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Objectives: Upon completion of this article, the reader will be
able to discuss the different interventional procedures in the
chest and their indications.
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Chest drainage procedures can be classified based on the
anatomical regions of the pleural space, lung parenchyma, and
mediastinum. This article reviews the indications, techniques
(including adjunctive procedures), and management of image-
guided percutaneous drainage procedures of the chest.

The Pleural Space: Pathologic Conditions

Infectious, inflammatory, hemorrhagic, and iatrogenic pro-
cesses can all result in pleural space-based abnormalities.

Pneumothorax

Pneumothorax is an imaging finding and clinical condition in
which air accumulates within the pleural space. Pneumo-
thoraces can be either spontaneous, associated with under-
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Infectious, traumatic, or neoplastic processes in the chest often result in fluid collections
within the pleural, parenchymal, or mediastinal spaces. The same fundamental
principles that guide drainages of the abdomen can be applied to the chest. This
review discusses various pathologic conditions of the thorax that can result in the
abnormal accumulation of fluid or air, and their management using image-quided

lying lung disease (lymphangioleiomyomatosis, blebs, etc.), or
the result of traumatic injury to the chest wall, pulmonary
parenchyma, or airways. Traumatic pneumothorax most
often results from penetrating or blunt trauma, or as an
iatrogenic complication of thoracentesis, central venous cath-
eterization, or lung biopsy (transbronchial or transthoracic).
Spontaneous pneumothorax may be divided into a primary
form, which has no identifiable cause and is often related to
rupture of an apical intrapleural bleb, and a secondary form,
which is associated with underlying parenchymal lung dis-
ease. The clinical results of pneumothoraces can range from
inconsequential, to chest pain and decreased oxygenation, to
tension pneumothorax that requires immediate attention.

Pleural Effusion

Pleural effusion is defined as accumulation of fluid in the
pleural space. The pleural space is normally filled with ~ 5 to
10 mL of serous fluid. Intrapleural pressure is lower than the
interstitial fluid pressure of the pleural tissues, favoring flow
of fluid into the pleural space. The protein and cellular
concentration in this fluid is typically low because pleural
fluid is effectively a filtrate." Normally, the influx of fluid into
the pleural space is balanced by its removal via the lymphatic
system. In certain clinical conditions, the balance between the
secretion and absorption can be disturbed and fluid may
accumulate in the pleural space. In disease states, the normal
composition of pleural fluid is altered, which allows for
diagnosis via pleural fluid analysis.
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Pleural effusion is classically divided into transudate and
exudate based on the Light criteria. The Light criteria consist of
measurement of the lactate dehydrogenase (LDH) and protein
concentration in the pleural fluid and serum; fluid is considered
exudative if one of the following criteria are present:

* Pleural fluid-to-serum protein ratio >0.5, or

* Pleural fluid-to-serum LDH ratio >0.6, or

* Pleural fluid LDH concentration >200 U/L (later changed to
two-thirds upper limit of normal for serum LDH)

The original study by Light evaluated 150 patients with
pleural effusions, of whom only two were misclassified,
which resulted in a sensitivity of 99% and a specificity of
98% for identifying exudates.? Subsequent studies confirmed
the high sensitivity of the Light criteria, but reported a lower
specificity of 65 to 85%.> A meta-analysis by Heffner showed
good sensitivity and specificity of alternative diagnostic test
strategies that are based solely on pleural fluid tests. The two-
test and three-test rules require a single criterion to be met to
diagnose an exudate. With the two-test rule, one of the
following must be met to indicate the presence of an exudate:

* Pleural fluid cholesterol >45 mg/dL, or
* Pleural fluid LDH >0.45 of upper limit of normal serum
LDH.

The three-test rule, which also requires one of the criterion
to be met to make the diagnosis of an exudate, includes the
preceding two criteria and also pleural fluid protein >2.9 g/dL.

Regardless of which set of criteria is used, further analysis
is required if the fluid is determined to be an exudate.

Transudates occur as an ultrafiltration of serum across
pleural membranes and results from imbalance of hydrostatic
or osmotic pressure. However, in exudates, the capillary beds
themselves are diseased, and the increased permeability
results in fluid leaking into the pleural space. ~Table 1 out-
lines the causes of pleural effusions.

Management of patients with pleural effusions depends
on the suspected disease process, the type of effusion, and the
patient’s symptoms. Treatment can be thought of in terms of
either treatment of the underlying disease, or conservative
versus invasive treatment of the effusion itself.

Empyema

Empyema is a collection of purulent fluid in the pleural space.
The most common cause is pneumonia. Lung abscess, bron-
chopleural fistula, esophageal perforation, postsurgical com-
plications, and trauma may also result in empyema. There are
three stages in the evolution of empyema: exudative stage,
with a small amount of sterile fluid in the pleural space;
fibropurulent stage, where fluid tends to be loculated; and
organized phase, where a thick pleural peel prevents the lung
from reexpanding.*

Along with antibiotic therapy and treatment of the under-
lying disease process, early and complete drainage of the
infected fluid is considered essential in the successful man-
agement of empyema.
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Table 1 Causes of Pleural Effusions

Transudate | Congestive heart failure
Nephrotic syndrome
Liver cirrhosis
Hypoalbuminemia
Exudate Infectious

* Parapneumonic
* Tuberculous pleurisy

Pulmonary embolism

Malignancy

Drug induced

* Amiodarone
* Nitrofurantoin
* Methotrexate
* Phenytoin

Connective tissue disease

* Lupus pleuritis
* Rheumatoid arthritis

Other

* Pancreatitis

* Esophageal perforation

* Postcoronary surgery

* Ovarian hyperstimulation syndrome
* Meigs syndrome

* Dressler syndrome

* Thoracic duct disruption

Pleural Space Intervention

The different procedures involving the pleural space include
thoracentesis, chest drain insertion, tunneled catheter inser-
tion, and pleurodesis.

Thoracentesis

An estimated 178,000 thoracenteses are performed among
1.5 million patients with pleural effusion each year in the
United States.” Although the procedure can be performed at
bedside without imaging guidance, it is generally recom-
mended to use ultrasonographic guidance to avoid potential
complications. Continuous ultrasound guidance reduces the
risk of iatrogenic pneumothoraces compared with nonguided
thoracenteses, with reported reductions from 10 to 29%
without guidance, to 0 to 5%, with ultrasound guidance.®8
The use of ultrasound has also been shown to reduce the
likelihood of hemorrhage by 38.7%.° Between 1993 and 2008,
the share of thoracentesis performed by radiologists and
pulmonary and critical care medicine physicians changed
from 10% and 49% to 52% and 27%.°



Complications of thoracentesis include pneumothorax,
hemothorax, reexpansion pulmonary edema (RPE), and or-
gan laceration. Other complications include those involving
the skin and subcutaneous tissue, such as pain, hematoma/
hemorrhage and infection, and injury to the neurovascular
bundle. Pneumothorax is the most common major complica-
tion of thoracentesis, with a recent meta-analysis quoting a
6% pneumothorax rate with 34% of pneumothoraces requir-
ing chest drain insertion.'" In some patients with chronic
pleural effusions and underlying lung parenchymal disease,
pneumothoraces can occur due to the inability of the lung to
fully reexpand'’-'? (~Fig. 1). In these circumstances, the
radiographic appearance of a pneumothorax is usually not
the result of air leak but of the unexpanded lung. These
pneumothoraces (which the authors term vacu-thorax) ei-
ther resolve slowly or not at all but are not associated with
respiratory distress or progression, and attempts at evacua-
tion with chest tubes are unsuccessful in most cases.

Reexpansion pulmonary edema is a potentially life-threat-
ening complication after thoracentesis or chest drain insertion
(=~Fig. 2). The incidence of RPE has been reported to be
anywhere from 0.2 to 14%,'? and it may or may not be related
to the total amount of fluid removed. An arbitrary threshold for
fluid removal of 1 L has been suggested by some to prevent
RPE developing,'* although this is controversial. Others have
found that clinical and radiographic RPE after large volume
thoracentesis is rare and independent of the volume of fluid
removed and that large effusions can, and should, be drained
completely as long as chest discomfort does not develop.'?

Hemorrhagic complications related to thoracentesis usu-
ally result from injury to the intercostal artery'>'® (~Fig. 3).
Traditional anatomical teaching suggests that the intercostal
artery lies within the costal groove, which is located along the
inferior portion of the rib. However, a recent study reviewing
the location of the posterior intercostal artery on computed
tomography (CT) found considerable variability in the posi-
tion and tortuosity of the vessel, which only comes to lie
within the subcostal groove toward the midaxillary line."”
They advised additional caution to avoid the posterior para-
vertebral area, where the artery was found to lie halfway
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between the two ribs in the intercostal space. The same
conclusions were made from a separate study using three-
dimensional CT angiography.'®

The risk of infection after thoracentesis is extremely low,
with one study finding no evidence of infection after 2489
ultrasound-guided thoracenteses.'®

Tunneled Pleural Catheter Insertion

Tunneled pleural catheters (TPCs) have become a popular
therapeutic tool in the management of chronic pleural effu-
sions. Although the main indication for a TPC has been
recurrent, symptomatic, malignant pleural effusion, there
are increasing reports of TPC use for other medical conditions.
A recent systematic review of 19 studies with a total of 1370
patients found that symptomatic improvement was reported
in 95.6%.2° This study also found that the risk of serious
complications was rare, with reported rates of empyema in
2.8%, pneumothorax requiring chest drain in 5.9%, and un-
specified pneumothorax in 3.9%.

Chest Drain Insertion
Indications for chest drain insertion include pneumothorax,
hemothorax, pleural effusion, and empyema. Ultrasonogra-
phy, CT, fluoroscopy, or any combination of these techniques
may accurately guide chest drain placement. Image guidance
is selected by (1) availability and convenience of the various
techniques, (2) size and position of the collection, (3) the
patient’s condition, and (4) the radiologist’s preference.
Ultrasonography is usually the technique of choice to
guide pleural drainage. Its advantages include absence of
ionizing radiation, portability, and real-time capabilities. Its
portability allows bedside chest drain insertion in critically ill
and hemodynamically unstable patients. CT-guided thora-
costomy is beneficial for drainage of loculated pleural collec-
tions, usually associated with underlying parenchymal
consolidation; it allows the radiologist to select a safe drain-
age pathway into the collection. Fluoroscopy can be used to
access large collections, and continuous real-time monitoring
of the course of the needle, guidewire, and catheter is a
distinct advantage of fluoroscopy.

B-C

Figure 1 A 65-year-old woman with metastatic ovarian cancer. (A) Frontal radiograph of the chest demonstrates a right pleural effusion.

(B) Frontal radiograph of the chest demonstrates a new right hydropneumothorax immediately after right thoracentesis (white arrow). A pleural-
based nodule is also noted (black arrow). (C) Coronal computed tomography scan of the chest obtained 1 day after the thoracentesis
demonstrates incomplete expansion of the right lower lobe (white arrow), consistent with so-called vacu-thorax. Again demonstrated is the
pleural-based metastasis (black arrow). The patient remained asymptomatic throughout her clinical course and did not have any further

intervention.

Seminars in Interventional Radiology ~ Vol. 29 No. 4/2012

249



250 Chest Drainage

McDermott et al.

D

Figure 2 An 88-year-old woman with a history of a recent myocardial infarction. (A) Frontal radiograph of the chest demonstrates a right pleural
effusion. (B) Frontal radiograph of the chestimmediately after chest drainage shows resolution of the right pleural effusion. (C) Frontal radiograph
of the chest obtained 5 hours after chest drainage and obtained for new shortness of breath demonstrates new right lower lobe airspace opacities
(arrow). (D) Coronal computed tomography scan of the chest demonstrates right lower lobe airspace disease (white arrow) consistent with
reexpansion pulmonary edema. There is also a small right apical pneumothorax (black arrow).

Chestdrain insertion can be done using either the trocar or
Seldinger technique. Proponents of the trocar method, such
as Silverman et al," believe that the trocar method is superior
to the Seldinger technique. According to these researchers,
the use of exchange guidewires and dilators in conjunction
with the Seldinger technique may allow introduction of air,

increasing the likelihood of pneumothorax. Furthermore,
these researchers contend that it is difficult to advance a
catheter through the intercostal space and thickened pleura
due to buckling the guidewire or catheter and that such
kinking can result in the loss of access or leakage of pleural
contents along the dilatation path. Proponents of the

B-C

Figure 3 A 68-year-old woman with end-stage renal disease. (A) Frontal radiograph of the chest demonstrates a large right pleural effusion prior
to thoracentesis. (B) Coronal computed tomography of the chest demonstrates a pseudoaneurysm of a right intercostal artery (white arrow),
adjacent to a drainage catheter (black arrow) that was inserted because of shortness of breath post thoracentesis. (C) Digital subtraction
angiogram demonstrates a pseudoaneurysm of a right intercostal artery (black arrow), which was successfully embolized with coils.
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Seldinger technique argue that placement of the chest tube
over a guidewire allows more control and decreases the
likelihood of complications. Ultimately, the technique with
which the operator is most comfortable should be used.

Traditionally, large bore (>28F) catheters were recom-
mended in almost all situations that required chest drainages.
However, this requires a moderately large skin incision,
typically using blunt dissection and blind insertion. However,
inrecent years there has been a global trend toward increased
use of small-bore chest drains (8 to 16F). The small drains
have several advantages: They are easier and less painful to
insert, better tolerated once placed, and have lower place-
ment-related complication rates. In one summary of chest
drain complications,?? the incidence of injury with large-bore
versus small-bore tubes was 1.4% versus 0.2%, the incidence of
malposition was 6.5% versus 0.6%, and the incidence of
empyema was 1.4% versus 0.2%, respectively. The one poten-
tial disadvantage, howevers, is a slightly increased incidence of
drain blockage with smaller tubes (8.1%) versus large-bore
catheters (5.2%).

At the authors’ institution, the interventional radiology
service takes “ownership” of chest tubes and drainage cath-
eters and works collaboratively with the medical and surgical
services in the day-to-day management of the catheters. This
requires daily flushes with small aliquots of normal saline to
maintain catheter patency as well as evaluation of daily
catheter outputs. The decision to remove a chest tube is
based both on radiologic findings on chest X-ray and clinical
parameters (e.g., daily output, persistence or absence of air
leak). A suggested algorithm for the management of chest
tubes is shown in =Fig. 4. Although most chest drain-related
complications occur at the time of placement, complications

Pleural effusion

Daily CXR
Monitor output

Y Y
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such as hemo-and pneumothoraces can also occur at the time
of removal?>?3 (~Fig. 5). The rate of recurrence of pneumo-
thorax after chest drain removal ranges from 2% to 24% with a
reinsertion rate of 1 to 6%.%> The authors routinely perform a
chest X-ray after chest tube removal; however, recent studies
have found it safe not to do so in selected patients.z“'25

Several options exist if clinical and radiographic assess-
ment determines that drainage is inadequate. Occasionally,
the indwelling chest tube requires repositioning to enhance
the drainage of loculated collections. Also, conversion to a
catheter with a larger lumen may promote adequate drainage
of thick pus or bloody material. Intrapleural administration of
fibrinolytic medication may aid in septated collections or
collections with multiple locules (~Fig. 6). Although single-
center studies have found the use of intrapleural fibrinolytic
therapy to be effective in improving drainage of loculated
effusions not drained by catheters alone,?®~2° a meta-analy-
sis’* and a double-blind clinical trial in 454 patients31
concluded that the intrapleural administration of fibrinolytic
therapy did not improve mortality or surgery rates. Converse-
ly, a more recent study has found that the combination of
intrapleural tissue plasminogen activator (tPA) and DNase
improved fluid drainage in patients with pleural infection and
reduced the frequency of surgical referral and the duration of
the hospital stay. The study also concluded that treatment
with either DNase alone or tPA alone was ineffective.3?

The Lung Parenchyma: Pathologic
Conditions

The most common indication for draining the lung parenchy-
ma is a lung abscess.

Pneumothorax

Daily CXR

\
Waterseal criteria:

1. No pneumothorax on CXR
2. No air leak for 24 hours

Y

Removal Criteria:

1. Clinical improvement
2. CXR - well drained
3. Physiologic output

(1 mL/kg/day)

Removal criteria:

1. CXR - well drained

2. CT - complete drainage
3. Output < 30 mLs/24 h

Removal criteria:

1. No pneumothorax on CXR
on waterseal

2. No air leak for 24 hours

\

If incomplete drainage:

-tPA 4 -6 mgin 50 mL
normal saline every 12
hours for a total of 6 doses

Figure 4 An algorithm for the management of chest tubes. CXR, chest X-ray; tPA, tissue plasminogen activator.
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Figure5 A 23-year-old man with bilateral pneumothoraces secondary to interstitial lung disease. (A) Axial computed tomography image of the
chest at the time of the right thoracostomy demonstrates the trajectory of the drainage catheter, immediately adjacent to the internal
mammary artery (arrow). (B) Frontal radiograph of the chest prior to the removal of the chest drain (arrow). (C) Frontal radiograph of the chest
obtained immediately after right chest drain removal, demonstrating new right airspace and mediastinal (arrow) opacities. (D) Digital
subtraction angiogram of the right internal mammary artery demonstrates active extravasation of contrast (arrow). The vessel was successfully

embolized with coils.

Lung Abscess

A lung abscess usually results from aspiration of anaerobic
oropharyngeal bacteria into gravity-dependent portions of
the lung, most often the posterior segments of the upper
lobes and the superior segments of the lower lobes. Depres-
sion of consciousness and the gag reflex due to conditions
such as drug overdose, excess alcohol ingestion, neuromus-
cular disease, and cerebrovascular accident are all major risk
factors. Esophageal conditions such as stricture, malignancy,
and reflux can predispose to aspiration and subsequent
abscess development. Bronchial obstruction due to malig-

A

nancy, inflammation, or foreign body is also an important risk
factor for development of lung abscess because it impairs
effective clearing of aspirated oropharyngeal fluid. Other risk
factors include immune deficiencies or suppression and
chronic illness due to liver and kidney disease and diabetes
mellitus. Consequently, lung abscesses can be classified into
primary or secondary cases depending on the presence or
absence of underlying conditions.

Current first-line therapy for lung abscess is antibiotic
therapy directed at the suspected causative organisms, usu-
ally anaerobes or mixed aerobic and anaerobic bacteria.

Figure 6 A 45-year-old man with fevers. (A) Axial contrast-enhanced computed tomography (CT) scan of the chest demonstrates a right
empyema (arrow). (B) Axial CT scan of the chest after chest tube placement (arrow) and administration of six doses of tissue plasminogen

activator. The right empyema shows near complete resolution.

Seminars in Interventional Radiology  Vol. 29 No. 4/2012
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Figure 7 A 26-year-old man with a history of intravenous drug abuse who failed conservative management. (A) Axial contrast-enhanced
computed tomography (CT) scan of the chest demonstrates a right lower lobe pulmonary abscess (arrow). (B) Axial CT scan of the chest with the
patient in a lateral decubitus position that demonstrates the catheter (arrow) in the abscess. (C). Axial CT scan of the chest obtained 4 days later
demonstrates the catheter in the abscess (arrow) and a significant decrease in the size of the abscess. (D) Axial CT scan of the chest
obtained 2 months after drainage shows residual right pleural thickening but no residual abscess.

Conservative medical management proves effective in 80 to
90% of patients with lung abscesses.>> Conservative manage-
ment failure may be due to the virulence of the responsible
pathogens, failure to achieve an adequate concentration of
antibiotics within the abscess cavity, and/or severe underly-
ing lung disease that may play a role in the failure of the
abscess cavity to drain completely.34 Patients who display no
radiographic evidence of improvement, signs of persistent
sepsis, or develop complications such as hemoptysis, bron-
chopleural fistula, or empyema require external drainage or
resection for definite treatment.

Lung Parenchymal Interventions

Percutaneous Drainage Catheter Insertion

Drainage catheter insertion is usually performed using CT
guidance (=Fig. 7), but fluoroscopic or ultrasonographic
guidance can also be used. When possible, normal lung
should be avoided to prevent development of an infected
bronchopleural fistula or pyopneumothorax and to minimize
the risk of bleeding. Either tandem trocar or the Seldinger
technique are effective methods for percutaneous drainage
catheter. In discussing the difference between the two tech-
niques, Erasmus et al seem to favor the Seldinger technique,
stating that although direct puncture of the abscess cavity
often saves time, the Seldinger technique allows more control
and decreases the likelihood of complications.>> VanSonnen-
berg et al have also cautioned that although the trocar
technique may be quite safe, using it may cause a higher

incidence of undesirable trauma to the lung.>® Advocates of
the trocar technique believe that it is not associated with an
increased incidence of complications and is less likely to be
associated with abscess contamination.?’

A meta-analysis of 21 studies found that the success rate of
percutaneous catheter drainage for pulmonary abscesses was
83.9%, with a complication rate of 16.1%; overall mortality as a
complication of treatment of the abscess was 4%.34 In compar-
ison, postoperative mortality after surgery for lung abscess has
been reported to range from 11 to 16%.3* The possible com-
plications of percutaneous drainage catheters include pneu-
mothorax, pyopneumothorax, and bronchopleural fistula.

The Mediastinum: Pathologic Conditions

Indications for inserting percutaneous mediastinal drainage
catheters include mediastinal abscess and esophageal anas-
tomotic leaks.

Mediastinal Abscess

Mediastinal abscesses are a rare and potentially fatal condi-
tion. Mortality rates can be as high as 40% in cases when the
diagnosis is not readily suspected and treatment is de-
layed.?”-38 Common etiologies of mediastinal abscess include
head and neck infections that descend into the mediastinum,
trauma, and postsurgical. Mediastinal abscesses following
esophagogastric surgery have a reported frequency of 8 to
21% and are the leading cause of postoperative morbidity,
stricture, and repeated operation.3°
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B-C

Figure 8 A 39-year-old man status post repair of an emetogenic esophageal perforation. (A) Axial contrast-enhanced computed tomography (CT)
scan of the chest demonstrates a posterior mediastinal abscess (arrow). (B) Axial CT scan of the chest with the patient in a lateral decubitus
position demonstrates the catheterin the abscess (arrow) while avoiding the lung and pleura. (C) Axial CT scan of the chest obtained 2 weeks after

drainage demonstrates near complete resolution of the abscess (arrow).

Historically, intravenous antibiotics combined with surgi-
cal debridement (open, video assisted, or mediastinoscopi-
cally assisted drainage) have been the mainstay of
treatment.*®*! Endoscopic drainage of mediastinal collec-
tions has also been described.*? Although there were several
studies assessing percutaneous image-guided drainage of
mediastinal abscesses in the early 1980s,43~%° it is still not
an established treatment option. A recent study demonstrat-
ed that percutaneous CT-guided drainage was technically
successful via either trocar or Seldinger technique in a series
of 25 abscess drainage attempts.>® In this report, one patient
required an additional drainage procedure for a loculated
posterior mediastinal abscess, but no patient required surgi-
cal debridement for failed drainage.

Anastomotic Leaks

Treatment options for anastomotic leaks after esophagectomy
include surgical resection and revision of the original anasto-
mosis, self-expanding stent placement,*® and percutaneous
drainage. Percutaneous treatment of intrathoracic esophageal
anastomotic leaks requires that the catheters be placed in the
mediastinal collection close to the site of the anastomotic
leakage to achieve adequate control of the leak.’ Six of the
23 patients in the study by Arellano et al were patients with an
anastomotic leak after esophagectomy, and they reported
successful drainage of the collection in all cases.>?

Mediastinal Interventions

Percutaneous Drainage Catheter Insertion

Mediastinal drainage catheter insertion is usually performed
under CT guidance to clearly identify the abscess and its
relationship to adjacent vital structures (=Fig. 8). When
inserting the catheter, there is potential for transgression of
the pleura that could result in pneumothorax or in seeding the
pleural cavity with infection, resulting in empyema. In some
patients, it may be helpful to inject saline into the pleural cavity
to separate the visceral pleura from the parietal pleura, creat-
ing a larger space in which to place catheters and thus reducing
the risk of pneumothorax.*® As in other drainage procedures in
the chest, mediastinal drainages can be performed using either
the Seldinger or tandem trocar technique.

Seminars in Interventional Radiology  Vol. 29 No. 4/2012

Conclusion

Interventional radiology plays a vital role in the management of
disease processes that involve the pleura, pulmonary parenchy-
ma, and mediastinal spaces. The fundamental principles that
guide drainage procedures below the diaphragm can be applied
to thoracic drainages; for many patients with pathologic con-
ditions of the thorax, their care is centered around the technical
skill and clinical expertise of the interventional radiologist.
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