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Objectives: Upon completion of this article, the reader will be
able to describe the common complications encountered with
nonvascular thoracic interventions.
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Nonvascular, nonsurgical thoracic procedures were first
introduced in the 19th century. The first percutaneous needle
lung biopsy was performed in 1883 for the diagnosis of a
pulmonary infection,! but it was not until the second half of
the 20th century that percutaneous interventions received
wide acceptance.
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Percutaneous thoracic interventions are among the most common procedures in
today’s medical practice. From the simple placement of a pleural drain to the ablation
of lung tumors, the advent of image guidance has revolutionized minimally invasive
procedures and has allowed for the introduction of new techniques and widened the
range of indications. It is therefore imperative to understand the complications
associated with these interventions and their management. This article illustrates the
common complications associated with these interventions and highlights the relative
safety of these interventions.

The initial high rate of complications encountered with
these procedures limited their utilization. Improved image
guidance and the use of smaller gauge needles resulted in
enhanced safety and significantly lowered the rate of
complications, making minimally invasive procedures
ubiquitous. Furthermore, the advancements in the man-
agement of diseases continue to expand the role of these
interventions in the diagnosis and treatment of thoracic
pathologies.

It is important to understand the risks associated with
these procedures, to provide safe and effective patient man-
agement. The aim of this article is to discuss the most
common complications, risk factors, and management of
complications associated with minimally invasive percutane-
ous nonvascular thoracic interventions.

Nonvascular Complications

Pneumothorax

Pneumothorax is the most common complication after per-
cutaneous thoracic interventions. In most large series, the
reported rates of pneumothorax posttransthoracic biopsy,
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lung ablation, and thoracentesis are 8 to 54%, 30 to 60%, and 5
to 20%, respectively.?~'2

Pneumothoraces typically occur during or immediately
following the procedure. They are usually detectable on the
postintervention chest radiograph or computed tomography
(CT) scan.

Risk Factors

Several, albeit controversial, risk factors for pneumothorax
after lung biopsy and ablation have been identified. These are
related to the patient, lesion characteristics, and/or interven-
tional techniques.

Patient-related risk factors include underlying lung con-
ditions, in particular emphysema. In this population, the rate
of pneumothorax increases with the severity of disease and is
more likely to require chest tube placement for its manage-
ment than in patients without underlying lung disease.'%'3

Lesion characteristics also contribute to the likelihood of
development of a pneumothorax. The most predictive influ-
encing factors are lesion size, depth'4~'® and contact with the
pleura.’” Smaller lesions are more likely to be associated with
the development of a pneumothorax, as they may require
multiple attempts to target the lesions precisely. Further-
more, deeper lesions or longer needle paths impart a higher
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risk of pneumothorax. In contrast, if the needle does not
traverse aerated lung, as is seen with lesions in the chest wall,
mediastinum, pleura, or subpleural lung, there is a smaller
risk of pneumothorax.

Technical factors influencing the incidence of pneumotho-
rax include the increased number of pleural punctures,
multiple repositionings of the needle, transgression of fis-
sures, biopsies in the middle or lower lobe, and wider inser-
tion angle of the needle at the level of the pleura.'8-2°

Management

Most pneumothoraces are small, nonprogressive, and asymp-
tomatic and do not require any treatment. They are followed
conservatively with serial chest radiographs. A stable small
pneumothorax at 4 hours is unlikely to become larger.?'

In 5 to 18% of cases, the pneumothorax is large (exceeding
30% of the lung volume), enlarges on serial chest radiographs,
or becomes symptomatic (chest pain, dyspnea, oxygen desa-
turation, etc.); in these situations, chest tube insertion is
required. Smaller catheters (7-10 French in size) are suffi-
cient for evacuation of pneumothoraces with a success rate of
87 to 97%.1471%-20-22 | arger catheters are needed to prevent
catheter occlusion if there is a coexisting complex fluid
collection (~Figs. 1 and 2).

Fig. 1 Pneumothorax after percutaneous needle biopsy of a right lung lesion. (a) A small pneumothorax was identified after the biopsy (arrows),
just before the withdrawal of the guiding needle. (b) Failed attempt of suction of the air through the guiding needle. Note the subcutaneous
emphysema (open arrow). (c) In the recovery room, the patient complained of shortness of breath and demonstrated oxygen desaturation. A 6F
pigtail catheter was therefore placed in the right pleural space. This chest radiograph demonstrates the pigtail catheter (open arrow), the small
pneumothorax (white arrows), and the subcutaneous emphysema overlying the right chest wall (black arrow). (d) Chest radiograph obtained 48
hours after chest tube placement showing resolution of the pneumothorax and re-expansion of the right lung. The chest tube was subsequently

removed.
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Fig. 2 A 63-year-old man with complex medical history including
Hodgkin lymphoma, pulmonary fibrosis, and left lung transplant who
developed a right pneumothorax postbronchoscopy. (a) Noncontrast
CT of the chest demonstrating a large right pneumothorax (arrows).
(b) Placement of pigtail catheter (arrow) for treatment of right-sided
pneumothorax.

The major reason for treatment failure is catheter malpo-
sition or occlusion. Otherwise, no resolution of the pneumo-
thorax suggests large air leaks, in which case surgical
evaluation is warranted.

Prevention

Various techniques have been proposed to reduce the inci-
dence of a significant pneumothorax after percutaneous
transthoracic interventions, but their true efficacy remains
unclear,'0-33-2

Patient cooperation is integral for safe, uneventful thoracic
interventions. Patients are instructed to refrain from moving,
talking, coughing, or breathing deeply during and immedi-
ately after the procedure.

Preprocedural planning to choose the shortest path possi-
ble is essential to minimize the traversal of aerated lungs and
avoid transgression of the fissures. Additionally, using a
coaxial technique will usually limit the number of pleural
punctures.

Recently, a new device composed of an expanding hydro-
gel has been used to plug the tract after CT-guided percuta-
neous transthoracic lung biopsy using 20 Gauge needles. In a
prospective, multicenter, randomized, controlled clinical
study, the device demonstrated significant reduction in the
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rates of pneumothorax, chest tube placement, and postpro-
cedure hospital admission.2®

Bronchopleural Fistula

Bronchopleural fistula is the formation of a sinus tract
between the bronchial tree and the pleura. It is a rare
complication that has a high associated mortality and mor-
bidity. Pulmonary necrosis secondary to infections, chemo-
therapy, and radiation therapy are common causes of
bronchopleural fistulas. However, the most common cause
is postpulmonary surgical resection.?’

In interventional radiology, this complication may be
noted after lung biopsy and thermal ablative therapies.
Patients may present immediately following the intervention
or within weeks of ablation of a lung mass. The delayed
presentation after ablation is related to the progressive
necrosis of the ablated region, leading to fistula formation.

Risk Factors

Percutaneous intervention on peripheral lesions is more
prone to the development of bronchopleural fistulas. In the
case of thermal ablative therapies, the extension of an
ablation zone to the pleural surface has been suggested to
be a risk factor for the formation of a bronchopleural
fistula.?®

Management
Although most fistulas resolve spontaneously, their manage-
ment can be challenging. If the fistula results in a symptom-
atic pneumothorax, immediate placement of a chest tube is
required.?® If this fails as a long-term treatment option, the
chest tube can be utilized to administer sclerosing agents to
induce pleurodesis.?®

Endobronchial techniques have been successfully used to
occlude bronchopleural fistulas with different agents, includ-
ing clot®® and cyanoacrylate glue.! Video-assisted thoracic
surgery and thoracotomy are more invasive options used in
the management of this complication.

Diaphragmatic Injury
Diaphragmatic injury may complicate any percutaneous pro-
cedure involving the lower thorax or upper abdomen. For
example, diaphragmatic injuries are a well-documented com-
plication of thoracostomy tube placements and postthermal
ablation of subphrenic hepatic tumors. Interestingly, it has
rarely been reported following thoracic tumor ablations. It
was first described in a large single-center case series, where
it was observed in a single patient postablation of a pulmo-
nary lesion in close proximity to the left diaphragm. The
reported rate of diaphragmatic injury post-radiofrequency
ablation of lung tumors is 0.1%.3233

The clinical presentation of diaphragmatic injuries de-
pends on the location and size of the defect. The injury
may be identified incidentally on imaging examinations in
asymptomatic patients, or may present with respiratory
symptoms of dyspnea, shortness of breath, or pain, with
other signs and symptoms relating to herniation of abdominal
organs.
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Diaphragmatic injury may be identified acutely or may
have a delayed presentation months to years after the percu-
taneous procedure.

Risk Factors
Interventions performed close to the diaphragm are the
major risk factors associated with this rare complication.

Management and Prevention
Careful preprocedural review of diagnostic imaging studies is
paramount in identifying the anatomic location of the dia-
phragm in relation to the site of intervention. This will help in
the planning of the intervention and reduce the risk of phrenic
injury during the placement of thoracostomy tubes. However,
this may not help in cases of thermal ablation of pulmonary
lesions close to the diaphragmatic surface. In fact, given the rarity
of this complication, there has not been any reported method of
minimizing the risk of phrenic injury during ablation procedures.
Two possible techniques that may prove useful in reducing the
incidence of diaphragmatic injury include the creation of an
iatrogenic intraprocedural pneumothorax, separating the lower
thoracic lesion from the diaphragm prior to thermal ablation,
and temperature monitoring of the diaphragm.
Diaphragmatic injuries are usually treated surgically upon
diagnosis and preferably prior to the development of hernia-
tions or other complications.34

Chylous Leaks

Chylous leaks may occur at any anatomic level, from the
intestinal lymphatic vessels to the thoracic duct. latrogenic
chylous leaks are generally related to surgical procedures,
radiation therapy,®® and rarely due to left subclavian venous
access.>®37 However, given the role of interventional radiol-
ogy in the management of chylous leaks, supradiaphragmatic
leaks will be discussed briefly here.

Supradiaphragmatic leaks present as chylothorax, chylo-
pericardium, and postsurgical chylous wound leaks. The fluid
is usually turbid or white in appearance and has high triglyc-
eride content. These are rare complications caused by direct
injury to or occlusion of the thoracic duct; chylothorax has a
reported incidence rate of 0.42% of patients undergoing major
thoracic surgery, and 3.8% in postesophagectomy cases.3-3

Risk Factors

The major risk factor for the development of chyle leaks is
iatrogenic injury to the thoracic duct during thoracic surgeries.
Operative fields in close proximity to the thoracic duct are the
major culprits in the development of significant chyle leaks.
Esophageal surgery is one of the prime examples, given the
proximity of the esophagus to the thoracic duct. Furthermore, in
the context of esophageal cancer surgeries, a body mass index
< 30 has been identified as a risk factor for the development of
chyle leaks.>® Therefore knowledge of the anatomy of the surgical
field is imperative to reduce the risk of thoracic duct injuries.>°

Management
Initially, chylous leaks are treated conservatively. Nil by
mouth, with parenteral nutrition together with somatostatin
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and octreotide, decreases the flow of chyle through the
thoracic duct, allowing for the resolution of most leaks.
Administration of low fat medium chain triglycerides by
mouth, which are absorbed directly into the portal vein, is
a described alternative albeit less effective than total paren-
teral nutritional therapy.40

Failure of conservative therapies is most often due to high
output chylothoraces requiring more invasive procedures.
High output leaks are associated with high morbidity and
mortality; therefore, conservative management is only used
judiciously.

Surgical ligation of the thoracic duct is the classical treat-
ment of chylous leaks. However, this is associated with high
morbidity and mortality rates. Therefore, other treatments
have been proposed and have been used successfully. Video-
assisted thoracoscopic surgery is a less invasive alternative
that can also be used to ligate the thoracic duct.

Minimally invasive techniques are preferred to surgical
techniques due to their lower morbidity and mortality rates.
Lymphangiography followed by thoracic duct embolization is
atechnique that has been used to treat chylous leaks that have
failed optimal conservative therapy.*' An alternative route for
the embolization of the thoracic duct is via retrograde venous
access.*?

In addition to embolization, the placement of a thoracos-
tomy tube is useful for the symptomatic improvement of the
patient, and allows for measurement of the output. Further-
more, the chest tube may be used as a conduit to perform
chemical pleurodesis.*?

Vascular Complications

Hemorrhage
latrogenic hemorrhage can be the most serious complication
following interventional thoracic procedures. It manifests as
chest wall hematoma, mediastinal hemorrhage, hemoptysis,
intraparenchymal hemorrhage, and/or hemothorax.

Hemorrhage after percutaneous transthoracic interven-
tional procedures such as biopsy and tumor ablation is the
second most commonly encountered complication, reported
in up to 30% of cases.*4-48

The most common manifestation of bleeding complica-
tions is intraparenchymal hemorrhage, which presents as
perilesional ground glass opacity or needle track bleeding on
CTscan.*’ Opacification of the lung parenchyma may limit the
visualization of the target lesion resulting in lower technical
success of the procedure. Mild hemoptysis secondary to
parenchymal hemorrhage or arterio-bronchial fistula report-
edly occurs in 3 to 9% of cases.*’~° Fortunately, these are
usually self-limiting and typically resolve with supportive
care.

Hemothorax due to puncture of the heart or the great
vessels, on the other hand, may result in catastrophic events,
such as hemopericardium and cardiac tamponade.

Risk Factors
In addition to abnormal coagulation or pulmonary arterial

hypertension, several lesion characteristics have been
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suggested as risk factors for hemorrhagic complications,
including ablation of lesions larger than 2 cm in diameter;
biopsy of lesions smaller than 1.5 cm; anatomic location of
the target lesions centrally or in the mediastinum; long
needle path through the lungs; traversal of pulmonary vas-
culature; multiple pleural punctures; the use of multi-tined
ablative electrodes; and large needles.?’-°9>1

Management

Most parenchymal hemorrhages are self-limiting and resolve
spontaneously with supportive care (~Fig. 3). Rarely, they
can be massive and fatal, especially after ablation.”’™> If
significant hemorrhage occurs, the procedure should be
terminated and the patient placed in the ipsilateral decubitus
position to prevent aspiration of blood. However, if the
patient is hemodynamically unstable, fluid resuscitation
and blood transfusion may be required. In severe cases,
transcatheter embolization may be warranted.

Hemothorax can be treated immediately with thoracos-
tomy tube placement. Drainage may be facilitated by lytic
therapy performed via the indwelling chest tube during the
organizing phase of the hematoma. Surgical decortication

b

Fig. 3 Perilesional and needle tract intraparenchymal hemorrhage
after percutaneous needle biopsy of a left lower lobe nodule. (a) Axial
CT-scan image showing a biopsy needle (arrow) at the outer margin of
left lower lobe mass. (b) Postbiopsy axial image demonstrating
perilesional and needle tract opacification compatible with intrapar-
enchymal hemorrhage (arrowheads).
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and thoracoscopy are reserved for retained material and
incomplete lung expansion.”® Similar to parenchymal hem-
orrhages, if there is hemodynamic compromise transcatheter
embolization of the injured vessel may be necessary (~Fig. 4).

c

Fig. 4 A 67-year-old woman developed severe hypotension and
tachycardia following surgical chest tube placement for empyema at
an outside hospital. Chest tube was noted to be draining bright red
bloody fluid. (a) Axial image from an emergent CTscan revealed a large
right hemothorax (arrowheads). (b) Selective catheterization (arrow-
head = microcatheter) of the right ninth intercostal artery. Angiog-
raphy revealed a pseudoaneurysm of the intercostal artery (arrow). (c)
Successful coil (arrowheads) embolization of the intercostal artery
distal and proximal to pseudoaneurysm.
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Prevention
Patient selection and procedure planning are the most im-
portant factors in minimizing the incidence of hemorrhagic
complications. Abnormal coagulation profiles should be cor-
rected and anticoagulants should be withheld prior to the
procedure. Careful review of patient history and baseline
imaging are paramount in planning the procedure and in
the anticipation of complications.

The availability and optimal use of imaging guidance
systems are also helpful in preparing for the procedure and
in avoiding vascular structures.

Air Embolism

Systemic air embolism is an extremely rare complication that
can be fatal. Although systemic air embolism has been re-
ported to occur in up to 0.07% of transthoracic needle biopsy
procedures,>”*® it may also occur after lung tumor abla-
tion.”>~®" This low rate is most probably related to the under-
diagnosis/underreporting of this complication, especially if
patients do not demonstrate cardiac or neurologic dysfunction.

Presentation depends on the systemic vascular bed in-
volved: air embolism to the coronary arteries may manifest
with arrhythmias and/or cardiovascular collapse, while air
embolism to the cerebral circulation may result in stroke. The
diagnosis of air embolism is particularly challenging when
deeper sedation or general anesthesia are utilized but should
be suspected when there is an acute deterioration of the
clinical status of the patient.

Several mechanisms have been proposed for air entry into
the systemic circulation, with the common theme being access
through a pulmonary venous lumen. Those mechanisms in-
clude direct puncture of a pulmonary vein with air injection
through the needle, direct creation of a bronchovenous fistula
by the needle, or the needle traversing an air-containing lesion
and a pulmonary vein simultaneously. Furthermore, increased
airway pressure such as coughing or positive ventilation and
abnormal coagulation or impaired healing have also been
described as possible pathways for air embolism.>’

Risk Factors

A few risk factors have been considered but are difficult to
confirm given the rarity of this complication. These include
intraoperative coughing, changes in thoracic pressures, tissue
friability, and the use of larger biopsy needles.

Management

When air embolism is suspected, supportive care with 100%

oxygen should be initiated. Patient positioning is controver-

sial; the authors recommend placing the patient in the left

lateral decubitus and Trendelenburg position to trap air in the

left atrium minimizes the risk of cerebral emboli.
Hyperbaric oxygen treatment may help in decreasing the

volume of the gas bubble while increasing the solubility of
air.>>%2

Prevention
Implementation of intraprocedural precautions is essential to
reducing the risk of systemic air embolism. To this end,
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patient cooperation with breath holding and minimizing
cough are vital in reducing complications of percutaneous
thoracic procedures. In addition, the operators should keep to
a minimum the time where the needle is open to the
atmosphere and choose the shortest avascular path to the
target lesion.

Nerve Injury

latrogenic nerve injury is a rare complication reported in
cases of ablation of tumors that are in close proximity to
thoracic nerves. The most common nerves involved are the
brachial and phrenic nerves>>3 although other nerves
described in the literature include intercostal and recurrent
nerves. In a large series of radiofrequency ablation proce-
dures, there was an iatrogenic neurological complication rate
of 1.5%.%3

Brachial nerves are usually affected in ablation of apical
tumors. This usually involves the inferior component of the
brachial plexus, including the C8 and the T1 nerve roots and
the lower nerve trunk.®* Patients may complain of sensory
discomfort/dysfunction intraoperatively or in the immediate
postprocedural period. These deficits may be transient or
have long-term sequela.

The phrenic nerves provide the motor innervation to the
main muscle of respiration, the diaphragm. Therefore, dam-
age of the phrenic nerves may result in significant physiologic
impairment. This is augmented by the fact that a significant
number of patients undergoing thoracic interventions have
underlying compromised baseline pulmonary function. In
interventional radiology, injury to the phrenic nerves has
been described following thermal ablation of perimediastinal
or mediastinal tumors that are in close proximity to the
nerves.®> Other iatrogenic phrenic nerve injuries have been
described in surgical patients and even in endovascular
cardiac ablative procedures.66

Risk Factors

Nerve tissue is vulnerable to thermal injury; this is supported
by the fact that the degree of nerve damage is related to the
temperature and the duration of exposure.

The main risk factor is the anatomical location of the target
lesion. Apical lesions are close to the brachial plexus while
mediastinal lesions may be closely associated with the phren-
ic nerves. Therefore, thermal ablation of lesions close to
thoracic nerves is the primary risk factor for injury.

Tumor size is the second most important risk factor. Larger
tumors are associated with a higher risk of nerve injury.®3
Secondary risk factors that correlate with tumor size are the
use of larger electrodes and greater maximum power.%”

Management

Nerve injuries may have devastating effects on patients.
Management of nerve injuries is primarily supportive, and
prevention remains the primary objective.

Prevention
Understanding the anatomy of the thoracic nerves is the best

way to avoid injury. To this end, preprocedural review and
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analysis of diagnostic imaging studies and the ablation region
is the major step in anticipating and avoiding nerve injury.

Nerve protection techniques have been described. These
can be accomplished by the creation of a pneumothorax to
separate the lesion from the nerve.®® Another technique is
temperature monitoring of the area of the nerve of interest;
thus, allowing for the protection of the nerves from temper-
ature increases during the ablation.

Conclusion

Percutaneous thoracic interventions are among the most
common interventions in today’s interventional radiology
practice. Although associated with the potential for serious
complications, these are relatively rare. Careful evaluation of
the patient, review of diagnostic imaging studies, and pre-
procedural planning are the most important steps in opti-
mizing patients care. Furthermore, understanding the
common complications, as well as their risk factors and
management, will help operators improve patients’ safety
and ultimately improve outcomes.
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