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Background
In civilian practice approximately 20% of trauma injuries requiring 
surgery involve the abdomen [1]. Abdominal trauma may be blunt 
or penetrating, but generally in civilian practice, blunt trauma 
is more common than penetrating and usually follows a road 
traffic crash. However, in the American urban civilian practice 
penetrating trauma is more common than blunt trauma, gunshot 
wounds being more frequent than stab wounds [2]. In the UK 
stab wounds predominate [3]. In military practice, penetrating 
abdominal wounds are greater than blunt with a high mortality 
from the high velocity missile/bullet/fragment wounds [4]. The 
diagnosis of abdominal injury by clinical examination is unreliable 
and, thus in the initial management of abdominal trauma in 
adults following rapid assessment and resuscitation selection of 
appropriate investigations is of key importance [5,6].

Discussion
Patterns of injuries
Particular pattern of injuries occur with blunt abdominal trauma. 
Steering wheel injuries commonly involve the sternum (with the 
risk of myocardial contusion), liver and spleen. Pelvic fractures 
are associated with urethral and urinary bladder injuries and 
with rupture of the diaphragm. Different types of lumbar 
vertebral fractures from acceleration or deceleration injuries, are 
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Abstract
The main consequences of abdominal trauma are haemorrhage and sepsis. Early 
deaths following abdominal trauma are usually attributable to haemorrhage. Sepsis 
is the most common cause in deaths occurring more than 48 hours after injury. 
Thus the first priority for the surgeon performing a laparotomy for abdominal 
trauma is haemorrhage control and prevention of spilling of visceral contents 
from visceral injuries is the second priority. In selected patients definitive repair 
is delayed until after a period of intensive resuscitation following damage-control 
surgery. The diagnosis or exclusion of hollow viscus injuries can be problematic. 
Excluding the general principles of trauma laparotomy and definitive intra-
abdominal procedures, the article discussed the clinical assessment and decision-
making which would ensure that injuries are not missed during laparotomy and 
thus decrease mortality. 
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associated with various abdominal injuries. Transverse spinous 
process fractures may occur with renal trauma and horizontal 
fractures of the vertebrae through the body are associated with 
pancreatic, duodenal or small bowel mesentery injuries. It is 
important to understand the concept of the trimodal distribution 
of death (%) during a road traffic crash [1]. The first phase is death 
within seconds to minutes (40%) from the impact of the crash 
(energy being converted from one form to the other according 
to the first law of thermodynamics) causing instant damage to 
the brain, heart and great vessels and cervical cord. The second 
phase is the ‘golden hour’ as death occurs within minutes to 
hours (30%) and thus can clinically be acted upon, influenced 
and death prevented. This ‘golden hour’ phase forms the basis 
of the primary survey (ABCDE) of the Advanced Trauma Life 
Support (ATLS) system of management in which immediately 
life-threatening injuries are identified and treated in the correct 
order [7-9]. It consists of A-airway with cervical spine control, 
B-breathing with oxygen, C-circulation with haemorrhage control, 
D-disability of the central nervous system, E-exposure looking 
for hidden injury or signs of external bleeding but taking care 
to avoid hypothermia) The injury in this phase may involve the 
brain (treatable haematoma), lungs (haemo and pneumothorax), 
abdomen (haemorrhage) and skeleton (pelvis and long bones). 
The third phase is death within days to weeks (30%) from 
infection, multiple organ failure, abdomen (haemorrhage) and 
injury to the skeleton (pelvis and long bones). 
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Pathophysiology
The main consequences of abdominal trauma are haemorrhage 
and sepsis. Early deaths following abdominal trauma are 
usually attributable to haemorrhage. Blood can be surprisingly 
non-irritant and large volumes can be sequestered within the 
abdominal cavity before any clinical signs become evident. Blunt 
trauma frequently causes injuries to solid organs such as the 
spleen and liver. The energy transfer during deceleration and 
compression tears solid organs and bowel mesentery resulting in 
intraperitoneal bleeding. Shearing forces caused by deceleration 
lead to organs and tissues moving relative to each other at 
the interface between mobile and fixed structures such as the 
proximal intra-peritoneal and distal retroperitoneal first part 
of the duodenum and blood vessels tearing at these junctions. 
Penetrating trauma from stabbing, bullets and fragments causes 
haemorrhage from solid organs as well as the major arteries 
and veins in the abdomen. Sepsis is the most common cause 
of death occurring more than 48 hours after injury. Hollow 
viscus injury with leakage of gut contents is the usual cause of 
intra-abdominal sepsis after trauma and occurs frequently with 
penetrating trauma. In stab wounds it is easier to predict the 
injured organs as the injuries are usually confined to the tract 
[3]. However with gunshot wounds it is never safe to assume 
that the missile has followed a straight trajectory. In addition, 
high velocity missile wounds have a cavitation effect that may 
extend several centimetres beyond the tract of the missile. Blunt 
abdominal trauma can also result in rupture of intra-abdominal, 
retroperitoneal and pelvic hollow viscera. Blast is a potent cause 
of blunt trauma in military practice, especially affecting gas-filled 
viscera [4,9]. Retroperitoneal injuries (pancreatic, duodenal, 
ureteric, ascending and descending colon) are often diagnosed 
late as these injuries can take days to become clinically apparent 
[10-15]. Thus, a patient who has been stabbed in the back should 
be watched for at least 48 hours to exclude signs of sepsis. Bladder 
injuries can have a delayed diagnosis as urine is non-irritant to 
the peritoneum. When the diagnosis of a ruptured bladder is 
missed, the patient may have been drunk or reluctant to seek 
medical attention, perhaps for social reasons. The diagnosis 
is considered if there is a rise in urea and creatinine levels, an 
absence of normal voiding and ill- defined abdominal tenderness 
[11-14]. Rectal injuries from penetrating trauma or associated 
pelvic fractures can be similarly missed, with resultant pelvic and 
systemic sepsis [15-17]. 

Assessment
The initial assessment and resuscitation of the injured patient 
should follow the ATLS sequence of airway, breathing and 
circulation as airway compromise causes death within seconds, 
breathing derangement causes death within minutes and 
circulatory impairment causes death within hours [7,8]. Shock, 
in the presence of obvious abdominal injuries, should prompt a 
laparotomy for haemorrhage control (resuscitation laparotomy) 
during the circulation stage of the primary survey. The assessment 
of the trauma patient following resuscitation includes obtaining 
a detailed history of the event from pre-hospital personnel. 
Knowledge of accident details (e.g. use of seat belts, estimated 
speeds, injuries to other passengers or any deaths) may enable 

the clinician to build a picture of likely injury patterns [7-9,18]. A 
thorough examination of the abdomen is part of the secondary 
survey and must include rectal, penile and vaginal examination 
[7]. Physical examination of the abdomen in the trauma patient 
is unreliable and a single negative examination does not exclude 
serious injury. Regular review and documentation of findings 
are therefore essential as physical findings may undergo subtle 
changes with time [6-8,19]. Many injuries are not an immediate 
threat to life but will become fatal if not diagnosed and treated 
expeditiously. Thus, the role of the secondary survey [7]. The 
decision on which injuries mandate an urgent operation apart 
from obvious and exsanguinating bleeding is frequently difficult 
and best made by an experienced surgeon [1-3,19]. 

Adjuncts to clinical examination
Unlike penetrating abdominal trauma, where management is 
largely determined clinically, the diagnosis of blunt abdominal 
injury by clinical examination is unreliable, particularly in patients 
with a decreased level of consciousness [5,20-22]. Confirmation 
of the presence or absence of injury therefore relies largely 
on the use of diagnostic adjuncts. Accurate imaging facilitates 
selection for non-operative management, where appropriate, 
and reduces non-therapeutic laparotomy rates. The main first 
line investigations are ultrasound, diagnostic peritoneal lavage, 
and computed tomography. These tests are complementary 
rather than interchangeable, and their usefulness depends on the 
clinical context. Diagnostic peritoneal lavage (DPL) first described 
in 1965 [23] rapidly became the standard of care until the advent 
of Focused Assessment with Sonography for Trauma (FAST) in the 
resuscitation room. DPL detects blood in the peritoneal cavity with 
a sensitivity of 90% and an accuracy of 97% [23]. It is not as blind 
a procedure as the obsolete and dangerous four quadrant tap. 
DPL is performed using either an open or closed percutaneous 
technique through the umbilicus as a bedside manoeuvre under 
local anaesthetic. A lavage cell count of 100,000 red cells per 
mm3 indicates a clinically relevant haemoperitoneum whereas 
the presence of >500 white blood cells/mm3 or vegetable matter 
signifies a hollow viscus injury [24]. The presence of any of 
these parameters is regarded as an indication for laparotomy 
[25,26]. Although, the technique has been shown to be reliable, 
reproducible, it does not exclude retroperitoneal injury and it is 
not performed in children. In addition, the infusion of lavage fluid, 
which is never completely removed, may also interfere with the 
interpretation of subsequent imaging. Since not all patients with 
a haemoperitoneum need laparotomy, the biggest drawback of 
diagnostic peritoneal lavage is the resulting high non-therapeutic 
laparotomy rate of up to 36% [26,27]. However, DPL may continue 
to have a role as a second line investigation in the neurologically-
compromised patient to clarify the nature of the fluid and in the 
diagnosis of hollow viscus injuries [25]. The sole purpose of FAST 
is to detect free fluid (which is mostly assumed to be blood and 
less to gastrointestinal content) in the peritoneal cavity after 
blunt trauma [20,28]. The sensitivity of FAST in abdominal trauma 
is 88% and it is therefore an ideal screening investigation for all 
trauma patients who do not need to go directly to theatre and 
patients who are unstable because of its rapid assessment [20]. 
A normal FAST does not exclude injury as signs of blood loss and 
hollow viscus injury may initially be subtle. If the patient remains 
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cardiovascularly stable, this can be augmented by computed 
tomography (CT) scan either to confirm the negative FAST or 
determine organ injury for non-operative management [27]. 
As it will also miss injuries not associated with intra-abdominal 
fluid, FAST may not be very useful in haemodynamically stable 
patients [20,28]. It is therefore the investigation of choice in 
the haemodynamically unstable patient whereas CT is the 
investigation of choice in the haemodynamically stable patient 
[6,20,28]. Patients who transiently respond to resuscitation 
should be managed as unstable patients. The decision to obtain 
a CT scan in such patients should be made only by experienced 
staff, after careful appraisal of the risks and potential benefits, 
and only if the results are likely to alter management. In unstable 
multiply injured patients, a positive FAST requires a laparotomy 
and a negative exam should either be repeated or a DPL 
performed. An unstable patient following a stab wound needs an 
immediate laparotomy but in the stable patient FAST should be 
used to detect free intraperitoneal bleeding. If this is negative, 
laparoscopy can be employed in the stable patient in the 
operating theatre. In the vast majority of patients laparoscopy 
has no role in the evaluation of abdominal trauma especially 
as it is time consuming and expensive [7]. It is also limited by 
technical factors such as the presence of blood and difficulty in 
fully assessing the retroperitoneal structures and small bowel. 
However, an indication for laparoscopy in blunt trauma is the 
assessment for diaphragm rupture in selected stable patients 
where there is clinical suspicion [7]. Rigid sigmoidoscopy is 
necessary if there is any suspicion of a rectal injury [16]. During 
the initial assessment a nasogastric or orogastric tube should be 
inserted to decompress the stomach and reduce the probability of 
aspiration. A urinary catheter should also be inserted after rectal 
and perineal examination to avoid creation of a ‘false’ passage. 
Although some authorities continue to advocate its use [24,29] 
abdominal radiography has no role in the assessment of blunt 
abdominal trauma. It may provide indirect evidence of hollow 
viscus injury by showing air or gas in the peritoneum, but lacks 
sensitivity and specificity. Chest and pelvic radiography continue 
to be important adjuncts to the primary survey. They may suggest 
haemorrhage in adjacent cavities, but they cannot rule out intra-
abdominal bleeding or visceral injury [6].

Decision Making
At this point in the assessment the management choices 
are: a) resuscitation laparotomy, b) damage control surgery, 
c) hypotensive resuscitation, d) emergency laparotomy, e) 
possible laparotomy but investigations are required for a 
diagnosis, f) possible laparotomy but admit for observation and 
serial examinations, and e) no abdominal injuries warranting a 
laparotomy. 

Resuscitation laparotomy
Resuscitation laparotomy is indicated for the exsanguinating 
patient in severe shock, not responding to fluid resuscitation 
with obvious blunt or penetrating abdominal trauma, and no 
evidence of chest, pelvic or extremity bleeding. The patient 
requires endotracheal intubation, ventilation and an immediate 
laparotomy to control the bleeding. The secondary survey 

could then follow in the ward. Any delay to the operation by 
attempting to complete limb X-rays, vascular access procedures 
or other investigations will almost certainly result in early 
death of the patient. Although resuscitation laparotomies 
have been performed in the resuscitation room in exceptional 
circumstances, the procedure should almost always be done in 
the operating theatre. A resuscitation laparotomy is not indicated 
if cardiac arrest has occurred [7,8]. 

Damage control surgery
Unstable patients should not have extensive and prolonged 
operations. Once life-saving surgical manoeuvres i.e. stopping 
ongoing bleeding and contamination have created realistic 
chance of survival, it is better to stop the operation temporarily 
with the stated objective of returning the patient to theatre 
(24-48 hours) later when haemoglobin and circulating volume, 
hypothermia and clotting deficiencies have improved. This is the 
basis of damage control surgery where correcting the physiology 
takes priority over anatomical reconstructive surgery in the 
exsanguinating critically-ill patient [30]. As survival is determined 
by physiology rather than anatomy this would avoid or limit 
the lethal triad of death (hypothermia <34°C, acidosis pH<7.2 
coagulopathy PT>16s, [30-32]. The survival chance may be lost if 
attempts at definitive surgery are pursued and a point of no return 
will be reached where curtailing the operation will be too late and 
death inevitable. The ‘Bad’ injury patterns which occur in 10-20% 
of trauma victims (high energy, multi-visceral damage, prolonged 
hypotension, massive blood loss) gets damage control surgery. 
The scenario is particularly applicable when a patient is bleeding 
from major liver trauma. Rapidly arresting the haemorrhage by 
packing the liver is better than attempting definitive repair or 
resection [2,7,30]. Other reasons for performing limited trauma 
surgery may include; limited surgical expertise, time pressures 
due to multiple casualties, lack of necessary blood products; 
inaccessible major venous injury; and other body system injury 
requiring life-saving surgery [2-5,8].

Hypotensive resuscitation
Hypotensive resuscitation is a different and controversial concept. 
The aim is to maintain critical organ perfusion of the heart, brain 
and kidneys, but not disrupt the blood clot that has formed 
around an injury. Restoring normal blood pressure without first 
controlling the bleeding by surgical means may actually increase 
the blood loss and render the situation uncontrollable. Thus, fluid 
is not given to achieve a ‘normal’ blood pressure but is either 
withheld until surgical control is achieved or given to achieve 
a predetermined ‘lower’ blood pressure [33,34]. ‘Conscious 
hypotension’ and ‘active observation’ is utilised while the patient 
is transferred to the operating theatre for simultaneous bleeding 
control and resuscitation. Young, fit patients can withstand low 
blood pressure for surprisingly long periods of time.

Emergency laparotomy
It is practical and good judgement to err on the safe side by 
urgently arranging for an emergency laparotomy in the operating 
theatre if any of the following is diagnosed during the clinical 
examination with or without adjuncts; a) fluid responders but 
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blood in the peritoneal cavity, b) positive FAST in the shocked 
patient, c) positive DPL, d) peritonism on abdominal examination, 
e) diaphragmatic rupture, f) protrusion of a viscus through a 
wound, g) gastrointestinal bleeding, and h) abdominal gunshot 
wounds [1-3,7,8]. Many injuries to solid organs can be managed 
non-operatively. Thus, with the experience and resources of 
referral trauma centres (a) and (c) may be managed conservatively 
with ‘active observation’ [35-37].

Multiple injuries
Prioritisation is important when abdominal injuries occur in 
association with other injuries. Life-threatening injuries may have 
to take priority over a minor abdominal injury. If there are other 
injuries that are overwhelming then it may be inappropriate to 
embark upon laparotomy. In addition, in a military environment 
with limited resources prolonged laparotomies should not be 
undertaken if others with more salvageable injuries would 
deteriorate in the interim [2,3]. In the multiply injured patient 
bleeding frequently occurs in more than one body region. 
Potential bleeding points need to be rapidly identified and their 
control may require surgery by more than one specialist. The 
first incision needs to be made to expose and control the most 
life-threatening bleeding point. This decision needs to be made 
rapidly which, occasionally, will result in the wrong judgement 
and rapid correction is equally required [1-3,7,8]. 

Difficult injury combination
Injuries also occur at the ‘junctional’ zones between two surgical 
specialties, e.g. lower ribcage and pelvis or groin and require a 
careful series of decisions. It is essential that the surgeons discuss 
the approach in the resuscitation room to prioritise and decide 
on either sequential or simultaneous surgery. In an austere 
environment the solitary surgeon has to decide what to do first. 
For example, the case of a shocked patient with a penetrating 
wound anterolateral in her lower chest. The chest drain had 
rapidly drained 700 ml of blood and then stopped. The patient 
would need an emergency operation and a laparotomy is done 
first before a thoracotomy. The optimal test to decide whether 
a laparotomy or thoracotomy is done first is FAST. If FAST shows 
pericardial effusion and abdominal fluid, a left anterolateral 
thoracotomy is done first. The thoracotomy can be extended or 
a second incision for laparotomy made. A second example is a 
shocked patient with a gunshot wound to the groin that have 
significant bleeding not controlled by direct pressure. The patient 
needs an emergency operation but through a longitudinal groin 
incision. If there is difficulty with proximal control a laparotomy is 
performed and a thigh extension of the incision if difficulty with 
distal control of haemorrhage [1-3,7,8]. Certain combinations of 
blunt trauma injuries also require a careful series of decisions. 
For example, a patient following a car accident responding 
transiently to intravenous fluids, and investigations reveal free 
intra-abdominal blood on ultrasound and a pelvic fracture would 
need an emergency operation. Pelvic fixation to stabilise the 
pelvic ring disruption and counteract the haemorrhagic factors 
would be done first before a full midline laparotomy. The second 
example is a patient who has fallen from a bridge and sustained 
a disrupted pelvis as well as comminuted closed femur fractures, 

and, did not respond to intravenous fluids. The patient would 
need an emergency operation but, again external fixation of 
the pelvis first before femur nailing. A third common example is 
a shocked patient with free intra-abdominal blood and a head 
injury with fixed and dilated pupil. She would need an emergency 
operation but a laparotomy first to stop the bleeding and prevent 
secondary brain injury from hypotension before a craniotomy. 
The CT scan of the head is done after the laparotomy. Optimally 
the surgeries can be performed consecutively during the same 
anaesthetic. 

Laparotomy after investigations
It can be very difficult to decide whether a patient needs a 
laparotomy after trauma, particularly when the patient is 
haemodynamically stable and has minimal signs of abdominal 
injury. In some patients the need for a laparotomy only becomes 
apparent after investigations. These tests may be particularly 
useful in patients in whom physical examination is unremarkable 
(head injury, alcohol, drugs and paralysis, and in patients in 
whom one is unable to perform serial examinations. Special 
investigations do not provide absolute answers and the risk of 
delayed and unnecessary operations will remain. For example, 
although FAST is an excellent investigation for haemoperitoneum, 
up to 40% of patients with an acute haemoperitoneum reveal 
that bleeding has stopped and that the injuries do not require 
surgery [6,28]. Generally, in a haemodynamically stable patient, 
if there is any doubt about abdominal injuries or if serial 
examinations cannot be done or the patient requires transfer, 
further special organ specific investigations should be done. 
A CT scan with intravenous contrast is the single most useful 
investigation because it can assess for intra-peritoneal fluid, solid 
organ injury, retroperitoneal haematoma, duodenal (with oral 
contrast) and colorectal injury (with rectal contrast). It is sensitive 
(92%-97.6%) and specific (98.7%) [24], and its main advantage is 
the ability to detect arterial contrast extravasation, uncontained 
or as a pseudoaneurysm, which predicts the need for surgery or 
angio-embolisation [38]. Computed tomography also accurately 
evaluates the retroperitoneum, but it is less sensitive for detecting 
hollow viscus injuries [29], although detection rates are improving 
with increasing experience. Computed tomography is also the 
modality of choice for diagnosing injuries to the diaphragm [39], 
which may result in major morbidity and mortality if undetected 
and may not present until many years after the event. A large 
prospective multicentre study showed that a normal abdominal 
computed tomography scan has a high negative predictive value 
(99.63%), and it concluded that admission for observation may not 
be necessary [21]. Free intra-abdominal fluid without solid organ 
injury is a concern, particularly in neurologically compromised 
patients, and must be placed in the clinical context with regard 
to injury patterns and signs of high risk, such as abdominal seat 
belt marks. In most cases, the fluid is blood and of no further 
consequence, but occasionally it may be gastrointestinal content 
from an undetected hollow viscus injury. Such patients should 
be managed by an experienced surgeon. Intravenous contrast 
studies assess kidney function and integrity of the urological 
tract. Oral or rectal water-soluble can similarly be used to assess 
the integrity of the upper and lower gastrointestinal tracts [24]. 
Laparoscopy is occasionally used diagnostically to assess for 
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management of abdominal trauma. The diagnosis of abdominal 
injury by clinical examination is unreliable. Although investigation 
of blunt abdominal trauma is challenging, appropriate and 
directed investigation will improve diagnosis and allow either 
early surgical intervention or facilitate conservative management. 
Where the patient is unstable and an abdominal cause is obvious, 
immediate surgery is required. Seriously injured patients require 
an integrated decision-making process.

peritoneal breach in penetrating trauma, intraperitoneal blood 
and hollow viscus content and diaphragmatic lacerations. In 
carefully selected blunt abdominal trauma patients therapeutic 
interventions can be safe and feasible [40]. 

Conclusions
The understanding and integration of the advanced trauma 
life support (ATLS), care of the critically-ill surgical patient and 
definitive surgical trauma skills is particularly important in the 
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