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Abstract Injuries to the liver are common. In the past, virtu-
ally, all penetrating injuries to the liver were managed by
laparotomy, direct surgical exploration of the injured liver
and repair. However, stable patients with isolated liver inju-
ries, particularly those with low grade injuries, are now able to
be managed non-operatively. Operative management can be
as simple as packing, suture repair, and/or application of top-
ical hemostatics. More complicated repairs such as resectional
debridement, finger fracture with direct ligation of bleeding
vessels, and major non-anatomic liver resections are some-
times needed to obtain hemostasis in major liver injuries.
Damage control surgical techniques seem ideally suited for
major liver injuries. Hemostasis is obtained with packing
and whatever other techniques are necessary. This is used as
a bridge to angiographic embolization, which can be followed
by unpacking and other operative therapy as needed when the
patient is more stable. Minimally invasive techniques, such as
laparoscopy, do not have a major role in the management of
penetrating liver injuries, though that may be expanded as
time goes on. Newer adjuncts for hemostasis, such as higher
quality topical hemostatic bandages, as well as other innova-
tive therapies, may soon become available. Hepatic failure is
infrequent, even with major liver injury, but extracorporeal
techniques can be used in the few cases where profound he-
patic failure does occur.
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Introduction

Injuries to the liver are common. The liver is the largest organ
in the abdominal cavity. While it is somewhat protected by the
rib cage on the right hand side, its size still makes it vulnerable
to injury.

Management of liver injuries has drastically changed over
the last 30 years. Diagnostic refinements such as CT scanning
have replaced the more archaic diagnostics such as diagnostic
peritoneal lavage (DPL). Nonoperative management of blunt
liver injury has become the standard, and most liver injuries in
stable patients can now be observed regardless of the grade.
Some of the lessons learned for nonoperative management of
blunt liver injuries have successfully been utilized in patients
with penetrating liver injuries.

In an era where nonoperative management is so successful,
operative experience for most trainees doing big liver cases
has dropped dramatically. Thus, many surgeons finish training
with a paucity of expertise concerning operative management
of the liver, particularly following injury and in patients in
shock. Thus, the surgeon may be called on to do a gunshot
wound to the liver with significant hemorrhage and be ill-
prepared to manage that patient.

In this article, I will review recent advances in the manage-
ment of penetrating liver injures, reflecting on 30 years of
practice in two of the largest volume trauma centers in the
USA. Some information can be gleamed from data on blunt
liver injuries and I will attempt to utilize that to illustrate
important points of penetrating liver injuries.
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Defining a Magnitude of the Problem

Penetrating trauma has generally been decreasing in most ma-
jor American cities. Whether it be better law enforcement,
trauma prevention programs, or better education, penetrating
trauma is decreased in most trauma centers. In one recent
review from San Paulo, Brazil, penetrating trauma decreased
from 75 % of admissions in 2000 to 20 % in 2010 [1]. Thus,
the opportunity for surgeons in training to learn and master the
skills necessary to treat serious penetrating liver injury is
compromised.

Certainly, some expertise can be gained from doing a num-
ber of elective liver cases. The exposure for elective hepatic
cases is similar to the exposure needed to manage serious liver
injuries. Clearly, the surgical anatomy is the same as well.
However, elective liver cases are still relatively rare and are
sought after by surgical trainees. Thus, it is a real possibility
that a finishing surgical chief resident will have done very few
major liver cases when graduating.

There are some courses that exist that attempt to address
this deficiency. Perhaps, the best of these is the Advanced
Trauma OperativeManagement (ATOM) Course, popularized
by Dr. Lenworth Jacobs and the group at Harford, now an
American College Surgeon’s Committee on Trauma Course
[2]. ATOM utilizes a large swine model and is geared towards
teaching the students management of penetrating injury. Un-
fortunately, the liver anatomy in swine is not at all similar to
that of a human. Thus, while very helpful, one must question
the applicability of the lessons learned in ATOMwhen specif-
ically discussing hepatic injuries.

Simulated learning, such as utilizing computer programs
would be another possibility. Unfortunately, at least at the time
of this writing, simulation for major abdominal operations has
not yet reached a level of sophistication that makes it useful.
Laparoscopic skills can be taught via simulation, and thus,
many surgically focused simulation centers stress procedures
that can be done via laparoscopically. While open procedures
will likely catch up in the future, we havemuch to learn before
this is a reality.

Certainly, some expertise can be gleamed from discussion.
At our weekly Fellows’ Conference, I make it a point to go
over step by step management of severe liver injuries at least
four to five times each year. When a fellow finishes our pro-
gram, they at least have a framework for approaching a serious
liver injury. While this is clearly not as good as direct opera-
tive experience, knowing the steps and having a check list in
one’s mind can be very helpful when one encounters a serious
liver injury.

What then should a young surgeon do when confronted
with a grade IV injury to the right hepatic lobe after a gunshot
wound? Rapid decision-making is critical. I remind our
trainees that this is the perfect scenario to call in a senior
partner who has more experience with liver injuries. That call

should be made early because if the patient is in profound
hemorrhagic shock or in extremis, even years of experience
will not be sufficient to salvage the patient.

Evaluation of the Patient With Liver Injury

Many times, the diagnosis of penetrating liver injuries is made
at the time of operative exploration. Anyone with a trajectory
through the right upper quadrant will likely have injury to the
liver. The wise surgeon will recognize this and at least review
surgical options on the way to the operating room.

In the past, anyone with suspected transabdominal trajec-
tory simply underwent diagnostic exploratory laparotomy [3].
Traditional surgical thought was that the risk of injury was
sufficient and a number of either truly negative or nonthera-
peutic laparotomies were acceptable to mandate diagnostic
exploration. Nonoperative management of selected patients
with penetrating abdominal injury is now accepted. Those in
shock and those with evisceration or peritonitis should under-
go immediate abdominal exploration. A recent practice man-
agement guideline for selective nonoperative management of
penetrating abdominal trauma from EAST suggest that lapa-
rotomy is not mandatory for stab wounds without defined
tenderness or peritonitis or diffuse abdominal tenderness gun-
shot wound of the wounds are tangential and there are not
signs of peritonitis [4••].

In 1986, our group from King’s County first documented
the utility of CT scanning in stable patients with penetrating
injury to the back and flank [5]. We utilized CT scan for its
three-dimensional perspective, recognizing that the
retroperitoneum, an area that could not be evaluated with
DPL, and in which injuries may be clinically occult for hours
or days, could be adequately evaluated with use of the CT
scanner. Oral, intravenous, and rectal contrasts were given to
delineate the important structures in the retroperitoneum. As
experience increased, selective operative management was in-
troduced for patients with isolated solid organ injury.

Nonoperativemanagement of liver injuries was first report-
ed by Demetriades et al. in 1986 [6]. The authors studied 21
patients with penetrating injury in the right upper quadrant.
Liver injury was assumed based on trajectory. Patients were
managed with serial exams and transfusions as needed. All of
these patients were successfully observed.

Since that original description, nonoperative management
of penetrating injuries to the liver has become an accepted
strategy. There have been a number of reports, but most have
had a relatively small number of patients [7–10]. All of these
have stressed serial physical exams. Several have also detailed
the use of angiographic embolization with patients having
evidence of intraparenchymal vascular injury [10, 11]. In the
last few years, there have been several larger series demon-
strating nonoperative management as a successful strategy. In
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a recent series from Egypt, 62 patients with penetrating liver
injuries were evaluated. Five patients in shock required lapa-
rotomy. All others were successfully treated with observation
[12]. In another series from Belo Horizonte, Brazil, 115 pa-
tients with gunshot wounds to the right thoracoabdomen were
studied. Of these, 109 had liver injuries. Only four patients
(3.5 %) failed observation [13]. Finally, in a series from South
Africa, 63 patients with liver gunshot wound were observed
[14]. There were 14 associated kidney injuries and one spleen
injury. Only five patients (7 %) failed observation.

My own thoughts are that nonoperative management of
penetrating liver injuries is safe when the patient clearly has
an isolated injury to the liver. Right-sided diaphragmatic inju-
ries are likely fine to observe, even in patients with gunshot
wounds. Most civilian gunshot or stab wound diaphragm in-
juries will heal without problem. It is more complicated when
the trajectory may potentially involve structures other than the
liver. Patients with penetrating liver injuries with free fluid in
Morrison’s Pouch and/or in the right colonic gutter may well
have bled from the liver injury but may also have concomitant
injury to the colon, head of the pancreas, or duodenum. It is
not clear if CT is able to differentiate these injuries from a
person with only a liver injury. In those cases, I am likely to
explore the patient because the consequences of missed injury
to the duodenum or liver can be devastating. Those injuries,
when fixed expeditiously should do quite well. However, a
missed colon injury with peritonitis almost certainly mandates
creation of a stoma, a significantly worse outcome than pri-
mary repair.

Operative Management of Penetrating Liver Injuries

The operative techniques for managing liver injuries have not
changed substantially in the last 30 years. In 1986, Feliciano
et al. reported on 1,000 consecutive cases of hepatic trauma
[15]. The vast majority (86.4 %) sustained penetrating trauma.
A number of these patients had relatively simple repair. In the
modern day, they may well have been observed. Eight-two
percent were treated by simple repair, defined by suture
hepatorrhaphy (64 %) or drainage only (20 %). Approximate-
ly 4 % had no repair at all or application of a simple topical
agent. Those who required more complicated repair were
treated with hepatorrhaphy, resectional debridement, or resec-
tion and packing. This accounted for only 12 % of the total
patients.

In a review by the group in Cali, Columbia in 2013, 538
patients with penetrating thoracoabdominal injury, were treat-
ed over 8 years [16••]. One hundred forty-six patients had
penetrating liver injuries. The authors, a very experienced
group, suggest a five-step algorithm for management of pen-
etrating injuries to the liver. Those with non-active surgical
bleeding are treated with compression, topical hemostatics,

or simple repair. Those with active bleeding are first treated
with the Pringle maneuver and packing. Those who fail un-
dergo finger fracture hepatotomy and vascular ligation. Only
eight patients (5 %) in that series had injuries to the
retrohepatic vena cava, portal vein, or suprahepatic cava. The-
se patients were treated with a variety of techniques.

Patients that required the most complex injuries had much
more blood in their abdomen (2.5 vs 1.5 l) and a higher rate of
associated injuries. These results are very similar to those
reported by Feliciano et al. in 1986.

My own approach to the management of penetrating inju-
ries to the liver is very similar to that of our Colombian col-
leagues. Perihepatic packing is a surgical technique that re-
quires some degree of skill. Simply placing a number of lap-
arotomy pads in the right upper quadrant is not sufficient.
When using packing for even temporary hemostasis, packs
should be placed above the liver and both medially and later-
ally. I then place a number of lap pads under the liver and
tamponade hemorrhage by pushing the liver up into the right
diaphragm.

If packing is sufficient, one should consider either leaving
the patient packed or examining the wounds more fully. Clear-
ly, injuries to the posterior portion of the liver are much harder
to control than a superficial injury, particularly if it is in the left
lobe. The Pringle maneuver can be helpful, but most liver
injuries that require operative therapy have a hepatic vein
component. Thus, the Pringle maneuver is rarely completely
hemostatic.

Unlike blunt trauma where the zone of injury may be very
wide, the zone of injury after penetrating injury is defined by
the missile tract. Thus, hepatotomy or tractotomy is very at-
tractive. I generally divide the uninjured liver, using serial
applications of the Universal stapler. Other alternatives are to
use finger fracture or cautery set on a high setting. This allows
the surgeon to directly visualize the bleeding blood vessels
and ligate them.

For deeper injuries, packing as a bridge to angiographic
embolization or resectional debridement are both attractive
options. When using resectional debridement, I apply Pringle
maneuver and then direct pressure medial to the area of injury.
I resect the liver using the Universal staplers. The hepatic vein
is surprisingly constant in its anatomic location. If identified, it
can be ligated with the suture. As pressure on the liver paren-
chyma is released, it is usually relatively easy to identify and
ligate any branches that remain. As the Pringle maneuver is
released, the larger branches of the hepatic artery and portal
vein can be identified and ligated.

Another useful adjunct in the management of deep pene-
trating injuries, particularly to the right lobe of the liver, is
balloon tamponade. The original description involved the
use of a red rubber catheter and a Penrose drain [17]. The
catheter with the Penrose drain attached is inserted into the
track of penetrating liver injury. The balloon effect is created
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when the catheter is injected and the Penrose drain balloons up
with sufficient pressure to tamponade relatively small arterial
bleeding and venous bleeding. Recently, the group fromCam-
pinas, Brazil reported on 46 patients in which a Sengstaken-
Blakemore balloon was used for penetrating injuries to the
liver [18•]. In the 46 patients, effective hemorrhage control
was achieved in all. Fourteen patients required re-intervention,
but of those, only three had the balloon removed. The balloon
was deflated for approximately three days post-op and was
removed several days later. There is one other recent case
report using this technique [19]. In addition, there was a recent
case report of a stab wound to the right lobe of the liver that
was cared for with balloon tamponade using a Penrose drain, a
Foley catheter, and several silk ties [20]. The patient was then
treated with hepatic vein stenting and recovered.

I find balloon tamponade to be successful, but use it very
rarely. I prefer to use tractotomy with the stapling device as
described above. For very deep injuries in the right lobe of the
liver, packing as a bridge to angiographic embolization is my
preferred method. I generally use balloon tamponade once
every 12 to 24 months.

Minimally Invasive Therapy

The gold standard for care of penetrating liver injuries is lap-
arotomy. This allows for inspection of the liver injury and
therapy as discussed above. Laparoscopy however may have
a role in the management of patients with penetrating liver
injury. In a recent review on the role of laparoscopy in pene-
trating abdominal trauma, liver injuries represented a small
percentage of the injuries diagnosed [21]. Clearly, laparoscopy
has been used for some time, particularly in left-sided
thoracoabdominal penetrating injuries to identify the possibil-
ity of diaphragm injury and then to repair the diaphragm if
injured. However, many are concerned about the ability of
even talented laparoscopists to be able to run the entirety of
the small bowel and identify subtle injuries. Thus, exploratory
laparoscopy is rarely used. In patients with isolated hepatic
injury, laparoscopy can be used to identify the magnitude of
injury, at least on the exterior surface of the liver.
Hemoperitoneum can be evacuated and drains placed if nec-
essary. This may extend the role of observation in patients
with penetrating injuries to the liver.

We recently cared for a patient who presented with a right-
sided thoracoabdominal stab wound and a grade IV liver in-
jury (Fig. 1). He had angiographic embolization for a large
pseudoaneurysm (Figs. 2 and 3). The patient developed bile
leak up through his diaphragmatic defect and ultimately de-
veloped a biliary pulmonary fistula and he began coughing up
bile (Fig. 4). ERCP failed to control the bile leak and the
patient was taken to the operating room. He underwent a
VATS and decortication, followed by laparoscopic repair of

his diaphragm, and placement of drains that successfully con-
trolled the bile leak.

Angiographic Embolization

Angiographic embolization has been used to control hemor-
rhage from liver injuries for some time. This is most common-
ly used as part of damage control. Patients undergo operative
exploration and control of hemorrhage as possible. The pa-
tients are packed and angiographic embolization was used to
control bleeding deep in the liver parenchyma. Angiography
sees the inside of the liver quite well and allows for placement
of precise occlusion of injured blood vessels. Operative ther-
apy for these deep vascular injuries would involve dividing a
large volume of hepatic tissue, which may by itself cause
significant hemorrhage.

Less well described is the use of angiographic embolization
to extend nonoperative management of penetrating liver inju-
ries. In a recent review, major hepatic necrosis was the most
common complication of angiographic embolization of the

Fig. 1 Ayoung man presented with a right-sided thoracoabdominal stab
wound. CT demonstrated a grade IV liver injury with a vascular blush

Fig. 2 The patient underwent diagnostic angiography demonstrating a
large pseudoaneurysm
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liver [22]. The series included both blunt and penetrating trau-
ma. Presumably, this is more common when embolization is
used as part of damage control. The patient is tightly packed,
which may impede portal venous flow. The injury itself will
disrupt some of the arterial flow, as well as potentially major
branches of the portal vein. Angiographic embolization then
disrupts arterial blood flow, making hepatic necrosis almost
inevitable.

The use of angiographic embolization for vascular injury
identified within the liver in patients who are stable is some-
what controversial. The natural history of these asymptomatic
pseudoaneurysms in the spleen is well known where 70 % go
on to become symptomatic without embolization [23]. How-
ever, the samemay not be true in the liver. In a recent article by
Velmahos’ group at Massachusetts General Hospital, follow-
ing blunt trauma, small pseudoaneurysms were successfully
observed [24•]. As the risk of hepatic necrosis following

angiographic embolization of the liver is so high, my general
practice is to try to avoid hepatic embolization in asymptom-
atic patients. If the pseudoaneurysms is very large, we try to
employ as selective an embolization strategy as possible. Oc-
clusion with coils is preferable to widespread use of gel foam,
as we believe that the incidence of hepatic necrosis with se-
lective embolization is less when a more precise embolization
strategy is used.

If major hepatic necrosis does occur, our preferred strategy
is early hepatic lobectomy [25] (Figs. 5 and 6). We have dem-
onstrated that early hepatic lobectomy is safe and likely more
efficacious than repeated attempts at debridement or place-
ment of drains in the interventional radiology suite.

Adjuncts for Hemostasis

Surgical therapy with angiographic embolization as needed is
the therapy most widely selected for treating liver injuries.
Hemorrhage can be supplemented with a number of other
strategies. Hemostatic bandages have a great role in helping
to arrest hepatic hemorrhage. Combat Gauze is likely the most
commonly used agent but requires removal, as it is not

Fig. 3 The pseudoaneurysm was successfully treated with coil
embolization

Fig. 4 Nuclear medicine biliary scan demonstrates a leak up through the
diaphragmatic injury. This can be seen as contrast accumulating in the
chest tube

Fig. 5 Penetrating injury to the right lobe of the liver treated with
embolization. The patient developed major hepatic necrosis following
his embolization

Fig. 6 Post right hepatic lobectomy collection of bile. This occurred
despite drains being placed in the operating room. This was
successfully treated with percutaneous drainage
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biodegradable. Recently, a nano-engineered hemostatic agent
has been described, the Rapid TraumaHemostat [26]. This has
been demonstrated to be effective in a number of models of
hemorrhage, including that of liver injury.

Short electrical pulses have been demonstrated to be effec-
tive in a rabbit liver injury model [27]. Electrical pulsation
constrict blood vessels and can be hemostatic. Animals treated
with electrical current had far superior hemostasis than those
treated with mechanical pressure or those not treated at all.
Liver temperature did rise in the animals, but the maximum
liver temperature was 39.4 °C.

Arginine vasopressin has been studied in a swine model of
penetrating liver injury that involved approximately 40 % loss
of estimated blood volume [28]. The animal was treated with
vasopressin and had higher blood pressures, and lower hem-
orrhage volume, when compared to animals treated with either
epinephrine or saline. In addition, blood flow to the liver, GI
track, and kidney returned to normal more quickly in the an-
imals treated with vasopressin. Finally, fibrogen gamma chain
liposomes have been studied in a thrombocytopenic rat model
of non-compressible liver injury [29]. Liposomes are thought
to accumulate at the site of bleeding via interaction with acti-
vated platelets and then augment platelet aggregation. In this
liver model, therapy was demonstrated to be safe and effective
controlling hemorrhage.

Liver Support

Hepatic failure is relatively infrequent in patients with signif-
icant liver injury, despite the fact that right hepatic lobectomy
is sometimes required with a significant loss of functioning
hepatic parenchyma. The liver that remains seems to be suffi-
cient to support hepatic function in patients. We recently cared
for two patients, one with penetrating trauma and one with
blunt trauma that presented in severe hemorrhagic shock and
required hepatic resection for hemostasis. Both of these pa-
tients developed profound hepatic failure postoperatively.
They were supported with molecular absorbent recirculating
system (MARS). Both recovered and survived.

The MARS is currently the most extensively used liver
support system, having been in use since 1996 [30–32]. The
system functions on dialysis, filtration, and absorption. Blood
is exposed to a biocompatible high flux albumin dialysis filter
with removal of both water soluble and albumin-bound toxins
[33, 34]. Twenty percent albumin dialysate is run counter
current to the blood to transfer albumin-bound toxins to the
dialysate in a system very similar to continuous renal replace-
ment therapy [35]. The exogenous albumin dialysate is then
Bregenerated^ by dialysis against a conventional dialysate
bath and subsequent absorption from charcoal and exhange
resin colums [33]. The regenerated albumin dialysate is then

re-circulated to repeat the process. The usual time of treatment
is 6 to 8 h per day [30].

Conclusion

Penetrating injuries are likely decreasing. In those with pene-
trating injury, however, liver injuries are common. Selective
non-operative management is safe but patients must be closely
monitored as some will fail. The principles of operative man-
agement have not changed though some new technologies are
becoming available. Angiographic embolization can be life-
saving but is also morbid. Minimally invasive approaches are
likely to increase in use. In a small group of patients, advanced
hepatic support may be needed.
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