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Background: Delayed thoracic aortic injury (DTAI) induced by left closed rib fractures (RFs) is a clinically
rare blunt injury to the thoracic aorta with an insidious onset. DTAI is very prone to missed diagnosis due to
the unreliability of using the initial post-injury computed tomography (CT) scan to explicitly detect any signs
of an aortic injury, potentially leading to a fatal hemorrhage. Timely diagnosis and treatment are therefore
key to preventing such deadly complications. With that said, not all cases of left RFs lead to delayed aortic
injuries, so how can surgeons tell which cases are to be culled and focused on? Also, what kinds of treatment
should be administered upon detection?

Methods: A retrospective analysis was performed on the clinical data of DTAI cases induced by left closed
RF that were admitted to our Hospital from June 2015 through June 2020. Injuries to the aortic tunica
adventitia or the elastic layer were intraoperatively confirmed. CT scan findings, locations and numbers
of RFs, as well as the choices of surgical procedure were reviewed postoperatively. In addition, a literature
review was conducted to analyze characteristics shared by similar cases.

Results: This study included 7 patients treated by our hospital and 8 reported in the literature. The
broken ends of RFs causing aortic wall injury (including the tunica adventitia) were all found in the medial
to the lateral erector spinae. All patients in our hospital received internal fixation for RFs and thoracoscopic
removal of free bone fragments (if any). Concomitant injuries were managed either by simultaneous or
staged surgery.

Conclusions: For multiple left RFs with the broken ends located in the inside of the lateral erector spinae,
the number of fractured ribs >4 and a smaller number of fractured ribs with multiple fractures in a single
rib are important factors for DTAI Active surgical intervention is recommended for patients with these
important factors. The specific intervention is tailored to each patient’s particular needs to eliminate the risk

of developing life-threatening thoracic aortic injury (TAI) and rupture.
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Introduction about 1.5% to 2.0% of chest trauma, BTAI is considered

a life-threatening condition (3,4). The exact mechanisms
Blunt thoracic aortic injury (BTAI) is a leading cause of underlying BTAI have been studied extensively, and there
death, second only to head injury in patients with blunt are 2 leading theories. The most commonly described

trauma (1,2). Despite its low incidence, accounting for physical mechanism is rapid deceleration with the
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Figure 1 On the day of injury, RFs with dislocation and injuries to the aorta were absent on the chest CT. (A) CT displayed a bicortical

fracture of the left 7" posterior rib, the broken end of which did not threaten the aorta, and no obvious free bone fragments; (B) three-

dimensional rib imaging showed no obvious fracture dislocation of the 7" posterior rib or free bone fragments. RFs, rib fractures; CT,

computed tomography.

application of either anteroposterior or lateral forces upon
the relatively mobile ascending thoracic aorta, with shearing
forces predominantly at the aortic isthmus. The other major
physical theory underlying BTAI is direct penetrating injury
from rib and thoracic vertebral fractures (5-7). About 80%
of patients with BTAI die before admission, and the in-
hospital mortality rate is as high as 50% (5,8). BTAI can be
detected easily by computed tomography (CT) of the chest
or great vessel post-trauma, with a diagnostic accuracy of up
to 100% (9). However, the specific type known as delayed
blunt thoracic aortic injury (DBTAI) is a notable exception.
To date, far too little attention has been paid to DBTAIs
resulting from rib fractures (RFs). Although the condition
is uncommon, a missed diagnosis can lead to fatal bleeding
complications. Early diagnosis and timely treatment are
crucial for preventing such adverse outcomes. Considering
the possibility of continuous displacement in the short
term (10), theoretically speaking, fresh fractures in the left
posterior ribs near the descending aorta entail the risk of
aortic injuries, despite the fact that the number of such
reported complications are on the scarce side. Which kind
of patients should be prioritized? Patients with severe RFs
are frequently associated with other injuries. How should
surgical treatment be performed effectively? We present the
following article in accordance with the AME Case Series
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-1359/rc).
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Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the ethics committee of Shanghai Sixth
People’s Hospital (No. 2020-KY-034). Individual consent
for this retrospective analysis was waived. Clinical data
were collected from 7 patients who received treatment at
the Shanghai Jiao Tong University Affiliated Sixth People’s
Hospital due to closed RF-induced delayed thoracic aortic
injury (DTAI) from June 2015 through June 2020. There
were 5 male and 2 female patients aged from 43 to 64 years.
The injuries involved the following mechanisms: falls from
height (n=3), motor vehicle accidents (n=2), falls from a
bicycle (n=2), and getting hit by a heavy object (n=1). RFs
with dislocation and injuries to the aorta were absent on the
chest CT on the day of injury (Figure 14,1B). Findings on
the chest CT at 1-4 days post-injury indicated possible TAI
caused by RFs. The RF broken ends causing aortic injury
were all found in the lateral erector spinae, and >3 fractured
ribs were present in all these patients. There were left RFs
(n=2), left RFs with spleen rupture (n=2), bilateral RFs
(n=1), left rib and leg fractures (n=1), and left RFs with hip
dislocation and lumbar spine fractures (n=1). The thoracic
aorta was either directly injured by left RF broken ends (n=5)
or by free bone fragments (n=2). The posterior ribs that
injured the aorta were the 6" (n=1), 7" (n=3), 8" (n=2), and
5"-8" (n=1) posterior ribs.
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Figure 2 On the 4™ day after injury, chest CT presented a fracture
of the left 7" posterior rib and a close relationship between the free
bone fragments and the aorta. CT, computed tomography.

Figure 3 On the 3™ day after injury, chest CT showed that the
broken end of the left 6™ posterior rib fracture was closely related

to the aorta. CT, computed tomography.

The surgical procedures are summarized as follows:
A patient in a state of shock upon admission underwent
emergency exploratory laparotomy and splenectomy. At
4 days post-surgery, the free bone fragments of the 7" left
rib were found to have potentially injured the thoracic
aorta (Figure 2). At 5 days post-injury, the patient received
open reduction and thoracoscopic removal of free bone
fragments. In a case of left RFs with spleen rupture, the
patient was transferred to our hospital after conservative
treatment. As the CT scan upon admission indicated
possible TAI (Figure 3), the patient underwent emergency
exploratory thoracotomy, surgical fixation, and aortic
repair simultaneously. As for the 2 cases of left RFs with
lumbar spine and leg fractures, exploratory thoracotomy
was performed following surgical fixation. The left and
bilateral RF cases received surgical fixation of the fractured
ribs on the left side and exploratory thoracotomy. The
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intraoperative exploration revealed that 6 patients had
hematomas in the aortic tunica adventitia, and 1 had a
ruptured aortic tunica adventitia and elastic layers. Details
are presented in Table 1. The literature review covered
8 cases of RF-induced descending aortic injury, of which 3
were caused by free bone fragments and 5 by broken ends.
The treatment methods were resection of broken ends and
removal of free bone fragments with atraumatic sutures
(n=8). Details of these cases are listed in Table 2.

Results

There was no perioperative death, and the length of stay in
our hospital was 3 to 21 days. In the case of left RFs with
spleen rupture, acute renal failure and secondary intra-
abdominal infection occurred after overlapping emergency
surgery. Conservative treatment was administered accordingly,
and the patient was discharged after cure. No perioperative
complications were observed in other patients. The pre-
discharge chest CT scans showed that the fractured ribs were
stabilized after internal fixation (Figure 4). According to the
follow-up CT scans at 6 months post-discharge, the fracture
ends were in place, without any signs of displacement or
abnormalities at the site of the thoracic aorta.

Discussion

BTAI is a clinically rare but fatal condition (17). RFs serve
as a chief risk factor for BTAI (18,19). The retrospective
study by Choi er a/. showed that RFs contributed to
approximately 22.9% of all closed TAI cases (20). The
diagnosis of this TAI largely depends on the initial CT and
clinical manifestations such as a hemorrhagic shock after
injury. For acute BTAI, only about 20% of patients can
make it to the hospital, and more than 40% die during their
hospital stay (21).

In addition to acute injury to the aorta, RFs can result in
delayed TAI, which has an insidious onset and escapes the
initial imaging tests after injury. The exact mechanism of this
injury is not fully understood. It is inferred that there is a
small clot covering the perforated aorta, and the unintended
removal of the clot leads to massive hemorrhage (22),
or RF displacement due to movement penetrates the aorta
and results in BTAI (13,14). Another possible explanation
relates to nursing procedures (such as turning over the body
and tapping the back) or vigorous passive movement during
patient transfers. From the cases reported by previously
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Table 1 Clinical data of patients
Time from injury to Posterior
Gender Age Injury CT finding that ribs  Left-sided b of the Complicated Surger Aortic Hospital
(year) factor were closely related rib fractures iniured aorta injury gery injury stay (d)
to the aorta (d) )
Male 62 Fall from 4 3°-9" rib 7" posterior Splenic Staged surgery, Adventitial 9
height fractures rib rupture splenectomy first hematoma
Male 63 Fall from 3 3°-11"rib 6" posterior  Splenic Synchronous surgery, Rupture of 21
height fractures rib rupture rib fracture fixation and the aortic
aortic repair first adventitia
and elastic
layer
Male 51 Motor 2 2"-11"rib 7" posterior Fracture Staged surgery, Adventitial 7
vehicle fractures rib of the 2™ rib fracture fixation hematoma
accident lumbar and thoracoscopic
vertebra exploration first
Male 58  Fallfrom 3 2"-10"rib 8" posterior No Rib fracture fixation ~ Adventitial 3
a bicycle fractures rib and thoracoscopic hematoma

Male 43 Motor 3

2"-11"rib 8" posterior Left lower

exploration

Staged surgery, Adventitial 14

vehicle fractures rib limb fracture, rib fracture fixation hematoma
accident left hip and thoracoscopic
dislocation exploration first
Female 54  Fallfrom 1 3-10"rb 58" No Rib fracture fixation ~ Adventitial 14
height fractures posterior and thoracoscopic hematoma
ribs exploration
Female 64 Heavwy 2 1°-11"rib 7" posterior Fractures of  Left rib fracture Adventitial 4
pound fractures rib the right 2" fixation, thoracoscopic hematoma

th .
8 ribs exploration and
conservative treatment

of the right rib first

CT, computed tomography.

published studies (14,16,22) and our hospital, it is evident
that TAI is more likely in patients with >4 fractured ribs or
multiple fractures in a single rib, of which the broken ends
exist in the lateral erector spinae. This may be explained by
the loss of local chest wall stability after multiple RFs that
entails a risk of displacement. If a rib is broken in multiple
places, the bone fragments will become free-floating and
prone to penetrate the thoracic cavity. RFs beyond the
lateral erector spinae are distant from the aorta and thus can
hardly affect the aorta even if displacement occurs. Notably,
the present study suggested that fractures of the 10™ rib
could induce TAI, whilst previous study reached different
conclusions (23). Timely diagnosis plays a pivotal role in the
treatment of delayed TAI Therefore, it is recommended
that patients receive active surgical intervention if fractures
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of the 4"-10™ left ribs, including the bicortical ones, are
present with such important factors.

Although the indications for RF internal fixation have
been a controversial and disputed subject (24), it is generally
accepted that patients with >3 fractured ribs should receive
internal fixation (25). As far as RFs are concerned, the most
important treatment principle is to prevent or minimize the
risk of complications (26). Considering the potentially fatal
consequences, surgical intervention should be undertaken
early after diagnosis. Non-RF-induced closed TAI is
associated with shearing forces, abrupt deceleration, and
acute changes in intravascular pressure. These BTAI cases
typically involve the aortic isthmus (6,7). By contrast, RF-
induced TAI predominantly affects the aorta adjacent
to the broken ends of RFs or surrounded by free bone
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Table 2 Clinical data of patients in related literature

Wang et al. Delayed blunt thoracic aortic injury

Case Sex Age Fractured Fractured ribs Surgical procedure(s) Author(s) Year of

No. (years) left ribs causing TAI 9 P publication

1 Female 24 9-10 Fracture ends of the 10th Resection of the 10th left rib + Kabiri 2007
left rib adventitial repair with pleura etal. (11)

2 Male 57 6-10 Fracture ends of the 6" Fracture end repair + adventitial Yanagawa 2008
and 7" left ribs repair etal. (12)

3 Male 87 8-9 Free bone fragments of Removal of free bone fragments +  Bruno 2009
the 8" left rib direct adventitial repair etal. (13)

4 Female 43 Unknown Free bone fragments of Resection of free bone fragments + Carter 2011
the 5" left rib aortic repair etal. (14)

5 Male 63 5-11 Fracture ends of the 7" Resection of fracture ends + Kitamura 2012
left rib adventitial repair etal. (3)

6 Female 55 3-8 Free bone fragments of Death Kano 2014
the 7" left rib etal. (15)

7 Female 34 4-8 Fracture ends of the Resection of the 48" left ribs + Xie et al. (16) 2019
4"-6" left ribs total aortic repair

8 Male 66 8-11 Fracture ends of the 10" Resection of fracture ends of the

left rib

10" left rib + adventitial repair

TAI, thoracic aortic injury.

Figure 4 Chest CT displayed postoperative internal fixation well
and a local cortical defect of the left 7" posterior rib after the

removal of free bone fragments. CT, computed tomography.

fragments (15). For TAI caused by post-fracture free bone
fragments, some researchers propose treatment plans
centered on the removal of free bone fragments (14,27).
However, given the lack of plates to stabilize the floating
ribs, such plans cannot eliminate the risk of secondary
TAI unless adequate resection margins are achieved (28).

Notably, excessive resection can result in the loss of mineral

© Journal of Thoracic Disease. All rights reserved.

elements from the affected ribs. In most cases, the broken
ends of fractured posterior ribs contributing to TAI reside
in the inside of lateral erector spinae, which can be partially
resected or used as a strut to achieve internal fixation if
they adjoin the transverse process of the corresponding
vertebra (29). In patients with transverse process fractures
who have been treated by our hospital and followed
up for over a year, the steel plates have not become
loose or significantly affected their daily activities even
though further follow-ups are needed to assess the long-
term outcomes. When a patient needs overlapping
emergency surgery for spleen rupture and TAI, under
which circumstances saving the patient’s life is always
the top priority, the TAI should be repaired first to avoid
displacement of the fracture ends due to traction of the
left chest wall when handling the intra-abdominal organs
to expose an incision. Otherwise, it can lead to fatal aortic
rupture and massive hemorrhage. Vital signs require close
monitoring throughout the operation, and the time of
thoracic operation should be minimized by treating TAI and
fixing displaced ribs as quickly as possible. Thoracoscopy is
recommended for these procedures to look at the operation
field from different angles and ensure the safe removal of
free bone fragments.
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Limitations

The present study has its limitations. First, it is limited by
the modest sample size. Only 7 cases have been reported
by our hospital because the condition has a low incidence.
The overall sample size remains small even though
other reported cases have been included for multi-center
retrospective analysis. Second, the absence of a control
group makes it impossible to provide statistical evidence
for our conclusions and underpins the need for further
validation of the study results with more cases.

Conclusions

For patients with bicortical and more severe fractures of
the 4"-10" left posterior ribs, active surgical intervention is
recommended if they have the following important factors
for delayed TAI: there are >4 fractured ribs or a single rib
fractured in multiple locations; or the fracture ends are in
the inside of the lateral erector spinae. Surgical procedures
are needed to fix floating ribs, remove free bone fragments,
and stabilize the chest wall, while exploratory thoracoscopy
can help assess the severity of TAI and develop treatment
plans accordingly.
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