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Abstract 
 
Background/Aim. The liver is one of the most commonly in-
jured solid organ in patients with abdominal gunshot wounds. 
The aim of this study was to investigate correlation between 
aspartate aminotransferase (AST) and alanine aminotransferase 
(ALT) levels as well as correlation between liver enzymes and 
Injury Severity Score (ISS) among patients sustained a gunshot 
liver injury. Methods. The study included 30 patients with a 
gunshot liver injury. Patients were divided into three groups, 
according to the American Association for the Surgery of 
Trauma injury grade. We included only patients with first (I), 
second (II) and third degree (III) injury. AST and ALT levels 
were also initially measured, and then consecutively each day, 
up to the fifth post-traumatic day, in order to determine which 
of them is better and more stable predictor of severity of gun-
shot liver injury. Results. ALT had significant positive correla-
tion with a low-degree gunshot liver injury, on the day zero, 
post-traumatic day one and day two. Nevertheless, AST/ALT 
relation throughout post-traumatic five day period regarding an 
injury grade correlates best in II grade injury. At the end, strong 
positive correlation between ALT and ISS was observed (p < 
0.05). Conclusion. Presented data clearly shows that ALT is 
better gunshot liver injury predictor than AST, with strong 
predictive value regarding injury severity, in first days after liver 
trauma. Therefore, it could be easily available, cheap and reli-
able prognostic tool for complexity of liver trauma. ALT pre-
diction value is more significant for I and II injury, grade. Cor-
relation between AST and ALT exists only for specific injury 
grade (II), but not in general. 
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Apstrakt 
 
Uvod/Cilj. Jetra je jedan od najčešće povređivanih organa kod 
pacijenata sa povredama zadobijenim projektilima male po-
četne brzine. Cilj rada bio je da se utvrdi korelacija između 
vrednosti jetrenih enzima, aspartat aminotransferaze (AST) i 
alanin aminotransferaze (ALT), kao i korelacija između i skora 
na Internacionalnoj skali za merenje ozbiljnosti povreda (ISS) 
među pacijentima sa strelnim povredama jetre. Metode. Ispiti-
vanjem je bilo obuhvaćeno 30 bolesnika sa strelnim povredama 
jetre. Oni su bili podeljeni u tri grupe u skladu sa sistemom 
vrednovanja Američke asocijacije za traumatsku hirurgiju. 
Studijom su obuhvaćeni ispitanici sa prvim (I), drugim (II) i 
trećim stepenom strelnih povreda jetre. Nivoi AST i ALT 
mereni su inicijalno, kao i svakog narednog dana, do petog 
dana posle traume, u cilju određivanja enzima koji bi bio bolji 
prediktor stepena ozbiljnosti strelnih povreda jetre. Rezultati. 
Pozitivna korelacija sa niskogradusnim strelnim povredama 
jetre utvrđena je za ALT nultog dana, kao i prvog i drugog 
posttraumatskog dana. Pored toga, AST/ALT odnos najbolje 
je korelisao sa II stepenom oštećenja jetre tokom svih pet dana 
posle traume. Nađena je pozitivna korelacija između vrednosti 
ALT i ISS (p < 0.05). Zaključak. Našom studijom je dokazano 
da je ALT bolji indikator strelnih povreda jetre u odnosu na 
AST, sa jakom prediktivnom vrednošću u odnosu na stepen 
povrede, prvih dana posle traume. Taj enzim bi mogao biti 
pouzdan, lako dostupan i jeftin indikator kompleksnosti 
strelnih povreda jetre. Pored toga, prediktivna vrednost ALT je 
značajnija za I i II stepen povrede. Korelacija između enzima 
AST i ALT postoji samo za II stepen strelnih povreda jetre, ali 
ne i uopšteno. 
 
Ključne reči: 
rana vatrenim oružjem; jetra; povrede, indeksi težine; 
aminotransferaze. 

 

Introduction 

Liver is one of the most commonly injured solid organ 
in patients with abdominal gunshot wounds 1 and its injury is 

reported in approximately 5% of all trauma 2. Leading cause 
of death in severe liver injuries is uncontrollable bleeding, 
while multiple organ failure and residual sepsis are the pri-
mary causes of late death and morbidity 3. 
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The Injury Severity Score (ISS) correlate well with sur-
vival and provides a numerical description of the overall se-
verity of injury for patients with multiple trauma 4. It could 
be also releated to the severity of liver injuries which is uni-
versally classified according to the American Association for 
the Surgery of Trauma (AAST). The majority of patients 
admitted for liver injuries have grade I, II or III 5. Liver in-
jury releases transaminases, mitochondrial and cytoplasmic 
enzymes that are found in hepatocytes, neurons, pancreatic 
and muscle cells and the two most common transaminases 
are aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) 6. AST and ALT elevation are known to 
correlate to liver injury and occur immediately after the 
trauma 7–9. Nevertheless, it appears that high-grade (AAST 
grades III–VI) liver injury results in higher AST and ALT 
levels than low-grade liver injury (AAST grades I–II) 10. 

The aim of this study was to investigate the correlation 
between AST and ALT levels as well as correlation between 
liver enzymes and ISS score among patients sustained a gun-
shot liver injury. 

Methods 

We evaluated 30 patients with gunshot liver injuries 
and accompanying injuries of other organs if sustaind in 
some cases, but any of them was not life-threatening. The pa-
tients were divided into three groups, according to AAST in-
jury grade. We included only patients with first (I), second 
(II) and third degree (III) gunshot liver injury. There were 10 
patients in each group. Every patient underwent abdominal 
computed tomography (CT) during initial evaluation with 
ISS scoring; AST and ALT levels were also measured, ini-
tially and then consecutively each day, up to the fifth post-
traumatic day in order to determine which of them was better 
and more stable predictor of severity of gunshot liver injury. 
The ELISA tests on Cobas c 311/501 analyzer (COBAS, 
Roche Diagnostics GmbH, D-68305 Manheim, Germany) for 
measurement of AST and ALT levels in human serum was 
used. The threshold of blood AST and ALT upper margin 
normal reference range level was set at 50 IU/L 6. The pa-
tients with severe, life-threatening injuries were excluded as 
well as those with severe bleeding, previous liver diseases or 
any other chronical disease and those who had initially in-
creased levels of AST and ALT upon admission. Parameters 

observed were: age, gender, ISS, blood AST and ALT levels 
and CT diagnosed liver injury grade, according to to the 
ASST scale 6. 

 
Statistical analysis 
 
Statistical analysis was performed by the Statistical 

Package for the Social Sciences (SPSS) version 11 for Win-
dows software package (SPSS Inc., Chicago, USA). Since 
data do not follow normal distribution we used the nonpara-
metric Spearman's correlation. Methods of statistical de-
scription included the Student t-test in order to determine sta-
tistical significance. The difference of the obtained values 
was considered to be significant at p < 0.05. 

 
Ethics 
 
Each subject signed the acceptance of the study proto-

col, in which the Ethical Principles for Medical Research In-
volving Human Subjects (The Helsinki Declaration) were 
clearly stated. They all signed the cinformed onsent form. 

Results 

The patients were divided into three groups, according 
to the gunshot liver injury grade. Each grade comprises 10 
patients, with levels of AST and ALT measured from day 
zero up to the fifth post-traumatic day. Average age of pa-
tients was 41.3 ± 15.2 (ranging from 19 to 72) years and 21 
out of 30 patients were males. There were 11 patients who 
sustained concomitant right colon injury, 7 patients had right 
kidney injury, while 3 patients had accompanied duodenal 
penetration. In Table 1 acorelation between serum enyzmes 
values injury grades is given and it is evident that ALT had sig-
nificant, positive correlation with low-degree gunshot liver in-
jury, on the day zero, post-traumatic day one and day two. 

Table 2 represents AST/ALT ratio throughout post-
traumatic five day period in regard to injury grade. It corre-
lated best with II grade injury. Table 3 provides information 
about correlation between AST and ALT levels among pa-
tients as well as correlation between serum liver enzymes 
values and ISS where strong positive correlation between 
ALT and ISS was observed (p < 0.05). 

 
Table 1 

Correlation between liver injury grade and liver enzyme values during five days after injury 

AST ALT 
Days after injury Injury grade 

I–II 
Injury grade 

II–III 
Days after injury Injury grade 

I–II 
Injury grade 

II–III 
0 -0.341 0.093 0 0.692* 0.157 
1 0.389* 0.509* 1 0.574* -0.407 
2 0.480* 0.438* 2 0.492* -0.421 
3 -0.157 0.531* 3 0.063 -0.392 
4 -0.137 0.470* 4 0.261 -0.530 
5 0.577 0.265 5 0.218 -0.530 

* Statistically significant correlation among groups. 
AST – aspartate aminotransferase; ALT – alanine aminotransferase. 
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Table 2  
AST/ALT correlation throughout post-traumatic five day period regarding injury grade 

Grade injury Grade injury Grade injury  AST/ALT ratio throughout 
five days after injury I II III 
AST 0 / ALT 0 -0.081 -0.040 -0.001 
AST 1 / ALT 1 0.362 -0.125 0.291 
AST 2 / ALT 2 -0.304 0.550* -0.051 
AST 3 / ALT 3 -0.404 0.385* 0.038 
AST 4 / ALT 4 -0.248 0.510* 0.063 
AST 5 / ALT 5 -0.412 0.578* 0.409* 

*Statisticaly significant correlation between groups. 
AST – aspartat aminotransferase; ALT – alanine aminotransferase. 
 

Table 3  
Spearman’s rank correlation coefficient between AST and ALT and ISS during five days after injury for 30 patients,  

regardless of injury grade 

Spearman’s rank correlation (ρ) ALT 0 ALT 1 ALT 2 ALT 3 ALT 4 ALT 5 ISS 
p - 0.073 -0.218 0.090 0.181 0.133 -0.006 0.119 AST 0 
t-test 0.703 0.246 0.637 0.339 0.483 0.973 0.532 
p 0.146 0.275 0.187 0.135 0.112 -0.059 0.252 AST 1 
t-test 0.442 0.141 0.322 0.477 0.557 0.758 0.179 
p 0.194 0.377* 0.272 0.301 0.397* 0.253 0.021 AST 2 
t-test 0.303 0.040 0.147 0.105 0.030 0.178 0.914 
p 0.193 0.389* 0.283 0.318 0.447* 0.329 -0.076 AST 3 
t-test 0.306 0.034 0.130 0.087 0.013 0.076 0.691 
p 0.192 0.366* 0.120 0.188 0.315 0.191 0.121 AST 4 
t-test 0.308 0.047 0.528 0.321 0.090 0.312 0.525 
p 0.117 0.393* 0.146 0.231 0.357 0.313 -0.025 AST 5 
t-test 0.537 0.032 0.441 0.220 0.053 0.092 0.896 
p 0.084 0.335 0.401* 0.383* 0.400* 0.397*  ISS 
t-test 0.658 0.071 0.028 0.037 0.029 0.030  

* Statistically significant correlation with corresponding group. 
AST – aspartat aminotransferase; ALT – alanine aminotransferase; ISS – Injury Severity Score. 

 
 
Discussion 

This study evaluated patients with I, II and III degree 
gunshot liver injury and according to recent data, a majority 
of patients admitted for liver trauma worldwide refer to these 
grades 5. Correlation between AST and ALT levels in pa-
tients with liver trauma and grade of gunshot liver injury 
could be releated to ISS which predicts survival rate. Bruhn 
et al. 6 found equally reliable significance of AST and ALT 
in detecting gunshot liver injury. However, in general, our 
study showed that there was no significant positive correla-
tion between AST and ALT, and that significant correlation 
existed only between ALT and ISS which could signify 
strong prediction value of ALT in trauma severity. Accord-
ing to a study conducted by Narci et al. 11, ISS was more 
valuable than other trauma scoring systems for prognostic 
evaluation of trauma patients; thus, based on our study, ALT 
could be easily available, cheap and reliable prognostic tool 
for complexity of gunshot liver trauma. Nevertheless, when 
we observed separate enzyme values regarding a gunshot 
liver injury grade, we noticed a significant positive correla-
tion of AST/ALT ratio with II grade gunshot liver injury (p < 
0.05). A study made by Zagory et al. 12 showed the same 
positive trend of correlation between liver enzymes and gun-
shot liver injury grade, although it referred to pediatric pa-
tients. It is also evident that in each injury grade there exists 

negative correlation between them on the day zero of injury 
(ρ = -0.08, ρ = -0.04, ρ = -0.001). Some authors 13, 14 tried to 
determine whether AST and ALT could predict severity of 
gunshot liver injury. Only Koyama et al. 9 established opti-
mal cut-off values for AST (> 100 U/L) and ALT (> 80 U/L) 
as a useful screening tool for CT scan in otherwise stabile 
patients. However, blood samples were taken only immedi-
ately upon arrival, unlike in our study where we checked en-
zyme levels every day, up to the fifth post-traumatic day, and 
revealed that ALT developed strong positive correlation be-
tween I and II injury grade on the day zero, as well as the 
first and second postinjury day (ρ = 0.69; ρ = 0.57; ρ = 0.49, 
respectively). This means that ALT could be better predictor 
for I and II grade gunshot liver injury than AST. On the other 
hand, AST showed strong positive correlation on the first, 
second and third post-injury day among patients with II–III 
grade injury, which means that AST could be better predictor 
of severity of gunshot injury grade after the first day of the 
injury. We did not determine cut-off values for liver en-
zymes. Instead, we tried to predict injury grade in regard 
with AST or ALT blood level. Besides that, study presented 
here included patients with gunshot injury, instead of blunt 
liver trauma observed in forementioned studies. We believe 
that this makes presented research different and important. 
Bruhn et al. 6 claimed that initial evaluation of AST and ALT 
could be a useful diagnostic tool to predict the need for CT. 
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Unlike that study, we proved that ALT could be important in 
estimation of severity of gunshot liver injury, in first days 
upon trauma which could predict patients outcome, espe-
cially in I and II grade injuries. On the other hand, AST cor-
relates with II and III grade injuries, but only after 24 h of 
trauma initiation, which could be too late for a decision on 
further diagnosis (CT) or treatment options. 

Data gained from the study performed are consistent 
with the existing literature in the context that the presence of 
significant gunshot liver injury can indeed be expected to re-
sult in raised liver enzyme levels 6. Unlike the other recently 
published studies, we tried to estimate the prediction values 
of liver enzymes concerning the severity of gunshot liver in-
jury and to determine whether any of these enzymes sig-
nificantly correlated with specific injury grade in first hours 
of injury. Hovewer, limitation of our study is the absence of 
IV, V and VI liver injury grade, inability to confirm positive 
predictive trend of ALT even in those with severe injury 
grades as well as lack of liver enzyme correlation with CT 
findings which could be of significant importance for further 
treatment modalities. The reason is high mortality rate of pa-
tients with those grades in prehospital period. Nevertheless, 
there are no contemporary studies concerning gunshot liver 
injury and relation between liver enzymes and ISS nor pre-
dictive value of AST and ALT regarding a gunshot liver in-
jury grade. Thus, we think that our study deserves attention 

and could be of significant importance for future research of 
this subject. 

Conclusion 

Presented data clearly shows that ALT is better predic-
tor of gunshot liver injury than AST, with strong predictive 
value regarding injury severity (ISS) in first days after liver 
trauma. Therefore, it could be easily available, cheap and re-
liable prognostic tool for complexity of liver trauma. ALT 
prediction value is more significant for I and II injury grade. 
Correlation between AST and ALT exists only for specific 
injury grade (II), but not in general. 
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