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SUMMARY
The liver is the most commonly injured organ within 
the abdomen. Dr Fabian and his associates have made 
remarkable contributions to our understanding and 
management of these injuries. The current review 
summarizes the contributions.

REVIEW
While small lacerations of the liver substance may be, 
and no doubt are, recovered from without operative 
interference: if the laceration be extensive and 
vessels of any magnitude are torn, hemorrhage will, 
owing to the structural arrangement of the liver, go 
on continuously.
James Hogarth Pringle, 19081

The liver is the most commonly injured organ 
within the abdomen. Historically, major injuries 
of the liver have had an extremely high mortality 
related to hemorrhage, infectious complications, 
and the association of major liver injuries with 
other intra- abdominal injuries. In the early part of 
the 20th century, liver injuries were associated with 
mortality approaching 70%, with the majority of 
patients dying from uncontrollable hemorrhage. 
In 1908, James Hogarth Pringle, an Australian- 
born British surgeon, described compression of the 
hepatoduodenal ligament—Pringle maneuver—to 
temporarily control bleeding, allowing the surgeon 
to identify and suture ligate bleeding vessels. He 
described the principles of operative manage-
ment of liver injury as (1) controlling bleeding 
with compression of the hepatoduodenal liga-
ment, (2) suturing of the bleeding surface and (3) 
packing for bleeding not controlled by suturing.1 
These principles continued to be followed until 
the middle of the 20th century including World 
War I and the inter- World War period. Mortality 
remained stubbornly high at ~60%.2 3 From the 
beginning of the century, multiple surgeons had 
noticed that bleeding from liver injuries, especially 
minor ones, had often stopped spontaneously by 
the time of surgery.4–6 Despite this observation, the 
general consensus was that operative control was 
the correct approach, and in 1942, the Committee 
on Surgery of the National Research Council 
recommended that in the war theater, operative 
management was to be pursued.7 With improved 
resuscitation, including the use of blood, earlier 
evacuation from the field and refinements in oper-
ative techniques, mortality fell to ~30% during 
World War II.2 There was a strong feeling among 
surgeons managing liver injuries during World War 
II that gauze packing, as advocated by Pringle, was 
associated with numerous complications and high 
mortality. Hence, packing was abandoned, and 
a strong preference for wide drainage emerged.8 

Post- World War II, the principles of management 
were (1) Pringle maneuver; (2) suturing of bleeding 
surface, preferably using ‘blunt’ needles; and (3) 
wide drainage often using multiple drains.9 10 These 
guiding principles were followed for the next two 
decades. In the 1960s and early 1970s, selective 
hepatic artery ligation and T- tube drainage of the 
common bile duct were espoused but quickly fell 
out of favor.10–13

One of the major issues surrounding operative 
management of liver injuries is how to deal with 
the raw parenchymal surface that can be a source 
of major hemorrhage and bile leak. Any form of 
suturing is technically frustrating, and the closed 
off cavity invariably accumulates a mixture of 
blood and bile and has a high incidence of infective 
complications, recurrent bleeding and hemobilia. A 
novel technique—omental packing—was described 
by Stone and Lamb that consisted of packing viable 
omentum into the cavity. The initial report was of 
35 consecutive patients where the technique had 
been used.14 The technique was refined, and a larger 
series of 113 consecutive patients with major liver 
injury was published by Fabian and Stone in 1980.15 
In their report, mortality was 8% with an accept-
able relatively low rate of complications. Omental 
packing remains a viable technique for management 
of large open liver injuries. The technique was evalu-
ated prospectively as part of a landmark prospective 
randomized trial of 482 consecutive patients with 
liver injury by Fabian et al, that compared drains 
versus no drains and within the drainage group, 
open drains veresus closed suction drains. The study 
was and remains one of the largest prospective 
studies to be performed on patients with liver inju-
ries managed operatively with an overall mortality 
of 5.6%. The study demonstrated that patients 
with liver injuries (1) could be managed without 
drains, challenging one of the long- standing tenets 
of management; and (2) if drains were to be used, 
closed suction drains were superior to open drains. 
Additionally, omental packing was used in 60% of 
the 144 major injuries with a mortality of 7% and 
an infectious complication rate of 8%, much supe-
rior to what had been reported in the past. Finally, 
the study also resurrected the use of gauze packing 
in patients who were coagulopathic. It was used in 
10% of patients with major liver injuries and was 
associated with mortality of 29% and infectious 
morbidity of 30%—remarkable results for patients 
in extremis and at imminent risk of dying.16

In the 1980s, the American Association for 
the Surgery of Trauma developed and published 
organ injury scales (OIS) for all part of the body. 
These scales were developed to provide a uniform 
language for severity of injury, both in clinical prac-
tice and for research. With the advent of CT, OIS 
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grade could potentially be deduced from imaging. One of the 
earliest studies evaluating this possibility for liver injuries was 
performed by Croce et al and published in 1991.17 Through 
careful analysis and comparison of injury grade as determined 
by preoperative CT scan and at surgery, they were able to 
provide an objective comparison and the pros and cons of each 
approach. With improvements in CT technology, the accuracy of 
CT grading has improved tremendously, but the study remains 
relevant as it offers a methodology of how OIS should be evalu-
ated through the lens of different modalities. That methodology 
has been, and continues to be, emulated for other organ inju-
ries and, more recently, for non- traumatic emergency general 
surgery conditions.

A paradigm shift in management of liver injuries from near 
universal surgery to non- operative management occurred in the late 
1980s and accelerated in the 1990s. This was the result of the wide-
spread availability of CT scanning that quickly supplanted diagnostic 
peritoneal lavage as the preferred method of evaluating the abdomen 
after trauma in hemodynamically stable patients. Patients with liver 
injury who are hemodynamically stable constitute the majority of 
patients with liver injury. In such patients, the liver injury has almost 
always stopped bleeding, and hence the injury can potentially be 
managed without surgery. CT scanning allows for accurately diag-
nosing and grading the liver injury, and more importantly, reliably 
excluding other intra- abdominal injuries that may need surgery.18 
Starting in the mid- 1980s, a number of reports of successful non- 
operative management of hemodynamically stable patients with liver 
injury were published. All but one of these reports were retrospec-
tive, reporting on a small number of patients, the majority of whom 
had low- grade injuries.19–28 The sole exception was an attempt at a 
randomized study, but the groups, despite randomization, were not 
well matched.29 The first true prospective study that addressed the 
question of managing all hemodynamically stable patients with liver 
injury non- operatively was performed by Croce et al and published 
in 1995.30 The study evaluated 136 consecutive patients with liver 
injuries. Unstable patients underwent immediate laparotomy (n=24), 
and stable patients underwent CT scan. Patients who remained 
stable and did not have any other indication for laparotomy were 
managed non- operatively, irrespective of grade of liver injury 
(n=112). Twelve of the non- operatively managed patients failed 
non- operative management, of which five failures were liver related. 

The 100 patients who were successfully managed without surgery 
were compared with a matched historical cohort of operatively 
managed patients. Not only did these 100 patients avoid surgery, 
but also their transfusion requirements and rates of complications 
were significantly lower. This initial pilot study was followed by a 
much larger study of 661 patients where the sole criterion for non- 
operative management was hemodynamic stability irrespective of 
liver injury grade published by Malhotra et al in 2000.31 In this much 
larger study, the 661 patients were compared with two previous 
groups: operatively managed (n=168) and the pilot non- operative 
(n=136). This study was unique in that it did not compare the oper-
ated patients to ‘matched’ patients managed without surgery; rather, 
the study compared two strategies: operative, where all patients are 
managed operatively, versus non- operative, where only patients 
with surgical indications—hemodynamic instability, other injuries 
requiring surgery, and failure of non- operative management—were 
managed with surgery. When the entire cohorts were compared, 
transfusion requirements, infective complications and hospital length 
of stay were significantly lower in the two non- operative cohorts as 
compared with the operative cohort, despite surgery being used in 
the two non- operative cohorts only about 20% of time. Interest-
ingly, liver- related mortality across the three cohorts was nearly iden-
tical at 4%. The study also asked the question whether the patients 
initially managed non- operatively and then underwent surgery for 
failure of non- operative management were harmed by the delay in 
surgery? While it is almost impossible to be absolutely certain, the 
study used innovative comparisons to demonstrate, as best as can 
be, that the delay in surgery was not harmful to the patients who 
failed non- operative management. The study was presented at the 
111th Annual Meeting of the Southern Surgical Association, where, 
commenting on the study, Dr LD Britt remarked, ‘While this is not 
the first nail in the coffin of operative management of solid organ 
injuries, I do believe that the medical historians will ultimately assess 
this as being the biggest nail’. (In another first, this was the first time 
that a PowerPoint presentation from a computer, as opposed to phys-
ical slides, had been utilized at this very traditional society. While the 
society allowed Dr. Fabian to present using PowerPoint, it could not 
guarantee a computer compatible projector. Not to be dissuaded, 
Dr. Fabian lugged a very heavy and bulky (as these projectors were 
in 1999) computer compatible projector, as his carry- on luggage and 
presented using a computer and the self- brought projector.) These 

Table 1 List of publications by Dr Fabian and associates in the field of liver injury

Authors Methodology Principal conclusions/findings

Fabian and Stone15 Retrospective analysis: omental packing Effective method with low morbidity and mortality

Fabian et al16 Prospective randomized trial and analysis: 482 consecutive liver injuries 1. Drainage not essential.
2. Closed drains superior to open drains.
3. Omental packing is a highly effective technique.
4. Gauze packing is lifesaving in coagulopathic patients.

Mangiante et al32 Retrospective description: intraparenchymal haemobilia after trauma Description of etiology, diagnosis and management

Croce et al33 Case series: extraparenchymal hemobilia after trauma Description of etiology, diagnosis and management

Croce et al17 Retrospective analysis: CT and operative AAST grading of liver injuries 1. Comparative accuracy of CT versus operative grading.
2. Methodology for comparative grading.

Patton et al34 Case report Trends in non- operative management of liver injuries

Croce et al30 Prospective trial: non- operative management of stable patients with liver 
injury

Non- operative management is superior to operative in stable liver injury patients

Malhotra et al31 Retrospective analysis: comparing operative vs non- operative strategy 1. Non- operative strategy improves outcomes but not liver- related mortality.
2. Delay in operative therapy of patients who fail non- operative management does not 

adversely affect outcomes.

Malhotra et al35 Retrospective analysis: impact of multiplicity of solid organ injury Multiplicity of solid organ injury increases rates of operative management: initial and after 
failure

Cox et al36 Retrospective analysis: usefulness of follow- up imaging after liver injury Follow- up imaging is unnecessary after blunt liver injury.

AAST, American Association for the Surgery of Trauma.
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two major studies of non- operative management of liver injury have 
together been cited over 1200 times.

In summary, Dr Fabian and associates have contributed greatly 
to our understanding and management of liver injuries (table 1). 
Through groundbreaking studies of high scientific rigor, they have 
(1) challenged and debunked long- held biases (eg, drainage is 
mandatory after liver injury); (2) described innovative management 
strategies (eg, omental packing); and (3) provided scientific basis for 
practices that until very recently were strongly held opinions/biases, 
for example, packing for uncontrolled bleeding and most signifi-
cantly, the superiority of non- operative management of all hemo-
dynamically stable patients with liver injuries irrespective of grade. 
The field is richer from their contributions, and all of us who prac-
tice ‘trauma surgery’ owe a big debt of gratitude to Dr Fabian and 
associates.

On a personal note, Memphis is a unique place to train in the 
field of trauma surgery. All of us fellows who have trained there take 
pride in calling ourselves ‘memphians’. For me it was the interaction, 
sometimes quite intense, that I witnessed and learnt from, between 
Drs. Croce and Fabian arguing over each word and punctuation in a 
scientific abstract. It taught me the importance of being able to iden-
tify the key elements/message that needed to be conveyed and to be 
able to convey it effectively in the fewest possible words. While the 
scientific interaction was a great learning experience, it was almost 
always on the very last day of getting the abstract in, and often meant 
a late- night trip, usually by one of the fellows to the FedEx hub 
at Memphis airport to get the abstract off on the very last flight. 
Outside of the Elvis Presley Memorial Trauma Center, it was the 
warmth with which all of us fellows were welcome at Dr. Timothy 
and Denise Fabian’s home. When I had just joined as a fellow in July 
1998, I was invited to Denise’s annual Gumbo party. On realizing 
my parents were visiting, she invited them as well. My parents, now 
94 and 89, have forgotten many things, but remember with fondness 
the graciousness extended to them by Denise Fabian.

Contributors I am the sole author of this article.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Commissioned; internally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Ajai K Malhotra http://orcid.org/0000-0001-8273-9818

REFERENCES
 1 Pringle JH. Notes on the arrest of hepatic hemorrhage due to trauma. Ann Surg 

1908;48:541–9. 
 2 Beebe GW, De Bakey ME. Battle causalities: incidence, mortality and logistic 

considerations. Springfield IL USA: Charles C Thomas Publisher, 163–96.
 3 Krieg EG. Hepatic trauma: analysis of sixty cases. Arch Surg 1936;32:907–14.
 4 Bailey H. Surgery of modern warfare. Edinburgh: E. & S. Livingstone, 1941.
 5 The medical department of the united states army in the world war, XI, pt. 1. 

Washington: U. S. Government Printing Office, 1927.
 6 Wallace C. War surgery of the abdomen. London: J. & A. Churchill, 1918.
 7 Abdominal and genito- urinary injuries. Military surgical manuals. Prepared under 

the auspices of the committee on surgery of the division of medical sciences of the 
national research council. Philadelphia and London: W. B. Saunders Co, 1942.

 8 Madding GF, Lawrence KB, Kennedy PA. Wounds of the liver and of the extrahepatic 
biliary tract (Chapter XXI) in 134th Medical Group. Annual Report; 1944.

 9 Madding CF, Kennedy PA, C. H. Trauma to the liver. Am J Med Sci 1965;250:240. 
 10 Mays ET. Hepatic trauma. Curr Probl Surg 1976;13:5–73. 
 11 Richardson JD, Franklin GA, Lukan JK, Carrillo EH, Spain DA, Miller FB, Wilson 

MA, Polk HC, Flint LM. Evolution in the management of hepatic trauma: a 25- year 
perspective. Ann Surg 2000;232:324–30. 

 12 Merendino KA, Dillard DH, Cammock EE. The concept of surgical biliary 
decompression in the management of liver trauma. Surg Gynecol Obstet 
1963;117:285–93.

 13 Lucas CE, Walt AJ. Analysis of randomized biliary drainage for liver trauma in 189 
patients. J Trauma 1972;12:925–30. 

 14 Stone HH, Lamb JM. Use of pedicled omentum as an autogenous pack for control of 
hemorrhage in major injuries of the liver. Surg Gynecol Obstet 1975;141:92–4.

 15 Fabian TC, Stone HH. Arrest of severe liver hemorrhage by an omental pack. South 
Med J 1980;73:1487–90. 

 16 Fabian TC, Croce MA, Stanford GG, Payne LW, Mangiante EC, Voeller GR, Kudsk KA. 
Factors affecting morbidity following hepatic trauma. A prospective analysis of 482 
injuries. Ann Surg 1991;213:540–7. 

 17 Croce MA, Fabian TC, Kudsk KA, Baum SL, Payne LW, Mangiante EC, Britt LG. AAST 
organ injury scale: correlation of CT- graded liver injuries and operative findings.  
J Trauma 1991;31:806–12.

 18 Livingston DH, Lavery RF, Passannante MR, Skurnick JH, Fabian TC, Fry DE, 
Malangoni MA. Admission or observation is not necessary after a negative 
abdominal computed tomographic scan in patients with suspected blunt 
abdominal trauma: results of a prospective, multi- institutional trial. J Trauma 
1998;44:273–80. 

 19 Meyer AA, Crass RA, Lim RC Jr, Jeffrey RB, Federle MP, Trunkey DD. Selective 
nonoperative management of blunt liver injury using computed tomography. Arch 
Surg 1985;120:550–4. 

 20 Farnell MB, Spencer MP, Thompson E, Williams HJ Jr, Mucha P Jr, Ilstrup 
DM. Nonoperative management of blunt hepatic trauma in adults. Surgery 
1988;104:748–56.

 21 Delius RE, Frankel W, Coran AG. A comparison between operative and nonoperative 
management of blunt injuries to the liver and spleen in adult and pediatric patients. 
Surgery 1989;106:788–92.

 22 Hiatt JR, Harrier HD, Koenig BV, Ransom KJ. Nonoperative management of major blunt 
liver injury with hemoperitoneum. Arch Surg 1990;125:101–3. 

 23 Andersson R, Bengmark S. Conservative treatment of liver trauma. World J Surg 
1990;14:483–6. 

 24 Federico JA, Horner WR, Clark DE, Isler RJ. Blunt hepatic trauma. Nonoperative 
management in adults. Arch Surg 1990;125:905–8; 

 25 Knudson MM, Lim RC Jr, Oakes DD, Jeffrey RB Jr. Nonoperative management 
of blunt liver injuries in adults: the need for continued surveillance. J Trauma 
1990;30:1494–500. 

 26 Pachter HL, Spencer FC, Hofstetter SR, Liang HG, Coppa GF. Significant trends 
in the treatment of hepatic trauma. experience with 411 injuries. Ann Surg 
1992;215:492–500; 

 27 Durham RM, Buckley J, Keegan M, Fravell S, Shapiro MJ, Mazuski J. Management of 
blunt hepatic injuries. Am J Surg 1992;164:477–81. 

 28 Meredith JW, Young JS, Bowling J, Roboussin D. Nonoperative management of blunt 
hepatic trauma: the exception or the rule? J Trauma 1994;36:529–34; 

 29 Sherman HF, Savage BA, Jones LM, Barrette RR, Latenser BA, Varcelotti JR, McAuley 
CE, Jones RT, Myers AH. Nonoperative management of blunt hepatic injuries: safe at 
any grade? J Trauma 1994;37:616–21. 

 30 Croce MA, Fabian TC, Menke PG, Waddle- Smith L, Minard G, Kudsk KA, Patton JH Jr, 
Schurr MJ, Pritchard FE. Nonoperative management of blunt hepatic trauma is the 
treatment of choice for hemodynamically stable patients. Results of a prospective trial. 
Ann Surg 1995;221:744–53; 

 31 Malhotra AK, Fabian TC, Croce MA, Gavin TJ, Kudsk KA, Minard G, Pritchard FE. Blunt 
hepatic injury: a paradigm shift from operative to nonoperative management in the 
1990s. Ann Surg 2000;231:804–13. 

 32 Mangiante EC, Pritchard E, Fabian TC. Traumatic hemobilia: etiology, diagnosis, and 
management. J Tenn Med Assoc 1988;81:575–7.

 33 Croce MA, Fabian TC, Spiers JP, Kudsk KA. Traumatic hepatic artery pseudoaneurysm 
with hemobilia. Am J Surg 1994;168:235–8. 

 34 Patton JH Jr, Croce MA, Fabian TC. Blunt hepatic trauma: trends in nonoperative 
management. J Tenn Med Assoc 1995;88:101–2.

 35 Malhotra AK, Latifi R, Fabian TC, Ivatury RR, Dhage S, Bee TK, Miller PR, Croce MA, 
Yelon JA. Multiplicity of solid organ injury: influence on management and outcomes 
after blunt abdominal trauma. J Trauma 2003;54:925–9. 

 36 Cox JC, Fabian TC, Maish GO 3rd, Bee TK, Pritchard FE, Russ SE, Grieger D, Winestone 
MI, Zarzaur BL Jr, Croce MA. Routine follow- up imaging is unnecessary in the 
management of blunt hepatic injury. J Trauma 2005;59:1175–8; 

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://tsaco.bm

j.com
/

T
raum

a S
urg A

cute C
are O

pen: first published as 10.1136/tsaco-2023-001116 on 10 A
pril 2023. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8273-9818
http://dx.doi.org/10.1097/00000658-190810000-00005
http://dx.doi.org/10.1097/00000441-196508000-00077
http://dx.doi.org/10.1016/s0011-3840(76)80015-9
http://dx.doi.org/10.1097/00000658-200009000-00004
http://dx.doi.org/14080339
http://dx.doi.org/10.1097/00005373-197211000-00001
http://dx.doi.org/1154222
http://dx.doi.org/10.1097/00007611-198011000-00021
http://dx.doi.org/10.1097/00007611-198011000-00021
http://dx.doi.org/10.1097/00000658-199106000-00003
http://dx.doi.org/2056544
http://dx.doi.org/2056544
http://dx.doi.org/10.1097/00005373-199802000-00005
http://dx.doi.org/10.1001/archsurg.1985.01390290032005
http://dx.doi.org/10.1001/archsurg.1985.01390290032005
http://dx.doi.org/3175870
http://dx.doi.org/2799654
http://dx.doi.org/10.1001/archsurg.1990.01410130107016
http://dx.doi.org/10.1007/BF01658672
http://dx.doi.org/10.1001/archsurg.1990.01410190103016
http://dx.doi.org/10.1097/00005373-199012000-00009
http://dx.doi.org/10.1097/00000658-199205000-00012
http://dx.doi.org/10.1016/s0002-9610(05)81184-5
http://dx.doi.org/10.1097/00005373-199404000-00012
http://dx.doi.org/10.1097/00005373-199410000-00015
http://dx.doi.org/10.1097/00000658-199506000-00013
http://dx.doi.org/10.1097/00000658-200006000-00004
http://dx.doi.org/3184945
http://dx.doi.org/10.1016/s0002-9610(05)80193-x
http://dx.doi.org/7707719
http://dx.doi.org/10.1097/01.TA.0000066182.67385.86
http://dx.doi.org/10.1097/01.ta.0000189003.01375.71
http://tsaco.bmj.com/

	Contribution by Dr Timothy C Fabian: liver trauma
	Summary
	Review
	References


