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Abstract
The liver is the most commonly injured organ following trauma. Management of liver trauma has shifted away from surgical
intervention towards non-operative management (NOM), and with careful observation, regular re-examination and utilisation of
interventional radiological services, there has been an improvement in outcomes. Mortality following liver trauma is quoted at
10–15%. Patients admitted between 1st January 2009 and 31st December 2014 were identified via our Trauma Audit and
Research Network (TARN) officer and from CT scan reports containing the words biloma, contusion, laceration and trauma.
Liver injuries were graded by a consultant radiologist using the AAST scale. Information on interventions and outcomes was
gathered from a combination of TARN data and case note review. Eighty-eight patients were identified with a median age of 26
(2–71). Fifty-one patients (58%) were male. Incidence peaked in the third decade with both men and women.Median ISS was 22
(4–59). Blunt trauma was the cause in 76 (86%) of the patients. Seven patients died prior to scanning or laparotomy. Eighteen
patients required laparotomy; the remaining 63 patients were managed non-operatively. Overall mortality was 13.6%—all
fatalities occurring within the blunt trauma group. Mortality following laparotomy was 22% and higher in males (15.7 vs
10.8%). Non-operative management (NOM) for liver trauma is well established at our hospital. Our mortality rate is comparable
to larger series. A blunt mechanism of injury and the need for surgical intervention both represent poor prognostic factors in
patients with liver trauma.
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Introduction

As the largest solid organ in the body, the liver is the most
frequently injured abdominal organ. Despite the relative pro-
tection it receives from the lower half of the bony chest, it is
still vulnerable to injury from both blunt and penetrating
forces. In the UK, the incidence of liver trauma is around
2.4 per 100,000 [1], with the majority of injuries to the liver

resulting from blunt trauma (either deceleration or crush). In
the USA and South Africa, penetrating trauma has a higher
incidence. There has been a major paradigm shift in the man-
agement of liver trauma over the last three decades, with the
movement away from mandatory laparotomy and packing of
liver injuries, heading towards a selective non-operative ap-
proach. During the evolution of non-operative management,
the inclusion criteria has broadened so that now it is widely
accepted that provided the patient is haemodynamically sta-
ble, has a minimal transfusion requirement and has no evi-
dence of generalised peritonitis, a non-operative strategy can
be attempted, regardless of the grade of injury [2–5].

The American Association for the Surgery of Trauma
(AAST) Liver Injury Scale is the most widely used grading
system for hepatic trauma. Since its development, it has been a
useful tool in stratifying patients with correlation to their risk
of morbidity and mortality (Table 2).

The advent of conservative management for liver trauma
has given rise to a different group of complications which
may present in a variety of ways and at varied times following
the initial injury—predominantly of a septic and haemorrhagic
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nature. Complications such as pseudoaneurysm formation
(Fig. 1) and biliary injuries may initially be asymptomatic,
but may have potentially fatal sequelae. Due to the potentially
catastrophic nature of these complications, it is the protocol at
the Cardiff Liver Unit that all patients who are admitted with a
grade III or greater liver injury should undergo a routine CT
scan of the abdomen and pelvis at day 10 following the injury
with a specific goal of detecting these serious complications in
asymptomatic patients. There are conflicting studies on wheth-
er early re-scanning (i.e. prior to discharge) of such patients is
required [7, 8]. In Cardiff, we feel that detection of complica-
tions such as pseudoaneurysms in a timely manner allows in-
tervention in a safer, more elective setting, preferably using
interventional radiology services.

The Cardiff Liver Unit is a regional Hepatobiliary centre
serving a local population of approximately 450,000 [9] from
the Cardiff and Vale of Glamorgan area, as well as being a
tertiary referral centre, accepting patients from the whole of
South and Mid Wales.

The protocol we follow in Cardiff (Table 3) for all patients
admitted with a Grade 3 liver injury or more severe allows us
to standardise our care.

We reviewed the management and outcomes of patients
admitted to our hospital having suffered a traumatic injury to
the liver.

Methods

This was a retrospective study looking at all patients admitted
to the University Hospital of Wales over a 6-year period. Two
separate methods were used to identify appropriate patients.
Firstly, a request was made to the TARN (Trauma Audit and
Research Network) to identify all patients labelled as having
been admitted to UHW with a liver injury between 2009 and
2014. Secondly, a search was made on the hospital radiology
system to identify all patients who underwent a CT scan in
which the report or request included the word Btrauma^,

Bcontusion^, Bbiloma^ or Blaceration^. Every CT report was
read and assessed to identify whether the patient had a trau-
matic liver injury. Iatrogenic hepatobiliary injuries and inci-
dental findings without a recognised acute injury were not
included in this study. On a few scans, there was doubt wheth-
er a feature on the CT reflected a true injury or a perfusion
artefact along the falciform ligament—these scans were not
included in the study.

Once appropriate patients were identified, medical records
and TARN data were interrogated to extract the necessary data
regarding demographics, need for surgery/interventional radi-
ology and outcome. Admission CT scans were reviewed by a
consultant radiologist to provide a liver injury grade.
Information regarding interventions (radiological or surgical)
and outcomes was obtained from the hospital clinical portal
and patient notes.

Results

Between January 1st 2009 and December 31st 2014, 88 pa-
tients were admitted to the University Hospital of Wales in
Cardiff with a recorded liver injury. Fifty-four (61%) were
admitted directly to UHW, with the remaining 34 (39%) pa-
tients being transferred in from other hospitals in SouthWales.

The median age of patients was 26 (2–71), with 51 (58%)
being male. Median International Severity Score (ISS) of all
patients was 22 (4–59). Men were more than twice as likely to
have suffered from penetrating trauma compared to women
(17 vs 8%), and this in the main stay was due to stabbings.

Overall mortality in our cohort was 13.6%, with seven of
the 88 patients (8%) of patients dying before arriving in hos-
pital or in the resuscitation department. When split by gender,
the mortality amongst males was higher, at 15.7% compared
to 10.8% amongst female patients.

Interestingly the mortality was much higher in the patients
admitted directly to UHW compared to patients transferred
(18 vs 6%), though this is likely to represent the fact that many
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Fig 1 a Pseudoaneurysm of right
hepatic artery branch. bManaged
with coil embolization



of these patients had multiple injuries requiring other tertiary
specialties at our hospital (i.e. cardiothoracics and neurosur-
gery) (Tables 1, 2 and 3).

Blunt vs Penetrating

The majority of liver injuries in our cohort was sustained by a
blunt mechanism of action. The most common causes of
which were road traffic collisions followed by falls from
height. The commonest cause of penetrating injuries was stab-
bing (including self-harm). The overall split of blunt trauma to
penetrating trauma was 86 to 14%. This remained the case
when we looked at the mechanism of injury per gender.
Median ISS was notably higher in the blunt trauma group
compared to the penetrating trauma group, representing the
more complex and multi-organ involvement of blunt injuries.
Mechanism of injury was directly related to mortality, with all
of the fatalities occurring in the blunt trauma group.

NOM vs Intervention

Of the 88 patients, seven died in the emergency department prior
to definitive management. Of the 81 who survived long enough
to have a management plan put in place, 63 (77%) were man-
aged with a non-operative approach with the remaining 18

patients undergoing a laparotomy or laparoscopy as part of their
initial management. No patients subsequently failed non-
operative management. Operative intervention was more com-
mon in the penetrating trauma group compared to the blunt
trauma cohort (42 vs 19%). The majority of patients who
underwent laparotomy was managed with simple packing,
though two patients underwent resectional debridement, one pa-
tient underwent suture of the laceration whilst one patient
underwent a formal anatomical resection (following previous
damage control surgery at a local district general hospital). The
mortality was much higher amongst our patients who underwent
laparotomy (22%) when compared to those managed non-
operatively (1.6%). This difference was statistically different.

Discussion

Role of Non-operative Management

The shift in the management of adult liver trauma away from
mandatory laparotomy coupled with techniques such as he-
patic artery ligation and resectional debridement [10] can be

Table 1 Analysis of mortality

Factor Percentage P value

Male vs female 15.7 vs 10.8% 0.515

UHW vs other hospital 18 vs 6% 0.093

Blunt vs penetrating 15.8 vs 0% 0.139

Operative vs NOM 22.2 vs 1.6% 0.001

Significant value shown in italic

Table 2 AAST classification of liver injuries (Moore et al. 1995) [6]

Grade Injury type Description

I Haematoma
Laceration

Subcapsular < 10% of surface area
Capsular tear < 1 cm depth

II Haematoma
Laceration

Subcapsular 10–50% of surface area
Intraparenchymal < 10 cm in diameter
1–3 cm parenchymal depth, < 10 cm length

III Haematoma
Laceration

Subcapsular > 50% surface area or expanding;
ruptured subcapsular or parenchymal haematoma;
intraparenchymal haematoma > 10 cm or expanding
> 3 cm parenchymal depth

IV Laceration Parenchymal disruption involving 25–75% of hepatic lobe;
1–3 Couinaud Segments within a single lobe

V Laceration
Vascular

Parenchymal disruption affecting > 75% of hepatic lobe;
> 3 segments with a single lobe
Juxtahepatic venous injuries—retrohepatic cava, major hepatic veins

VI Vascular Hepatic avulsion

Table 3 The Cardiff protocol for the management of severe liver
trauma (AAST ≥ 3)

• Strict bed rest for the first week following the injury,
with the patient beginning to mobilise in the second week.

• VTE prophylaxis with anti-embolic stockings and low-molecular
weight heparin after 24 h, assuming there is no evidence of
ongoing active bleeding

• Routine repeat contrast CT of the abdomen and pelvis at day 10
following the injury to look for potentially catastrophic asymptomatic
complications such as pseudoaneurysms of the hepatic arteries.

• Ultrasound of the liver at 3 months following the injury to assess
resolution of the laceration/injury
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traced back to the early mid 1980s. The initial reports of con-
servative, non-operative management of initially splenic [11]
and then liver injuries [12] in children led to the realisation
that adult trauma victims could be potentially managed in this
way. The selection criteria for such management has broad-
ened since Meyer [13] published the seminal paper in 1985,
although the key features of lack of peritoneal signs, haemo-
dynamic stability and the absence of other significant intra-
abdominal injuries have remained critical in selecting which
patients should have a trial of non-operative management and
which should go straight to the operating theatre. The initial
criterion of a simple liver injury with < 125 ml of intra-
peritoneal blood has now expanded to include all grades
of liver injury dependent on haemodynamic stability of
the patient [5]. Our data concurs with contemporary data
that the majority of patients admitted following liver trauma
can be managed non-operatively with satisfactory out-
comes [14].

With the increasing utilisation of non-operative manage-
ment, it is important to emphasise that there will always be a
role for operative management of a subset of patients who do
not respond to initial resuscitation. Although peri-hepatic
packing is often the only liver-related surgical intervention
required in the majority of patients undergoing surgical inter-
vention, other techniques such as debridement resection, su-
ture repair of laceration and anatomical resection can be
utilised when required [15].

BThe Cardiff Protocol^ and Routine Rescanning
of Asymptomatic Patients with Severe Liver Injuries

Much debate exists regarding the role of routine short-term
follow-up scanning of patients admitted with a liver injury.
Whilst many authors including Cox [8] and Parks [16] advo-
cate that routine inpatient scanning is unnecessary,
Demetriades’ [7] data supports routine Day 10 scanning with
a finding of a complication rate of 23% (4/17) amongst
asymptomatic patients. In Cardiff, we follow the
Demetriades mantra, in that all patients admitted with a sig-
nificant liver injury (grade 3 or greater) undergo routine CT
scanning at Day 10 to exclude the presence of a potentially
fatal complication. In our cohort, five asymptomatic patients
had CT scans which revealed complications requiring inter-
vention; three pseudoaneurysms requiring embolization and
two bilomas treated with radiologically guided percutaneous
drainage and ERCP. These patients made good recoveries
with no long-term sequelae related to their injury. Given the
ease of access to high-quality CT scanning coupled with the
potential threat to life of a missed pseudo-aneurysm and the
morbidity associated with laparotomy and open repair of such
a complication, we cannot justify not routinely scanning these
patients.

Comparison to Other Series

Our overall mortality of 13.6% is comparable to other pub-
lished series [1, 17–21]. Our data also agrees with other case
series that males are more commonly affected by liver trauma
[22] and that blunt trauma is a poor prognostic factor, with all
our fatalities occurring in the blunt trauma group. The statis-
tically significant increase in mortality seen in the group of
patients requiring operative intervention is most likely to rep-
resent the polytrauma nature of their injuries.
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