Online ahead-of-print. Page numbers NOT for citation purposes. RESEARCH ARTICLE

§ sciendo

Latent class analysis to identify sub-
phenotypes predicting pediatric splenic
pseudoaneurysm following blunt spleen
injuries: A post-hoc analysis

Yuki Kishihara?, Hideto Yasudal4*, Morihiro Katsura®, Masahiro Kashiural, Shunsuke
Amagasa®, Yutaro Shinzato?, Yutaka Kondo?, Shigeki Kushimoto?, Takashi Moriya?

DOI: 10.2478/jccm-2025-0037

1 Department of Emergency and Critical Care Medicine, Jichi Medical University Saitama Medical Center, Saitama,
Japan

2 Department of Clinical Research Education and Training Unit, Keio University Hospital Clinical and Translational
Research Center, Tokyo, Japan

3 School of Nursing, Midwifery and Social Work, UQ Centre for Clinical Research, The University of Queensland,
Australia

4 School of Nursing and Midwifery; Alliance for Vascular Access Teaching and Research, Griffith University, Australia
5 Department of Surgery, Okinawa Chubu Hospital, Okinawa, Japan

6 Department of Emergency and Transport Medicine, National Center for Child Health and Development, Tokyo,
Japan

7 Department of Emergency and Disaster Medicine, Juntendo University Graduate School of Medicine, Tokyo, Japan
8 Division of Emergency and Critical Care Medicine, Tohoku University Graduate School of Medicine, Miyagi, Japan

ABSTRACT

Aim of the study: The rupture of delayed formed splenic pseudoaneurysms after pediatric blunt splenic injuries un-
dergoing nonoperative management (NOM) can be life-threatening. We aimed to identify the sub-phenotypes pre-
dicting delayed splenic pseudoaneurysm formation following pediatric blunt splenic injury using latent class analysis
(LCA).

Material and Methods: In this retrospective observational study conducted using a multicenter cohort of pediatric
trauma patients, we included pediatric patients (aged <16 years) who sustained blunt splenic injuries and underwent
NOM from 2008 to 2019. LCA was performed using clinically important variables, and 2—5 sub-phenotypes were
identified. The optimal number of sub-phenotypes was determined on the basis of clinical importance and Bayesian
information criterion. The association between sub-phenotyping and delayed splenic pseudoaneurysm formation
was analyzed using univariate logistic regression analysis with odds ratios (ORs) and 95% confidence intervals (Cls).

Results: The LCA included 434 patients and identified three optimal sub-phenotypes. Contrast extravasation (CE) of
initial CT in the spleen was observed in 22 patients (68.8%) in Sub-phenotype 1, 49 patients (25.7%) in Sub-pheno-
type 2, and 22 patients (10.4%) in Sub-phenotype 3 (p = 0.007). Delayed splenic pseudoaneurysm was observed in 46
patients (10.6%), including seven patients (21.9%) in Sub-phenotype 1, 25 patients (13.1%) in Sub-phenotype 2, and
14 patients (6.6%) in Sub-phenotype 3 (p = 0.01). Logistic regression analysis for delayed splenic pseudoaneurysm
formation using Sub-phenotype 3 as the reference revealed an OR (95% Cl) of 3.94 (1.45-10.7) in Sub-phenotype 1
and 2.12 (1.07-4.21) in Sub-phenotype 2.

Conclusions: The LCA identified three sub-phenotypes showing statistically significant differences for delayed splenic
pseudoaneurysm formation. Our findings suggest that cases with CE on initial CT imaging may be at increased risk of
delayed splenic pseudoaneurysm formation.
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HINTRODUCTION

The spleen is commonly injured in pediatric blunt
trauma, with approximately 10% of patients undergo-
ing nonoperative management (NOM) developing de-
layed splenic pseudoaneurysms (PSAs) [1]. Rupture of
these pseudoaneurysms can be life-threatening; thus,
careful monitoring and timely intervention using in-
terventional radiology (IVR) are crucial to prevent
catastrophic hemorrhage [2-5].

Despite the clinical significance of delayed PSA for-
mation, standardized follow-up protocols for detecting
these lesions have not been established [6-8]. There-
fore, identifying factors associated with PSA formation
is essential to support clinical decision-making. How-
ever, these predictive factors remain unclear, leaving
clinicians uncertain about whether to proceed with
interventional treatment or adopt a watchful waiting
approach.

Latent class analysis (LCA) may offer a useful meth-
od for identifying sub-phenotypes that predict the de-
velopment of PSAs following blunt splenic injury [9].
By classifying patients into distinct subgroups based on
clinical characteristics, LCA has the potential to pro-
vide valuable insights that inform personalized man-
agement strategies. Although exploratory in nature,
such analyses may lay the groundwork for future stud-
ies. Given this background, the objective of our study
was to identify sub-phenotypes predictive of delayed
PSA formation in pediatric patients with blunt splenic
injury using LCA.

B MATERIALS AND METHODS

Study Design

This study is a post hoc analysis of a multicenter, retro-
spective observational study conducted by the Splen-
ic and Hepatic Injury in Pediatric Patients (SHIPPs)
study group [1]. The SHIPPs registry compiled pre-
and in-hospital data on pediatric patients aged <16
years who sustained blunt liver and/or splenic injuries
and were admitted to 83 hospitals across Japan between
January 2008 and December 2019. Data were entered
into a web-based system by medical personnel at each
participating institution. Outcome assessors were not
blinded to clinical information.

The original SHIPPs study and its subsequent anal-
yses were approved by the Ethics Committee of Jichi
Medical University Saitama Medical Center (approval
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number: S20-112). As this investigation is a secondary
analysis of the SHIPPs registry, no additional ethical
approval was required. Informed consent was waived,
as the study involved no interventions deviating from
standard clinical practice; however, an opt-out option
was made available on the institution’s website. The
data were accessed for research purposes on June 6,
2024. No personally identifiable information was avail-
able to the investigators during or after data collection.

This study was conducted in accordance with the
STrengthening the Reporting of OBservational Studies
in Epidemiology (STROBE) guidelines and the prin-
ciples outlined in the Declaration of Helsinki and its
subsequent amendments (Table S1 in Supplementary
Online File 1) [10].

Participants

The inclusion criteria for the SHIPPs study were as
follows: (1) age <16 years, (2) transportation by am-
bulance, (3) diagnosis of splenic and/or liver injury
upon hospital arrival, and (4) an Abbreviated Injury
Scale (AIS) score =1 related to the liver or spleen [1].
The exclusion criteria were: (1) cardiopulmonary ar-
rest on arrival, (2) any injury with an AIS score of 6,
(3) duplicate enrollment due to interhospital transfers
from both referring and receiving institutions, and (4)
refusal of treatment or request for treatment limitation
by the parent or guardian due to severe head injury [1].

For the present analysis, additional exclusion crite-
ria were applied: (1) isolated liver injury or combined
liver and splenic injuries, (2) cases requiring surgical
intervention, (3) pseudoaneurysm formation identi-
fied on the day of admission, (4) missing data regard-
ing delayed splenic pseudoaneurysm formation, and
(5) transfer to another hospital within 5 days of admis-
sion without subsequent follow-up information. In the
SHIPPs study, the study cohort was divided into four
groups based on hemostatic intervention within 48
hours of admission: NOM (observed), NOM with IVR,
operative management (OM), and combined IVR/OM
[1]. In contrast, in the current study, we included only
cases that fell under NOM (observed), excluding those
who underwent surgery or required emergency IVR
due to the presence of a splenic pseudoaneurysm at the
time of admission.

Data Collection

The following data were collected: age, sex, weight,
past medical history (hematologic disease, neuropsy-


https://jccm.ro/wp-content/uploads/2025/07/Supplementary_Online_File_1.pdf
https://jccm.ro/wp-content/uploads/2025/07/Supplementary_Online_File_1.pdf

Available online at: www.jccm.ro

chiatric disorder, chromosomal abnormalities, con-
genital anomaly, asthma, others), cause of injury (fall,
fall down, sport, bicycle, motor vehicle crash, struck
by vehicle, abuse, assault, others), vital signs on arrival
(heart rate [HR], blood pressure [BP]), presence or
absence of shock on arrival, results of blood tests con-
ducted on arrival (hemoglobin [Hb] level, platelet [Plt]
count, prothrombin time-international normalized ra-
tio [PT-INR]), initial CT findings (capsular tear of the
spleen [none, yes, unknown], presence or absence of
contrast extravasation (CE) in the spleen, presence or
absence of intra-abdominal bleeding, concomitant in-
jury to other organs), organ injury scaling (OIS) 2018
grade of the spleen on arrival, injury severity score
(ISS), blood transfusion, cryoprecipitate transfusion,
fibrinogen transfusion, infusion of tranexamic acid,
the method of IVR (angiography only, embolization
with Gelatin Sponge, embolization with coil, others,
unknown), duration of hospitalization, 30-day mortal-
ity, hospital mortality, and formation of delayed splenic
pseudoaneurysm [11,12].

Shock was defined according to the Pediatric Ad-
vanced Life Support (PALS) guidelines of the Ameri-
can Heart Association [13]. For transfusion, distinc-
tions were not made between the types of red blood
cells (RBCs), fresh frozen plasma (FFP), or Plt.

Outcome Measure

The outcome measure was delayed splenic pseudoa-
neurysm formation. This outcome measure was de-
fined as the formation of a splenic pseudoaneurysm,
which was detected on or after the second day after in-
jury (but undetectable on CT scan on admission). The
determination of whether delayed splenic pseudoaneu-
rysm had formed was left to the discretion of the physi-
cians at each facility.

Statistical Analyses

We selected the following clinically relevant variables
for latent class analysis (LCA): age, sex, weight, past
medical history, mechanism of injury, presence or ab-
sence of shock on arrival, blood test results at admis-
sion, initial CT findings, splenic injury grade based
on the 2018 Organ Injury Scale (OIS), Injury Severity
Score (ISS), blood transfusion during hospitalization,
administration of cryoprecipitate, fibrinogen transfu-
sion, tranexamic acid infusion, and the type of IVR
procedure performed. Multiple imputation of explana-
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tory variables was conducted using the Markov chain
Monte Carlo method. Given that the maximum pro-
portion of missing data was 24%, a total of 24 imputed
datasets were generated [14]. Although the exact tim-
ing of transfusions was not recorded, we assumed they
were administered during the acute phase immediately
after injury—prior to the potential formation of de-
layed splenic pseudoaneurysms.

We initially explored models with 2 to 5 latent classes
and determined the optimal number of clinically mean-
ingful sub-phenotypes based on both the Bayesian In-
formation Criterion (BIC) and clinical interpretability.
After identifying the optimal class structure, the dis-
criminative capacity of each variable was evaluated us-
ing the maximum integrated complete-data likelihood
criterion. Higher variable indices indicated stronger as-
sociations between the variables and class membership.

After sub-phenotypes were established, continuous
variables were summarized as medians and interquar-
tile ranges (IQRs), while categorical variables were
reported as absolute numbers and percentages. Differ-
ences in variables among the latent classes were assessed
using Pearson’s chi-squared test or the Kruskal-Wallis
rank sum test, as appropriate. Logistic regression anal-
ysis was subsequently performed to examine the as-
sociation between each sub-phenotype and the occur-
rence of delayed splenic pseudoaneurysms, expressed
as odds ratios (ORs) with corresponding 95% confi-
dence intervals (Cls). No covariate adjustment was
performed, as the latent classes were conceptualized as
unobserved homogeneous subgroups based on patient
characteristics, and thus covariates were not considered
to confound the relationship between latent classes and
outcomes [15].

All analyses were performed using the R package
VarSelLCM and R statistical software (version 4.1.3;
The R Project for Statistical Computing, Vienna, Aus-
tria). A two-sided p-value of <0.05 was considered sta-
tistically significant.

B RESULTS

Patient Enrollment

Of the 1,441 patients included in the registry of pedi-
atric hepatic and splenic injuries, we analyzed the data
of 434 patients who met the inclusion criteria for the
current study (Figure 1).
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All enrolled patients (n = 1.441)
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Excluded patients (n= 1.007)
Liver injury of concomitant liver and spleen injuries (n = 904)
Cases requiring operation (n= 36)

Analyzed patients (n = 434)

Observed pseudoaneurysm formation upon the day of arrival (n= 17}
Data missing of the formation of delayed splenic pseudoaneurysm (n = 46)

Patient transfer to another hospital within 5 days of admission without
required follow-up informaton (n=4)

Delayed splenic pseudoaneurysm (+)

46 patients (10.6%) 388 patients (89 4%)

Delayed splenic pseudoaneurysm (-)

Fig. 1. Flowchart depicting the screening and enrollment process in this study

LCA

Three Sub-phenotypes were identified after LCA (Table
S2 in Supplementary Online File 2). Patient character-
istics and pre- and post-hospital information for each
latent class are listed in Table 1, and missing values are
shown in Table S3 in Supplementary Online file 2.

The factor with the highest discriminative power
was PT-INR (Figure 2). The following values are all
listed in the order of Sub-phenotype 1, Sub-phenotype
2, and Sub-phenotype 3. The median (IQR) values of
PT-INR were as follows: 1.27 (1.18-1.56), 1.15 (1.08-
1.24), and 1.08 (1.02-1.14); and plt on arrival were
as follows: 22.8 (15.7-28.1) x103/uL, 23.9 (20.8-28.7)
x103/uL, and 28.9 (23.1-33.3) x103/uL (Table 1, and
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Figure S1-a and S1-b in Supplementary Online File
2). Among the other variables, shock was observed in
six patients (18.8%), eight patients (4.2%), and five pa-
tients (2.4%); CE in the spleen of initial CT was ob-
served in 22 patients (68.8%), 49 patients (25.7%), and
22 patients (10.4%); OIS grade 4 or 5 for the spleen was
observed in 19 patients (59.4%), 44 patients (23.0%),
and 31 patients (14.7%); the median (IQR) values of
ISS were as follows: 31.5 (21.5-42.3), 9 (5.5-17), and
9 (5-14); and blood transfusion was performed in 25
patients (78.1%), 25 patients (13.1%), and 19 patients
(9.0%) (Table 1, and Figure S1-c-S1-e in Supplemen-
tary Online File 2). And the variables discussed above,
although not ranked among those with the highest dis-
criminative power, are presented in Table S4 in Sup-
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Fig. 2. The five factors showing high discriminative power in LCA. Abbreviations: ISS, Injury Severity Scale score; LCA,
latent class analysis; Plt, platelet count; PT-INR, prothrombin time-international normalized ratio.
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Table 1. Demographics and characteristics of analyzed patients with stratified by sub-phenotypes

Sub-phenotypes
Sub-phenotype 1  Sub-phenotype 2  Sub-phenotype 3
(n=32) (n=191) (n=211)
Formation of Formation of Formation of
delayed splenic delayed splenic delayed splenic
pseudoaneurysm: pseudoaneurysm: pseudoaneurysm:

Overall
(n=434)
Formation of
delayed splenic
pseudoaneurysm:
n=46 (10.6%)

Variables

p value

n=7 (21.9%)

n=25 (13.1%)

n=14 (6.6%)

Age, years, median (IQR) 10 (7-13) 9(7.8-12) 13 (12-15) 8 (5.5-9) <.001
Male, n (%) 303 (69.8) 19 (59.4) 145 (75.9) 139 (65.9) 0.03
Weight, kg, median (IQR) 33(24.1-47) 29.5 (25-39.8) 48 (41-55) 25 (19.4-29.5) <.001
Past medical history, n (%)
None 366 (84.3) 30(93.8) 153 (80.1) 183 (86.7)
Hematologic disease 2 (0.5) 00) 1(0.5) 1(0.5)
Neuropsychiatric disorder 23 (5.3) 0(0) 13 (6.8) 10 (4.7) 065
Chromosomal abnormalities 0(0) 0(0) 0(0) 0(0) ’
Congenital anomaly 5(1.2) 0(0) 2(1.0) 3(1.4)
Asthma 22 (5.1) 1(3.1) 14 (7.3) 7 (3.3)
Others 16 (3.7) 1(3.1) 8 (4.2) 7 (3.3)
Situation of injury, n (%)
Fall 109 (25.1) 6(18.8) 29(15.2) 74 (35.1)
Fall down 41(9.5) 2(6.2) 10 (5.2) 29 (13.7)
Sport 66 (15.2) 2(6.2) 50 (26.2) 14 (6.6)
Bicycle 82 (18.9) 5 (15.6) 53(27.7) 24 (11.4) 0.009
Motor vehicle crash 49 (11.3) 7(21.9) 21(11.0) 21(10.0) '
Struck by vehicle 59 (13.6) 9(28.1) 11(5.8) 39 (18.5)
Abuse 1(0.2) 0(0) 0(0) 1(0.5)
Assault 12 (2.8) 1(3.1) 11 (5.8) 0(0)
Others 15 (3.5) 0(0) 6(3.1) 9 (4.3)
Shock on arrival, n (%) 19 (4.4) 6(18.8) 8(4.2) 5(2.4) 0.002
Hb on arrival, mg/dl, median (IQR) 12.3(11.2-13.3) 11.1(8.8-11.9) 13.1(11.7-13.9) 12.0(11.2-12.8) <.001
Plt on arrival, x103/uL, median (IQR) 25.7 (21.6-31.3) 22.8 (15.7-28.1) 23.9 (20.8-28.7) 28.9 (23.1-33.3) <.001
PT-INR on arrival, median (IQR) 1.12 (1.05-1.21) 1.27 (1.18-1.56) 1.15 (1.08-1.24) 1.08 (1.02-1.14) <.001
Capsular tear of spleen, n (%)
None 118 (27.2) 2(6.2) 53(27.7) 63 (29.9) 0.03
Yes 298 (68.7) 30(93.8) 131 (68.6) 137 (64.9) ’
Unknown 18 (4.2) 0(0) 7(3.7) 11 (5.2)
Contrast extravasation in spleen, n (%) 93 (21.4) 22 (68.8) 49 (25.7) 22 (10.4) <.001
Intra-abdominal bleeding, n (%) 355 (81.8) 28 (87.5) 158 (82.7) 169 (80.1) 0.60
Concomitant injury to other organs, n (%) 136 (31.3) 20 (62.5) 65 (34.0) 51(24.2) <.001
OIS 2018 of spleen, n (%)
1 34 (7.8) 1(3.1) 12 (6.3) 21 (10.0)
2 158 (36.4) 4(12.5) 71(37.2) 83(39.3)

<.001
3 148 (34.1) 8 (25.0) 64 (33.5) 76 (36.0)
4 73 (16.8) 15 (46.9) 34 (17.8) 24 (11.4)
5 21 (4.8) 4(12.5) 10 (5.2) 7(3.3)
ISS, median (IQR) 9 (6-17) 31.5(21.5-42.3) 9 (5.5-17) 9 (5-14) <.001
Blood transfusion, n (%) 69 (15.9) 25 (78.1) 25(13.1) 19 (9.0) <.001
Cryoprecipitate transfusion, n (%) 4(0.9) 3(9.4) 0(0) 1(0.5) 0.001
Fibrinogen transfusion, n (%) 2 (0.5) 0(0) 1(0.5) 1(0.5) 1.0
Infusion of tranexamic acid, n (%) 95 (21.9) 8(25.0) 50 (26.2) 37 (17.5) 0.09
Method of IVR
None or angiography only 425 (97.9) 31(96.9) 185 (96.9) 209 (99.1)
Embolization with Gelatin Sponge 5(1.2) 0(0) 4(2.1) 1(0.5) 028
Embolization with coil 4(0.9) 1(3.1) 2(1.0) 1(0.5) '
Others 0(0) 0(0) 0(0) 0(0)
Unknown 0(0) 0(0) 0(0) 0(0)

Abbreviations: Hb, hemoglobin; ISS, injury severity score; IQR, interquartile range; IVR, interventional radiology; OIS, Organ Injury Scale; Plt, platelet; PT-INR, prothrombin time-international normalized

ratio.
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13.1%
(25/191)

6.6%
(14/211)

Sub-phenotype 3

Fig. 3. Formation of delayed splenic pseudoaneurysm in each Sub-phenotype

Table 2. Sub-phenotypes and delayed splenic pseudoaneurysm formation

Overall

(n=434)

Sub-phenotypes

‘Sub-phenotype 1 Sub-phenotype 2 Sub-phenotype 3 p value

Formation of delayed splenic pseudoaneurysm, n (%) 46 (10.6)

(n=32)
7(21.9)

(n=191)
25 (13.1)

(n=211)
14 (6.6) 0.01

plementary Online File 2. Furthermore, the variables
with statistically significant differences among the
LCA-derived sub-phenotypes are shown in Table S5 in
Supplementary Online File 2.

Sub-phenotypes and Delayed Splenic Pseudoaneu-
rysm Formation

In total, delayed splenic pseudoaneurysm formation
was observed in 46 patients (10.6%), including sev-
en patients (21.9%) in Sub-phenotype 1, 25 patients
(13.1%) in Sub-phenotype 2, and 14 patients (6.6%) in
Sub-phenotype 3 (p = 0.01; Table 2 and Figure 3).

Logistic Regression Analysis

Univariate logistic regression analysis for delayed
splenic pseudoaneurysm formation using Sub-pheno-
type 3 as the reference revealed an OR (95% CI) of 3.94
(1.45-10.7) in Sub-phenotype 1 and 2.12 (1.07-4.21) in

Sub-phenotype 2 (Table 3).

H DISCUSSION

The current LCA revealed three Sub-phenotypes. Sta-
tistically significant differences were observed in the
distribution of shock, CE in the spleen, OIS 2018 grade
4 or 5 for the spleen, blood transfusion, cryoprecipi-
tate transfusion, and delayed splenic pseudoaneurysm
formation among these Sub-phenotypes. Clinically,
patients with severe splenic injury—such as OIS 2018
grade 4 or 5—or those with CE in the spleen and a high
ISS often present with shock due to massive hemor-
rhage resulting from complete vascular disruption.
These cases are frequently associated with coagulopa-
thy, including prolonged PT-INR and thrombocytope-
nia, and typically require blood transfusion as well as
cryoprecipitate administration. In such patients, par-

Table 3. Logistic regression analysis for the correlation between sub-phenotypes and delayed splenic pseudoaneurysm

formation

Crude OR
Formation of delayed splenic pseudoaneurysm
Sub-phenotypes
Sub-phenotype 1 3.94
Sub-phenotype 2 2.12
Sub-phenotype 3 ref

95% Cl (lower)

95% Cl (upper) p value
1.45 10.7 0.007
1.07 421 0.03
ref ref -

Abbreviations: Cl, confidence interval; OR, odds ratio.
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ticular attention should be paid to the potential devel-
opment of delayed splenic pseudoaneurysm formation.

In the current LCA, shock, CE in the spleen, OIS
2018 grade 4 or 5 for the spleen, ISS, blood transfu-
sion, and cryoprecipitate transfusion were significantly
higher in Sub-phenotype 1. Additionally, Sub-pheno-
type 1 was characterized by a significantly prolonged
PT-INR and a decreased platelet count. Moreover, a
spleen OIS 2018 grade of 4 or 5 is associated with a
higher AIS score for the spleen, which consequently
tends to lead to an increased ISS. The CE and OIS 2018
grade 4 or 5 of the spleen suggested complete disrup-
tion of the arterial wall. And pseudoaneurysms result
from complete disruption of the arterial wall, such as
trauma [16]. Therefore, in the current LCA, complete
disruption of the splenic arterial wall due to trauma
may result in delayed splenic pseudoaneurysm forma-
tion. And blood leakage caused by complete disruption
of the splenic arterial wall leads to a reduction in cir-
culating blood volume and subsequent shock. Bleeding
consumes platelets and coagulation factors, resulting in
prolonged PT-INR. However, with respect to age and
body weight, we were unable to identify a consistent
pattern between their distribution across the three sub-
phenotypes and the frequency of delayed splenic pseu-
doaneurysm formation. Therefore, it was challenging
to provide a logical interpretation of our LCA-derived
sub-phenotypes based on these factors.

To the best of our knowledge, no previous studies
have proposed predictive models for the formation of
delayed splenic pseudoaneurysms following NOM of
blunt splenic trauma in pediatric patients. Although
predictive modeling has not been extensively explored,
several studies have reported risk factors associated
with delayed PSA formation, recognizing that rupture
of such lesions can be life-threatening [3,17]. In par-
ticular, these studies have identified a correlation be-
tween CE on initial CT and subsequent formation or
rupture of delayed splenic pseudoaneurysms [3,17].
While these prior investigations were observational in
nature and warrant cautious interpretation, their find-
ings are consistent with those of the present LCA, sug-
gesting the robustness of our results [3,17].

The novelty of the current study lies in its application
of an LCA-based approach to identify sub-phenotypes
predictive of delayed PSA formation in pediatric pa-
tients undergoing NOM for blunt splenic injury—an
area that remains underexplored. Our findings suggest
that cases demonstrating CE on initial CT imaging may
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warrant close inpatient observation and follow-up im-
aging due to the potential risk of delayed pseudoaneu-
rysm formation. Conversely, in the absence of CE, un-
necessary hospitalization and follow-up imaging may
be avoidable. Nonetheless, due to the low incidence of
delayed pseudoaneurysm formation, the clinical appli-
cability of the current LCA findings should be inter-
preted with caution. However, as noted in the SHIPPs
study, which served as the foundation for the current
study, we believe that our findings offer several im-
portant clinical implications regarding splenic pseu-
doaneurysm formation following blunt splenic injury
in pediatric patients. First, given the current paucity
of research in this area, particularly in the pediatric
population, our data of the current study may serve
as a valuable basis for future investigations. Second, in
countries such as Japan, where standardized guidelines
have yet to be established, our findings may provide
an opportunity to reevaluate existing clinical practices
and potentially inform future decision-making regard-
ing the management of pediatric blunt splenic injuries.

This study has several limitations. First, the findings
may lack external validity. Given the relatively small
sample size and the absence of standardized criteria
for sample size determination in LCA, the develop-
ment of a validation cohort and corresponding LCA
was not feasible. Furthermore, the low incidence of
delayed pseudoaneurysm formation precluded the use
of resampling techniques such as bootstrap validation,
limiting the generalizability of our results to broader
populations. Second, the clinical utility of the three
sub-phenotypes identified in this study may be con-
strained by the rarity of the outcome. Previous research
has suggested that a higher overall event rate is asso-
ciated with improved class separation in LCA, which
may not have been fully achievable in our dataset [18].
In the current study, three sub-phenotypes showed sta-
tistically significant differences in the incidence rates of
delayed splenic pseudoaneurysms. However, with the
highest incidence rate being 21.9% in Sub-phenotype
1, this percentage is too low to be clinically useful for
predicting the occurrence of delayed splenic pseudoa-
neurysms. Therefore, although the results of the cur-
rent study are statistically significant, their clinical util-
ity might be limited. Finally, since we excluded cases
of combined blunt liver and spleen injuries, it is pos-
sible that we did not target a high-risk patient group
for the formation of delayed splenic pseudoaneurysms.
Previous studies have reported that combined blunt
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liver and spleen injuries are more severe and exhibit
a higher incidence of CE compared to isolated spleen
injuries [19]. Therefore, the current study might have
excluded high-risk patients for delayed splenic pseu-
doaneurysms formation, potentially leading to inaccu-
rate analysis results.

B CONCLUSIONS

We performed LCA for the formation of delayed splen-
ic pseudoaneurysms in pediatric patients with blunt
splenic trauma and underwent NOM. We classified the
patients into three sub-phenotypes showing statisti-
cally significant differences related to the formation of
delayed splenic pseudoaneurysms. Our findings sug-
gest that cases with CE on initial CT imaging may be at
increased risk of delayed splenic pseudoaneurysm for-
mation. However, owing to the low incidence rates of
delayed splenic pseudoaneurysm formation, the clini-
cal use of these three sub-phenotypes may be limited.
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