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Abstract 
Introduction: Evaluation of patients with peripheral lung lesions and lesions of the chest wall and mediastinum is challenging. The 
nature of the lesion identified by imaging studies can be determined by histological evaluation of biopsies. An important place in this 
direction is the ever-increasing popularity among thoracic surgeons of the transthoracic biopsy with a cutting needle under ultrasound 
control (US-TTCNB). 

Aim: This article aims to outline potential complications that may arise from transthoracic incisional biopsy performed under ultra-
sound guidance, along with a percentage reduction algorithm and treatment approaches.

Materials and methods: The present study is based on 264 patients with CT-detected peripheral lesions of the lung, chest wall, and 
the mediastinum performed in the Department of Thoracic Surgery of Kaspela University Hospital in Plovdiv over a period of 2 years 
(January 2020 – December 2021).

Results: Complications were found in 11 (4.17%) patients.

Conclusion: Our established biopsy technique achieves a sufficient amount of biopsy material with a low rate of post-biopsy complications.
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INTRODUCTION
Worldwide, lung carcinoma is the most common cause of 
death from malignancy in both men and women. In most 
cases, early diagnosis is difficult and requires the use of a 

number of diagnostic methods with varying degrees of in-
vasiveness. Currently, both smaller and larger tumor mass-
es can be detected due to improvements in scanning reso-
lution[1,2], and lung cancer screening with CT is gaining in 
popularity. Histological verification is essential for correct 
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diagnostic determination of the pathology of these masses, 
as the distinction between malignant and benign is essen-
tial for treatment planning.[3,4] 

Thoracic surgeons have become increasingly interest-
ed in US-guided transthoracic biopsy in recent years be-
cause of its advantages, which include being available at 
the patient’s bedside, requiring no radiation, being low 
cost, providing precise real-time control, and allowing tar-
geted percutaneously guided biopsy.[5-13] The technique is 
relatively safe with a very low risk of complications (below 
0.5%)[6] and is preferable, especially if the alternative is di-
agnostic surgery. In the hands of a thoracic surgeon, the 
ultrasound-guided transthoracic cutting needle biopsy of 
peripherally located tumor masses of the chest wall, lung, 
and mediastinum is a sufficiently reliable invasive proce-
dure allowing the collection of sufficient material for histo-
logic verification.[6,14]

AIM

This article aims to outline potential complications that 
may arise from transthoracic incisional biopsy performed 
under ultrasound guidance, along with a percentage reduc-
tion algorithm and treatment approaches.

MATERIALS AND METHODS

Between January 2020 and December 2021, 281 patients 
were referred to us for verification of one or more peripheral 
lung lesions. Such lesions are defined as lesions that not only 

border the pleura but also have an accessible ultrasound 
window. 264 of these patients underwent US-TTCNB  
according to the criteria for inclusion in the study. In the 
remaining 17 patients, it was not performed either because 
of small, insufficient contact of the formation with the chest 
wall and related to this insufficient window for transthorac-
ic biopsy or because of general contraindications.

The inclusion criteria were: a) peripheral lung masses 
that rest on the pleural surface; b) pleural mass or diffuse 
pleural thickening; c) patients with a mediastinal tumor an-
teriorly, posteriorly, or in a location that touches the chest 
wall; e) tumor masses on the chest wall, ribs and vertebrae; 
f) acoustic window for penetration of the ultrasound beam; 
and g) patients with normal coagulation status or achieving 
such during the hospital stay.

Exclusion criteria: a) patients who do not meet the inclu-
sion criteria; b) hemodynamic instability; c) arteriovenous 
malformation or aneurysm; d) unstable bronchial asthma, 
severe impairment of lung function; and e) patients with 
uncontrolled convulsions.

Ultrasound control was carried out using a HITACHI 
ALOKA f37 device, equipped with a convex biopsy trans-
ducer with a side attachment for biopsy with two angles of 
projection with a frequency in the range of 3.0-5.0 MHz 
and with the possibility of Doppler ultrasound examina-
tion (Fig. 1).

We used GEOTEK Maxicor 16G × 20 cm cutting nee-
dles (Fig. 2).

All patients were followed-up after the manipulation 
for the presence of a complication, and adequate measures 
were taken in the event of such a complication. Results, 
discussion, and primary conclusions are based on 264 

Figure 1. a) Ultrasound device HITACHI ALOKA f37; b) convex transducer with biopsy attachment. 
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Figure 2. Segmented biopsy needle 16G × 20 cm and a semi-automatic cutting biopsy gun.

patients. In 9 of the cases, it was necessary to repeat the  
invasive manipulation due to unsatisfactory quality and/or 
quantity of the initially taken material.

Of the 264 patients included in the study, 188 were men 
and 76 were women (Fig. 3). The age of the examined pa-
tients varied from 13 to 90 years.

The distribution of patients according to the size of pe-
ripherally located formations in the chest shows the highest 
relative share of patients with formations larger than 5 cm, 
constituting 54.20% (n=143) of the studied group. The 
difference with the other two categories was statistically 
significant (p=0.001). One hundred and four (39.40%) pa-
tients were categorized with formations between 2 cm and 
5 cm. This size formations significantly prevailed (p<0.001) 
compared to formations smaller than 2  cm, which were 
found in 17 patients (6.40%) (Fig. 4). The mean value of the 
tangent to the chest wall was 2.25±069 cm, with a median 
of 2 cm and a range between 1 cm and 3 cm.

As to the location of tumors, we found 67 (29.70%) tu-
mors in the upper right, 62 (27.40%) in the lower right, 57 

Figure 4. Distribution by size of the peripherally located forma-
tion in the chest. ***1 – Significantly higher relative share com-
pared to other sizes (p=0.001); ***2 – Significantly higher relative 
proportion to tumors smaller than 2 cm (p<0.001).

2 to 5 cm
39.4% ***2

<2 cm
6.4%

>5 cm
54.2% ***1

(25.20%) in the upper left, and 40 (17.70) in the lower left. 
The total number amounted to 226 and exceeded the total 
number of lung neoplasias (n=200) because in some of the 
cases two locations were found (Fig. 5).

Fig. 6a illustrates the relative proportion of patients 
with carcinoma in the chest wall and mediastinum. Fig. 6b 
shows the relative proportion of patients with carcinoma 
in the chest wall. The relative proportion of patients with 
carcinoma in the mediastinum is illustrated in Fig. 6c.

RESULTS

Complications were found in 11 (4.17%) out of a total of 
264 patients who underwent US-TTCNB. Seven cases of 
pneumothorax (2.66%), hemoptysis in two (0.76%), hem-
orrhage in one (0.38%), and vasovagal attack in one (0.38%) 
were recorded (Table 1).

Because pain at the biopsy site was reported by 49 pa-
tients (18.50% of the study group), we examined this sub-

Figure 3. Distribution of patients by sex. All patients underwent 
a preliminary computed tomography diagnosis.

women
28.8%

men
71.2% ***
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Figure 5. Distribution of tumors by location.
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jective factor in our study and correlated it with the pa-
tients’ sex. A marginally significant difference was found 
between male and female patients. In particular, 26.30% of 
the female patients complained of pain at the biopsy site, 
compared to 16% of the male patients (p=0.05) (Fig.  7).  
No relationship was found between the presence of pain 
and the size of the tangent to the chest (p=0.870).

We also analyzed the relationship between the age of pa-
tients and the incidence of complications. For this purpose, 
age was coded into three categories: up to 50 years (n=16), 
from 50 to 65 years (n=105), and over 66 years (n=143).  

Table 1. Complications 

Complications Number Percentage
Pneumothorax 7 2.66%
Hemoptysis 2 0.76%
Hemorrhage 1 0.38%
Vasovagal attack 1 0.38%
Total 11 4.17%

Figure 6. Relative proportion of patients with carcinoma in the chest wall and mediastinum (a); Relative proportion of patients with 
carcinoma in the chest wall (b); Proportion of patients with mediastinal carcinoma (c).
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Figure 7. Marginally significant difference between female and 
male patients regarding pain complaints at the biopsy site after 
US-TTCNB. * – Marginally significant difference at p=0.05.

26.30% *

16.00%

women

men

pain

Results showed no significant association between age 
groups and complication rates (Table 2).

Pneumothorax was the most common complication, 
but it did not occur in the youngest age group, appear-
ing in 2.90% of the 50-to-65-year-old group and 2.80% of 
the over-65-year-old group, with no significant difference 
(p=0.793).

Hemoptysis was observed in two patients, one in the age 
group from 50 to 65 years (1.0%) and the other in the group 
over 65 years (0.70%).

Hemorrhage in the pleural cavity was found in one pa-
tient in the age group of 50-65 years (1.0%, significantly 
small).

Overall, patients without any complications constitut-
ed the highest relative proportion of the youngest group 
(100%) followed by the 50-to-65-year group (95.23%) and 
had the lowest relative proportion in the over 66 group 
(96.5% ), but the differences did not reach statistical signif-
icance (p=0.106).
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We also checked for a potential relationship between the 
size of the tumor mass and the incidence of complications 
using the total number of all complications (Table 3).

Table 2. Complications versus age groups

Complications
<50 yrs
(n=16)

50 to 65 yrs
(n=105)

>65 yrs
(n=143)

p

Pneumothorax 0 (0.0%) 3 (2.90%) 4 (2.80%) 0.793 *
Hemoptysis 0 (0.0%) 1 (1.0%) 1 (0.70%) 0.913 *
Hemorrhage 0 (0.0%) 1 (1.00%) 0 (0.0%) 0.468 *
Vasovagal attack 0 (0.0%) 0 (0.0%) 1 (0.70%) 0.654 *
Total 
No complications 16 (100%) 100 (95.23%) 138 (96.5%)

 

* The chi-square test was used 

Table 3. Complications vs. size of tumor mass

Complications
<2 cm
(n=13)

2-5 cm
(n=102)

>5 cm
(n=149)

Pneumothorax 1 (7.69%) 3 (2.94%) 3 (2.01%)
Hemoptysis 1 (7.69%) 0 (0.0%) 1 (0.67%)
Hemorrhage 0 (0.0%) 0 (0.0%) 1 (0.67%)
Vasovagal attack 0 (0.0%) 0 (0.0%) 1 (0.67%)
Total 
Complications 2 (15.38%) 3 (2.94%) 6 (4.02%)

Pain at the biopsy site, as a subjective factor, was  
observed in 6.30% of the patients under 50 years of age, 
in 18.10% of patients aged 50 to 65 years, and in 21% of  
patients over 66 years of age.

The percentage difference is small and does not reach 
statistical significance (p=0.347).

DISCUSSION

Based on 264 patients in our study, iatrogenic complica-
tions were found in 11 patients (4.17%).

Pneumothorax

Pneumothorax is the most common complication, with a 
reported frequency ranging from 0 to 61%, with an aver-
age of about twenty percent.[15-23] In our study, it is 2.66% 
(n=7). Previous research on this relationship has identified 
factors that contribute to the complication’s high frequency 
rate. The size of the needle is important, as is the research-
er’s judgment and familiarity with this technique. Older 
patients (>70 years)[24,25] are more likely to have COPD 
and/or emphysema[26,27], which increases their risk of com-
plications during biopsy. The same is true for people suf-
fering from pulmonary bullous changes. In patients who 

underwent surgery of the lung on the same side, the fre-
quency of pneumothorax is significantly lower due to the 
presence of pleural adhesions occurring after the surgery. 
Fibrous changes and pleural adhesions “fix” the lung paren-
chyma and help self-limit the pneumothorax. The patient’s 
lifestyle, age, and comorbidities, the experience of the ex-
aminers and the institution in which they work should be 
considered before resorting to ultrasound-guided biopsy.

If a pneumothorax develops after the surgery, there are a 
few things that need to be done. Physical observation, vital 
sign monitoring, appropriate radiographic management, 
and oxygen administration as needed can all help manage 
a small, partial pneumothorax (decreased saturation below 
90%). The pneumothorax can be manually aspirated[28]  
after the intervention with an aspiration system, if it is par-
tial and does not grow (the procedure was performed in 
one patient). It is also recommended that the patient be 
placed biopsy-side down and receive oxygen with a nasal 
catheter. Pneumothorax unchanged after 4 hours under 
X-ray control are unlikely to grow.[16,17,22,29] A large pneu-
mothorax with signs of shortness of breath require urgent 
intervention – the placement of a thin thoracolumbar tube 
and switching to active aspiration. A tension pneumotho-
rax is a medical emergency: it is a condition that should be 
treated immediately with needle decompression followed 
by pleural drainage without waiting for further X-ray and 
other investigations.

In our study, the pneumothorax in 2 cases (28.57%) 
was partial, without pronounced clinical and physiological 
manifestations, which is why it did not require the place-
ment of a thoracic drain. The patients recovered quickly, 
without the occurrence of new additional complications. In 
5 patients (71.42%), the pneumothorax was more signifi-
cantly manifested with shortness of breath, which is why 
it was necessary to insert a thin thoracic drain and switch 
to active aspiration. Our analysis of patients with pneumo-
thorax found that the frequency of this complication is the 
greatest when attacking changed areas with a small area of 
stenosis to the parietal pleura, especially those that have 
no adhesion to it and are mobile during breathing. With 
area-specific stenting, we have not observed these compli-
cations in any case. The presence of bullous changes and 
emphysematous lung structure increases the risk of pneu-
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mothorax. Fibrous changes and pleural adhesions limit the 
size of the pneumothorax. Forced cessation of respirato-
ry excursions of the lung may sometimes be a reasonable 
factor in reducing the complication.[23] The occurrence of 
pneumothorax is considered risky when the biopsy needle 
passes through the pleural groove. Biopsied foci with cavi-
tation are also risky due to possible communication of the 
latter with a bronchus.`

Hemorrhage and hemoptysis

Hemorrhage in the pleural cavity after US-TTCNB has an 
average frequency of 11% according to literature.[16,17,19,28] 
In our interventions, we observed hemorrhage in only one 
patient (0.38%), but it was an insignificant and clinical-
ly undetermined hemorrhage. The same one established 
at video-assisted thoracoscopic surgery was necessary 
in order to perform an atypical resection of the tumor 
mass assessed histologically with immunohistochemical  
examination from the material of the previously performed 
ultrasound-guided biopsy as a metastasis from colon car-
cinoma. Bleeding into the lung parenchyma can be seen 
in approximately 5% to 15% of lung biopsies. Pulmonary 
parenchymal bleeding after transthoracic biopsies can be 
diagnosed by lung ultrasound and may present as hemop-
tysis (seen in 1%-5%)

We observed hemoptysis in two (0.76%) of our patients. 
It appeared immediately after the intervention, already on 
the operating table, accompanied by a cough. In one of the 
patients, it continued over the next 24 hours with decreas-
ing intensity against the background of hemostatic therapy.

Hemorrhages and hemoptyses are considered self-lim-
iting and usually do not require intervention. However, 
patients should be placed biopsy-side down to prevent as-
piration of blood into the contralateral lung.[30] It is imper-
ative to initiate hemostatic therapy. Massive hemorrhages 
are very rare but may require anesthesia consultation for 
intubation with a double-lumen endotracheal tube.[21]  
Of course, patients who are taking anticoagulants or have a 
bleeding diathesis are contraindicated for the intervention 
until their coagulation status is normalized.

These complications can be prevented by using color 
Doppler to avoid taking material from areas of the lesion 
with a rich blood supply and/or suspicion of necrotic chang-
es, as well as a proper assessment of the coagulation status.

We did not observe a hematoma in the area of the chest 
wall at the biopsy site in our study. We believe that in com-
pliance with the algorithm of behavior when performing 
the procedure, the risk of hematoma is negligibly small and 
does not require significant therapeutic measures. The bi-
opsy site should be pressed for a certain time and subse-
quently treated with an anticoagulant cream.

Vasovagal attack

Vasovagal attack is a rare complication: we observed it in 
one of our patients (0.38%). It started immediately during 

the procedure, after the second biopsy, and continued the 
next day. It manifested with cyanosis of the face and extrem-
ities, hypotension to collapse, tachypnea, and dyspnea. The 
ECG showed no significant deviations, except for tachycar-
dia. The emergency echocardiography (due to suspicion of 
a pericardial lesion – the target area was in the immediate 
vicinity, located in the upper lobe on the left) showed no 
deviations from the norm. Saturation dropped by 10 units 
from baseline. After resuscitation, sedatives, and nasal oxy-
gen 3 l/h, the condition was controlled by the next day.

We did not observe hematoma and tumor implantation 
at the biopsy site as well as air embolism described in the 
available literature as complications after the procedure.

Pain at the biopsy site

Pain at the biopsy site as a subjective factor during and af-
ter US-TTCNB is relevant and, therefore, we analyzed it as 
well (n=49; 18.50%). Some patients reported pain during 
the biopsy, which was associated with insufficient analgesia 
or insufficient waiting time to start the procedure when the 
anesthetic had not worked. In general, the pain is transient, 
appears after the analgesia wears off at the intervention site, 
rarely during the biopsy and very rarely the next day (ac-
cording to literature data 3.1%). Biopsy is relatively well tol-
erated by patients and is easily controlled with the admin-
istration of analgesics. The difference in the percentages of 
the data reported in the literature and our study is most 
likely due to the criteria of the pain reports and whether 
they occur during the intervention or because of it, after the 
end of the effect of the infiltrative anesthesia, which, with 
good infiltration, is negligibly small and can be coped with.

CONCLUSION

Data analysis shows that transthoracic ultrasound biopsy 
is a method proven to be safe, effective, easy, affordable, re-
al-time traceable and highly accurate for biopsy diagnosis. 
During the intervention, the actual progress of the needle is 
monitored. A real assessment of its position relative to the 
target lesion is made in the different phases of breathing 
when there is no adhesion with the parietal pleura. This is of 
great importance in small and/or hard-to-reach outbreaks. 
Reliable images made by CT within a month, with good 
resolution and the image reconstruction programs used, 
allow us to estimate with great accuracy the location of the 
target lesion and is a first step in conducting the study. Im-
portant in our practice regarding the size of the lesion is not 
its actual size, but the area of stenting. The results show that 
small lesions under 1.5 cm, with overlying bone structures, 
regardless of the obtained ultrasound image, are difficult 
to biopsy due to the impossibility of directing the cutting 
needle, regardless of a change in trajectory angle. Patient 
positioning and breathing management, if possible, greatly 
facilitate the accuracy of the procedure. Precisely planned 
manipulation in advance reduces the risk of complications 
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and taking material from an area with necrotic changes. 
For physically active and fit patients, the time for correct 
positioning is not missed time. Adherence to the principles 
of asepsis reduces the occurrence of inflammatory changes 
in the biopsy area to zero.

Potential errors when performing US-TTCNB can be 
grouped into several groups:

a) Patient-related factors 
The lack of cooperation on his part, as well as some physi-

ological needs, spontaneous coughing, sneezing, occurring 
at the time of the intervention can prevent its successful 
implementation and even lead to unwanted complications, 
especially if the pathological focus is located next to vitally 
important structures – pericardium, vena cava, aorta, etc.

b) Factors related to the performance technique
It depends largely on the experience of the surgical team 

performing the intervention. Accurate knowledge of the 
topographical anatomy of the underlying structures, as well 
as mastery of the echographic image, ensures the avoidance 
of these errors. In our case, the use of a 2-cm-launched 
cutting needle at the time of biopsy should be considered 
when marking the biopsy trajectory.

c) Factors related to the characteristics of the focus and 
the surrounding parenchyma

Needle control and positioning in small lesions and hid-
den under overlying bony structures (ribs, scapula, clavi-
cle) often make ultrasound-guided biopsy difficult and can 
lead to potential errors. We mentioned that this problem is 
largely solvable with appropriate positioning of the patient, 
adjustment of breathing phases, and adjustment of the pro-
jection angle of the biopsy attachment.

The performance of US-TTCNB by a surgical team with 
an acquired thoracic specialty with sufficient experience is 
essential and a guarantee for successful management of any 
complications that may arise at the time of the biopsy. The 
main disadvantage of the intervention is its strong depen-
dence on the experience and qualification of the operator.

Based on our analysis of patients with biopsy-related 
complications, we recommend the following treatment-di-
agnostic algorithm:

• Correct and in-depth assessment of the patients 
undergoing US-TTCNB regarding the specificities 
of the target lesion, the general and local status, the 
images from the X-ray examinations and the mental 
behavior.

• Appropriate positioning of the patient and correctly 
selected angle and trajectory of the biopsy course.

• Strict laboratory and hematological control and mea-
sures for its correction within the hospital stay before 
the diagnostic manipulation or in home conditions 
when the intervention is implemented as an outpa-
tient procedure.
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Резюме
Введение: Оценка пациентов с периферическими поражениями лёгких, грудной стенки и средостения является сложной 
задачей. Природу поражения, выявленного при визуализационных исследованиях, можно определить с помощью гистоло-
гической оценки биопсий. Важное место в этом направлении занимает всё возрастающая популярность среди торакальных 
хирургов трансторакальной биопсии режущей иглой под контролем УЗИ (US-TTCNB).

Цель: Целью данной статьи является описание потенциальных осложнений, которые могут возникнуть при трансторакаль-
ной инцизионной биопсии, выполняемой под ультразвуковым контролем, а также алгоритм процентного снижения и подхо-
ды к лечению.

Материалы и методы: Настоящее исследование основано на данных 264 пациентов с периферическими поражениями лёг-
ких, грудной стенки и средостения, выявленных с помощью КТ, выполненной в отделении торакальной хирургии Универси-
тетской больницы „Каспела“ в Пловдиве в течение 2 лет (январь 2020 г. – декабрь 2021 г.).

Результаты: Осложнения выявлены у 11 (4.17%) пациентов.

Заключение: Наша общепринятая методика биопсии позволяет получить достаточное количество биопсийного материала 
при низкой частоте постбиопсионных осложнений.

Ключевые слова 
КТ, поражения лёгких, трансторакальная инцизионная биопсия под контролем УЗИ, УЗИ
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