
H emorrhagic shock is a major cause of death 
among trauma patients [1 , 2].  Failure to initiate 

the appropriate control of bleeding contributes to pre-
ventable trauma death [3].  Early acute traumatic coag-
ulopathy,  which has been recognized in recent years,  
complicates hemostasis and is associated with worse 
outcomes [4 , 5].  Massive so� tissue injury (STI) exac-
erbates acute traumatic coagulopathy by activating anti-
coagulant and �brinolytic pathways [6-9].  STI also 
induces immunosuppression and increased susceptibil-
ity to sepsis and/or subsequent multiple organ failure 
[10-13].  Speci�c types of injuries,  including extensive 
STI and retroperitoneal hemorrhage unrelated to pelvic 
fracture,  tend to be underestimated or missed initially,  

which may lead to irreversible hemorrhagic shock [14-
16].  �ese injuries cannot be excluded by chest/pelvic 
X-ray or a focused assessment with sonography for 
trauma (FAST),  which are recommended during the 
primary survey to immediately identify bleeding 
sources in hemorrhagic shock patients [17 , 18].

�ese injuries can thus be occult and occasionally 
lead to hemorrhagic shock,  unless the patient is care-
fully examined or computed tomography (CT) is com-
pleted.  Injuries such as ‘non-cavitary’ hemorrhage or 
‘occult’ causes of bleeding should be recognized,  espe-
cially among elderly patients; intra-thoracic,  intra-ab-
dominal,  and retroperitoneal hemorrhage related to 
pelvic fracture respectively represent the major sources 
of hemorrhage in trauma [19 , 20].  In the present narra-
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tive review,  we focus on ‘occult’ sources of bleeding 
associated with extensive STI or ‘non-cavitary’ hemor-
rhage in blunt trauma,  which can be vulnerable to diag-
nostic delay,  and we present informative cases from our 
institution.

Methods

We conducted a PubMed and Google Scholar litera-
ture search for reports published in English from these 
services’ inception until December 2016.  �e following 
keywords were selected to identify publications: “so� 
tissue injury,” “so� tissue injuries,” “subcutaneous 
hematoma,” “subcutaneous hemorrhage,” “retroperito-
neal hematoma,” “retroperitoneal hemorrhage” or 
“occult,” each in combination with “shock.” Citations 
that were relevant to the subject were also searched.

Results and Discussion

�e types of injuries included Morel-Lavallée lesion 
(MLL),  blunt breast trauma,  retroperitoneal hemor-
rhage due to lumbar artery injury,  corona mortis artery 
avulsion,  and other miscellaneous causes of bleeding,  
which we summarize below,  focusing on clinical 
aspects.  Supplementing our summaries are descrip-
tions of illustrative cases from our institution.

Morel-Lavallée Lesion

MLL is a closed degloving injury induced by shear-
ing force,  which is characterized by a �lled cystic cavity 
created by separation of the subcutaneous tissue from 
the underlying fascia [21].  �e lesions classically occur 
over the greater trochanter,  but may also occur in the 
�ank or lumbosacral region [14 , 22].  Although the 
development of subcutaneous �uid collection with 
blood,  lymphatic,  or necrotic tissue may take several 
hours or even days and is associated with a delayed 
diagnosis or a mistaken tumor diagnosis,  this develop-
ment is occasionally complicated by hemodynamic 
instability or hemorrhagic shock as an initially uniden-
ti�ed origin of bleeding [21-23].

Mao et al.  reported a patient with a massive subcu-
taneous hematoma extending from the �ank to the 
pelvic region a�er being hit by a forkli�,  causing hem-
orrhagic shock [22].  Hefny et al.  reported a case of 
extensive hematoma in the deep subcutaneous so� tis-

sues of the back a�er a car crash,  causing hemorrhagic 
shock,  in which an obvious source of bleeding was 
absent in the early phase [24].  Yumoto et al.  reported a 
case of subcutaneous hemorrhagic in an extensive area 
of the lower back a�er a patient was hit by a car; the 
patient required transcatheter arterial embolization 
(TAE) and massive transfusion to resolve shock [25].  
�e embolization of a�ected vessels is required when 
conservative treatment including adequate blood prod-
ucts or compressive bandaging is ine�ective or the 
patient’s condition is complicated with other sources of 
bleeding [25].  Subsequently,  percutaneous drainage or 
surgical debridement and skin gra�ing should be con-
sidered to treat hematoma,  �uid collection,  or so� tis-
sue infection [22].  Although only three cases have been 
reported,  classic/lumbar MLL can contribute to hemor-
rhagic shock or acute traumatic coagulopathy in 
severely injured blunt trauma patients.

Blunt Breast Trauma

Blunt breast trauma is an uncommon type of chest 
trauma.  In a review of 5,305 female blunt trauma 
patients at a level I trauma center,  only 108 patients 
(2%) were diagnosed with blunt breast trauma [26].  
�is STI to the female breast is caused by a vehicle’s seat 
belt.  �e mechanism of injury is both the shearing 
force and crush injury that results from the seat belt’s 
shoulder restraint [27].  While most blunt breast trauma 
cases can be managed conservatively,  TAE or surgical 
hemostat is essential to control hemorrhage with evi-
dence of active arterial extravasation [26 , 28].  �e 
choice of hemostatic intervention depends on the 
severity of injury and the availability of the trauma 
team.  �e application of an abdominal binder to pro-
vide external compression on the breast could be e�ec-
tive for the control of bleeding [27].

Case presentation. A 74-year-old woman with no 
signi�cant medical history was transferred to our emer-
gency department presenting hemorrhagic shock a�er a 
motor vehicle accident.  She had been wearing a seat belt 
in the front passenger seat,  and her front airbag had 
deployed.  Since the patient responded to �uid resusci-
tation,  she was moved to the CT suite for further inves-
tigation of bleeding sources.  Contrast-enhanced CT 
scanning detected a massive hematoma with active 
arterial bleeding in her right breast,  as well as ipsilateral 
multiple rib fractures and pneumothorax (Fig. 1).  She 
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was managed with an elastic compression bandage on 
her breast and a massive transfusion,  which success-
fully resolved the shock.

Retroperitoneal Hemorrhage due to  
Lumbar Artery Injury

Retroperitoneal hemorrhage can cause life-threaten-
ing conditions in blunt trauma.  Although it is o�en 
associated with pelvic fracture,  other origins can be 
potentially occult sources of bleeding due to poor sensi-
tivity of the primary physical exam,  X-ray of the chest 
and pelvis,  and FAST [29].  Contrast-enhanced CT 
scanning is necessary to identify these bleeding sources.  
Since there are a number of review articles on retroper-
itoneal hemorrhage associated with pelvic fracture,  we 
focus here on lumbar artery injury.

Lumbar artery injury,  an unusual cause of bleeding 
a�er blunt trauma,  is o�en complicated,  with multiple 
injuries.  It is o�en overlooked or underestimated as a 
cause of hemorrhage and leads to a high mortality rate 
[30 , 31].  �e lumbar arteries are paired branches that 
arise from the dorsal surface of the abdominal aorta,  
encircle the vertebral bodies,  and divide into small 
branches to the psoas muscle and to the radicular med-
ullary artery [32].  Transverse process fractures and/or 
vertebral fractures of the lumbar can cause lumbar 
artery injury,  resulting in a psoas hematoma [33].  
When it has been possible to perform,  selective embo-
lization of the lumbar artery has appeared to be a safe 
and e�ective treatment to control active arterial extrav-
asation [15 , 30-33].  Otherwise,  open surgery o�en fails 
to identify the source of the bleeding and can cause 
further hemorrhage due to decompression [15 , 30-33].

Case presentation. A 62-year-old man with no 
signi�cant medical history was transferred to our emer-
gency department presenting with hemorrhagic shock 
a�er being run over by a car.  Chest X-ray and FAST 
excluded cavitary hemorrhage or pericardial e�usion.  
A pelvic X-ray showed the unstable type of pelvic frac-
ture.  �e patient was resuscitated with blood transfu-
sions.  Contrast-enhanced CT scans revealed multiple 
transverse process fractures of the lumbar vertebrae 
with a massive psoas hematoma,  as well as a pelvic ret-
roperitoneum hematoma related to the unstable pelvic 
fracture (Fig. 2).  Immediate angiography detected mul-
tiple contrast extravasations in the retroperitoneum.  
�e a�ected lumbar arteries and internal iliac artery 
were embolized,  which successfully resolved his hem-

orrhagic shock.

Corona Mortis Artery Avulsion

Exsanguination due to pelvic fracture is one of the 
major causes of morbidity and mortality among blunt 
trauma patients.  Major pelvic fractures are most likely 
to be the result of high-energy injuries such as high-
speed motor vehicle accidents and high-altitude falls.

In elderly patients,  pelvic fractures commonly cause 
hemorrhagic shock despite low-energy mechanisms of 
injuries [34].  Although pelvic X-rays in the primary 
survey may be useful for detecting unstable pelvic frac-
tures that require massive blood products and/or early 
TAE,  the fracture pattern on pelvic X-ray does not con-
sistently predict ongoing hemorrhagic shock or the need 
for TAE [35-37].
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Fig. 1　 A contrast-enhanced CT scan showing a massive hema-
toma in the right breast with contrast extravasation (arrow).

Fig. 2　 Contrast extravasation and a massive psoas hematoma 
associated with a transverse process fracture of the lumbar verte-
bra (arrow).



A pubic ramus fracture occasionally causes life- 
threatening hemorrhage secondary to corona mortis 
artery avulsion.  It o�en occurs in elderly patients a�er 
trivial ground-level falls [38].  �e corona mortis,  
which is located behind the superior pubic ramus,  is a 
common anatomical variant,  an anastomosis between 
the obturator artery,  which branches from internal iliac 
artery,  and the external iliac or inferior epigastric artery 
[39].  Embolization of the obturator artery and/or infe-
rior epigastric artery (which can be additional sources of 
bleeding) should be performed to resolve hemorrhagic 
shock secondary to corona mortis artery avulsion due to 
a pubic ramus fracture [38 , 40-42].  Physicians should 
be aware of this pitfall that can be encountered in a sim-
ple pelvic fracture especially in elderly patients,  even 
a�er a ground-level fall.

Case presentation. A 74-year-old woman with a 
history of chronic hepatitis C virus infection fell at a 
nursing home.  She became hemodynamically unstable 
4 h a�er the injury and was transferred to our emer-
gency department.  �e pelvic X-ray showed a mini-
mally displaced simple pubic ramus fracture on her 
right side (Fig. 3A).  �e consequent contrast-enhanced 
CT scan revealed a signi�cant hematoma neighboring 
the right pubic ramus fracture with multiple contrast 
extravasations (Fig. 3B).  �e patient was taken to the 
angiography suite immediately.  Selective embolization 
of a branch of the right obturator artery was carried out,  
which successfully resolved her shock.

Other Miscellaneous Causes of Bleeding

�e following is a brief review of other miscella-
neous potentially occult or unusual causes of bleeding,  
including scalp lacerations,  rectus sheath hematoma,  
and others.

Since the scalp has a rich blood supply,  even isolated 
scalp lacerations can lead to fatal blood loss.  Under 
circumstances in which a patient exhibits hypotension,  
scalp injuries may be overlooked or underestimated.  
Even a simple laceration can contribute to hemorrhagic 
shock in a patient with multiple injuries.  �e applica-
tion of Raney clips,  which is a quick and simple tech-
nique,  is e�ective to control bleeding [43-45].

Rectus sheath hematoma (RSH) is a relatively 
uncommon condition associated with anticoagulation 
and/or induced by abdominal trauma,  exercise,  cough,  
or surgical procedures.  RSH caused by trauma actually 
accounted for only 2.4% of cases in a series [46].  RSH is 
an accumulation of blood in the rectus sheath of the 
abdominal wall due to disruption of inferior or superior 
epigastric vessels or rectus muscle caused by direct 
abdominal trauma [47].  An early diagnosis made with 
CT is essential to avoid an unnecessary laparotomy and 
to reduce the development of complications [48].  Most 
patients can be treated conservatively.  TAE is required 
in patients with persistent bleeding and hemodynami-
cally unstable conditions [49].

Blunt trauma in the inguinal region to the lateral 
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Fig. 3　 A,  Pelvic X-ray showing a right pubic ramus fracture with minimal displacement (arrowhead); B,  Multiple contrast extravasa-
tions and massive hematomas were seen around the region of the right pubic ramus fracture (arrowhead).



abdominal wall can cause a massive subcutaneous 
hematoma.  �e deep circum�ex iliac artery,  which 
arises from the external iliac artery,  can be responsible 
for severe bleeding; TAE of this artery is e�ective to 
resolve shock [50-52].

Optimal Strategies for STI

First,  STIs should be recognized in a timely manner.  
A delay in the diagnosis of STIs may be associated with 
high morbidity and mortality and may lead to longer 
hospital stays [53].  �us,  in addition to a careful phys-
ical exam,  a contrast-enhanced CT scan is necessary for 
identifying the sources of bleeding [54].  Second,  
regarding the treatment of a retroperitoneal hemor-
rhage a�er a lumbar artery injury,  open surgery o�en 
fails to identify the source(s) of bleeding,  which induces 
a further hemorrhage due to decompression [30].  Since 
an extended STI o�en limits the complete hemostatic 
compression,  the embolization of a�ected vessels and/
or hemostatic resuscitation is required in hemodynam-
ically unstable patients as well as hemodynamically 
stable patients complicated with acute coagulopathy 
[25].

Higher D-dimer levels were reported to be associ-
ated with poor outcomes in severely injured trauma 
patients [55].  Another study suggested that the aggres-
sive administration of fresh frozen plasma improves 
coagulopathy and survival in severely injured blunt-
trauma patients [56].  �erefore,  patients with STI pre-
senting with hemorrhagic shock and higher d-dimer 
levels may need both catheter intervention and hemo-
static resuscitation.

In conclusion,  we summarized unusual,  potentially 
‘occult’ sources of bleeding or non-cavitary hemorrhage 
resulting in hemorrhagic shock in blunt trauma.  Speci�c 
types of injuries,  including massive STI,  subcutaneous 
hematoma,  and retroperitoneal hemorrhage should be 
taken into consideration regardless of the cause of 
bleeding,  as traditional chest/pelvic X-ray and FAST 
screenings cannot exclude such injuries.  In addition to 
a careful physical examination,  an immediate con-
trast-enhanced CT scan is necessary to detect the bleed-
ing sources.  Otherwise,  the diagnostic delay can lead to 
unfavorable outcomes.  Angioembolization of the 
a�ected vessels,  as well as hemostatic resuscitation,  are 
e�ective to resolve hemorrhagic shock.
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