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Abstract

Purpose: Thoracic trauma com-
prises 10–15% of all traumas. Blunt 
chest trauma is a major cause of mor-
bidity and mortality, especially in the 
presence of flail chest. Chest–wall in-
stability may be treated conservatively 
with analgesia, assisted ventilation 
and clearing of bronchial secretions. 
However, such treatment does not pre-
vent additional injuries from broken 
ribs. It was thought that penetrating 
intrathoracic aortic injury after rib 
fractures was rare, but with emerging 
new cases the question of surgical sta-
bilization of flail chest is reopened. 
Case report: We describe a patient 
with flail chest injury on both sides 
who incurred a significant rib pen-

Izvleček

Namen: Poškodbe prsnega koša se 
pojavljajo pri 10–15 % vseh poškodb. 
Tope poškodbe prsnega koša, ki jih 
spremljajo serijski zlomi reber, so obre-
menjene z visoko obolevnostjo in umr-
ljivostjo. Nestabilne zlome prsnega 
koša lahko zdravimo konservativno z 
ustrezno analgezijo, asistirano ventila-
cijo in čiščenjem bronhialnih izločkov. 
Toda takšno zdravljenje ne preprečuje 
poškodb, ki se lahko pojavijo zaradi 
zlomljenih reber, ki štrlijo v prsno vo-
tlino. Štrleče konice reber na levi strani 
prsnega koša lahko poškodujejo tora-
kalno aorto. Take poškodbe so značilne 
za paravertebralne serijske zlome reber, 
za katere zaenkrat ne obstaja varen in 
splošno sprejet način osteosinteze. 

Ključne besede:	
topa	poškodba	toraksa,	zlom	
reber,	penetrantna	poškodba	
aorte
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Penetrantna	poškodba	torakalne	aorte	zaradi	
serijskega	zloma	reber

Delayed	rupture	of	the	descending	thoracic	aorta	
caused	by	penetrating	intrathoracic	injury	from	

multiple	rib	fractures
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INtROdUCtION

Thoracic trauma comprises 10–15% of all traumas. 
Seventy percent of thoracic traumas are blunt and the 
remainder are penetrating injuries (1, 2). Blunt chest 
trauma is a major cause of morbidity and mortality, 
especially in the presence of flail chest (3); the thera-
peutic approach to flail chest has been extensively re-
ported. Chest–wall instability may be treated conser-
vatively with analgesia and clearing of bronchial secre-
tions (4). However, the treatment of severe flail chest 
when respiratory failure develops, despite aggressive 
conservative management, remains controversial. 
Some authors advocate prolonged intubation and me-
chanical respiration (internal fixation) whereas others 
favour external stabilization by surgical repositioning 
and osteosynthesis of broken ribs (3, 5).

It has been argued that surgical stabilization of an 
unstable chest wall markedly reduces the duration of 
ventilatory support, duration of stay in the intensive 
care unit (ICU), and morbidity, as well as prevent-
ing post–traumatic restriction of the chest wall and 
pulmonary vasculature (3). Less attention has been 
paid to the advantages that early surgical stabilization 
may bring brought in terms of preventing addition-
al injuries from broken ribs (6). It was thought that 

penetrating intrathoracic aortic injury was rare after 
rib fractures (7–10). However, there are new, emerg-
ing cases (11, 12) that reiterate the need for an open 
discussion about the indications and potential advan-
tages of surgical stabilization of the chest wall. There 
is no unanimous view on the indications for surgical 
stabilization of the chest wall. However, serious medi-
cal questions could emerge if the death of a patient 
occurs days after an accident where a known medical 
treatment potentially exists. 

We describe a patient with flail chest injury who in-
curred a significant rib penetrating injury to the aorta 
days after the initial trauma. The patient died after 
failed cardiac resuscitation during transportation to 
the operating room. 

CASE REPORt

A 68–year–old male was found under a tree in a 
crashed automobile. He had been trapped for a pe-
riod of time. He was conscious (Glasgow Coma Scale 
–GCS– 14) with dyspnoea, complaining of right chest 
pain. His heart rate was 104 bpm and blood pressure 
was 86/60 mmHg. On clinical examination, deforma-

Poročilo o primeru: Prikazan je primer 68–letnega mo-
škega z obojestranskim serijskim zlomom reber in nestabil-
nim prsnim košem. Poškodba je bila zdravljena z asistirano 
ventilacijo. Nekaj dni po poškodbi so zlomljena rebra v višini 
šestega in sedmega rebra levo predrla descendentno aorto in 
moški je umrl med oživljanjem in prevozom v operacijsko 
dvorano zaradi hemoragičnega šoka.
Zaključek: Paravetebralni serijski zlomi reber na levi strani 
prsnega koša lahko povzročijo penetrantno poškodbo tora-
kalne aorte. Za take poškodbe zaenkrat ne obstaja varen in 
splošno sprejet način osteosinteze.

etrating injury to the aorta days after the initial trauma. 
The thoracic surgeon did not decide on surgical fixation 
of the chest wall. Because of the flail chest, he remained 
intubated and mechanically ventilated. The patient was 
admitted to the ICU (Intensive Care Unit). The patient 
died after failed cardiac resuscitation during transporta-
tion to the operating room. 
Conclusion: Although surgical fixation of flail chest 
segments can have potential advantages, there is no com-
monly accepted and safe procedure for fracture fixation of 
posterior rib fractures. A specific rib plate for posterior rib 
fractures that takes into account the structural properties 
and fixation constraints of ribs to reduce the prevalence of 
complications has yet to be constructed.
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tion of the chest on the right side was seen. Breathing 
sounds were diminished bilaterally and subcutaneous 
emphysema was palpable over the entire posterior 
right side of the chest cavity.

On chest radiography, bilateral multiple rib fractures 
with flail chest were seen on the right side. Pulmonary 
contusion with haemothorax right and pneumotho-
rax left and right were also described. A chest tube was 
placed on both sides. The patient was haemodynami-
cally unstable and saturation was 92%. An abdominal 
ultrasound was normal and a spiral CT done. The 
investigation revealed fracture of the left femur and 
lumbar transverse processes fractures. Multiple rib 
fractures were also evaluated (Fig. 1). 

The thoracic surgeon did not decide on surgical fixa-
tion of the chest wall. The patient was stabilized and 
internal fixation of the femur was carried out. Be-
cause of the flail chest, he remained intubated and 
mechanically ventilated. The patient was admitted to 
the ICU.

On days 1 and 2, the patient was haemodynamically 
stable. There were also signs of diminished hepatic 
function and kidney function. On day 3, there were 

clinical and laboratory signs of developing sepsis. An-
tibiotics were added to therapy. He remained ventila-
tor–dependent in the ICU. On day 8, after bed trans-
fer and mobilization during CT examination, he be-
came acutely unwell with significant haemodynamic 
compromise. The chest drain on the left side drained 
fresh blood (>1000 ml). The patient was resuscitated 
and rushed to the operating room. Cardiac standstill 
and circulatory collapse were noted in the operating 
theatre. The patient died soon after unsuccessful car-
diac resuscitation.

Autopsy findings
The internal investigation revealed a punctuated rup-
ture of the descending thoracic aorta at the level of 
the 7th rib on the left side. About 2000 ml of blood 
were found in the left thoracic cavity. Organ paleness 
consistent with exsanguination was observed. Frac-
tures of the ribs were located on the right side of the 
chest in the scapular line from III to VIII, the mamilar 
line from II to VI, and in the paravetebral line from 
VI to IX. The 6th rib was fractured in three places and 
the 7th and 9th ribs were fractured in two places. On 
the left side, fractures were located from the 2nd to the 
6th rib in the mamilar line and in the 7th to the 10th 
and the 12th rib in the paravertebral line (Fig. 2). The 
site of perforation was at the level of the 7th rib on the 
left side. There were no signs that it was an old perfo-
ration. All signs pointed to recent acute laceration of 
the thoracic aorta.

dISCUSSION

The strict definition of flail chest is fracture of at 
least four consecutive ribs in two or more places. A 
functional definition is an incompetent segment of 
chest wall large enough to impair respiration. Flail 
chest is a serious problem faced by patients with rib 
fractures because paradoxical chest movement causes 
a decrease in the vital capacity and therefore ineffec-
tive ventilation. This in turn results in pulmonary 
insufficiency. For the treatment of flail chest, surgi-
cal stabilization of the chest wall was introduced in 
1960s. However, over the past two decades, volume–
limited ventilation with internal pneumatic stabiliza-

Figure 1. CT of the thoracic cage at hospital admission
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after none being concerned to the risks that are even 
aggravated by frequent bed transfer and mobilization. 

Multiple rib fractures are important indicators of 
the severity of blunt trauma and occur in ≤10% of 
cases admitted to Trauma Units. The likelihood of 
complications and other significant injuries increases 
with the increasing number of fractured ribs in the 
presence of flail chest (18). There is a recognized in-
cidence of acute aortic penetrating injury secondary 
to fractured ribs (7–12). In all reported cases patients 
developed symptoms and signs of severe hypovolemia 
hours or even days after the accident. In 2 cases, com-
plications occurred early after hospital admission (9, 
10), and in the rest of the reported cases complica-
tions occurred days and even weeks after initial treat-
ment (7, 8, 11, 12). Clinical and radiographic findings 
in each case were consistent with a new traumatic in-
cident attributable to sharp lacerating surfaces of the 
broken ribs in the thorax, leading to penetrating in-
jury of the thoracic aorta. The last 3 patients survived 
a secondary surgical procedure and repair of the aorta 
(11, 12), but some patients (including our case) died 
during transportation to the operating room. This 
raises the question that, if more aggressive manage-
ment was undertaken, could the complications have 
been prevented? It may be argued that there is a small 
proportion of patients with such complications, but 
there is also a small proportion of patients with tho-
racic trauma and flail chest in whom surgical fixation 
is needed (19).

Indications for surgical stabilization of a flail chest 
are severe pulmonary restriction due to paradoxical 
movement of the flail chest segment, markedly over-
riding ribs, and severe instability and intrathoracic 
lesions which require thoracotomy (3, 6, 15, 20). 
However, the ideal indication and the timing for sur-
gical intervention (early or secondary) remains con-
troversial (20). The problems and risks of a surgical 
approach include the surgical trauma itself and the 
problems with fixation devices. Four categories of 
fixation devices for surgical fixation of the chest wall 
have been described: plates, intramedullary devices, 
vertical bridging and wiring. Special rib plates are 

tion has markedly reduced mortality and left surgi-
cal fixation usually for selected cases that need a tho-
racotomy for other reasons (1, 5, 14). Some authors 
argue that exception to conservative treatment may 
be found in selective cases if better cosmetic results 
are preferred (14).

However, the treatment of flail chest remains highly 
controversial for other reasons than cosmetic results 
(6, 15). Broken ribs within an unstable thoracic cage 
may extend the duration and extent of lung contusion 
and can lead to various accompanying thoracic injuries 
(6). Penetrating cardiopulmonary injuries with lung 
perforation, haemopericardium and cardiac contu-
sion or perforation have been reported (6, 16, 17). The 
penetrating onset was usually not at the scene of the 
accident and may postpone hours or even days later 

Figure 2. Three–dimensional CT reconstruction of 
the thoracic cage with broken ribs. Arrow denotes the 
location of the perforation.
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connected with loosening of the outermost screws, 
especially in osteoporotic ribs and because of a very 
low stiffness with unstable healing conditions (3, 21). 
Intramedullary devices provide little rotational stabil-
ity and lack of secure fixation inside the canal can 
lead to wire migration (22). Various wiring and su-
turing techniques have been described (23, 24), but 
these techniques generally do not provide sufficient 
stability to the fracture (24). Various implants have 
been described that can bridge broken ribs (25, 26). 
These techniques do not accommodate the physi-
ologic respiratory movement of the rib cage. 

The common limitation to any plate design is the dif-
ficulty in stabilizing the posterior fractures that are the 
main cause of an immediate or delayed penetrating 
injury to the descending aorta. A general lack of com-
mercially available plates for fixation of rib fractures 

dictates the use of alternative plates with widely vari-
able constitutive properties and uncertain outcome 
when used for posterior rib fractures (20). 

CONCLUSION

In conclusion, although surgical fixation of flail chest 
segments can have potential advantages, there is no 
commonly accepted and safe procedure for fracture 
fixation of posterior rib fractures. A specific rib plate 
(especially for posterior rib fractures) that takes into 
account the structural properties and fixation con-
straints of ribs to reduce the prevalence of complica-
tions has yet to be constructed. However, the prog-
nosis of such injuries with conservative treatment is 
poor, so there may be an advantage in a more aggres-
sive initial approach despite the lack of specific fixa-
tion devices for posterior rib fractures.
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