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Abstract

Civilian liver trauma is generally sustained by blunt injury, with management strategies increasingly focusing on selective
non-operative strategies and endovascular intervention. Military liver trauma is more often ballistic in nature and almost
always requiring operative intervention. This article reviews established and evolving surgical techniques in the operative

management of liver trauma.

Introduction

The liver is the most commonly injured organ following abdominal
trauma [1,2], with haemorrhage being the surgeon’s primary
concern. The degree of injury is graded by increasing severity from
I to VI (Table 1) [3,4]. Prior to the 1990s, almost all patients with
suspected liver trauma underwent operative management; many
were diagnosed by peritoneal lavage and thus the extent of injury
was unknown. With increased access to computed tomography
(CT), a number of studies have demonstrated the safety of selective
non-operative management (SNOM) of initially blunt [4,5] but
subsequently, penetrating liver injury [6,7] in haemodynamically
stable patients. This has been brought about in conjunction with
the wider availability of axial imaging and endovascular techniques
aiding diagnosis and haemorrhage control in stable patients
(Figure 1 and 2) [8,9]. Battlefield liver trauma is still almost always
managed operatively [10,11], although SNOM of battlefield liver
injury has also been reported recently [12-14], but has yet to
become accepted practice.

There is evolving concern that some patients, especially those
with higher grade injury, are being inappropriately selected for
non-operative management thereby incurring unnecessary
morbidity [15]. This has been ascribed to a lack of hepatic
operative experience, the techniques of which have been learned
throughout most of the 20th century with many lessons learned
on the battlefield, not being applied to civilian cases. Surgeons
managing liver trauma need to remain conversant with all
available strategies, thus this paper is a review of the civilian and
military literature on the operative management of liver trauma.

Incidence and Outcomes
Civilian Liver Trauma

The civilian world has seen significant changes to not only
the common mechanisms of liver trauma, but also to the
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Grade® Description

I Haematoma  Subscapular, <10% surface area.

Laceration Capsular tear, <lcm parenchymal depth

Subscapular, 10-50% surface area,

II  Haematoma . o T
intraparenchymal, <10cm in diameter.

1-3cm parenchymal depth, <10cm in

Laceration
length.

Subcapsular, >50% surface area or
expanding; ruptured subcapsular or
parenchymal haematoma.
Intraparenchymal haematoma >10cm
or expanding.

Il Haematoma

Laceration >3cm parenchymal depth.

Parenchymal disruption involving 25-
75% of hepatic lobe or 1-3 Couinaud’s
segments within a single lobe.

IV Laceration

Parenchymal disruption involving
>75% of hepatic lobe or >3 Couinaud’s

segments within a single lobe.

V  Laceration

Juxtahepatic venous injuries; ie,

Vascular retrohepatic vena cava/central major
hepatic veins.
VI  Vascular Hepatic avulsion.

* Advance one grade for multiple injuries, up to Grade I11.

Table 1: The American Association for the Surgery of Trauma Liver
Injury Scale (1994 Revision) [3]

management strategies employed. In North America over the past
50 years, firearms and knife assaults have decreased substantially,
whilst blunt injury following automobile crashes has risen. In
1969-70 one Detroit trauma centre saw 235 penetrating and
14 blunt injuries, but by 1997-98 this trend had reversed to 61
penetrating and 55 blunt injuries [16]. This was coupled with
reductions in the median Grade of injury from III to II, rates
of operative intervention from 100% to 68% and liver related
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Operative Liver Trauma

Figure 1: A Computed Tomography scan of a blunt liver injury.
(Picture credit: Surg Capt MJ Midwinter RN.)

Figure 2: Liver angiography showing active contrast extravasation

illustrating ongoing bleeding. (Picture credit: Lt Col Anne Rizzo
USAE)

28-day mortality from 7% to 4%, although the overall mortality
remained at 16% [16].

In Europe, penetrating trauma is a relatively infrequent
occurrence, with automobile crashes accounting for the
majority of trauma admissions. One UK study [17] analysing
52 admissions from 1991-2001 found that half of patients
required operative management for liver lacerations of greater
grade and haemodynamic instability than their conservatively
managed counterparts. Within the non-operative group, 23%
eventually required operation, but the indications were not
explicit. The operative mortality was 31% compared to 16% in
the SNOM group.

A similar study from Spain [18] described 143 patients
admitted between 1992 and 2008 and found that surgery was
required in 38% with 15% of the SNOM group eventually
requiring operation. Haemodynamic instability was the main
indication for operation following failure of SNOM in 9 out of
11 patients. The mortality of patients selected for initial operative
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management was 29% compared to 16% in the SNOM group,
which including two late deaths from ARDS and sepsis in the
group who failed SNOM.

Military Liver Trauma

In contrast to civilian trauma, battlefield trauma is generally the
result of fragmentation or gunshot wounds (GSW) [19]. The
resultant wounds are usually the result of high energy transfer
associated with large volumes of tissue destruction, multi-cavity
involvement [20] and gross bacterial contamination [21].

During World War I, all major liver trauma was managed
expectantly with a corresponding mortality of 66% [22]. During
World War I, advances in surgical equipment and techniques
meant that such patients were managed operatively with a
mortality of 27% [22]; in Korea, mortality fell further to 14%
[10]. In Vietnam, the incidence of liver injury in patients with
penetrating abdominal war wounds was between 20% and 27%,
second only to intestinal perforation [23,24]. The right lobe was
involved in two thirds of patients, with left lobe injury associated
with concomitant inferior vena cava (IVC) injury [23]. Mortality
for liver trauma during this period varied from 4.5% in the
military population to 12% when other combatants and civilians
were included [24].

During the 1982 Lebanon War, a small study reported 11
liver wounds in a cohort of 37 consecutive laparotomies [25]
whereas the conflict in Yugoslavia during the 1990s, involved
substantially larger casualty numbers. Two retrospective studies,
analysing military and civilian casualties, reported 17% and 28%
of patients with abdominal wounding to have liver involvement
[10,11]. These studies reported a median injury grade of III with
increasing grade associated with escalating mortality between 0%
for Grade I to 100% for Grade V1.

The trend of injury amongst serving personnel in the recent
and current conflicts of Iraq and Afghanistan reflects the increased
use of personal and vehicular ballistic protection by western
militaries. There are several studies examining exclusively military
populations which quote rates of abdominal injury of 1.7 - 1.9%
[26,27]. If native forces, motor vehicle crashes and civilian injuries
are included this rises to 8- 17% [14,28]. The liver is second only
to the intestines as the most commonly injured organ (13-27%)
[13,14,28].

Patient Selection for Operative Management

There are two major determinants to consider when making
decisions in suspected liver trauma: haemodynamic stability
and mechanism of injury. In general, haemodynamic instability
or peritonism makes decision-making in trauma more
straightforward, although ultimately, the surgical procedure
required may be complex. Management decisions are more
challenging when patients are haemodynamically stable as the
array of potential therapeutic modalities are substantial and the
patient’s future clinical course is unknown [8,9].

Concomitant injury, either extra- or intra-abdominal, and
high grade liver injury are predictors of outcome in liver trauma
[1,29]. It has been a constant observation through time that most
Grade I and II injuries require little or no intervention [15]. The
most useful tool to help guide decision making in stable cases
is CT scanning which is generally available in most western
hospitals and becoming so in most mature deployed field hospitals
[13,14]. A recent study used CT to evaluate several patients with
blunt abdominal trauma who were initially unstable, but who
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responded to resuscitation, without mishap [17]. The numbers
involved were small and we would not advocate this approach for
all unstable trauma cases. There is also emerging literature about
the pitfalls of multiple scans delaying definitive treatment and the
additional radiation exposure increasing the risk of carcinogenesis
in trauma patients [18].

Liver-related failure of SNOM (ie secondary liver haemorrhage)
is associated with higher grades of injury, and the management of
Grades IV and V merit particular scrutiny with a low threshold
for operative intervention [5,6,17]. In the civilian literature,
delayed intervention is not associated with additional morbidity
or mortality [7,30]. This has yet to be clarified in the military
literature as only one study reports a failure of battlefield SNOM
in a patient with a Grade III liver injury [14].

Overall, all civilian and military patients who are unstable
following abdominal trauma should undergo a laparotomy. All
stable patients should be evaluated by CT scanning. Operative
management should be considered for grades I1I to V who become
unstable, peritonitic, septic or have multiple additional injuries.
SNOM should only be considered in the military environment
if CT scanning, critical care facilities and the provision for serial
observation are available; otherwise, surgery is the default strategy.

Operative Strategies

General Principles

From the outset the surgeon needs to be aware of not only the
anatomical pattern of injury, but also the physiological state of
the patient. In the context of haemodynamic instability and
physiological derangement then a damage control approach
of abbreviated surgery should be adopted early [28]. Damage
control surgery is now considered a component within a wider
resuscitation paradigm termed damage control resuscitation [31].
This udilises aggressive, early use of blood product to restore tissue
oxygenation, limit acidosis and coagulopathy, coupled with active
warming, has been associated with improved survival [32].

The immediate operative goal of the surgeon is to control
haemorrhage followed by debridement or resection of devitalised
liver, control of any bile leak and appropriate drainage [33].
In general, this can be achieved through a generous midline
laparotomy which can either be extended into a right sub-costal
incision or substituted for a bilateral sub-costal incision if the
injury is known to be confined to the supra-colic compartment.
The liver can be fully mobilised by dividing the triangular and
coronary ligaments to permit full evaluation of injuries. This is
contra-indicated when a retrohepatic venous injury is suspected
as decompression of a critical vascular injury can result.

Inflow Control (Pringle’s Manoeuvre)

This valuable technique (Figure 3) involves compression of the
portal triad, either digitally or by a non-crushing bowel clamp,
occluding vascular inflow from the hepatic artery and portal vein.
It was first described by Pringle in 1908 [34] and can be both
diagnostic and therapeutic. Application of inflow control will
stem haemorrhage from an arterial or portal source, permitting
thorough evaluation of the injury and allowing the anaesthetist
time to restore intravascular volume. Should haemorrhage from a
liver injury not be controlled by Pringle’s Manoeuvre, an aberrant
arterial supply or major IVC injury should be suspected [33].
Care should be taken during the application of compression
not to injure the common bile duct. The risk of prolonged
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Figure 3: A line drawing of Pringle’s Manoeuvre, where the portal triad
is digitally compressed to reduce vascular inflow. (From: Hirshberg A,
Mattox KL. Top Knife: the Art and Craft of Trauma Surgery. 1st Edn.
Berlin: Springer, 2006. Reproduced with kind permission.)

occlusion relates to the sequelae of ischemic hepatitis such as liver
insufficiency and encephalopathy, thus occlusion time should

generally be less than 1 hour [35].

Liver Packing

The use of gauze packing in trauma to effect the tamponade of
haemorrhage is well known to surgeons, but has gone through
periods of both favour and disfavour. Liver packing was used
for first time on a large scale during World War II where it was
eventually abandoned due to a variety of serious complications.
Packing became associated with haemorrhage following pack
removal, abscess, hepatitis and biliary peritonitis [22]. This
continued through the Vietham War and civilian practice where
operative management focused on resectional and vascular
isolation techniques [23].

There was a resurgence of interest in temporary packing
during the 1980s following the identification of coagulopathic
patients where discrete bleeding vessels had been ligated, but the
raw hepatic surface continued to ooze [36]. Packing was only
advocated in critical case however, as it was still associated with
septic morbidity [37]. In an effort to reduce this infective burden,
omental pack [38] or Gerota’s fascia flap [39] have been advocated
to pack into hepatic wounds. This carries the benefit of autologus
tissue use and helps reduce dead-space, however; omentum is
not always available and flaps are time consuming to mobilise.
With improvements in resuscitation and the use of antibiotics,
subsequent studies have been unable to demonstrate an increased
burden of sepsis with gauze packs [40].

The main pitfalls relate to the technique of packing - packs must
be placed around the liver to reconstitute its anatomical shape.
Packs placed in the hepatic wound risk further bleeding by tearing
tissue. Excessive packing can compress the IVC increasing the
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Figure 4: A line drawing of intrahepatic balloon tamponade using
a Penrose drain and urinary catheter. (From: Hirshberg A, Mattox
KL. Top Knife: the Art and Craft of Trauma Surgery. Ist Edn. Berlin:
Springer, 2006. Reproduced with kind permission.)

risk of compartment syndrome and multi-organ failure [33,41].
Conversely under-packing is associated with increased transfusion
requirements and unplanned re-look laparotomies [41]. It is felt
that the optimum time for pack removal is between 36 and 72 hrs,
following the correction of a patient’s physiology - earlier removal
is associated with secondary haemorrhage [40]. In general, the
liver should be mobilised (except when there is a suspicion of
retro-hepatic venous injury) to permit the systematic placement
of packs posteriorly, round to the anterior surface of the liver to
achieve antero-posterior compression. Packs can be placed in
Morison’s Pouch to support the inferior surface. Packing directly
under the diaphragm can cause respiratory embarrassment, but
may be required depending on the location of wounds.

Mesh Wrapping

Mesh wrapping uses an absorbable mesh to encapsulate of the
liver under tension, compressing the parenchyma to achieve
haemostasis. It has the benefits seen with gauze packing -
simplicity and the avoidance of resection - but avoids extra-
hepatic compression of the IVC, portal vein and diaphragm.
‘There are several techniques depending on the injury pattern, from
complete [42] to partial [43] encapsulation. A cholecystectomy is
required if the right lobe is completely wrapped to avoid necrosis
of the gall bladder [33]. This technique is attractive for the reasons
detailed above and has not been associated with an increase in
hepatic complication although the evidence base is limited to a
number of small series and reports [42,43].

Intrahepatic Tamponade

Perforating wounds of the liver that are actively bleeding leave the
surgeon with a management dilemma: performing a tractotomy
to gain access may require substantial tissue disruption and risks
further bleeding, yet the need for haemostasis remains paramount.
For this infrequently encountered injury, an elegant solution
exists in the form of intra-hepatic balloon tamponade (Figure
4). A device can either be fashioned from a Foley catheter and
Penrose drain [44] or a Sengstaken-Blakemore tube. The device
is gently delivered into the length of the tract and then inflated,
often with a radio-opaque contrast fluid so integrity and position
can be later confirmed radiologically if required. The inflated
balloon tamponades any bleeding vessels and once the patient is
haemodynamically stable with normal clotting, the balloon can
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be emptied and withdrawn. This can be achieved at re-laparotomy
or through a pre-prepared abdominal wall tract.

Hepatorrhaphy (Deep Liver Suture)

Thisisan older technique which involves passing deep parenchymal
sutures to bring disrupted tissue together compressing bleeding
vessels and reducing dead space. Unfortunately, in the pursuit
of haemostasis, it has been reported that large areas of tissue can
become ischaemic progressing to infarction, becoming a nidus for
infection [45]. Thus, hepatorrhaphy has largely been superseded
by hepatotomy with direct ligation of vessels. However, some
advocate hepatorrhaphy for “hard-to-reach” areas such as the
dome and posterior portion of the right lobe [46].

Hepatotomy (Finger Fracture Technique)

Hepatotomy is the counter-intuitive alternative to hepatorrhaphy,
originally described in 1958, which involves initially making the liver
wound larger [47]. This can be done using the fingers [48] (hence the
term “finger fracture”), scalpel handle [47] or electrocautery (Figure
5) [33]. This provides access to vessels embedded in the parenchyma,
allowing for direct suture or clip ligation. The largest consecutive
series reports 75 patients with median injury Grade of III, where
finger fracture was used in conjunction with Pringle’s Manoeuvre,
to achieve a morbidity of 8% and mortality of 5%. A more recent
study in 1990 reported that hepatotomy was appropriate in 301 of
683 patients with an 87% success rate. Overall, this technique has
a low morbidity when compared to hepatorraphy and helps reduce
the need for resection but most of the evidence presented is in
relation to penetrating trauma [33].

Figure 5: A line drawing of a hepatotomy with direct suture of bleeding
vessels. (From: Hirshberg A, Mattox KL. Top Knife: the Art and Craft
of Trauma Surgery. 1st Edn. Berlin: Springer, 2006. Reproduced with
kind permission.)
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Debridement (Non-Anatomical Resection)

The removal of all non-viable tissue from a traumatic wound to
minimise post-operative sepsis and secondary haemorrhage is a
basic tenet of surgery. Debridement is rarely a technique practised
in isolation and is frequently used in conjunction with inflow
control and hepatotomy. This allows for haemorrhage control
prior to resection of all devitalised tissue while usually involves
crossing traditional anatomical boundaries hence the term “non-
anatomical resection” (Figures 6 and 7).

Debridement is rarely utilised in civilian liver trauma
[30,49,50], except in patients injured with firearms [46,51]. This
is likely because of the cavitating effect that ballistic wounds inflict
on liver parenchyma yielding injuries requiring debridement. This
is echoed by a military study reporting debridement in 78% of
cases [11] where all patients had sustained high energy transfer
penetrating injury.

Lobectomy (Anatomical Resection)

Formal anatomical resection is a procedure associated with
substantial mortality and its role in trauma has changed from
enthusiasm [52] to a more measured application of last resort
[33,53]. The complications seen with intra-hepatic packing,
coupled with advances in surgical techniques and instruments,
motivated surgeons to explore anatomical resections as a means
of primary haemorrhage control in the 1950s and ‘60s. Initial
military experience from the Vietnam War found that one in
five patients were suitable for a lobectomy with a mortality rate
of 16% [24], although injury severity was not reported in this
series. However, throughout the 1960s and “70s, numerous series
reported mortality rates of 47% to 59% [54-56].

Currently, civilian literature supports the use of lobectomy in
patients with deep fractures or major hepatic venous bleeding
[57,58], which are all features generally seen with blunt trauma
[59]. Military experience is small, with anatomical resection being
utilised in 0-5% with a mortality of 67% [10,11].

Selective Hepatic Artery Ligation

This has largely been superseded by the techniques detailed
above as a method for haemorrhage control [60]. Initially, there
was a concern that arterial ligation would produce ischaemic
liver dysfunction, however, this was not borne out clinically
as portal venous blood is sufficiently oxygenated to support
hepatic metabolism. It appears to have a role when the source of
arterial bleeding cannot be identified at hepatotomy and packing
has failed, but can be controlled by Pringle’s Manoeuvre. It is
contraindicated when a major venous injury is suspected.

Local Haemostatic Adjuncts (Topical Agents and Tissue
Adbesives)

This comprises a heterogeneous group of compounds where
the end result of application is haemostasis, generally by a
combination of augmenting the clotting cascade in conjunction
with a structural effect [61]. They are considered as topical agents,
tissue adhesives or novel surgical implements.

Examples of topical agents include oxidised cellulose (Surgicel®,
Nu-Knit®) which can be packed into a bleeding laceration
[62]. Cellulose products stimulate clotting while providing
an apparatus that supports clot formation. Importantly, they
provide no clotting factors and rely upon an existing functioning
cascade. Other products include novel compounds such as zeolite
and chitosan; however, the safety of these compounds utilised
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Figure 6: A photography of a gunshot wound to the right lobe of the
liver. (Picture credit: Lt Col J Jansen RAMC (V).)

o 2 :
Figure 7: The same patient as Figure 6, having had a non-anatomical
resection of devitalised tissue. (Picture credit: Lt Col ] Jansen
RAMC(V).)

internally has yet to be fully elucidated in human studies and are
generally confined to external use [63,64].

Tissue adhesives are substances which polymerize on
application, sealing blood vessels and raw surfaces, or helping
to hold tissue together, facilitating haemostasis by tamponade
[65]. The most common are fibrin-based products which results
from a mixture of thrombin and fibrinogen producing a clot,
although other synthetic compounds are becoming available.
Such compounds have been used in elective liver and vascular
surgery [66], but preparation time can be lengthy, reducing their
applicability to trauma.

The evidence base for local haemostatic agents in liver trauma
is limited to case reports [62] and animal experiments [67-69].
Several authors have commented that a cellulose material packed
into a laceration which is then “sealed” shut with fibrin adhesive
appears to be an effective technique [62,65]. Currently, there are
no trials comparing such a technique with conventional surgery,
although these will be likely forthcoming with time.

Additional surgical implements like the cavitron ultrasonic
surgical aspirator (CUSA) or Argon beam laser have been
employed effectively to control local bleeding and raw edge
surfaces [15].
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Special Circumstances

Angio-Embolisation as an Adjunct to Surgery

The use of angio-embolisation (AE) is well known in the
management of liver trauma [70] and is frequently used to
increase the rate of successful non-operative management [71].
In the case of operative management, there are two strategies
available to surgeons.

AE can be used immediately after a damage control
laparotomy as part of the primary haemorrhage control strategy
[72]. Alternatively, AE can be used in post-operative patients to
manage ongoing bleeding not associated with haemodynamic
compromise [73]. This can involve the not only AE, but also the
placement of stents to reconstruct vasculature [74]. The group
where this appears most efficacious are in high grade liver injuries
associated with complex vascular trauma.

Biliary Injury and the Role of Drainage

The presentation of injury to the biliary tree varies from identification
at initial laparotomy to a biloma weeks after injury [58]. In the
context of operatively managed patients, the usual presentation
is bile in drains, more commonly after major resection, which
occurs in 4- 7% [59,75]. There was a vogue for prophylactic T-tube
placement to facilitate early biliary de-compression in the 1960s
[76], although no advantage was forthcoming in subsequent studies
[77]. Most bile leaks from the intra-hepatic biliary tree will stop
within weeks [75] provided there is no distal biliary obstruction,
although up to three months is not unknown [33]. In the case of
extra-hepatic leaks, percutaneous or endoscopic treatment with
stent placement is preferred [78], although occasionally Roux-en Y
hepaticojejunostomy or formal lobectomy is required [58].

Juxta-Hepatic Venous Injury

This is frequently a catastrophic injury complex where the surgeon
is greeted with torrential dark red haemorrhage from an inaccessible
posterior venous injury. Two injury patterns have been described:
type (A) are intra-parenchymal injuries that bleed through
fractured tissue and type (B) where veins are avulsed from the IVC
and bleed posteriorly around the liver [79]. Surgical strategy has
focused on the premise that such veins need direct exposure and
repair or ligation. Techniques to obtain control to facilitate this
have included total vascular exclusion [80], atrio-caval shunting
[81], veno-veno bypass and deep hypothermic circulatory arrest
[82]. All of which have been associated with high mortality rates
of between 50% and 90% [79]. As described previously, formal
resection also has similarly poor results when used for primary
haemorrhage control. Hence, in the past decade, there has been a
move towards tamponade and containment with temporary packs,
with reports of a 25% mortality rate in some series [83]. Adjuvant
angio-embolisation offers these patients an additional option .

Liver Transplantation

This remains a therapy of last resort limited to specialist centres
with the literature limited to occasional case reports and series
[84]. Transplantation has been reported in both the acute setting
as well as following the chronic sequelae of some injuries [85] but
is not required or possible in the vast majority.

Laparoscopic Surgery
Laparoscopy in trauma remains controversial due to rates of

missed injury [86,87]. Blunt trauma does not lend itself as
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well to laparoscopy due to its diffuse pattern as opposed to
the more defined nature of penetrating injuries. There are a
number of series describing the successful haemostasis of
minor liver injuries, in both the civilian [88,89] and military
setting [90], although it is likely that these where self-limiting
injuries anyway.

In the elective literature, laparoscopic hepatic resection in
oncology is established as a safe approach with less morbidity
than open resection [91]. While cancer surgery is very different
to trauma surgery, the tools exist so that one day laparoscopy may
feature in the trauma surgeon’s algorithm for the management
of haemodynamically stable hepatic trauma.

Post-Operative Complications

Liver trauma is a morbid injury with complication rates from
recent series ranges from between 8.1% to 30% [92,93]. This
relates to the complexity of the organ and the multi-cavity nature
of trauma that often adds to the morbidity burden.

Post-operative Haemorrhage

Primary exsanguinating haemorrhage is a major source of
mortality, but most studies report secondary haemorrhage
occurring in 3- 6% of survivors with no significant difference
between blunt and penetrating mechanisms [46]. Surgical
haemorrhage (ie discrete bleeding) and disseminated
intravascular coagulation account for the majority of causes in
even proportions. In patients managed by peri-hepatic packing,
patients who had packs removed at <36hrs had more episodes
of haemorrhage requiring re-packing than those with removal

between 36hrs and 72hrs [40].

Sepsis and Abscess

Post-operative sepsis occurs in 12-32% of patients. Minor
morbidity occurs with urinary tract, surgical wound and
respiratory tract sepsis. More serious are intra-abdominal
abscesses which occur in up 24% of patients and are associated
with concomitant bowel injury, higher grades of liver injury (IV
and V) and massive transfusion [94]. In the same study, 38% of
Grade V injuries died of sepsis compared with 24% for all other
grades. In such patients, a clinician must have a low threshold for
further abdominal imaging in the event of pyrexia or leucocytosis,
with CT providing the greatest diagnostic yield. Percutaneous
drainage is usually possible, although a minority of patients will
require a laparotomy and marsupialization.

Conclusion

In civilian practice the predominant mechanism of injury is
blunt trauma where the majority of minor to moderate injury
(Grades I and II) can be managed non-operatively. More severe
injury Grades (III to IV) can also be managed non-operatively,
but are more likely to require operative intervention. Military
trauma is mostly penetrating in nature with patients almost
always managed operatively. The majority of patients requiring
operative intervention can be managed with temporary inflow
occlusion, hepatotomy with direct vessel ligation and temporary
packing. Formal anatomical resection carries a high morbidity
when used for haemorrhage control, although in an experienced
centre this may be appropriate. Hepatorrhaphy has become
discouraged due to complications of sepsis and bleeding, but
may be a useful technique in penetrating trauma where the liver
is difficult to access. In time, novel haemostatic agents such as
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fibrin tissue adhesives may play a larger role in haemorrhage

control. In military surgery the same operative principles apply
although debridement is used more extensively due to the larger
cavitation effect seen with battlefield wounds.
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