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ABSTRACT

Background and Aims: Jaundice in trauma patients may reflect serious underlying pa-
thology. The aim of this review was to determine the appropriate diagnostic approach
to the patient with jaundice following trauma.

Methods: A MEDLINE search was performed to retrieve publications which outlined
the causes of jaundice in trauma patients.

Results: The main causes of jaundice in trauma patients were found to be bilirubin
overload caused by breakdown of transfused- and extravasated blood and hepatic dys-
function caused by sepsis, infections, initial shock and systemic hypotension. Bile duct
injury or drug induced liver injury are rare. Liver function tests are often uninforma-
tive but commonly show a cholestatic pattern. Ultrasound, CT or ERCP are the diagnos-
tic imaging methods most widely used. Abdominal ultrasound and CT may reveal spe-
cific organ injuries, bile duct dilatation, intraabdominal fluid collections, hematomas
or acalculus cholecystitis. ERCP is often diagnostic and permits a therapeutic interven-
tion when a bile duct injury is present.

Conclusions: The primary aim of the diagnostic approach should be to identify all
cases of bile duct injury or obstruction. Sepsis and infections should be actively looked
for. The number of blood transfusions must be calculated. Ultrasound, CT or ERCP are

the diagnostic imaging methods most widely used.
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INTRODUCTION

Jaundice is commonly observed in trauma patients,
even in the absence of pre-existing hepatobiliary dis-
ease. Although posttraumatic jaundice may be severe
it often runs a benign course (1, 2). In clinical prac-
tice, serum-bilirubin > 2 mg/dL (> 35 umol - I!) is the
most commonly used criterion to establish the pres-
ence of hepatic dysfunction and serum-bilirubin is
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used as the hepatic component of the multiple organ
dysfunction score (3, 4). The occurrence of hepatic
dysfunction in patients with multiple injuries is as-
sociated with greater consumption of hospital re-
sources, more frequent development of complica-
tions, and increased mortality (4).

Jaundice in trauma patients is often the conse-
quence of multiple factors working in concert. The
contributing factors should be actively sought for
and, whenever possible, treated. The causes contrib-
uting to the development of jaundice can broadly be
divided into three main groups: prehepatic- (in-
creased bilirubin load), intrahepatic- (impaired bi-
lirubin conjugation and/or impaired bilirubin excre-
tion) and posthepatic causes (extra-hepatic biliary
obstruction).
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A key question to be addressed in jaundiced trau-
ma patients is whether there is a correctable etiology
of jaundice. Often, however, specific treatment of
jaundice in trauma patients is not feasible because
underlying bile duct injury or obstruction that can
be corrected is not found. Considerable diagnostic
and clinical acumen is required to discern which pa-
tients should be subjected to a surgical, radiological
or endoscopical intervention and which patients
should be followed expectantly.

The aim of this review of the available literature
was to try to determine what would be the appro-
priate diagnostic approach to this complex diagnos-
tic problem.

METHODS

An electronic search of the MEDLINE database was con-
ducted for the period from January 1970 to June 2003 us-
ing the keywords ‘jaundice” or ‘hyperbilirubinemia” and
‘trauma’ or ‘injury’ to identify full texts of clinical studies
and case reports which had pointed out the etiology of
jaundice in trauma patients. The titles and abstracts of hits
were assessed and the relevant articles were reviewed. The
reference lists of included papers were cross referenced to
identify additional relevant papers. Journal of Trauma, In-
jury, Infection and Critical Care was searched manually for
the period of 1980-2003 to make a comparison with the
computer search. As for reports on larger series of patients,
articles in English as well as non-English language jour-
nals were included. As for case reports or small case se-
ries, only reports in English language journals were re-
viewed. A restriction of jaundice developing within 30 days
following the trauma for inclusion in the review was made.
Data extracted for review included leading author’s name,
year of publication, name of journal, the number of patients
in each report, type of study and cause(s) of jaundice. For
the patients found in the case reports or case series having
a bile duct injury or obstruction the type of abdominal trau-
ma, the presence of associated injuries, the time of onset
of jaundice and the diagnostic methods used were record-
ed. Articles on patients with acute acalculus cholecystitis
uncovered during the search were not reviewed in detail.

RESULTS

Sixty-three publications were found: 8 larger pro-
spective or retrospective studies, 49 single case re-
ports and 6 case series. The eight reports of large se-
ries of patients identified a total of 238 patients (Ta-
ble 1) (1,2, 5-10). Important causative factors of jaun-
dice amongst patients in these series were increased
bilirubin production due to hemolysis of transfused
blood or breakdown of extravasated blood and he-
patic dysfunction caused by bilirubin overload, sep-
sis, infections, initial shock, episodes of systemic hy-
potension during the postoperative course and jaun-
dice as part of the multiple organ failure syndrome.

The case reports and case series included a total
of 66 patients (Table 2). The 59 patients with a bile
duct injury or obstruction were reviewed in detail. It
should be noted that the number of reported cases
of traumatic bile duct injuries in the literature is
much higher than those found in this review. How-

ever, details about the occurrence of jaundice are not
emphasized in such reports. In addition to bile duct
injuries this review show that injury to the gallblad-
der, pancreas, duodenum or diaphragm and hemato-
mas from large vessel injury may cause obstruction
of the bile duct leading to jaundice (11-17). The 59
patients included in the present study had all suf-
fered abdominal trauma; 7 patients had suffered a
penetrating trauma and 52 patients a blunt trauma.
Bile duct injury or obstruction was diagnosed at a
median of 7 days after the trauma incident and the
onset of jaundice was noticed 1-2 days before the di-
agnosis was made. Associated extraabdominal inju-
ries were reported in only 14 patients. Table 3 lists
the diagnostic methods used to unravel bile duct in-
jury or obstruction in these 59 patients.

Blood tests revealed a pattern typical of cholestat-
ic injury, hepatocellular injury or hemolysis. In the
reviewed larger serial reports presenting data on liv-
er analytes, the jaundice was usually of the choles-
tatic type characterized by conjugated hyperbiliru-
binemia with modest increase in aminotransferase
levels and marked elevation of alkaline phosphatase
(1, 2, 7). This illustrates that jaundice in these cases
arises from insufficient excretion for bilirubin rather
than from insufficient hepatic uptake and/or conju-
gation of bilirubin. Cholestatic jaundice accompanies
bile duct obstruction with high increase in bilirubin
and alkaline phosphatase levels. Transient elevation
of aminotransferase levels may be seen. Jaundice due
to hepatocellular injury causes a moderate or high
increase in aminotransferases and a mild to moder-
ate increase in direct bilirubin, usually with modest
increase in alkaline phosphatase. Bacterial sepsis is
often associated with cholestatic hepatocellular inju-
ry and jaundice. Hemolytic jaundice is characterized
by an increase in indirect bilirubin combined with a
drop in haptoglobin. However, in trauma patients
increased breakdown of transfused and extravasat-
ed blood is usually combined with an element of he-
patic dysfunction, and often a larger fraction of di-
rect bilirubin is seen. Transient enzymatic elevations
follow all forms of traumatic hepatic injury, but per-
sistent jaundice is encountered mainly in patients
who develop post injury infection, often after a peri-
od of shock and transfusion requirement (18). Fre-
quently, liver-associated analytes are uninformative
in trauma patients and a mixed pattern may be
found.

DISCUSSION

Review of all retrieved publications on jaundice in
trauma patients demonstrated that a multiplicity of
etiological factors is involved. The causes of hyper-
bilirubinemia in trauma patients could be divided
into three primary patophysiological mechanisms: (1)
overproduction of bilirubin (prehepatic causes), (2)
hepatocellular injury causing decreased conjugation
or excretion of bilirubin (intrahepatic causes), and (3)
extrahepatic biliary obstruction (posthepatic causes)
(19).
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The single case reports and case series mainly de-
scribe jaundice caused by bile duct injury or bile duct
obstruction. These patients are important to identify
because they usually need an additional surgical, ra-
diological or endoscopical procedure. However, the
majority of the larger series of patients encountered
in this review report predominantly prehepatic or
intrahepatic causes of jaundice in which continued
medical management is necessary. It appears that
neither bile duct injuries nor bile duct obstructions
are the most frequent etiological factors causing jaun-
dice in trauma patients.

The most common causative factor of jaundice in
the serial reports was overproduction of bilirubin
due to hemolysis of transfused blood and breakdown
of extravasated blood. Hemorrhage into traumatized
soft tissues, bone fracture sites and body cavities are
often seen in major trauma patients. Such patients
receive multiple blood transfusions at the time of pri-
mary treatment (2). The majority of bilirubin is de-
rived from the breakdown of hemoglobin with a nor-
mal daily production rate in adults of 250-350 mg.
After a trauma incident, this rate of production may
be increased for a variety of causes: following break-
down of extravasated blood (5 g bilirubin per liter),
accelerated hemolysis of transfused blood (500 mg
bilirubin per liter in the first 24 hours from blood 2
weeks old) and hemolysis secondary to sepsis or
drugs (20). Thus, substantial loads of bilirubin are
delivered to the livers of trauma patients and may
cause jaundice by overloading the liver’s excretory
capacity. Human studies show that bilirubin levels
tend to peak at day 6-12 after the trauma incident
and that the greater part of the blood transfusions
are administered during the first 48 hours (1, 2). In
patients who receive multiple blood transfusions af-
ter a trauma, serum bilirubin may rise strikingly, es-
pecially if the patient also suffers from hepatic dys-
function. Thus, animal studies have shown that large
intravenous loads of unconjugated bilirubin can
cause extensive hepatocyte canalicular membrane
damage and intrahepatic cholestasis (21). By analo-
gy, such hepatocyte damage and intrahepatic
cholestasis would be detrimental to bilirubin excre-
tory function if it occurs in patients.

Additional factors lead to perturbation in liver
function in trauma patients. Thus, the reviewed pub-
lications show that jaundiced trauma patients have
a high incidence of sepsis and infections. Jaundice
may be associated with bacteremia caused by a wide
variety of microbes (22). Jaundice occurring in pa-
tients with simple bacteremia is usually mild and of
short duration, but when clinical sepsis is evident
jaundice will be more pronounced and of longer
duration. Infection of the liver, hemolysis and the
effects of lipopolysaccharides and pro-inflammatory
cytokines on bile acid transport are implicated
(23-25).

In animal studies, bilirubin excretion is significant-
ly decreased immediately after precipitation of hem-
orrhagic shock (26). Following sub lethal trauma in
rats there is a significant reduction of bile flow and
bile salt excretion which remains subnormal for at
least 6 hours after trauma, but bile flow returns to

TABLE 2

Main causes of jaundice in 66 patients from case reports
and case series.

Number
of patients

Cause of jaundice

Bile duct injury 44
Bile duct stricture (intra-or suprapancreatic)
Gallbladder rupture

Duodenal hematoma

S \S e

Pancreatic contusion

Hepatic herniation/ bile duct strangulation
(diaphragmatic hernia) 1

External hematoma decompressing the common
bile duct (hepatic artery pseudoaneurysm, lacerated
portal vein) 2

Inherited disorder(Dubin Johnson/
glucose-6-phosphate dehydrogenase deficiency)

Sepsis/Breakdown of hematoma 6
TABLE 3
Diagnostic methods used in 59 patients with bile duct injury or
obstruction.

Diagnostic method No. of patients
Ultrasound 22

CT 38
Diagnostic peritoneal tap 13
ERCP 30
MRCP 1
HIDA scan 10
Intraoperative cholangiography 10
PTC 2
Arteriography 6
Venography 2
Upper gastrointestinal series 1

CT = computerized tomography

ERCP = endoscopic retrograde cholangiopancreatography
MRCP = magnetic resonance cholangiopancreatography
HIDA scan = technetium-99m dimethyl iminodiacetic acid scan
PTC = percutaneous transhepatic cholangiography

normal after 24 hours (27). Liver morphologic
changes due to hemorrhagic shock are well recog-
nized, and human studies have shown enzymatic
and light and electron microscopic evidence of hepa-
tocellular damage immediately after shock (28). This
is followed by repair and regeneration of liver. Puta-
tively, restoration of normal liver function after he-
morrhagic shock may be delayed by intercurrent dis-
ease, e.g. systemic infection. Even modest enhance-
ments of rate of endogenous bilirubin production
could under such circumstances produce manifest
jaundice.

Only in a few trauma patients have clear relation-
ships between the occurrence of jaundice and types
of anesthetic agents and drugs administered to the
patients been demonstrated. Hepatotoxic drugs
should nevertheless be considered and looked for in
individual cases. Drug-induced liver injury can mim-
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ic all forms of acute and chronic liver disease, but
typically produces an acute hepatocellular injury or,
less commonly, a cholestatic injury (29). Total
parenteral nutrition induced cholestasis should be
considered when jaundice develops in trauma pa-
tients on long term hyperalimentation (30).

Acute acalculus cholecystitis (ACC) may occur as
a complication of trauma (31). Most trauma patients
who develop ACC are hospitalized in intensive care
units. They usually receive intravenous alimentation,
mechanical ventilation, narcotics and antibiotics.
Jaundice is common, but bilirubin levels show a wide
variety and normal bilirubin values do not rule out
ACC (32). The clinical and laboratory manifestations
may be fever, jaundice, leukocytosis and right upper
quadrant pain. However, the diagnosis of ACC rests
on a high index of suspicion and the results of imag-
ing studies (31).

Hereditary causes of jaundice in trauma patients
are rare (33). Gilbert’s syndrome, characterized by a
mild unconjugated hyperbilirubinemia due to re-
duced bilirubin glucuronidation, is the most common
congenital disorder in bilirubin metabolism (34). It
is often asymptomatic and the serum bilirubin level
is often less than 2 mg/dL. However, trauma patients
with Gilbert’s syndrome may experience striking in-
creases in serum-bilirubin. Other liver analytes are
normal and the jaundice generally resolves as oral
feeding is resumed and an extensive diagnostic
workup is not indicated.

An avulsion, transection or laceration of the extra-
hepatic bile ducts infrequently occur in surgical trau-
ma patients. Bile duct injuries which have been re-
ported have mostly been found in patients who have
sustained blunt upper abdominal trauma (35). Diag-
nostic delays are common (36). When bile duct inju-
ries have been overlooked, the patients typically re-
turn in 1 or 2 weeks presenting with jaundice, bil-
iary ascites and inanition (37). The increased mortal-
ity and morbidity in this group of patients is attrib-
uted to delayed diagnosis of biliary peritonitis. Int-
rahepatic and extrahepatic bile duct injuries may lead
to traumatic hemobilia or traumatic bilhemia. The
jaundice of hemobilia is due to bile duct obstruction
by a clot and occurs when there is a fistula between
a vessel of the splanchnic circulation and the intra-
hepatic or extrahepatic biliary system (38). Traumat-
ic bilhemia is caused by an intrahepatic biliovenous
shunt caused by a central liver rupture of the liver
veins and bile ducts (39). The flow direction of the
stream of bile-blood mixture is determined by the
low or negative pressure of the caval vein. A typical
finding is excessive and rapid increase of total bi-
lirubin level a few days after injury accompanied by
no or moderate elevation of other liver enzymes.

Based on the findings in this review we propose a
diagnostic workup of jaundiced trauma patients
(Fig. 1).

CASE HISTORY

In the search for the etiology of jaundice in trauma
patients, a thorough case history is necessary first of
all. The presence of pre-existing chronic liver disease

is an important risk factor for the development of
jaundice after a trauma incident. The case history
should clarify whether pre-existing liver disease ex-
ists, as well as what drugs and anesthetic agents have
been used, the time of onset of jaundice, the presence
of initial shock and the number of blood transfusions
the patient has received following the trauma inci-
dent. An assessment should be made regarding net
retention of transfused red blood cells. The exact
mechanism of injury will carry information about the
most likely injury pattern and whether the patient
has suffered an abdominal trauma. Often, such a his-
tory cannot be obtained directly from the patient. The
patient’s hospital record should be searched and the
family consulted to obtain all information that is
deemed necessary to get an understanding of the
potential causes of the patient’s jaundice.

PHYSICAL EXAMINATION

The physical examination should be conducted to
determine whether the patient has been exposed to
a blunt or penetrating abdominal trauma. The pres-
ence of abdominal trauma raises a suspicion of in-
jury or obstruction to the bile duct. Light colored
stools and dark colored urine suggest an obstruction
of the common bile duct. Examination of the pelvis
and extremities may reveal large hematomas sur-
rounding fractures. The peripheral stigmata of chron-
ic liver disease should be looked for.

BLOOD TESTS

The following serological liver function test must be
procured; bilirubin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline
phosphatase, gamma glutamyl transpeptidase and
International Normalized Ratio (INR) (20, 40). Full
blood count and samples for microbiological cultures
must be collected routinely when the patients have
fever (> 38°C) and whenever there is clinical suspi-
cion or evidence of infection.

IMAGING STUDIES

Diagnostic imaging can provide additional informa-
tion and is deemed necessary whenever an intraab-
dominal injury or a bile duct obstruction is suspect-
ed. Ultrasound is often the first imaging modality
chosen to evaluate jaundice in trauma patients. Ul-
trasound findings that will need further investiga-
tions or interventions are a dilated bile duct, a mass
or abnormality of an intraabdominal organ or struc-
ture, ascites, intraabdominal fluid collections or find-
ings suggestive of acalculus cholecystitis. The sensi-
tivity and specificity of ultrasound varies with the
examiner’s skills in this technique. Computerized to-
mography (CT) may further delineate the pathologi-
cal findings suggested by ultrasound. In patients who
have been exposed to a blunt abdominal trauma,
most modern trauma centers perform an abdominal
CT at admission, but even CT with contrast does not
necessarily reveal bile duct injury in the early post
injury period (36). Therefore CT must be repeated if
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History:

- pre-existing hepatobiliary disease?
- alcohol?

- drugs/anesthetics?

- family history of liver disease?

- time of onset of jaundice?

- bleeding/blood transfusions?

- shock state?

- mechanism of injury?

- total parenteral nutrition?

Physical examination:

- peripheral stigmata of chronic liver disease?
- signs of abdominal trauma?

- lightened stool and dark urine color?

- hematomas surrounding fractures?

- pelvic-, abdominal- or thoracic hematomas?

Laboratory investigations:
-liver function tests

(bilirubin, AST, ALT, ALP, %-GT, INR)

- full blood count
- creatinine
- microbiological samples

Intraabdominal injury?

History and physical examination:

Laboratory investigations:

Biochemical pattern of liver function tests?

organ or structure

Cholestatic Hepatocellular injury Mixed Isolated
pattern pattern pattern hyperbilirubinemia
Haptoglobin?
Ultrasound of the abdomen
Masses or abnormality Dilated Acalculus Normal
of intraabdominal bile-ducts cholecystitis

CT of the abdomen (intravenous or oral contrast)

Bile duct obstruction:

ERCP
MRCP

Intraabdominal fluid collections
Intraabdominal hematomas
Intraabdominal abscesses

Injury of liver, bile ducts, gallbladder, diaphragm, pancreas or duodenum

ERCP
MRCP

PTC

Bile duct injury ?:
Diagnostic peritoneal tap

HIDA scan
Laparoscopy

Laparotomy
Intraoperative cholangiography

CT= computerized tomography

ERCP = endoscopic retrograde cholangiopancreatography
MRCP = magnetic resonance cholangiopancreatography
HIDA scan = technetium-99m dimethyl iminodiacetic acid scan
PTC = percutaneous transhepatic cholangiography

Fig. 1. Diagnostic workup of jaundice in trauma patients.
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an intraabdominal injury is suspected. If ultrasound
or abdominal CT documents the presence of ascites
or intraabdominal fluid collections, the next diagnos-
tic maneuver is to perform a diagnostic peritoneal tap
for bilirubin measurement. The presence of bile peri-
tonitis or bilious ascites always suggests a bile duct
injury.

Endoscopic retrograde cholangiopancreatography
(ERCP) is used to demonstrate bile duct injuries.
ERCP roentgenograms define the area of injury most
precisely, but furnish little information about associ-
ated hepatic injuries. ERCP permits a therapeutic in-
tervention either by stent or sphincterotomy and the
role for ERCP in trauma patients is well document-
ed in the literature (41, 42). Radionuclide scanning
with technetium-99m dimethyl iminodiacetic acid
(HIDA) permits definition of hepatic parenchymal
abnormalities, whereas injury to the biliary tract is
delineated during excretion of the tracer. HIDA scan
has been used in children with a suspected bile duct
injury and to evaluate suspected bile leaks follow-
ing laparascopic cholecytectomy (43, 44). The pres-
ence of dilated bile ducts makes an ERCP or mag-
netic resonance cholangiopancreatography (MRCP)
mandatory. The role for MRCP in traumatic bile duct
injuries is not well documented but studies show that
iatrogenic bile duct injuries are well demonstrated at
MRCP (45). Bile leaks result in the accumulation of
fluid, usually in the subhepatic space, which is read-
ily detected at MRCP. MRCP has a potential to de-
pict strictures and excision injury and give an inform-
ative display of the anatomy of the bile ducts. How-
ever, MRCP cannot determine if a leak is active. The
information derived from a combination of ERCP
and MRCP may enable the radiologist to accurately
classify the type of injury and helps to determine
treatment, whether endoscopic, percutaneous or sur-

ical.

& In conclusion, even though jaundice in trauma pa-
tients can be managed by the same diagnostic tools
as other jaundiced patients, this review show that
trauma patients differ in some important ways. By
contrast to non-trauma patients, increased bilirubin
load due to multiple blood transfusions and break-
down of extravasated blood is an important causa-
tive factor of jaundice. In addition to this, sepsis, in-
fections, initial shock, systemic hypotension and mul-
tiple organ failure syndrome are other important fac-
tors in the development of jaundice in trauma pa-
tients. Extrahepatic bile duct injury or obstruction are
rare but call for a high grade of suspicion because
their diagnosis is difficult and often delayed with
deleterious consequences for the patient. The main
aim of the diagnostic approach in trauma patients
should be to exclude bile duct injury or obstruction
as causes of jaundice.
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