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Abstract: During the last decade, there has been a tremendous effort towards making procedures less
invasive, which could reduce complications, decrease hospital stay and minimize overall health care cost.
Medical thoracoscopy (MT) or pleuroscopy is a minimally invasive procedure commonly performed by
interventional pulmonologist in United States. It has a favorable safety profile allowing access to the pleural
cavity with a thoracoscope via a small chest wall incision to perform diagnostic or therapeutic interventions
under direct visualization. MT allows the physician to perform pleural biopsy with high accuracy, drain
loculated pleural effusion, guide chest tube placement and perform pleurodesis. As compared to video-
assisted thoracoscopic surgery (VATS), MT is less invasive, does not require single lung ventilation, has
a comparable diagnostic yield, and better tolerated in high-risk patients. M'T can also be performed at
bedside in critically ill patients. Although MT is generally safe, a multi-disciplinary discussion between the
interventional pulmonologist, intensive care team, anesthesiologist and thoracic team is necessary to ensure
best clinical practice as well as minimize complications for such high-risk patients. The purpose of this article
is to review technique, diagnostic and therapeutic indications, as well as contraindications of performing
bedside MT in intensive care unit. It aims to review both advantages and limitations of performing MT in

intensive care unit.
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Introduction are performed as an elective procedure either inpatient

or outpatient setting. Depending on local resources, it

Medical thoracoscopy (MT) is a minimally invasive can be performed in bronchoscopy suite or operating

rocedure, usually performed under local anesthesia or . . .
p ’ yp room. However, in certain scenarios, M'T may need to be
performed in intensive care unit (ICU).

The solitary idea behind MT is to introduce a camera via

moderate sedation, where a thoracoscope is introduced
into pleural cavity via a small chest wall incision allowing
diagnostic and therapeutic intervention under direct chest wall into the pleural cavity to create a platform that

visualization. allows performing different interventions. There are two

With recent growth in the field of interventional
pulmonology and development of flexible-rigid thoracoscope,
MT has become one of the common procedures performed
by interventional pulmonologist (1-3). Nearly all MT
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major types of M'T: rigid and flexible-rigid (Figure I).

Rigid thoracoscopy has been the traditional way of
performing MT. It utilizes a rigid optic telescope along with
rigid suction, and biopsy forceps. The first commercially

7 Thorac Dis 2021;13(8):5232-5241 | http://dx.doi.org/10.21037/jtd-2019-ipicu-02


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-2019-ipicu-02

Journal of Thoracic Disease, Vol 13, No 8 August 2021

: it

B N

()L

Figure 1 Available medical thoracoscopies. (A) Rigid thoracoscope,
(B) flex-rigid.

available flexible-rigid thoracoscope was developed in
the late 1990s as an alternative to the traditional rigid
scope, offering better maneuverability and improved
visualization (4).

A commonly used flexible-rigid thoracoscope by
pulmonologists in United States is LTF-160 (Olympus,
USA). It has an outer diameter of 7 mm with 2.8 mm
working channel, total length of 27 cm (22 cm rigid shaft
with 5 cm flexible tip), as well as angulation range of 160°
upwards to 130° downwards.

While studies have demonstrated similar diagnostic
yield and safety profile between rigid and flexible-rigid
thoracoscopy (5,6), there are proposed advantages of
the latter. The handle of flexible-rigid thoracoscopy
ergonomically fits into hand in a similar way to bronchoscope,
which provides sense of familiarity to pulmonologist.
Operator can pass all the familiar diagnostic and therapeutic
tools commonly used in bronchoscopy, such as biopsy
forceps, cryoprobe, argon plasma coagulation probe into
the 2.8 mm working channel of flexible-rigid thoracoscope.
In addition, flexible-rigid thoracoscope flexibility allows
operator to maneuver around the non-deflated part of
lung or dense adhesions, with ability to retroflex allowing
to take biopsy near the insertion site of the trocar. In
addition, the thoracoscope is compatible with the same
Olympus tower for light and power source commonly used
for bronchoscopy. However, rigid thoracoscope has the
advantage of taking a larger biopsy specimen, albeit similar
diagnostic yield, more efficient in breaking down dense
adhesions as well as higher visual analog scale for ease of
taking biopsies for the operator as compared to flexible-
rigid thoracoscope (7).

Indications for M'T include: parietal pleural biopsies
for exudative pleural effusion of unclear etiology and/or
pleural nodule/mass, chemical and mechanical pleurodesis
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under direct visualization, and mechanical adhesiolysis in
complicated parapneumonic effusion (1,8,9). Routinely in
United States, MT are performed as an elective procedure
either in bronchoscopy suite or operation room depending
on the hospital policy. There is an increasing evidence in
the medical literature that MT can safely and effectively
performed under local anesthesia with none to minimal
sedation (10-14).

The presence of pleural effusion in critically ill patients is
common (7.7%) and is associated with increased mortality,
ICU and hospital stay, as well as need and duration of
mechanical ventilation, regardless of disease severity in a
large cohorts of ICU database (15). Recently, M'T has been
utilized in management for critically ill patients in the ICU
with undiagnosed exudative pleural effusion (11).

Indications for performing MT at bedside in ICU
are similar to indications for MT in general as described
above. There are two main criteria that must be met before
considering MT in ICU:

(I)  Patient is critically ill and cannot undergo general
anesthesia and surgery, and/or is unstable to be
transported safely to operating room or endoscopy
suite;

() MT would change management and outcome for
the patient.

Most common reasons why we have performed MT in
ICU are improving drainage of complicated parapneumonic
effusion, pleural biopsies in pleural effusion of unclear
etiology and persistent air leak. Relative contraindications
are severe hypoxemia, stage 3 empyema, uncorrectable
coagulopathy, history of ipsilateral pleurodesis, and
extensive involvement of contralateral lung.

Technique of bedside medical thoracoscopy in
intensive care unit

The technique of MT has been previously extensively
described by our team (1). Below, is a summary along with
few points while performing such procedure in the ICU:

Equipments

@ Ultrasound with phased array transducer and sterile
sheath;

(I Sterile drape and surgical attire;

(I1IT) 1% lidocaine;
(IV)  Alcohol-based skin-sterilizing solution;
V) Chest tube insertion kit (e.g., PleuraGuide) and
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Figure 2 Triangle of safety superior to horizontal line at the nipple
level, anterior to anterior border of Latissimus dorsi and posterior

to lateral border of Pectoralis major.

chest tube;

(VI)  Trocar (e.g., Olympus Flexible Trocar 8 mm MA]J-
1058, Covidien Mini Step Auto Suture Dilator and
Cannula, 7-8 mm),

(VII)  Flex-rigid thoracoscope (e.g., Pleuravideoscope
LTF-160, Olympus);

(VIII)  Monitor and processing tower.

Patient position, monitoring and personnel

Patient positioning for bedside MT in ICU can be
challenging, but manageable with adequate personnel and
equipment. One need to be mindful of all the lines, tubes,
masks, and should consult with patient’s nurse and attending
physician for possible challenges. We usually perform
MT while patient is on lateral decubitus position. It is
difficult to perform MT in supine position, as maneuvering
thoracoscope would be difficult and limited for operator.
We tend to access the chest wall cavity guided by ultrasound
image minimizing turning critically ill patients as much as
possible. The patient should be placed closer to the edge of
the ICU bed for operator’s comfort, as ICU bed are much
wider compared to operating room bed. The patient’s vital
signs should be continuously monitored on standard ICU
monitors. We recommend at least two additional trained
health care personnel to assist, patient monitoring and
medication administration. We use cefazolin 1 g IV 30 to
60 minutes before MT for surgical infection prophylaxis,
unless patients are already on antibiotics.
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Procedure

) Ensure adequate positioning and monitoring of the
patient as described above.

) Ensure adequate respiratory support as per patient’s
requirement from supplemental O, to mechanical
ventilator support.

(III)  Site of entry into pleural cavity,

i. Identify largest fluid pocket based on thoracic
ultrasound or;

ii. Iriangle of safety (Figure 2): superior to horizontal
line at the nipple level, anterior to anterior
border of Latissimus dorsi and posterior to
lateral border of Pectoralis major.

(IV)  Operative team members clean their hands using
standard surgical scrub technique and put on sterile
gown and gloves.

V) Large area of skin around the site of entry is
prepared with chlorhexidine gluconate applicator.
A sterile drape should be placed over the patient
leaving small area around the entry site exposed.

(VI)  Prepare procedural tray with all the necessary
instruments as described above in sterile manner.

(VII)  Inject 1% lidocaine at the entry site in adequate
amount to anesthetize the skin, parietal pleural. In
addition, lidocaine should be injected at the inferior
rim of the upper and the superior rim of the lower
rib to anesthetize the intercostal nerves as well as
the periosteum of the ribs. Total dose of lidocaine
should not exceed 3/mg/kg body weight to avoid
systemic toxicity (16).

(VIII) Approximately 1 cm horizontal incision through

the skin and the subcutaneous tissue should be

made by scalpel on the entry site in the middle of
the intercostal space. The incision should be large
enough got the trocar to fit in.

(IX) Blunt dissection utilizing blunt dissecting forceps,
like curved Kelly hemostatic clamp, should be
performed through the chest wall into the pleural
cavity. Penetration though the parietal pleura into
pleural cavity should occur over the superior rim of
the lower rib.

X) Blunt tip trocar of size 7 to 8 mm should be
inserted into pleural cavity through the incision
utilizing corkscrew method.

(XI)  Remove obturator and insert flex-rigid thoracoscope
into pleural cavity to perform intended diagnostic
or therapeutic procedure.
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(XII)  Administer midazolam or fentanyl intravenously in
small doses as needed during the procedure.

(XIII)  After the intended procedure is over, remove flex-
rigid thoracoscope and the trocar, and insert chest
tube into the pleural cavity. Chest tube should be
connected to chest drainage system with continuous
negative suction to drain air and/or remaining
pleural effusion.

(XIV) Chest tube size should be determined based on

size of the trocar used. For 7 to 8 mm trocar, we

routinely use 20-24 F chest tube.

Complications of medical thoracoscopy in ICU

MT with local anesthesia in combination with intravenous
sedative medications is a relatively safe procedure. British
thoracic society reported mortality of 0.34% based on
combined data from 47 studies looking at 4,736 cases (10).
They reported no mortality from MT. Cumulative rate
of major complications (empyema, hemorrhage, port
site tumor growth, bronchopleural fistula, postoperative
pneumothorax or air leak and pneumonia) and minor
complications (subcutaneous emphysema, minor
hemorrhage, operative skin site infection, hypotension
during procedure, raised temperature, atrial fibrillation)
were reported to be 1.8% and 7.3% respectively.
Complications related to bedside MT are very similar (10).

A recently published case series of 25 patients of bedside
medical thoracoscopy in intensive care unit reported no
major complications i.e., bleeding, or procedure related
death. Most common minor complication reported was
wound pain (24%), followed by subcutaneous emphysema
(12%), transient hypotension (4%), and incision site
infection (4%). No MT needed to be prematurely
abandoned due to patient’s instability (17).

An important limitation of performing bedside MT in
ICU is performing procedure with staff who is not familiar
with the routine. However, this can be easily overcome by
team hurdle before the procedure and explain everyone in
the team their role and expectations.

Clinical cases for MT performed at ICU bedside

We will present below few examples of cases of MT that
are performed at the bedside in the ICU. However, it is
important to recognize that such cases should be only
performed after a multi-disciplinary discussion among
different teams, adequate local expertise with M'T and high
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level of coordination as well as comfort level among team
members performing such procedures at the bedside.

Complicated parapneumonic effusion

A 38-years-old man who was critically ill man due to
severe pleural infection and acute respiratory failure was
transferred to our center for further management. He
had multiple medical comorbidities including extreme
obesity (BMI of 62), OSA, HTN and diabetes. Thoracic
ultrasound showed multiloculated pleural effusion. He was
on mechanical ventilation requiring low dose vasopressor.
A large bore chest tube was inserted without adequate
fluid drainage. Following multi-disciplinary discussion
with thoracic surgery, intensive care and interventional
pulmonary, he was deemed high risk for surgery by thoracic
surgeons as well as unfit to move from ICU bedside due
to his critical illness and extreme obesity. Furthermore, a
discussion was made whether to proceed with intrapleural
fibrinolytic therapy versus M'T. Given the fact that he was
extremely obese as well as the local expertise of our team
with M'T, a multi-disciplinary decision was made to perform
a bedside thoracoscopy with the technique described above.
Flexible-rigid thoracoscope was introduced into pleural
cavity under sterile precautions without trocar, as trocar was
not long enough due to his body habitus, through the same
incision of his large bore chest tube after removal of the
tube. First pleural fluid was suctioned. Then, with the help
of pulmonary forceps, extensive mechanical adhesiolysis
was performed followed by thorough irrigation of pleural
cavity with sterile saline. Afterwards, a metallic tunneler
was used to tunnel the fenestrated end of the indwelling
pleural catheter (IPC) in inferomedial direction from first
incision as per standard practice. Next, pulmonary forceps
were passed through the working channel of the flexible-
rigid thoracoscope and the fenestrated end of IPC was
held with the pulmonary forceps. The thoracoscope was
inserted, together with the IPC running outside parallel
to the thoracoscope, into pleural cavity, and was advanced
posteroinferiorly. Then, a sterilized pediatric bronchoscope
was introduced through a 24F chest tube and both were
inserted together into the pleural cavity. With video
assistance, chest tube was advanced posteroinferiorly,
and bronchoscope was removed. This was followed by
intrapleural fibrinolytic therapy for a total of 6 doses, and
daily sterile water irrigation until 24 Fr chest tube was
removed on post procedure day 7. He clinically improved
and was transferred to long-term acute care facility
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Figure 3 Computed tomography of the chest demonstrating significant improvement of the right pleural effusion (A) before medical

thoracoscopy, (B) 1 week after medical thoracoscopy.

Figure 4 Computed tomography of the chest showing a severe subcutaneous emphysema (Black arrows) despite placement of chest tube

(white arrows); head and neck computed tomography demonstrating subcutaneous orbital emphysema (arrow).

afterwards. His CT chest showed significant improvement
of the right lower lobe consolidation and right pleural
effusion (Figure 3). His IPC was removed 3 weeks later.

Persistent air leak

A 68-year-old man with history of severe emphysema/
COPD who was admitted to the ICU with secondary
spontaneous pneumothorax along with severe subcutaneous
emphysema, persistent air leak despite two chest tubes
on continuous suction and increased right intraocular
pressure due to subcutaneous orbital emphysema (Figure 4).
Patient was on high flow nasal cannula. Due to his multiple
comorbidities, a multi-disciplinary discussion among
different specialties (interventional pulmonary, thoracic
surgery, anesthesia and intensive care) was done and decision

© Journal of Thoracic Disease. All rights reserved.

was made to proceed with a therapeutic procedure at the
bedside in the ICU. This case represented a real challenge
as he had severe spontaneous pneumothorax associated with
increased intraocular pressure. Furthermore, secondary
spontaneous pneumothorax represents a challenge, as there
is high risk of recurrence if a bronchoscopic approach
to stop or minimize air leak was not complemented by a
thoracoscopic approach to prevent recurrence or identify
air leak site. Given such unique challenge, we decided to
proceed with both approaches consecutively if the air leak
did not cease almost completely with initial bronchoscopic
approach. He underwent a bronchoscopy in the ICU and
a custom-made silicone plug along with fibrin glue was
inserted into the target airway segment (Figure 5) with
<50% decrease in air leak. This was followed subsequently
by MT with chemical pleurodesis, fibrin glue and visually
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Figure 5 Bronchoscopic view of a custom-made silicone plug along with fibrin glue (arrow) deployed in the targeted airway; medical

thoracoscope view allowing chemical pleurodesis, fibrin glue insertion and visually directed chest tube placement (arrow).

directed chest tube placement (Figure 5). Patient had
immediate tremendous decrease in air leak followed by
chest tube removal 3 days later (Figure 6). Four weeks later,
he underwent an outpatient bronchoscopy for silicone plug
removal (Figure 6).

Exudative pleural effusion of unknown etiology

A 78-year-old man had history of severe heart failure and
right pleural effusion which was exudative along with
negative cytology twice on repeated thoracentesis. He
was admitted to ICU for increased dyspnea and close
monitoring. A M'T was done at the ICU bedside with
minimal sedation and local anesthesia. Upon inspection,
a pleural mass was noted on the diaphragm (Figure 7).
A biopsy was done that was consistent with lung
adenocarcinoma. Patient had a trapped lung and IPC was

© Journal of Thoracic Disease. All rights reserved.

placed following M'T. Such quick bedside procedure allowed
the ICU team to discuss prognosis as well as diagnosis for
such patient with unexplained exudative pleural effusion.

"This case illustrates the importance of M'T in undiagnosed
exudative pleural effusion. Although the etiology of
almost 80% of pleural effusions can be detected through
careful history, physical examination as well as diagnostic
thoracentesis, the remainder remain undiagnosed (10).

The advantage of MT is the ability to provide direct
visualization of the pleural space with targeted pleural
biopsies leading to high diagnostic yield in unexplained
exudative pleural effusion (18,19).

Approach to pleural infection

Figure § illustrates an algorithm to approach patients with
pleural infection. Patients with small anechoic pleural

7 Thorac Dis 2021;13(8):5232-5241 | http://dx.doi.org/10.21037/jtd-2019-ipicu-02



5238

Thakore et al. MT in ICU

Figure 6 Chest radiography showing improvement of the air leak with subsequent removal of chest tubes; bronchoscopy view demonstrating

a successful removal of the silicone plug few weeks later.

Figure 7 Medical thoracoscopy showing (A) a plural mass on the hemidiaphragm (arrow), (B,C) biopsy of the pleural mass.

effusion in setting of infection, usually resolves with
medical therapy alone. If patient fails to respond to medical
management, a chest tube insertion or serial thoracentesis
would be needed. In patients with large anechoic pleural
effusion or complex non-septated pleural effusion, either
a thoracentesis or chest tube thoracostomy along with
appropriate medical therapy should be performed, which
ideally is decided after mutual discussion with patient. In
patients with complex septated parapneumonic effusion,
chest tube thoracostomy is recommended followed
immediately by either fibrinolytic therapy or M'T depending
on patient comorbidities, local expertise and patient/
physician preference. If patient is critically ill and unstable
for transfer to operating room or bronchoscopy suite, then

© Journal of Thoracic Disease. All rights reserved.

bedside M'T might be considered. If imaging shows trapped
lung, echoic pleural effusion or stage 3 empyema, consider
early thoracic surgery consultation following chest tube
thoracostomy if patient is a candidate for surgery. If patient
develops chronic pleural infection, then open thoracotomy
is generally required (20). If not a surgical candidate,
then non-surgical alternatives include tunneled pleural
catheter (21), empyema tube (22), open pleural window,
wound VAC or thoracoplasty (20).

When collecting pleural fluid, blood culture bottles
for bedside inoculation of pleural fluid (23) or bedside
ultrasound guided pleural biopsies (24) can be done to
increase microbiological diagnostic yield. Pleural biopsies
are performed with ultrasound assistance, using 18-gauge
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Figure 8 Approach to patients with pleural infection. US, ultrasound; IPFT, intrapleural fibrinolytic therapy; VATS, video-assisted thoracoscopic surgery;

VAC, vacuum-assisted closure.
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core biopsy needle. We recommend aiming for parietal
pleura adjacent to the largest pocket of pleural fluid. In
addition, pleural irrigation with saline can be considered to
improved pleural drainage (25). We recommend using study
protocol, which is 250 mL of saline irrigation with gravity
three times a day for three days (25).

Conclusion

In summary, MT can effectively be performed at bedside
in selected patients in ICU by trained interventional
pulmonologist. It can be a valuable if patients are at
high risk for surgery and transportation. Flexible-rigid
thoracoscope is preferable for performing bedside M'T. The
application of bedside M'T in ICU includes pleural biopsy,
adhesiolysis in pleural infection, and pleurodesis. Available
evidence suggests that the safety profile of bedside MT in
ICU is similar to MT performed in either operating room
or bronchoscopy suite. More studies are needed to further
define role and safety of bedside M'T in ICU.
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