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Abstract: A thoracotomy is an incision into the pleural space of the chest. It is performed by surgeons (or
emergency physicians under certain circumstances) to gain access to the thoracic organs, most commonly
the heart, the lungs, or the esophagus, or for access to the thoracic aorta or the anterior spine. This surgical
procedure is a major surgical maneuver it is the first step in many thoracic surgeries including lobectomy or
pneumonectomy for lung cancer and as such requires general anesthesia with endotracheal tube insertion
and mechanical ventilation, rigid bronchoscope can be also used if necessary. Thoracotomies are thought
to be one of the most difficult surgical incisions to deal with post-operatively, because they are extremely
painful and the pain can prevent the patient from breathing effectively, leading to atelectasis or pneumonia.
In the current review we will present the steps of this procedure.
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Introduction

Positioning

Open thoracotomy with pleural abrasion was first
described by Tyson and Grandall in 1941 for treatment of
pneumothorax (1). Later, in 1956 parietal pleurectomy was
introduced by Gaensler. Less invasive procedures, like axillary
thoracotomy became more common during the past decades,
but the main purpose, the resection of bullae and blebs and
the pleurodesis through adhesions of visceral pleura and chest
wall remained the same.
Open thoracotomy is considered a major surgical
maneuver, requiring general anesthesia and endotracheal
tube (single or double lumen) insertion, with the patient
under mechanical ventilation for the duration of the
procedure. One very important aspect that needs to be
considered is pain management, requiring systemic and
often epidural analgesia (2).

Proper positioning of the patient in order to provide
adequate exposure of the thoracic cavity after the incision is
of great importance. Thoracotomies are performed with the
patient in the lateral decubitus position. Care needs to be
taken for injuries that might happen during positioning, due
to nerve stretching or compression at pressure points.
The patient is secured at the operating table with
adhesive tape straps placed over the hip. The superior arm
is flexed and secured with straps on a padded stand, while
the lower arm lies straight on a padded arm holder, secured
the same way (3). Elbows need to be padded in order to
avoid compression. The legs are separated with pillows,
with the lower leg flexed at the hip and the knee and the
upper leg lying straight on the pillows (3). A roll may be
placed under the dependent axilla to release the pressure
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Figure 1 Positioning.

Figure 2 Scin incision.

from the branchial plexus. In order to keep the cervical in a
neutral position, head must be supported with a pad (Figure 1).
After securing the patient, the operating table is flexed
at the middle. This helps to widen the intercostal spaces,
providing easier entrance to the pleural cavity.
Prophylaxis
As in most surgical procedures, administration of
prophylactic perioperative antibiotics is indicated, prior to
the skin incision, in order to minimize the risk of wound
infection. Repeated doses might be required during the
operation to maintain adequate levels of the drug.
Perioperative use of low-molecular-weight heparin is
recommended for prophylaxis from deep venous thrombosis
during the procedure. Additional prophylaxis, e.g., elastic
socks might be required.
Incisions
Posterolateral thoracotomy
Posterolateral thoracotomy is the most commonly used
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approach for most procedures because it provides the
best exposure of the thoracic cavity, and though not many
surgeons prefer it, it’s still used to treat spontaneous
pneumothorax (4). It is performed with the patient in lateral
decubitus position as described above (Figure 2).
The skin incision, shaped as wide “S”, is performed
approximately 1 cm below the tip of the scapula, after
proper sterilization of the area. It extends from the vertical
midline between the medial edge of the scapula and the
thoracic spine posteriorly and the anterior axillary line.
After the skin incision, subcutaneous tissue and the
latissimus dorsi muscle are divided using electrocautery.
Immediately below latissimus dorsi is the serratus anterior
muscle, which can be divided using electrocautery, or
depending on the anatomy, might only be divided from its soft
tissues and thus preserved and retracted anteriorly (musclesparing thoracotomy), providing less post-operative pain.
The entrance to the thoracic cavity is usually accomplished
through the fifth intercostal space, because it allows adequate
exposure of all the lung, but the fourth or the sixth intercostal
spaces might also be used if better exposure of the apical
or the lower segments of the lung is required. The desired
interspace is located after retraction of the scapula and
counting the ribs beneath by palpation. Intercostal muscles
are divided on the surface of the inferior rib, in order to avoid
damage of the intercostal neurovascular bandle.
Limited lateral thoracotomy
This is accomplished with a small incision 4-8 cm in the
auscultatory triangle area. Both latissimus dorsi and serratus
anterior muscles may be preserved, resulting in less postoperative pain and better function of the ipsilateral shoulder
and arm. Entrance to the pleural cavity is gained the same
way as in posterolateral thoracotomy, through division of
the intercostal muscles at their inferior margin. It facilitates
small segmentectomies of the lung (e.g., blebectomy) and
due to the better post-operative cosmetic result and less postoperative is commonly used by many thoracic surgeons.
Axillary thoracotomy
Performed with the patient in the lateral decubitus position
with the arm abducted at 90° degrees in order to provide
access to the axilla, this approach provides excellent exposure
of the apical segments of the lung. It was introduced in the
1970’s and still remains one of the most classic approaches for
apical lesions (5,6).
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or magnetic resonance imaging will vastly help the surgeon
to choose the correct incision, making the whole procedure
much easier. Of course, the surgeon’s experience plays also
an important role and many times it might be preferable to
choose the type of incision he is accustomed to.
Blebectomy/bullectomy

Figure 3 Axillary mini-thoracotomy.

Figure 4 Bullectomy with the use of staplers.

An incision 5-6 cm, from the posterior margin of the
pectoralis major to the anterior margin of the latissimus
dorsi is performed. These muscles are retracted providing
access to the 3rd rib, above which the intercostal muscle is
being divided and entrance to the thoracic cavity is obtained
(Figure 3).
Extreme care needs to be taken during this procedure to
preserve the long thoracic nerve and artery because of their
course through the operating plane above the ribs.
Anterior thoracotomy
This technique has the advantage of keeping the patient
in supine position, thus improving the cardiopulmonary
function during surgery. The ipsilateral arm is placed on
an elevated arm board and the incision is made over the
fourth or fifth interspace from the mid-axillary line to curve
parasternally under the mammal gland. Pectoral muscles
are divided with electrocautery and through the division of
intercostal muscles entrance to the thoracic cavity is obtained.
Pre-operative careful planning, with computed tomography
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Bullae and blebs are the most common cause of primary or
secondary spontaneous pneumothorax. In order to prevent
re-occurrence of pneumothorax, segments of the lung with
bullae or blebs need to be resected.
After access to the thoracic cavity has been achieved,
through one of the foretold incisions, the whole surface of
the lung needs to be inspected thoroughly for blebs and
bullae. Particular attention must be given to the apical and
basal parts of the lung and the lung edges, because these are
the usual places where bullae are formed.
Many times, especially in patients with repeated episodes
of pneumothorax, adhesions between visceral and parietal
pleura might be present, making difficult the entrance to
the thoracic cavity or the mobilization of the lung. These
adhesions must be carefully divided, in order to avoid
damage to the lung or blood vessels.
After the limits of resection are identified, excision of
the abnormal lung tissue is facilitated by the use of linear
cutting staplers. Depending on the size of excision and the
tissue thickness, either blue or green loads may be used.
The general principle followed, is to preserve as much
normal lung tissue as possible, while resecting all the
abnormal lung tissue. If more than one load is used, care
must be taken that the stapling lines do not overlap, because
air-leakage might appear. Smaller bullae and blebs may be
treated with electrocautery or laser (7) (Figure 4).
All the bullae that are inspected must be excised.
The same principle applies for areas of the lung that are
suspicious for ruptured bullae, which might be difficult to
identify. After the final excision is made, careful haemostasis
takes place and the pleural cavity is filled with water, while
re-expansion of the lung takes place, in order to check
the stapler lines for air leak. If necessary, the staple lines
may be reinforced with sutures to reduce the incidence of
postoperative air leaks.
Pleurectomy/pleural abrasion
Pleurectomy is the stripping of parietal pleura. Starting
at the point of the incision, the apical pleura are stripped
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Figure 5 Parietal pleurectomy.

from the chest wall with the help of a Kocher clamp and
electrocautery until the internal mammal vessels, where
the stripping stops, in order to avoid damage to the vessels.
Haemostasis is achieved with the use of electrocautery.
The rest of the parietal pleura and the visceral pleura may
be abraded with dry gauze for better results (7). The point
of this procedure is to achieve pleurodesis, e.g., symphysis
between the visceral pleura and the chest wall, through
inflammation of the visceral pleura, minimizing the
recurrence of pneumothorax.
In the past, there was a lot of controversy between
surgeons as to which method, pleurectomy or pleurodesis
with pleural abrasion, had better results in recurrence
prevention. As later studies showed, the best way to
minimize the risk of pneumothorax recurrence is a
combination of the two methods (5,8) (Figure 5).
At the end of the procedure, two chest tubes are placed
through different small incisions inferior to the starting
incision and they are connected to a Bulau device. Usually
they are guided to the apex of the lung. The lung is then reexpanded, final checks for air leaks or hemorrhage are made
and the incision is closed layer by layer. First the intercostal
space is closed with separate thick absorbable pericostal
sutures. Then the serratus anterior and the latissimus dorsi
are sutured separately, with constant absorbable suture,
following the subcutaneous tissue. The skin is closed last
either with sutures or surgical clips. The chest tubes remain
post-operatively until any possible air leaks stop and the
lung remains expanded in follow-up X-rays.
As it was mentioned above, open thoracotomy is a
common surgical procedure for treating pneumothorax,
although the past years more minimally invasive techniques,
like VATS, have gained ground. The most important
advantage of open thoracotomy and parietal pleurectomy,
according to several meta-analyses of studies, is that
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they have the lowest pneumothorax recurrence rate
(approximately 0-1%) (9-11).
Main disadvantages of the procedure are the postoperative pain and the longer hospital stay (3,12).
Complications [0-16% according to different series (7)] of
open thoracotomy for pneumothorax include blood loss,
prolonged air leaks, pneumonia (7), infection of the trauma,
haematoma, infection of the chest tubes resulting in possible
empyema (13). Another issue that might be of concern is the
cost. Compared to VATS, open posterolateral thoracotomy
costs less as a procedure, but due to longer hospital stay and
the need for continuous analgesia, the total cost is higher
than the one with VATS. This might not be true, though,
about the axillary mini-thoracotomy approach, as there are
studies that show almost the same analgesic consumption,
chest tube drainage duration and hospital stay with the
VATS approach (5). Some other studies show that despite
the slight bigger hospital stay for patients that undergo
axillary mini-thoracotomy, the cost of the procedure is not
that different that VATS (14).
There are numerous studies in the literature that report
zero mortality for axillary minithoracotomy (9,15-17).
Other series report almost 1% mortality for patients with
lung disease, e.g., COPD, emphysema, and pneumothorax,
mainly due to the worsening of the underlying lung disease
(18-35). Radical excision of all the bullae, if that is possible,
accompanied by pleuralabrasion and/or pleurectomy show
the most promising results for these patients (36-55). The
procedure appears to have equal safety and efficiency with
other more invasive open procedures and VATS, for the
treatment of pneumothorax and might provide the results
in cases where there is contraindication for other minimally
invasive techniques (47,56-63).
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