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Results

A total of 1,842 liver injuries were treated. Blunt injuries have
dramatically increased; the proportion of major injuries is ap-
proximately 16% annually. Nonsurgical therapy is now used in
more than 80% of blunt injuries. The death rates from both
blunt and penetrating trauma have improved significantly
through each successive decade of the study. The improved
death rates are due to decreased death from hemorrhage.
Factors responsible include fewer major venous injuries re-
quiring surgery, improved outcome with vein injuries, better
results with packing, and effective arterial hemorrhage control
with arteriographic embolization.

Objective

To define the changes in demographics of liver injury during
the past 25 years and to document the impact of treatment
changes on death rates.

Summary Background Data

No study has presented a long-term review of a large series
of hepatic injuries, documenting the effect of treatment
changes on outcome. A 25-year review from a concurrently
collected database of liver injuries documented changes in
treatment and outcome.

Methods

A database of hepatic injuries from 1975 to 1999 was studied ~ Conclusions

for changes in demographics, treatment patterns, and out-
come. Factors potentially responsible for outcome differences
were examined.

The treatment and outcome of liver injuries have changed
dramatically in 25 years. Multiple modes of therapy are avail-
able for hemorrhage control, which has improved outcome.

The management of liver injuries has changed dramatMETHODS
cally during the past three decades, particularly for blunt
trauma. Although most reports have shown dramatic treat- N 1976, two authors (JDR and LMF) developed a data-
ment changes for liver injuries during the past decade, ofted@Se Of liver injuries beginning in 1975 and including all

associated with improved survival rates, few if any studielVer injuries treated through June 1999. The cases were

have presented a long-term consecutive patient series &pllected concurrently and entered into the database at least

amining the impact of treatment changes on outcome. V\%uarterly. Information collected included demographic data,

studied a database of consecutive hepatic injuries treated” chanlsm of injury, gradg .Of h epatic muﬂrﬁ,assomateq
Injuries, treatment of liver injuries, and outcome. Hepatic-

from 1975 to June 1999. Factors examined included demo- . .
. . . r?]lated deaths, categorized as deaths directly related to the
graphic changes, treatment patterns, alterations in deqt - . .
rates. and possible mechanisms for outcome changes Iver injury, were determined. Some treatment comparisons
' P 985 used annual data; others examined results during three
5-year periods (1975-1979, 1985-1989, and 1995 to June

1999).
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The University of Louisville Trauma Unit treated 1,842
liver injuries from January 1975 through June 1999. The
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Figure 1. Annual distribution of hepatic injuries by mechanism: ¢, Figure 2. The total number of injuries (#) per year increased during the
total; M, blunt injuries; A, penetrating injuries). The increase in the total past 12-year period. The percentage of severe (grade IV or greater)
number of liver injuries treated in the last 12 years was due to an injuries remained stable (H).

increase in blunt injuries.

three periods examined, but the percentage declined from

annual distribution of injuries treated is shown in Figure 1,6% to 3%. Drainage as the 0n|y treatment used dramatica"y
including those resulting from blunt and penetrating mechgecreased.
anisms. The total number of injuries increased over time, Omental f|aps were rare|y used before the mid-1980s but
with a steady rise in the number of patients treated, particyere used in approximately 10% of patients treated since
ularly in the last 12 years of the study. The number ofthen, often in combination with other treatments. Individual
patients with penetrating injuries remained relatively stable,essel suture ligation, minor resectionabddement, trac-
during the 25-year period. In the initial 5 years of the totomy, hepatic mattress sutures, and other techniques have
review, the percentage of patients with blunt injuries waspeen used alone or in combination throughout the 25-year
48%. The increase in total liver injuries treated occurrednterval, but there were no consistent changes in treatment
primarily as a result of an increase in blunt injuries. Frompatterns.
1985 to 1989, the percentage of blunt injuries increased to |n the late 1970s, there were virtually no patients treated
61%; for a corresponding 5-year period in the late 1990spy packing and planned reoperation. In the latter two time
the figure was 74%. periods, 8% of patients were treated by packing and planned

The gender distribution for patients with penetrating in- reopera‘[ion as a part of a “damage control” Strategy_
juries did not change significantly during the study period: Nonsurgical therapy was not used to treat liver injuries
fewer than 5% of those injured were women. There was &ith any regularity until the mid-1990s. From 1995 to 1999,
steady rise in women with blunt injuries in successivetwo thirds of blunt injury patients were treated without
5-year intervals, from 20% in 1975 to 1979 to 31% and 46cy05urgery; in the last 2 years, more than 80% did not undergo
in 1985 to 1989 and 1995 to 1999, respectively. surgery. Patients with penetrating injuries were still treated

The occurrence of major hepatic injuries was relativelysyrgically. With the advent of nonsurgical therapy, the use

stable during the study period, ranging from 15% to 12%gf angiography and embolization for hemorrhage control
(Fig. 2), with a mean of 16.8% of the total group having anhas increased from less than 1% to 9%.

injury grade of IV or greater. As the number of injuries
increased, the percentage of severe injuries increased con-
comitantly.

Table 1. EVOLUTION OF SURGICAL

) o TREATMENT*
Treatment of Liver Injuries

1975-1979 1985-1989 1995-1999
The treatment of hepatic trauma changed greatly. The

percentages of various forms of surgical treatment used angspatic artery ligation 13 2 <1
shown in Table 1 and are divided into the 5-year intervals a$/ajor resection 6 4 3
described. Selective hepatic artery ligation (SHAL) wasPrainage 70 72 110
used extensively in the early and mid-1970s and still rep-gmif“a' flapt <1 12 8

% of all patients treated in the 5- iod acking/reoperation 0 8 8
resented 13% of all pa ients treated in the 5-year perio Ojunt nonsurgical treatment 0 0 65
the late 1970s. In successive decades, SHAL use declined i@giography/embolization <1 <1 9

less than 1% of patients treated.
Major resection was used to control extensive laceratior % of total cases.
o . . . J Often used with other procedures.
or large segments of devitalized liver tissue in each of th
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of major liver injuries has remained constant, this suggests
that nonsurgical treatment has allowed major venous inju-
ries to be managed without surgery. Five of the nine injured

Table 2. DEATH RATES FROM HEPATIC
TRAUMA (TOTAL AND LIVER-RELATED)

1975-1979 1985-1989 1995-1999 patients treated in the past 5 years have survived. There was
a progressive increase in survival rates with each successive
All patients 19/10 12/7 9/3 5_year interval.
Penetrating 19/12 11/5 8/5

Seventy-eight major juxtahepatic venous injuries were
treated involving either the retrohepatic vena cava or the
confluence of the major hepatic veins near the cava. Atrio-
caval shunt was used as the primary mode of therapy in 45
Changes in Death Rates of these patients; only 4 patients survived. The use of

There was a marked decline in death rates during th@?riocaval shunting dgclined in recent years as packipg and
25-year period. Table 2 shows the decrease in both tot&]i'éct approaches increased. As opposed to atriocaval
death rates and death rates ascribed to the liver injury itselENUnting, packing combined with direct approaches to the
Total death rates declined from 19% to 9%. Liver-related/€NoUs injury itself resulted in markedly improved survival
deaths from penetrating injuries declined from 12% to 5%, at€s. Packing led to survival in more than 60% of the
and death secondary to blunt injury was between 8% an@atients in which it was used and direct repair in 40%; the
2% during the 5-year intervals studied. shunting survival rate was only_8.9% ('I_'able. 4).' '

The annual death rates, as percentages, are shown in The death rate associated with packing significantly de-

Figure 3. The steady and dramatic decline in the late 19g0§"€@sed in the past 5 years gorrjpazred with reports from two
remained in the 3% to 5% range in the past decade. earlier periods from our institutioh? From 1983 to 1989,

Death unrelated to liver injury showed little change dur-Packing of liver injuries was associated with a 52% death
ing the 25-year interval. Nonhepatic deaths were related t§t€- In the succeeding S-year period, the death rate actually
associated injuries and multiple organ failure. Deaths relncréased to 68% as its use was expanded. From 1995 to
lated to the liver injury itself were due to hemorrhage in 1999, the death rate decreased to 34.5%:(.05). Analysis
more than 85% of patients throughout the study. Improve®f the improved death rates showed that the severity of
ment in death rates clearly resulted from a decrease iffiuries did not change during the three time periods. The
deaths from hemorrhage. Figure 4 demonstrates a consisteRgi0r difference in the latter time period was that packing
decline in the percentage of deaths related to hemorrhag¥@s performed earlier, with an average blood loss of 6.8
Four major trends appeared to decrease deaths from hetPitS received before packing, as opposed to 15 units in the
orrhage: a decrease in major venous injuries requiring sui€arlier series. , o .
gery, improved management of major venous injuries, im- The final dlffgrence in practice |n.the. last 5 years was in
proved results with packing and reoperation, and improvedh® use of angiography and embolization to control bleed-
arterial bleeding control with arteriography and emboliza-I"g- Thirty-six patients underwent angiography for hepatic
tion compared with previous strategies. injuries, with bleedmg |dent!f|ed in 28 patler)ts. Hemorrhage

One of the major improvements in death rates is clearly*Ontrol was accomplished in 24 of the patients (85%).
related to improved outcome with major venous injuries
(Table 3). Major venous injuries were examined fgr. e‘f"ChDISCUSSION
5-year interval from 1975 to 1999. The number of injuries
diagnosed and directly treated remained relatively stable for In the past 25 years, the annual number of injuries in-
the first 20 years of the review. However, in the last 5 yearsgreased consistently, probably reflecting the continued in-
the number of patients with major venous injuries declinedcrease in total trauma volume. The grade of severe injuries
by 50% over comparable periods. Because the number dfas not changed. The incidence of grades IV and V injuries
total injuries has increased dramatically and the percentageas 15% to 20% through the years, similar to the 14%

Blunt 18/8 13/9 10/2
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25 Table 4. RESULTS OF TREATMENT OF
20 A RETROHEPATIC AND MAJOR HEPATIC

VENOUS INJURIES
15 - )
No. Used Survivors %
10 o
Atrial shunt 45 4 8.9
5 Packing 21 13 61.9
Direct repair 12 5 41.7
0 I || I I
75 80 85 90 95 part of the armamentarium in the management of major
Year hepatic injuries. The death rate varied from 40% to 80% in
Figure 4. The death rate from hemorrhage consistently declined dur- these reports. In our initial report on packing in 1990, 'the
ing the 25-year period (M, blunt; #, penetrating). death rate was 53%We noted that many severe physio-

logic derangements were present on admission and that
early packing was critical if this technique were to have
reported by Pachter et 2Because the percentage of seriousoptimal benefit. Earlier use of packing decreased the death
injuries was unchanged, it would be difficult to assert thatrate to roughly one third of the patients treated in the most
the improvement in the survival rate was due to a lowelrecent 5-year period.
severity of injuries. Multiple report$°—2*have outlined the efficacy of non-
Treatment patterns changed dramatically during thesurgical treatment and its relative safety in hemodynami-
study. SHAL was developed at the University of Louisville cally stable patients. The Memphis grédpecently re-
and was used extensively in the early to mid-1970sn  ported that 85% of their blunt trauma patients had
retrospect, it was overused during this period. Flint anchonsurgical treatment, and they have referred to the recent
Poli® defined its use after several years’ experience, and themergence of nonsurgical therapy as the treatment of choice
incidence of SHAL decreased dramatically since thenfor blunt trauma as a “paradigm shift.” Our data and those
SHAL was used in 13% of patients from 1975 to 1979, butof others validate that assertion. Although the initial attrac-
that rate then diminished greatly. When arterial bleeding isjon to nonsurgical treatment is the avoidance of surgery,
controlled by a Pringle maneuver, SHAL should still be our data suggest that nonsurgical treatment may contribute
considered. Cogbill et &reported that SHAL was used in to a decrease in death. Despite an increased volume of liver
10 of 210 severe liver injuries, and Asensio éfaloted its  injuries treated and a fairly constant rate of major injuries
use in 1 of 22 cases of complex liver trauma in recent seriessncountered each year, the number of major venous injuries
This rate of usage is consistent with that in our unit. requiring surgery declined by 50% in the past 5 years
Major resection is usually necessitated by extensive incompared with previous time periods. Also, the survival rate
juries when devitalized liver is present. Segmentectomy andf these patients with major venous injuries has improved.
lobectomy were used in 18 and 12 patients respectively in hrough the years, many experienced trauma surgeons an-
series of 210 casésln 22 patients with grades IV and V ecdotally related accounts of stable patients operated on in
injuries, half had nonanatomical resection or lobectdfhy. whom little bleeding was initially encountered: however,
Feliciano et al* noted that major resection was used in manipulation of venous injuries resulted in massive hemor-
3.6 of 1,000 cases; this rate was similar to our findings. rhage that resulted in the patient’s death. Because venous
The high complication rate associated with liver packinginjuries occur in low-pressure systems, we contend that
in the middle of the 20th century led to its abandonmént. many venous injuries heal without the need for surgery.
Multiple reports***~**from the mid-1980s outlined the Several retrohepatic caval injuries were encountered that
value of packing, and this modality became an importaninitially had little bleeding but in which massive hemor-
rhage developed with manipulation. Avoidance of surgery
may actually benefit this patient group as well. Thus, we
Table 3. IMPROVED OUTCOME WITH believe that nonsurgical treatment not only avoids surgery
MAJOR VENOUS INJURIES but may actually have a positive impact on survival.
The use of nonsurgical treatment has created problems

No.of No. of . that had not been encountered befft&® Angiography,
Venous Injuries Survivors % Survivors . . .

laparoscopy, endoscopic sphincterectomy, and biliary stent

1975-1979 19 2 10.5 placement have played an important role in this group of

1980-1984 15 4 26.7 patients, as we have previously reportéd’

1985-1989 20 4 20.0 The most striking observation of our 25-year review was

18905 108+ 15 ’ S the dramatic decrease in the death rate. The major reason is

1995-1999 9 5 55.6

a reduction in deaths from liver hemorrhage.
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Above we noted four factors related to decreased death$
from bleeding. Table 4 shows the results of treating major
venous injuries with three types of treatment: atriocaval

shunting, packing, and direct repair of the venous injuries. g

Atriocaval shunting was reported by Shrock efah 1968

and has remained the mainstay of treatment, at least in thé.

literature. However, the death rate from atriocaval shunting
procedures is extraordinarily high, ranging from 80% to
100%2-29*9Although the notion of venous isolation with a

shunt is theoretically appealing, there are numerous practit1.

cal barriers to its widespread success. It is rarely performed,
and it requires a sternotomy, with the potential of hypother-
mia attendant with a second open body cavity. We believ

it should not be the primary method of controlling major 15

hepatic venous or caval injuries. Judicious early use of
packing has resulted in numerous survivors who we believe
would have died with attempted atriocaval shunting.

In 1986, Pachter et 3l suggested that a direct approach
to the hepatic veins might be preferable to atriocaval shunt;g
ing. They noted that all four patients treated with atriocaval

shunting died and that the five patients treated with directé.

repair using finger fracture survived, with exposure of the
injured vein and repair of the injury. This notion has been

slow to gain acceptance, but several recent reports havg

outlined excellent results with direct methods of dealing

with hepatic vein or retrohepatic caval injuries without 19.

atriocaval shunting. Carrillo et &F from our institution,
reported on the use of a direct clamping technique to contrg,
major juxtahepatic venous injuries with excellent results,
given the devastating nature of this injury. Several other
reports have demonstrated improved survival with pending
or direct repair of venous injurie§:3334

The term “hepatic injury” is a misnomer, for it implies a
homogeneous pattern of trauma to the liver that simply does,
not exist. Whether blunt or penetrating, bleeding or non-

bleeding, hemorrhage from veins or arteries, wounds witte3.

deep crevasses or major vein injuries, it is apparent that

myriad injury patterns may be encountered. With moderrf*

computed tomography, most blunt injuries may be managed

without surgery; however, complex liver injuries still require 25,

surgery. Numerous surgical and intervention techniques (e.g.,
angiography and endoscopic retrograde cholangiopancreatog-

raphy) are required to manage these difficult injutfe€ 6.
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33. Beal SL. Fatal hepatic hemorrhage: an unresolved problem in the Dr. TimoTHY C. Faeian (Memphis, Tennessee): This study
management of complex liver injuries. J Trauma 1990; 30:163-169. encompasses a tremendous clinical effort and the lessons which
34. Klein SR, Baumgartner FJ, Bongard FS. Contemporary managemeRere learned over time. The authors describe the experience as an
strategy for major inferior vena caval injuries. J Trauma 1994; 37:35‘42evolution. Indeed, the management schemes have mutated to the
point that a markedly different phenotype of hepatic trauma man-
agement has resulted from 1975 to today. Hepatic artery ligation
was a novel approach in the mid-1970s and accounted for 13% of
their management, but it is rarely applied today. Similarly, atrial

o ) caval shunting has become a vestigial appendage among the op-
Dr. H. LEon PacHTER (New York, New York): This is certainly  grative strategies.

a landmark paper. The changing patterns in the management of \jhat has taken their place over time? While gauze packing was
complex hepatic injuries, what has been referred to as a paradigihathema 25 years ago, the authors have well demonstrated that it
shift, is certainly not unique in itself but is a phenomenon that iscan pe a valuable lifesaving technique that is applied in nearly 10%
prevalent from coast to coast. The single greatest advance in the their recent cases; omental packing similarly from zero to 10%.
management of hepatic trauma in the last decade has been theperhaps the most significant change has been in the adoption of
nonoperative management of blunt hepatic injuries. And this camonoperative management with blunt injury. While essentially
be done, as Dr. Richardson delineated, and | am not surprised, lever being chosen until the past decade, it remarkably now
80% of their patients during the last 2 years, with a success ratgccounts for over 80% of the management of blunt hepatic trauma.
over 90%. We recently reported a 10-year experience with approximately
In the past, these patients would have probably been operated anoo blunt liver injuries from Memphis at the Southern Surgical
based on a positive DPL despite the fact that they were hemodyann Surg, June 20), and that experience is remarkably similar to
namically stable, only to find injuries, as Dr. Richardson referredinat reported by Dr. Richardson today from Louisville.
to, that were “stirred up” and then bleeding occurred which could | would like to ask four brief questions. One, do you have
subsequently not be controlled. specific physiologic criteria established for choosing nonoperative
The prevalence of nonoperative management has really beefanagement? Similarly, are there any specific CT criteria, such as
delineated in the February issue Jifurnal of the American Col-  |iver injury grade or volume of hemoperitoneum, which mitigate
lege of Surgeons “What's New in Surgery,” when Mary Mc-  against nonoperative management in the stable patient? Three, we
Carthy described only the nonoperative management of hepatigxperienced a 7.5% failure rate with nonoperative management,
injuries, without mention of penetrating injuries whatsoever (J Amequally divided between liver-related and nonliver-related fail-
Coll Surg 2000; 190:232-243). ures—i.e., missed small bowel, pancreas, or other organ injuries.
The other factors identified and delineated by Dr. RiChardSOﬂ/\/hat was your experience with nonoperative management fail-
that have played a significant role in decreasing the overall moryres?
tality to 3%—which is certainly an enviable number—include: 1)  Wwe too have adopted a “don’t poke a skunk” approach, and have
damage control “packing” and planned reexploration (I wouldnoted significant improvements in outcomes, including lower
stress, as Dr. Richardson has stressed, that this be done early; wheansfusion requirements and decreased abdominal infections and
packing is done as a last desperate maneuver, the chances |ehgths of stay comparing nonoperative to operative management.
salvage are virtually zero); 2) packing of hepatic venous injuries Did you note similar outcome differences beyond mortality?
which you have a 62% survival rate, as opposed to an atrial caval
shunt, where the survival rate is only 9%. Dr. RicHARDSON: We use specific physiologic criteria. If we can
I believe that atrial caval shunting has been virtually abandonegnake a patient stable with 4 units of blood, then we proceed with
in this country. There are 188 published cases in the literature, witla nonoperative approach. If we get beyond that in terms of trans-
only 56 survivors (29%). When that was broken down and stratfusion requirements or if they become unstable, then we think
ified to shunting, only 23% survived, and in those that wereabout operating on them fairly quickly. We do not use CT criteria
nonshunted, 52% survived. as indication for operation since CTs of the liver can look terrible
Angioembolization, as you identified, Dr. Richardson, certainlyin patients who do well. The amount of fluid in the abdomen is not
played a major role both in the initial blush on CT scan and in therelied upon as a need for operation in and of itself. We have about

Discussion

postoperative period. a 5% failure rate.
The multidisciplinary approach concept in the treatment of We often use a laparoscopic technique for delayed washout of
complex hepatic trauma is rapidly becoming the standard. the abdomen, which allows us to get rid of bile and blood com-

I would like to ask Dr. Richardson questions on some of the newbination which often has the patient in SIRS state. We think that
horizons such as the nonselective, nonoperative management bile and blood evactuation is a useful thing to do.
some penetrating injuries. Additionally, what is the role of hepatic Finally, | am convinced that the biggest advantage in nonopera-
resection for trauma? Finally, do you have any experience with théive management is not the avoidance of operation, but that in
use of endovascular stents? some patients you don't stir up bleeding which ultimately kills

them.

PreseNTER DRr. J. Davip RicHARDsON (Louisville, Kentucky):
Dr. Pachter, we operate on gunshot wounds in Louisville virtually Dr. JoHN TERBLANCHE (Cape Town, South Africa): It has taken
all the time, but do observe some stab wounds. Our transplant teasome time for people to recognize the importance of the use of
is heavily involved in their transplant activities. We think we have conservative management for hepatic trauma. About 2 decades
learned a great deal from our liver transplant team, but we can’t gedgo, our pediatric surgeons were the first to start with conservative
them to take trauma call. managementJ(Paed Surgl985; 20:14-18). We commenced in
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adults about ¥> decades ago, initially with blunt trauma, then with associated injuries in your paper, and | want you to comment on
knife wounds, and today with low-velocity gun missile wounds asthat. In my 25 patients, 19 had bleeding or hollow viscus injury
well. that required surgery. | had 25 patients that | operated on primarily
A tremendously important point about packing is that with because of the liver injury. Four | treated with packing, and in 11
therapeutic packing, where the patient has been closed and gopatients | either repaired a retrohepatic caval injury or did a major
back to intensive care, very often when one reoperates to removesection.
the packs, the bleeding has stopped. We even have documentedin patients requiring surgery for their liver injuries, you are
evidence of hepatic vein injury that doesn’t bleed when you takeight, angiography does help with management, including embo-
the packs out. Have you had similar experience? Certainly veryization. But we are now identifying complications from this
often when the packs come out, we do not need to do anythingpproach. We see liver necrosis from the embolization and we had
else. had to operate and resect the dead liver. We are also seeing an
increasing number of bilomas. | would like to have you comment
Dr. RicHArRDsON: Prof. Terblanche, we have had the same ex-and whether this is corroborated in your series.
perience. Dr. Carrillo, one of my colleagues, and | described a
small series of patients in which we have actually put a vascular Dr. RicHARDsON. Absolutely. Again, 2 years ago at the AAST,
clamp on the front wall of the retrohepatic cava down behind theDr. Carrillo reported our experience, which | think was very
liver, left the clamp, and packed things around it. The following similar to the recently reported L.A. County experience. If you are
day the clamps were then removed. Bleeding has not occurred igoing to use nonoperative treatment—"nonoperative” in quotes,
these patients. We now have extended that to a series of about fobecause | think at times it is early nonoperative treatment—you
or five patients. Interestingly, all of them have survived. And wehave to have other arrows in your quiver. You have to use the
have seen the same thing with packing alone as you have notednultidisciplinary approach to manage these patients. Drain of a
biloma can be done percutaneously; sometimes we do it laparo-
Dr. DonalD D. Trunkey (Portland, Oregon): | have some scopically. Occasionally you have to do delayed operation to resect
concern about overenthusiasm for the nonoperative approach teecrotic liver. But it has been our experience, Dr. Trunkey, that
liver injuries, and because of this, | went to our registry and pulleddelayed operation can be done more safely because some of the
my personal experience over the last 11 years. other injuries are sorted out.
| had 74 patients with liver injuries. In 24, | made a decision not In terms of the associated injuries, it is my belief that if a patient
to operate based on the CT scan and the physiologic response bés bleeding from multiple sources, those patients rarely are sta-
the patient. | had 25 patients, though, that | operated on primarilyilized with 4 units of blood. And that is the group that usually in
for associated injuries. You did not discuss the importance ofact requires operation.



