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The most important concept emerging from the management
of complex hepatic trauma is that direct suture ligation of
severed blood vessels and bile ducts is the most effective treat-
ment. Three essential maneuvers are necessary: (1) the use of
the finger fracture technique to expose the laceration widely,
so that individual ligation of severed blood vessels and bile
ducts can be accomplished under direct vision; (2) occluding
the portal triad for 20 to 60 minutes; (3) closure of the hepatic
incision over a viable omental pedicle. Two hundred consec-
utive patients with hepatic injuries were treated at the Trauma
and Shock Unit of Bellevue Hospital between July 1976 and
January 1982. One hundred and twenty-five injuries (63%)
could be managed by superficial suture and drainage alone; 75
(37%) more extensive injuries required additional therapy; 47
of the 75 injuries required inflow occlusion for periods of up
to 60 minutes, with the mean occlusion time of 30 minutes. All
patients were pretreated with 30 to 40 mg/kg of Solu-Medrol®
prior to cross-clamping the portal triad. In addition, the liver
was cooled to 27-32 C0 topically by pouring 1 liter of iced
Ringer's lactate directly on the liver surface, monitoring the
temperature with an intra-hepatic probe. Ischemia time ex-
ceeded 20 minutes in 70%, 30 minutes in 40% and 60 minutes
in 7% of patients. This approach, with complex hepatic trauma,
has been dramatically effective. There were only four deaths
(5.3%). One (1.3%) patient required reoperation for bleeding;
three patients (4%) developed perihepatic abscesses; and two
patients (3%) developed biliary fistulae that spontaneously
closed. An extended right hepatectomy was necessary in the
one patient who required reoperation for bleeding. This rep-
resents the only case of a formal hepatic resection in this series.
Hepatic artery ligation was not employed in any case. These
experiences strongly endorse the direct approach to the treat-
ment of major hepatic lacerations by opening a lacerated liver
sufficiently to ligate lacerated blood vessels and bile ducts,
followed by closure over an omental pedicle. The wide-spread
adoption of this technique will probably lower the mortality
from massive liver injuries to 5-10%.
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BETWEEN JULY 1976 AND JANUARY 1982, 200 con-
secutive patients were treated for injuries to the

liver at Bellevue Hospital. One hundred twenty-five of
these were simple injuries, readily controlled by suture
and drainage; 75 were complex injuries, with major pa-
renchymal disruption and hemorrhage. One of the au-
thors participated in the operation whenever a complex
hepatic injury occurred.

In 1976, discouraged with the high mortality follow-
ing conventional methods of treating hepatic injuries,
the finger fracture technique was adopted to widely ex-
pose severe hepatic lacerations in order to obtain ade-
quate hemostasis. Occlusion of the portal triad in excess
of 30 minutes was necessary in 45% ofthe patients. With
this approach, only one death occurred in the first 22
consecutive patients.32 Since this initial report, 1 15 ad-
ditional patients with hepatic injuries have been treated,
53 ofwhom were classified as complex. This report sum-
marizes our total experience with 75 complex hepatic
injuries over a 6-year period.

Classification

Confusion continues to plague the surgical literature
with regard to the classification of hepatic injuries-ren-
dering comparison of different reports virtually impos-
sible.2"'26 Hepatic injuries at our institution are classi-
fied as follows: grade I-simple injury, managed by su-
perficial suture and drainage or drainage alone; grade
11-major intra-parenchymal injury with active bleed-
ing; grade III-major intra-parenchymal injury with
massive bleeding, or extensive parenchymal destruction;
grade IV-juxtahepatic venous injury.
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TABLE 1. Caluse of Hepatiw Injuries

Stab wound 41 (55%)
Gunshot wound 25 (33%)
Blunt 9 (12%)

Total 75

Clinical Material

From July 1976 to January 1982, 200 consecutive
patients with hepatic injuries were treated. Of these, 125
injuries (63%) were classified as simple and 75 (37%) as
complex. Of the 75 complex injuries, 41 (55%) resulted
from stab wounds, 25 (33%) from gunshot wounds, and
nine (12%) from blunt injuries (Table 1).

Injuries to other organs were present in 65.3% of these
75 patients. Eighteen patients (24%) had one other organ
injury, 14 patients (19%) had two, 14 patients (19%) had
three, one patient (1.3%) had four, and two patients (3%)
had five or more associated injuries. Both of the patients
with more than five injuries died during the operation.
Seventeen patients (23%) had an associated hollow vis-
cus injury-six colonic, three enteric, and eight gastric
(Table 2).

Six patients (8%) sustained juxtahepatic venous in-
juries. An atrial caval shunt was used in four patients.
In the two other patients, hemorrhage was controlled
without the use of a shunt.

Treatment

The operative approach in managing complex hepatic
injuries consists of seven consecutive steps: (1) tempo-
rary hemostasis achieved by compressing the injury until
hypovolemia and acidosis are corrected23 (2) occlusion
of the portal triad (Pringle maneuver),35 (3) finger frac-
ture of the liver244' to achieve adequate exposure within
the depths of the hepatic laceration, (4) ligation and
repair of the lacerated vessels and bile ducts under direct
vision', 1323342.43 (5) debridement of non-viable hepatic
parenchyma (6) filling the dead space within the liver
with a viable pedicle of omentum'o40 and (7) wide de-
pendent drainage.

TABLE 2. Associated Injuxries among 75 Patient.s
with Complex fIepatic Traunma

No. of Organs Patients

1 18 (24%))
2 14 (19%)
3 14 (19%)
4 1 (1.3%)
5 2 (3%)

Total 49* (65.3%)

* Seventeen patients (23%) had hollow viscus injuries; stomach (8)
colon (6). SB (3).

FIG. 1. The mobilized liver is brought forward with the first assistant's
left hand. At the same time, a suction apparatus in the first assistant's
right hand aspirates and exposes the injury. The porta hepatis is oc-
cluded with an atraumatic vascular clamp.

Resuscitation was often completed in the operating
room after the abdomen had been opened, initially com-
pressing the margins of the liver manually to control
bleeding. Once the hypovolemia and acidosis were cor-
rected, the liver was inspected in detail to assess the
injury. Usually, the liver could be brought manually for-
ward into the incision by having the first assistant place
his left hand behind the liver and bring the mobilized
organ forward. At the same time, a suction apparatus
in the first assistant's right hand aspirated and exposed
the injury. The next critical step was to incise the liver
by the finger fracture technique of Lin24 in the direction
of the laceration to provide adequate exposure so that
lacerated blood vessels and bile ducts could be controlled
under direct vision. (Fig. 1) Incisions of the liver paren-
chyma varied in size, with a mean length of 15 cm and
depth of 7 cm. One of the largest incisions of normal
liver parenchyma was 25 cm in length and 12 cm in
depth, indicating the extent of incision ofnormal hepatic
parenchyma that may be required to obtain adequate
exposure. Care should be taken to keep in mind the
anatomic position of the main, right, and left hepatic
ducts, so that they are not injured inadvertently. In 28
(37%) of the 75 patients, adequate exposure and he-
mostasis were readily obtained by appropriate finger
fracture incision of the adjacent hepatic parenchyma.
In the other 47 patients (63%), however, significant
bleeding required temporary occlusions of the portal
triad. Prior to occluding the portal triad, all patients were
given 30 to 40 mg/kg of methylprednisolone succinate
(Solu-Medrol®). In addition, the liver was cooled at 27-
32 C° topically by pouring 1 liter of iced Ringer's lactate
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directly on the liver surface, monitoring the temperature
with an intra-hepatic probe. When the temperature rose
above 32 C, additional iced Ringer's lactate was poured
onto the liver. Usually, 500 cc of this solution was re-
quired every 15 minutes in order to maintain the desired
hypothermia.

In 30 patients (70%), the portal triad was clamped for
longer than 20 minutes. In 17 patients (40%), however,
occlusion time exceeded 30 minutes, and in three pa-
tients (7%), it exceeded 1 hour. The mean inflow occlu-
sion time was 30 minutes for the entire group (Fig. 2).
Liver function tests were measured serially after oper-
ation in all patients. Although abnormalities in these
tests were noted in some patients, all returned to normal
ranges within a few days. There were no instances of
hepatic failure.
Once hemostasis had been obtained, all non-viable

liver tissue was debrided. A broad pedicle of omentum
was then constructed, based upon either the right or the
left gastro-epliploic vessels, as described by Stone.40 The
omentum was then used to fill the defect within the liver,
after which the two free edges of hepatic parenchyma
on either side were approximated loosely, over the
omental pedicle.32'33 The hepatic injury was then drained
widely. A closed suction drain (Jackson-Pratt) was
placed anterior and posterior to the injury. (Fig. 3) In
addition, two large Penrose drains were placed inferior
to the injury in the most dependent position. The closed
suction drains were removed on the fifth postoperative
day if drainage had ceased. The Penrose drains were
mobilized on the tenth postoperative day, and removed
4 days later.

Results

Mortality

There were four deaths in the 75 patients for an over-
all mortality of 5.3% (Table 3). No deaths or serious
complications occurred among the 28 patients with a
grade II injury (major hepatic lacerations with active
bleeding, not requiring inflow occlusion). Four patients
died, however, with grade III and grade IV injuries
(major hepatic lacerations with massive bleeding re-
quiring inflow occlusion; or juxtahepatic venous inju-
ries). Three patients died during operation, and one died
4 days later. The clinical data of these four patients are
summarized below.

Patient 1. Patient 1 was shot through the back with
a 30.06 rifle. An extensive hepatic laceration was re-
paired, but death resulted from massive retroperitoneal
injuries (spine, paraspinal muscles and kidney).

Patient 2. This patient had multiple gunshot wounds
from a 9-mm handgun. On admission, no blood pres-
sure could be obtained. Death resulted from injuries of
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FIG. 2. Hepatic ischemia time.

the liver, small bowel, hepatic artery, portal vein, and
the retrohepatic cava.

Patient 3. This patient had multiple injuries from a
45-caliber pistol. He was admitted without an obtainable
blood pressure, and died from injuries of the liver, ret-
rohepatic vena cava, colon, small bowel, stomach, pan-
creas, and spleen.

Patient 4. The fourth patient had multiple injuries
from stab wounds, was admitted with a hematocrit of

FIG. 3. Omentum has been inserted into the area of liver injury and
is held in place by several interrupted liver sutures. Closed suction
drainage anteriorly and posteriorly is accomplished by a pair of Jack-
son-Pratt drains (Courtesy of Pachter HL, Spencer FC. Ann Surg 1979;
190:423.
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TABLE 3. Complex Hepatic Trauma-Management

and Results in 75 Patients

Morbidity Bile
Mortality Abscess Rebleeding Fistula

Grade II
28(37%) 0 0 0 0

Grade III
41 (55%) 2 (4.9%) 3 (7.3%) 1 (2.7%) 2 (4.9%)

Grade IV
6(8%) 2(33.3%) 0 0 0

Total 75 4 (5.3%) 3 (4%) 1 (1.3%) 2 (2.7%)*

* Spontaneous closure within 2 weeks.

10 and no palpable blood pressure. Injuries included the
liver, portal vein, hepatic artery, external and internal
jugular veins, and left common carotid artery.

Complications (Table 3)

Biliary Fistula

Two patients (2.7%) drained moderate amounts of
bile through the Jackson-Pratt drains, first noted 5 to
7 days following operation. The biliary drainage in both
patients, however, stopped spontaneously by the 14th
postoperative day.

Postoperative Abscess

Three patients (4%) developed localized abscesses,
treated by surgical drainage 10 to 14 days following op-
eration: two were subphrenic and one intrahepatic.

Re-Bleeding

Only one of the 75 patients (1.3%) required reoper-
ation for bleeding. Hemostasis was achieved initially,
but bleeding returned 12 hours after surgery and con-
tinued. Hemostasis could be obtained only by an ex-
tended right hepatectomy, after which the patient re-
covered satisfactorily. This was the only formal lobec-
tomy necessary in the entire group of 75 patients.

Discussion

The mortality rate of only 5.3% in this series of 75
patients with complex hepatic injuries treated over a 6-
year period is far lower than that reported by
others.8 22'294243 A precise comparison of experiences
from different groups is not possible, however, because
of variance in classification of the severity of injury.

Hemorrhage has been the major cause of death in
virtually all experiences reported. Bleeding can arise
from three sources: branches of the hepatic artery, the
portal vein, or the hepatic veins. The main obstacle to
effective hemostasis has been the fear of incising normal
hepatic parenchyma. As a result, indirect measures have

been used, including hepatic artery ligation, hepatic lo-
bectomy, and packing. It seems probable that the low
mortality rate (5.3%) in this series is primarily due to
the ability to control hemorrhage. Three distinctive op-
erative techniques were used to achieve this result.

I. Finger Fracture Technique

The finger fracture concept is the most important.
With adequate exposure, lacerated blood vessels can be
treated readily. This, of course, is the basic approach for
traumatic lacerations in any area ofthe body. The finger
fracture technique was reported by Lin24 in 1958 and,
subsequently, by Ton4' in 1963. To the authors' knowl-
edge, the technique has not been used widely in this
country because of the widespread belief that incision
of normal hepatic parenchyma is prohibitively danger-
ous if not preceded by ligation ofthe appropriate hepatic
artery, portal vein, and hepatic vein. At the University
of Rochester, Schwartz38 performed 60 hepatic resec-
tions with the finger fracture technique in the past few
years with no mortality. Balasegaram,4 by contrast, spe-
cifically condemned incisions of the liver along non-an-
atomic planes because of the risk of bleeding.
The experiences cited in this report clearly show that

the dangers from incising normal hepatic tissue are ex-
aggerated greatly. The finger fracture technique has been
employed now for over 5 years in more than 70 patients,
without significant problems. In 47 of the 75 patients
(63%), occlusion of the portal triad was necessary in
conjunction with the finger fracture technique. Only six
of the 75 patients ( 13%) had continued bleeding follow-
ing occlusion of the portal triad, indicating that a jux-
tahepatic venous injury was present. These data indicate
that in over 85% of patients, occlusion ofthe portal triad
will temporarily stop the bleeding. This maneuver, cou-
pled with the finger fracture technique to expose lac-
erated blood vessels so that they could be controlled
under direct vision, is responsible for the dramatic de-
crease in mortality from exsanguination.

II. Safety of Clamping the Portal Triad

Fear of clamping the portal triad for longer than 15
to 20 minutes under normothermic conditions undoubt-
edly has restricted its use with hepatic injuries. This lim-
ited time frame was established initially in animal mod-
els.36 Experimental studies in dogs now are recognized
as not applicable to man-primarily because of differ-
ences in splancnic venous circulation.'8"19'3' How long
the portal triad can be safely occluded in man is un-
known, but published data indicate that periods of up
to 1 hour are safe.'8"'9'3' In 1978, Huguet,'9 in France,
reported on 20 cases of hepatic resection. In nine of the
20 patients, the portal triad was clamped between 24
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and 65 minutes, with a mean occlusion time of 38 min-
utes. Abnormalities in hepatic enzymes returned to nor-
mal, and no patient demonstrated signs of hepatic
failure.
Normothermic hepatic vascular exclusion for elective

hepatic surgery cannot be extrapolated to trauma pa-
tients with certainty for two reasons: (1) spontaneous
collaterals which are usually present in large hepatic tu-
mors may be responsible for the liver's ability to tolerate
normothermic ischemia, and (2) the severely injured,
hypotensive patient may not tolerate normothermic
ischemia as well as the patient undergoing an elective
hepatic resection.

Methods of extending normothermic ischemia. Hy-
pothermia. Both Bernhard5 and Goodall'7 have shown
that dogs subjected to normothermic occlusion for lon-
ger than 40 minutes sustained a 100% mortality rate.
With hypothermia of up to 28-32 C, however, virtually
all of the dogs survived following 1 hour of portal triad
occlusion. Fortner, 15 usin,g a complex technique ofcom-
plete vascular isolation and hypothermic perfusion in
29 major hepatic resections, was able to achieve occlu-
sion time ofup to 147 minutes without untoward effects.
The value of hypothermia in increasing the liver's tol-
erance to ischemia is, therefore, well-documented.
The effectiveness of topical hypothermia, described

in this paper, is uncertain. Despite keeping the surface
temperature of the liver between 28 C and 32 C by
pouring iced Ringer's lactate onto the liver, wide tem-
perature gradients within the liver must exist. Therefore,
the beneficial effects ofour technique cannot, at present,
be evaluated adequately.

Steroids. Thirty to 40 mg/kg of methylprednisolone
succinate (Solu-Medrol) was given to each patient in this
report prior to occluding the portal triad. The rationale
for its use was based on reports by Delpin9 and Figu-
eroa. 12 Their findings showed that occlusion ofthe portal
triad in rabbits for 30 minutes resulted in a 100% fatality
rate, but pretreatment with methylprednisolone succi-
nate lowered the mortality rate to 10%. In addition, 1
hour of hepatic occlusion resulted in only a 50% mor-
tality rate, if steroids were given prior to inflow occlu-
sion. Starzl,39 on the other hand, with his broad expe-
rience in liver transplantation, does not consider steroids
to be of any benefit in extending ischemia time.
As the upper limit of ischemia time to the liver is

unknown, we continue to favor topical hypothermia and
large doses of steroids. Randomized trials, in the future,
will be required to establish whether these methods of
extending hepatic ischemia time are necessary.

III. The Viable Omental Pack

The use of a pedicle of omentum as an autogenous
pack in 37 patients with hepatic lacerations was reported

by Stone40 in 1975. A subsequent report by Fabian and
Stone,'0 in 1979, described experiences with 115 pa-
tients. The omentum was used as a pack, instead of the
traditional gauze pack frequently used in World War II.
The omental pack was inserted simply and sutured in
place with minimal debridement of hepatic parenchyma
or ligation of lacerated vessels. The fact that this method
of "packing" controlled bleeding in 105 of 113 cases
would seem to indicate that the source of bleeding in
the vast majority of patients is from lacerated veins and
not from arteries.

In order to avoid peri-hepatic and intra-hepatic ab-
scesses, meticulous hemostasis must be achieved first,
as well as adequate debridement of all non-viable tissue
before the omentum is inserted.

Theoretically, the omentum may be of value in other
ways. It fills dead space within the liver with viable tissue,
perhaps lessening the risk of sepsis. It also introduces a
rich source of macrophages which, in themselves, may
be beneficial.20 Jurkiewicz'o reported on the use of free
omental grafts for extensive reconstructive surgery ofthe
face, further supporting the value of omentum in both
obliterating dead space and minimizing infection.

Juxtahepatic venous injuries. Fortunately, injuries to
the retrohepatic cava and hepatic veins are rare, but they
constitute one of the most complex surgical challenges
because of the danger of exsanguination. A number of
ingenious shunts have been devised to control hemor-
rhage.28'34'37 the most popular being the atrial-caval
shunt, inserted through the right atrium into the vena
cava, after a median sternotomy incision has been
made.'6 Although theoretically sound, all reports de-
scribe a mortality rate in excess of 50%, even among the
most experienced trauma surgeons.8"'243
With increasing experience with the finger fracture

technique, the frequency with which a shunt is required
is uncertain. In the last two patients with major hepatic
vein or retrohepatic caval injury in this series, rapid fin-
ger fracture through hepatic parenchyma to expose the
site of injury permitted direct suture of large lacerations
without the use of a shunt.

Hepatic lobectomy and hepatic artery ligation. He-
patic lobectomy. The concept of hepatic lobectomy
along anatomic planes of cleavage is an attractive ap-
proach for an extensive laceration that has destroyed
much of the liver parenchyma. The mortality rate as-
sociated with hepatic resection for trauma, however, re-
mains prohibitively high,8'22'26'42'43 and is not recom-
mended with enthusiasm by American authors. Balas-
egaram,4 however, reports a mortality rate of 10% in 85
cases of hepatic resection for trauma, and Blumgart6'7
reports a mortality rate of 21% in 19 cases. While the
low mortality rate, achieved by these authors, with he-
patic resection is impressive, it does not appear to rep-
resent the general experience with this approach.
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With the use of inflow occlusion and the finger frac-
ture technique to expose lacerated blood vessels and bile
ducts, a lobectomy would seem necessary only in un-
usual circumstances. One patient in this series, the only
one in whom reoperation was necessary for bleeding,
was treated with a right hepatic lobectomy. Resectional
debridement, on the other hand, of non-viable tissue is
essential if postoperative hepatic necrosis and abscess
formation are to be avoided. Anatomic hepatic lobec-
tomy for trauma should be restricted to two specific
instances: (1) complete parenchymal destruction and
(2) failure of all other conventional methods to arrest
bleeding.28

Hepatic artery ligation. The historical events leading
to the erroneous belief that ligation of the hepatic artery
was prohibitively dangerous were summarized by Walt.43
The fact that the hepatic artery can be ligated without
untoward complications has been well-estab-
lished."1314'27'28'43 The initial enthusiasm for its use has
waned, and with the exception of Flint'3 its use for he-
patic trauma ranged between 0% and 2%.3° Mays et
al.' '4 popularized this technique, reporting excellent re-
sults in controlling hemorrhage in 60 patients with he-
patic trauma."' 4 Subsequently, Flint and Polk'3 re-
viewed their experience in 540 patients with hepatic
trauma in whom selective hepatic artery ligation was
employed in 94 (17%). Selective hepatic artery ligation
failed to control bleeding in 15 patients (16%), with a
subsequent mortality rate of 47% in these patients. The
authors confirmed the ineffectiveness ofselective hepatic
artery ligation to control bleeding from either lobar
branches of the portal vein or from major hepatic veins
or their intra-hepatic tributaries. In addition to the in-
ability of selective hepatic artery ligation to control ve-
nous bleeding or retrograde bleeding from the hepatic
veins or retrohepatic cava, sepsis and hepatic necrosis
have both been reported.3'25

Although ligating the hepatic artery is safe, its use in
hepatic trauma seems questionable. The addition of he-
patic artery ligation in a hypotensive patient with a re-
sultant decrease in perfusion to the liver may render the
liver sufficiently ischemic, resulting in subsequent ne-
crosis and sepsis. Whatever the basis for the effectiveness
of hepatic artery ligation in stopping bleeding, however,
it seems to be unnecessary in the vast majority of pa-
tients.

Conclusion

The data in this report, 75 complex injuries treated
over a 6-year period with a mortality rate of 5.3%, in-
dicates that hemorrhage can be controlled in over 90%
of massive hepatic lacerations with the technique de-
scribed. The three key features are (1) the use of the
finger fracture technique to expose the laceration widely,

incising as much as 25 cm by 12 cm of adjacent hepatic
parenchyma, (2) occluding the portal triad for 20 to 60
minutes, and (3) the subsequent insertion of a viable
omental pedicle.

Both the fear of incising normal hepatic parenchyma
and clamping the portal triad for longer than 20 minutes
seem exaggerated greatly. Wide-spread adoption ofthese
techniques will probably lower the mortality rate from
massive liver injuries to 5-10%. Failures are usually due
to juxtahepatic venous injuries. These may be ap-
proached directly by extensive finger fracture or by the
insertion of an intra-caval shunt. Future studies are nec-
essary to determine the optimal treatment for these dev-
astating injuries.
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DISCUSSION

DR. SEYMOUR I. SCHWARTZ (Rochester, New York): I hope that
Dr. Spencer has added a nail-the final nail-to close the coffin related
to the importance of hepatic inflow to the liver and the issue that the
liver would tolerate no more than twenty minutes of occlusion. There
is a historic point of interest in the concept which we bought for many,
many years. Presented at the First Surgical Forum at the American
College of Surgeons, it represented a study of six dogs that were un-
conditioned, unprepared, received no appropriate antibiotics, and had
the hepatic artery and portal vein compressed for twenty minutes.

I think there is no question, shown by Huguet and others and the
authors' own personal experience, that the liver will, in fact, tolerate
occlusion of both the portal vein and the hepatic artery up to ninety
minutes, with little alteration oftransaminase levels and other enzymes
that can be studied.
The other important statement that he made relates to digitoclasia,

or finger-fracture technique; his statement is actually truthful when
he says that when this article appears in the Annals ofSurgery, it will
represent one of the first declarations in the American literature re-
garding the efficacy of this technique.

I agree essentially with all of the points made in the presentation
and in the manuscript with one minor exception; the authors routinely
have used steroid therapy in the management of their patients, and
we have never advocated the use of steroids, either for trauma patients
or for the elective resection of the liver for tumor.
Our own approach in reference to a bleeding stellate laceratus is

rapid occlusion with a vascular clamp ofthe hepatoduodenal ligament,
followed by finger-fracture technique, exposing the culprit. Ifthe bleed-
ing continues in the face of this approach, we have avoided the issue
ofthe intracaval shunt, finding it very cumbersome, and have preferred
to directly occlude the aorta at the level of the hiatus; we have been
pleased with that approach, which allows us to expose the hepatic vein
or the cava at the appropriate level.
We live in a more bucolic atmosphere in New York State, when

we compare our series with Dr. Spencer's, and an important differ-
ential must be made. As you read the manuscript, you will note that
most ofthese are either gunshot or knifewound injuries. In upper New
York State, most of the hepatic trauma with which we deal relates to
vehicular trauma, either the automobile or the motorcycle. And this
represents a more extensive trauma, one that more frequently requires
resectional debridement. Actually, as we reviewed our own data related

to vehicular trauma, the results are not as good as we would like to
believe; we have an overall mortality rate of25% for patients who have
required resectional debridement of at least a lobe.
My own experience, and a point which Dr. Spencer alluded to,

relates more to the elective resection of primary and metastatic tumors
of the liver, a circumstance that is actually burgeoning very rapidly,
in view of the more aggressive attitudes to resection of lesions primary
in the colon, or of the Wilms' tumor and, occasionally, other tumors
that have metastasized to the liver, since now we know that these may
be associated with a 25% 5-year survival.
And I have adopted this technique, having had the opportunity to

work with Professor Lin in Taipei. We approach the patient who is
undergoing a segmental resection of the liver, including the notorious
Segment 5, which incorporates the gallbladder bed, using inflow oc-
clusion with a vascular clamp, followed by digitoclasia, or finger frac-
ture. For anything less than a trisegmentectomy, this works quite well.

For the trisegmentectomy, in which one is looking at approximately
15% to 20% of the liver which the patient will require for survival, I
think it is more appropriate to directly dissect the interlobar vessels.

There is a distinct advantage to the finger-fracture technique which
merits emphasis; the hepatic veins, that are truly the bete noir, or the
black beast, of hepatic surgery, are picked up at an appropriate level.
They are picked up at a point that one does not divorce the remaining
portion of the liver from the effluent conduit. This circumstance can
be a real problem if the hepatic veins are addressed posteriorly, dis-
secting the inferior vena cava itself.
Over the past five years, we have done over 60 elective resections

using this approach, and have had no perioperative mortality. How-
ever, we have been plagued with complications, and one of the com-
plications relates to bleeding, and we had to reexplore four patients.

I would like to bring to your attention one point, namely, that in
the patient who has undergone hepatic trauma, with necrosis of hepatic
tissues, one of the issues which might relate to persistence of bleeding
is the fact that the liver will generate fibrinolysin; on two occasions,
we have managed to stem the bleeding with the introduction ofepsilon-
aminocaproic acid.
The other issue, one which is really disturbing to me and on which

the authors should be complimented, is their low incidence of infec-
tion. Even in elective surgery where the patients are prepared on an-
tibiotics, we are now living with a complication rate of slightly over
15%. Fortunately, we are now no longer addressing it surgically, but
calling our radiologic confreres to ultrasonographically direct a pigtail


