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ABSTRACT

BACKGROUND: In this study, we aimed to present the management and treatment processes of patients with splenic trauma,
discuss nonoperative treatment approaches, and share our institutional experience.

METHODS: A total of 244 patients hospitalized for splenic trauma between January 2010 and January 2020 were retrospectively
analyzed.

RESULTS: Splenic injury was present in 22% of trauma patients who presented to the emergency department and were consulted by
pediatric surgery. The most common cause of splenic injury was falls (60%). Forty-three percent of patients were of school age. Ninety
percent of patients had Grade I-lll splenic injuries. The mean age at presentation was 7.90 years. The mean hematocrit level was 32%
and the mean hemoglobin level was 10.90. Blood transfusion was administered to 29% of patients. Additional injuries were present
in 45.9% of cases, with the lung being the most frequently affected organ. The mean length of hospital stay was 6.03 days. Mortality
occurred in five patients, and morbidity was observed in five patients. There was a statistically significant correlation between blood
pressure, urine output, and mortality. A statistically significant association was also found between platelet-to-lymphocyte ratio, blood
transfusion, hemoglobin level, Glasgow Coma Scale (GCS) score, and mortality (p<0.001). Furthermore, significant correlations were
identified between GCS score, length of hospital stay, neutrophil count, and the presence of additional injuries (p<0.001). A strong
negative correlation was observed between lactate levels and blood transfusion (r=-0.610), as well as between lactate levels and GCS
score (r=-0.645). In the ROC analysis evaluating lactate as a predictor of additional injury, a sensitivity of 58% and specificity of 83%
were identified at a cutoff value of 1.9.

CONCLUSION: We recommend nonoperative management for patients with splenic injury, as it reduces mortality, morbidity, and
healthcare costs. Treatment protocols for these patients should be scientifically standardized.

Keywords: Nonoperative treatment; pediatric splenic trauma.

INTRODUCTION

Trauma remains the leading cause of mortality and morbid-
ity in the pediatric population worldwide. In 2015, trauma
caused more deaths and morbidity burden in the United
States than all other childhood diseases combined.l'l After
injuries to the head and extremities, the abdomen is the third

most frequently affected region. Each year; | in 10,000 chil-
dren in the United States experiences abdominal trauma.?
A study conducted in the United States reported that 3% of
all trauma cases presenting between 1994 and 2014 involved

splenic injuries, of which 79.6% were isolated splenic injuries.
i3

In 2000, due to variability in the management of pediatric
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abdominal traumas, the trauma committee of the American
Pediatric Surgical Association published guidelines and cri-
teria for the management of solid organ injuries.! As the
management of intra-abdominal solid organ injuries became
standardized, hospital length of stay decreased and the suc-
cess rate of nonoperative management increased.**] Over
time, these guidelines have been periodically updated, with
the most recent systematic review published in 2019. Recent
evidence suggests that shorter hospital stays, followed by a
reduced period of bed rest after discharge, are safe.l’! The
primary advantage of nonoperative management is the avoid-
ance of postoperative complications. Patients managed non-
operatively have demonstrated shorter hospital stays, fewer
blood transfusions, and improved quality of life.l! Current
scientific data indicates that the success rate of nonoperative
management exceeds 90%.

Although nonoperative management is widely accepted for
hemodynamically stable patients, there remains ongoing de-
bate regarding the optimal management and follow-up of
hemodynamically unstable patients. Additionally, there is no
clear consensus on the role of angiographic interventions in
splenic trauma.

In this study, we aimed to retrospectively review the manage-
ment and treatment processes of patients who were followed
in our intensive care unit for splenic trauma between January
2010 and January 2020, to discuss nonoperative management
strategies, and to evaluate our institutional experience.

MATERIALS AND METHODS

Between January 2010 and December 2019, all patients who
presented to the emergency department due to trauma and
were referred to the pediatric surgery department were ex-
amined. A total of 244 patients with splenic trauma were in-
cluded in the study. Eight patients with splenic trauma whose
medical records were inaccessible were excluded.

This study was conducted in accordance with the principles
of the Declaration of Helsinki. Approval was obtained from
the Academic Committee of the Department of Pediatric
Surgery (19/05/2021). Subsequently, ethical approval was
granted by the Ethics Committee (15/12/2021-86).

The following variables were analyzed: demographic charac-
teristics, mechanism of injury, injury grade, presence of co-
morbidities, need for blood transfusion, length of hospital
stay, and presence of concomitant injuries. Blood pressure,
hematocrit (HCT), hemoglobin (Hb), platelet (PLT), neu-
trophil (NEU), lymphocyte (LYM), and lactate levels were
recorded. The neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio (PLR) were calculated. Glasgow
Coma Scale (GCS) scores, urine output, mortality, morbid-
ity, radiological investigations performed, and treatment ap-
proaches were also assessed.

Initial patient data were obtained from emergency depart-
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ment records at the time of admission. In cases with addi-
tional injuries, consultations from relevant specialties were
reviewed. The clinical course of all patients during hospitaliza-
tion was evaluated.

Statistical Analysis

Statistical analyses were performed using SPSS Statistics for
Windows, version 18.0 (SPSS Inc., Chicago, IL, USA). De-
scriptive statistics were presented as frequency, percent-
age, mean, and standard deviation. The normality of data
distribution was assessed. The Pearson chi-square test was
used to compare qualitative data. The independent samples
t-test was applied for comparisons of normally distributed
quantitative data. For variables that did not follow a normal
distribution, the Mann—Whitney U test was used. Spearman
correlation analysis was performed to evaluate correlations
between variables. Receiver operating characteristic (ROC)
curve analysis was conducted to determine sensitivity and
specificity. A p-value of <0.05 was considered statistically sig-
nificant for all analyses.

RESULTS

Between January 2010 and December 2019, splenic injury
was identified in 22% of pediatric patients admitted to the
emergency department due to trauma. Among patients with
splenic trauma, 43% were between 7 and |12 years of age. The
most common mechanism of injury was falls, accounting for
60% of cases, and 74.2% of the patients were male. The dis-
tribution of age, sex, and mechanisms of injury are presented
in Table 1.

Table I. Age distribution, sex, and mechanism of trauma
n %
Age (years)
0-3 40 16.4
4-6 59 242
7-12 105 43
13-17 40 16.4
Sex
Male 181 748
Female 63 25.2
Mechanism of trauma
Fall 148 60.3
Motor vehicle accident (MVA) 46 18.9
Road traffic accident (RTA) 21 8.9
Bicycle crash accident (BCA) 15 6.1
Blunt abdominal trauma (BAT) 8 33
Penetrating trauma (PT) 3 1.2
Gunshot wound (GSW) 3 1.2
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Table 2. Distribution of injury grades

Injury Grade n %

I 86 352
Il 84 344
I 50 20.5
v 19 7.8
\'% 5 2.0
Total 244 100

Focused Assessment with Sonography for Trauma (FAST)
was performed in 235 patients, and computed tomography
(CT) was performed in 182 patients. It was assumed that
patients who did not undergo CT at our institution had previ-
ously undergone CT at the referring hospital; however, these
imaging data were not accessible.

The most common injury grade was Grade |, accounting for
35.2% of cases. The distribution of injury grades is presented
in Table 2.

The mean age of the patients was 7.9 years. The descriptive
characteristics of the study population are presented in Table

3.

Isolated splenic injuries accounted for 54.2% of cases, while
45.9% of patients had concomitant injuries. The lungs were

A total of three units of erythrocyte suspension (ES) were
administered. She was discharged following nonoperative
management. The third patient, a male with acute myeloid
leukemia, presented with a Grade | splenic injury after a fall.
No additional injuries were detected. Although his HCT and
Hb levels were within normal limits, thrombocytopenia was
present. He did not receive ES and was discharged with non-
operative management.

The mean length of hospital stay was 6.03 days. The distribu-
tion of hospital stay according to injury grade and mechanism
of trauma is presented in Tables 5 and 6, respectively.

Twenty-six patients were hypotensive, while 218 were nor-
motensive at presentation. Decreased urine output was ob-
served in |5 patients. The relationship between blood pres-
sure, urine output, and mortality is shown in Table 7.

A statistically significant association was found between both
blood pressure and urine output and mortality (p<0.001).

A total of five patients died, three of whom died in the emer-
gency department. One patient died during the surgical pro-
cedure, and another died in the postoperative period. Among
these patients, three had Grade V splenic injuries and two
had Grade IV splenic injuries. Four of the five deceased pa-
tients had concomitant high-grade liver injuries.

Five patients experienced morbidity. One patient discon-
tinued school and developed substance abuse following the

Table 3. Characteristics of the patients
Minimum Maximum Mean Standard Deviation

Age (years) | 17 79 4.133

Blood transfusion | 1.64 1.110

HCT (%) 13.9 46.44 32.90487 5.4390932

Hb (g/dL) 7 14 10.90 2.283

GCS 3 15 14.37 1.934
Lactate (mmol/L) 0.6 14 2.377083 2.4192701
the most frequently affected additional organ (21%). The dis- Table 4. Distribution of concomitant injuries
tribution of associated injuries is shown in Table 4.

Injured Organ n %
Three patients (1%) had comorbidities. One female patient
with iron deficiency anemia presented with a Grade | splenic Lung 50 21%
injury following a fall. No additional injuries were identified. Skeletal system 49 20%
Her HCT was 29.27% and Hb was 9.13 g/dL. She did not Liver 27 11%
receive a transfusion and was discharged after nonoperative Cranial injury 25 10%
management. The second patient, a female with depression .
. . . . Kidney 21 8%

and behavioral disorder, presented with a Grade | splenic

injury due to a gunshot wound. She had bilateral pneumo- Selel ghme E =
thorax, right-sided hemothorax, and a Grade Il liver injury. Intestinal injury 2 0.8%
Ulus Travma Acil Cerrahi Derg, March 2026, Vol. 32, No. 3 353
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Table 5. Length of hospital stay according to injury grade

Injury Grade n Mean Standard Deviation Minimum Maximum
I 86 5.36 2.361 2 17

Il 84 6.00 2.630 3 21

I 50 6.48 1.705 5 13

v 19 8.05 3.504 2 17

\ 5 6.00 7.071 | 16
Total 244 6.03 2.674 | 21
Table 6. Trauma mechanism and length of hospital stay

Trauma Mechanism Mean Standard Deviation Minimum Maximum
Fall 5.79 2.155 I 17
MCA 6.52 2.676 4 12
RTA 6.13 2.729 I 16
BCA 5.33 1.799 4 9

PT 4.00 1.732 2 5

BAT 7.88 5.866 3 21
GSW 13.67 4.933 8 17
Total 6.03 2.674 I 21

trauma, suggestive of post-traumatic stress disorder (PTSD).
One patient underwent splenectomy due to instability and
was subsequently treated for post-traumatic anxiety disorder.
One patient developed a left ocular contracture. Another de-
veloped paraparesis. One patient developed atrophy of the
left kidney.

Six patients underwent surgical intervention, two of whom
died. Of the remaining four patients, three underwent sple-
nectomy for Grade V splenic injuries. One patient with a

Table 7. Association between blood pressure, urine output,
and mortality
Mortality Total
Blood pressure
Hypotensive 5 26
Normotensive 0 218
Total 5 244
Urine output
Decreased 5 17
Normal 0 227
Total 5 244
354

Grade Il splenic injury underwent surgery for a ureteral in-
jury, during which splenic laceration repair was performed.

The mechanisms of trauma and the patients who underwent
surgery are presented in Table 8. A statistically significant as-
sociation was found between the mechanism of trauma and
the need for surgery (p<0.001).

Patients involved in traffic accidents and gunshot wounds had
significantly higher rates of additional injuries (Table 9). A
statistically significant association was identified between the

Table 8. Association between trauma mechanism and surgi-

cal intervention

Trauma Mechanism Surgery Total
Fall 3 148
RTA| 46

MCA 0 21
BCA 0 I5
BAT 0 8
PT 0 3
GSW 2 3
Total 6 244
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Table 9. Association between trauma mechanism and
additional injury

Trauma Mechanism Additional Injury Total
Fall 60 148

MCA 28 46
RTA 14 21
BCA 3 15
BAT 3 8
PT | 3
GSW 3 3
Total 112 244
Table 10. Variables associated with mortality

Mortality p Value
PLR 0.000
Blood transfusion 0.000
Hb 0.000
GCS 0.000
NLR 0.013
Lactate 0.001
Table I 1. Variables associated with additional injury
Additional Injury p Value
Blood transfusion 0.014
Hospital stay 0.000
GCS 0.000
NEU 0.000
NLR 0.001
Lactate 0.023

mechanism of trauma and the presence of additional injuries
(p<0.01).

No significant association was found between platelet count,
neutrophil count, or patient age and mortality. However, sig-
nificant associations were observed between NLR, lactate
level, PLR, blood transfusion requirement, Hb level, and GCS
score and mortality (p<0.05). Additionally, the presence of
additional injuries was significantly associated with mortality
(p<0.05) (Table 10).

A statistically significant association was identified between
blood transfusion requirement and lactate levels and the pres-
ence of additional injuries (p<0.05). A statistically significant
association was also found between NLR and the presence of
additional injuries (p<0.01). Furthermore, GCS score, length

Ulus Travma Acil Cerrahi Derg, March 2026, Vol. 32, No. 3

R? Linear = 0,505

12,5000

10,0000 o

Laktat

5,0000

25000

0,0000

Figure 1. Correlation curve between lactate level and Glasgow
Coma Scale (GCS) score

of hospital stay, and neutrophil count were significantly as-
sociated with the presence of additional injuries (p<0.001)
(Table 11).

A strong negative correlation was observed between lactate
level and GCS score (r=-0.610), as well as between blood
transfusion requirement and GCS score (r=-0.645). A moder-
ate negative correlation was found between lactate level and
Hb (r=-0.594) and between blood transfusion requirement
and Hb (r=-0.517). A moderate positive correlation was ob-
served between NEU and lactate level (r=0.419). Addition-
ally, a moderate negative correlation was identified between
lactate level and HCT (r=-0.595), while a moderate positive
correlation was found between lactate level and blood trans-
fusion requirement (r=0.446). No statistically significant cor-
relations were found between length of hospital stay, age, PLT,
LYM, NLR, or PLR and other variables. The correlation curve
between lactate level and GCS score is presented in Figure |.

In the ROC analysis evaluating lactate level as a predictor of
additional injuries, a cutoff value of 1.9 yielded a sensitivity of
58% and a specificity of 83% (area under the curve [AUC]:
72%).

DISCUSSION

In our study, 97% of patients with splenic injuries were suc-
cessfully managed nonoperatively. Patients continue to be fol-
lowed up, and no complications have been detected to date.
Therefore, we recommend nonoperative management for pa-
tients with splenic injuries, as it reduces mortality, morbidity,
and healthcare costs.

Most splenic traumas are isolated injuries. Falls are the most
common mechanism of trauma, and boys are more frequent-
ly affected than girls. The majority of patients present with
low-grade injuries. As the injury grade increases, the need for
blood transfusion also rises.
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Due to socioeconomic differences, the mechanisms of trauma
vary among countries. In our study, falls were the most com-
mon cause of splenic trauma in children. In the literature, Ri-
alon et al.l! reported that traffic accidents were the leading
cause of splenic injury, whereas Aoki et al.®! identified falls
as the most common mechanism, particularly in high-grade
splenic injuries. We hypothesize that sleeping on rooftops in
rural areas during the summer may be an important contribut-
ing factor to fall-related splenic injuries. Additionally, children
in our region spend most of their time outdoors during the
summer months, which may increase the incidence of falls.

Rialon et al.”] reported a mean age of 12 years among chil-
dren presenting with splenic injuries, Leeper et al.”! reported
a mean age of || years, Aoki et al.®! found a mean age of 10
years, and Knight et al.l'” reported a mean age of 14 years. In
our study, the median age was lower (7.89 years). We believe
this may be attributable to socioeconomic factors, including
increased outdoor activity during the summer and insufficient
traffic safety measures for children.

In our cohort, 35.2% of patients had Grade | splenic injuries,
34.4% had Grade Il, 20.5% had Grade Ill, 7.8% had Grade IV,
and 2% had Grade V injuries. Approximately 90% of patients
had Grade I-lll injuries. In the American Pediatric Surgical
Association (APSA) systematic review, most patients were
reported to have Grade II-IV injuries.''’ We believe that the
higher proportion of Grade | injuries in our study may be re-
lated to the predominance of fall-related trauma, particularly
during the summer months, when lower-grade splenic injuries
are more common.

In our study, 29% of patients received blood transfusions.
The transfusion rates according to injury grade were 6%
for Grade |, 15% for Grade Il, 56% for Grade Ill, 94% for
Grade IV, and 100% for Grade V splenic injuries. A statisti-
cally significant association was demonstrated between blood
transfusion requirement and injury grade (p<0.001). In the
literature, the reported need for blood transfusion in patients
with splenic injuries ranges from 10% to 20%. We believe that
the higher transfusions rate observed in our study may be
attributed to the high prevalence of concomitant traumatic
injuries. Seventy-two patients had Hb levels between 8-10 at
admission; however, transfusion became necessary as Hb lev-
els decreased due to ongoing bleeding, particularly in patients
with additional injuries. Another contributing factor may be
our transfusion threshold for unstable patients, which was
set at an Hb level of 8, consistent with recommendations in
the literature. Previous studies report an Hb threshold be-
tween 7.5-9.5 as an indication for transfusion in critically ill
patients.l''3] The ATOMAC (American Pediatric Surgical As-
sociation (APSA) Outcomes and Transfusion in the Manage-
ment of Pediatric Solid Organ Injury) guidelines and several
publications recommend transfusion at an Hb level below 7.
However, in patients with high-grade splenic injuries or con-
comitant injuries, Hb levels may decline during follow-up due
to ongoing bleeding. We also consider an Hb level below 7 as
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an indication for transfusion in stable patients, while support-
ing transfusion at Hb levels below 8 in unstable patients with
ongoing bleeding (e.g., high-grade or vascular injuries).

The mean length of hospital stay in our study was 6.03 days.
In the literature, Rialon et al.”! reported a mean stay of 4
days, Aoki et al.® reported 10 days for high-grade injuries,
McDonald et al.l' reported 5.5 days, and the APSA system-
atic review reported 3.9 days.'"! Cost-effective treatment
strategies are becoming increasingly important worldwide,
and prolonged hospital stay is a well-established factor as-
sociated with increased healthcare costs. We believe that the
longer hospital stay observed in our study may be related to
the presence of additional injuries. However, when compared
with the literature, particularly studies published after the
2019 APSA systematic review, our length of stay is consistent
with reported data.

In our study, the mortality rate was 2% (5/244). Although some
studies in the literature report no mortality, Rialon et al.l"l re-
ported a mortality rate of 4%. Among the deceased patients in
our study, three were involved in road traffic accidents (RTAs)
and two sustained injuries due to falls. All deceased patients
had concomitant injuries and were unstable upon arrival at the
emergency department. Due to the small number of deaths,
it was not possible to conduct comprehensive statistical anal-
yses to evaluate risk factors for mortality. However, in the
analyses performed, statistically significant associations were
identified between NLR, lactate level, PLR, blood transfusion
requirement, Hb level, and GCS score and mortality. There-
fore, admission GCS score and laboratory parameters such as
Hb, lactate, neutrophil, lymphocyte, and platelet counts are
clinically valuable, particularly in the management of high-risk
patients. As the number of patients increases, more robust
scientific data will be obtained in future studies.

Given the statistically significant association between the
mechanism of trauma and the presence of additional injuries,
it should be emphasized that nearly 60% of patients involved
in traffic accidents had concomitant injuries. Additional inju-
ries should be carefully evaluated using CT and managed with
a multidisciplinary approach. Schalamon et al.l'*! reported that
68% of children with multiple trauma presented following
traffic accidents. In our study, a statistically significant asso-
ciation was found between GCS score and neutrophil count
and the presence of additional injuries. Therefore, elevated
neutrophil levels on complete blood count (CBC) may serve
as an indicator of concomitant injuries.

In our correlation analysis, a strong negative correlation was
observed between lactate level and GCS score, as well as
between blood transfusion requirement and GCS score.
As GCS decreases, the likelihood of transfusion increases.
Therefore, in patients presenting with low GCS scores, it may
be beneficial to prepare ES immediately upon admission while
laboratory evaluations are ongoing.

In our ROC analysis evaluating lactate level as a predictor of
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additional injuries, a cutoff value of 1.9 demonstrated a sen-
sitivity of 58% and a specificity of 83%. Careful interpretation
of blood gas analysis, which is the fastest available diagnostic
test, is essential. Patients with lactate levels above 1.9 are
more likely to have concomitant injuries. In these cases, ES
should be prepared promptly, CT should be performed with-
out delay for diagnostic evaluation, and consultations with
the relevant specialties should be initiated immediately.

As we did not encounter any complications requiring angio-
graphic embolization, this intervention was not utilized in
our cohort. Furthermore, angiographic embolization has not
been shown to preserve splenic function. Given the high suc-
cess rate of nonoperative management, even in high-grade
injuries, further scientific studies are needed to better define
the role of angiographic embolization.

Limitations

The principal limitation of this study is its retrospective de-
sign. Access to much of the data was challenging. Because
some patients were referred from other hospitals, certain
data were inaccessible. As this was a single-center study, the
findings, particularly those related to mortality and morbidity
risk factors, should be evaluated in multicenter studies with
larger patient populations. Additionally, the absence of com-
plications in our cohort may be related to the sample size,
and as the number of patients increases, we may be able to
present new data on complication management, particularly
regarding angiographic embolization.

CONCLUSION

A multidisciplinary approach grounded in current scientific
evidence is the most critical factor in ensuring survival in
pediatric trauma patients. From the moment of admission
to the emergency department, management should follow
a standardized protocol based on scientific data. All injuries
must be systematically identified, and treatment should be
initiated without delay. Multicenter scientific studies will fur-
ther strengthen the existing body of evidence, supporting the
nonoperative management of most patients and facilitating
discharge without long-term sequelae.
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Cocuklarda dalak travmalarinin yonetimi

AMAC: Dalak travmali hastalarin yonetim ve tedavi siireglerini sunmayi, nonoperatif tedavi yonetimini tartismayi ve deneyimlerimizi paylasmayi
amagliyoruz.

GEREC VE YONTEM: Ocak 2010 ile Aralik 2019 tarihleri arasinda dalak travmasi nedeniyle hastaneye yatirilan 244 hasta calismaya dahil edildi ve
retrospektif olarak analiz edildi.

BULGULAR: Acil servise basvuran ve gocuk cerrahisi ile konslilte edilen travma hastalarinin %22'sinde dalak yaralanmasi mevcuttu. Dalak ya-
ralanmasinin en sik nedeni diisme (%60) idi. Hastalarin %43'l okul ¢agindaydi. Hastalarin %90'inda evre |-2-3 dalak yaralanmasi vardi. Basvuru
aninda ortalama yas 7.90, ortalama hematokrit 32, ortalama hemoglobin 10,90 idi. Hastalarin %29'una transflizyon yapildi. Hastalarin %45.9'unda
ek yaralanma vardi ve en sik yaralanan organ akcigerdi. Ortalama hastanede kalis siiresi 6,03 glindl. 5 hastada mortalite, 5 hastada ise morbidite
gorlldi. Kan basinai ve idrar gikisi ile mortalite arasinda istatistiksel olarak anlamli bir iligski vardi. (p<0.05) Trombosit/lenfosit orani, kan transfiiz-
yonu, hemoglobin ve GCS ile mortalite arasinda istatistiksel olarak anlamli bir iliski bulundu. (p<0.001) GCS, hastanede kalis siiresi, nétrofil sayisi
ve ek yaralanma arasinda istatistiksel olarak anlamli iliski bulundu. (p<0.001) Laktat ve kan transfiizyonu ile GKS arasinda yiiksek diizeyde negatif
korelasyon oldugu goriildu. (sirasiyla r=-0,6 10 ve r=-0,645) Laktat ile ek yaralanma i¢in yapilan ROC analizinde laktat cut off degeri |,9'da duyarliik
%58, 6zgiillik %83 olarak belirlendi.

SONUCG: Dalak yaralanmali hastalara ameliyatsiz tedaviyi hem mortaliteyi, hem morbiditeyi hem de maliyeti azalttigi igin Gneriyoruz. Hastalarin
tedavi yonetimi bilimsel olarak standardize edilmelidir.

Anahtar sézcikler: Cocuklarda dalak travmalari; nonoperatif tedavi; pediatrik travma.

Ulus Travma Acil Cerrahi Derg 2026;32(3):351-358 DOI: 10.14744/1jtes.2026.05888

Ulus Travma Acil Cerrahi Derg, March 2026, Vol. 32, No. 3



