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ABSTRACT
Thoracic trauma is a significant cause of morbidity and mortality, if not treated promptly. 80% to 85% of chest injuries
can be treated with chest tube insertion alone. However, in about four to 20% of population, there is incomplete
clearance of hemothorax following tube insertion and can lead to a condition called retained hemothorax. The purpose
of this review is to establish the role and effectiveness of Video assisted thoracoscopic surgery (VATS) in successful
evacuation of retained hemothorax following blunt thoracic trauma. Relevant articles from databases like Pubmed,
Google scholar, Medline and Cochrane library were included. A retained hemothorax is defined as the persistence of
residual clots in the pleural cavity, which is radiologically evident, 72 hours following initial tube thoracostomy. The
various options to manage this condition include observation, insertion of second thoracostomy tube, intrapleural
fibrinolytic, VATS or thoracotomy. Based on review of existing studies, VATS evacuation was found to have shorter
hospital stay, lesser costs and shorter duration of tube drainage. There was also lesser rate of conversion to thoracotomy
as compared to other methods and fewer complications like fibrothorax and empyema. In hemodynamically unstable
patients, which is a contraindication to VATS, use of intrapleural fibrinolytics like streptokinase may be considered as
an alternative option to provide clearance of the retained hemothorax. Retained hemothorax, when encountered
following thoracic trauma, can be effectively managed by VATS. The decision to use VATS for hemothorax evacuation
should be made promptly for maximum results, especially within three to seven days following trauma.
Keywords: Hemothorax, Retained hemothorax, Video assisted thoracoscopic surgery, Thoracostomy, Thoracic trauma
INTRODUCTION
Thoracic trauma is a significant cause of morbidity and
mortality, if not treated promptly.1 In trauma patients
worldwide, more than 15% of injuries are due to blunt
chest trauma.2 Penetrating chest trauma represents a
separate entity, which is relatively less common but more
deadly than blunt thoracic trauma. The most common
mechanism of blunt chest trauma are motor vehicle
accidents, followed by falls. The problems following blunt
thoracic trauma include tension pneumothorax, massive
hemothorax, pulmonary contusions, multiple rib fractures,
tracheobronchial injuries, major vascular injuries,

diaphragmatic injuries etc. of particular interest is
traumatic hemothorax, wherein the usual line of
management is prompt insertion of thoracostomy tube.1
80% to 85% of chest injuries can be treated with chest tube
insertion alone.3 However, in about four to 20% of
population, there is incomplete clearance of hemothorax
following tube insertion and can lead to a condition called
retained hemothorax.4 The complications of retained
hemothorax include fibrothorax and empyema.5 The
management of retained hemothorax can be done in
multiple ways like evacuation with Video assisted
thoracoscopic surgery (VATS), instillation of intrapleural
fibrinolytics or even thoracotomy.6 The purpose of this
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review is to establish the role and effectiveness of VATS
in successful evacuation of retained hemothorax following
blunt thoracic trauma.
METHODS
All relevant articles were searched from databases like
PubMed, Google scholar, Medline, Cochrane library.
These included various cohort studies, case control
studies, randomized control trials and retrospective
reviews on the role of VATS in cases of traumatic retained
hemothorax. All articles which described VATS following
trauma without preliminary insertion of tube thoracostomy
were excluded.

injuries like pulmonary contusions and pneumonia.14
Sonography of chest has a sensitivity of 76% and
specificity of 100% in detecting retained hemothorax and
differentiating it from underlying pulmonary contusions or
pneumonia, the only disadvantage being high operatordependence.4 CT, despite higher radiation exposure and
increased costs, has the advantage that it can quantify the
amount of blood clot retained in the pleural cavity, the
presence of underlying lung contusions or pneumonia.15
Thus, CT is considered as gold standard for diagnosis of
retained hemothorax in some studies.4 However, in a study
by Morrison et al, CT chest was not considered as an
essential step before performing VATS, if significant
collection was noted on Chest X-ray, three days following
trauma.16

DISCUSSION
Management
Retained hemothorax
A retained hemothorax is defined as the persistence of
residual clots in the pleural cavity, which is radiologically
evident, 72 hours following initial tube thoracostomy.7
The amount retained can range from less than 300 ml to
more than 500 ml. Following trauma, a chest tube is
inserted immediately to evacuate hemothorax. Usually,
most hemothorax get absorbed spontaneously.8 In four20% of population, it may not resolve.
The risk factors for development of retained hemothorax
include presence of bilateral thoracic injuries, need for
intubation on the day of admission and higher Injury
severity score (ISS).9 High initial output from chest tube,
number and duration of chest tube drainage also determine
the risk for retained hemothorax. However, the position of
tube relative to lung parenchyma or high chest tube
placement did not determine the need for secondary
intervention.10 Kugler et al showed that irrigation of
pleural cavity with 1 L warmed sterile saline during the
time of insertion of thoracostomy tube lowered the
requirement of secondary intervention.11 In a retrospective
review by Bilello et al, it was observed that occult
hemothorax with size ≥1.5 cm on Computer tomography
(CT) were 4 times more likely to require intervention than
those with size <1.5 cm.12
Some of the retained hemothorax may progress to
complications like fibrothorax or empyema. The residual
clot in the pleural cavity promotes formation of adhesions,
which restricts the lung expansion, leading to trapped lung.
In a study by Sinha et al, this complication rate for
fibrothorax and empyema following small hemothorax
was found to be 3.3% (8). The risk factors for development
of empyema include presence of rib fractures, ISS ≥25,
need for additional therapeutic interventions.13
Both plain chest radiograph and CT can be used to evaluate
for retained hemothorax, 48 to 72 hours following trauma.
Chest X-ray is simpler to perform, has lesser radiation
exposure, however it cannot quantify the amount of
hemothorax that is retained nor can it identify parenchymal

A patient of trauma diagnosed to have hemothorax, usually
requires placement of a thoracostomy tube of larger size
via the fifth intercostal space, just anterior to mid-axillary
line, to allow for adequate drainage of the collected blood,
except in case of very small hemothorax. A massive
hemothorax is defined as spontaneous evacuation of more
than 1.5 L of blood or drainage of more than 200 ml/hour
over last 2-4 hours following insertion of thoracostomy
tube.1,7 In case of massive hemothorax or if the patient is
hemodynamically unstable, then there is a need for urgent
thoracotomy and exploration.
In hemothorax which is not massive, after insertion of
thoracostomy tube, if the radiographs (chest x ray or CT)
done 48 to 72 hours after trauma, reveal residual clots in
pleural cavity, there comes a necessity to manage the
retained hemothorax to avoid complications. The various
options include- observation, insertion of second
thoracostomy tube, intrapleural fibrinolytic, VATS or
thoracotomy.
Based on a prospective trial for American association for
the surgery of trauma (AAST) by DuBose et al, about 25%
of patients were managed successfully by observation
alone. The strongest predictor for successful observation
was volume of retained hemothorax <300 ml.13 The other
option for management of retained hemothorax is insertion
of a second thoracostomy tube. In a prospective
randomized study by Meyer et al, the enrolled patients
were divided into two groups- one in which a second tube
was inserted and the other group underwent VATS
evacuation. Comparison between the two groups showed
that VATS evacuation led to shorter hospital stay, lesser
costs and shorter duration of tube drainage.5 A similar
study comparing two groups, VATS Vs reinsertion of
chest tube showed longer duration of stay, increased risk
of empyema (20%) and increased wound infection in the
latter group.17 Thus, insertion of second thoracostomy tube
only delayed or complicated appropriate management of
retained hemothorax in most cases.
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Intrapleural administration of fibrinolytics like
streptokinase, urokinase, tissue plasminogen activators
like alteplase also provide a valuable option in the
management of retained hemothorax. In a review by
Hendriksen et al, lytic therapy led to avoidance of surgery
in 87% of cases.18 Also, intrapleural alteplase showed 80%
success rate with 7% bleeding rate, with higher doses and
volumes required for retained hemothorax.19 However, in
a retrospective study comparing use of streptokinase to
VATS for evacuation of retained hemothorax, eight out of
31 cases in which streptokinase was used, failed to show
complete radiological improvement and three cases
developed empyema, whereas, only four out of 34 patients
who underwent VATS showed incomplete radiological
improvement and there was no empyema.6
VATS
Hans Christian Jacobæus, first examined the thoracic
cavity of a tubercular patient using a cystoscope in 1910,
following which Branco applied thoracoscopy to trauma
patients in the year 1946.7 With the advent of minimally
invasive surgery, the use of VATS has grown multi-fold,
especially in thoracic trauma. Some of the well-known
indications include retained hemothorax, persistent
pneumothorax, repair of lung lacerations, control of
intrathoracic bleeding like intercostal arteries,
diaphragmatic injuries, oesophageal, tracheobronchial
injuries, traumatic chylothorax etc.20
In order to perform VATS, patient is placed in lateral
position with the diseased lung up and ipsilateral arm
abducted 90֯ at shoulder. A double lumen endotracheal
tube is placed in order to ensure single lung ventilation.
This aids in visualizing the pleural cavity without
difficulty, owing to collapse of ipsilateral lung. Camera
ports and working ports are placed based on ergonomics
of the surgeon. Adhesions are removed by blunt dissection
or energy devices like electrocautery. All clotted blood is
removed using a suction-irrigation catheter and entire
pleural cavity is inspected for additional injuries like lung
laceration or bleeding intercostal arteries. Other
techniques like uniportal VATS involves using a 1.5 to 2.5
cm incision in the 4th to 6th intercostal space alone
posterior axillary line to access the pleural cavity.21
Ideal time to perform VATS
Depending on the time-lapsed between trauma and
decision to VATS, there may be difficulty in successful
evacuation of retained hemothorax.22 The ideal time to
perform VATS following thoracic trauma for evacuation
of retained hemothorax has been a point of debate.
However, most studies show the advantage of performing
VATS early (within 7 days) over delayed. Abolhoda et al
reported successful evacuation in 12 out of 16 patients,
when VATS was performed within seven days post-injury,
with the added advantage of ruling out diaphragmatic
injuries in three patients. Conversion to thoracotomy
occurred in four cases in view of suboptimal single lung

ventilation or severe pleural inflammatory reaction.23 In a
retrospective case series of 81 patients, Fabbrucci et al
recommended use of VATS 48 hours from trauma, in cases
of uncontrolled air leak or blood loss. This led to shorter
hospital stay and decreased costs.24 A similar retrospective
study showed lesser conversion to thoracotomy (8%) when
VATS was performed within five days of trauma as
compared to more than five days (29.4%) following
trauma.25 In another study, 80% of patients required VATS
for evacuation of retained clots and 20% of cases were
converted to thoracotomy due to dense adhesions, without
any reference to time of trauma.26 When VATS was
performed seven days after trauma, there was increased
incidence of infection, Intensive care unit (ICU) stay,
ventilator requirement and duration of chest tube
drainage.27 In case of patients with head trauma, not severe
to require a craniotomy, associated with thoracic injury, it
was found that VATS can be performed effectively and
safely with the advantage of shorter hospital stay and lesser
infection when done within 4 days of trauma.28 Thus,
earlier the VATS, better is the success rate of evacuation
and shorter is the hospital stay.
Additional uses of VATS
Lung lacerations identified during time of VATS for
hemothorax evacuation can be successfully repaired at the
same setting. In a prospective cohort study, the group
which underwent VATS evacuation with repair of lung
laceration has shorted duration of chest drain, shorter ICU
and ventilator requirement as compared to the group which
underwent only evacuation.29
Fixation of ribs is a controversial topic in management of
thoracic trauma. In a prospective cohort study by Lin et al,
VATS guided fixation of displaced ribs was done along
with evacuation of retained hemothorax. This showed a
decrease in ventilator dependence, lower occurrence of
persistent air leak (>5 days) and lesser requirement of
analgesics.30
VATS is a useful resource for detection and management
of diaphragmatic injuries. It has a sensitivity of 71.5% and
specificity of 75% in detection of diaphragmatic
lacerations.31 These lacerations have also been repaired
thoracoscopically in several cases. VATS is also found to
be helpful for retrieval of foreign bodies from thoracic
cavity.32
Contraindications to VATS
Contraindications to VATS include hemodynamic
instability, massive hemothorax, inability to sustain single
lung ventilation owing to previous surgery, adhesions, or
severe COPD (chronic obstructive pulmonary disease). In
such cases, use of intrapleural fibrinolytics like
streptokinase may be considered as an alternative option to
provide clearance of the retained hemothorax. It is
especially effective in collections <300 ml.19
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CONCLUSION
Retained hemothorax, when encountered following
thoracic trauma, can be effectively managed by VATS.
The advantage of VATS is mainly due to its minimally
invasive nature leading to shorter hospital stay, lesser
wound infections and fewer complications like empyema
and pneumonia. The decision to use VATS for hemothorax
evacuation should be made promptly for maximum results,
especially within three to seven days following trauma.
However, the surgeon should not hesitate to convert to
open thoracotomy in case of difficulty or hemodynamic
instability.
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