded blocks. 
Diagnosis of CNB was based on histomorphology and 
immunohistochemical staining. After the procedure, 
the patients were admitted for 4 h and a chest X-ray was 
ordered to exclude the occurrence of any complication, 
after which the patient was discharged. The results were 
classified into four categories (inadequate, negative, sus-
picious, and positive for malignancy) [19]. Malignant 
cases were reported according to new criteria implied in 
the 2021 WHO classification for lung cancer diagnosis.

Immune staining was done using Dako autostainer for 
TTF-1 primary antibody while Ventana benchmark X 
was used for p63 whenever needed in both cell blocks 
and CNB to reach a final diagnosis. Furthermore, immu-
noreactivity for EGFR was assessed whenever possible 
on both cell blocks and CNB in case of adenocarcinomas 
and scored based on membranous and/or cytoplasmic 
staining [20]. Undiagnosed patients underwent further 
investigations as thoracoscopy or bronchoscopy till a 
final diagnosis was reached.

Results
The present study enrolled thirty patients presenting to 
Alexandria Main University Hospital (AMUH), Pulmo-
nology Department with radiographic features of periph-
eral lung or pleural lesions on chest CT scans that were 
done either with or without contrast in the timeframe 
that started on the 1st of May 2021 till the 1st of Decem-
ber of the same year.

Nighty percent of the patients were males, present-
ing 91.3% among the malignant group and 85.7% among 
the benign group. The mean age was 57.60 ± 13.26 years 
(ranging from 20 to 80 years old). Forty percent were in 
the age group between 61 and 70 years old. The preva-
lence of smokers was 70%; 23.3% of the studied patients 
suffered from COPD.

The most common presenting complaint among the 
studied patients was cough (80%), followed by chest 
pain and dyspnea (each representing 73.3% of the stud-
ied patients). Nearly 78% of patients presenting with 
chest pain in our study were diagnosed with malignancy. 
Weight loss was observed in 70%. Night fever in 16.7% 
and finally hemoptysis in 6.7%.

Among the studied patients, 76.7% were finally diag-
nosed with malignant lesions, while 23.3% were diag-
nosed with benign lesions (Table  1). Comparison 
between both groups showed no statistically significant 
difference regarding gender, but statistically significant 
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differences regarding the mean age with p value of 0.002. 
The mean age in the benign versus the malignant group 
was 45 ± 14.49 years old versus 61.43 ± 10.40 years, no 
statistically significant difference regarding the smoking 
status, with a p value of 0.554.

The distribution of the studied patients according to 
the site of pathology as defined by CT chest was as fol-
lows: the most commonly affected lobe was the left upper 
lobe (30%), followed by the right upper lobe, right lower 
lobe, left lower lobe, and the middle lobe of the right lung 
in 23.3%, 16.7%, 10%, and 3.3%, respectively. The size of 
peripheral lung lesions ranged from 1.25 × 3.31 cm to 
12.21 × 9.90 cm in maximum dimensions, with a mean of 
5.70 cm ± 2.42 cm. Patients with pleural thickening from 
which biopsies were taken were 16.7% of the patients. 
The left side was the side involved in 80% and the right 
side in 20%. Figure  1 shows a chest CT scan and ultra-
sound of a patient presenting with a left upper lobe lung 
mass.

Our study enrolled 30 patients who underwent both 
procedures sequentially (FNAB and CNB). Comparison 
between both techniques regarding different aspects 
showed the following: the difference in duration of the 
procedure between the FNAB and CNB in cases of lung 
biopsy was statistically significant (mean of 10.30 ± 1.68 
versus 11.96 ± 2.13 min, respectively) with a p value less 

than 0.0001. The difference in duration between the 
FNAB and CNB in cases of parietal pleural biopsy was 
statistically significant as well (mean of 12 ± 2.12 versus 
15 ± 3.08 min, respectively, a p value less than 0.0230.

The overall yield of the combined procedures FNAB 
and CNB was 96.6% diagnostic, diagnosing 29 patients 
out of all 30 studied patients. FNAB was diagnostic in 18 
patients of the malignant group (n = 23) and 1 patient of 
the benign group (n = 7). CNB successfully diagnosed 22 
patients out of 23 patients of the malignant group; CNB 
only failed to diagnose 1 case with small cell lung cancer 
and was diagnosed with other means. CNB successfully 
diagnosed all benign patients (7/7) with very good accu-
racy. Combined FNAB and CNB were not superior to 
CNB alone regarding diagnostic yield but were superior 
to FNAB. The diagnostic yield of combined techniques 
was 96.7% versus 63.3% using FNAB and 96.7% using 
CNB (Table 1).

In the 5 patients that presented with parietal pleural 
thickening on a CT scan of the chest, the FNAB failed 
to successfully reach a diagnosis in any of them, whereas 
CNB was diagnostic in all cases. In one case, the biopsy 
was inadequate and the CNB diagnosed this patient as 
NSCLC—adenocarcinoma. Another case was diagnosed 
with mesothelioma using CNB; the FNAB only showed 
rare suspicious atypical mesothelium cells but was not 

Table 1  Diagnostic yield of combined CNB and FNAB versus FNAB or CNB in the studied patients (n = 30)

χ2 Chi square test, FE Fisher exact, p P value for comparing between FNAB and CNB
* Statistically significant at p ≤ 0.05

Final 
diagnosis

Diagnostic yield 
of combined 
FNAB and CNB

FNAB CNB c2(FEp)

No. % No. % No. % No. %

All 30 100.0 30 100.0 30 100.0 30 100.0 –

  Malignant lesions 23 76.7 22 73.3 18 60.0 22 73.3 3.067 (0.187)

    Lung carcinoma
      Small cell carcinoma 1 3.3 0 0.0 0 0.0 0 0.0 –

      Adenocarcinoma 10 33.3 10 33.3 9 30.0 10 33.3 0.077 (0.781)

      Squamous cell carcinoma 5 16.7 5 16.7 4 13.3 5 16.7 0.131 (1.000)

      Undifferentiated carcinoma 4 13.3 4 13.3 2 6.7 4 13.3 0.741 (0.671)

    Mesothelioma 1 3.3 1 3.3 0 0.0 1 3.3 2.0 (1.000)

    Others
    Metastatic adenocarcinoma (colon) 1 3.3 1 3.3 1 3.3 1 3.3 0.0 (1.000)

    Metastatic adenocarcinoma (unknown primary) 1 3.3 1 3.3 1 3.3 1 3.3 0.0 (1.000)

  Benign lesions 7 23.3 7 23.3 1 3.3 7 23.3 10.50*(0.005*)

    Dense fibrous tissue 3 10.0 3 10.0 0 0.0 3 10.0 6.0 (0.100)

    Necrotizing granuloma 3 10.0 3 10.0 0 0.0 3 10.0 6.0 (0.100)

    Lipoid pneumonia 1 3.3 1 3.3 1 3.3 1 3.3 –

  Undiagnosed 0 0.0 1 3.3 11 36.7 1 3.3
    Undiagnosed 0 0.0 1 3.3 11 36.7 1 3.3 10.417*(0.001*)
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enough to diagnose the patient as mesothelioma, nor 
enough for IHC staining. A third case was diagnosed with 
pleural fibrosis following long-standing pleural infection 
via CNB and the remaining 2 cases were diagnosed with 
necrotizing granulomatous inflammation by CNB, and 
the FNAB was inconclusive showing nonspecific chronic 
inflammatory cells; microbiological examination of these 
cases were positive for tuberculosis.

Undiagnosed patients underwent further investigations 
as thoracoscopy or bronchoscopy till a final diagnosis 
was reached. Among all patients, 73.3% were diagnosed 
with malignancy and 23.3% were diagnosed with benign 
lesions. The difference in the diagnostic yield between 
the FNAB and CNB in the benign group was statistically 
significant with a p value of 0.005. FNAB failed to accu-
rately diagnose 11 patients of the 30 studied patients that 
were then diagnosed using further investigations such as 

thoracoscopy or bronchoscopy while CNB failed to diag-
nose only one case, the difference in performance was 
statistically significant with a p-value < 0.001.

Comparing the sensitivity and specificity of both tech-
niques among patients with parenchymal lung lesions 
showed the following: sensitivity of FNAB was 86% while 
CNB was 95%. The specificity and PPV of both meth-
ods were shown to be 100%. The NPV of FNAB was 57% 
while the NPV of CNB was 80%. The accuracy calculated 
for FNAB was 88% and 96% for CNB (Table 2). The dif-
ference in pathologic diagnosis of different patients using 
FNAB and CNB is shown in Fig. 2.

The procedure was shown to be safe. Only three 
patients experienced minor complications. One patient 
had mild wound bleeding, another patient complained of 
transient hemoptysis after finishing the procedure, and 
the third patient complained of chest pain during biopsy 

Fig. 1  Chest CT scan and ultrasound of a patient presenting with left upper lobe lung mass. A Lung window showing Left upper lobe soft tissue 
lesion and bilateral upper lobe emphysematous bullae. B Mediastinal window showing Left upper lobe heterogeneous lesion with rib erosion. C 
Ultrasound (US) assessment of lesion showing heterogeneous echogenicity with central breakdown and air foci. Irregular pleural line with area 
of rib erosion. D During US-guided FNAB. Yellow star shows the spinal needle intralesional
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using a Trucut needle, he was finally diagnosed with 
mesothelioma.

Pathology reports of CNB and FNAB as written by the 
pathologist (blinded from the sample) along with the 
results of the immunohistochemistry and microbiologi-
cal tests are available as Supplementary material, Table 1.

Discussion
As lung cancer is the leading cause of cancer-related 
deaths worldwide in both genders, timely assessment and 
diagnosis of the peripheral lung lesion is of crucial impor-
tance particularly as the rate of 5-year survival drops 
from 82% for stage IA to 6% for stage IV [21]. Ultrasound 
assessment of peripheral lung lesions and pleural thick-
ening provides paramount information about the nature 
of the pathology and possible diagnostic means.

In the present study, 30 patients were enrolled. Ninety 
percent of the patients were males. With further strati-
fication of the studied group to malignant and benign 
groups as regards the final diagnosis, male predominates 
as well presenting 91.3% among the malignant group 
and 85.7% among the benign group. The male-to-female 
ratio in this study was higher than in other comparable 
studies [22, 23]. Yet another study conducted in Egypt 
showed an analogous male-predominant percentage as 
stated by Kawshty et al. where males represented 80% of 
the patients [24]. The ratio in the current study reflects 
the current status in Egypt due to the higher incidence 
of smoking among men as well as exposure to other nox-
ious particles and higher-risk occupations increasing the 
incidence of lung diseases in general and malignancies in 
particular.

The mean age of the patients enrolled in the current 
study was 57.60 ± 13.26 years old, and the mean age 
for patients that were diagnosed with malignancy was 
61.43 ± 10.40 years old versus 45.0 ± 14.49 years old in 
benign disease. The difference in mean age between the 
benign and malignant groups was statistically significant, 
with a p value of 0.002. This indicates a higher probability 
of malignant nature in peripheral lung and pleural lesions 
among the elderly population. Concerning comorbidities 
among the studied patients, 23.3% of the studied patients 
suffered from COPD. These patients were all diagnosed 
with malignancy. Similar findings were observed by Lee 

et al. [9]. This finding further emphasizes the association 
between COPD and lung cancer. Nearly 78% of patients 
presenting with chest pain in our study were diagnosed 
with malignancy. This can be attributed to the fact that 
peripheral lung and pleural lesions irritate the parietal 
pleural layer so pleuritic chest pain should not be under-
estimated in the high-risk, smoker, and elderly popula-
tions [25].

The most affected lung lobe in our study was the upper 
lobe (52.3%). The size of peripheral lung lesions ranged 
from 1.25 × 3.31 cm to 12.21 × 9.90 cm in maximum 
dimensions, with a mean of 5.70 cm ± 2.42cm, matching 
with the mean size reported by Kawshty et  al. [24] and 
Diacon et  al. [26] Other studies showed smaller mean 
sizes of lesions as shown by Lee et al. [9] with a mean of 
3.55 cm ± 2.19 cm. Larger lesions were associated with 
more necrosis as evident in the US view and necrotic 
areas with air foci were avoided during the biopsy.

On comparing the duration of CNB to that of FNAB in 
both peripheral lung mass biopsies and pleural biopsies, 
limited data was published. In our study, the duration of 
CNB was longer with a statistically significant difference, 
and this is explained by the fact that the CNB is wider 
and longer and more injuries to the surrounding tissue 
are possible, requiring more time and precision dur-
ing needle entry and as it pierces the chest wall layers as 
well as during the firing phase. Also, in cases with pleural 
thickening, the needle was inclined as soon as the pari-
etal pleural layer was pierced with view optimization to 
avoid any injury to the underlying visceral pleural, such 
procedure was not done using the fine needle aspiration. 
The previous factors contributed to the longer duration 
of the CNB and also to the higher pain score found using 
the CNB. It was noticed that the smaller the lesion, the 
longer the procedure and the more technically challeng-
ing it was. In our study, the duration of pleural biopsy 
was significantly longer and required more technical skill 
than cases with peripheral lung mass.

US-guided CNB and FNAB in both peripheral lung 
and pleural lesions is a safe procedure and was proved to 
be even safer than CT-guided biopsies [9]. In this study, 
the overall incidence of complications was significantly 
low with no occurrence of any pneumothorax, hemo-
thorax, or pulmonary hemorrhage. This matches with 
other studies as the study conducted by Schubert et  al. 
[27] that showed no major complication occurrence. 
Another study reported the incidence of pneumothorax 
as high as 15.4% with CNB and 10.8% with FNAB [28]. 
Some showed controversial data where the incidence 
of pneumothorax was higher using FNAB compared to 
CNB (the incidence of pneumothorax was up to 35.1% 
in FNAB versus 15.9% in CNB) in a study by Anderson 
et al. [29] yet this study was conducted via CT guidance 

Table 2  Agreement (sensitivity, specificity, and accuracy) for 
diagnostic performance of FNAB and CNB for peripheral lung 
lesions

PPV Positive predictive value, NPV Negative predictive value

Sensitivity Specificity PPV NPV Accuracy

FNAB 86% 100% 100% 57% 88%

CNB 95% 100% 100% 80% 96%
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Fig. 2  Pathologic diagnosis of three different patients. A, B A case of pleural tuberculosis. A CNB showing multiple granulomas (arrow) 
with Langhans giant cell (dashed arrow) (H&E, ×100). B FNAB showing necrotic background (arrowhead) incorporating few macrophages 
and mixed inflammatory cells (failed to diagnose the case). C, D A case of lung adenocarcinoma. C CNB showing multiple large glands lined 
by atypical cells (arrows) (H&E, ×200). Insets show positive TTF-1 nuclear stain and score 3 EGFR membranous stain. D FNAB showing clusters 
of malignant cells with vague attempts of acinar formation (arrow heads). Insets show positive TTF-1 and score 3 EGFR (concordant with CNB). E, F 
A case of squamous cell carcinoma. E CNB showing nest of cohesive malignant cells with ample eosinophilic cytoplasm (arrows). (H&E, ×100) Insets 
show positive P63 nuclear stain and negative TTF-1 confirming diagnosis of SCC. F FNAB shows sheets of atypical cells with eosinophilic cytoplasm 
(arrow heads). Insets reveal positive P63 and negative TTF-1 (concordant with CNB). (H&E, ×100). Insets (IHC, ×100). CNB core needle biopsy, FNAB 
fine needle biopsy, TTF-1 thyroid transcription factor-1, EGFR epidermal growth factor receptor, SCC squamous cell carcinoma
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which does not allow real-time biopsy. In our study, only 
three patients showed minor complications after Trucut 
biopsy. One patient (3.3%) (who underwent peripheral 
lung lesion biopsy) had a mild attack of hemoptysis that 
resolved spontaneously. The incidence of hemoptysis was 
reported to be higher in CNB compared to FNAB (4.1% 
versus 2.4%, respectively) in the study by Lauren et  al. 
[30] Moulton et  al. [31] reported the incidence of self-
limited hemoptysis or perilesional hemorrhage as 2.6%. 
One patient had excessive wound bleeding (perilesional 
bleeding) and it was attributed to the dilated chest veins 
as this patient presented with superior vena cava (SVC) 
syndrome with dilated chest veins, congested nonpulsa-
tile neck veins, and erythema of the head and neck and 
upper chest. This patient was diagnosed with NSCLC-
squamous cell carcinoma. Although SVC syndrome is 
not a contraindication for transthoracic biopsy, the risk 
versus benefit should be considered before diagnostic 
interventions. The absolute contraindications of image-
guided transthoracic biopsy include bleeding diathesis 
and anticoagulation treatment, deep parenchymal lesions 
in patients with pulmonary hypertension, severe emphy-
sematous disease, and large bullae in the biopsy path 
[32]. Only one patient had a high pain score during CNB 
of the parietal pleura and was diagnosed with mesothe-
lioma. The incidence of malignancy was very high among 
the studied population (76.7%) reflecting the importance 
of biopsies in peripheral lung masses and parietal pleural 
thickening especially in old, smoker males. Although pul-
monary metastasis is the most common malignant tumor 
in the lungs [33], in our study, primary lung cancers were 
more common than metastatic lesions. This could be 
explained by the age of the patients, the size of the lesion 
as well as the high prevalence of smoking and high PYI 
in addition to preexisting COPD in many patients. The 
most common malignancies diagnosed in our study were 
NSCLC constituting 82.6% of malignant lesions diag-
nosed; the most common NSCLC diagnosed was adeno-
carcinoma, (33.3%). These results match the literature as 
NSCLC represents around 80% of primary lung cancers 
and adenocarcinoma constitutes around 40% of all lung 
cancers and 60% of NSCLC [34].

The present study showed that combined sequential 
FNAB and CNB were superior to FNAB alone but not 
to CNB. A previous study aimed to assess the diagnostic 
accuracy of same-session sequential computed tomog-
raphy (CT)-guided percutaneous fine-needle aspiration 
(FNA) and core-needle biopsy (CNB) in comparison 
with FNA and CNB performed separately for diagnos-
ing intrathoracic lesions. Sequential FNA and CNB 
improve the diagnostic accuracy of percutaneous CT-
guided procedures in malignant lesions. There was 
only mild improvement, which was not statistically 

significant, for the diagnosis of benign specific lesions 
by the sequential procedures compared with the yield 
of CNB alone. This could be explained by the fact that, 
due to the non-specific cytopathological appearance of 
benign disease, a specific benign diagnosis (e.g., gran-
uloma, hamartoma) can be achieved by FNA in only a 
low percent of the cases [35]. Another recent retrospec-
tive study [36] aimed to evaluate the practice of using 
combined FNA/CNB for patients with a solitary lung 
nodule. The adequacy of FNA specimens was assessed 
immediately by a cytopathologist. The rate of diag-
nostic consistency between FNA and CNB was 83.4%, 
and the rate of diagnostic accuracy for malignancy was 
98.5% for combined FNA/CNB. Combined FNA/CNB 
showed high diagnostic efficacy for malignancy (sensi-
tivity, 97.6%; specificity, 100%) and had a lower false-
negative rate for malignancy (2.2%) than either FNA 
(7.2%) or CNB (6.2%) alone. Furthermore, the immedi-
ate evaluation of FNA specimen adequacy was useful 
not only for determining whether sufficient tissue was 
obtained but also to guide radiologists in determining 
the best CNB location.

Comparing the diagnostic yield of FNAB versus CNB 
in our study, there was a statistically significant differ-
ence showing CNB superiority in the overall diagnostic 
yield reporting only one undiagnosed case using CNB 
versus 11 undiagnosed cases using FNAB (two biopsies 
were inadequate for processing and six biopsies were 
eventually diagnosed as a benign etiology). The overall 
sensitivity, specificity, PPV, NPV, and accuracy of CNB 
versus FNAB in cases of peripheral lung lesion biopsies 
were 95%, 100%, 100%, 80%, and 96% versus 86%, 100%, 
100%, 57%, and 88%, respectively. These results were 
coherent with other studies, a recent study compared 
both techniques showed conformity between FNAB and 
CNB assisted by ultrasound [37] and another study pre-
sented by Gong et al., where CNB was superior to FNAB 
regarding the diagnostic yield in both malignant (86.7%% 
versus 85.1, respectively) and benign lesions (92% versus 
40%, respectively). Also, the study conducted by Diacon 
et al. showed that CNB showed superior diagnostic per-
formance compared to FNAB in non-carcinomatous and 
benign lesions [26]. In contrast to our findings, [21], Sagar 
et  al. [38] reported superior diagnostic performance of 
FNAB versus CNB in peripheral lung lesions sized 3–10 
cm. He reported that FNAB sensitivity, specificity, and 
accuracy were 82.6%, 57.1%, and 76.7%, respectively, ver-
sus CNB sensitivity, specificity, and accuracy as 56.5%, 
100%, and 66.7%. Similar results were found by Kim et al. 
[28] who showed superior performance of FNAB over 
CNB in benign lesions only. This was explained by the 
fact that during FNAB the spinal needle can be angulated 
to cover different areas of the lesion unlike in CNB where 
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a single trajectory is used which might result in low yield 
due to necrosis.

The superiority of CNB diagnostic yield in our study 
in benign lesions rather than in malignant lesions is 
most likely explained by the larger tissue sample and 
better preserving of tissue architecture. Benign etiolo-
gies require detailed tissue architecture to reach a final 
diagnosis. The FNAB samples contained cells and frag-
ments that showed inflammatory changes and cellular 
infiltrations but not enough tissue to reach a histologi-
cal diagnosis as evident in the patients finally diagnosed 
with tuberculosis. In patients diagnosed with TB, FNAB 
samples showed inflammatory cells and tissue infiltra-
tions but not the caseating granulomas required for the 
diagnosis of tuberculous infection (supplemented by the 
positive TB culture), which was not the case for CNB. 
Pathology statements in cases of TB showed a signifi-
cant discrepancy between CNB and FNAB as shown in 
one of our cases, where pathology report of the CNB 
samples showed “Lung tissue featuring poorly formed 
granulomata formed of epithelioid cells with indistinct 
cytoplasm and slender nuclei. Scattered Langerhans-type 
giant cells are noted as well as wide areas of necrosis. The 
alveolar spaces show pneumocytic hyperplasia of the 
lining and neutrophils within the lumen”. On the other 
hand, the FNAB report of a case finally diagnosed as TB 
showed “Scattered histocytes, lymphocytes, and neutro-
phils as well as epithelioid cells. Inconclusive”.

All the studies that showed higher FNAB sensitivity and/
or accuracy over CNB used rapid on-site evaluation (ROSE) 
for FNAB samples which might have contributed to these 
results. In these studies, the ROSE technique was only 
applied to FNAB samples and guided further needle passes 
according to the presence or absence of malignant cells.

The high diagnostic performance reported in our study 
is likely related to the size of lesions as the mean size 
of masses in the recruited patients was 5.70 cm ± 2.42 
cm although there were more necrotic areas, there was 
enough space for needle entry and manipulation in dif-
ferent areas in the mass rather than single trajectory. This 
matches the results of other studies with CNB accuracy 
of 97–98% in lesions larger than 5 cm [9, 11].

All patients that presented with parietal pleural thick-
ening showed either heavily septated pleural space as 
viewed on US assessment or minimal encysted effu-
sion; all impeding the possibility of medical thoracos-
copy. Regarding the performance of US-guided CNB 
and FNAB in cases with parietal pleural thickening, 
in literature, FNAB has not been thoroughly studied 
in such cases likely due to the technique of the biopsy 
where the needle needs to move to and fro through the 
lesion under negative suction to harvest enough mate-
rial for processing. In our study, the FNAB did show 

cells whether inflammatory or suspicious cells but they 
were not enough for the pathologist to reach a diagno-
sis or provide enough data for planning treatment in all 
the cases. These results need to be validated by further 
studies on a larger population as our study randomly 
recruited only a few patients with parietal pleural thick-
ening without evident lung masses. On the contrary, 
US-guided CNB performance in close pleural biopsy 
results were satisfactory. On review of the literature, the 
diagnostic yield of US-guided CNB of the pleura was up 
to 82% and 76% in tuberculous and malignant etiologies, 
respectively, as shown in a systemic review and meta-
analysis conducted by Mei et  al. [39] Closed pleural 
biopsy using US has been proven superior to historically 
done blind pleural biopsy [40] and with comparable 
results to thoracoscopy [41]. Our results suggest that 
closed pleural biopsy using a US-guided core needle is 
a great diagnostic modality for undiagnosed exudate 
pleural effusion serving as an alternative to thoracos-
copy, providing the patient with less invasive diagnostic 
modality as well as in generally unwell patients unfit for 
thoracoscopy or patients unwilling to undergo thora-
coscopy as well as in patients presenting with septated, 
loculated, or minimal pleural effusion and also in local-
ized pleural pathology. This does not underrate by any 
means the advantages of medical thoracoscopy and its 
almost perfect diagnostic yield as well as its dual role 
being therapeutic and diagnostic modality.

The advantages of our study include the comprehen-
sive review and comparative analysis of FNAB versus 
CNB as regards the diagnostic yield and limitations of 
each technique as well as immunohistochemistry stain 
applied on specimens of both techniques. On the other 
hand, the study limitations included the lack of the ROSE 
technique which might have improved the yield of FNAB 
samples, in addition to the limited sample size enrolled.

We conclude that ultrasound-guided biopsy is a safe, reli-
able, and very useful tool in assessing peripheral lung and 
pleural lesions. No major complications were reported 
using either technique. Ultrasound-guided procedures 
both FNAB and Trucut biopsy have high sensitivity and 
specificity in diagnosing peripheral-located pleural-based 
lesions. The results of combined sequential FNAB and 
CNB were superior to FNAB alone but were not superior 
to CNB. Ultrasound-guided CNB has a superior diagnos-
tic yield over US-guided FNAB. FNAB of peripheral lung 
lesions provided sufficient material for ancillary molecular 
testing with comparable results to CNB. FNAB was techni-
cally easier to perform compared to US-guided CNB, espe-
cially in smaller lesions. CNB of pleural thickening is a safe 
procedure with a high diagnostic yield and less invasive 
than medical thoracoscopy with great usefulness in cases 
with encysted, minimal, or septated pleural effusion.
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