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Classification of gunshot wounds of the liver
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Objective The purpese of this sudy was 16 evaluate car
management palicy for pusshot woends af the Liver in
the light of car ariginal clasificaln.

Medhods Ong hendeed ond seven palionts wils gunshes
wonnds of the Tiver [GSWL) soere svaluated. Dased an
1 gmshod wonnd's treatment priniples and criterin,
wihich irclode the smour ol devimlised Jiver Lissucs
amd caliber of injured infrabepatic vaseular mod ducial
srructurcs {WI5) . the 4 severizy grade of the GEWI
swepe evalunted. The patients with Cirade 1 injares bal
ranbiceding, small than 2 cm wounds. Such paslents
did ned pequire surpery. In patients with Grade [
injurcs the amonnt of devicalised liver lssies wes
smller than thal of one sepment, peel shower but
canlnued Bleding wis noted. In these paticnis the
dehridiment wis perfoned and hlesding s contredled
by sitnple  methnds  (lemposary coifipressian,
clectrocuuther, spongicse]. In patkents with Grade 111
imjures, e amennt of devitaliseion was up e
seprwnl #kl sovens bieeding pooamed. In thess gatisns
a poral clumping. hepatctamy, lgaison of hleeding
vesseld and debwidment were perlonred. In Grade 1V
injures the amount of the primary ar secondury fafler

ligation of bleeding vessels) devitalised Nver issues
was more than Uhed of oo segmenl. 2od an aclomic
pesegihen was required.

Resulls The Diver was -one of e most frogusly ingungd
wrgan in patienls with ganshes woands 1o the thras
amd abdamen (31.4%). Alsn in most al Uhise s the
liver injurics were asseciated with ather argan injuries
(A9E%) diade | injuries ocommsl in 16 patienis,
dirnde |1 injuries in 18 patieds, Grnde A1 injories in 19
paricens and Girsde 1% injusies in B paticnts, Maornldiny
and mistality pis wene 18.7% and L3 1% i wolal: M
and D%e in Girade | injuries; §.2% and 4,3% li Grade 11
injurics, 3J4.5% sl 206% in Gende 1 injuries and
Sl 4252 in Grode 1V injursss, respeetively,

Comclugion The prelerned classification, which iz bisad on
ke amount of devinalized perenchyma amd caliber of
Ui daaged intmhepatsc vesscls aod bl duets, may he
helphsl foc remment chesie and For assessment of the
treniment resubts inthe paticnls wilh gurishiol woungs
al the liver

Key words Liver. ganshiod woands, elassiflcnion, surgical
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Introduction

Many classilications of liver mum:s ane presenl.
These classfications have zome disadvantages
conceming  the gunshol wounds of the liver
IGSWLL First, in these clessifications the liver
injuriez ape charscherizd in generad and the
preserties of gurshot wounds are not deserlbed
11,2341 Howewer, il is known Lhat gunshot
wounds have some marphologic and phisialogle
properties,  which  delerminge
managemnent. The wounds, which wers causad by
high welocity missiks morphologicaly appesred to
hawe thmee zones: centrally locallzed necrose zone,
contusion zone anc zone ol reactive Inflammation.
These physiclogic and mephalogic processes in
gurshod  wounds  delermire  thelr  freatment
principles, which incheda: hemostasis, debridment,
repair, drainage and no sulure on the fist daws
alter Irmuma {3.5,6,71. When thesa pinciples are
cuediooked, an nepproprisle  management e
employed, especially suture on gunshol wounds
are mede In oearly pericd aler lraume (2.8)
Socond disadvaniage af the known dassifieations

their  own
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is that, the size of the wounds are teken as main
factor for detesmination of the severity of the liver
imjumy 11,2.3). But it is lown thas, the wounds
with same sizes in the center of the liver or near
povin hepatis and hepelic vetrs can cawze dilferent
corseguences and severily and  can  vequire
dilferent approschas.

Arother disedianlage of these classtications is
that, there are no descriptions about the volume of
necycsls, which were developed afler harmostass
procedure and apqravate severity of the frmuma.

Thaus, not anly the size of the wounds, but the
walume of devitalised parenchimeal tissues and the
calibeer of injured intrabepatic vascular and ductile
shuctures (VOS] are aleo van important factors for
determination of the severty of the liver gunshol
mjuries.

We presant. new casification  for  the
determinaticn of the severity and
approach of the gunshot wounds of the liver
[GSWL), which are based on physiclogic and
momphelogic  properties and | managemest
principles  of gunshot wounds and  also o the
doevitalized fimue wlume and the caliber of tha
damaged mitrahepatic WDE.
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Material and Method

From 1988 o 1904 we manaped 107 patienis
with GEWL at Surgical Depariment of Acerbagjan
Medical Universily and Mililany Hospitals, There
were 96 8979 men and 11 [10.3%) women.
Themeortcdominal mershot wounds were cooumed
in31 (28.9%) patients and abdominal njuny wers
noted in 76 I_'i'"l..'l':.ﬁ'p_l wickims. InSdence of lwer
injuny was 31.6 9 {338107 EmCng he palients
with peneimibing sbdominael gunshed wounds, Most
ol the patients (H4107: G9.8%: with the liver
gunshat wounds were associsled with other organ
injuries [Table 11.

Table 1. Incidences ol meno ard assodaled lver
gqurishal mjuries

Injured organ M %
Oy By 41 4nd
Accociaded lver inuries G 50.8
Small intesline Gl 57
Cialem 41 s
Diaphragm 3l RO
Slomach 23 214
Spleen =2 205
Kidney £1 196
Lureg 14 131
Parcraas a 74
Duodenizm 7 &5
Vena cava 3 28
Eksirahepaiic porsd siruclures 3 &8
Others 3 28

Tavkal a4

Livar trauma ware meost Fequently assoclated
with small bowel (57%), colon {38.3%) and
digphragm (28.2%) injudes. The wictims wena

hospitalized within & hous  alter bavma, In
admission, of the 402% pabents had shock
187% had preumethorax and  13.1% hed
hemothorax [Tabla 2),

Table ¥ Symclroenes in patients with GSWL al
admissiom.

EWVMNDHOME M %
Shok 43 a0z
Preumatharacs 20 18,7
Hemoloracs 14 13.1

Clamificalion of the GSWL

Iy thi ireatment orienled clasdglication of the
GSWL the cafiber of an injured  inimhepatiz
wascular and ductal structures [WDSE and amouns
of davilalized tissues wore faken as majar criteria
Lar defermination ol njuny severity. Depending on
the caliber of demaged inimhepaic VS the
savarity of hemorrhage, cculafion disorders and
hile dramage in the liver are changed. Besides, the
amounl of devilalized fissue, which arse from
direct  dameged  effocl ol
COTSEUEnEeE al the uvescular injury, debermings
extont of debddmment. In addifan, the daszification
ware acconded  with gemerml | menageamsent
principles of gunshob wounds, which include
debridment, bemostesis, repair and dainage

missles or s @

Based on these enmfens and  managermsnt
foundation of gunshol irduries the GSWL wera
divided into 4 sevarity grades (Table 3]

Small {=Zom), ranbleeding wounds, which
appear 10 have ol devilalmed  fismues  were
eyalualed as Grade | gunshot injuries, There wina
conslderad damage of capillaries and parenchimel
ricrodestiectica i such wounds, Because of
nanklesding and very small doevilalizstion, Greda |
istiuries didn't require armg managersnt,

Table 3. Characietisiacs, severing qrades and treabment chice of the G5WL

Characterisiles of wounds Manaqement
Grmde  Sieand  Caliber ol Bleading  Appaamance ared s al Coninol of blending Dbt
cepth Injured VX5 the deviialied parenchymn
Cmsde] < Zem ol lany [ Mo opoear Sponlonedusly Dion't requine
Cande = Feom Licdoulkey Sk, Ayrpstaned, sftrsagmei Camputvesn, ahacineectber:,  Subsegmenior
bearichies canlinuing B Y s
Gonde 3 = 2om  Segmenisror Severe Appeared, sotsseqmeni Portel clumping, hepatotomy and - Subsegmentar
tharir bramches vasodar ligasiom, [femestals don'l  u necnechoms
e 1o secandony necroeds
Gended =Zom  Segmentar, Saene Appesed, segment lebe Portal dumping, bepalcicisy and - Ressction
labinT or wrculber lipasion. Homosiais kd
T s ekl t secondans necross
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Grade [ infuries incleded the wounds with the
gize mese than 2om, acive Baeding and with 1he
vizible devitalmed  fssues. I such  infuries, a
damage of subsegmentar WIS are suspectad and
thir armourt of devitalized tissues were smaller tham
that of eme sagrient. For the treatment of these
wourdds the  debsdment and  hemostasis  were
raded. In masl of Grade 1 injuries, bleeding were
controled by simple  procedures,  such &8s
eectmeavthery,  temporary  compression  and
spangicse.

In Grade I injunes wery active bleeding
eceurred ard the amount of devitalized tlssves
renched up fo the vobeme of one segment. Grade
Il imjuries were differed frorm Grade [ injuries by
that, tre relatively loige vessels (segmentar vessels
and their branches] were damoged and smple
mietheds were niat sublizient for control of Eeding.
Bacause, for contral of bleeding a portal cumping
{Pringler’s maneuver), hepatatamy and selestive
ligation of bleeding vessel and ducts were
meeled. 1 addition, ligation of bleading vessels
didn't pre<duce secondary necrosis In the liver
porenchyme and only primany devitelized tssues
ware  deforided.  Thus, a  necessity of  portal
chumgping, hepatotomy and seleciive ligation of
VIS, which are not followed by secondany
necyosis are characteriztics of Grade I injurles.

Grade [V injuries  included wounds  with
massive  devitalization and very sewvers active
hleading, which required liver resaction. The
hleeding avise [rom the main damaged vessels and
thair branches such as liver artery, poal wvein,
hepatic velns and caval wein. Due to damags: and
lgation of the main wessals the  circulation
disorders and secondary Teomwsiz in the  [wer
pavenchyma were developed. The amoust of
chavitalized tisswes appeirs 1o extent up to one lobe
ar mare. The development of secondany necrosi
after hemostasis and necessliy of liver nesection are
climical eharacteristios of Grada IV GSWL,

Treafrment

GSWL were freated according to their seuarity
grade and 1o 1he general mansgement principles
of gunshol wounds, Gunshot wounds: have veny
important cheracleristics such 25 necrosis and
edema, which ware caused by the divect damaged
ard  cavitelion effects of missles. Fer  these
reasons, debridment and drainage are required in
Ihase wounds hesicas hamostasis and repair.

In patients, who had shock and  thorax
smdromes  (hemothorax,  preumothonax)  in
adrmission, the thorax draing ware applied and
antishock theraples were begun imemediately. Then
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CLASSIFICATION OF GURSHINT WOLMDE OF THE LIVER

a redian [aparatomy, revision and temporang
hemcatasis were perdommed to found the organ
inpries- | patbents with ke multiple organ
ijuries, the solid organ wounds wese managed
iriliathy. Severity of the GSWL were avaluated by
accurale  revislon ond during  debridment.
Peiemarily, the sise and depth of the wounds,
severity of bleeding and amount of devitalized
Fizsuioes ware assesserd.

Small {=2cm), nonbleeding wounds without

visible  devitelization didn't  regquise  any
management and ware assessed as Grade ]
mjLrias,

I Bleeding wounds with large slze and wilk
pppravanca of  parenchimal destruction  the
accurobe  ewaluabion ol  infury  secerity  and
troatment choice were provided during operation:
Sn, afler temnporany hemostasis, the devitalzed
tiszes were debridad and control of Bheeding were
afbernpted. A continuing slow bleeding are nssally
contralled by simple  procedure such  as
gompression, elecirocauthens and spongiose. Such
wounds were eveluated as Grade I infuries. When
simples  procedures were  insulficient and  an
intensive savere bleeding continded a selective
ligation of e bleeding vessels wes required. To
find bleeding wessols, the portal thrad wes
terpararny comprassed [Pringler’s maneuwer) and
the wound was extended by hepatotomy with
digitaclasia technigua. Than fhe bleeding wessels
wore ligated, We did not use and did not refer
subures for bleeding control, Aller bleeding contral
the liver was avaluated carefully if the ligated
wessels led  to circulatory  disorders  in fwer
parenchyma, If no disorders were encountersd th
contral of bile leakage were atlempted. These
injuries were evaluated as Grade Il injuries. When
& clrculatory  disorder  oocurred, an ansfomic
reseelion af the ischemixed parenchuma  was
perdomed. These silualicrs usually accurre when
the main branches of poral vein and hepatic
artesy ot hapatic veins wese damaged, Anatomic
resections were also perfermed for freatment of the
patients, who hed primany destruction more than
an anatomic undte af the lver [seoment, sector,
Jobed, Thus indications far liver resection in our
patients with GEWL incleded:

1. Daslrection of the segment, sector or loba at
revision

2 Secondasy necrosiz after ligeBan of the
damaged main branches of the portal wein, lrvar
artery or hapatic veins.

Reseclions  wene  pedormmed by the  finger
fracture technique, The cases. in which resection
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was trealrment of cholce, were evshinted as Grade
I injurles

In all ol pabents ther perihﬁ'pati: SNACE WETR
drained at the end of aperation.

Resulis

Of 107 pafients with GSWL. 16 (14.9%)
patients had Grade [ injuries, 48 (44.87%) had
Grade I injurics. 23 (27. 1%} had Grade 10 injuries
and 14 (13.1%| pattents had Grade IV injuries.
Marlality and morbiding rates are seen in Disg 1
Mo ecormplication and mortality were rmcorded in
patients with Grade 1 mjures. OF patients with
Grade injuries. 3 (6.2%) deweloped complication
and 2 (4.2%] died. There wos bleeding in one case
and abscess in the wo cases, Lomplicalion and
mortality ates in patients with Grade [ infuries
were  34.5% (19 and  206%  {629)
respectively, Of the patients: with complication 4
{12,759 had bleedima, 3 (WA had abseoss 3
[10.3%) had bile leak srd one had cholangitis.

O 14 patients with Grade [V injuries.
complication cocwmed in 7 [50%) and death in 6
[42.8%) patlents. There was  posioperative
bleading in 4 [28.5%) cases, ahecess in 3 121.4%)
ceses, bile leak in 2 [14.2 % coses.

Ol complication and mortality retes in 107
patienis were T6.7T% (200107) and 13.1% [147107)
maspactueiy. The causes of  dealh  werne
postoperative bleeding and shode in @ (64.3%)
patierits, sepsis in 3 (2 1.4%) and respiretony fature
in 2 III‘JE%:I palients. These, wha died, had
shock, and two or more ongan infurses  in
admission. Median aresal pressure and pulse rata
of those pafients were 556 (42 mm Hg and 112
111 respeciively.

Discussion

There are many clasificslions of traumatic
injuries  of the beer, iecluding gunshat  liver
wouneds, Thase classilications hawve twe ganeral
disadwemitages in concemning  gunshot wounds,
Firsl, in these classifications the liver imjuries are
characienzed in generm] and the properies of
qunshot wourels are nol described {1.2,3.8).
Howsver, i is hnown that gunshol wounds have
some momphologic and  plysiologic propecties,
which delermine their own managemenl. The
wolmmads, which were cawsed by high velocity
rmissiles momholegically were appeared to have
three wones: centrally  localkeed  nedrcse  zone,
contusics zone and one of readtive inflammation,
If the mecrose zone sepmed immedisicky alfer
trauma, hut the contusion zone dinically appnamd:
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te have edema, which developed in 36 hours
alter injury Bnd continued wp to 35 days
Doperding on treatment modalities and infection
the contusion zone can result In necresls or
healirgg. These physiologle and  morphologie
processes In gurehel wourds  determnine  their
treabment principles. which include: hemestasis,
debridment, repair, drensge amd no suture on the
first days after freuma [5,6.7.9), When these
prnciples ae  ovedocked, an  inappropriate
management are emploved, specially siure on
quinshot wounds are made in anrhy period altar
trauma {2 8),

Socond disad\w.nlng;e of the lersevem
classilications & thal, the size of the wounds are
faken as main feclor For determination of the
severihy ef dhe liver injuny |1.2.3.'1,E-'.I3:|. But i i
knowr thed, the wounds with sarne sises nothe
conter of the liver or near poria hepatis and
hapatic vaing can case different consequences
and severity and may require differant approaches.

Arather disaduaniage of these classifications is
that, there are no descripdions about the volurms ol
necrasis,  which devetop afier  homostasis
procedure and agravate severity of the trsuma,

Thus, 1wl -::u:.!.y the se of tha wounds, bul the
volume of devitalsed parenchirmal fissue and the
caliber of injured inlrahepatic vaseular and duetile
structumes §VDSE) are also very imporiant factors for
determinabion of the severity of the liver quishot
Injuries, Dlepending an the voalume of deviaiized
tizsues, the debridment exlensions may warmy from
subseqmentary  necractomies  bo segmentany,
sectoral or |ohar msedlions. Cnnmquﬂnlly. tha
devitalisation wolume and the extension of
debridment delermine tha sewverity o Irauma,
operation and posiopeTative course.

In freama patients, depending on the caliber of
the injured intrebepatic VDS, the severty o
hemorhage, methoeds of homostesis and  the
possbilily of secondany neerosis after hemostasis
diffar.

Thus,  determination of the severitr of the
mjury,  freatment. choioe  and  predichon of
postoperalive coure in pabients with the liver
gunshed wounds can e oposible by accusale
evolution of the volume of devitalzalion in the
frer parenchyma and of the caliber of inured
inlrahepalic VDS,

We present mew  classiboafion  dor the
determinadion of the seweriny and  feabment
approach of the gunshed woonds ol fhe liver
[ESWL), which wene besed on phg.uidﬂ-gil: and
morphalogic propedics and  manegement
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principles of qurshot wounds and  alsa the
devitalisad fissue volurme and the caliber of the
damaged infrahepatic VIS, In this classification
GEWL ane divided into fowr severity grade.

Grade | gunshol wounds were usoally caused
by Jow-velociy misslles. [n these wounds dhe
pﬁ'm.'n|:|'r;m=|| destruction was o micrascopic leval
ared very small VD5 darmaged. Grada | qunshot
wounds did net requiee any management,

Grade [ gurshol  woéunds  included
confinuously  hlesding  mudes  with  ewident
parenchimal destraction, in which the amount of
dinitalisation was smaller than the wvelume of one
sEdrenl. For ireatment of soch wounds the
debridment was requived Bnd  hernostasis was
oompleted by simple  procedures such  as
femmparan  compession.  elechoceuthery or
spangies. The soccessful hemostasis by simple
muthods and the litle bleeding considered that the
small than segmerdery VOGS are dameged in Gade
Il injuries.

Grade 11 GSWL hed acliee continuous
bleading snd parenchimal destructian, the amounl
of which somefimes were reched up o one
segrrment. To control of bleeding in such injuries
the temporesy porel dhried damping (Prirgless
manauvar), hepatctomy and the Bgation of the
bleeding wesels were wequired, The ligation of
these wvessels didn'l lead to the cireulatory
disceders  and  secondany necrosiz in the liver
tissues, and because, only the primany devitalised
lissues wiere underwent to the debddment. It is
corsidered that the seomentanr or suhaegmemw
branches of VD5 were demaged in Grade [
INJUTRKIS.

Grade IV GEWL were eveluated as very severe
fver trauma ard Tor which the mseclion was
fraaimenl of choica, In fhese injuries more than of
one segment of he liver were underaent o
devitalisation and very severe bleeding were
cecurred, Deviielfisafion were vesulted from the
direct damaged effect of missles or developed
alber ligation af the large bleeding vessels.

Crear the past deade the authors reported from
3% to 11% reseclicn mtes in patients with the liver
Irenami |12, 14, In our series the reseclion were
perdoomed in 13,1% of patients, 3o, 10 was high
than reported in the literature. This is due o axdent
indication for the liver wesectlon in owr pafients.
Prozably, devitalisation of the liver tissue with the
amount more than the one segrenl. darnage of
hepatic weing and mjuny o the lobay or segmental
branches of portal structures were accopled ==
Indicaticns loc lver reseclion in our patlents.
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This classilication of the GSWL. which was
based on the amount of devilmlized tisues and
caliber of deenaged VD5, promised to determing a
treatmsnt chodoe and 1o aocurately evaluale resulks
of the treatment. Deperding on severty of the
treuma the treabment modalilies may be changed
{ram mini debridment and the simple hemoslasis
methods do the exlersive liver resechions. The
sualuation of the results of beatment showed that,
wilh increesing in severity ol Injury the incidence
of the mmbidlr;- arwd roretiby cases increased, So
the overmll morbidity and modalily rtes were
18.7% and 13.1% respectively, Whereas Uhese
values were 0% and 0% in Grade [ injuries, 52%
ard 4.2% in Grade Il injures, 34.5% and 20.6%
In Grade |l injuries, 50% and 42.8% In Grade IV
injuries respactively, The dilferences belween these
values were statistically signilicant. All of these
resule comsider thal. i penerally, the presented
clessification of the GSWL iz sale,

In econclugion, the liver & one af mosl
frequenily injured organ In- patients with gunshot
wourkd 1o he thorax and abdoman, Also, in most
of such cases the liver injuries ere ssscciated with
ather organ injures. We consider thal, The present
classification, which & basad on the amount of
devitalized fissues and caliber of the damaged
intrahepatic VDS, may e helpful for Imeatment
choice and for assessment of the meatmend results
v the petients with qunshot wounds of the liver.

Figure 1, Complicefion and madality rabes (%] i
patenis wilh GSWLL
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