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Background and Objective: Video-assisted thoracoscopic surgery (VATS) techniques have expanded
rapidly in elective thoracic surgery over the past several decades. During the same time, the role of minimally
invasive therapies in trauma surgery, such as laparoscopy and endovascular interventions, have also expanded
tremendously. VAT is being increasingly utilized in the care of trauma patients, however the role of VATS
in the management of an acute injured patient or in the management of the sequalae of traumatic injury is
not well defined in guidelines. The purpose of this narrative review is to provide the reader with the most
up-to-date evidence regarding the utility of VATS in trauma surgery.

Methods: We performed a literature review of studies describing the use of thoracoscopy in trauma patients
in PubMed. There were no date restrictions. The review was limited to studies written in English. Studies
were included for evaluation based on the title and abstract, and subsequently reviewed in detail by the
authors. Additional studies regarding injury patterns and management techniques were queried and reviewed
as necessary.

Key Content and Findings: The most common indication for VATS in trauma, and intervention that
is best supported by data, is evacuation of retained hemothorax. The use of VATS is also well supported
and commonly utilized in acute hemothorax in a hemodynamically stable patient, persistent pneumothorax
or prolonged air leak, diagnosis and treatment of hemopericardium in select patients, and diagnosis and
treatment of diaphragm injuries. Minimally invasive approaches to surgical stabilization of rib fractures are
under development, but the precise role of surgical management of rib fractures and flail chest is not well
established.

Conclusions: A growing body of evidence supports the use of VATS in the management of acutely injured
patients with thoracic injuries as well as traumatically injured patients with sub-acute or chronic sequelae of

their injures.
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Introduction

Trauma is the fourth leading cause of death in the United
States, accounting for over 210,000 deaths in 2021, which
was significantly increased since 2020 (1). Thoracic
injuries are estimated to be the primary cause of 25%
of trauma deaths and significantly contribute to another
25-50% of deaths in trauma patients (2,3). Most thoracic
injuries requiring surgery are managed with either tube
thoracostomy or thoracotomy, however video-assisted
thoracoscopic surgery (VATS) has a long history in the
diagnosis and management of thoracic injuries. VATS, like
other minimally invasive modalities such as laparoscopy and
endovascular interventions, is associated with lower rates
of morbidity and rapid recovery in comparison to open
techniques and has therefore been increasingly utilized in
the care of the trauma patient (4-7).

"The purpose of this article is to provide a narrative review
of the most up to date guidelines and published evidence
regarding the utility of VATS in trauma with a focus on
hemothorax, retained hemothorax, pneumothorax and
persistent air leak, diaphragm injuries, hemopericardium,
rib fractures, and flail chest. We also provide a brief history
of thoracoscopy in the care of the trauma patient. We
present this article in accordance with the Narrative Review
reporting checklist (available at https://vats.amegroups.
com/article/view/10.21037/vats-23-61/rc).

Methods

We performed a review of studies in PubMed investigating
thoracoscopic surgery in the management of several
common thoracic injuries. The review was limited to
studies in English. Studies were initially evaluated based on
title and abstract. Meta-analyses, randomized controlled
trials, prospective observation studies, and retrospective
cohort studies were included. There were no publication
date restrictions. Table 1 provides details of the literature
search strategy. The authors performed a detailed review
of each manuscript to determine inclusion; qualitative
and quantitative analysis was not performed. Thirty-
seven studies were included. Additional studies regarding
general background information or specific injury patterns
were queried, reviewed, and included as necessary—seven
additional studies were included for these purposes.

Brief history of VATS in trauma

There is controversy regarding the origins of thoracoscopy.
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However, credit is generally given to H.C. Jacobaeus, an
internist from Stockholm who published reports of using
a modified cystoscope to inspect the pleural cavity and
perform lysis of adhesions for patients with tuberculosis
in 1910. This procedure was performed commonly
for many years until the introduction of intrapleural
streptokinase in 1945 (8,9). In 1946, Dr. Branco from
Rio de Janeiro provided the first widely published case
series of thoracoscopy in trauma. He reported five cases of
penetrating chest trauma, stab wounds and gunshot wounds
managed acutely with thoracoscopy, evacuation of blood,
and irrigation of the pleural cavity. Branco wrote: “I feel
certain that thoracoscopy will be very useful for the diagnosis of all
varieties of such wounds.” (10).

In 1981, Dr. J.W. Jones and colleagues from Tulane
University in New Orleans published their case series
of 36 patients taken to the operating room urgently for
thoracoscopy after penetrating thoracic trauma. After
chest tube placement and appropriate resuscitation in the
trauma bay, hemodynamically stable patients were taken
to the operating room where the chest tube was removed
and a thoracoscope was placed under local anesthesia. The
chest was explored, hemothorax evacuated, all injuries
identified, and, in some cases, active bleeding stopped with
electrocautery. Interestingly, eight of these patients had
initial chest tube output of greater than 1,500 mL of blood
and an additional seven patients had greater than 200 mL
of blood per hour for two or more consecutive hours; these
patients were spared thoracotomy after inspection of the
chest with the thoracoscope demonstrated no ongoing
bleeding. The authors concluded that thoracoscopy is a
useful tool for early management of hemothorax, however
this practice pattern was not adopted (11).

VATS continued to be used in the care of trauma
patients through the 1990’ and early 2000, correlating
with the expansion of VATS for elective thoracic surgery
including lobectomy, with small studies noting efficacy
and safety in diagnosis and management of diaphragm
injury, retained hemothorax, empyema, and on-going chest
tube bleeding (12). More recently, stronger evidence has
emerged for these and several other indications for VATS in
the traumatically injured patient, as will be described in the
subsequent sections of this review.

Hemothorax & retained hemothorax
There are approximately 300,000 cases of hemothorax

in the US each year, making it a common sequela of
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Table 1 Literature search strategy summary

ltems Specification
Date of search August 2023
Database PubMed
Search terms used - VATS

- Video-assisted thoracoscopic surgery

- Hemothorax

- Retained hemothorax

- Persistent air leak

- Pneumothorax

- Hemopericardium

- Cardiac tamponade

- Diaphragm injury

- Trauma diaphragm hernia

- Rib fractures

- Rib plating

- Surgical stabilization of rib fractures
Timeframe Up until date of search
Inclusion criteria

English language only

Selection process Studies selected by authors without
qualitative or quantitative review based

on relevance and currency

VATS, video-assisted thoracoscopic surgery.

blunt and penetrating thoracic trauma. Approximately
one third of blunt thoracic trauma patients present with
hemothorax (13). Traditional management includes
immediate tube thoracostomy with progression to
thoracotomy for hemodynamically unstable patients or
for patients with high chest tube output (4). The role
of VATS in the acute management of hemothorax in
hemodynamically stable patients is not well defined.
There are published case series describing VATS for
hemodynamically normal patients with high chest tube
output, often with discovery of a lung laceration or chest
wall vessel injury as the culprit, allowing for hemorrhage
control in a minimally invasive manner and avoiding
thoracotomy. A VATS approach to acute hemothorax
may not be feasible in the setting of heavy bleeding that
obscures visualization or inability to maintain lung isolation.
Advocates for VATS in acute hemothorax call attention to
the additional utility of diagnosing esophageal or diaphragm
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injuries via direct inspection with a thoracoscope, which
may be difficult to diagnose with imaging alone (14).
There are currently no consensus guidelines regarding the
utility of VATS for the management of acute hemothorax.
Described techniques for obtaining hemostasis in the chest
during VATS exploration include packing, application of
clips and electrocautery to chest wall vessel injuries, and
wedge resection of pulmonary parenchyma injuries (15).

VATS has a much more defined role in the management
of retained hemothorax, which is commonly defined as either
300 or 500 mL of undrained blood after tube thoracostomy.
No consensus exists on precise volumes of small, moderate,
or large retained hemothorax, however a multicenter
prospective trial found that estimated retained hemothorax
volume less than 300 mL was the single strongest
independent predictor of successful observation (16).

About 3% of patients with hemothorax will develop
retained hemothorax, many of whom will go on to develop
empyema (26.8%) or pneumonia (19.5%) (13,16). Retained
hemothorax is the most common indication for VATS
in trauma patients (17). National guidelines presently
recommend evacuation of retained hemothorax via VATS
over treatment with intrapleural lytic therapy, though
this is a weak recommendation based on low levels of
evidence. Studies have shown intra-pleural thrombolytics
are associated with higher rates of empyema and need for
additional procedures in comparison to initial management
with VAT'S evacuation of retained hematoma, however, the
diagnosis definitions, treatment algorithms, and outcomes
reporting in these studies are not consistent (4,18).

The optimal timing of evacuation of retained
hemothorax has been the topic of much study. Prior to the
use of VAT'S for evacuation of retained hemothorax, Mattox
published a case series demonstrating zero mortalities
and 10-day mean hospital length of stay (LOS) in patients
undergoing thoracotomy within 5 days of injury, in
comparison to 2.4% mortality and 25-day hospital LOS for
evacuation after 5 days (13). Smith ez a/. showed that when
using a VAT approach, early surgery (less than 5 days)
was associated with lower conversion to open thoracotomy
(8% wvs. 29.4%, P<0.05) and shorter hospital LOS (116
vs. 16+8 days, P<0.05). Additionally, zero patients who
underwent early VATS for retained hemothorax went on
to develop empyema and were therefore spared additional
interventions such as percutaneous drainage, tube
thoracostomy, or additional operative interventions (17).
The Eastern Association for the Surgery of Trauma
defines “early” evacuation of retained hemothorax as 4 or
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fewer days after injury, with “late” defined as 5 or greater
days, and recommends early VATS evacuation of retained
hemothorax (4). However, this recommendation is based
on low quality evidence and has not been validated in a
randomized controlled trial.

Pneumothorax & persistent air leak

Pneumothorax continues to be common in trauma patients,
perhaps increasingly so as chest computed tomography
is more liberally used in the trauma bay and more occult
pneumothoraces are discovered. Management of traumatic
pneumothorax has evolved over the past 10-15 years,
with more data emerging to support observation of small,
asymptomatic or minimally symptomatic pneumothoraxes
rather than routine use of chest tubes (19). For those
pneumothoraxes that require tube thoracostomy,
development of a persistent air leak may be an indication
for operative intervention. Presently there is no standard
definition for “persistent” air leak. The Society of Thoracic
Surgeons (STS) database tracks air leaks greater than
5 days as a performance measure after lobectomy, so this
is a generally agreed upon definition. Various authors and
investigators have used between 3-5 days as a cut-off within a
given institution or case series. Also lacking is a widely agreed
upon system for measuring or assessing severity of an air leak.

Based on several small case series, VAT'S may have a role
in the management of persistent air leaks after traumatic
pneumothorax. In one small series specifically studying
persistent posttraumatic air leak greater than 3 days, VATS
was superior to nonoperative management in terms of
chest tube days (8.1 vs. 11.8 days) and hospital LOS (9.7 vs.
16.5 days). These authors offered VATS if the patient was
otherwise ready to discharge home. The operation consisted
of leak-testing the lung using a combination of VATS and
bronchoscopy, resecting any parenchymal injury, performing
mechanical pleurodesis, and placing a chest tube (20).
Because of the lack of robust data on management of
persistent air leak in traumatic pneumothorax, it is
reasonable to use other management strategies similar to
persistent air leak after lung resection such as expectant
management, blood patch, bronchoscopy and endobronchial
valve, or chemical pleurodesis.

Diaphragm injury

The use of thoracoscopy for the identification of traumatic
diaphragm injuries was first described in 1993 (21). Despite

© Video-Assisted Thoracic Surgery. All rights reserved.

Video-Assisted Thoracic Surgery, 2024

tremendous improvements in cross sectional imaging
technology and widespread use of routine CT scans for
trauma patients, diagnosis of traumatic diaphragm injury
continues to rely upon direct visualization of the diaphragm.
Most traumatic diaphragm injuries are identified and
repaired via laparotomy performed to address associated
intraperitoneal injuries (22). But in stable patients who
otherwise do not have an indication for laparotomy
or thoracotomy, national trauma guidelines currently
recommend laparoscopy or thoracoscopy for left sided
penetrating thoracoabdominal trauma to diagnose acute
traumatic diaphragm injury.

There are currently no studies directly comparing
laparoscopy and thoracoscopy for the diagnosis and
management of traumatic diaphragm injuries. The decision
whether to perform laparoscopy or VATS to will depend
on each individual case and on the surgeon’s experience
and comfort-level with both techniques. Laparoscopy has
been shown to be useful in diagnosing diaphragm injuries,
with many authors recommending laparoscopy in all
hemodynamically stable patients with penetrating trauma to
the left thoracoabdominal region given the high incidence of
associated diaphragm injuries (23). Additionally, laparoscopy
allows for the identification and management of concomitant
intra-abdominal injuries which more frequently require
surgical intervention, as opposed to concomitant intra-
thoracic injuries identified with VATS which can often be
managed with tube thoracostomy alone (24).

VATS has shown to be an accurate method of identifying
diaphragmatic injuries with an accuracy rate of 98-100%.
Unlike laparoscopy, there is no risk of capnothorax from
abdominal insufflation in the setting of a diaphragmatic
injury. However, a VATS approach may be more technically
challenging, and unlike laparoscopy VATS requires the
placement of a thoracostomy tube (25).

Due to difficulties identifying diaphragm injuries on
imaging, many are missed upon initial evaluation after
trauma leading to delayed presentation with visceral
herniation. The natural history of chronic traumatic
diaphragm hernia is not well known. The physiologic
pressure gradient between the pleural and peritoneal cavities
would suggest that these hernias will enlarge over time and
gradually displace more abdominal viscera into the chest,
potentially leading to obstruction or strangulation of the
GI tract or respiratory compromise. Most authors therefore
recommend repair of chronic traumatic diaphragm hernias
when they are discovered (26). There are a variety of
approaches to repair these chronic defects—open versus

Video-assist Thorac Surg 2024;9:8 | https://dx.doi.org/10.21037/vats-23-61



Video-Assisted Thoracic Surgery, 2024

Page 5 of 8

Table 2 Comparison of advantages and disadvantage of abdominal versus thoracic approach to traumatic diaphragm injury

Laparoscopy

VATS

Allows for identification of intra-abdominal injuries which often require

intervention

Tension pneumothorax can occur with insufflation in the setting of TDI

Proven effective in the diagnosis of TDIs
No thoracostomy tube required

Repair can be performed more easily

Allows for identification of intra-thoracic injuries

No risk of tension pneumothorax from insufflation
Highly accurate for diagnosis of TDIs
Requires thoracostomy tube placement even if negative

Performing TDI repair can be difficult and requires an
experienced surgeon

VATS, video-assisted thoracoscopic surgery; TDI, traumatic diaphragm injury.

minimally invasive, thoracic versus abdominal, primary
repair versus reinforcement with mesh—with little data to
guide clinical decision-making regarding optimal technique.
Early reports comparing laparotomy to thoracotomy
noted similar outcomes between the two approaches,
with the exception of higher rates of pneumonia amongst
thoracotomy patients (27).

Some contemporary authors advocate for a minimally
invasive approach, often with a combination of laparoscopy
and thoracoscopy, while others report routine use of
thoracotomy (28,29). VATS has been reported as a useful
adjunct in laparoscopic repair of chronic diaphragm injuries,
particularly for right sided defects, posterior defects, and
obese patients (28). Comparative studies are lacking, and the
surgical approach to these repairs should be individualized
based on the surgeon’s skill and experience as well as specific
characteristics of the patient and the defect. Advantages and
disadvantages of VAT and laparoscopy in the diagnosis and
management of traumatic diaphragm hernia are detailed
in Table 2.

Hemopericardium

The presence of pericardial fluid on ultrasound after
penetrating thoracic trauma is a concerning finding and is
traditionally managed by subxiphoid pericardial window
and progression to sternotomy or anterolateral thoracotomy
for repair of the underlying cardiac injury (30). Due to the
inherent potential instability of cardiac injuries which can
rapidly deteriorate due to hemorrhage or tamponade, these
patients tend to be managed emergently with little role
for novel or minimally invasive techniques. Despite this,
there are several case series regarding the use of VATS in
hemopericardium.

In one of the earliest and largest case series, Morales
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et al. reported 108 patients with suspected cardiac injuries
due to anatomic proximity (i.e., penetrating injuries to
the “cardiac box”) who underwent thoracoscopy and
pericardiotomy. These patients were hemodynamically
normal with no obvious signs of cardiac injury. To perform
the pericardiotomy, the authors made a 2-cm incision in
the 5" intercostal space at the mid-clavicular line, through
which the camera was placed, and a 3-cm incision over the
cardiac silhouette through which the pericardiotomy was
made using Allis clamps and Metzenbaum scissors. They
reported excellent sensitivity, specificity, and accuracy for
diagnosing hemopericardium in comparison to subxiphoid
window, with minimal perioperative complications, and
with the added benefit of inspection of the entire chest
for other injuries (31). However, this technique was not
widely adopted. In a subsequent case series from a different
institution, investigators reported inability to perform
VATS pericardial window in two patients due to excessive
pericardial fat in one patient and extensive adhesions
in a second patient. These authors saw no benefit and
abandoned the approach in favor of subxiphoid window (32).
In modern practice, VATS pericardial window may be the
preferred approach for pericardial drainage in the setting
of penetrating thoracic trauma, a hemodynamically stable
patient, equivocal pericardial ultrasound findings, and an
associated hemothorax, though underlying cardiac injuries
are generally not amenable to minimally invasive repair (33).

Rib fractures & flail chest

Rib fractures are common in blunt thoracic trauma and
can be associated with significant morbidity and mortality,
especially for elderly or frail patients and those with
underlying chronic lung disease (34). Interest in the
surgical management of rib fractures has dramatically
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increased over the past decade with the creation of an
entire professional society in 2016, the Chest Wall Injury
Society, dedicated to the operative and nonoperative
management of chest wall injuries (35). The role of VATS
in the management of chest wall injury, particularly in the
setting of rib fractures and flail chest, is an area of active
investigation and innovation.

The indications and outcomes of surgical stabilization
of rib fractures (SSRF) are evolving as innovations
in technology, equipment, and techniques are being
developed and published. Presently, SSRF is conditionally
recommended by multiple national societies in the setting
of flail chest causing respiratory derangements and inability
to wean from mechanical ventilation (34,36). Multiple small
randomized controlled trials have shown shorter duration of
mechanical ventilation and shorter intensive care unit LOS
after SSRF in comparison to nonoperative management
in select patients. Other benefits have included lower
incidence of pneumonia, lower incidence of tracheostomy,
improved pain, faster return to employment, and improved
pulmonary function tests months after injury (37-39).

The most commonly employed technique for SSRF
involves incision on the chest wall directly over the fractures
to allow for reduction of the fracture and surgical fixation
of the rib with plates and screws. There are small case series
of a completely VATS approach demonstrating feasibility
with conventional external plates adjusted for internal use,
as well as new plating systems and instrumentation intended
for intrapleural placement (40,41). Surgeons performing
a totally VAT'S approach to SSRF have suggested that this
technique may be less invasive, replacing large external
incisions with three or four small VATS incisions, and may
allow better access to posterior rib fractures adjacent to the
spine or under the scapula. There are reports of performing
SSRF in patients with three or more displaced ribs when
VATS is otherwise indicated for retained hemothorax,
including one small single-institution observational
study demonstrating lower opiate use and shorter LOS
in the group that underwent VATS SSRF in addition to
evacuation of retained hemothorax (42). VATS has also
been suggested as a mean of assessing rib fractures at the
time of surgical stabilization, possibly allowing the surgeon
to achieve optimal chest wall stability without stabilizing all
fractured ribs (43). One additional innovation in the field of
VATS and SSRF is an “extra-thoracic” approach in which
the space between the external aspect of the chest wall and
the overlying musculature is expanded using a dissecting
balloon insufflated with carbon dioxide, allowing for the
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repair in a minimally invasive manner (44).

The innovation of these investigators is noteworthy,
however, quality data supporting SSRF is limited to several
small RCTs showing benefit in a narrow patient population.
VATS SSRF may be technically feasible, but the benefits are
unclear when compared to open fixation or nonoperative
management, and the technical reproducibility and cost
effectiveness have not been sufficiently addressed. This is
an area that will certainly continue to see innovation in the
years to come and may eventually see widespread use with
more investigation and supporting evidence.

Strengths and limitations

This review has several notable strengths and limitations.
The review is based upon an extensive review of existing
literature and presents best available evidence, however,
many of these topics have not been extensively investigated
and the quality of evidence is therefore low. We did not
quantitively assess quality of evidence or risk of bias in
reviewed articles. Also our references are representative of
the current state of evidence but not comprehensive.

Conclusions

VATS plays a critical role in the management of trauma
patients. Evacuation of retained hemothorax is the most
common VATS intervention for retained hemothorax and is
very well supported by data and national guidelines as first
line therapy. VATS for management of acute hemothorax,
persistent air leak after traumatic pneumothorax, and
the diagnosis and management of traumatic diaphragm
injury are also common interventions described in the
literature with varying levels of data to support their
use. Thoracoscopic repair of diaphragmatic hernias after
traumatic diaphragm injuries and VAT pericardial window
for hemopericardium have been reported, but have not
been broadly adopted due to lack of supporting evidence
or limitations in techniques. Lastly, emerging techniques
and innovative technologies in management of chest wall
injury, including rib fractures and flail chest, have shown
great promise and may lead to increased use of VATS in this
patient population in the future.

With the notable exception of retained hemothorax,
the evidence supporting the use of VATS in trauma is low
quality and scarce, and there are ample opportunities for
future studies to help guide thoracic and trauma surgeons in
the role and VATS in the care of the trauma patient.

Video-assist Thorac Surg 2024;9:8 | https://dx.doi.org/10.21037/vats-23-61



Video-Assisted Thoracic Surgery, 2024

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at https://
vats.amegroups.com/article/view/10.21037/vats-23-61/rc

Peer Review File: Available at https://vats.amegroups.com/
article/view/10.21037/vats-23-61/prf

Conflicts of Interest: All authors have completed the
ICMJE uniform disclosure form (available at https://vats.
amegroups.com/article/view/10.21037/vats-23-61/coif).
G.T. serves as an unpaid editorial board member of Video-
Assisted Thoracic Surgery from February 2023 to January
2025. The other authors have no conflicts of interest to
declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Xu], Murphy SL, Kochanek KD, et al. Mortality in the
United States, 2021. NCHS Data Brief 2022;(456):1-8.

2. Meredith JW, Hoth JJ. Thoracic trauma: when and how to
intervene. Surg Clin North Am 2007;87:95-118, vii.

3. O'Connor JV, Adamski J. The diagnosis and treatment
of non-cardiac thoracic trauma. J] R Army Med Corps
2010;156:5-14.

4. Patel NJ, Dultz L, Ladhani HA, et al. Management of
simple and retained hemothorax: A practice management
guideline from the Eastern Association for the Surgery of

© Video-Assisted Thoracic Surgery. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

Page 7 of 8

Trauma. Am J Surg 2021;221:873-84.

Di Saverio S, Birindelli A, Podda M, et al. Trauma
laparoscopy and the six w's: Why, where, who, when, what,
and how? J Trauma Acute Care Surg 2019;86:344-67.
Reuben BC, Whitten MG, Sarfati M, et al. Increasing
use of endovascular therapy in acute arterial injuries:
analysis of the National Trauma Data Bank. ] Vasc Surg
2007;46:1222-6.

Sihoe ADL. Video-assisted thoracoscopic surgery as the
gold standard for lung cancer surgery. Respirology 2020;25
Suppl 2:49-60.

Hoksch B, Birken-Bertsch H, Miiller JM. Thoracoscopy
before Jacobaeus. Ann Thorac Surg 2002;74:1288-90.
Braimbridge MV. The history of thoracoscopic surgery.
Ann Thorac Surg 1993;56:610-4.

MARTINS CASTELLO BRANCO J. Thoracoscopy as a
method of exploration in penetrating injuries of the thorax.
Dis Chest 1946;12:330-5.

Jones JW, Kitahama A, Webb WR, et al. Emergency
thoracoscopy: a logical approach to chest trauma
management. | Trauma 1981;21:280-4.

Villavicencio RT, Aucar JA, Wall MJ Jr. Analysis of
thoracoscopy in trauma. Surg Endosc 1999;13:3-9.
Milfeld DJ, Mattox KL, Beall AC Jr. Early evacuation of
clotted hemothorax. Am J Surg 1978;136:686-92.
Goodman M, Lewis J, Guitron ], et al. Video-assisted
thoracoscopic surgery for acute thoracic trauma. ] Emerg
Trauma Shock 2013;6:106-9.

Karmy-Jones R, Jurkovich GJ, Shatz DV et al. Management
of traumatic lung injury: a Western Trauma Association
Multicenter review. J Trauma 2001;51:1049-53.

DuBose J, Inaba K, Demetriades D, et al. Management
of post-traumatic retained hemothorax: a prospective,
observational, multicenter AAST study. J Trauma Acute
Care Surg 2012;72:11-22; discussion 22-4; quiz 316.
Smith JW, Franklin GA, Harbrecht BG, et al. Early
VATS for blunt chest trauma: a management technique
underutilized by acute care surgeons. J Trauma
2011;71:102-5; discussion 105-7.

Oguzkaya F, Akeali Y, Bilgin M. Videothoracoscopy
versus intrapleural streptokinase for management of post
traumatic retained haemothorax: a retrospective study of
65 cases. Injury 2005;36:526-9.

. Bou Zein Eddine S, Boyle KA, Dodgion CM, et al.

Observing pneumothoraces: The 35-millimeter rule is safe
for both blunt and penetrating chest trauma. ] Trauma
Acute Care Surg 2019;86:557-64.

Schermer CR, Matteson BD, Demarest GB 3rd, et

Video-assist Thorac Surg 2024;9:8 | https://dx.doi.org/10.21037/vats-23-61


https://vats.amegroups.com/article/view/10.21037/vats-23-61/rc
https://vats.amegroups.com/article/view/10.21037/vats-23-61/rc
https://vats.amegroups.com/article/view/10.21037/vats-23-61/prf
https://vats.amegroups.com/article/view/10.21037/vats-23-61/prf
https://vats.amegroups.com/article/view/10.21037/vats-23-61/coif
https://vats.amegroups.com/article/view/10.21037/vats-23-61/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 8 of 8

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

al. A prospective evaluation of video-assisted thoracic
surgery for persistent air leak due to trauma. Am J Surg
1999;177:480-4.

Ochsner MG, Rozycki GS, Lucente F, et al. Prospective
evaluation of thoracoscopy for diagnosing diaphragmatic
injury in thoracoabdominal trauma: a preliminary report. ]
Trauma 1993;34:704-9; discussion 709-10.

Ties JS, Peschman JR, Moreno A, et al. Evolution in

the management of traumatic diaphragmatic injuries:

a multicenter review. ] Trauma Acute Care Surg
2014;76:1024-8.

Mjoli M, Oosthuizen G, Clarke D, et al. Laparoscopy in
the diagnosis and repair of diaphragmatic injuries in left-
sided penetrating thoracoabdominal trauma: laparoscopy
in trauma. Surg Endosc 2015;29:747-52.

McDonald AA, Robinson BRH, Alarcon L, et al.
Evaluation and management of traumatic diaphragmatic
injuries: A Practice Management Guideline from the
Eastern Association for the Surgery of Trauma. J Trauma
Acute Care Surg 2018;85:198-207.

Martinez M, Briz JE, Carillo EH. Video thoracoscopy
expedites the diagnosis and treatment of penetrating
diaphragmatic injuries. Surg Endosc 2001;15:28-32;
discussion 33.

Blitz M, Louie BE. Chronic traumatic diaphragmatic
hernia. Thorac Surg Clin 2009;19:491-500.

Murray JA, Weng J, Velmahos GC, et al. Abdominal
approach to chronic diaphragmatic hernias: is it safe? Am
Surg 2004;70:897-900.

Jones EK, Andrade R, Bhargava A, et al. Surgical
management of delayed-presentation diaphragm hernia: A
single-institution experience. JTCVS Tech 2022;13:263-9.
Zhao L, Han Z, Liu H, et al. Delayed traumatic
diaphragmatic rupture: diagnosis and surgical treatment. ]
Thorac Dis 2019;11:2774-7.

O'Connor J, Ditillo M, Scalea T. Penetrating cardiac
injury. ] R Army Med Corps 2009;155:185-90.

Morales CH, Salinas CM, Henao CA, et al. Thoracoscopic
pericardial window and penetrating cardiac trauma. ]
Trauma 1997;42:273-5.

Navsaria PH, Nicol AJ. Video-assisted thoracoscopic
pericardial window for penetrating cardiac trauma. S Afr ]
Surg 2006;44:18-20.

Vinck EE, Angel EP, Barrios RV, et al. Video-Assisted
Thoracoscopy For Penetrating Cardiac Box Injury in
Stable Patients. Braz J Cardiovasc Surg 2021;36:550-6.
Kasotakis G, Hasenboehler EA, Streib EW, et al.

© Video-Assisted Thoracic Surgery. All rights reserved.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Video-Assisted Thoracic Surgery, 2024

Operative fixation of rib fractures after blunt trauma:

A practice management guideline from the Eastern
Association for the Surgery of Trauma. ] Trauma Acute
Care Surg 2017;82:618-26.

Chest Wall Injury Society. Available online: https://
cwisociety.org/

Delaplain PT, Pieracci FM, Shen A, et al. Chest

Wall Injury Society Guideline for SSRF Indications,
COntraindications, and Timing. Practice Guideline.
Updated 1/10/2020. Available online: https://cwisociety.
org/wp-content/uploads/2020/05/CWIS-SSREF-
Guideline-01102020.pdf

Tanaka H, Yukioka T, Yamaguti Y, et al. Surgical
stabilization of internal pneumatic stabilization? A
prospective randomized study of management of
severe flail chest patients. ] Trauma 2002;52:727-32;
discussion 732.

Granetzny A, Abd El-Aal M, Emam E, et al. Surgical
versus conservative treatment of flail chest. Evaluation of
the pulmonary status. Interact Cardiovasc Thorac Surg
2005;4:583-7.

Marasco SF, Davies AR, Cooper ], et al. Prospective
randomized controlled trial of operative rib fixation in
traumatic flail chest. ] Am Coll Surg 2013;216:924-32.
Pieracci FM. Completely thoracoscopic surgical
stabilization of rib fractures: can it be done and is it worth
it? J Thorac Dis 2019;11:51061-9.

Zhang J, Hong Q, Mo X, et al. Complete Video-assisted
Thoracoscopic Surgery for Rib Fractures: Series of 35
Cases. Ann Thorac Surg 2022;113:452-8.

Lin HL, Tarng YW, Wu TH, et al. The advantages of
adding rib fixations during VAT for retained hemothorax
in serious blunt chest trauma - A prospective cohort study.
IntJ Surg 2019;65:13-8.

Reindl S, Jawny P, Girdauskas E, et al. Is it Necessary

to Stabilize Every Fracture in Patients with Serial

Rib Fractures in Blunt Force Trauma? Front Surg
2022;9:845494.

Merchant NN, Onugha O. Novel extra-thoracic VAT'S
minimally invasive technique for management of multiple
rib fractures. J Vis Surg 2018;4:103.

doi: 10.21037/vats-23-61
Cite this article as: Duggan J, Rodriguez G, Peters A, Antevil J,
Trachiotis G. Video-assisted thoracoscopic surgery (VATYS) in

trauma: a narrative review. Video-assist Thorac Surg 2024;9:8.

Video-assist Thorac Surg 2024;9:8 | https://dx.doi.org/10.21037/vats-23-61



