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Survival following major juxtahepatic venous injury is rare in blunt liver trauma despite the use of
intracaval shunting. Prolonged liver arterial inflow control, total hepatic venous isolation and lobectomy
without shunting was used in a patient to repair a combined vena caval and hepatic venous injury after
blunt liver injury. An extended period of normothermic hepatic ischemia was tolerated. Early
recognition of retrohepatic venous injury and temporary liver packing to control bleeding and correct
hypovolemia are essential before caval occlusion. Hepatic vasc.ular isolation without shunting is an
effective simple altetnative technique allowing major venous repair in complex liver trauma.
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Uncontrolled bleeding due to major juxtahepatic venous injury is the leading intra-
abdominal cause of death following blunt liver trauma1. Despite the widely
recommended use of intracaval shunting as the optimal method for isolating the
damaged retrohepatic vena cava and hepatic vein segments, mortality using this
technique still exceeds 80% in experienced centres2.
We report the successful use of prolonged liver arterial inflow occlusion and total

hepatic venous isolation without shunting in the control and repair of a combined
vena caval and hepatic vein injury following blunt liver trauma.

CASE REPORT

A twenty-one year old newspaper vendor was admitted to hospital twenty minutes
after being struck by a bus. He was shocked with a distended tender abdomen and
had a positive peritoneal lavage. At laparotomy 1000 ml of free blood was present
in the peritoneal cavity. Further exploration revealed a large stellate fracture with
devitalization of the right lobe of the liver, disruption of the coronary ligament and
extension of the laceration into the bare area and retrohepatic vena cava and
hepatic veins. Active bleeding was controlled by temporary perihepatic packing
and manual compression which allowed resuscitation. Bleeding persisted after
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removal of the packs, despite controlling inflow by clamping the hepatoduodenal
ligament (the Pringle manoeuvre), suggesting a juxahepatic venous injury. The
liver was repacked and exposure improved by performing a limited lateral thoraco-
tomy via the right eighth intercostal space. Total duration of resuscitative perihepa-
tic packing was 75 minutes. Seven units of blood were given during this period.
Systolic blood pressure varied between 80 mm Hg and 140 mm Hg during the
packing period. An experienced hepatic, surgeon was summoned. Total hepatic
venous isolation was achieved by clamping the infrahepatic vena cava above the
renal veins and approaching the suprahepatic cava by incising the pericardium
through the tendinous portion of the diaphragm. The suprahepatic cava was
clamped within the pericardium and the infrahepatic cava controlled above the
renal veins in conjunction with porta hepatis occlusion (the Pringle manoeuvre)
(Figure 1). The devitalized right lobe was resected and the right hepatic artery was
ligated within the liver tissue; arterial bleeding from smaller vessels at the resection
margin was controlled by individual vessel suture ligation. The right hepatic vein
had been avulsed from the inferior vena cava and the defect in the inferior vena
cava was oversewn. A retrohepatic caval laceration extending into middle and left
hepatic veins was repaired. Total intra-operative blood requirement including
resuscitation was 18 units. Total duration of arterial inflow control was 2 hours and
50 minutes while total caval clamp time was 2 hours and 10 minutes. Mean systolic
blood pressure was 50 mm Hg during the first 85 minutes and increased to 105 mm
Hg during the remaining 45 minutes of the total caval clamp period.
A posto.perative celiac arteriogram demonstrated a large right inferior phrenic

artery supplying the residual left lobe and the left hepatic artery originating from
the celiac axis. Hepatic venography 2 weeks following venous repair showed patent
middle and left hepatic veins. The patient was discharged well 22 days after
admission. The initially elevated liver enzymes returned to normal 10 weeks after
the accident (Table 1). The patient remains well with patent middle and left hepatic
veins on venography 2 years after the injury.

DISCUSSION

Fifteen percent of patients with blunt liver trauma sustain hepatic venous injuries
and more than 80% die from uncontrollable hemorrhage, either before or during
operation3’4. While minor juxtahepatic venous injuries can be repaired by direct
suture using either digital compression or partially occluding clamps, repair of
major juxtahepatic venous injuries demands vascular control of both porta hepatis
and retrohepatic venous segments3. Failure of portal triad occlusion to diminish
major liver bleeding strongly suggests a juxtahepatic venous injury involving either
the inferior vena cava or a major hepatic venous trunk2’5. Early recognition that a
major juxtahepatic venous injury is present is essential since this necessitates a
modification in the subsequent surgical approach6.
The current operative techniques for vascular isolation of the injured liver use

either internal atriocaval shunting or a multiple clamp non-shunting method. Since
the introduction of the atriocaval shunt, initial reports of successful cases3’4 and
subsequently recent series2’7 have added support for the use of the technique. The
Houston group, who reported the first survivor with shunting7, had an 81%
mortality in 31 patients with major juxtahepatic venous injuries treated with
atriocaval shunting2. No patient in their series who, in addition, required either
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Figure 1 Total hepatic vascular isolation with vena cava and porta hepatis control.

Table Liver Function Tests in the Patient after Prolonged Hepatic Ischemia.

Normal Day Day Day Day Day Day
Range 2 4 6 8 15 70

LDH (100-300u/L) 1285 1248 1645 779 850 295
ALT (0-25u/L) 562 453 303 196 68 22
AST (0-12u/L) 920 298 129 66 59 10
Total (1-17mmol/L) 13 48 33 42 28 15
Bilirubin
Alkaline (30-115u/L) 65 111 92 112 105 72
Phosphate

resuscitative thoracotomy or liver resection, or in whom technical difficulties
occurred with shunt insertion, survived2. The prohibitive mortality rates exper-
ienced with major juxtahepatic venous injuries treated with atriocaval shunting
have provided the stimulus for simpler alternative techniques.
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Total hepatic venous isolation without shunting using occluding clamps on both
the suprahepatic and suprarenal vena cava in conjunction with a Pringle
manoueuvre (Figure 1) was devised and used by Heany and later by Huguet during
complex elective liver resections9. This technique was subsequently applied in
hepatic venous injury3. A critical caveat in the trauma situation is the prevention of
cardiac arrhythmias which may follow complete caval occlusion. Adequate volume
resuscitation during liver packing before clamping is essential to avoid this compli-
cation. If hypotension persists, venous bypass as used for hepatic transplantation is
an option1. While additional aortic clamping has been recommended to avoid
hypotension and peripheral pooling3, this manoeuvre may compromise renal
function and we strongly recommend that it not be used. Partial occlusion of the
suprahepatic vena cava in children is well tolerated and facilitates repair11. A
limited median sternotomy provides access to the suprahepatic cava through the
tendinous central diaphragm and simplifies proximal caval control in adults1.

Reluctance in the past to use prolonged inflow control by portal triad occlusion
was based primarily on poor canine tolerance to hepatic ischemia12. Recent clinical
data has extended the traditional concept of limited hepatic ischemic tolerance13.
The use of normothermic total hepatic vascular occlusion for as long as 65 min
during extensive elective hepatic resection is well tolerated9’12, while hepatic
ischemia lasting 90 min following inadvertant portal triad division in a patient had
no untoward effects13. Support for the extension of the safe period in the trauma
context with successful occlusion of the portal triad for more than 1 hr in the
management of hemorrhage from complex liver injuries is reported The anoma-
lous blood supply to the residual lobe in our patient may have provided a beneficial
effect allowing more prolonged liver tolerance to warm ischemia than we would
normally advocate.
The crucial factors in the operative management of juxtahepatic venous injuries

are early identification and urgent control of bleeding11. Major posterolateral
stellate fractures with disruption of the coronary ligament and extension into the
bare area with profuse bleeding suggest caval or hepatic venous injury1. Adequate
resuscitation after packing is fundamental14. Failure to control bleeding after inflow
occlusion confirms a retrohepatic venous injury. Total vascular isolation of the liver
without shunting provides an effective alternative technique for juxtahepatic
venous repair.
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INVITED COMMENTARY

Major juxtahepatic venous injury with uncontrollable bleeding is a most serious
situation in which several modalities of treatment have been employed.

a. Effective packing and tamponade.
b. Intracaval shunting and repair.
c. Transplantation.

The present paper describes an approach, including vascular isolation and
prolonged warm ischemia during which resection of non-vital tissue and venous
repair could be accomplished. This case report is of importance since treatment of
blunt liver trauma requires an approach that is determined by institutional prere-
quisites, such as availability of a trauma service, bypass availability, transplant set
up and specialized trauma as well as hepatobiliary surgical expertise.
Major trauma centers are presenting series of successful treatment of juxta

venous injury with the atriocaval shunt procedure. It is however, not clear what
particular circumstances prompt their choices of employing the internal bypass,
which is technically no different from a total vascular exlusion procedure, but has
the advantage of providing venous blood return during the phase of hypertension
and possible cardiac failure. This can be accomplished as well by an external
bypass, as used by the transplant groups. Since the transplant surgeons are not
necessarily involved in trauma cases of that severity, the use of internal bypass and
repair, or occasionally transplantation, has only been reported in selected cases
(lit).
The approach of this Capetown Group is essentially not new since vascular

exclusion, Pringle maneuver or selected hepatic artery ligation and resection is
routine practice in elective hepatic surgery. To apply this expertise to a rare case is,
however, exemplary and should serve as a model for closer effective intersurgical
cooperation between trauma surgeons and hepatobiliary surgeons. This paves the
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way to the coordinated and timely application of advanced technology in an
escalation of complications, such as the presented case with liver injury, followed
by rapid diagnosis and resuscitation, laparotomy and tamponade, resuscitation
again, vascular exclusion and resection and finally, control of hemorrhage.

Unfortunately, the majority of patients don’t arrive at that stage simply because
their bleeding could either be controlled by packing, or shock events and blood loss
have lead to cardiac arrest and secondary organ failures. Thus, there is no defined
line between continuation of the surgical attempt at repair and institution of a
bypass.

In the situation described however, there was obvious time to continue resusci-
tation and a plan for definite surgical repair. Given the severity of the injury this is
uncommon and the argument of trauma specialists is that, particularly during the
hypotensive phases, the bypass is crucial and should be employed as early as
possible, even if theoretically, it could be prevented. Whatever procedure is
employed, it is important that a management plan should be in place and executed
promptly.

All previous experience indicates that the authors took their chance by extension
of the warm ischemia time beyond the usual accepted length of about one hour
without cold ischemic protection of the tissue. To conclude from this one case that
this procedure is applicable to different situations is premature. Rather, the
opposite should be concluded since there was no obvious clue described, according
to which a choice of one or the other methods could be made. At the time of their
decision, the authors had no means to assess the reversibility or severity of the
ischemic damage and to simply take more than two hours to repair the injury
without a bypass, seems to be rather desperate than based on knowledge of
ischemic tolerance of the liver. The argument could be made that, despite technical
success in controlling the hemorrhage, liver failure would be the inevitable
outcome and, therefore, the situation would have called for a transplant. It is
somewhat surprising that the patient was not in renal failure or pulmonary failure,
which indicates that the hemodynamic and ventilatory situation was never critical
or out of control. The functional preservation of the kidney provides an estimate of
the pre-surgical shock episode and the degree of intraoperative hypotension.
Another factor assisted the authors to succeed with such a long ischemic time: The
presence of an aberrant left artery most likely accounts for maintaining a residual
blood flow through some parts of the left lobe, thus, preventing total necrosis.
Of considerable interest is the monitoring of liver function following the ischemic

event. While enzyme release within the first 24 hours provides little information,
due to a ’washout effect’ following massive transfusion, the subsequent rise of
enzymes in serum bilirubin provides an estimate as to the degree of damage. The
serum bilirubin of 48 U/L (about 2.5mg/dl), indicates recoverable jaundice and no
evidence of sepsis. Thus, recuperation could almost certainly be anticipated. The
lesson from the transplant experience indicates that enzyme release of more than
10,000 U/L and/or a subsequent bilirubin rise to more than 50mg/dl would be
consistent with liver failure. It should be stressed that these parameters are rough
estimates though valid data suggest liver failure and prompt a search for a
transplant organ. Further specific tests such as MEGX or Indocine Green clearance
should be advocated to monitor liver function following major ischemic episodes.

In summary, hepatic venous repair can be successfully performed provided the
management plan is in place, using either one of the available technologies at the
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earliest time of necessity. Involvement of hepatobiliary and trauma surgical
specialists is advocated.
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