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Abstract
Background/Aim  The liver and spleen are the most commonly injured solid organs in abdominal trauma. The impact of 
haemostatic resuscitation and additional injuries on treatment strategies and clinical outcomes remains to be elucidated. This 
multicentered study aims to address the knowledge gap and contribute to the literature by presenting the initial analysis data.
Materials and Methods  This retrospective observational study analyzed trauma patients with liver and spleen injuries admit-
ted to participant hospitals in Turkey between January 1, 2019, and January 1, 2022. Only patients with liver and/or spleen 
injuries in the gastrointestinal system were included in the study design. Demographic, clinical, laboratory, radiology, and 
transfusion data were collected.
Results  A total of 242 patients were included, with a mean age of 36.2 ± 19.1 years, and 78% were male. Blunt and penetrat-
ing mechanisms comprised 86.4% and 13.6% of injuries. The overall non-operative management (NOM) rate was 74.4%, 
with a failure rate of 2.3% for the liver, 8.8% for the spleen, and 24.2% for combined liver and spleen injuries. Operative 
patients had higher transfusion rates (83.3% vs. 25.3%). Transfusion was associated with increased ICU and hospital length 
of stay (LOS). Mortality rates were higher in the operative group (66.7% vs. 33.3%), particularly in patients with additional 
head and thoracic injuries.
Conclusion  NOM remains the preferred treatment strategy for hemodynamically stabilized patients with liver and spleen 
trauma, demonstrating favorable outcomes with lower transfusion rates and shorter hospital stays. However, failure rates 
increase with higher-grade injuries and concomitant extra-abdominal trauma.
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1  Introduction

The liver and spleen are at risk of injury in both blunt and 
penetrating trauma, and these injuries can be life-threat-
ening. Although less common than the blunt mechanism, 
the penetrating mechanism also contributes significantly to 
the epidemiology of hepatic and splenic trauma [1–4]. The 
American Association for the Surgery of Trauma (AAST) 
scoring scales are the most widely used systems for the 
classification/categorization of organ injuries, primarily 
based on CT findings and reported to correlate with clini-
cal management and patient outcomes [4–6]. Depending 
on the severity and presence of vascular injuries, injuries 
sustained by these organs may cause significant blood 
loss and hemodynamic instability that require emergency 
laparotomy [4, 7]. However, non-operative management 
(NOM) protocols for both blunt and penetrating liver and/
or spleen injuries have been implemented and have become 
the mainstay of treatment for selected patients [8, 9].

The liver and spleen are in the left and right 
hypochondrium, and their anatomy is relevant to trauma 
and concomitant injuries. Despite the abundance of 
isolated liver and spleen injury literature, some studies 
reported on additional extra-abdominal injuries [4, 
10–12]. Moreover, the impact of haemostatic resuscitation 
strategies and massive transfusion on operative and NOM 
approaches and patient outcomes is yet to be elucidated.

Although Turkey has multidimensionally advanced 
health system, multicentre trauma and transfusion studies 
are scarce [13]. As an academic surgeon lecturing on 
gastrointestinal injuries and haemorrhagic shock, this 
study aimed to address the knowledge gap and provide 
updated national medical data on liver and spleen trauma 
management.

2 � Methods

The study was designed as a retrospective observational 
study to analyse our current research questions and 
hypotheses using data between January 1, 2019, and 
January 1, 2022. Approval of the study was obtained from 
the University of Health Sciences, Gulhane Scientific 
Research Ethics Committee. KTU Faculty of Medicine, 
Mugla Sitki Kocman University Faculty of Medicine, 
Hacettepe University Faculty of Medicine, Istanbul 
University Faculty of Medicine, Istanbul Medeniyet 
University Goztepe Prof. Dr. Suleyman Yalcin City 
Hospital consented and participated in the study. The 
study included only non-cirrhotic liver and spleen trauma 
cases, ensuring the exclusion of other gastrointestinal 

injuries. The study was designed to include patients above 
18 years of age. Surgical intervention is considered the 
primary treatment for liver, spleen, or combined injuries. 
Patients with liver and/or splenic injuries who required 
surgical intervention within 72 h because of ongoing or 
delayed hemorrhage causing hemodynamic instability 
were classified as NOM failures. Patients with additional 
vascular injuries were excluded from the study. Patients’ 
medical records included mortality and time, additional 
organ injuries, mechanisms of injuries, vital signs, shock 
index (SI), surgery and radiology reports, hospital LOS, 
ICU (intensive care unit) LOS, initial Hb (Haemoglobin 
level at admission), and other blood test results, use of 
tranexamic acid, AAST injury grades, ISS (Injury Severity 
score) values, viscoelastic test results were collected. 
Along with the liver and/or spleen injury scores, AIS 
(Abbreviated Injury Scale) scores for additional injuries 
to other anatomical regions were integrated to calculate 
the overall ISS. For patients with both liver and spleen 
injuries, the highest AAST score was analysed. SI values 
were graded (SI < 0.6 -no shock, SI ≥ 0.6 to < 1—mild 
shock, SI ≥ 1 to < 1.4—moderate shock, SI ≥ 1.4—
severe shock) according to Mutschler et al. ’s study [14]. 
Inconsistently recorded or missing variables such as 
antiplatelet/anticoagulant use, morbidities, plasma lactate, 
base excess, fibrinogen levels, and blood coagulation test 
results were inevitably excluded during analyses and not 
reported. Clinical transfusion of blood components data 
was verified by checking data from participant centre 
blood banks. Five pooled/random platelet transfusion units 
were recorded as one apheresis platelet unit. Four-hour 
(transfusion of ≥ 5 units of blood) and 24-h (transfusion 
of ≥ 10 units of blood) massive transfusion (MT) rates 
were recorded [13].

2.1 � Statistical Analyses

Continuous, nominal, and ordinal data descriptive statistics 
were presented as mean ± SD, percentages, and median 
(when appropriate). Analyses of two dichotomous and 
dichotomous-continuous variables were performed using the 
Chi-Square and Point Biserial correlation tests, respectively. 
The Chi-Square homogeneity test with Bonferroni 
corrected z-test was used to determine differences between 
independent multinomial and dependent dichotomous 
groups. The Fisher’s Exact Test analysed the associations 
of dependent and independent dichotomous variables. The 
correlation between dichotomous and continuous variables 
was analysed using Point Biserial and Pearson’s Correlation 
tests, respectively. A one-way ANOVA test determined 
group differences between independent multinomial 
and dependent continuous variables. The Bonferroni 
adjusted One-way ANCOVA test determined group 
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differences between continuous and dichotomous variables, 
adjusting for covariates. Differences between independent 
dichotomous variables and continous dependent variables 
were analyzed using independent samples t-test. Binomial 
logistic regression was used to predict a dichotomous 
dependent variable given one or more independent variables. 
Kruskal Wallis H test was used to analyse multinomial group 
differences and ordinal dependent variables. Statistical 
significance was set at < 0.05.

3 � Results

Our retrospective study identified 242 patients between 
2019 and 2022. Most of the patients were male, comprising 
189 (78%) individuals. The mean age of the patients was 
36.2 ± 19.1 years. Data revealed that there were 101 (41.7%) 
liver injuries (Group 1), 124 (51.3%) spleen injuries (Group 
2), and 17 (7%) patients with both liver and spleen inju-
ries (Group 3). Unsurprisingly, 209 (86.4%) injuries were 
due to blunt mechanisms, and non-operative treatment was 
preferred in 180 (74.4%) patients. Tables 1, 2, and 3 show 
the descriptive statistics and statistical analyses between 
groups. Patients’ SI values were statistically significantly 
lower in the NOM groups when compared to operative 
groups (p < 0.05). (Table 3) Although the ICU and hospi-
tal LOS were shorter in the Groups 1–3 NOM subgroups, 
the differences were insignificant (p > 0.05). (Tables 4, 5, 
6) Transfusion rates and ICU and hospital LOS were not 
statistically significantly associated (p > 0.05). There were 
no statistically significant differences between blunt or pen-
etrating mechanisms of injuries in terms of mortality rates 
in any injury groups (p > 0.05). Out of the patients studied, 

only 57 (23.6%) had isolated Group 1–3 injuries, while 185 
(76.4%) presented with additional extra-abdominal injuries. 
(Fig. 1). NOM and operative patients’ transfusion rates were 
29.1% and 82%, respectively (p < 0.001). Transfusions of 
erythrocyte concentrates (EC), fresh frozen plasma (FFP), 
and platelets (Plt) were statistically significantly correlated 
(p < 0.001) in any injury groups.

Group 1 injuries were caused by blunt mechanisms, 
stabbing, and gunshot wounds in 80 (79.2%), 11 (10.9%), 
and 10 (9.9%) patients, respectively. Only 25 (24.8%) of 
Group 1 patients sustained isolated liver injuries (72%, blunt 
mechanisms). The NOM failure rate was 2.3%. Associated 
kidney injuries were due to blunt mechanisms in 4 of 6 
(67%) cases. (Fig. 1).

Operative and NOM patients’ respective transfusion rates 
were 83.3% and 25.3%, and the difference was statistically 
significant (p < 0.001). Patients who received EC transfu-
sion had statistically significantly higher ICU (p = 0.002) and 
hospital LOS (p < 0.001). Patients that received transfusions 

Table 1   Descriptive statistics 
and results of statistical analyses 
between group 1, group 2, and 
group 3

Group 1: Liver İnjury, Group 2: Spleen Injury, Group 3: Liver + Spleen Injury, ICU: Intensive Care Unit, 
LOS: Length of Stay, ISS: Injury Severity Score, *p value of Group 1 and 2 comparison, **p value of 
Group 1 and 3 comparison, ***p value of Group 2 and 3 comparison, aComparisons between the groups 
show the differences are statistically significant (bold), bStatistically not significant

Variables Injury groups Mean ± SD 95% Confidence 
interval

P value

Age (years) Group 1 34 ± 18 31–38.1 p > 0.05*,b
p > 0.05**,b
p > 0.05***,b

Group 2 36 ± 19 33–40
Group 3 44 ± 19 34.8–55

ICU LOS (days) Group 1 3.5 ± 7.5 2–5 p > 0.05*,b
p > 0.05**,b
p > 0.05***,b

Group 2 3.2 ± 7.7 1.8–4.6
Group 3 7.8 ± 16.6 0.7–16.3

Hospital LOS (days) Group 1 8.9 ± 10.1 6.8–10.9 p > 0.05*,b
p = 0.04**,a
p = 0.018***,a

Group 2 8.7 ± 7.2 7.4–10
Group 3 15.4 ± 20.1 5–25.7

ISS Group 1 16 ± 13.8 14.4–19.3 p > 0.05*,b
p < 0.01**,a
p < 0.001***,a

Group 2 17 ± 13 22.1–49.3
Group 3 18 ± 15 15.7–19.7

Table 2   Arrival SI (Shock Index) values in each injury group

* There were statistically significant differences between the NOM 
(nonoperative management) and operative treatments in terms of SI 
values (p < 0.05)

Injury groups Treatment SI value 
mean ± SD

95% CI P value

Group 1 NOM 0.7 ± 0.19 [− 0.8, − 0.34]  < 0.001*

Operative 1.34 ± 1
Group 2 NOM 0.7 ± 0.21 [− 0.25, 

– 0.07]
 < 0.001*

Operative 0.9 ± 0.2
Group 3 NOM 0.7 ± 0.13 [− 0.8, − 0.11] 0.015*

Operative 1.17 ± 0.4
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had higher mean ISS values (27.4 ± 15.1 vs. 9.5 ± 7.5, 
p < 0.001). Operative and NOM subgroups’ data was 
adjusted for covariates (additional injuries). The mean differ-
ence in the ISS scores was 12.4 (95 CI [4.7–20], p = 0.002), 
SI values were 0.37 (95 CI [0.2–0.5], p < 0.001), transfused 
EC units was 4.3 (95 CI [2.1–6.4], p < 0.001), FFP units was 
7.8 (95 CI [3.7–11.9], p < 0.001), and Plt units was 3.6 (95 
CI [1.5–5.5], p < 0.001), respectively. However, the mean 
difference in the initial Hb (haemoglobin) levels was not 
statistically significant (p > 0.05). (Table 4).

Nine (8.9%) deaths occurred among Group 1 patients, 
and all sustained additional (11.1% head, 33.3% thoracic, 
11.1% kidney, 44.4% multiple) injuries. The mean mortality 
time was 8.9 ± 8.4 days. The mortality rate was statistically 
significantly lower in the non-operative than in the operative 
group (33.3% vs. 66.7%) (p < 0.001). Additional injuries 
were statistically significantly associated with mortality and 
mortality time (p < 0.001). When adjusted for covariates, 
between mortality-present and no-mortality subgroups, 
the mean difference in the ISS scores was 22.5 (95 CI 
[13.1–31.8], p < 0.001), transfused EC units was 5.7 (95 CI 
[2.9–8.4], p < 0.001), FFP units was 16.6 (95 CI [12.0–21.0], 
p < 0.001), and Plt units was 6.1 (95 CI [3.6–8.6], p < 0.001). 
However, the mean differences in SI and initial Hb values 
were not statistically significantly different (p > 0.05).

The majority (90.2%) of Group 2 injuries were due to 
blunt mechanisms, due to stab wounds in 7 (5.7%) and gun-
shot wounds in 5 (4.1%) cases. Only 26 (23.2%) blunt and 
2 (28.5%) penetrating injury (due to stab wounds) patients 

sustained isolated injuries. (Fig. 1) Patients with blunt and 
penetrating spleen injuries also sustained additional kid-
ney injuries in 5 (4.1%) and 3 (2.4%) cases, respectively. 
The NOM failure rate was 8.8% in this group. Patients who 
received EC transfusion had statistically significantly higher 
ICU (p = 0.003) and hospital LOS (p = 0.003). Patients 
that received transfusions had higher mean ISS values 
(26.6 ± 13.5 vs. 10.1 ± 7.2, p < 0.001). Transfusion rates 
were statistically significantly higher in the operative group 
(81.8%) when compared to the NOM patients (p < 0.001). 
Operative and NOM subgroups’ data was adjusted for 
covariates, and the mean difference in the ISS score was 
10.9 (95 CI [6.2–15.6], p < 0.001), SI value was 0.14 (95 CI 
[0.04–0.23], p = 0.008) and transfused EC units were 1.7 (95 
CI [0.4–3.03], p = 0.01), respectively. However, the mean 
differences in initial Hb levels, transfused FFP, and platelet 
units were insignificant (p > 0.05). (Table 5).

Seven deaths (5.6%) occurred in Group 2, and all were 
presented with additional injuries. Head, thoracic, and mul-
tiple injuries comprised 14.3%, 28.6%, and 57.1%, respec-
tively. The mean mortality time was 7.7 ± 9.1 days. There 
was no statistically significant difference between the non-
operative and operative groups’ mortality rates (42.9% vs. 
57.1%) (p > 0.05). Additional injuries were statistically 
significantly associated with mortality and mortality time 
(p < 0.001). When adjusted for covariates, the mean dif-
ference in mortality-present patients’ mean ISS score was 
17.8 (95 CI [9.2–26.5], p < 0.001), SI value was 0.3 (95 CI 
[0.1–0.5], p < 0.001), transfused EC units was 6.7 (95 CI 

Table 3   Descriptive statistics and results of statistical analyses of all injury groups

* p value of Group 1 and 2 comparison, **p value of Group 1 and 3 comparison, ***p value of Group 2 and 3 comparison, aComparisons 
between the groups show the differences are statistically significant (bold), bStatistically not significant. cOverall mortality rate, dNonoperative 
management, ¥Transfusion data in patients with Shock Grade ≥ 1

Variables Group 1 (%) Group 2 (%) Group 3 (%) P value

Treatment choice NOMd 82.2 72.6 41.2 p > 0.05*,b

p = 0.001**,a

p = 0.001***,a
Operative 17.8 27.4 58.8

Mortalityc None 91.1 94.4 70.6 p > 0.05*,b

p = 0.005**,a
p = 0.005***,a

Present 8.9 5.6 29.4

Mortality time groups First 24 h 33.3 28.6 60 p > 0.05*,b
p > 0.05**,b
p > 0.05***,b

> 72 h 66.7 71.4 40

Mechanism of injury Blunt 79.2 91.1 94.1 p = 0.02*,a

p = 0.02**,a
p > 0.05***,b

Penetrating 20.8 8.9 5.9

Blunt mechanism NOMd vs. Operative 88.8 vs.11.3b 43.8 vs. 56.3a 75.9 vs. 24.1a p = 0.002b
p > 0.05a

Penetrating mechanism NOMd vs. Operative 57.1 vs. 42.9b 0 vs. 100a 45.5 vs. 54.5a p = 0.002b
p > 0.05a

Additional injuries None 24.8 24.2 5.9a p > 0.05*,b
p = 0.003**,a
p = 0.003***,a

Present 75.2 75.8 94.1a
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[4.6–8.8], p < 0.001), FFP units was 5.4 (95 CI [3.6–7.3], 
p < 0.001) and platelet units was 4.4 (95 CI [2.5–6.3], 
p < 0.001). However, the mean difference in initial Hb values 
was not statistically significantly different (p > 0.05).

Group 3 injuries were caused by blunt and firearms mech-
anisms in 16 (94.1%) and one (5.9%) patient, respectively. 
Only one (5.8%) patient in Group 3 sustained an isolated 
injury (a blunt mechanism) (Fig. 1). The NOM failure rate 
was 24.2% in this group. Additional grade 2 left kidney 
injury was present in one patient. Patients that received 
transfusions had higher mean ISS values (42.8 ± 23.9 vs. 
18.2 ± 10.1); however, the difference was not statistically 
significant (p > 0.05). Transfused/not transfused patients’ 

ICU and hospital LOS were not statistically significantly 
different (p > 0.05). Transfusion rates were not statistically 
significantly different between the operative and NOM 
groups (p > 0.05). When adjusted for covariates (additional 
injuries), there were no statistically significant differences 
between the operative/NOM subgroups in terms of the ISS 
scores, initial Hb levels, SI values, and the total transfused 
blood component units (p > 0.05). (Table 6).

There were 5 (29.4%) mortalities in Group 3 patients. 
The mean mortality time was 18 ± 30 days. All patients 
sustained associated injuries (40% thoracic, 60% multiple), 
which were all due to blunt mechanisms. There was one 
(20%) mortality in the non-operative group, whereas four 

Table 4   Descriptive statistics of 
liver injury patients

Nominal and Ordinal data: Number of Cases (%), Continuous data: Mean ± SD. ISS Injury Severity 
Score, Hb Hemoglobin, LOS Length of stay, AAST American Association for the Surgery of Trauma, EC 
Erythrocyte Concentrate, FFP Fresh Frozen Plasma, Plt Platelet, SI Shock Index, MT Massive Transfusion. 
ePatients with mild shock and above, operative treatment required statistically significantly higher EC, FFP 
and Plt units than the NOM group

Group 1 (Liver Injury) patients

NOM group: 83 (82.2%) patients Operative group: 18 (17.8%) patients
 Mechanism:  Mechanism:
  Blunt: 71 (85.5%)
  Penetrating: 12 (14.5%)

  Blunt: 9 (50%)
  Penetrating: 9 (50%)

 ISS: 13.3 ± 11.8  ISS: 29.5 ± 16
 Mortality: 3 (3.6%)  Mortality: 6 (33.3%)
 Initial Hb (g/dL): 13 ± 2.45  Initial Hb (g/dL): 10.9 ± 2.9
 ICU LOS (days): 3.1 ± 7.9  ICU LOS (days): 5.2 ± 4.9
 Hospital LOS (days): 8.4 ± 10.7  Hospital LOS (days): 11 ± 6.3
 AAST grades:  AAST grades:
  Grade I-III: 80 (96.4%)   Grade II-III: 7 (38.8%)
  Grade IV: 3 (3.6%)   Grade IV-V: 11 (61.2%)

 SI grades:  SI grades:
  No shock: 10 (12%)   No shock: 0
  Mild shock: 63 (75.9%)   Mild shock: 5 (27.8%)
  Moderate shock: 9 (10.8%)   Moderate shock: 9 (50%)
  Severe shock: 1 (1.2%)   Severe shock: 4 (22.2%)

 SI Grade ≥ Mild shocke  SI grade ≥ Mild shocke

  Mean EC: 1 ± 2.6   Mean EC: 7.4 ± 6.9
  Mean FFP: 0.9 ± 3.4   Mean FFP: 8.6 ± 13.2
  Mean Plt: 0.01 ± 0.1   Mean Plt: 4.05 ± 8.4

 Transfusion rate: 21 (25.3%)  Transfusion rate: 15 (83.3%)
 First 4-h MT: 2 (2.4%)  First 4-h MT: 3 (16.7%)
 24-h MT: 0  24-h MT: 6 (33.3%)
 Total transfused blood/Blood products:  Total transfused blood/Blood 

products:
  Whole blood: 0   Whole blood: 2 Units
  EC: 74 Units   EC: 134 Units
  FFP: 65 Units   FFP: 155 Units
  Apheresis-derived Plt: 1 Unit   Apheresis-derived Plt: 73 Units
   Overall, 2 of 10 MT patients received no platelet transfusions 

in both operative/operative groups
  EC: FFP: Plt: 1: 1.1: 0.5
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(80%) mortalities were in the operative group, and the sta-
tistical significance was not significantly different (p > 0.05). 
Additional injuries were statistically significantly associated 
with mortality (p = 0.006); however, their association with 
mortality time was not statistically significant (p > 0.05). 
When adjusted for covariates, mortality-present patients had 
significantly higher ISS scores and were transfused more 
EC units (p = 0.002, p = 0.004, respectively). However, SI 
values, initial Hb levels, and transfused FFP and platelet 
units were not statistically significantly different (p > 0.05).

Tranexamic acid infusion was only performed in five opera-
tively treated patients in groups 2 and 3. Besides the lack of/
inconsistencies in recorded coagulation tests that were not 
reported, the authors report that the participating centres do 
not currently use viscoelastic tests to manage trauma.

Table 5   Descriptive statistics of 
Group 2 patients

Nominal and Ordinal data Number of Cases (%), Continuous data Mean ± SD. ISS Injury Severity Score, 
Hb Hemoglobin, LOS lengthe of stay, AAST American Association for the Surgery of Trauma, EC 
Erythrocyte Concentrate, FFP Fresh Frozen Plasma, Plt Platelet, SI Shock Index, MT Massive Transfusion. 
aPatients with mild shock and above required statistically significantly higher EC units transfusions in the 
operative group (p < 0.05). bPatients with mild shock and above, transfused FFP and Plt units were not 
statistically different between the NOM and operative groups (p > 0.05)

Group 2 (Splenic Injury) patients

NOM group: 90 (73.1%) patients Operative group: 33 (26.9%) patients
 Mechanism:  Mechanism:
  Blunt: 85 (94.4%)   Blunt: 27 (81.8%)
  Penetrating: 5 (5.6%)   Penetrating: 6 (18.2%)

 ISS: 12.9 ± 10.4  ISS: 27.1 ± 14
 Mortality: 3 (3.3%)  Mortality: 4 (12.1%)
 Initial Hb (g/dL): 13.3 ± 1.9  Initial Hb (g/dL): 12.8 ± 2
 ICU LOS (days): 3 ± 8.7  ICU LOS (days): 3.3 ± 4.4
 Hospital LOS (days): 8.3 ± 7.7  Hospital LOS (days): 9.5 ± 5.5
 AAST grades:  AAST grades:
  Grade I-II: 62 (67.9%)   Grade II: 4 (12.1%)
  Grade III: 28 (32.1%)   Grade III: 5 (15.2%)

 SI Grades:   Grade IV-V: 24 (72.7%)
  No shock: 11 (12.2%)  SI Grades:
  Mild shock: 69 (76.7%)   No shock: 1 (3%)
  Moderate shock: 7 (7.8%)   Mild shock: 18 (54.5%)
  Severe shock: 3 (3.3%)   Moderate Shock: 14 (42.4%)

 SI grade ≥ Mild shock   Severe Shock: 0
  Mean ECa: 0.9 ± 2.4  SI Grade ≥ Mild Shock
  Mean FFPb: 1 ± 3   Mean ECa: 2.8 ± 3.3
  Mean Pltb: 0.5 ± 2.8   Mean FFPb: 1.8 ± 1.9

 Transfusion rate: 25 (27.8%)   Mean Pltb: 0.1 ± 0.5
 First 4-h MT: 3 (3.3%)  Transfusion Rate: 27 (81.8%)
 24-h MT: 0  First 4-h MT: 4 (12.1%)
 Total transfused blood/Blood products:  24-h MT: 1 (3%)
  Whole blood: 0  Total transfused blood/Blood 

Products:
  EC: 85 Units   Whole Blood: 0
  FFP: 86 Units   EC: 89 Units
  Apheresis-derived Plt: 45 Units   FFP: 59 Units
  EC: FFP: 1: 0.9: 0.5   Apheresis-derived Plt: 4 Unit
   Overall, 5 of 10 MT patients received no platelet transfusions 

in both operative/operative groups
  EC: FFP: Plt: 1: 0.7: 0.05
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4 � Discussion

North America has the highest percentage of penetrating 
injuries, while in Europe, blunt mechanisms are responsible 
for most of the injuries [10, 15]. Trauma studies from Turkey 
show that 66% to 90% of these injuries result from blunt 
mechanisms [16–18]. Our study showed 79.2%, 90.2%, and 
94.1% of liver, spleen, and concomitant liver-spleen inju-
ries (overall 86.4%) were due to blunt mechanisms, respec-
tively. Blunt injuries to the liver and spleen generally occur 
after severe trauma, and thus, they are often associated with 

additional (central nervous system, spine, hollow viscera) 
injuries [4, 16]. Our results support the above statements. 
As an indirect measure of trauma severity quantification, 
injury severity score (ISS) is commonly used, and arguably, 
a value > 15 is often used for severe trauma [19]. Overall, 
38% of patients’ ISS were > 15 in our study, 83.7% were 
due to blunt mechanisms, and 94.6% had additional injuries. 
Multiple and thorax injuries comprised 47.8% and 26.1% of 
cases, respectively. These severe trauma patients were often 
treated nonoperatively (54.3%), which may explain their sig-
nificantly higher hospital LOS. The reason why most of the 

Table 6   Descriptive statistics of 
Group 3 patients

Nominal and Ordinal data Number of Cases (%), Continuous data Mean ± SD. ISS Injury Severity Score, 
LOS Length of stay, Hb Hemoglobin, AAST American Association for the Surgery of Trauma, EC 
Erythrocyte Concentrate, FFP Fresh Frozen Plasma, Plt Platelet, SI Shock Index, MT Massive Transfusion. 
bPatients with mild shock and above, transfused EC, FFP and Plt units were not statistically different 
between the NOM and operative groups (p > 0.05)

Group 3 (Live and Splenic Injury) patients

NOM group: 7 (41.1%) patients Operative group: 10 (58.9%) patients
 Mechanism:  Mechanism:
  Blunt: 7 (100%)   Blunt: 9 (90%)
  Penetrating: 0   Penetrating: 1 (10%)

 ISS: 25.3 ± 9.2   ISS: 43.6 ± 28.3
 Mortality: 1 (14.3%)  Mortality: 4 (40%)
 Initial Hb (g/dL): 12.7 ± 1.3  Initial Hb (g/dL): 12.6 ± 1.8
 ICU LOS (days): 5.4 ± 6.1  ICU LOS (days): 9.5 ± 21.4
 Hospital LOS (days): 10 ± 5.8  Hospital LOS (days): 19.2 ± 25.6
 AAST grades:  AAST grades:
  Grade I-II: 3 (42.8%)   Grade I-II: 2 (20%)
  Grade III: 3 (42.8%)   Grade III: 4 (40%)
  Grade IV: 1 (14.4%)   Grade IV-V: 4 (40%)

 SI grades:  SI grades:
  No shock: 0   No shock: 0
  Mild shock: 6 (85.7%)   Mild shock: 3 (30%)
  Moderate shock: 1 (14.3%)   Moderate shock: 4 (40%)
  Severe shock: 0   Severe shock: 3 (30%)

 SI grade ≥ Mild shock  SI grade ≥ Mild shock
  Mean ECb: 1.4 ± 2.5   Mean ECb: 7.1 ± 7.7
  Mean FFPb: 2.5 ± 4.4   Mean FFPb: 5.2 ± 7.8
  Mean Pltb: 0   Mean Pltb: 0.1 ± 0.3

 Transfusion rate: 3 (42.9%)  Transfusion rate: 9 (90%)
 First 4-h MT: 1 (14.3%)  First 4-h MT: 5 (50%)
 24-h MT: 0  24-h MT: 2 (20%)
 Total transfused blood/Blood products:  Total transfused blood/Blood 

products:
  Whole Blood: 0   Whole blood: 0
  EC: 10 Units   EC: 71 Units
  FFP: 18 Units   FFP: 52 Units
  Apheresis-derived Plt: 0 Unit   Apheresis-derived Plt: 1 Unit
  EC: FFP: 1: 1.18   EC: FFP: Plt: 1: 0.7: 0.01
   Overall, 6 of 7 MT patients received no platelet transfusions 

in both operative/operative groups
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study participants had severe trauma could be that the data 
were collected only from level 1 trauma centres. Unsurpris-
ingly, concomitant liver-spleen injury patients’ ISS values 
were also significantly higher. In our study, transfusion was 
associated with increased ICU and hospital LOS. This asso-
ciation was attributable to increased injury severity among 
patients with liver and spleen injuries. Additional injuries 
were associated with higher mortality rates in all study 
groups and earlier mortality time in liver and splenic injury 
groups. Liver and spleen injuries have been reported to be 
related to concomitant kidney injuries in 12.8% of cases 
[20]. In our study, additional kidney injuries were present in 
6.1% of cases, 66.6% of them were due to blunt mechanisms, 
and all underwent NOM.

Hinton, in 1926, noted that most bleeding from the 
injured liver spontaneously stopped by the time of surgery 
and advocated non-operative treatment in relatively common 
liver injuries [21]. Since then, numerous studies have 
confirmed the efficacy of NOM and successfully performed 
in up to 97% of blunt liver and 60% to 98% of spleen injuries, 
provided that the patient is hemodynamically stable [8–10]. 
Operative treatment is performed in 5–15% of cases and is 
reserved for patients with signs/symptoms of bleeding. Stab 
wounds to the abdomen have been successfully treated with 
NOM, which also includes some patients with liver injury 
[9]. Our study showed that Group 1 and Group 2’s NOM 
rates were 82.1% and 72.6%, respectively. The NOM rate 
in Group 3 was 41.1% (all were due to blunt mechanisms), 
which was significantly lower than the other patient groups. 
This result may be due to the presence of more severe and 
complicated trauma (lower SI and higher ISS values, higher 
percentage of additional injuries). While the overall NOM 
rate in blunt injuries was (67.3%), the NOM rates for stab 

wounds and gunshot wounds (GSW) in Group 1 and Group 
2 were 9.6% and 4.8%, 4.4% and 1.1%, respectively. These 
results indicate that surgical teams’ NOM decisions may 
depend on multiple factors, even for penetrating trauma 
patients. NOM has been associated with shorter ICU and 
hospital LOS, although Malaki et al. reported no significant 
difference [4, 9, 22]. Our study also revealed a shorter 
ICU and hospital LOS, although the differences were not 
statistically significant.

However, using NOM for GSW has remained 
controversial due to higher NOM failure rates [23]. Liver/
splenic injury and splenic injury NOM failure rates of 3.3% 
and 11% have been reported [9, 10]. The NOM failure rate 
for Group 1 was 2.4%, and these patients sustained AAST 
grade 3 and 4 injuries due to blunt mechanisms. The NOM 
failure rate for Group 2 was 15.5%, and these patients 
sustained Grade II-III (78.6%) and IV (21.4%) injuries due 
to blunt trauma (85.7%) and stab wounds (14.3%). There 
were no mortalities in Group 1 and 2 NOM failure patients. 
There was only one (14.2%) NOM failure in Group 3 that 
sustained a Grade 4 injury due to a blunt mechanism, and 
the patient had died. All reported NOM failures were due 
to liver and/or spleen injury related to haemorrhage in our 
study. Statistical analyses showed that the number of NOM 
patients was below the expected values.

Over the past two decades, significant progress has 
been made in managing spleen and liver injuries [8]. This 
improvement is due mainly to advancements in resuscitation 
techniques, which now focus on replacing significant blood 
loss with balanced blood product (EC, FFP, Plt; 1:1:1 
ratio) transfusions aiming to reconstitute the whole blood 
lost during bleeding [8, 22]. Likewise, the Turkish Critical 
Bleeding and Massive Transfusion Guide prioritizes limited 

Fig. 1   describes the statistical 
significance of the differences 
between blunt or penetrating 
mechanisms of injuries in terms 
of mortality rates in any injury 
groups
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crystalloid infusion and early institution of hemostatic 
resuscitation and recommends the use of tranexamic acid 
[13]. In our study, the blood component transfusion ratios for 
the operative groups with liver, spleen, and combined liver-
spleen injuries were 1:1.1:0.5, 1:0.7:0.05, and 1:0.7:0.01, 
respectively. The fact that some patients undergoing 
massive transfusion in these groups did not receive any 
platelet transfusions further highlights a significant gap 
in practice. Studies such as PROPPR and PROMMTT 
have shown that while the overall impact on long-term 
mortality may be limited, early and adequate platelet and 
plasma administration is crucial for survival in the acute 
phase of hemorrhagic shock [24, 25]. As highlighted in 
previous research, these suboptimal findings underscore 
an urgent need for nationwide action to improve platelet 
availability [12]. Despite the strong emphasis on hemostatic 
resuscitation, the literature review of the liver and/or spleen 
injury only focuses on erythrocyte concentrate transfusions, 
excluding other blood components. To our knowledge, this 
is the first report on investigating liver and/or spleen injuries 
and blood/blood component resuscitation. EC, FFP, and Plt 
unit transfusions were correlated in our study. Robinson 
et al. reported an overall 45%, 81.4% operative, and 30% 
NOM transfusion rates [22]. Our respective transfusion 
rates were 42.1%, 82%, and 29.1%, which were similar 
despite different injury patterns and clinical settings. As 
reported in the literature, NOM was associated with lower 
transfusion rates in our study [8, 9]. Richardson states that 
most protocols allow an observation period with up to 4 
units of blood transfusion for hepatic injury patients [9]. Our 
study identified 6 MT NOM patients within 4 h (transfusion 
of ≥ 4 units of EC within 4 h), and only one splenic injury 
patient required surgical intervention. The authors believe 
this should be addressed by prospective studies that include 
routine and viscoelastic coagulation tests, which is an 
important weakness of our study. Moreover, balancing 
blood components to create an optimal ratio adjusted for 
each patient’s requirements and using viscoelastic tests are 
paramount. This is lacking in Turkish trauma care, and the 
use of tranexamic acid is still not considered by surgical 
teams despite the national massive transfusion guideline 
[13]. Blood component use is currently empirical, which 
may lead to unnecessary transfusions. Reaching the 
desired blood component ratio may take up to 3 h during 
transfusions. Thus, national strategies for using warm, fresh 
whole blood, low-titer group O whole blood, and cold-stored 
platelets are required [26–28].

Historically, there has been a steady decline in liver injury 
mortality rates: 60% to 80% in World War I, 27% in World 
War II, 12.7% in civilian reports from the 1960s, 6% and 
4.2% in the 1980s, and 1990s, respectively [29]. The NOM 
mortality rate was 3.6%, 3.3%, and 14.3%, respectively. 
Unlike liver trauma, which has decreased considerably in 

the last two decades, splenic trauma rates have remained 
at 6% to 7% due to the presence of additional injuries. 
However, mortality of isolated splenic injury has been at 
0% for 40 years [10]. Overall, the mortality rate of liver and/
or spleen injuries was 8.7%, including additional injuries. 
While further stratifying the mortality data to negate the 
possible effects of additional injuries and their severities, 
seems profoundly difficult, the liver and/or spleen injury-
specific overall mortality rate appears to be 2.4%. Mortality 
rates were notably higher in patients with thoracic and 
head trauma, which is consistent with previous literature 
emphasizing a strong correlation between ISS and mortality. 
However, without further stratification and adjustment for 
the severity of additional injuries, their impact on mortality 
rates may be unnecessarily generalized. Unfortunately, 
the included patient population and mortality rates were 
statistically inadequate to reveal further associations and risk 
factors. Our results indicate that LOS and mortality rates 
also increased as ISS values increased.

Our results demonstrate that NOM is a viable and safe 
option for patients with a low SI. However, we observed 
that surgical intervention was more frequently performed 
in patients with SI ≥ 1.4. Given that SI is widely used as 
a prognostic indicator in trauma patients, tailoring early 
resuscitation strategies based on SI values may enhance 
the success of NOM. In clinical practice, it is crucial to 
closely monitor patients with SI ≥ 1.0 who are considered 
NOM and, when necessary, proactively plan interventional 
radiology procedures or early surgical intervention to 
prevent NOM failure.

Although our findings indicate that NOM patients had 
a shorter hospital stay than operative cases, this difference 
did not reach statistical significance. Larger-scale studies 
are warranted to determine whether a more pronounced 
correlation between treatment type and hospital stay duration 
emerges in broader datasets.

Our study revealed that patients requiring blood 
transfusions were likelier to experience NOM failure. 
A substantial proportion of NOM failure cases involved 
AAST Grade III or higher injuries and additional associated 
injuries. This finding suggests that early transfusion 
requirements may indicate hemodynamic instability, 
warranting careful patient evaluation before pursuing NOM. 
Future studies should explore the role of viscoelastic testing 
(e.g., ROTEM/TEG) in optimizing transfusion strategies and 
improving the predictive accuracy of NOM success versus 
failure.

Our study has significant limitations inherent to its 
retrospective nature and the lack of a national trauma 
database. Lack of treatment criteria, agreed transfusion 
protocols or standardized NOM protocols across 
participitaing centers constitute some of these limitations. 
Our study design involved 77 variables, a confounding 
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factor for reporting in a single paper. Collecting accurate 
data required multiple re-review attempts by the authors. 
Investigating incomplete or inconsistent available data, the 
lack of uniform clinical protocols, and the failure to adhere 
to national guidelines have led to numerous unanswered 
research questions that must be addressed in the following 
prospective multicentre studies. The lack of a centralized 
trauma database is a significant deficiency not only in 
countries like Turkiye but also in more organized countries 
like the European Union. Trauma and transfusion require 
analyses of coagulation test data, which is also lacking in 
this paper. On the other hand, the authors speculate that 
the current research may have addressed a crucial national 
knowledge gap.

5 � Conclusion

This study provides a comprehensive analysis of liver and 
spleen injuries in 242 trauma patients over four years, 
highlighting key trends in injury mechanisms, treatment 
approaches, and patient outcomes. Most injuries resulted 
from blunt trauma, with NOM as the preferred approach due 
to its association with lower SI values and shorter ICU and 
hospital stays. However, these differences were not always 
statistically significant. NOM was successfully implemented 
in most cases, though failure rates varied across injury 
groups, the highest observed in patients with combined liver 
and spleen injuries. 

Patients undergoing operative management had 
significantly higher transfusion rates, and erythrocyte 
concentrate transfusions were associated with longer ICU 
and hospital stays. Mortality rates were notably higher 
in operative groups, with additional injuries being a key 
determinant of patient outcomes. The findings emphasize 
the importance of careful patient selection for NOM to 
optimize clinical outcomes and reduce unnecessary surgical 
interventions. Further research is necessary to refine trauma 
management strategies, particularly in centres where 
viscoelastic testing is not yet incorporated.

In summary, our findings reinforce the value of NOM for 
appropriately selected trauma patients while highlighting the 
need for ongoing improvements in transfusion strategies and 
trauma care protocols.
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