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Changes in the Management of
Injuries to the Liver and Spleen

J David Richardson, MD, FACS

At the completion of my residency training in 1976,
there were relatively few controversies in the treatment
of injuries to the liver and spleen. Diagnosis of these
injuries usually could be made by physical examination,
positive diagnostic peritoneal lavage (DPL), or at oper-
ation mandated by a penetrating wound. If injury to the
spleen occurred, splenectomy was indicated. Diagnosis
of liver injury was likewise noncontroversial, and only
the methods of treatment of the hepatic lesions engen-
dered debate. But by the end of the last century, virtually
none of the dogma believed to be unequivocally true 25
years earlier was practiced. The majority of splenic inju-
ries were detected by CT scan and treated without op-
eration. Liver injuries that resulted in several liters of
blood and bile in the abdomen were observed if the
blood pressure could be maintained with several units of
blood. A surgical Rip Van Winkle, who awoke in 2000
after 25 years of slumber, would never have believed the
radical changes that occurred in the treatment of injuries
to these solid organs, whose diagnosis and management
had once seemed so straightforward.

The purpose of this discussion is to review the
changes in the treatment of injuries to the liver and
spleen that occurred during the past century. It is hoped
that the exhaustive literature search that is the lynchpin
of this presentation will serve as an evidence-based re-
view that either validates or challenges some of our cur-
rent concepts about solid organ injury management.

METHODS OF REVIEW

Full-length papers (not abstracts) pertaining to injuries
of the liver and spleen were reviewed. Citations were
extracted from the Current List of Medical Literature and
its successor, Index Medicus, and from the bibliographies
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of other publications on these injuries. Virtually every
publication on hepatic and splenic trauma written in the
English language before 1950 was reviewed, as were sev-
eral sentinel papers written in German and French. Most
of the major reports on these injuries in the latter half of
the century were also examined, but the prodigious
growth in publication on these topics precluded a com-
plete literature review. Nonetheless, more than 500 re-
ports were reviewed for this article.

A comparison of the etiology of splenic rupture and
liver hemorrhage between the first and latter halves of
the 20" century is also instructive. From 1930 to 1940,
citations on spontaneous splenic rupture greatly out-
numbered those on traumatic injury. Splenic hemor-
rhage secondary to malaria, typhoid, and mononucleosis
were reported much more commonly than hemorrhage
produced by trauma. The 1930s produced fewer than 30
citations on liver and spleen injuries in the English lan-
guage; the 1990s produced more than 1,300 reports on
those topics.

MECHANISM OF INJURY:
CHANGES IN PATTERNS
The changes in mechanism of injury are illustrated (Fig. 1) in
three time intervals: the early, middle, and latter portions of
the last century. In the early period, nearly one-third of all
splenic injuries and one-fifth of liver injuries reported were
caused by a variety of mechanisms classified as miscella-
neous. These include industrial and farm injuries, falls, and
mechanisms other than motorcycle or motor vehicle
crashes. Gunshot wounds were much less common than
were reported later in the century. By midcentury, miscel-
laneous injuries became a minor part of the reported cases
as a percentage because the number of liver and spleen
injuries increased dramatically. Stab wounds as a mecha-
nism of penetrating trauma increased greatly, accounting
for 40% and 15% of liver and spleen injuries, respectively.
What is often underappreciated is the impact of
mechanism on mortality rates. The increase in stab
wounds reported had a dramatic impact on improve-
ments in mortality data, particularly for liver injuries.
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Abbreviations and Acronyms

DPL = diagnostic peritoneal lavage

EAST = Eastern Association for the Surgery of Trauma
NOM = nonoperative management

Before World War 1II, the mortality rate for liver injury
was often reported at 30% to 40%.""" One of the larger
articles on hepatic trauma published a few years after
World War II reported a mortality rate of only 10%."*
Although the results of this report were hailed as a major
advance, they may be somewhat deceiving. Of the eight
blunt injuries, only three were severe. Thirty-four stab
wounds occurred, and no patient with an isolated stab
wound died, which greatly improved overall results.
Amerson and Blair” described 189 patients treated be-
tween 1947 and 1958, with a total mortality rate of
16.4%. Twenty-two patients with blunt injury had a
mortality rate of more than 45%, and the 99 patients
with gunshot wounds had a 21% death rate. But none of
the 63 stab wound victims died, greatly lowering the

1900-35

100

80 —

40 -

1945-75

total mortality rate. The first huge series of civilian liver
injuries'* reviewed the experience from the Jefferson
Davis Hospital in Houston, TX, from 1939 to 1961.
The overall mortality rate from 640 consecutive patients
was 17.3%. Mortality rates from gunshot wounds and
blunt trauma were 26% and 45%, respectively, but the
296 stab wounds had a mortality rate of only 3.4%.

Reports from the latter portion of the century show a
major decline in stab and gunshot wounds, with a tre-
mendous increase in blunt injuries. Because blunt
trauma generally has the highest mortality rate, any im-
provement in mortality is likely from improvement in
management.

DIAGNOSTIC ERAS

As with changes in mechanism, differences in diagnostic
modalities have been dramatic over time; such changes
in diagnosis have had a major impact on not only differ-
ences in management but in reported mortality rates.
Although numerous iterations of diagnostic eras could
be conceived, four will be considered (Table 1).
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Figure 1. The mechanism of spleen and liver injury from selected series in three periods of time. In the early period
there were a large number of miscellaneous injuries, which accounted for less than 1% during later periods. In the
mid-portion of the 20" century, stab wounds were commonly encountered in liver injuries. Blunt trauma is now the
predominant mechanism of injury for both spleen and liver injury. GSW, gunshot wound.
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Table 1. Diagnostic Eras

1) Operation or autopsy

2) Primitive diagnostic efforts

3) Diagnostic peritoneal lavage

4) Focused imaging techniques

From the beginning of operative treatment of trau-
matic wounds in the late 19 century through World
War I, diagnosis was made definitively by either opera-
tion or autopsy. Although one could assert that is still
true, in that era, there were no major reports of other
diagnostic strategies. Operations were usually based on
physical signs or on mechanism of injury, as in the case
of penetrating wounds. Emphasis in the literature was
on physical findings that might suggest solid organ in-
juries, given the lack of other diagnostic methods. Bal-
lance’s sign described dullness to percussion or shifting
dullness in the left upper quadrant. Kehr’s sign, referred
to pain to the left supraclavicular region, was believed to
be an important sign of splenic injury. Tenderness and
shock were also clinical indications of the need for
operation.**'*"?

Not surprisingly perhaps, several reports based on au-
topsy studies concluded that nonoperative therapy for
liver injuries was uniformly fatal. One early study re-
ported a 100% mortality rate for nonoperative treat-
ment, with a 50% mortality rate for patients who had
operations. Although several reports assumed that some
injuries must heal without operation, the lack of precise
diagnostic studies made it difficult to accurately deter-
mine the incidence of either liver or spleen injury or
their actual mortality rates. The next phase of attempts
at diagnosis involved an indirect effort to establish a
solid organ injury by use of radiographs or by attempts
to confirm the presence of hemoperitoneum by needle
puncture. Several papers in the 1940s emphasized the
following radiologic features for splenic injuries: obliter-
ation of the splenic shadow; indentation of the gastric
bubble; reflex distention of the stomach; and tenting of
the left diaphragm. But there were few reports on radio-
logic features of liver injuries."

Beginning in the 1930s, many surgeons attempted to
aspirate blood from the peritoneal cavity of trauma vic-
tims with suspected solid organ injury. Whether by para-
centesis or four-quadrant tap, confirmation of blood in
the peritoneum mandated operation. The diagnostic ac-
curacy rate for blunt liver and spleen injuries ranged
from 30% to 70%, but all reports on this technique

noted that its accuracy did not approach 100%.The in-
accuracy of these indirect means of diagnosis led to the
development of DPL.

Root and colleagues'® developed the technique in the
laboratory by infusing blood into the peritoneum and
then aspirating the contents after peritoneal lavage of the
cavity with saline. This technique proved highly sensi-
tive for blood in the peritoneal cavity and was the diag-
nostic method of choice for detection of hemoperito-
neum for more than 30 years. Although DPL was very
sensitive for blood, its high degree of accuracy made it
less useful at times. Virtually all surgeons who used DPL
noted that in some patients, injuries that produced
bleeding had either ceased or the injuries were so incon-
sequential that no therapy was required. Nonetheless,
DPL was a major advance because it greatly diminished
the incidence of missed solid organ injuries in the era
before accurate scanning was available. The impact of
DPL on reported improvements in mortality rates for
liver and spleen injury cannot be underestimated.
Prompt use of this technique decreased missed injuries
and allowed rapid operative planning in emergent cases.
Clearly, treatment improved during this era, but patients
with minor injuries were always treated operatively and
rarely died. This inclusion of less severely injured pa-
tients certainly enhanced reported mortality rates.

The current diagnostic era relies primarily on imaging
techniques to aid in diagnosis of solid organ injury. The
use of abdominal ultrasound has proved extremely effi-
cacious for detecting blood in the peritoneal cavity. This
technology has the advantage of portability, and when
done by the surgeon or emergency physician, can be-
come a part of the physical examination. But abdominal
ultrasound lacks specificity in terms of predicting the
source of blood and cannot grade organ injuries.

CT scanning has become the gold standard for diag-
nosis of solid organ injury. CT scanning allows reason-
ably accurate grading of organ injuries and provides
crude quantitation of the degree of hemoperitoneum.
Additionally, the use of oral contrast material permits a
degree of diagnostic accuracy in excluding visceral inju-
ries. CT scanning is mandatory for patients with blunt
trauma whose solid organ injuries are to be managed
nonoperatively. CT has also been useful for detecting
missile tracts in penetrating trauma patients. Such infor-
mation is imperative for surgeons who want to attempt
nonoperative management of penetrating wounds."”*
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MANAGEMENT OF LIVER INJURIES

The management of hepatic trauma can be divided into
three eras: from the beginning of operative treatment to
World War II; the postwar period to the mid-1980s
(characterized by aggressive operative treatment); and
from the late 1980s to the present. In this latter period,
there have been several major philosophical changes in
treatment that represent radical departures from previ-
ously accepted standards of care.

Late 19" century through World War 11

Some of the advances in the operative treatment of he-
patic injuries developed from the late 19" century
through World War II are outlined in Table 2."*2°* One
of the notable aspects of this historical list has been the
rediscovery of many of the concepts that were intro-
duced about a century ago but failed to find a niche in
the treatment of liver injuries, or were attempted and
then subsequently rejected. Examples of the former in-
cluded creation of an omental pedicle to be sutured into
a liver wound, which was described in 1910,?? but did
not gain popularity for another 75 years. Topical fibrin
was introduced in 1915 and did not gain acceptance.
Although it is occasionally used today, it is not regarded
as standard therapy. Packing was reported in the late
1800s in Europe and in the United States in 1906.> It
was a mainstay of therapy in World War I and in the
period between the world wars. During World War 1II,
the value of direct repair of liver wounds along with
drainage of bile was highlighted. The resultant dramatic
improvement in mortality provoked condemnation of
packing as a means of treating liver injuries.

The most common treatment administered to nearly
600 civilian patients treated from the mid-1930s to
1945 was drainage alone followed by suture repair of the
liver (usually with catgut). The development of absorb-
able hemostatic agents led to an explosion in their use.

Impact of World War Il

The mortality rate reported for operative treatment of
liver injuries in World War I was 66.2% when packing
was used as the primary mode of therapy. After World
War II, Madding and colleagues® reported on 829 op-
erations performed for liver injuries by the Second Aux-
iliary Surgical Group. Although gauze packing was used
in 28% of the total group of treated patients, this method
was predominantly used early in the war years. In 1941,
more than 34% of patients were packed; that number

Table 2. Advances in Operative Treatment of Liver Wounds
from 19™ Century Through World War |

Date Surgeon Advance
1888  Langenbuch Mass ligature controlled liver bleeding
1890  Clemend Introduced inflow occlusion by
clamping portal triad
1894  Ceccharelliand ~ Tamponade bleeding liver with
Bianchi decalcified bone sutured on superior
and inferior liver surface
1896  Kousnetzoff Special liver needle to suture hepatic
and Penski wounds
1902 Beck Rubber catheter suture around the
liver wound for compression
1902 Kocher Gastrointestinal clamp left on liver to

compress bleeding

1905  Gillette Mattress through liver and skin (two

survivors)

1906  Schroeder
1908  Pringle

Perihepatic packing

Compression of artery and vein for
inflow occlusion

1910  Boljarski Omental pedicle sutured over liver

wound

1911  Cushing Topical striated muscle on bleeding

liver for hemostasis

1913 Halstead Rubber under packing
1915  Grey Topical sheep fibrin
1918  Harvey Topical beef fibrin

1939 Seegers
1943  Frantz

Topical thrombin
Oxidized cellulose (Oxycel)

1944  Ingraham Topical thrombin and Gelfoam
(absorbable sponges)
1945  Lightand Gelfoam

Prentice

declined to 9.6% by 1945. Only a small percentage
(about 5%) required hepatorrhaphy in either time pe-
riod. Drainage was used in nearly 90% of patients by the
end of the war. So, several trends developed that were
extended into civilian practice after the war: abandon-
ment of gauze packing; suture control only for active
bleeding; and nearly uniform drainage of all wounds.
This collected group of patients suffered a 27% mortal-
ity rate. Although the death rate was high by current stan-
dards, it was a dramatic improvement from the two-thirds
who died in World War I. Likewise, the authors noted only
a 9.7% mortality rate when the liver wound was isolated.
Interestingly, these authors gave little credit for improve-
ment in mortality rates to general advances in perioperative
care. They asserted a direct link between two operative les-
sons and mortality, ie, discontinuation of gauze packing
and routine use of drains. These lessons were widely applied
in the civilian experiences for the next 40 years.”*”’
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Operative treatment: 1945 to 1985

After the end of World War II, there was a great in-
crease in hepatic trauma from both blunt and pene-
trating injuries. Beginning in the 1950s, multiple
large series of liver injuries were reported.'*?'** In
addition to the standard treatment of hepatorrhaphy
for bleeding, packing with absorbable hemostatic
agents, and routine drainage of bile leaks, several ad-
ditional strategies were developed (Table 3). In re-
sponse to more serious injuries undoubtedly caused
by more gunshot wounds and high-speed motor ve-
hicle crashes, additional treatment options were re-
quired. Better resuscitative techniques and improved
blood banking made early death from shock less com-
mon and increased the number of patients with oper-
able, severe liver injuries. So increasing numbers of
patients died of hemorrhage during this period. Al-
though most reports did not discuss the source of
hepatic hemorrhage, four types were noted: arterial
hemorrhage; major venous including the retrohepatic
caval injury; ooze from injured or devitalized tissue;
and a combination of these. Operative treatments
were often developed to treat specific patterns of
hemorrhage.

Treatment of arterial hemorrhage
Several specific modalities began to be used more often
to treat arterial bleeding. Hepatorrhaphy was used with
increased frequency. When the arterial bleeding occurred
deep within the hepatic parenchyma, a tractomy was
advocated to expouse and suture ligate the arterial flow.
But control of deep arterial bleeding was often techni-
cally difficult to accomplish.>"**2

In response to futile attempts to directly suture ligate
arterial bleeding, Dr Aaron’s group performed ligation
of the hepatic artery.” Initially performed at the Louis-
ville General Hospital to control arterial hemorrhage
from a ruptured hepatic adenoma, Mays found this
technique useful to control arterial bleeding in trauma
patients. A literal explosion in its use occurred in Louis-
ville, and surgeons there proposed it to prevent rebleed-
ing.”®** A high rate of infection led to reconsideration of
its use, and it was subsequently used less frequently, al-
though it remained an operation that could occasionally
be life-saving.*

Major venous bleeding was recognized as a major
source of mortality, particularly in patients who had
been in high-speed motor vehicle crashes. The nearly

Table 3. Surgical Trends from 1945 to 1985: Period of
Aggressive Surgical Treatment

No gauze packing

Uniform drainage

Increased use of liver debridement

Tractomy

Popularization of omental patch

Brief rise of anatomic resection

Selective hepatic artery ligation

Atriocaval shunt for retrohepatic vena caval injury

Rediscovery of temporary inflow occlusion

uniform lethality of retrohepatic vena caval injuries with
attempt at direct repair led to the development of the
atriocaval shunt. This technique, developed by Schrock
and associates,”' theoretically bypassed the caval injury
and allowed direct suture repair of the cava itself and
main hepatic veins. The operation required opening the
chest to expose the atria. This bicavitary exposure accel-
erated hypothermia and coagulopathy in many patients.
Consequently, the mortality rate remained high, but the
concept of direct repair of this deadly injury was very
important.

Both previously mentioned bleeding problems often
were treated initially with temporary inflow occlusion by
clamping the portal triad. The concept of inflow occlu-
sion actually predated Pringle,”® but his work published
in 1908 was rediscovered and popularized in the 1960s
after rarely being mentioned in the literature for more
than 50 years.

Diffuse bleeding from damaged or devitalized liver
increasingly required surgical treatment. Reports on ci-
vilian liver injuries from the 1950s generally cautioned
against debridement of damaged liver for fear it would
worsen preexisting hemorrhage. Absorbable gauze pack-
ing and drainage were mostly used for this problem. As
the forces of injury increased, other techniques were re-
quired. Resectioned debridement was increasingly used.
There was a brief flurry of activity with use of major
anatomic resections, but the high mortality rate of this
procedure led to discontinuing its use in most American
centers.*>* The omental pedicle described for liver in-
jury in 1910 and mentioned occasionally through the
years was reintroduced by Stone and Lamb** and gained
widespread popularity.

Viewed from the perspective of several decades re-
moved, this era produced relatively few techniques in
widespread use today. Clearly, debridement of devi-
talized hepatic tissue is a concept that remains valid
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but seems to be required less frequently than in the
past. Omental pedicle flaps are very useful in a variety
of clinical scenarios in which operation is required.
The atriocaval shunt is still widely mentioned as a
procedure for retrohepatic caval injuries, but its very
high mortality rate and the technical tour de force
required for its placement (particularly because it’s
not often needed) dictates its infrequent use today.
Likewise, selective hepatic artery ligation is rarely
used today,”” and tractomy is rarely needed. Hepatic
lobectomy for trauma is almost never done unless the
injury itself performs the dissection.

Advances in treatment: 1985 to present

In the 40 years from World War II to 1985, there were
enormous advances in diagnosis and treatment that
markedly reduced the lethality of hepatic injuries. The
advent of DPL reduced missed injuries, but was begin-
ning to be challenged by CT scanning. CT scanning
allowed greater specificity of diagnosis and permitted a
range of therapeutic options based on the ability to de-
termine degree of hemoperitoneum and grade of injury
that had not been imagined previously. Concurrently,
the high incidence of nontherapeutic operation per-
formed as a consequence of DPL was increasingly rec-
ognized. Deaths from perihepatic infection had dimin-
ished, presumably because of better debridement of
devitalized tissue, better resuscitation, better use of drains,
and perhaps better antibiotic therapy. Despite these ad-
vances, patients were still dying in great numbers sec-
ondary to hemorrhage from the liver, from both blunt
and penetrating trauma. Several major problems were
identified as causative factors in death from hemorrhage.
There were numerous deaths from the vicious cycle of
hypothermia and coagulopathy produced by major he-
patic bleeding.*® Clearly, in many patients, direct con-
trol of bleeding using standard surgical therapy was
not efficacious. Likewise, techniques advocated for
control of perihepatic venous injuries usually failed.
New strategies were once again needed to address old
problems and newer ones created by more seriously
injured patients.**

Several reports in the late 1980s and early 1990s fo-
cused on these severe liver injuries and the continuing
problem of death from hemorrhage. Four strategies
(Table 4) that appear to have significantly decreased the
mortality rate associated with hemorrhage evolved over
the latter part of the century.

Table 4. Treatment Trends: 1985 to Present

Direct repair of perihepatic venous injuries

Perihepatic packing and damage control strategies

Arteriographic embolization of hepatic arterial hemorrhage

Nonoperative treatment

Direct repair of perihepatic venous injuries
Injuries to the perihepatic veins remain an unsolved
problem. Although major venous injuries are fairly un-
common, they are, nonetheless, highly lethal. Atriocaval
shunting was generally regarded as the optimal means to
treat this problem, but a review of its results are bleak.
Although some results appear reasonable given the seri-
ousness of the injury, the combined mortality rate re-
ported in the literature is high. The results from San
Francisco General Hospital from 1968 to 1987 using
this technique on 27 patients produced a mortality rate
of 55%.>° This was the best experience reported in the
literature. Cogbill and associates* reported on a multi-
center experience that treated 38 patients, with only 4
survivors. No patient with blunt injury survived when a
shunt was placed. Extracting mortality data from dozens
of papers on liver injuries disclosed more than 412 cases
of shunt placement, with an 88% mortality rate. Despite
an occasional favorable report on shunting,”"** most re-
ports through the years eschewed the use of atriocaval
shunting in favor of direct methods of repair.” Bethea™
reported three cases of direct repair using inflow occlu-
sion, with all patients surviving. A review reported from
Charity Hospital noted a 40% survival rate with perihe-
patic venous injuries treated without a shunt, which was
comparable to the best reported results with a shunt.
Coln and colleagues™ treated four children successfully
using a direct repair technique. Frustrated by their re-
sults with the atriocaval shunt, Pachter and coworkers
treated five patients without a shunt, and all survived.
This group noted four principles that were believed im-
portant in their good outcomes: compression of the liver
wound while the patients were being resuscitated; early
recognition of the venous injury; portal triad occlusion
with steroids and topical hypothermia for liver protec-
tion; and the use of finger fracture through hepatic pa-
renchyma to allow access to the bleeding veins. Results
from these authors have inspired more direct repairs of
perihepatic venous injuries.””*®

Our group in Louisville reported a small series of
patients using a different technique of direct repair.”
Three patients were successfully treated by clamping
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bleeding hepatic veins with fine vascular clamps to con-
trol the hemorrhage. An omental flap was then created,
the liver was packed, and the abdomen covered with a
temporary sheet closure. The clamps were removed
within 24 hours, and no patient had major bleeding after
the clamps were removed. Three additional patients
have now been successfully treated with this technique.
Direct repairs appear to offer a better alternative to atrio-
caval shunting in patients who require operative treat-
ment for this problem.

Perihepatic packing

As previously noted, perihepatic packing was a concept
popularized early in the 20™ century by Schroeder,”® but
it was actually used in the late 1800s. The high mortality
rate before World War II appeared to cause its virtual
abandonment. But several large series of hepatic wounds
continued to report sporadic use of this technique. In a
1976 review of 625 patients with liver injury, Lucas and
Ledgerwood® noted that 3 patients survived after pack-
ing. In 1979, Calne and colleagues® advanced the con-
cept of packing before transfer to a center for advanced
treatment, with all 4 patients treated by this method
surviving. By 1981, Feliciano and associates®' called fora
reappraisal of this technique after 9 of their 10 seriously
injured patients treated by packing survived. In rapid
succession, two additional reports®** had more than
80% survival rate of patients with difficult bleeding in-
juries using packing. The term damage control was used
to describe this strategy for those patients with multiple
injuries, coagulopathy, hypothermia, and diffuse oozing
from the liver and other areas.**

Because the indications for packing included most
seriously injured patients, the reported mortality rate
rose. By 1988, Feliciano and associates® reported on a
followed group of 66 patients who were packed; 17 died
early in the operative or postoperative period. The mor-
tality rate of those who survived 24 hours was 47%.

7% from several institutions showed a

Successive reports
high mortality rate, but concluded that innumerable pa-
tients were being salvaged who previously would have
died.

Several lessons were learned from these extensive ex-
periences with perihepatic packing.®>*” First, patients
must be packed before their survival is unlikely to occur
under any circumstances. Packing was excellent for dif-
fuse ooze or from venous bleeding, but was not effective

for arterial hemorrhage. Pack removal should occur

much sooner than had been practiced in the pre-World
War II era to avoid infection.” Some advocated pack
removal as soon as associated coagulopathies could be
corrected, but the majority of reports advocated leaving
packs for 1 to 2 days, for a mechanical effect as well.*7>7?

The tremendous amount of resuscitation these pa-
tients received and the volume occupied by the packs
created another series of problems. Attempts at fascial
closure of the abdomen usually met with failure. Even
closure of the skin often led to an increased intraabdomi-
nal pressure and a constellation of clinical events labeled
as “abdominal compartment syndrome.””* Many prob-
lems associated with this condition could be ameliorated
by leaving the abdomen open and covered with some
type of temporary atraumatic material. The open abdo-
men itself is responsible for the considerable late mor-
bidity rate in survivors. Intestinal fistulas and huge ab-
dominal wall hernias have been among the most vexing.
Recent efforts have focused on earlier attempts at ab-
dominal wall closure to prevent loss of domain and de-
velopment of huge midline hernias. The use of vacuum-
assisted closure devices appears to be a promising step in
this direction.

Even 20 years after the resurrection of packing as a
treatment alternative, it remains an important part of
the armamentarium of surgeons in managing difficult
hepatic injuries.

Angiography and transcatheter embolization
Another important advance of the last 20 years has been the
development of transcatheter embolization for bleeding ar-
terial injuries within the liver. Numerous reports”>”® on
this technique have been published, and technical suc-
cess rates are usually greater than 80%.

Mohr and coworkers™ reported on 26 patients who
underwent angiographic embolization either early or
later in the course of treatment. Two patients bled again
and were successfully treated by a second angiogram.
These authors noted that the mortality rate of this group
of patients was low, but considerable morbidity oc-
curred. These complications included five patients with
hepatic necrosis, four of whom had an infarcted gall-
bladder. Gallbladder infarction has been noted in several
other experiences.**!

Indications for this procedure vary to some degree
among institutions, but often include the presence of a
contrast blush on CT scan, particularly in patients who
have required blood transfusion. Some centers recom-
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mended angiography for most severe liver injuries in
blunt trauma patients. Angiography may be helpful in
conjunction with other treatment modalities such as
packing or nonoperative treatment.**

Nonoperative treatment of blunt liver trauma
Nonoperative treatment, thought to be a novel concept
in the past 15 years, also represents ideas once practiced
and then abandoned. Tellmans reported experimental
observations in 1879 in which wedges of liver were re-
moved from animals and the abdomen closed. He noted
most animals spontaneously ceased bleeding promptly
and generally survived. Clinically, Hinton,* in 1926,
noted liver injuries were relatively common and advo-
cated “conservative” or nonoperative treatment because,
as he noted, most bleeding from the liver spontaneously
ceased. Numerous reports discussed a selective approach
to the management of hepatic injuries based on clinical
factors such as hemodynamic stability.

The countercurrent argument was that nonoperative
treatment was associated with virtually a 100% mortal-
ity rate, so all patients with suspected or diagnosed liver
injuries must have an operation. Improved mortality
rates during and after World War II assured the primacy
of operative treatment.

Three observations prompted the move toward non-
operative treatment. Several reports of injuries to chil-
dren demonstrated the efficacy of nonoperative treatment
for blunt injuries.””*® First, the practice of nonoperative
treatment was initially advocated for splenic injuries and
then extended to liver wounds. The success in children led
to attempts of nonoperative treatment in adults. Second,
the high rate of nontherapeutic operations in many pa-
tients with blunt hepatic injuries was not in patients’
best interest. Third, the advent of CT scanning greatly
facilitated both diagnosis and grading of injuries and
gave some reassurance that the intestinal injuries had not
occurred.

Grading and stratification of both liver and spleen
injuries represented a major advance® and furthered the
concept of selective treatment based on injury severity.
Initially, nonoperative treatment was used only in pa-
tients who required no blood transfusion, and only pa-
tients in the most stable condition received such treat-
ment. Success with the method led to liberalization of
indications for observation alone. In 1990, Knudson
and colleagues™ reported on 52 adults treated in the
decade of the 1980s with no delayed hemorrhage or

deaths. Additionally, her group collected 21 reports on
nonoperative treatment including both children and
adults. In the 286 combined patients, only 1 patient died
after starting warfarin sodium therapy postinjury. Myriad
reports have subsequently validated the safety and efficacy
of this approach.”'® Currently, up to 90% of patients with
blunt liver injuries are managed nonoperatively.

Although most reports on nonoperative therapy have
focused on avoidance of operation as the primary bene-
fit, our group'”" has suggested that mortality rates may
be directly improved by this treatment as well. Despite
the fact that the number of total liver injuries treated has
increased in the past 25 years, and the number of severe
liver injuries as judged by CT scanning has slowly in-
creased, the mortality rate has declined. Particularly, the
number of patients who required operative treatment for
perihepatic venous injuries has declined because we have
used observation as the primary treatment. In our review
of 25 years’ experience,'”" we treated 2.7 juxtahepatic
venous injuries per year from 1975 to 1994, but now
operate on only 1.5 patients per year. Because the num-
ber of patients and the grade of injury based on CT scan
have increased, it would seem that the number of venous
injuries should have actually increased. It is our hypoth-
esis that many patients with venous injuries that are
low-pressure wounds cease bleeding spontaneously and
heal if they are left alone. The anecdotal reflections of
many experienced trauma surgeons note that some pa-
tients who were stable preoperatively die during opera-
tion, after the venous injury is disturbed and profuse
bleeding is initiated.

Current protocols for nonoperative management of
hepatic injuries are relatively standard in most trauma
centers. The key feature in the ability to offer nonopera-
tive treatment is hemodynamic stability. Patients who
are not stable must have operation or angiography (in
selected patients). Most protocols will allow continued
observation with up to 4 U of blood transfusion for the
hepatic injury itself. CT scans should be performed to
confirm the diagnosis and attempt to exclude other in-
juries, particularly to the hollow viscera. Patients are
usually admitted to a closely monitored unit and kept on
bed rest for several days.

The success rate of nonoperative treatment has been
remarkably high. The necessity for operations for ongo-
ing hemorrhage has been reported to be from 5% to
15%. There remains a concern over missed bowel inju-
ries that have been reported from 1% to 3%.'>"%
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Nonoperative treatment has created additional prob-
lems less frequently encountered in the operative era.
Hemobilia is seen not uncommonly and may require
angiographic embolization. Perihepatic fluid collections
might need to be drained. Endoscopic retrograde cholan-
giopancreatography (ERCP) is occasionally needed for
larger bile leaks. Our unit reported that a significant
number of patients treated nonoperatively needed some
form of intervention to treat secondary problems created
by the initial injury.'”'** Major bile collections should
not be allowed to remain in the abdomen.'” We have
practiced routine drainage of large collections through
laparoscopy and have treated more than 30 such patients
by this method. The procedure is performed several days
after admission using a gasless system. Laparoscopy per-
mits thorough irrigation and suctioning of old blood
and bile, which we remove from around the liver, the
gutters, and the pelvis. A suction drain is usually placed
as well. No patient has bled after the procedure, air em-
bolism has not occurred, and no technical complications
have been observed. The amount of fluid removed has
ranged from 800 to 4,500 mL. In addition to subjective
improvement, many patients have decreases in heart
rate, better respiratory mechanics, decreased leukocyto-
sis, and decreased temperature after this procedure.

There are numerous unresolved questions in the non-
operative management of these patients, including the
importance of bed rest, the timing of return to normal
activities and exercise, and the role of followup scans.
But nonoperative treatment seems to be a secure treat-
ment at this point. There are no firm recommendations
about followup scans.""® Our unit generally obtains such
scans, but we have no defined protocol to recommend
their timing. Likewise, we have patients avoid strenuous
activity for several months, but this recommendation is
intuitive rather than data-driven.

Nonoperative treatment for penetrating

hepatic injuries

Nonoperative treatment of abdominal stab wounds has
been practiced successfully in numerous centers for
many years, and some patients with liver injury have
been so treated. Nonoperative treatment of gunshot
wounds has been more controversial. Demetriades and

associates'!!

reported 36 patients with gunshot wounds
to the liver, of which 16 were initially treated without
operation. Five required delayed operation. Four pa-

tients required operation because of bleeding and one

developed abdominal compartment syndrome. Because
nearly a third of the patients assigned to nonoperative
treatment failed, this result would not seem strongly
positive, but the authors believed it was a useful practice
in selected patients. Moore,"'? in an accompanying edi-
torial, questioned the wisdom of this form of manage-
ment. At least one other experience on this treatment
strategy has been reported with reasonable success.'"?

The use of CT scanning potentially permits the mis-
sile tract to be outlined, and if the tract is confined to the
liver and the patient is stable, operation may be avoided.
Our unit has had two patients with missed colon injuries
in a small group of patients treated nonoperatively. This
led to discontinuation of the practice of nonoperative
treatment of hepatic gunshot wounds. Clearly, this is a
technique that must be used with great caution in highly
selected patients.

Recommendations for treatment of liver injuries
The simple algorithm in Figure 2 outlines current rec-
ommendations for treatment of liver injuries. Obvi-
ously, clinical circumstances and capabilities within the
treating institution will have an impact on the treatment
of individual patients.

Changes in mortality from hepatic trauma

A steady decline in mortality rate has occurred be-
cause of the inception of treatment of liver injuries
(Fig‘ 3).1.2,4,6,8,10.12,14.2%29,31-36,1()1,114—123 In 1987’ Edlerll4
collected 543 cases from the world’s literature, with a
mortality rate of 66.8%. Several collected reports before
World War I disclosed mortality rates of 60% to 80%,
although it appears many of the same patients were re-
viewed by each author."">""® The mortality rate during
World War I was 66.2%.

Collected series between the world wars disclosed 416
patients, with a mortality range of 30% to 81% in these
reports, and an overall mortality rate of 69%. Several
civilian experiences reported in the mid-1940s had a
mortality rate of 55%. The classic paper by Madding
and associates”” on their experiences during World War
I1, reported a marked decline in mortality to 27% of 829
patients treated. The experiences of several large civilian
reports in the 1960s, 1970s, and 1980s show declining
total mortality rates of 12.7%, 8.7%, and 6.0%, respec-
tively. Beginning in the 1970s, many reports began to
dissect liver-related mortality from total mortality. In the
last three decades of the 20 century, the liver mortality
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Figure 2. The demarcation point for management of either blunt or penetrating injury is hemodynamic stability. The
broken lines indicate treatment protocols advocated by some that generally are not recommended by most authors.

rate was reported at 6.6%, 5.1%, and 4.2%, respectively,
in these collected series. Richardson and colleagues'"
demonstrated a similar trend in a 25-year analysis of a
database of more than 1,800 patients with liver injury at
the University of Louisville.

The focus in the literature in the past 15 years has
been on the management of complex injuries and the
unsolved problems of patients with grades IV and V
injuries.'>*"*® Whether it is reasonable to expect further
improvements in hepatic-related mortality is difficult to
predict.

INJURY TO THE SPLEEN

Historical references yield conflicting information on
the origins of splenectomy, although mention of the
operation dates back to the mid-16" century.'” Bessel-
Hagen reported 37 splenectomies for ruptured spleen in
the German literature in 1900, although the causes of
the ruptured spleens were not elucidated. In fact, reports
of splenic rupture until the time of World War II were
more likely from mononucleosis or malaria than trauma.
Regardless of the primacy of splenectomy for trauma,
the operation was performed with some frequency by
the early 20" century, with gradually improving results
(Table 5). Although the total mortality rate is high in
many of these series, then, as now, most of the deaths
were from associated injuries. Although there are few
reports of a large number of splenectomies before World

War II, in fact, most of them were collected cases that
generally analyzed the same reports and added a handful
of their own. Before the mid-1930s, itappears there were
less than 500 cases of ruptured spleen associated with
trauma reported in the English literature; in fact, some
of these traumatic injuries appear to have damaged ab-
normal spleens. The mortality rate for these patients was
approximately 38%.

In a manual entitled Abdominal and Genitourinary
Injuries, published by the National Research Council in
1942, it states that splenectomy for trauma “in the ex-

100

90 wwi ‘ @— Total Mortality
} —m— Liver Related
80 (600) Collected Cases T T )
e . (pts)
70 - 843)_~ \\.(260) v
- . e
g e (248) w1
2 50 |
£
8
5 40 i
& \ Y (829)
30 ‘
. g 305)
20 - _ (2215)
e @19 ae)
10 - e e
-
07— LI B T T T T
1900 1920 1940 1960 1980 2000

Time of Report

Figure 3. The mortality for liver injury from selected reports in the
literature over the past century demonstrates the progress in im-
proved mortality. Total mortality is reported in the 6% to 7% range.
Mortality related to the liver injury itself has been reported from the
1970s to the present and now is often less than 5% in many
experiences. WW, World War.
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Table 5. Mortality Rates for Splenectomy

Year Author Patients, n Mortality, %
1880  Russell 28 100
1900  Bessel-Hagen 37 47
1907 Berger (collected series) 135 38.7
1908  Johnston 108 40
1908  Lotch 138 37
1909  Brositter (collected series) 203 35
1919  Willis — 28.8
1926  Beer 90 31
1930  Dretzka 27 33
1943 Roettig 11 9
1946 Pugh 15 6

periences of the American Expeditionary Force in the
war of 1917 to 1919, was associated with a mortality rate
of practically 100%.” This manual, written as a guide on
trauma for physicians in the military, was apparently
intended to discourage splenectomy. Nonetheless, as
with liver injury, the experiences of World War II
brought dramatic improvement to the treatment of
splenic injury. Pugh'* reported that various experiences
from that war had lowered the mortality rate to between
10% and 20% and he personally reported a death rate of
only 6%. The one death in his series was from a head
injury.

Eras in the management of splenic injury

Although the management of liver injury was divided
into several eras, the discussion on splenic injury will be
divided into two phases: the period in which splenec-
tomy was the treatment for virtually all spleen injuries;
and the era of splenic preservation. This latter treatment
phase has had several iterations.

The era of splenectomy
After World War II, numerous series of splenic injuries
were published."”*"*” Techniques for performing sple-
nectomy for injury were relatively uniform, and results
were fairly comparable. Although mortality rates in
these reports were often high, deaths were generally re-
lated to associated injury, and a patient’s demise from an
isolated splenic injury was relatively uncommon. Al-
though complication rates for general issues such as at-
electasis were high, specific technical misadventures
such as gastric fistulas or pancreatic injuries occurred
infrequently.

Surgeons in these eras were most intent on avoidance
of major morbidity or death from hemorrhage. In addi-

tion to immediate treatment for bleeding, there was con-
cern about the potential for delayed bleeding. Numer-
ous publications on delayed splenic rupture were
reported.>*'*'* In 1943, Zabinski and Harkins'*
published a paper on this subject, and reports continued
through each succeeding decade. In 1956, Bollinger and
Fowler'** collected 258 cases of splenic trauma from pre-
vious reviews and noted a 21.5% incidence of delayed
rupture or bleeding. At least a dozen additional articles
reporting several cases of delayed rupture were published
before the era of nonoperative management, many re-
porting patients who died. Interestingly, delayed bleed-
ing from splenic injuries continues to be a problem re-
ported in recent literature reviews. In 1990, Farhat and
colleagues'* reported delayed splenic rupture in 75 pa-
tients with splenic injury. One of these patients died.
These authors reviewed more than 30 reports outlining
cases of delayed splenic rupture. In 1994, Kluger and
coworkers'** presented 3 patients with delayed rupture,
all of whom were initially admitted in a stable condition.
These authors collected 24 cases from the recent literature
(1985 to 1992) as well. What seems clear in a literature
review that spans from the 1930s to the end of the century
is an incidence rate of at least 1% to 2% of patients who
developed major delayed hemorrhage.

Surgeons in the splenectomy era achieved remarkable
results in the treatment of potentially fatal bleeding with
extremely low mortality rates because of isolated splenic
injury.

Shift from emphasis on hemorrhage to
postsplenectomy infection

Recognition of the spleen’s role in the resistance to in-
fection was known for most of the 20 century. In 1919,
Morris and Bullock'* found an increased death rate in
splenectomized rats injected with a strain of bacteria
causing rat plague. Several other studies in experimental
animals indicated the importance of the spleen in resist-
ing various infections. The classic study that raised clin-
ical awareness of this problem was published in 1952 by
King and Shumacker.'*’

Although this reference is widely quoted, its details
are almost never mentioned. The authors reported five
cases of congenital hemolytic anemia treated by splenec-
tomy. Remarkably, two pairs of the five patients were
siblings who tragically died. These five infants had sple-
nectomy at 4 weeks, 3 weeks, 2 weeks, 6 months, and
25 months of age, respectively. Singer'*® reviewed 2,795
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asplenic patients collected from 23 series in addition to 6
patients from the Texas Children’s Hospital. These 6
patients had splenectomy at 4, 5, 10, and 17 months,
and 2 and 3 years of age. The 2-year-old was a trauma
patient who died 3 years later of a Haemophilus influenza
infection. Singer found 688 trauma patients, including
388 children, with 4 deaths from sepsis. The death rate
in children was 0.58% and total death rate was 0.01%.
Eraklis and Filler'” reviewed 1,413 collected patients
and, not surprisingly, found similar results because there
were considerable overlays in reports studied. But these
reports appeared to include only studies with reported
infection and ignored those without reported sepsis. It is
not clear whether infants undergoing splenectomy for
hematologic disorders behave similarly to older children
with splenectomy for trauma and, even more uncertain,
whether these results on infection could be generalized
to patients older than 55 years with injuries needing
splenectomies. The issue of postsplenectomy infection
appears settled in children,'"** but the data in adults
are less clear.

In 1969, Whitaker'>® described an adult who devel-
oped infection postsplenectomy, although his spleen was
not removed for an injury. O’Neal and McDonald"**
noted 7 cases of fatal sepsis in 256 asplenic patients and
calculated a mortality rate of 7.3 per 1,000 person-years
of followup.

Several reports have now documented the hazard of
postsplenectomy infection in adults."”””'*> One problem
with reports on postsplenectomy sepsis is that they often
review the same patients, which leads to the conclusion
that the problem occurs more frequently than actually
may be the case. Forty-five articles in the trauma litera-
ture devoted to this subject were reviewed, and there
appeared to be nearly as many articles as cases of sepsis in
asplenic adult trauma patients.

DiCataldo and colleagues'® from Italy reviewed the
world’s literature to 1987 and found 12 deaths from
overwhelming postsplenectomy sepsis (a rate of 0.66%).
None of their personal 148 patients developed sepsis
problems over a several-year followup. Luna and Del-
linger"' reviewed most of the same patients, and, not
surprisingly, found 11 deaths. Pachter and associates'**
mentioned three cases in a discussion of another paper
with two deaths. Table 6 reviews the incidence of infec-
tion problems in trauma patients for whom years of
followup are available.

The best reports are from countries where better fol-

Table 6. Postoperative Infection Rates after Splenectomy
for Trauma*

Overwhelming
postsplenectomy

Author Sepsis Mortality infection
Schwartz 3.3 0 0
Malangoni 0.25 0 0
Sekikawa 0.57 0 0
Green 1.91 0.14 0.14
Cullingford 0.21 0.03 0.04
Total 0.59 0.03 0.04

*Incidence per 100 years of patient exposure.

lowup appears to be available than in the United States.
In 1991, Cullingford and associates'>* reported followup
on 1,490 patients undergoing splenectomy in Western
Australia, of which 628 were for trauma. In 3,922
person-years of exposure, 8 infections developed. Only
one had overwhelming postsplenectomy infection, and
only one death occurred. In 2001, a British group'®
reported a questionnaire study of microbiologists who
had data on overwhelming postsplenectomy infection.
They found that 24 cases had occurred in trauma pa-
tients undergoing splenectomy. The mortality rate was
46%. This is similar to the 50% mortality rate collected
by Zarrabi and Rosner'® in the 34 adult trauma patients
reported in the world’s literature. Because these reports
all contain tremendous overlap, it is difficult to ascertain
how many cases have been reported; it seems that with
the addition of patients from Australia and England
there are less than 70 cases worldwide, with a death rate
of about 30%.

Our unit obtained longterm followup data on 414
splenectomy patients in the late 1980s (unpublished
data), reflecting 2,167 patient-years. The major prob-
lems our patients faced in order of prevalence were se-
quelae of the injury in which the splenic trauma oc-
curred, alcoholism and drug dependence, and trauma
recidivism or other injuries occurring later. One patient
developed pneumonia that may have been from pneu-
mococcus 6 years postinjury and was successfully treated.
An alcoholic patient suffered aspiration and polymicro-
bial lung abscess. One patient with an intraventricular
shunt developed meninigitis believed to be related to
problems with the shunt itself.

Despite this low rate of postsplenectomy infection in
adults, it was one of several factors that were used as the
rationale for a shift from splenectomy as the primary
treatment of splenic injury to splenic conservation. Addi-
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tionally, the mortality rate appears higher in patients under-
going splenectomy than in a normal population.'**'” As
with liver injuries, DPL led to celiotomy in many pa-
tients with minimal injury where the spleen was not
severely injured. But the major driving force behind
splenic preservation was the observation by surgeons
caring for injured children that the spleen could be saved
by operative means such as splenorrhaphy or through

avoidance of operation altogether.'**"”*

The era of splenic preservation

Efforts at splenic preservation could be divided into
three different areas: operative attempts at maintaining
splenic function; embolization of the splenic artery and
its branches; and nonoperative management of splenic
injury.

Operative attempts at splenic salvage

With the increased awareness of the immunologic im-
portance of the spleen, efforts at operative splenic salvage
began to appear in the 1980s, led by pediatric surgeons.
Splenic autotransplantation was advocated by several
groups, but, eventually, placement of these implants was
shown to be ineffective."”"""”> Splenorrhaphy was de-
scribed in children and, within a few years, several series
of splenic salvage by suturing the spleen had been re-
ported. Overall success rates in children were reported to
be high. With the exception of hilar injuries, most
splenic lacerations were amenable to repair. Initially, it
was believed that properties of the child’s spleen made
this possible, but that suturing an adult’s spleen was not
feasible. But within a few years, splenorrhaphy was being
practiced in adults with a reasonable success rate. On an
interesting historic note, William Mayo'”® described a
patient managed by splenorrhaphy in 1906. Feliciano
and colleagues'”” and Pachter and associates'** reported
extensive experiences, with rebleeding rates of 1.5% and
1.8%, respectively. Most articles on splenorrhaphy were
positive, but Beal and Spisso'”® mentioned rebleeding as
a problem and noted the higher risks of blood transfu-
sions with splenorrhaphy.

Some splenic injuries were devitalizing or shattered
the lower pole such that splenorrhaphy was not feasible.
Partial resection of the spleen with oversewing of the
capsule was practiced with reasonable success in experi-
enced hands. An upper pole artery is present in the ma-
jority of spleens, which facilitates lower pole resection.'””
Multiple ingenious methods were devised to tamponade

the spleen, including wrapping the injured spleen.'®'*?

It is unclear what the penetrance of operative splenic
salvage was into the care of trauma patients not treated
in trauma centers. Several studies show considerable
variations in the rate of attempts at splenic salvage
between trauma centers and nontrauma centers.”'®
Nonetheless, operative splenic salvage was a concept that
had a high rate of success in many centers. When non-
operative management came to the fore, splenorrhaphy
and other forms of operative splenic salvage began to
decline, although they are still useful when operation is
required. But most nonoperative failures are treated by
splenectomy.

Embolization of splenic artery hemorrhage

In 1973, embolization of the splenic artery was de-
scribed to decrease the splenic mass in a patient with
hypersplenism. This procedure did not gain widespread
popularity because of reports of splenic rupture and ab-
scess.'® In 1984, the transplant group'® at the Univer-
sity of Illinois reported a prospective randomized trial of
splenectomy versus partial splenic embolism to decrease
the functional splenic mass. Several additional publica-
tions on the use of splenic artery embolization to de-
crease splenic function and size were subsequently re-
ported. In 1995, Scalfani and coauthors'® introduced
the concept of embolization of splenic artery injuries,
and 150 patients with all grades of splenic injuries un-
derwent diagnostic arteriography on admission. Ninety
patients had negative angiograms and were observed
only; 60 had embolization of splenic vascular lesions.
The total salvage rate was reported to be 98.5%, which is
the highest success rate reported in the literature.

The technique of embolization has also been a matter
of debate: ie, main artery coil, which may render the
entire spleen ischemic and obviate the value of “preserv-
ing” the spleen versus distal embolization for active
bleeding areas. A problem with this latter approach is the
potential of rebleeding, because the vessels may be in
spasm at the time of the initial angiogram.

A study from Memphis demonstrated that vascular
lesions identified by a repeat CT after resuscitation were
not present on an admission CT scan. Concern also
existed about embolization of multiple arteries that
could affect most of the functioning spleen.

Several studies on splenic embolization for trauma are
now present in the literature, including two published
within the past year."®'”> Haan and associates'®® pre-
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sented data from four institutions that performed
splenic embolization from 1997 to 2002. Indications for
embolization were based on CT findings and included
significant hemoperitoneum (outside the perisplenic
area), contrast extravasation, splenic artery pseudoaneu-
rysm, and arteriovenous fistula, with failure rates of
10%, 17%, 12%, and 40%, respectively, depending on
the injury treated. The overall mortality rate was 5%,
although none appeared related to the injured spleen.
The failure rate was 13.5% and complications were nu-
merous (20%), including hemorrhage (13%), missed
injuries (3%), and infection (4%). Fourteen patients un-
derwent repeat angiography, and six developed splenic
abscesses.

Thirteen of 168 patients underwent splenic emboli-
zation in a series from San Antonio.'” Twelve were
deemed a success. No mention was made of complica-
tions or outcomes other than splenic salvage. These
studies augment data from Memphis, where 26 patients
out of a population of 526 with splenic injury had suc-
cessful embolization. These authors reported a high rate
of success, and no mention was made of complications.
The total mortality rate for all splenic injured patients
was 10.5%, but included no deaths in those treated by
angiography.

Although splenic embolization has been espoused to
preserve the spleen, no studies document its effect on the
organ’s immunologic function. Because the perfusion of
the sinusoids of the spleen are driven by arterial pressure,
it is unclear if thrombosis of the artery will alter normal
splenic function.

Nonoperative management of splenic injury
Nonoperative management (NOM) was initially prac-
ticed in children with splenic injury with excellent re-
sults. Virtually all studies in children have been positive,
and NOM clearly is the treatment of choice in this pop-
ulation. As in hepatic injuries, the progress in children
paved the way for trials in adults. The criteria for NOM
may vary somewhat among institutions but generally
include hemodynamic stability and lack of evidence of
visceral injuries."”*'** Initially, it was believed that patients
older than 55 years should be treated operatively,'*® but
some subsequent studies refute that assertion."””'”* Ab-
sence of head injury was initially considered a contrain-
dication of NOM, but that criterion is not used in many
centers. Some centers are more likely to operate on
higher-grade injuries or those with a vascular blush.

The success rate of NOM appears in adults to vary
widely from 60% to 98%.'”*"” The multiinstitutional tri-
als committee of the Eastern Association for the Surgery of
Trauma (EAST) examined the results of treatment of 1,488
adults contributed by 27 trauma centers.”® Grade of
splenic injury, degree of hemoperitoneum, and presence
of associated injury were important determinants of out-
comes of NOM. A failure rate of 11% occurred in those
managed nonoperatively. A second study by that group
showed that patients older than age 55 had a higher rate
of failure of NOM than those younger. The mortality
rate was increased for those with successful NOM (8%
versus 4%) in patients older than 55 years versus those
younger than 55 years, which is not surprising. The
death rate in NOM failures was 29% versus 12% in
those over age 55 and in the less than age 55 groups,
respectively.”'® Another recent study has also confirmed
an increased mortality rate in older patients in whom
NOM is not successful.

Several predictors of failure of NOM have been exam-
ined, although there are no universally accepted recom-
mendations for management of patients who might be at
higher risk for failure. In 1995, the Memphis group®"”
noted a “contrast blush” in two-thirds of the patients with
failed operative management. Several subsequent reports
demonstrated vascular lesions within the spleen in patients
with failed NOM.*>** These studies emphasize the im-
portance of the CT scan in detection of these abnormali-
ties. Several issues with CT scan reliability have been raised:
Do early CT scans accurately depict vascular lesions or
should a second scan be done after resuscitation? Issues of
interrater reliability for detecting these lesions have been
raised as well.”” It does seem likely these abnormalities
should heighten awareness of potential failure of NOM.

Table 7 shows the results of NOM in several studies.
Success rates vary from 52% to 98% even though the
criteria for inclusion were relatively uniform. With pas-
sage of time, surgeons appear to be accepting this treat-
ment strategy with greater frequency for patients with a
higher degree of hemoperitoneum and a higher grade of
splenic injuries. Some now take patients in unstable con-
dition to the angiogram suite instead of the operating
room. It is interesting that most articles published on
splenic injuries focused on the ability to successfully
avoid operation as the optimal end point. Several recent
publications made no mention of the mortality or mor-
bidity incurred with operative or nonoperative treat-
ment, or the fate of the spleen after NOM failure.
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Table 7. Outcomes of Nonoperative Management of Splenic Injuries in Selected Series

% Immediate % Successful nonoperative

Author Year No. of patients operation management
Cogbill* 1989 832 87 88
Shackford™ 1990 1,254 — 69
Pachter 1990 193 87 96
Schurr 1995 309 58 87
Smith 1996 173 58 97
Gooley 1996 46 — 52
Davis 1998 524 39 94
Pachter 1998 190 47 98
Konstantakos 1999 267 33 83
Cocanour 1999 461 42 86
Myers 2000 233 31 94
Nix 2001 542 25 92
EAST Group* 2001 1,488 39 89
Dent 2004 168 17 98

*Experience of six centers.
Collected series from literature.
*Experience of 27 centers.

The time of failure of NOM was reviewed in several
studies where such data were available. The EAST study
confirmed that nonoperative management that failed
usually did so within 96 hours, but it failed in 7 patients
after day 9. Cogbill and colleagues'” noted failure of
NOM at days 6, 9, 10, 13, 19, and 36. A report from
Cleveland showed that NOM failed in 31 adults at an
average of 71 hours, but 1 patient suffered failure at
20 days.'*® A review of 14 series, in which data on time of
failure were present, disclosed at least 30 patients suf-
fered NOM failure after Day 7. One was smoking a
cigarette outside the hospital on Day 8 when major
bleeding occurred!”"!

There may be a natural reluctance to report untoward
events associated with failure of nonoperative manage-
ment. Our unit has had at least 4 deaths from delayed
bleeding in NOM patients over a 10-year period (un-
published data). Two older patients died in the ICU on
Day 6 and Day 10; 1 died on Day 9 after transfer to the
orthopaedic service, and 1 died on Day 16 at Walmart.
We had another patient with an anoxic brain injury after
an arrest from splenic bleeding. None of these had a
drifting decline in hemoglobin but, rather, catastrophic
bleeding reminiscent of reports on delayed rupture from
an earlier era.

Mortality and morbidity of splenic trauma
Unlike liver trauma, in which the mortality rate has de-
clined considerably in the past 20 years, total mortality

rates remain at 6% to 7% or higher in many series be-
cause of the presence of associated injuries. On the other
hand, the mortality rate of isolated splenic injuries has
effectively been at 0% for nearly 40 years (Fig. 4).*** It
is difficult to find any report where more than an occa-
sional patient died of treatment of the splenic injury
itself. This creates even greater pressure on surgeons to
ensure that patients not die in their attempt to finesse a
salvageable splenic injury by NOM, embolization, or
any treatment other than splenectomy.

Although numerous reports of deaths associated with
NOM in adults assert that the deaths are not related to
the splenic injury itself, several list multiple system organ
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Figure 4. Total deaths in patients with splenic injury is usually
about 6% to 7%. *Mortality from the splenic injury itself has been
less than 1% for more than 50 years.
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failure as a frequent cause of death. In such patients, the
additive effect of hemorrhage from the spleen is difficult
to assess. A few patients on our unit have developed
multiple system organ failure without obvious cause. It
remains unclear whether or not the occult blood loss
from the spleen could have been a cofactor in their
deaths.

Patients able to be successfully treated by NOM in-
variably have decreased intensive care unit (ICU) stay,
decreased total length of hospital stay, and decreased
blood usage when compared with patients who have
operations. On the other hand, the operative group usu-
ally had a higher injury severity score and higher grade of
splenic injury.

DISCUSSION

Progress in outcomes of hepatic injuries in the last 20
years has been dramatic. Major improvements in mor-
tality rates appear to be related to declining death rates
from hemorrhage. The strategies of perihepatic packing,
better management of major juxtahepatic venous inju-
ries, use of angiographic embolization for hepatic artery
bleeding, and perhaps even nonoperative management
itself appear to have improved the mortality rate. Sur-
geons caring for liver injuries must be prepared to use a
variety of operative and interventional maneuvers to
treat those hepatic injuries that require more than non-
operative management. The decision not to operate may
be fraught with uncertainly not only for issues involving
the liver but because of concerns over a missed visceral
injury. Surgeons must not, in my opinion, adopt a
mindset in which an operation or other interventional
procedure is viewed as a defeat.

Surgeons in World War II learned that drainage of bile
is very important, which is a lesson that is often forgot-
ten by those providing nonoperative treatment of liver
injuries today. Patients who have major liver injuries
with a great deal of bile and old blood in the abdomen
need to have them removed. If there is a major fluid
collection in the right gutter and pelvis, as is often the
case, percutaneous drainage will not remove this fluid.
Our unit has advocated the use of laparoscopy a few days
postinjury to accomplish these goals. The results have
been excellent, and we certainly recommend this proce-
dure to surgeons as a useful adjunct to nonoperative
management.

The treatment of splenic injuries presents a different
set of issues. Unlike liver injuries, the mortality rate from

splenic injuries has not changed for 40 years. By the
1960s, deaths from isolated spleen injuries approached
zero in large collected series, and a review of numerous
series demonstrated a mortality rate of less than 1% for
the past several decades. The total mortality rate varied
among series, depending on the severity of associated
injuries, but was 13.8% in the EAST study that reflected
the experience of 27 trauma centers. Because relatively
few patients die of isolated splenic injury after reaching
the hospital alive, we must by careful that our manage-
ment does not imperil the patient.

I admit a certain dismay over the current manage-
ment of splenic injuries in some centers. I believe that
the balance between concerns with bleeding and infec-
tion has shifted illogically to favor infection. Splenic
preservation has been granted a position of “political
correctness” that must be balanced against the fact that
occasionally a shattered spleen must be removed. In fact,
many patients are still receiving splenectomy, but the
emphasis on NOM as a laudable end point in and of
itself is worrisome to me. When I hear our residents
apologize for removing a bleeding spleen and saving a
life, I become concerned. We must not appear to be
cavalier about patients with high-grade splenic injuries
or a large hemoperitoneum. The manner in which
NOM success rates are reported is also deceiving. Nu-
merous reports of 95% success made little mention of
the 17% to 45% of patients who must have urgent sple-
nectomy. Several series also immediately discount the
deaths from their computation.

I am also puzzled about what is termed “failure of
nonoperative management.” When NOM fails at Day
14 or Day 29, as has frequently been reported, what
happens to the patient? The literature implies that pa-
tients are in a situation in which they can promptly
receive a splenectomy. Surely, some of these patients,
who are many days from injury, must be placed at risk
from these “failures.” It is incumbent on those who re-
port on these experiences to provide more data on the
potential risk of offering treatment other than operation.

Much more information is needed on postsplenec-
tomy sepsis in adults. Large studies from multiple
trauma centers need to be organized, using the multiin-
stitutional study committees of American Association
for the Surgery of Trauma, EAST, or the Western
Trauma Association. Those of us who care for adult
trauma patients with splenic rupture should cease refer-
ring to the studies by King and Shumacker and Singer as
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rationale for avoidance of splenectomy. We should
organize studies to determine the incidence of infections
in posttraumatic asplenia. Equally importantly, data are
needed on delayed bleeding. There appear to have been
more “failures” of NOM occurring after Day 7 reported
in the past decade than total cases of overwhelming
postsplenectomy infection ever reported in the world’s
literature. We need reassurance that these “failures” are
not being harmed. Anecdotally, I have been impressed in
private discussions about deaths or “near misses” from
bleeding occurring in NOM failures. These are rarely
reported in the literature. Additionally, many reports list
multiple organ failure as a leading cause of death. Does
unrecognized shock play a role in these deaths?

The concerns I have about splenic preservation apply
even more strongly to embolization of the spleen. Sev-
eral algorithms recommend taking patients in unstable
condition to angiography suites rather than to the oper-
ating room. A recent positive report on splenic emboliza-
tion showed a 13.5% failure rate and a 20% complication
rate, including 6 patients with splenic abscess. Fourteen
patients required repeat angiography to achieve these re-
sults. Quite frankly, if a surgical series reported these
results for splenic operation, the surgeon would un-
doubtedly lose his operative privileges! We now have
reports of unstable patients being taken to angiography
instead of to the operating suite, and then, when they
develop a splenic abscess, there is an attempt at percuta-
neous drainage of that process. The logic involved in
some of these decisions might make sense if it was being
advocated by groups other than surgeons.

My real concern is not what highly skilled trauma
surgeons and angiographers do in Level I trauma centers
to try to push the envelope of splenic preservation fur-
ther and further. My apprehension is the mindset that it
creates in those who care for ruptured spleens in venues
other than Level I trauma centers and the uncertain
message it sends to residents. Those of us who train
residents in the care of trauma patients must ensure
those residents can safely remove a spleen after they are
in practice. Arresting splenic hemorrhage can be a life-
saving procedure, and surgeons must not abrogate that
responsibility to interventionalists who, almost cer-
tainly, will not be available in all the hospitals in which a
splenectomy is urgently needed. It should also be noted
that the efficacy of this procedure in preserving immu-
nologic function remains unproved.

Having challenged our trauma community to acquire

vitally needed data on several issues, it is time to pay
tribute to those caring for the injured and the remark-
able strides that have been made in treating liver and
spleen injuries. Not only has the care for patients greatly
improved, but our organizations have served us well.
The learned societies in trauma have organized studies to
elucidate solutions to problem areas and have promul-
gated grading systems for liver and spleen injuries that
are now routinely applied. Most importantly, our Amer-
ican College of Surgeons has provided leadership in the
care of the injured. Through the auspices of the Com-
mittee on Trauma, we have organized trauma care, veri-
fied centers for provisions of care to the most critically
injured, and provided a wealth of educational opportu-
nities since the founding of the College, for all surgeons
who care for the injured. The improvements made in
treatment of the solid intraperitoneal organs should
stand as one of our best achievements.

REFERENCES

1. Papen GW, Mikal S. Liver trauma. Review Gastroenter 1950;
17:633-642.

2. Shedden WM, Johnston E Trauma rupture of the liver. N Engl
J Med 1935;213:961-965.

3. Frantz VK, Clarke HT, Lattes R. Hemostasis with absorbable

gauze (oxidized cellulose). Ann Surg 1943;118:116-126.

. Martin JD. Wounds of the liver. Ann Surg 1947;125:756-767.

. Boone DC, Federle M, Billiar TC, et al. Evolution of manage-

ment of major hepatic trauma: identification of patterns of

injury. J Trauma 1995;39:344-350.

6. Pilcher LS. Massive rupture of the liver. Ann Surg 1942;116:
827-832.

7. Babcock WW. Temporary occlusion of the portal vein and
hepatic artery. Ann Surg 1942;116:853-856.

8. Krieg EC. Hepatic trauma. Arch Surg 1936;32:902-914.

9. Robertson DE, Graham RR. Rupture of the liver without tear
of the capsule. Ann Surg 1933;98:899-916.

10. Branch CD. Injury of the liver. Ann Surg 1938;107:475-477.

11. Christopher E Rupture of the liver. Ann Surg 1936;103:461—
468.

12. Sparkman RS, Fogelman M]J. Wounds of the liver. Ann Surg
1954;138:690-703.

13. Amerson JR, Blair HD. Traumatic liver injuries. Am Surg
1959;25:648-653.

14. Crosthwait RW, Allen JE, Murga F, et al. The surgical manage-
ment of 640 consecutive liver injuries in civilian practice. Surg
Gynecol Obstet 1962;115:650-654.

15. Wang CC, Robbins LL. Roentgenologic diagnosis of ruptured
spleen. N Engl ] Med 1956;254:445-449.

16. Root HD, Hauser LW, McKinley CR, et al. Diagnostic perito-
neal lavage. Surgery 1965;57:633-639.

17. Meredith JW, Trunkey DD. CT scanning in acute abdominal
injuries. Surg Clin North Am 1988;68:255-268.

18. Federle MP, Jeffrey RB Jr. Hemoperitoneum studied by com-
puted tomography. Radiology 1983;148:187-192.

N



Vol. 200, No. 5, May 2005

Richardson

Managing Liver and Spleen Injuries 665

19.

20.

21.

22.

23.

24.

25.
26.
27.
28.
29.
30.
31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Federle MP, Goldberg HI, Kaiser JA, et al. Evaluation of ab-
dominal trauma by computed tomography. Radiology 1981;
138:637-644.

Toombs BD, Lester RC, Ben-Menachem Y, et al. Computed
tomography in blunt trauma. Rad Clin North Am 1981;19:
17-35.

Gillette WJ. Surgery of liver. Surg Gynecol Obstet 1905;1:
361-364.

Boljarski N. Uber Leberverletzungen in Klinischer und experi-
mentellar hinsicht, unter besonder Berucksichtigung der Isoli-
etern Netzplastik. Arch f Klin Chir 1910;93:507-547.

Grey EG. Fibrin as a hemostatic agent in cerebral surgery. Surg
Gyn Obstet 1915;21:452-454.

Bailey OT, Ingraham FD. Human fibrin foam with thrombin
as hemostatic agent in general surgery: experimental study and
clinical use. Surg 1945;18:347-369.

Schroeder WE. The progress of liver hemastosis — report of uses
(resections, sutures, etc). Surg Gynecol Obstet 1906;2:52-61.
Pringle JH. Notes on the arrest of hemorrhage due to trauma.
Ann Surg 1908;48:546-5606.

Madding GE Lawrence KR, Kennedy PA. War wounds of liver.
Bull US Army Med Dept 1946;5:579-589.

Cohn R. The treatment of traumatic injuries of the liver. Stan-
ford Med Bull 1947;5:120-124.

Wright LT, Prigot A, Hill LM Jr. Traumatic rupture of the liver
without penetrating wounds. Arch Surg 1947;54:613-632.
McAllister AJ, Hicken NF, Clark P. Practical problems in the
treatment of hepatic trauma. Amer Surg 1961;27:529-532.
Mclnnis WD, Richardson JD, Aust JB. Hepatic trauma 1977;
112:157-161.

Hellstrom G. Closed injury of the liver. Acta Chir Scand 1961;
122:490-501.

Pachter HL, Spencer FC, Hoffstetter SR, et al. Experiences
with the finger fracture technique to achieve intra-hepatic he-
mostasis in 75 patients with severe liver injuries. Ann Surg
1983;197:771-778.

Lucas CE, Ledgerwood AM. Prospective evaluation of hemo-
static techniques for liver injuries. ] Trauma 1976;16:442—451.
Feliciano DV, Mattox KL, Jordan GL Jr, et al. The manage-
ment of 1000 consecutive cases of hepatic trauma. Ann Surg
1988;204:438-495.

Trunkey DD, Shires GT, McClellan R. Management of liver
trauma in 811 consecutive patients. Ann Surg 1974;179:722—
728.

Aaron WS, Fulton RL, Mays ET. Selective ligation of the he-
patic artery for trauma of the liver. Surg Gynecol Obstet 1975;
141:187-189.

Mays ET, Conti S, Fallahzadkh H, et al. Hepatic artery liga-
tion. Surgery 1979;86:536-543.

Mays ET. Hepatic trauma. Curr Prob Surg 1976;13:1-86.
Flint LM, Polk HC. Selective hepatic artery ligation: limita-
tions and failures. ] Trauma 1979;19:319-323.

Schrock T, Blaisdell FW, Mathewson C Jr, et al. Management
of blunt trauma to the liver and hepatic veins. Arch Surg 1968;
96:698-704.

Moore FA, Moore EE, Seagraves A. Non-resectional manage-
ment of major hepatic trauma. Amer J Surg 1985;150:725—
729.

Walt AJ. The mythology of hepatic trauma or babel revisited.
Amer ] Surg 1978;135:1218.

Stone HH, Lamb JM. Use of pedicled omentum as an autog-

45.
46.

47.

48.
49.
50.
51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

606.

67.

enous pack for control of hemorrhage in major injuries of the
liver. Surg Gynecol Obstet 1975;141:92-94.

Lucas CE, Ledgerwood AM. Liver necrosis following hepatic
artery transection due to trauma. Arch Surg 1978;113:1107.
Clagett GB, Olsen WR. Non-mechanical hemorrhage in severe
liver injury. Ann Surg 1978;187:369-374.

Cogbill TH, Moore EE, Jurkovich GJ, et al. Severe hepatic
trauma: a multi-institutional experience with liver injuries.
J Trauma 1988;28:1433-1438.

Beal SL. Fatal hepatic hemorrhage: an unresolved problem of
complex liver injuries. ] Trauma 1990;30:163-169.

Fabian TC, Croce MA, Stranford GG, et al. Factors affecting
morbidity from hepatic trauma. Ann Surg 1981;213:540-548.
Ciresi KE, Lim RC Jr. Hepatic vein and retrohepatic vena cava
injury. World J Surg 1990;14:472-477.

Rovito PF. Atrial caval shunting in blunt hepatic vascular in-
jury. Ann Surg 1987;205:318-321.

Burch JM, Feliciano DV, Mattox KL. The atriocaval shunt.
Ann Surg 1988;207:555-568.

Evans S, Jackson R]J, Smith SD. Successful repair of major
retrohepatic vascular injuries without the use of shunt or ster-
notomy. J Pediatr Surg 1993;28:317-320.

Bethea MC. A simplified approach to hepatic vein injuries.
Surg Gynecol Obstet 1977;145:78-80.

Coln D, Crighton J, Schorn L. Successful management of he-
patic vein injury from blunt trauma in children. Amer J Surg
1980;140:858-864.

Pachter HL, Spencer FC, Hoffstetter SR. The management of
juxtahepatic venous injuries without an atriocaval shunt: pre-
liminary clinical observations. Surgery 1986;99:569-575.
Chen R], Fang JE Lin BC, et al. Surgical management of
juxtahepatic venous injury. ] Trauma 1995;30:886-890.
Buechter KJ, Sereda D, Gomez G, et al. Retrohepatic vein
injuries: experience with 20 cases. ] Trauma 1989;29:1698—
1704.

Carrillo EH, Spain DA, Miller F, et al. Intrahepatic vascular
clamping in complex hepatic vein injuries. ] Trauma 1997;43:
131-133.

Calne RY, McMaster P, Pentlow BD. The treatment of major
liver trauma by primary packing with transfer of the patient for
definitive treatment. Brit J Surg 1979;66:338-339.

Feliciano DV, Mattox KL, Jordan GL Jr. Intra-abdominal
packing for control of hepatic hemorrhage: a reappraisal.
J Trauma 1981;21:285-290.

Carmona RH, Peck D, Lim RC. The role of packing and
re-operation in severe hepatic trauma. ] Trauma 1984;24:779—
784.

Svoboda JA, Peter ET, Dang CV. Severe liver trauma in the face
of coagulopathy: a case for packing and early re-exploration.
Amer J Surg 1982;144:717-721.

Rotondo ME, Schwab CW, McGonigal MD, et al. “Damage
control”: an approach for improved survival in exsanguinating
penetrating injury. J Trauma 1993;35:375-380.

Feliciano DV, Mattox KL, Burch JM, et al. Packing for control
of hepatic hemorrhage: 58 consecutive patients. ] Trauma
1986;26:738-743.

Cue JI, Cryer HG, Miller FB, et al. Packing and planned re-
exploration for hepatic and retroperitoneal hemorrhage critical
refinements of a useful technique. ] Trauma 1990;30:1007—
1014.

Caruso DM, Battistella FD, Owings J T, et al. Perihepatic pack-
ing of major liver injuries. Arch Surg 1999;134:958-963.



666

Richardson Managing Liver and Spleen Injuries

J Am Coll Surg

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.
87.

88.

89.

Pachter HL, Spencer FC, Hoffstetter JR, et al. Significant
trends in treatment of hepatic trauma. Ann Surg 1992;216:
492-502.

Garrison JR, Richardson JD, Hilakos AS, et al. Predicting the
need to pack early for severe injury-abdominal hemorrhage.
J Trauma 1996;40:923-929.

Brasel KJ, DeLisle CM, Olson CT, et al. Trends in the man-
agement of hepatic injury. Am J Surg 1987;174:674-677.
Ivatury RR, Nallathambi I, Gunduz Y, et al. Liver packing for
uncontrollable hemorrhage: a reappraisal. ] Trauma 1986;26:
744-753.

Baracco-Gandolfo V, Vidarte O, Baracco-Miller V. Prolonged
closed liver packing in severe hepatic trauma: experience with
36 patients. ] Trauma 1986;26:754-756.

Krige JET, Bornman PC, Terblanche J. Therapeutic perihepatic
packing in complex liver trauma. Br J Surg 1992;79:43—48.
Morris JA, Eddy VA, Blinman TA, et al. The staged celiotomy
for trauma: issues in unpacking and reconstruction. Ann Surg
1993;217:576-586.

Scalfani SJA, Shaftan GW, McAuley ], et al. Interventional
radiology in the management of hepatic trauma. J Trauma
1984;24:256-262.

Ciraudo DL, Luk S, Palter M, et al. Selective hepatic arterial
embolization for Grade IV and V blunt hepatic injuries: An
extension of resuscitation in the non-operative management of
traumatic hepatic injuries. ] Trauma 1998;45:353-359.
Velmahos GC, Demetriads D, Chattwan S, et al. Angiographic
embolization for arrest of bleeding after penetrating trauma to
the abdomen. Am J Surg 1999;178:367-373.

Wahl WL, Ahrns KS, Brandt MM, et al. The need for early
angiographic embolization in blunt liver injuries. ] Trauma
2002;52:1097-1101.

Mohr AM, Lavery RF, Barone A, et al. Angiographic emboli-
zation for liver injuries: Low mortality, high morbidity.
J Trauma 2003;55:1077-1082.

Takayasu K, Moriyama N, Nuramajsu Y, et al. Gallbladder
infarction after hepatic artery embolization. 1985;144:135—
138.

Carrillo EH, Richardson JD. The current management of he-
patic trauma. Adv Surg 2001;35:39-59.

Johnson JW, Graciac VH, Gupta R, et al. Hepatic angiography
in patients undergoing damage control laparotomy. J Trauma
2002;52:1102-1106.

Denton JR, Moore EE, Coldwell DM. Multimodality treat-
ment for grade V hepatic injuries: perihepatic packing, arterial
embolization and venous stenting. ] Trauma 1997;42:964—
967.

DeToma G, Mingoli A, Modini C, et al. The value of angiog-
raphy and selective hepatic artery embolization for continuous
bleeding after surgery in liver trauma: case reports. ] Trauma
1994;37:508-511.

Franklin RH, Bloom W1, Schoffstal RO. Angiographic embo-
lization as a definite treatment post-traumatic hemobilia.
J Trauma 1980;20:702-705.

Hinton J. Injuries to abdominal viscera: their relative fre-
quency and their management. Ann Surg 1926;90:351-356.
Richie JP, Fonkalsrud EN. Subcapsular hematoma of the liver.
Arch Surg 1972;104:781-784.

Karp MP, Cooney DR, Pros GA, et al. The non-operative
management of pediatric hepatic trauma. ] Pediatr Surg 1983;
18:512-518.

Moore EE, Cogbill TH, Jurkovich GJ, et al. Organ injury

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

scaling: spleen and liver (1994 revision). ] Trauma 1995;
38:323-324.

Knudson MM, Lim RC, Oakes DD, et al. Non-operative man-
agement of blunt liver injuries in adults: the need for continued
surveillance. ] Trauma 1990;30:1494—1500.

Carrillo EH, Wohltmann C, Richardson JD, et al. Evolution in
the management of complex liver injuries. Curr Probl Surg
2001;38:1-60.

Hiatt JR, Harrier HD, Koenig BV, et al. Non-operative man-
agement of major blunt liver injury with hemo-peritoneum.
Arch Surg 1990;125:101-106.

Meyers AA, Crass RA, Lim RA, et al. Selective non-operative
management of blunt liver injury using computed tomogra-
phy. Arch Surg 1985;120:550-554.

Sherman HF, Savage BA, Jones LM, et al. Non-operative man-
agement of blunt hepatic injury: safe at any grade. ] Trauma
1994;37:616-621.

Rutledge R, Hunt JB, Lentz CW;, et al. A statewide population-
based time-series analysis of the increasing frequency of non-
operative management of abdominal solid organ injury. Ann
Surg 1995;222:311-326.

Hellins TE, Morse G, McNabney WK. Treatment of liver in-
juries at level I and IT centers in a multi-institutional metropol-
itan trauma system. ] Trauma 1997;42:1091-1096.

Meredith JW, Young JS, Bowling J, et al. Non-operative man-
agement of blunt hepatic trauma: the exception or the rule.
J Trauma 1994;36:529-535.

Carrillo EH, Platz A, Miller FB, et al. Non-operative manage-
ment of blunt hepatic trauma. Br J Surg 1998;85:461-468.
Croce MA, Fabian TC, Menke PG, et al. Non-operative man-
agement of blunt hepatic trauma is the treatment of choice for
hemodynamically stable patients. Ann Surg 1995;221:744—
755.

Pachter HL, Knudson MM, Esrig B, et al. Status of non-
operative management of blunt hepatic injuries in 1995: A
multi-center experience with 404 patients. ] Trauma 1996;40:
31-38.

Richardson JD, Franklin GA, Lukan JK, et al. Evolution in the
management of hepatic trauma: a 25-year perspective. Ann
Surg 2000;232:324-330.

Marx JA, Moore EE, Jordan RC, et al. Limitations of com-
puted tomography in the evaluation of acute abdominal
trauma—prospective randomized study. ] Trauma 1985;25:
933-938.

Buckman RE, Piano G, Dunham CM, et al. Major bowel and
diaphragmatic injuries associated with blunt spleen or liver
rupture. ] Trauma 1988;28:1317-1321.

Fischer RP, Miller-Crotchet P, Reed RL. The hazards of non-
operative management of adults with blunt abdominal injury.
J Trauma 1988;28:1445-1449.

Kemmeter PR, Hoedema RE, Foote JA, et al. Concomitant
blunt enteric injuries with injuries of the liver and spleen: a
dilemma for trauma surgeons. Am Surg 2001;267:221-226.
Sherk JP, Oakes DD. Intestinal injuries missed by computed
tomography. ] Trauma 1990;30:1-7.

Carrillo EH, Richardson JD. Delayed surgery and interven-
tional procedures in complex liver injuries. ] Trauma 1999;46:
978-979.

Carrillo EH, Spain DA, Wolhtmann CD, et al. Interventional
techniques are useful adjuncts in nonoperative management of
hepatic injuries. ] Trauma 1999;46:619-624.

Ackerman NB, Sillin LE Suresh K. Consequences of intraperi-



Vol. 200, No. 5, May 2005

Richardson

Managing Liver and Spleen Injuries 667

110.

111.

112.

113.

114.
115.
116.
117.
118.
119.

120.

121.

122.

123.

124.

125.

126.

127.

128.
129.
130.
131.
132.

133.

134.

toneal bile: bile ascites versus bile peritonitis. Am ] Surg
1985;149:244-248.

Allins A, Ho T, Nguyen TH, et al. Limited value of routine
follow-up CT scans in non-operative management of blunt
liver and splenic injury. Am Surg 1996;62:883-886.
Demetriades D, Gomez H, Chahwan S, et al. Gunshot wounds
to the liver: the role of selective nonoperative management.
J Am Coll Surg 1998;188:343-348.

Moore EG. When is nonoperative management of a gunshot
wound to the liver appropriate (editorial)? ] Am Coll Surg
1998;188:427-428.

Renz BM, Feliciano DV. Gunshot wounds to the right thora-
coabdomen: A retrospective study of non-operative manage-
ment. ] Trauma 1994;37:732-740.

Edler L. Die traumatischen verletzungen der parenchymatasen
Unterleibsergane. Arch f Klin Chir 1987;34:343-356.

Thole FWH. Verletzungen der Leber und der Gallenwege.
Neve Deutsch Chirurgie 1912;4:218.

Tilton BJ. Consideration regarding wounds of the liver. Ann
Surg 1905;98:27-41.

Hitzrot JM. Subcutaneous injuries of the liver. Ann Surg 1917;
60:50-55.

Fraenkel F. Subcutaneous rupture of the liver — management by
primary laparotomy. Beitr Z Klin Chir 1901;30:418-499.
Thorlakson PHT, Hay AWS. Rupture of the liver. Canad Med
J 1929:20:593-595.

Knudson MM, Lim RC, Olcott CW. Morbidity and mortality
following major penetrating liver injuries. Arch Surg 1994;
129:256-261.

Federico JA, Horner WR, Clark DG, et al. Blunt hepatic
trauma. Arch Surg 1990;125:905-909.

Chen RJ, Frang JE Lin BC, et al. Factors that influence the
operative mortality after blunt hepatic injuries. Eur J Surg
1995;161:811-817.

Sanders GB, Macguire CH. Massive rupture of the liver. Amer
J Surg 1949;78:699-704.

Cachecho R, Clas D, Gerskin K, et al. Fvolution in the man-
agement of complex liver injury at a Level I trauma center.
J Trauma 1998;45:79-82.

Pachter HL, Feliciano DV. Complex hepatic injury. Surg Clin
North Am 1996;76:763-783.

Cogbill TH, Moore EE, Jurkovich GJ, et al. Severe hepatic
trauma: a multi-center experience with 1335 liver injuries.
] Trauma 1988;28:1433—-1438.

Asensio JA, Demetriades D, Chahwan S, et al. Approach to the
management of complex hepatic injuries. ] Trauma 2000;48:
66-69.

Menegaux F, Langlois P, Chigot JP. Severe blunt trauma of the
liver: study of mortality factors. ] Trauma 1993;35:865-869.
Pugh HL. Splenectomy with special reference to its historical
background. Internet Abstr Surg 1946;83:209-224.

Byrne RV. Splenectomy for traumatic rupture with intra-
abdominal hemorrhage. Arch Surg 1950;61:263-268.
Averbook BD, Pearson S. Traumatic rupture of the spleen. Am
Surg 1959;25:900-903.

Cloutier LC, Zaepfel FM. Traumatic rupture of the spleen.
Surg Gynecol Obstet 1958;107:749-756.

Terry JH, Self MM, Howard JM. Injuries of the spleen; report
of the 102 patients and review of literature. Surgery 1956;40:
615-622.

Bollinger JA, Fowler EE Traumatic rupture of the spleen, with

135.
136.
137.
138.
139.
140.
141.
142.
143.

144.

145.
146.

147.

148.
149.
150.

151.

152.

153.

154.

155.

156.

157.

158.
159.

160.

special reference to delayed splenic rupture. Am ] Surg
1956;91:561-570.

Parsons L, Thompson JE. Traumatic rupture of the spleen from
non-penetrating injuries Ann Surg 1958;147:214-220.
Economy D, Koucky C, Novack RL. Non-penetrating injuries
to the spleen. Am J Surg 1960;99:646-650.

Tung OS, Cammack KV, Dodds M, et al. Traumatic rupture of
the spleen. Am J Surg 1961;101:357-365.

Knopp LM, Harkins HN. Traumatic rupture of the normal
spleen. Surgery 1954;35:493-500.

Dennehy T, Lamphier TA, Wickman Wi, et al. Traumatic rup-
ture of the normal spleen. Am ] Surg 1961;102:58-64.

Fultz CT, Altemeier WA. Delayed rupture of the spleen after
trauma. Surg 1955;38:414-422.

Bailey HA, Schreiber SL. Delayed rupture of the spleen. Am J
Surg 1944;66:4-14.

Fey DW, Turaw IL. Traumatic rupture of normal spleen with
delayed rupture. Am ] Surg 1941;53:363-366.

Farhat GA, Abdu RA, Vanek VW. Delayed splenic rupture: real
or imaginary? Am Surg 1992;58:340-345.

Kluger Y, Paul DB, Raves JJ, et al. Delayed rupture of the
spleen—myths, facts, and their importance. Case report and
literature review. ] Trauma 1994;36:568-571.

Zabinski EJ, Harkins HH. Delayed splenic rupture—a clinical
syndrome following trauma. Arch Surg 1923;76:186-213.
Morris DH, Bullock FD. The importance of the spleen in the
resistance to infection. Ann Surg 1919;70:153-158.

King H, Shumacker HB Jr. Splenic studies: susceptibility to
infection after splenectomy performed in infancy. Ann Surg
1952;136:239-242.

Singer DB. Post-splenectomy sepsis. Perspectives in Ped Path
1973;1:285-311.

Eraklis AJ, Filler RM. Splenectomy in childhood: a review of
1413 cases. ] Pediatr Surg 1972;4:382-388.

Horan M, Colebatch JH. Relation between splenectomy and
subsequent infection. Arch Dis Child 1962;37:398-414.
Luna GK, Dellinger EP. Nonoperative observations therapy for
splenic injury: a safe therapeutic option? Am J Surg 1987;153:
462-468.

Cullingford GL, Watkins DN, Watts AD, et al. Severe late
post-splenectomy infection. Br J Surg 1991;78:716-721.
Huntley CC. Infection following splenectomy in infants and
children. A review of the experience at Duke Hospital in in-
fants and children during a 22-year period (1933-1954). Am J
Dis Child 1958;95:477-48]1.

Horn M, Colebatch JH. Relation between splenectomy and
subsequent infections: a clinical study. Arch Dis Child 1962;
37:398-415.

Whitaker AN. Infection and the spleen: association between
hyposplenism pneumonococcal infection, and disseminated
intravascular coagulation. Med J Aust 1969;1:1213-1219.
O’Neal BJ, McDonald FC. The risk of sepsis in the asplenic
adult. Ann Surg 1981;194:775-778.

Green JB, Shackford SR, Sise M], et al. Late septic complica-
tions in adults following splenectomy for trauma: a prospective
analysis in 144 patients. ] Trauma 1986;26:999-1004.

Gopal V, Bisno AL. Fulminant pneumococcal infections in
normal splenic hosts. Arch Intern Med 1977;137:1526-1530.
Leonard AS. The overwhelming post-splenectomy sepsis prob-
lem. World J Surg 1980;4:423-432.

Standage BA, Goss JC. Outcome and sepsis after splenectomy
in adults. Am J Surg 1982;143:545-548.



668

Richardson Managing Liver and Spleen Injuries

J Am Coll Surg

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Schwartz PE, Sterioff S, Mucha B, et al. Post-splenectomy sepsis
and mortality in adults. JAMA 1982;248:2279-2284.
Waghorn DJ. Overwhelming infection in asplenic patients:
current best practice preventive measures are not being fol-
lowed. J Clin Path 2001;54:214-218.

DiCataldo A, Puelo S, LiDestri G, et al. Splenic trauma and
overwhelming post-splenectomy infection. Br J Surg 1987;74:
343-345.

Pachter HL, Spencer FC, Hoffstetter SR, et al. Experiences
with selective operative and nonoperative treatment of splenic
injuries in 193 patients. Ann Surg 1989;211:583-591.
Zarrabi NH, Rosner F. Serious infection in adults following
splenectomy for trauma. Arch Intern Med 1984;144:1421—
1424.

Linet MS, Nyren O, Gridley G, et al. Cases of death among
patients surviving at least one year following splenectomy.
Am J Surg 1996;172:320-323.

Pimpl E, Dapaunt O, Kaindl H, et al. Incidence of
thromboembolic-related deaths after splenectomy in adults. Br J
Surg 1989;76:517-521.

Bond SJ, Eichelberger MR, Gotschall CS, et al. Nonoperative
management of blunt hepatic and splenic injury in children.
Ann Surg 1996;223:286-289.

Pearl RH, Wesson PE, Spence L], et al. Splenic injury: a 5-year
update with improved results and changes for conservative
management. ] Ped Surg 1989;24:428-431.

Powell M, Courcoulas A, Gardner M, et al. Management of
blunt splenic trauma: significant differences between adults
and children. Surgery 1997;122:654-660.

Kakkasseril JB, Steward D, Cox JA, et al. Changing manage-
ment of pediatric splenic trauma. Arch Surg 1982;117:758—
759.

Cooney DR, Swanson SE, Dearth JE, et al. Splenic auto-
transplantation in prevention of overwhelming post-
splenectomy infection. J Pediatric Surg 1979;14:336-342.
Vega A, Howell C, Krasna I, et al. Splenic autotransplantation:
optimal functional factors. ] Pediatr Surg 1981;16:898-904.
Moore GE, Stevens RE, Moore EE, et al. Failure of splenic
implants to protect against fatal post-splenectomy infection.
Am J Surg 1983;146:413-414.

Traub A, Giebnik GS, Smith C, et al. Splenic reticuloendothe-
lial function after splenectomy, spleen repair and splenic auto-
transplantation. N Engl ] Med 1987;317:1559-1564.

Mayo WJ. Principles underlying surgery of the spleen, with a
report of ten splenectomies. JAMA 1910;54:14-18.

Feliciano DV, Bitondo CG, Mattox KL, et al. A four year
experience with splenectomy versus splenorrhaphy. Ann Surg
1985;201:568-575.

Beal SL, Spisso JM. The risk of splenorrhaphy. Arch Surg 1988;
123:1158-1163.

Whitesell FB Jr. A clinical and surgical anatomic study of rup-
ture of the spleen due to blunt trauma. Surg Gynecol Obstet
1960;110:750-754.

Malangoni MA, Levine AW, Droege EA, et al. Management of
injury to the spleen in adults: results of eatly operation and
observation. Ann Surg 1984;200:702-705.

Delaney HM, Porreca E Mitsudo S, et al. Splenic capping: an
experimental study of a new technique for splenorrhaphy using
woven polyglycolic acid mesh. Ann Surg 1982;196:187-193.
King DR, Lobe TE, Haase GM, et al. Selective management of
injured spleen. Surgery 1981;90:677-682.

Delaney HM, Rudavsky AZ, Lan S. Preliminary clinical experi-

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

ence with the use of absorbable mesh splenorrhaphy. J Trauma
1985;25:909-913.

Mooney DP, Forbes PW. Variation in the management of pe-
diatric splenic injuries in New England. ] Trauma 2004;56:
328-333.

Wholey MH, Chamorro HA, Rao G, et al. Splenic infection
and spontaneous rupture of the spleen after therapeutic embo-
lization. Cardiovasc Radiol 1978;1:249—-253.

Mozes MF, Spigos DG, Pollak R, et al. Partial splenic emboli-
zation, an alternative to splenectomy. Results of a prospective,
randomized study. Surgery 1984;96:694-702.

Scalfani SJA, Shaftan GW, Scalea TM, et al. Nonoperative
salvage of computed tomography-diagnosed splenic injuries:
utilization of angiography for triage and embolization for he-
mostasis. ] Trauma 1995;38:818-825.

Haan JM, Biffl W, Knudson MM, et al. Splenic embolization
revisited: a multicenter review. ] Trauma 2004;56:542—547.
Davis KA, Fabian TC, Croce MA, et al. Improved success in
nonoperative management of blunt splenic injuries: emboliza-
tion of splenic artery pseudoaneurysms. J Trauma 1998;44:
1008-1015.

Haan JM, Scott J, Boyd-Kranis RL, et al. Admission angiogra-
phy for blunt splenic injury: advantages and pitfalls. ] Trauma
2001;51:1161-1165.

Salis A, Pais O, Scalea T, et al. Superselective embolization of a
traumatic intra-splenic arteriovenous fistula. J Trauma 1999;
46:186-188.

Hagiwara A, Yukioka M, Ohra S, et al. Nonsurgical manage-
ment of patients with blunt splenic injury: efficacy of trans-
catheter arterial embolization. Am ] Roentgenol 1996;167:
151-166.

Dent D, Alsabrook G, Erickson BA, et al. Blunt splenic injury:
high nonoperative management rates can be achieved with
selective embolization. ] Trauma 2004;56:1063-1067.

Longo WE, Baker CC, McMillen MA, et al. Nonoperative
management of adult blunt splenic trauma—-criteria for suc-
cessful outcome. Ann Surg 1989;211:626-629.

Cogbill TH, Moore EE, Jurkovich GJ, et al. Nonoperative
management of blunt splenic trauma: a multicenter experi-
ence. ] Trauma 1989;29:1312-1317.

Godley CD, Warren RL, Sheridan FL, et al. Nonoperative
management of blunt splenic injury in adults: age over 55 years
as a powerful predictor of failure. ] Am Coll Surg 1996;183:
133-139.

Barone JE, Burns G, Svehlak SA, et al. Management of blunt
splenic trauma in patients older than 55 years. ] Trauma 1999;
46:87-90.

Cocanour CS, Moore FA, Ware ON, et al. Age should not be a
determinant for nonoperative management of blunt splenic
injuries. ] Trauma 2000;48:606-612.

Bee TK, Croce MA, Miller PR, et al. Failure of splenic nonop-
erative management: is the glass half empty or half full?
J Trauma 2001;50:230-236.

Peitzman AB, Heil B, Rivera L, et al. Blunt splenic injury in
adults: a multi-institutional study of Eastern Association for
the Surgery of Trauma. ] Trauma 2000;49:177-189.
Shackford SR, Molina M. Management of splenic injuries.
Surg Clin North Am 1990;70:595-620.

Jalovec LM, Boe BS, Wyffels PL, et al. The advantage of early
operation with splenorrhaphy versus nonoperative manage-
ment for the blunt splenic trauma patient. Am Surg 1993;59:
698-705.



Vol. 200, No. 5, May 2005 Richardson Managing Liver and Spleen Injuries 669
203. Schweizer W, Bohlen L, Dennison A, et al. Prospective study in 217. Morgenstern L, Uyeda RY. Non-operative management of in-
adults of splenic preservation after traumatic rupture. BrJ Surg juries to the spleen in adults. Surg Gynecol Obstet 1983;157:
1992;79:1330-1333. 513-518.
204. Mucha B Daly RC, Farnell MB. Selective management of ~ 218. Harbrecht BG, Peitzman AB, Rivera L, et al. Contribution of
blunt splenic trauma. ] Trauma 1986;26:970-979. age and gender to outcome of blunt splenic injury in adults:
205. Malangoni MA, Cue JI, Fallat ME, et al. Evaluation of splenic multicenter study of the Eastern Association for the Surgery of
injury by computed tomography and its impact on treatment. Trauma. ] Trauma 2001;51:887-895.
Ann Surg 1990;2.1 1:592-599. o 219. Schurr MJ, Fabian TC, Gauant M, et al. Management of blunt
206. Brasel KL, DCL_ISIC CM, Olson CJ, et al. Splenic injuries: splenic trauma: computed tomographic contrast blush predicts
tzrggds in evaluation and management. ] Trauma 1998;44:283— failure of nonoperative management. J Trauma 1995;39:507—
- . 513.
207. Pachter HL, Guth AA, Hofstc?ttcr SR, etal. Changing patterns 220. Fedetle MP, Courcoulas AP, Powell M, et al. Blunt splenic
171'6 gh’; 1n91anagement of splenic trauma. Ann Surg 1998;227: injury in adults: clinical and CT criteria for management, with
o hasi i ion. Radiol 1998;206:137—
208. Konstantakos AK, Barnoski AL, Plaisier BR, ct al. Optimizing ppnasts o active extravasation. Tadiology
ghe mane;%egm'eilztgglz)lung lsl;lemc injury in adults and children. 221. Omert LA, Salyer D, Dunham CM, et al. Implications of the
urgery 1999;126:805-813. . . “contrast blush” finding on computed tomographic scan of the
209. Zucker KA. Nonoperative of adult blunt splenic trauma: cri- leen i T 2001:51:272-278
ia for successful management. Ann Surg 1989;210:626— spieen in trauma. J raurma 51:272-278. .
gezrlga ) T 222. Digiacoma JC, McGonigal MD, Haskal ZJ, et al. Arterial
210. Nix JA, Costanza M, Daley B]J, et al. Outcome of the current bleeding diagnosed by CT in hemodynamically stable victims
L =n. of blunt trauma. ] Trauma 1996;40:249-252.
management of splenic injuries. ] Trauma 2001;50:835-842. . . .
. . 223. Barquist ES, Pizano LR, Feuer W, et al. Inter- and intra-rater
211. Smith SJ, Cooney RN, Mucha P. Nonoperative management liabilicv i J axial ” di £ solen
of the ruptured spleen: a revalidation of criteria. Surgery 1996; reliabl 1tyh1n computed axlal tomographic grading of splenic
120:745-751. injury: why so many grading scales. ] Trauma 2004;56:334—
212. Lucas CE. Splenic trauma: choice of management. Ann Surg 338. .
1991;213:98-112. 224. Buxton JT. Traumatic rupture of the spleen. Am J Surg 1922;
213. Koury HI, Peschiera JL, Welling RE. Non-operative manage- 36:312-316. )
ment of blunt splenic trauma: a 10-year experience. Injury 225. Foster JM, Prey D. Rupture of the spleen: an analysis of twenty
1991;22:349-352. cases. Am ] Surg 1940;47:487—492.
214. Cathy KL, Brady JS. Blunt splenic trauma characteristics of ~ 226. Mansfield RD. Traumatic rupture of the normal spleen. Am J
patients requiring urgent laparotomy. Am Surg 1998;64:450— Surg 1955;89:759-768.
454. 227. Donhauser JL, Locke D]J. Traumatic rupture of the spleen.
215. Sartorelli KH, Frumiento C, Rogers FB, et al. Nonoperative Arch Surg 1960;153:1013-1018.
management of hepatic splenic and renal injuries in adults with 228. Foster JN Jr, Prey D. Rupture of the spleen. An analysis of
multiple injuries. ] Trauma 2000;49:56-62. twenty cases. Am ] Surg 1940;47:487-492.
216. Myers JG, Dent DL, Stewart RM, et al. Blunt splenic injuries: 229. Nallathambi MN, Ivatury RR, Wapnir I, et al. Non-operative

dedicated trauma surgeons can achieve a high rate of nonoperative
success in patients of all ages. ] Trauma 2000;48:801-806.

management versus early operation for blunt splenic trauma in
adults. Surg Gynecol Obstet 1988;166:252-258.



	Changes in the Management of Injuries to the Liver and Spleen
	METHODS OF REVIEW
	MECHANISM OF INJURY: CHANGES IN PATTERNS
	DIAGNOSTIC ERAS
	MANAGEMENT OF LIVER INJURIES
	Late 19th century through World War II
	Impact of World War II
	Operative treatment: 1945 to 1985
	Treatment of arterial hemorrhage
	Advances in treatment: 1985 to present
	Direct repair of perihepatic venous injuries
	Perihepatic packing
	Angiography and transcatheter embolization
	Nonoperative treatment of blunt liver trauma
	Nonoperative treatment for penetrating hepatic injuries
	Recommendations for treatment of liver injuries
	Changes in mortality from hepatic trauma

	INJURY TO THE SPLEEN
	Eras in the management of splenic injury
	The era of splenectomy
	Shift from emphasis on hemorrhage to postsplenectomy infection
	The era of splenic preservation
	Operative attempts at splenic salvage
	Embolization of splenic artery hemorrhage
	Nonoperative management of splenic injury
	Mortality and morbidity of splenic trauma

	DISCUSSION
	REFERENCES


