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Tube thoracostomy; chest tube implantation and follow up
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Abstract: Pneumothorax is an urgent medical situation that requires urgent treatment. We can divide this
entity based on the etiology to primary and secondary. Chest tube implantation can be performed either in
the upper chest wall or lower. Both thoracic surgeons and pulmonary physicians can place a chest tube with

minimal invasive techniques. In our current work, we will demonstrate chest tube implantation to locations,

methodology and tools.
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Introduction

Tube thoracostomy is the most commonly performed
surgical procedure in thoracic surgery.

It is defined as insertion of a tube (chest tube) into the
pleural cavity to drain air, blood, bile, pus, chyle or other
fluids (1).

The first description of thoracostomy begins with
Hippocrates (2). In the 14" century, some surgeons, such
as Guy de Chauliac, used it for the management of chest
trauma, without anesthesia. In the early 18" centery,
Boerhaave recognized the need to evacuate the hemothorax
that resulted from penetrating wound of the chest (3), and
in 1876, Hewett (4) was the first to use a completely closed
intercostal drainage system, but it was not until World War
II that tube thoracostomy became common in the treatment
of injured patients (5).
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Contraindications

Absolute contraindications: Published guidelines state there
are no absolute contraindications for drainage via tube
thoracostomy, except when a lung is completely adherent to
the chest wall throughout the hemithorax, or upon patient
refusal (6).

Relative contraindications: risk of bleeding due to
coagulopathies or anticoagulation medications, and
infection overlying the insertion site. Whenever possible,
coagulopathies and platelet defects should be corrected
with the infusion of blood products prior to the procedure.
Overlying cellulites or herpes zoster infections should be
avoided by choosing another puncture site. Other relative
contraindications include multiple pleural adhesions,
emphysematous blebs and scaring.

The procedure should be always explained fully to the
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patient before taking written consent. Written consent
should be always obtained, except in emergency situations.

Chest drain insertion has been reported to be a painful
procedure with 50% of patients experiencing pain level of
9-10 on a scale of 10, and therefore premedication, such as
local anesthetic (1-2% Lidocaine), should be given.

As a chest drain may remain in situ for several days,
aseptic technique is essential to avoid wound site infection
or secondary empyema.

British Thoracic Society (BTS) has recommended
the “Triange of safety” (Figure I) as the site for insertion
for intercostal drain (7). This area is bordered by the
anterior border of the latissimus dorsi, the lateral border
of the pectoralis major muscle, a line superior to the
horizontal level of the nipple, and an apex below the axilla.
Most surgeons insert the chest tube via an incision at
the 4™ or 5™ intercostals space in the anterior axillary or
mid-axillary line, as the innermost layer of intercostals
muscle being poorly developed at this point, and comprising
thin intercostals, which blend with the internal intercostals
layer except where separated by neurovascular bundles.
To avoid neurovascular bundle, it is normally advocated
that the drain be located in the interspace just too superior
margin to the lower rib (8).

The patient should be positioned supine or at 45° angle
(elevation the patient lessens the risk of diaphragm elevation
and consequent misplacement of the chest tube into the
abdominal space. The arm on the affected side should be
abducted and externally rotated, simulating a position in
which the palm of the hand is behind the patient’s head,
which will spread the intercostals space.

After sterilization of the area with betadine solution,
local anaesthetic (5 mL of 1% lidocaine solution) should
be infiltrated to the skin with 25-gauge needle. Using
continued negative suction as the needle advances,
confirmation of entery into the pleural space will be filling
the syringe with air. An incision of about 2 c¢m is made
parallel to the upper margin of lower rib, following blunt
dissection with dissection clamp, the pleural space is
penetrated. Any parenchymal adhesions, if present, can be
eliminated through finger exploration.

There are three techniques most commonly used to
place a chest tube. The standard technique employs blunt
dissection to access the pleural space. The Seldinger
technique uses serial dilatation over a guide wire and third
technique is by using trocar.

When using the trocar, significant force should never be
used, as this risks sudden chest penetration and damage to
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essential intra-thoracic structures. The trocar technique is
associated with a higher rate of intrathoracic organ injury (9).

The Advanced Trauma Life Support course sponsored by
the American College of Surgeons recommends the clamp
and finger technique. Trocar insertion or pigtail catheter
insertion using the Seldinger technique is reserved for
experienced surgeons familiar with chest wall anatomy

In Seldinger technique, after insertion of an introducer
needle into the pleural space, a guide wire is inserted
through the introducer needle, and after using dilators a
chest tube is inserted into the pleural space.

In trocar technique, after penetrating into pleural space,
the trocar and drain together are advanced towards the apex
by using force.

Chest drains should be secured with 1.0 silk suture
anchored to the skin and the drain with a suitable non slip
knot technique.

Some surgeons avoid insertion of chest tube at the
second intercostal space in the mid-clavicular line, as this
requires dissection through the pectoralis muscle and
glandular tissue in female patient, which can lead to the
serious infection (mastitis), leaves a visible scar, and often
don’t have fully control of pleural space.

For evacuation of an apical pneumothorax, an alternative
site can be apical access through the first intercostals space
in scapular line. During the procedure it is important not to
access trocar anteriorly, due to large subclavian vessels can
be seriously injured. This access is quite comfortable for the
patient and easy to handle. Usually it requires experienced
thoracic surgeons to perform.

The operator can assume that the drain is in the pleural
cavity if:

® The chest drain fogs up;

¢ The fluid level in the chest drain internal pipe swing;

® The prime level fluid bubbles when patient coughs;

¢ Pleural fluid drains from the chest.

Recent literature suggests that treatment with small caliber
tube thoracostomy is equally effective and less painful then
treatment with large caliber tubes. There are several varieties
of tubes for thoracostomy. Small pigtail catheters (10-14 F)
placed with wire guidance have become increasingly popular.
Studies comparing wire-guided technique with small-bore
(<14 F) and large-bore (>14 F) catheters have demonstrated
that small bore catheters are more accurate (10) with no
disadvantage in clinical outcome (11,12).

Once the chest tube has been inserted, it must be
connected to either suction or an apparatus to allow
unidirectional drainage (water seal without suction or a
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Heimlich valve). This is usually the closed underwater seal
bottle in which a tube is placed under water, which enables
the operator to see air bubbles, but it include obligatory
inpatient management, difficulty of patient mobilization
and the risk of knocking over the bottle.

Recent randomized trials following pulmonary resection,
when air leak is common, showed that applying suction to
chest tubes should be avoided. Most patients with small to
moderate size air leks benefit from early conversion (first
24 hours) to water seal (13-15). There is no evidence to
support the routine initial use of suction in the treatment
of spontaneous pneumothorax or in sealing air leaks or
reducing hospital stay.

One popular method is to use a commercially available
three-chamber water seal system (16). The three-chamber
device drains the chest tube to a collection chamber that is
sealed by middle water chamber. The water seal chamber
contains a gauge that demonstrates the degree of air leak in
the system. Wall suction tubing is connected to the third
(suction) chamber. A regulator built into the device controls
the vacuum in the suction chamber. A low-level vacuum
(5-20 cm H,0) is recommended in most circumstances.
A stronger vacuum will increase the flow through the
system in a diminishing manner (17).

A simple one-way valve (Heimlich valve) may be attached
to the chest tube to allow the patient freedom from wall
suction. However, this will accomplish only passive,
suctionless drainage.

Tube thoracostomy is an invasive procedure and
complications can result due to inadequate knowledge of
thoracic anatomy or inadequate training and experience.

Complications of tube thoracostomy can be classified
as either technical or infective. Technical causes include
tube malposition, blocked drain, chest drain dislodgement,
reexpansion pulmonary oedema, subcutaneous amphysema,
nerve injuries, cardiac and vascular injuries, oesophageal
injuries, residual/postextubation pneumothorax, fistulae,
tumor recurrence at insertion site, herniation through
the site, chylothorax and cardiac dysrhythmias. Infective
complications include empyema and surgical site infections
including cellulites and necrotizing fasciitis.

A survey of junior residents on the anatomical landmarks
when inserting an intercostals drain revealed that 45% were
placed outside the safe area of chest drain insertion with
the most common error (20%) being a choice of insertion
too low (18). When a chest drain is placed too low, there is
a high probability of abdominal placement, and chest tube
will not only perforate the diaphragm but also will damage
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intra-abdominal organs.

A 2006 meta-analysis confirmed that 24-hour regimen
of a first-generation cephalosporin significantly reduces
postinsertion pneumonia and empyema in trauma patients (19).
However, the use of prophylactic antibiotics has been
found unnecessary in patients with primary spontaneous
pneumothorax (20).

Silastic tubes are preferred because older tubes have
fewer drainage holes, are not well visualized on chest
radiographs and produce more pleural inflammation.
Silastic chest tubes contain a radiopaque strip with gap that
serves to mark the most proximal drainage hole.

There is no evidence to suggest that clamping a chest
drain prior to its removal increases success or prevent
recurrence of a pneumothorax and may be hazardous. By
clamping the chest drain for several hours (4-6 hours),
followed by a chest radiograph, a minor air leak may be
detected, avoiding the need for later chest drain reinsertion.

Prior to removal of a chest tube, the chest radiograph
must show complete expansion of the lung and there should
be no air leaks during coughing or suction. Chest tube
should be removed with the patient performing a valsalva
maneuver or during expiration. A repeat chest radiograph
can rule out a pneumothorax, which can occasionally occur
during removal.

The rate of complications associated with tube
thoracostomy is from 3% to 18% (21). In patients with
pneumothorax, placement of a chest tube should be safer,
since there is a space between the chest wall and the lung.
Complication rates of tube thoracostomy have been found
to be higher in critically ill patients with about 21% of
tube placed intrafissurally and 9% intraparenchymally (22).
Trocar technique of chest tube insertion has been shown to
increase the risk of complications such as tube malposition,
compared with the blunt dissection technique (23).

Chest tube malposition is the most common
complication and has been defined by CT confirmation in
four locations: intraparenchymal, fissural, extrathoracic and
angulation of the drain in the pleural space (24).

() Intraparenchymal tube placement occurs more
likely in the presence of pleural adhesions or
preexisting pulmonary disease. It can be dramatic
if there is associated injury to pulmonary vessels.
However, clinical manifestation may be absent and
the only clue to the diagnosis may be inadequate
drainage of air and fluid.

(I)  Fissural (interlobar) tube placement is significantly
higher when using the lateral approach of tube
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thoracostomy, comparing to the anterior approach.
Malfunctioning interfissural tubes should be
repositioned or replaced to improve function.

(IIT) Chest wall (subcutaneous) tube placement is a rare
complication with reported incidence between
1-1.8% (25). An unstable chest wall secondary to
multiple rib fractures, haemathoma and hurried chest
tube insertion are the most common factors (26).
It can be identified clinically by the lack of
fluctuation of the fluid level in the drainage system,
and radiologically by subcutaneous position of the
chest tube. Subcutaneous tube should be removed
and replaced correctly into the pleural cavity.

Development of subcutaneous emphysema is a known
complication of tube thoracostomy. It is usually presented
as subcutaneous crepitation demonstrable clinically or as
an occult radiological finding. Extensive subcutaneous
emphysema may present with extreme discomfort,
disfigurement, anxiety, upper airway obstruction.

Intercostal artery can be injuried during the insertion of
chest tube. Intercostal arteries may bleed profusely when
traumatized. Dissection during tube insertion should be
done above the superior border of the rib to avoid the
neurovascular bundles on the groove located on the inferior
aspect. If traumatized, thoracotomy for haemostasis is
required.

(IV) Mediastinal tube placement can result in perforation
of heart, injuries to large vessles, perforation of
the esophagus and nerve injuries. Perforation of
the heart is a rare catastrophic complication and
injuries of both atrii and ventricles have been
reported (27-30). Predisponing factors in patients
reported were thoracic deformities, enlarged
cardiac chambers, trauma, and postpneumonectomy
space. Injury to the pulmonary artery is a rare but
serious complication of chest tube insertion (31).
This injury occurred mainly with the use of trocar
method, compared with dense pleural adhesions
in pleural space or postpneumonectomy space.
Injury to the subclavian artery may occurred using
apical access through the first intercostals space in
scapular line with trocar. Nerve injuries (Horner
syndrome, phrenic nerve, ulnar nerve) are rare and
mostly reported in paediatric population.

Abdominal placement of chest tube usually occurs
when tube thoracostomy is performed too low, below
the “Triangle of safety”. Injuries to the spleen, liver and
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stomach have been reported, as well as in cases of acquired
diaphragmatic rupture with visceral herniation (32). Injury
to hollow viscus requires surgical repair. The extent of
surgery on a perforated viscus depends on the degree of
injury.

Blocked chest tube (nonfunctional) may be due to
kinking, angulation, clot formation within the lumen or the
presence of debris. A cardinal sign of blocked chest tube is
failure of fluid within the tube to fluctuate with coughing or
respiration. Tension pneumothorax can also result in cases
of ongoing air leak.

Chest tube dislodgement can be partial or total. It can be
prevented by meticulous care and good technique of drain
anchorage. The ideal suture to secure the chest tube should
be strong and nonabsorbable (1.0 silk).

Reexpansion pulmonary edema is an uncommon but fatal
complication that can occur following tube thoracostomy,
with mortality rate up to 20% (33). The most important
pathophysiological mechanism appers to be increased
endothelial permeability and loss of integrity of the alveolar
capillaries, leading to exudation of protein-rich fluid. The
risk factors for developing edema in patient include young
age (<40 years), collapse of the affected lung for more than
three days, large pneumothorax (>30% of single lung),
application of significant negative pressure suction and rapid
lung reexpansion (34). Patient usually becomes symptomatic
within 2 hours after rapid reexpansion. There may be frothy
sputum production associated with tachypnea, tachycardia
and cyanosis. The goal should be to keep the pleural
pressure above =20 cm H,O.

Residual/postextubation pneumothorax can be avoided
during the removal of chest tube by maintaining a sustained
valsalva manoeuvre to forcibly inflate the lung against the
chest wall with breathing suspended until the purse string is
tied. Repeat tube thoracostomy is indicated if pneumothorax
is significant or if it is secondary to persistent air leak. Small
residual pneumothorax requires no intervention.

Infectious complication-closed tube thoracostomy is
classified s clean contaminated and hence risk of infection
of wound is 7.7%. Studies of empyema secondary to tube
thoracostomy have reported complication rates from 1% to
25% (35). Empyema occurs more frequently after penetrating
chest trauma than blunt chest trauma as penetrating injuries
allow direct entry of microorganisms into the pleural space
(36-50). Necrotizing fasciitis after tube thoracostomy
has been reported complicating secondary spontaneous
pneumothorax for tuberculosis (48,51-64) (Figures 1-20).
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Figure 1 Local anaesthetic infiltration for apical chest tube insertion. Figure 4 Position of chest tube.

Figure 2 Trocar insertion. Figure 5 Connection of chest tube to water seal system.

Figure 3 Chest tube insertion. Figure 6 The end of the procedure.
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Figure 7 Lateral decubitus position for chest tube insertion.

Figure 9 Skin incision and blunt dissection with clamp. Figure 12 Chest tube position.
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Figure 16 Tube insertion.

.

Figure 14 Suture for chest tube 2. Figure 17 Water seal system/bottle for unidirectional drainage.

Figure 15 At the end of the procedure. Figure 18 Heimlich valve (one-way valve).
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Figure 20 Triangle of safety.
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