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Abstract

Aim-Background: Non-operative management (NOM)
of liver trauma is well-established and accepted in cur-
rent clinical practice. Initially considered as appropri-
ate for lower grades of injury, NOM is now widely
preferred for moderate and severe liver injuries too.
Methods: This review is based on a search of the Eng-
lish literature in Pubmed, using terms such as “liver
trauma” and “non-operative”. Reconsideration of
currently used indications and selection criteria for
the non-operative management of liver trauma, as
well as therapeutic strategies, complications and pa-
tient outcome, are discussed.

Results: Appropriate selection of patients according
to the following criteria is essential for the success-
ful outcome of NOM: haemodynamic stability (on
arrival or after initial resuscitation), the absence of
associated injuries to intra- or retro-peritoneal or-
gans necessitating operative intervention, and the
availability of a multidisciplinary team including an
experienced radiologist, an experienced liver (prefer-
ably) surgeon and intensive care facilities. The vol-
ume of haemoperitoneum and the grade of injury
are not considered factors that preclude NOM. Of
paramount importance is the monitoring of signs of
peritonitis, related to a possible unrecognised hol-
low viscus injury, which is appropriately managed
operatively. Computed tomography is also important
for early diagnosis of ongoing bleeding, in order to
intervene either angiographically (embolization) or
operatively (haemostasis). Mortality during NOM
varies between 0.4% (liver-related) up to 13% (as-
sociated injuries).

Conclusions: In conclusion, the main selection crite-
rion of patients with liver trauma for NOM is hae-
modynamic stability, independent of the grade of in-
jury and the volume of haemoperitoneum. Accurate
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interpretation of liver CT scanning is of paramount
importance, in order to exclude or diagnose any as-
sociated injuries requiring operative intervention or
active bleeding that can be treated with angiography
and selective embolization. The prospect of haemo-
dynamic instability not improving with resuscitation,
the increased need for liver-related blood transfu-
sions (> 4 pRBCs), and failure of conservative treat-
ment to deal with complications, necessitate prompt
operative intervention to avoid the consequences of
delayed management.
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Introduction

In 1908, J H. Pringle provided the first description
of operative management of liver trauma [1]. Un-
fortunately, all eight patients died postoperatively;
thereafter, Pringle recommended the non-operative
management (NOM) of these injuries. However,
his recommendation was not deemed acceptable
for more than half a century, and it was only in 1972
that a new paper for this subject was published [2].
NOM was only established in clinical practice the
last two decades [3 — 12] due to several factors, such
as (a) the recognition that 50-80% of liver injuries
stop bleeding spontaneously, resulting in as many as
67% negative exploratory laparotomies, (b) the re-
markable progress made in liver imaging with com-
puted tomography (CT) scanning [6, 12 — 15] and
(c) the successful NOM of liver trauma in children.
Although NOM was initially introduced mainly for
minor liver injuries (grades I and II), it has progres-
sively been applied successfully in moderate or even
severe injuries (grades I1I - IV) [16 — 22]. Non-opera-
tive management is recommended not only for blunt
liver trauma but for stab injuries and, recently, for
gunshot wounds as well, provided there are no other
concomitant injuries that require operative treat-
ment and patients are haemodynamically stable [23
—49]. The traditional fear of sepsis rates rising due to
infection of bile or blood collections has proved to be
inaccurate [29].
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Indications - Selection criteria for NOM

The selection criteria of patients suitable for NOM
of liver trauma are constantly re-evaluated and in-
clude increasingly higher grades of injury. Thus, in-
dications for applying NOM in liver trauma include:
(a) patients haemodynamically stable on arrival or
stabilized after minimal resuscitation, (b) absence of
associated intra- and/or retro-peritoneal injuries ne-
cessitating operative management and (c) availabil-
ity of a multidisciplinary specialised team, including
an experienced radiologist for accurate interpreta-
tion of liver CT and possible angiographic interven-
tion, an experienced (liver trauma preferably) sur-
geon and, finally, intensive care unit (ICU) facilities
[10,15,16,20-22,42,50]. Despite disagreements relat-
ed to the liver injury grade (> III) and the volume
of haemoperitoneum (> 500 ml) as factors deter-
mining the decision for operative intervention, it is
currently established that the main criterion for the
application of NOM is haemodynamic stability of
the patient, regardless of the grade of injury and the
quantity of intraperitoneal blood [8,10,20-22,43,46].

Non-operative management

® Monitoring. Patient monitoring includes recording
of vital signs, urine output and level of conscious-
ness, estimation of significant changes of the hae-
matocrit and haemoglobulin, and the assessment of
the total number of transfusions needed for the liver
injury. Minor or moderate injuries (grades I - III),
constituting 80% of liver trauma, do not require
monitoring in an ICU setting.

® Computed tomography. CT is necessary for evalu-
ating the grade of liver injury, its relation to major
liver vascular structures and the presence of active
bleeding (intra-parenchymal or intra-peritoneal),
and for the exclusion of associated injuries of oth-
er intra- and retro-peritoneal organs. It can safely
guide NOM in 80 - 90% of cases, while prompt diag-
nosis of ongoing bleeding and other complications
can lead to early intervention (angiography, embo-
lism or laparotomy), with a great impact on patient
prognosis and outcome. CT is not usually recom-
mended as a follow-up imaging modality for grades
I-IITI liver injuries, but only for severe liver trauma
(grades IV and V) and is further individualised in
selected patients: for example, in the presence of
large intra-parenchymal haematomas or associated
vascular injuries, angiography is recommended in
order to exclude the possibility of active bleeding
[51, 52].

® Angiography - Embolization. Angiography is nec-
essary in patients with a suspicion of active bleed-
ing on CT and in patients continuing to bleed after
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placement or removal of liver packing. Several liver
injuries can be diagnosed, such as major vascular
injuries, pseudoaneurysms, major abnormalities of
the hepatic arteries, devascularisation of liver seg-
ments, communications of traumatized vessels with
the biliary tree or biliary injuries with the hepatic
veins and abnormalities of portal vein blood flow
[53]. The application of embolization in bleeding or
irregular vessels, pseudoaneurysms and communi-
cations with the biliary tree or the hepatic veins, has
considerably reduced the mortality rate from 65%
(without embolization) to 30% (with embolization)
of severe liver trauma [54].

® FEndoscopic retrograde cholangiopancreatography
(ERCP). Due to the coexistence of serious biliary
injury in 5% of liver trauma, ERCP can precisely
localize the damage and treat it with the placement
of a stent or nasobiliary drain [52].

® Prevention of venous thromboembolism (VTE).
Prophylaxis for VTE in patients with liver trauma
is not recommended when the risk of bleeding is
significant. Instead of using antithrombotic agents,
the use of mechanical preventive measures, such as
graded compression stockings, intermittent com-
pression devices and pneumatic compression is rec-
ommended (level A) [55].

Failure of NOM

Possibility of failure is greater in severe injuries
(grade IV and V) and is seldom related to liver trau-
ma (0-3.5%); operative intervention is usually car-
ried out for the management of associated injuries,
such as delayed spleen or kidney bleeding, rather
than for liver-related complications [10,17,29].
Other factors that determine the failure of NOM in
liver trauma are age, haematocrit, the development
of haemodynamic instability, the presence of active
bleeding in CT and the progressively increased need
for liver-related transfusions (> 4 pRBCs).

Complications of NOM

® Delayed bleeding from the liver. As already men-
tioned, delayed bleeding usually concerns associ-
ated organ injuries (kidney, spleen) and only rarely
the liver itself, leading uneventfully to a delayed
laparotomy. It is a more frequent complication of
NOM of liver injury. Usual errors for not promptly
diagnosing delayed bleeding from the liver include
the negative correlation of ongoing bleeding with
the liver injury, continuing management with more
transfusions (> 4 U pRBCs), the erroneous inter-
pretation of CT for the existence of active bleeding
and the overestimation of blood losses attributed to
associated injuries.
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® Unrecognized hollow viscus injury. The incidence
varies from 0.7 - 26.5% and treatment involves di-
rect operative intervention [56]. Therefore, it is of
vital importance that any traumatic hollow viscus
perforation initially (clinically and radiologically)
be excluded and the patient closely monitored for
signs of peritonitis during NOM.

® Biliary injuries. Constituting the second most fre-
quent complication, these include: (a) biliary fistula,
(b) biliary peritonitis, (c) biloma, (d) haemobilia
(communication of a bleeding vessel with the biliary
tree), manifested as jaundice, right upper quadrant
colic and upper gastrointestinal bleeding, (¢) com-
munication of the biliary tree with the hepatic veins
(cholaemia) and (f) delayed biliary stricture. Man-
agement includes ERCP and stent placement or na-
sobiliary drainage.

® Hepatic abscess. Their incidence is not increased
with NOM. Percutaneous drainage with CT guid-
ance is successful in 78-100% of cases.

® Thrombosis of the inferior vena cava (IVC). The
development of a multilobular fluid collection in the
location of a pre-existing liver injury which subse-
quently compressed the IVC, finally leading to the
formation of an intraluminal clot, has been reported
in the literature [57].

Patient outcome

Prognosis and outcome of patients with liver trau-
ma managed non-operatively depend on the selec-
tion of patients according to the established criteria
aforementioned, the development of strict protocols
of CT liver imaging and the grade of injury. Misdi-
agnosed injuries during imaging workup can be as
frequent as 12%, while the development of strict
protocols reduces them to 0.2%. Mortality during
NOM of liver injuries varies between 0.4% (liver-
related) up to 13% (associated injuries).

Conclusions

In conclusion, the main selection criterion of patients
with liver trauma for NOM is haemodynamic stabil-
ity, independent of the grade of injury and the vol-
ume of haemoperitoneum. Accurate interpretation
of liver CT scanning is of paramount importance, in
order to exclude or diagnose any associated injuries
requiring operative intervention, or active bleeding
that can be treated with angiography and selective
embolization. The presence of haemodynamic in-
stability not improving with resuscitation, the in-
creased need for liver-related blood transfusions (>
4 pRBCs), and the failure of conservative treatment
of complications, necessitate prompt operative in-
tervention, in order to avoid the consequences of

delayed management.
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Mn Xs1poupyikn Avuper@mor) tou Honatixou Tpavpotog

ApOBpo Avaokonnong

A. Moagivng, =. PiCog

ITegiAnyn

Eoaywyij-Zxonos: H pn yewpovoywnny Begpasmeio
(MXO®) tov tEaUUaTOS TOU NTATOG €ivon TAEOV
eVEEMS OTOOEXT) %ol HAOLEQOUEVY] 0TV HMVLKT|
TOAEN. Av now 0w eQAQUOCHN®E ®VEIMS OTLS
WrENS PaoUTNTaS NTOTKRES RORMDOELS, OTOOUHRA
EMEXTAONKE HOU OTIS UETOLOLS %O PEYAMNS PaoVTnTag
HOUWMOELS.

MéBodog: H avaordmmon g ovyxoovng AyyMxng
Pphoyoagiog  €ytve pe v avalitnon  oto
Pubmed 6pwv ommwg “liver trauma” xow “non-op-
erative”. Zvintovvtal oL oUyyQoves evOeiEels ®ou
TA RQLTHOLO ETUAOYNG TWV O0OEVAOV TOV UITOQOVV
VO OVTILETOTLOTOVV U] XELOOVQYLRA, HOOMDS HOow 1)
BepomevTiny OTQATNYLRY, Ol ETTAOAES RABDS o 1
€npoon Tov aofevov.

Amnotedéouara: H owot) emhoyi tov ooBeviv
ue Paon to arOhovBo ROLTNHOLEL ElVOL ONUOVTLXT
oty emtuyn €xPaon g MXO: n aupoduvapr
otafepdTa, N amovota ouvoddv evdo- N omobo-
TEQLTOVOIRMDV RORMOEWY TTOV KONCOUV YELQOVQYLHNG
ovupetdmons xow 1 dabeowotro og  24men
Béon wog moludivouns ouddas, Tov TeEQUMIBAEVEL
eEelOMeEVUEVO  arTIVOAOYO,  EUITTELQO  YELQOVQYO
(MoTtog ®aTd TEOTUNOT) Ko TEQURAALOV EVTOTLRG
maeoxolovnons. O Gyrog TOU CUUOTEQLTOVALOU
®ow 0 Pabuds g ®armong dev amotehovv TAEOV
TUQAYOVTES TTOU GTTOXAELOUV TNV EQPAOUOYY TNG
MX0O. Méyotng onuactog evar 1 ToQaxohovinom
tov aofev) Yoo onuelo  mEQLTOViTLONG,  TTOU
oyxetiCovion  pe  addyvooty ddtonon  xothov
OTAQLYY VOV, 1] OTTOL0L AVTLUETMOIICETOL YELOOVQYLRAL.
H aEovini| topoygogio elvar onuovoxy yuor T
€yrouon OLayvawom ouvexLLouevng auopEayiag, HoTe
vo. avtpetomodel  ayyeloyoagrd  (eupfolounds)
N xewoveywd (cuudotaon). H Bvmroémra zotd
™ ddorewa g MXO dwaxvpaivetow omd 0.4%
(oyeulopevn ue v nmotxn xdxoon) €og 13%
(oxeTCOUEVY UE TIS CUVOOES ROKMDOELS).

Svumepdouara: ZUUTEQUOUATING, TO POOLrO ROLTY)-
QL0 EMAOYNG TOU aoBeVN UE TOOVUO MTOTOS TOU
WIToEel Vo avTeTmmoBel un yelpovpywmd elvon 1
aoduvopurt) aotdBea, aveEdotto oo o Pabuo
NG RARMONG ROL TY) TTOCOTNTOL TOV CULUOTTEQLTOVOLOV.
H oxoipng gounveia tng aEovirig touoyooplog €xel
UEYAAN ONuOOlo, TOQOXEWEVOU VO OTTORAELGOOUV
N va dyvooBolv dlleg OUVOOES ROXMDOELS TOV
mlavd o xEeLaoB0VV XELQOVQYLXY OLVTLUETMITLON
N eveeyo cupopQaylor mov wiroeel avupetwmoel
ayyewoyooqrd  ue  eufohowo. H o eppdwvion
UUOSUVOUXTE AOTABELOC TTOU OEV AVTOTTORQLVETAL
oy avdvmym, oL OovEoVOueves avdyxes o€
UeTayyloelS ylo. TV rAxwon tov Wmatog (> 4
PRBCs) 0w 1 amwotuyic GUVINENTXHG CVTILUETOITLONS
EMITAORMY, OTOLTOVV TNV GUEOY]  YELQOVQYLXT|
TOQEUPOON  TEOXEWEVOU VO OITogpeVyBovv oL
OUVETELES TG OmoLag ®aBuaTénong.

A&Eeic xAeidid

Hrouxd toatuc, Mn xe100u0yiny oviuethHioy
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