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Abstract

Objectives: Demographic features of subjects, such as body mass index, height, weight, age,
or sex, may affect diameters of vessels such as the splenic artery (SA) and splenic vein (SV).
Some studies use alternative anatomical indicators, including the body of the first lumbar
vertebra (L1), to improve standardization in the assessment of vascular pathologies. This
study aimed to evaluate the relationship between splenic vessel diameters (SA and SV) and
L1 using abdominopelvic computed tomography images obtained from individuals aged
1-80 years. Methods: Radiologic images of 800 subjects were included in the examination.
Proximal (SA1 and SV1), middle (SA2 and SV2) and distal (SA3 and SV3) calibers of SA and
SV were measured. Ratios of vessel calibers to the transverse diameter of the body of L1
(L1TD) were calculated. Results: Age had a clear influence on the diameters of SA and SV.
SV1 showed a steady increase until the early fifties, followed by a decline beginning in the
seventies. Both SV2 and SV3 enlarged until the early twenties, after which no significant
variation was observed. SA1, SA2, and SA3 gradually increased from 1 year of age through
the early fifties, but demonstrated a statistically significant reduction at older ages. The
ratios of SA and SV diameters to L1TD were highest during the first decade of life and
dropped markedly in the second decade. Following this period, these ratios generally
tended to rise initially and then decline with further aging. Conclusions: This study
provides age-specific CT-based reference values for SA and SV diameters and their ratios
to the L1 vertebral body. Since L1 is readily identifiable on routine computed tomography,
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these ratios may provide a practical complementary anatomical reference. Further studies
are warranted to validate their clinical applicability.

Keywords: splenic artery; splenic vein; spleen; L1; vascular disorders

1. Introduction

The splenic artery (SA), originating from the celiac artery, is one of the most tortuous
arteries in the body. SA extends behind the superior margin of the pancreas towards the
spleen. Along its course, it gives off branches to the pancreas and stomach. Before entering
the hilum of the spleen, SA gives off two or sometimes three branches, which divide into
segmental branches (four or five) at the level of the hilum for supplying the spleen. Blood
from the splenic tissue is collected by lobar veins, which unite to form the splenic vein (SV)
within the splenorenal ligament. SV runs toward the midline to join the main portal vein,
posterior to SA and the pancreatic tail and body [1].

The morphometrics of SA and SV have important clinical relevance, as their calibers
may be affected by various congenital or acquired conditions, including liver cirrhosis and
portal vein thrombosis [2—4]. Alterations in the diameter of SA and SV have traditionally
been regarded as indicators of disturbances in portal or splanchnic hemodynamics [2—4].
For example, an SV diameter greater than 10 mm has been proposed as a practical anatom-
ical criterion for predicting the occurrence of portal or SV thrombosis (PSVT) following
laparoscopic splenectomy [2]. Moreover, an abnormal increase in the intraluminal diameter
of SA, with a reported cut-off value exceeding 5.19 mm, has been associated with pathologi-
cal conditions such as portal hypertension and cirrhosis [3]. Therefore, accurate recognition
of SA and SV abnormalities, including dilatation or stenosis, requires that radiologists and
surgeons be familiar with reference values for their diameters [2,3].

Demographic characteristics (sex, age, weight, height, body mass index, etc.) of
subjects have been shown to influence the caliber of abdominal vessels such as SA [5,6].
For instance, previous studies have demonstrated a strong positive association between SA
diameter and age in pediatric populations [6]. Given that anthropometric parameters—such
as body surface area—may significantly affect vascular dimensions, some authors have
proposed the use of alternative anatomical reference points, including the body of the first
lumbar vertebra (L1), to establish a more standardized morphometric reference framework
for the assessment of vascular pathologies such as stenosis or aneurysm formation [6-8].
Nevertheless, no studies to date have comprehensively evaluated the relationship between
SA or SV caliber and L1 vertebral body across different age groups.

This retrospective examination was designed to uncover age-related ratios of SA and
SV calibers to L1 and to provide CT-based morphometric reference data that may support
the radiological assessment of portal and splanchnic hemodynamic disturbances.

2. Material and Methods
2.1. Ethical Statement

Ethical approval was obtained from the Institution’s Ethics Committee to conduct
this retrospective computed tomography (CT) study (approval no: 2025/122012, date: 6
February 2025). All procedures followed were in accordance with the ethical standards of
the responsible committee and with the Helsinki Declaration (as revised in 2013).
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2.2. Study Design

The electronic hospital archive was retrospectively reviewed to identify patients aged
1-80 years who underwent routine contrast-enhanced abdominopelvic CT examinations.
The electronic medical records included demographic information (sex and age), presenting
complaints (e.g., abdominal pain), diagnostic and treatment records (laboratory findings,
radiological examinations, clinical evaluations, medications, etc.), and hospital admission
and discharge dates.

A study population with a homogeneous distribution in terms of age and sex was
created to ensure a balanced study design and facilitate age- and sex-based comparisons.
For this purpose, the following steps were followed in order.

Firstly, an a priori power analysis was performed using G*Power software version
3.1.9.7 (HHU, Diisseldorf, Germany) to determine the minimum sample size required for a
one-way analysis of variance (ANOVA) comparing eight age-decade groups. Assuming an
alpha level of 0.05, a statistical power of 80%, and a medium-to-large effect size (Cohen’s
f = 0.30), the minimum required total sample size was estimated to be 168 participants
(approximately 21 participants per group). Considering previous studies [6,7], each in-
dividual age group (1-80 years) was designed to include 10 subjects (five males and five
females) to ensure a balanced distribution by age and sex. Accordingly, the final study
sample consisted of 800 individuals (100 participants per age-decade group), substantially
exceeding the minimum required sample size.

Secondly, considering the limited number of patients (especially pediatric cases) regis-
tered in the electronic hospital archive system, a two-month age limit was established to
standardize the patients” ages. For example, when determining the 1-year-old age group,
subjects between 10-14 months were included in the group. A two-month age interval
was selected to allow practical age stratification while maintaining sufficient eligible cases
within each age group. This approach also enabled balanced sex distribution across indi-
vidual age strata and reduced sampling imbalance caused by uneven archive availability.

Thirdly, a list of subjects aged 1-80 was created. The patients on the list were trans-
ferred to a document created for each age. Subjects in each document were distributed into
two subgroups: male and female.

Fourthly, the electronic archive was reviewed retrospectively, starting from December
2024 and proceeding backwards. For each age (1-80 years), 10 individuals (5 males and
5 females) meeting the inclusion and exclusion criteria were consecutively selected. Once
the predetermined number of subjects had been reached for a given age, no additional
examinations from that age group were evaluated. This process was repeated for all ages
and extended back to January 2020, resulting in a balanced study cohort of 800 subjects.

Lastly, the selected eligible cases were compiled into the final study cohort consisting
of 800 subjects without detectable abdominopelvic pathology.

2.3. Inclusion and Exclusion Criteria

Subjects included in the study population were selected among patients who under-
went contrast-enhanced abdominopelvic CT examinations for various clinical indications
(e.g., minor trauma, pelvic pain, or abdominal pain) and were subsequently discharged
without requiring medical or surgical treatment related to abdominopelvic, hepatobiliary,
cardiovascular, or splenic vascular disorders. Eligibility was determined through eval-
uation of radiological findings, electronic medical records, and available clinical history.
Only subjects with radiologically unremarkable abdominopelvic CT findings, no docu-
mented history of acute or chronic hepatobiliary, hematological, infectious, cardiovascular,
or splenic vascular disease, and good-quality CT images were included in the analysis.
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Exclusion criteria were as follows: (a) patients with a history of genetic disease,
systemic disorder, congenital anomaly, portal hypertension, or any condition potentially
affecting abdominopelvic, cardiovascular, or splenic vascular structures, (b) patients who
had undergone surgical procedures involving abdominopelvic or cardiovascular structures
(e.g., splenectomy, pancreatectomy, gastrectomy, or liver transplantation), (c) patients with
any mass, lesion, cyst, or pathological condition involving the abdominopelvic region,
spleen, or splenic vessels, and (d) patients with hemorrhage, free fluid, or free air within
the abdominopelvic cavity.

2.4. Study Population

The 800 subjects (mean age: 40.50 & 23.11 years), consisting of 400 males and
400 females, were included in this retrospective CT examination.

2.5. CT Protocol

A multidetector CT scanner was used to obtain the contrast-enhanced abdominopelvic
CT images (Toshiba Alexion, TSX-034A, Tochigi, Japan). Patients were asked to fast for
4-6 h before the scan. In the majority of patients (over 6 years of age), the scans were carried
out in the inspiratory phase. In some pediatric cases under 6 years of age, sedation was
applied and thus the scans were carried out during free breathing. While the scans were
being carried out, ALARA (as low as reasonably achievable) guidelines were taken into
consideration; thus, appropriate milliampere-second values (mAs) and peak kilovoltage
(kVp) were determined for each patient. The scan parameters were determined as follows:
image matrix = 512 x 512, beam pitch = 1.00, field of view (FOV) = 30—40 cm, slice thickness
=1 mm, effective mAs = 80, and tube voltage = 120 kVp. A standard radiologic protocol
was followed, and each patient received intravenous non-ionic iodinated contrast agent
followed by physiological saline (between 20-30 mL). A 70 mL volume of contrast agent
(Iohexol, 350 mg/mL; GE Healthcare, Cork, Ireland) was administered at a rate of 24 mL/s;
the total volume did not exceed 80 mL. In children, the dose was calculated according
to their body weight (1-2 mL per kilogram). Axial CT views were acquired, and then
sagittal, coronal and three-dimensional reformatted views were reconstructed. The data
were transferred to the radiological imaging system in the hospital (PACS, the picture
archiving and communication system) and then analyzed via the Sectra Workstation IDS7
software (version 26.2; Sectra, Linkoping, Sweden).

2.6. Morphometric Parameters

Six distinct measurements were obtained to evaluate the anatomical characteristics
of SA and SV (Figures 1 and 2). For SA, measurements included: (a) SA1, defined as
the arterial diameter measured at the proximal segment, 3 mm distal to its origin from
the celiac trunk; (b) SA2, the diameter at the midpoint between the proximal and distal
measurement sites; and (c) SA3, the diameter recorded at the distal segment, 3 mm proximal
to the splenic hilum. Correspondingly, SV measurements consisted of: (d) SV1, the venous
diameter assessed at the proximal segment, 3 mm distal to the confluence of the splenic
lobar veins; (e) SV2, the diameter at the midpoint of the vein between its proximal and distal
reference points; and (f) SV3, the diameter measured at the distal segment, 3 mm before its
junction with the main portal vein. All vascular diameters were obtained using oblique
multiplanar reconstruction techniques. Measurements were performed on axial images
oriented perpendicular to the longitudinal axis of each vessel to ensure accuracy. Due to
technical challenges associated with identifying the intraluminal borders—particularly in
infant cases—vascular diameters were measured from the outer wall to the outer wall of
the vessel (Figure 2). This approach was adopted to maintain consistency and measurement
standardization across all subjects.
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L1TD

Figure 1. The parameters regarding L1 and the splenic artery. L1TD: the transverse diameter of
L1’s body at its center, SA1: the arterial diameter measured at the proximal segment, 3 mm distal
to its origin from the celiac trunk, SA2: the arterial diameter at the midpoint between the proximal
and distal measurement sites, and SA3: the arterial diameter recorded at the distal segment, 3 mm
proximal to the splenic hilum.

Inner wall

Outer wall

Figure 2. The parameters regarding the splenic vein. SV1: the venous diameter assessed at the
proximal segment, 3 mm distal to the confluence of the splenic lobar veins; SV2: the venous diameter
at the midpoint of the vein between its proximal and distal reference points; and SV3: the venous
diameter measured at the distal segment, 3 mm before its junction with the main portal vein. The
schematic diagram demonstrates the outer wall-to-outer wall measurement technique used for
vascular diameter assessment. Measurements were performed perpendicular to the long axis of
the vessel.

The body of the first lumbar vertebra (L1) was selected as an internal anatomical
reference. The transverse diameter of the L1 vertebral body (L1TD) was measured at its
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midpoint (Figure 1). The ratios of splenic vessel diameters to L1TD were subsequently
calculated to serve as a practical anatomical reference.

2.7. Statistical Analysis

A radiologist (U.Y.) with seven years of experience measured all parameters. These
measurements were taken into account to perform statistical evaluations. A second investi-
gator (S.B.) measured the morphometric parameters twice in 160 individuals (two cases for
each age, one male and one female, that is, 20% of the study population) to test repeatability
of measurements. Interobserver agreement was assessed using the intraclass correlation
coefficient (ICC) based on a two-way mixed-effects model with absolute agreement (single
measures). ICC values with 95% confidence intervals (95% Cls) were calculated. The paired
sample t-test was used to check the intra-observer reproducibility. Sex comparison was
made using the independent samples t-test. Alterations in the parameters according to
age (from one year to 80 years) were analyzed using One-way ANOVA. In addition, the
subjects were divided into eight age decades (first: 1-10 years, second: 11-20 years, third:
21-30 years, fourth: 3140 years, fifth: 41-50 years, sixth: 51-60 years, seventh: 61-70 years,
and eighth: 71-80 years). Alterations in the parameters according to age decades (from first
to eighth) were analyzed using One-way ANOVA. In light of Goodway et al.’s book [9],
pediatric patients were divided into five age groups as follows: infancy: 1-2 years, early
childhood: 3-5 years, late childhood: 6-9 years, prepubescent: 10-13 years, and post-
pubescent: 14-20 years. Changes in the parameters according to age groups (from the
infancy period to the postpubescent period) were analyzed using One-way ANOVA. When
the overall ANOVA demonstrated a statistically significant difference, Bonferroni-adjusted
post hoc pairwise comparisons were performed to identify the specific groups responsible
for the observed differences while controlling for multiple comparisons. Comparison of
three SA-related measurements (SA1, SA2 and SA3) or three SV-related measurements (SV1,
SV2 and SV3) was done using ANOVA with repeated measures. Correlations between SA1,
SA2,S5A3,5V1, SV2, SV3 and L1TD were assessed using the Pearson correlation coefficient
test. Curvilinear or linear regression analysis was utilized to reveal growth dynamics of
SA1, SA2,5A3,SV1, SV2,SV3 and L1TD in relation to age. The coefficient of determination
(R?) was used to assess the match between the estimated functions and the numerical
values. Levene’s test was used to evaluate homoscedasticity. The normality of the dataset
was assessed using the Shapiro-Wilk test. This test was performed after dividing the study
population into age groups. Parametric tests were used in statistical analyses, since the
data were normally distributed. Using SPSS version 25.0 (IBM, Armonk, NY, USA), all
analyses were performed by accepting “p < 0.05” as significant.

3. Results
3.1. Measurement Reliability

The intra-observer (p > 0.05) and inter-observer (ICC scores = 0.96-0.99 for the param-
eters, 95% CI: 0.947-0.997, p < 0.001) assessments demonstrated excellent measurement
repeatability.

3.2. Age-Related Changes

Age-stratified measurements of SA and SV are summarized in Supplementary Table S1
(see Table S1 in the Supplementary Material). Additionally, age-based ratios of SA- and
SV-related parameters to L1TD are presented in Supplementary Table S2 (see Table S2 in the
Supplementary Material). The findings demonstrate a statistically significant association
between age and the diameters of SA, SV, and the L1 vertebral body (p < 0.001).
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When evaluated by age decades, L1TD demonstrated a progressive increase up to the
early fifth decade, after which no statistically significant variation was observed. SV1 ex-
hibited a proportional increase until the early fifth decade, followed by a decline beginning
in the seventh decade. In contrast, SV2 and SV3 increased up to the early second decade
and remained relatively stable thereafter, without statistically meaningful changes. SA1,
SA2, and SA3 showed a gradual enlargement from 1 year of age through the early fifth
decade, followed by a statistically significant reduction in later decades (Table 1).

Table 1. Changes in the parameters according to decades.

Decades N L1TD (mm) SV1 (mm) SV2 (mm) SV3 (mm) SA1 (mm) SA2 (mm) SA3 (mm)
30.22 £ 547 3.78 +£0.21 3.19 £ 024 271 +£0.32 2.22 +0.31 o
1st 100 abcdefg abcdefg abcdefg abcdefg 2.58 £ 0.29 bdets bedefg 1.86 & 0.39 ©defs
3rd 100 4597 £4.009¢68 539 £ (.19 debs 472 £0.16 3.57 £ 0.28 2.71 +0.184 2.38 £ 0.15 9efs 1.96 £ 0.25 “defs
4th 100 46.92 4 3.73 %8 5.53 + 0.20 defs 4.64 £0.22 3.63 £0.26 2.66 + 0.21 def8 2.42 +0.18 defs 2.13 +0.20 ¢
5th 100 48.27 £3418 5.65+0.218 4.68 +0.21 3.68 +0.19 3.07 + 0.25 *f8 25740148 228401718
6th 100 49.44 +3.99 573+0.168 4.68 +0.17 3.58 +0.20 2.79 +0.14 2.55 + 0.16 2.26 +0.21
7th 100 49.52 £+ 3.86 577 £0.158 4.66 £0.17 3.61+0.17 278 £0.16 253 £0.19 223 £0.24
8th 100 50.66 + 4.22 5.60 + 0.25 4.68 + 0.20 3.61 +0.17 2.79 +0.14 2.52 +0.18 223 +024
14 800 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Data are presented as a mean =+ standard deviation #: Comparison to 2nd decade, b, Comparison to 3rd decade,
¢; Comparison to 4th decade, 4: Comparison to 5th decade, ¢: Comparison to 6th decade, f: Comparison to 7th
decade, 8: Comparison to 8th decade, SV1: diameter of the splenic vein at the proximal level, SV2: diameter of the
splenic vein at the middle level, SV3: diameter of the splenic vein at the distal level, SA1: diameter of the splenic
artery at the proximal level, SA2: diameter of the splenic artery at the middle level, SA3: diameter of the splenic
artery at the distal level, L1TD: transverse diameter of L1’s body, p < 0.05 statistically significant.
Regarding normalized measurements, the ratios SV1/L1TD, SV2/L1TD, SV3/L1TD,
SA1/L1TD, SA2/L1TD, and SA3/L1TD reached their maximum values during the first
decade of life and demonstrated a statistically significant decrease in the second decade.
Subsequently, these ratios generally followed a trend characterized by an initial increase
and a subsequent decline with advancing age (Table 2).
Table 2. Changes in the ratios according to decades.
Decades N SV1/L1TD SV2/L1TD SV3/L1TD SA1/L1TD SA2/L1TD SA3/L1TD
Ist 100 0.13 +0.03bcdefs 011 4+ 0.029bcdefs 009 & 0.022bcdefs 0,09 £ 0.012bcdefs 007 £0.012bedels 0,06 & 0.01 Pbedets
2nd 100 0.10 £ 0.01 bedefs 0.08 £ 0.01 bedets 0.07 + 0.01 bed 0.06 & 0.01 “&fs 0.05 + 0.01 0.04 £ 0.01 “def
3rd 100 0.12 £0.018 0.10 £ 0.01 9=f8 0.08 £ 0.01 % 0.06 +0.01 98 0.05 £ 0.01 0.04 £0.014
4th 100 0.12+0.01 8 0.10 £ 0.01 8 0.08 £ 0.01 &f8 0.06 & 0.01 ¢ 0.05 + 0.01 0.05 + 0.01
5th 100 0.12+£0.018 0.10 £ 0.01 0.08 £0.018 0.06 & 0.01 &f8 0.05+0.018 0.05 £ 0.00 8
6th 100 0.12 +0.01 0.10 = 0.01 0.07 = 0.01 0.06 = 0.01 0.05 + 0.01 0.05 + 0.01
7th 100 0.12 +0.01 0.09 + 0.01 0.07 + 0.01 0.06 + 0.01 0.05 + 0.01 0.05 £ 0.01
8th 100 0.11 +0.01 0.09 + 0.01 0.07 + 0.01 0.06 + 0.01 0.05 + 0.01 0.04 +0.01
[4 800 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Data are presented as a mean + standard deviation 2: Comparison to 2nd decade, *: Comparison to 3rd decade,
¢: Comparison to 4th decade, 4: Comparison to 5th decade, ¢: Comparison to 6th decade, f: Comparison to 7th
decade, 5: Comparison to 8th decade, SV1: diameter of the splenic vein at the proximal level, SV2: diameter of the
splenic vein at the middle level, SV3: diameter of the splenic vein at the distal level, SA1: diameter of the splenic
artery at the proximal level, SA2: diameter of the splenic artery at the middle level, SA3: diameter of the splenic
artery at the distal level, L1TD: transverse diameter of L1’s body, p < 0.05 statistically significant.

When the analysis was restricted to pediatric age groups, spanning from infancy
through the postpubescent period, L1TD demonstrated a proportional increase with age.
5V1, 5V2, and SV3 showed no significant variation from infancy through the prepubescent
stage; however, all three parameters increased to a statistically significant extent during the
postpubescent period. In contrast, SA1, SA2, and SA3 increased with a nonuniform pattern
of change between 1 and 20 years of age (Table 3).
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Table 3. Changes in the parameters according to pediatric age groups.
Pe‘gj:i;‘:ge N LITD (mm) SV1 (mm) SV2 (mm) SV3 (mm) SA1 (mm) SA2 (mm) SA3 (mm)
Infancy 20 2324+ 1.782bed 3.77 £0.26 ¢ 3.20 +£0.29 ¢ 258 +0.37 ¢ 228 £ 040 191+£034 1.60 & 0.44°
chﬁgﬁg’o d 30 27.33 + 1.93 bed 3.82+0254 3.19+0304 2.65 +0.32 ¢ 2,57 £0.21 2.13 +0.21°4 1.69 +£0.25°
Late childhood 40 33.92 + 3.04 ¢ 3.72+0.164 3.18 +0.184 2.76 £0.29 ¢ 271+020°¢ 239 +0.24°¢ 2.08 +0.33 <4
Prepubescent 40 39.86 £ 3254 3.79 +0.20 ¢ 3.27 +£0.194 2.78 +0.19 4 2,50 4 0.20 ¢ 2.20 4+ 0.22 1.81 +0.28
Postpubescent 70 44.21 +£3.40 4.41+047 3.71 £ 0.42 3.20+£0.27 2.70 £0.21 2.30+£0.17 1.80 & 0.26
|4 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Data are presented as a mean =+ standard deviation, 2: Comparison to early childhood, °: Comparison to late
childhood, ¢: Comparison to prepubescent, d. Comparison to postpubescent, SV1: diameter of the splenic vein
at the proximal level, SV2: diameter of the splenic vein at the middle level, SV3: diameter of the splenic vein at
the distal level, SA1: diameter of the splenic artery at the proximal level, SA2: diameter of the splenic artery at
the middle level, SA3: diameter of the splenic artery at the distal level, L1TD: transverse diameter of L1’s body,
p < 0.05 statistically significant.
With respect to normalized values, SV1/L1TD, SV2/L1TD, SV3/L1TD, SA1/L1TD,
SA2/L1TD, and SA3/L1TD generally demonstrated a downward trend as age advanced
within the pediatric population (Table 4).
Table 4. Changes in the ratios according to pediatric age groups.
Pe‘g‘::‘il;?ge N SV1/LITD SV2/L1TD SV3/L1TD SAV/LITD SA2/L1TD SA3/L1TD
Infancy 20 0.16 £ 0.02 @b 0.14 =+ 0.02 abed 0.11 = 0.02 @b 0.10 + 0.02 bed 0.08 £ 0.01 bed 0.07 + 0.02 bed
Early childhood 30 0.14 + 0.01 bed 0.12 4 0.01 bed 0.10 + 0.01 bed 0.09 + 0.01 bed 0.08 + 0.01 bed 0.06 +0.01 4
Late childhood 40 0.11 £ 0.01°4 0.09 £ 0.01 ¢4 0.08 £ 0.01 ¢4 0.08 & 0.01 ¢4 0.07 £ 0.01 <4 0.06 +0.01
Prepubescent 40 0.10 £ 0.01 0.08 £ 0.01 0.07 £ 0.01 0.06 £ 0.01 0.06 +0.01 0.05 £ 0.01
Postpubescent 70 0.10 £ 0.01 0.08 £ 0.01 0.07 £ 0.01 0.06 £ 0.01 0.05 £ 0.01 0.04 £ 0.01
4 200 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Data are presented as a mean + standard deviation, For children: *: Comparison to early childhood, *: Comparison
to late childhood, ¢: Comparison to prepubescent, 4: Comparison to postpubescent, SV1: diameter of the splenic
vein at the proximal level, SV2: diameter of the splenic vein at the middle level, SV3: diameter of the splenic vein
at the distal level, SA1: diameter of the splenic artery at the proximal level, SA2: diameter of the splenic artery at
the middle level, SA3: diameter of the splenic artery at the distal level, L1ITD: transverse diameter of L1’s body,
p < 0.05 statistically significant.

Adult measurements were greater than pediatric measurements (p < 0.001) (Table 5).

Table 5. Comparison of the parameters in children and adults.

Parameters Children (n = 200) Adults (n = 600) p
L1TD (mm) 36.65 + 7.97 48.46 +4.18 <0.001
SV1 (mm) 4.00 +0.45 5.61 +0.23 <0.001
SV2 (mm) 3.39 £+ 0.39 4.68 £0.19 <0.001
SV3 (mm) 2.88 £0.37 3.61 £0.22 <0.001
SA1 (mm) 2.60 £ 0.26 2.80 + 0.22 <0.001
SA2 (mm) 223+ 0.26 249 +£0.18 <0.001
SA3 (mm) 1.82 +£0.33 218 £ 0.24 <0.001

Data are presented as a mean = standard deviation, SV1: diameter of the splenic vein at the proximal level, SV2:
diameter of the splenic vein at the middle level, SV3: diameter of the splenic vein at the distal level, SA1: diameter
of the splenic artery at the proximal level, SA2: diameter of the splenic artery at the middle level, SA3: diameter
of the splenic artery at the distal level, L1TD: transverse diameter of L1’s body, p < 0.05 statistically significant.

3.3. Sex-Related Comparisons

L1TD values were significantly higher in males compared with females (p < 0.001). In
contrast, SV1, SV2, SV3, SA1, SA2, and SA3 did not demonstrate statistically significant
differences between sexes (p > 0.05). Owing to the larger L1TD observed in males, the
corresponding ratio values were significantly lower in males than in females (p < 0.001)
(Table 6).
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Table 6. Comparison of the parameters in terms of sex.

Parameters Females (1 = 400) Males (n = 400) p
L1TD (mm) 43.73 £6.73 47.29 £7.67 <0.001
SV1 (mm) 520 £ 0.77 521 4+0.75 0.900
SV2 (mm) 4.37 £ 0.62 434 +0.61 0.508
SV3 (mm) 3.44 +0.42 3.42 +0.40 0.701
SA1 (mm) 2.75+0.26 274+ 0.24 0.480
SA2 (mm) 243 +£0.24 243 +£0.23 0.903
SA3 (mm) 210+ 0.31 2.08 £ 0.31 0.486
SV1/L1TD 0.12 £ 0.01 0.11 +£0.01 <0.001
SV2/L1TD 0.10 £ 0.01 0.09 + 0.01 <0.001
SV3/L1TD 0.08 & 0.01 0.07 £ 0.01 <0.001
SA1/L1TD 0.06 £ 0.01 0.06 £ 0.01 <0.001
SA2/L1TD 0.06 £ 0.01 0.05 £ 0.01 <0.001
SA3/L1TD 0.05 £+ 0.01 0.05 £ 0.01 <0.001

Data are presented as a mean =+ standard deviation, SV1: diameter of the splenic vein at the proximal level, SV2:
diameter of the splenic vein at the middle level, SV3: diameter of the splenic vein at the distal level, SA1: diameter
of the splenic artery at the proximal level, SA2: diameter of the splenic artery at the middle level, SA3: diameter
of the splenic artery at the distal level, L1TD: transverse diameter of L1’s body, p < 0.05 statistically significant.

3.4. Correlation Analysis

Analysis revealed significant positive correlations across the evaluated morphometric
parameters (Table 7). L1TD demonstrated a strong positive correlation with age. Among
the vascular measurements, L1TD had a strongly positive correlation with SV1 and SV2,
but a moderately positive correlation with SV3. L1TD had a weakly positive correlation
with SA1, but a moderately positive correlation with SA2 and SA3.

Table 7. Correlations between the parameters.

Parameters L1TD A4 Sv2 SV3 SA1 SA2 SA3
Age 0.701 ** 0.786 ** 0.703 ** 0.615 ** 0.331 ** 0.496 ** 0.518 **
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
L1TD 0.732 ** 0.702 ** 0.668 ** 0.342 ** 0.474 ** 0.431 **
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SVi1 0.944 ** 0.826 ** 0.409 ** 0.538 ** 0.541 **
<0.001 <0.001 <0.001 <0.001 <0.001
SV2 0.853 ** 0.397 ** 0.520 ** 0.520 **
<0.001 <0.001 <0.001 <0.001
SV3 0.477 ** 0.565 ** 0.557 **
<0.001 <0.001 <0.001
SA1 0.795 ** 0.682 **
<0.001 <0.001
SA2 0.890 **
<0.001

SV1: diameter of the splenic vein at the proximal level, SV2: diameter of the splenic vein at the middle level, SV3:
diameter of the splenic vein at the distal level, SA1: diameter of the splenic artery at the proximal level, SA2:
diameter of the splenic artery at the middle level, SA3: diameter of the splenic artery at the distal level, L1TD:
transverse diameter of L1’s body, **: p < 0.01 statistically significant.

3.5. Segmental Comparison of Splenic Vessel Diameters

SV diameters demonstrated a descending pattern from proximal to distal segments,
with SV1 measuring the largest (5.21 £ 0.76 mm), followed by SV2 (4.35 & 0.61 mm) and
SV3 (3.43 £ 0.41 mm); these differences were statistically significant (p < 0.001). A similar
trend was observed for SA, where SA1 showed the greatest diameter (2.75 £ 0.25 mm),
followed by SA2 (2.43 &+ 0.23 mm) and SA3 (2.09 £+ 0.31 mm), also reaching statistical
significance (p < 0.001). These findings suggest that neither SV nor SA exhibits a uniform
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cylindrical configuration; instead, both vessels demonstrate progressive tapering from their
proximal to distal segments.

3.6. Regression Analysis

Quadratic regression analysis provided the best-fitting model for all evaluated param-
eters. The corresponding regression equations and coefficients of determination (R?) were
presented below and illustrated in Figure 3. The quadratic regression equations for each
parameter were as follows:

L1TD = 29.256 + 0.747 x (Age) — 0.006440 x (Age)? (R%: 0.663, p < 0.001)
SV1 =3.300 + 0.089 x (Age) — 0.000776 x (Age)? (R%: 0.854, p < 0.001)
SV2 =2.867 + 0.072 x (Age) — 0.000658 x (Age)? (R%: 0.756, p < 0.001)
SV3 =2.521 + 0.045 x (Age) — 0.000420 x (Age)? (R%: 0.615, p < 0.001)
SA1 =2.444 +0.015 x (Age) — 0.000143 x (Age)? (R?: 0.184, p < 0.001)
SA2 =2.085 +0.015 x (Age) — 0.000127 x (Age)? (R*: 0.313, p < 0.001)
SA3 =1.653 + 0.018 x (Age) — 0.000142 x (Age)? (R*: 0.316, p < 0.001)
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Figure 3. Quadratic functions. The fitted regression curves were included to provide a graphical
illustration of age-related changes in the measured vascular parameters. Statistical analyses of age-
group differences were performed separately using one-way ANOVA with Bonferroni-adjusted post
hoc analyses. (A) SA1 (proximal splenic artery diameter), (B) SA2 (middle splenic artery diameter),
(C) SA3 (distal splenic artery diameter), (D) SV1 (proximal splenic vein diameter), (E) SV2 (middle
splenic vein diameter), and (F) SV3 (distal splenic vein diameter).

4. Discussion

Our examination contributes to the literature regarding splenic vessel morphometry.
To our knowledge, this is the first study to measure SA and SV diameters in a population
standardized by sex and age, comprising individuals aged 1 to 80 years. It is also the
first study to evaluate the relationship between SA/SV calibers and L1 across a broad age
spectrum in order to provide supportive morphometric reference data for radiological
assessment of splenic vascular abnormalities. Moreover, our regression equations may be
useful for estimating age-specific SA and SV diameters.

Alterations in vessel calibers are of great importance for surgeons and radiologists
for detecting pathologies like aneurysm or stenosis [2,3]. For example, an artery or vein
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that is dilated more than 1.5 times its expected caliber is a sign of an aneurysm [10-12]. Al-
though this cut-off value allows the diagnosis of pathological entities like vascular dilation,
clinicians should remember that vascular calibers are affected by various factors such as
body shape, body mass index, weight, height, sex, age, diet, or race [2,3,6]. Therefore, some
investigators have used anthropometric indicators (e.g., body surface area) to establish a
comprehensive standard for detecting alterations in vessel diameters [13]. For example, the
caliber of the main portal vein correlated positively with demographic features of patients
(age, height, weight, body surface area, etc.) [13]. However, some clinicians have raised
concerns regarding the accuracy of anthropometric measurements obtained in emergency
settings, particularly in infants and toddlers [14]. To evaluate the relationship between
body size and vessel diameters, some investigators recommend using L1TD as the dor-
sal cut-off to trace L1’s body [6-8]. This recommendation is supported by the following
considerations: (a) any variation in L1’s orientation has a minor effect on caliber and area
outcomes, (b) precursor cross-sectional imaging investigations focusing on organ volumes’
calculation display that normalization of data according to L1-based indices accounted for
body habitus, (c) L1 is quite easy to find on abdominal radiological sections, and (d) L1 is
visible on almost all abdominopelvic CT images [15]. Thus, L1TD may serve as a practical
anatomical reference that can complement the assessment of SA and SV calibers on routine
CT examinations.

Some pathologies associated with splenic vessels may reach high morbidity and
mortality rates [16]. For instance, SA aneurysms account for approximately 60% of all
splanchnic artery aneurysms; thus, they are considered the most common type of visceral
aneurysm [17]. Spontaneous ruptures, seen in 2-10% of patients, are the most dangerous
complication and have a mortality rate of up to 25% [18,19]. This mortality rate increases
up to 75% during pregnancy [20]. SV aneurysm, a rare condition, is often associated with
portal hypertension [21]. Shimoda et al. [21] successfully treated a 72-year-old male with ab-
dominal hemorrhage, distention, and pain due to SV aneurysm rupture. Cekirge et al. [22]
encountered SV stenosis in a 56-year-old male during transjugular intrahepatic portosys-
temic shunt placement on account of gastric variceal bleeding. A fundamental requirement
for radiologists and surgeons to recognize splenic vessel abnormalities, such as narrowing
or dilatation, is a thorough understanding of reference values for SA and SV calibers [2,3].
Thus, the morphometrics of SA and SV have clinical implications. For example, the optimal
cut-off value of abnormal intraluminal SA caliber to predict portal hypertension or cirrhosis
was reported by Zeng et al. [3] as >5.19 mm. A cut-off value of >4 mm for predicting SA
steal syndrome after liver transplantation was reported by Kirbas et al. [23]. Furthermore,
cut-off values of >10 mm and >8 mm for predicting PSVT after laparoscopic splenectomy
were reported by Kuroki et al. [2] and Danno et al. [24], respectively. For predicting portal
vein thrombosis after splenectomy, cut-off values of >14 mm and >9 mm were reported
by Kuroki et al. [2] and Kinjo et al. [25], respectively. Familiarity with reference values
for SA and SV calibers is clinically relevant for several purposes: (a) identifying splenic
vessel anomalies, (b) preoperative evaluation and postoperative follow-up after liver trans-
plantation or splenectomy, and (c) assessing portal hypertension [2,3,26]. In this context,
the quadratic functions proposed in our study may serve as a useful tool for estimating
age-specific calibers of SA and SV across the lifespan. Nevertheless, although the present
study provides comprehensive age-specific morphometric reference values and regression
equations for SA and SV calibers, their clinical applicability and diagnostic performance
should be validated in future studies involving patients with splenic vascular disorders.

In the pediatric group, the diameters of SV1, SV2, SV3, SA1, SA2, and SA3 were
4+045mm, 3.39 £ 0.39 mm, 2.88 + 0.37 mm, 2.60 + 0.26 mm, 2.23 £+ 0.26 mm,
and 1.82 £ 0.33 mm, respectively. Among adults, these values were 5.61 + 0.23 mm,
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4.68 = 0.19 mm, 3.61 £+ 0.22 mm, 2.80 & 0.22 mm, 2.49 + 0.18 mm, and 2.18 £ 0.24 mm,
respectively. All pediatric measurements were significantly smaller than those in adults
(p < 0.001). In our examination, SV1 exhibited a proportional increase until the early fifth
decade, followed by a decline beginning in the seventh decade. In contrast, SV2 and SV3
increased up to the early second decade and remained relatively stable thereafter, without
statistically meaningful changes. SA1, SA2, and SA3 showed a gradual enlargement from
1 year of age through the early fifth decade, followed by a statistically significant reduction
in later decades. These findings indicate that splenic vessel calibers should be interpreted
in an age-specific context, as a single reference threshold may not be appropriate across
the entire lifespan. In this regard, the age-specific observed ranges of SA and SV diameters
may provide context for the interpretation of splenic vessel-related abnormalities, such
as PSVT. Consistent with previous studies [6], we found that the caliber of SA did not
differ significantly between males and females. Thus, our age-specific observed ranges may
provide interpretative context for both sexes. Moreover, we noted that SA and SV diameters
decrease from the proximal to the distal segment, indicating that SA or SV does not have
a cylindrical shape. Measurements obtained from different segments of the same vessel
should not be considered interchangeable during radiological assessment. For this reason,
we suggest that the distinct values observed for the proximal, middle, and distal segments
of SA and SV should be considered when evaluating splenic vessel-related anomalies. On
the other hand, correlation analysis demonstrated that L1TD was strongly correlated with
age and showed consistently stronger correlations with splenic venous calibers than with
splenic arterial calibers. Since chronological age also demonstrated stronger correlations
with splenic venous than with splenic arterial calibers, the stronger associations observed
between L1TD and venous measurements may, at least in part, be explained by their shared
relationship with age. Values that fall outside the observed ranges presented in supplemen-
tary digital Tables S1 and S2 (see Tables S1 and S2 in the Supplementary Materials) may
raise suspicion of pathological conditions, including stenosis or aneurysm of SA and SV;
however, they should be evaluated together with clinical and radiological findings, and
their diagnostic performance should be established in future studies involving pathological
cohorts. Aktiirk and Gunes [8] reported the ratio of the proximal abdominal aorta to L1
as 0.41 in pediatric subjects younger than 133 months (a period during which L1TD was
similar in both sexes), and therefore suggested that a ratio exceeding 0.4 might indicate
abdominal aortic dilation. Based on this information, we consider that the relationship
between SA/SV and L1 may also provide context for the interpretation of splenic vessel-
related abnormalities. For instance, we calculated SA2/L1TD ratio to be 0.05 (observed
range: 0.04-0.11) and SV2/L1TD ratio to be 0.10 (observed range: 0.07-0.17) in individuals
aged 1 to 80 years, and thus considered that values falling outside these observed ranges
may raise suspicion of abnormal calibers associated with narrowing or dilatation in the
mid-portions of SA and SV and should be evaluated together with clinical and radiological
findings. Since L1 can be easily visualized on routine abdominopelvic CT images, SA-to-L1
and SV-to-L1 ratios may provide supplementary morphometric information during radio-
logical evaluation of splenic vascular abnormalities [27]. Further studies evaluating these
ratios in pathological cohorts are needed to better define their potential clinical applicability.

The concept of vertebra-based normalization has emerged as a valuable method for as-
sessing vascular structures. For instance, Akay et al. [28] demonstrated that ratios between
thoracic vascular diameters and the anteroposterior diameter of a thoracic vertebral body
remained relatively constant across pediatric age groups, despite significant age-related
increases in vessel calibers. Based on these findings, the authors suggested that vertebral
measurements may serve as practical internal anatomical references during radiological
assessment of pediatric vascular structures [28]. This concept has also been applied to ab-
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dominal arterial and venous structures, particularly using the L1 as an internal anatomical
reference. For example, Aktiirk and Gunes [8] utilized the L1TD to standardize abdominal
aortic measurements in pediatric patients, particularly in situations where anthropometric
indicators such as body surface area were unavailable or difficult to obtain. Likewise, Beger
and Ten [6] evaluated age-dependent changes in abdominal visceral artery calibers and
their ratios to L1 in children, suggesting that L1-based normalization may contribute to
the establishment of supportive morphometric standards during radiological assessment
of vascular abnormalities. More recently, Binici et al. [27] investigated the relationship be-
tween portal vein calibers and L1 in subjects aged 1-80 years and reported that age-specific
vessel-to-L1 ratios may provide useful reference data for evaluating portal venous disorders.
Unlike external anthropometric parameters such as height, weight, body mass index, or
body surface area, L1TD can be measured directly from the same CT examination without
requiring additional clinical information [6,27]. Because vertebral body size generally re-
flects overall body habitus and skeletal growth [15], L1TD may provide a practical internal
anatomical reference for vascular normalization [6-8,27]. This approach may be particularly
advantageous in emergency settings, where accurate anthropometric measurements are
often unavailable, incomplete, or difficult to obtain. Therefore, L1-based normalization
should be regarded as a practical complementary method for CT-based vascular assess-
ment rather than a replacement for conventional anthropometric parameters. Building on
these previous studies, the present study extends the concept of L1-based normalization
to SA and SV calibers across a broad age spectrum and provides age-specific CT-based
reference values that may serve as supportive reference data during the assessment of
splenic vascular abnormalities.

This work possesses some limitations. Firstly, our sample size is moderate. In further
investigations, using a study population with a larger sample size may be beneficial for a
more precise understanding of age-related change in SA or SV diameter. Secondly, only
L1TD was used as the anthropometric indicator in our study. The study was designed as a
retrospective, and thus it was not possible to access demographic data of some individuals
(e.g., their heights, weights, or body mass indices). Although L1TD may provide a prac-
tical internal anatomical reference, it should not be considered a complete substitute for
conventional anthropometric parameters such as height, weight, body mass index, or body
surface area. Thus, further retrospective or prospective investigations including alternative
indicators (body surface area, etc.) may be beneficial for radiologists and surgeons to un-
derstand the growth pattern of SA or SV across the lifespan. Thirdly, two-dimensional CT
views were used to measure the parameters. Further examinations, including alternative
methodologies like measurements on three-dimensional CT views, may allow for a better
understanding of the parameters regarding SA or SV diameter. Fourthly, morphometric
analyses were performed using radiological reconstructions rather than direct anatomical
specimens. Therefore, image resolution limitations and minor software-related processing
inaccuracies may have partially influenced the linear measurements, particularly in young
children. Fifthly, all vascular diameters in the present study were measured using the
outer wall-to-outer wall technique, as accurate delineation of the intraluminal borders was
not always feasible, particularly in younger children. Therefore, the age-specific reference
values presented herein should not be directly compared with published luminal (inner
wall-to-inner wall) cut-off values unless the same measurement methodology has been
used. Sixthly, although all examinations were performed according to the institution’s
routine standardized CT protocol, the retrospective inclusion of examinations acquired
between 2020 and 2024 may have introduced minor variability related to scanner software
updates or reconstruction algorithms, which could not be completely excluded. Lastly, the
study population was derived from patients who underwent abdominopelvic CT examina-
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tions for various clinical indications, including pelvic pain, minor trauma, and abdominal
pain. According to electronic medical records and hospital follow-up data, these individ-
uals were discharged without requiring medical treatment affecting abdominopelvic or
cardiovascular structures, or surgical interventions such as splenectomy, pancreatectomy,
gastrectomy, or liver transplantation. Subjects were considered eligible for inclusion when
no clinically significant abdominopelvic, hepatobiliary, cardiovascular, or splenic vascu-
lar pathology requiring medical or surgical management was identified during clinical
evaluation, radiological assessment, or follow-up. Nevertheless, due to the retrospective,
single-center, and hospital-based design of the study, the possibility of residual selection
bias or undetected subclinical conditions cannot be completely excluded. Therefore, our
findings should be interpreted as CT-based reference data obtained from individuals with-
out detectable abdominopelvic pathology and should not be regarded as values derived
from a healthy population. In addition, obtaining CT images from asymptomatic healthy
volunteers—particularly in pediatric populations—is ethically and practically challenging
because ionizing radiation exposure cannot be justified without clinical indication. Despite
these limitations, we believe that the present study provides valuable age-specific morpho-
metric reference data regarding SA and SV calibers and their relationship with L1 across a
broad age spectrum.

5. Conclusions

The age-related caliber measurements and derived SA- and SV-to-L1 ratios presented
in this study may provide supportive morphometric reference data for the radiological
assessment of splenic vascular structures across different age groups. Because the L1
vertebral body is consistently identifiable on routine abdominopelvic CT examinations,
the proposed ratios may serve as a practical complementary anatomical reference for
morphometric evaluation. Nevertheless, their potential clinical applicability should be
confirmed in future studies including patients with splenic vascular disorders.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/diagnostics16142267/s1, Table S1: Age-dependent changes in
diameters of the splenic vein and splenic artery from the age of 1 year to 80 years; Table S2: Ratios of
the parameters to L1TD in all ages.
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Abbreviations

The following abbreviations are used in this manuscript:

SA Splenic artery

SV Splenic vein

PSVT Portal or splenic vein thrombosis

L1 First lumbar vertebra

CT Computed tomography

ALARA  Aslow as reasonably achievable

mAs Milliampere-second values

kvp Peak kilovoltage

PACS The picture archiving and communication system
ICC Intra-class correlation coefficients

L1TD The transverse diameter of the first lumbar vertebra’s body at its center
SAl Proximal splenic artery diameter

SA2 Middle splenic artery diameter

SA3 Distal splenic artery diameter

Sv1 Proximal splenic vein diameter

SV2 Middle splenic vein diameter

SV3 Distal splenic vein diameter

References

1.

10.
11.
12.

13.

14.
15.

Standring, S.; Borley, N.R.; Collins, P.; Crossman, A.R.; Gatzoulis, M.A.; Healy, J.C. Gray’s Anatomy: The Anatomical Basis of Clinical
Practice, 40th ed.; Elsevier: London, UK, 2008.

Kuroki, T.; Kitasato, A.; Tokunaga, T.; Takeshita, H.; Taniguchi, K.; Maeda, S.; Fujioka, H. Predictors of portal and splenic vein
thrombosis after laparoscopic splenectomy: A retrospective analysis of a single-center experience. Surg. Today 2018, 48, 804-809.
[CrossRef] [PubMed]

Zeng, D.B,; Dai, C.Z; Lu, S.C.; He, N.; Wang, W.; Li, H.]. Abnormal splenic artery diameter/hepatic artery diameter ratio in
cirrhosis-induced portal hypertension. World J. Gastroenterol. 2013, 19, 1292-1298. [CrossRef] [PubMed]

Péré, G.; Basselerie, H.; Maulat, C.; Pitocco, A.; Leblanc, P.; Philis, A.; Julio, C.H.; Tuyeras, G.; Buscail, E.; Carrere, N. Splenic
volume and splenic vein diameter are independent pre-operative risk factors of portal vein thrombosis after splenectomy: A
retrospective cohort study. BMC Surg. 2021, 21, 366. [CrossRef] [PubMed]

Soyupak, S.; Gunesli, A.; Seydaoglu, G.; Binokay, F.; Celiktas, M.; Inal, M. Portal venous diameter in children: Normal limits
according to age, weight and height. Eur. |. Radiol. 2010, 75, 245-247. [CrossRef] [PubMed]

Ten, B.; Beger, B. Age-dependent changes in diameters of abdominal visceral arteries in children. Jpn. J. Radiol. 2025, 43, 841-851.
[PubMed]

Beger, B.; Ten, B. Effective diameter of the abdominal aorta in children. Surg. Radiol. Anat. 2024, 46, 1201-1211. [CrossRef]
[PubMed]

Akturk, Y.; Gunes, S.O. Normal abdominal aorta diameter in infants, children and adolescents. Pediatr. Int. 2018, 60, 455-460.
[CrossRef] [PubMed]

Goodway, J.D.; Ozmun, ].C.; Gallahue, D.L. Understanding Motor Development: Infants, Children, Adolescents, Adults, 1st ed.; Jones &
Bartlett Learning: Burlington, MA, USA, 2019.

Bhatt, S.; Ghazale, H.; Dogra, V.S. Sonographic evaluation of the abdominal aorta. Ultrasound Clin. 2007, 2, 437-453. [CrossRef]

Zucker, E.J. Syndromes with aortic involvement: Pictorial review. Cardiovasc. Diagn. Ther. 2018, 8, S71-581. [CrossRef] [PubMed]
Rodriguez-Gonzalez, M.; Castellano-Martinez, A. Inferior vena cava aneurysm in children: A case report. Ann. Vasc. Surg. 2017,
38, 315.€9-315.e13. [CrossRef] [PubMed]

Chen, X,; Liu, X.; Wu, C; Li, L.; Qin, X.; Zhou, T.; Tian, J. Assessment of normal portal vein diameter in children and adolescents
on abdominal contrast-enhanced CT. Abdom. Radiol. 2025, 50, 2958-2968.

Furgan, M.; Haque, A. Surface area in children: A simple formula. Indian Pediatr. 2009, 46, 1085-1087. [PubMed]

Geraghty, E.M.; Boone, ].M. Determination of height, weight, body mass index, and body surface area with a single abdominal
CT image. Radiology 2003, 228, 857-863. [CrossRef] [PubMed]

https://doi.org/10.3390/diagnostics16142267


https://doi.org/10.1007/s00595-018-1655-6
https://www.ncbi.nlm.nih.gov/pubmed/29569060
https://doi.org/10.3748/wjg.v19.i8.1292
https://www.ncbi.nlm.nih.gov/pubmed/23483462
https://doi.org/10.1186/s12893-021-01364-3
https://www.ncbi.nlm.nih.gov/pubmed/34641842
https://doi.org/10.1016/j.ejrad.2009.03.052
https://www.ncbi.nlm.nih.gov/pubmed/19409745
https://www.ncbi.nlm.nih.gov/pubmed/39730934
https://doi.org/10.1007/s00276-024-03385-y
https://www.ncbi.nlm.nih.gov/pubmed/38758426
https://doi.org/10.1111/ped.13542
https://www.ncbi.nlm.nih.gov/pubmed/29498778
https://doi.org/10.1016/j.cult.2007.06.001
https://doi.org/10.21037/cdt.2017.09.14
https://www.ncbi.nlm.nih.gov/pubmed/29850420
https://doi.org/10.1016/j.avsg.2016.04.022
https://www.ncbi.nlm.nih.gov/pubmed/27521827
https://www.ncbi.nlm.nih.gov/pubmed/19430073
https://doi.org/10.1148/radiol.2283020095
https://www.ncbi.nlm.nih.gov/pubmed/12881576
https://doi.org/10.3390/diagnostics16142267

Diagnostics 2026, 16, 2267 16 of 16

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Zhang, J.; Ratner, M.; Harish, K.B.; Speranza, G.; Hartwell, C.A; Rao, A.; Garg, K.; Maldonado, T.; Sadek, M.; Jacobowitz, G.; et al.
The natural history and long-term follow-up of splenic artery aneurysms. J. Vasc. Surg. 2024, 79, 801-807.e3. [CrossRef] [PubMed]
Trastek, V.E,; Pairolero, P.C.; Joyce, ].W.; Hollier, L.H.; Bernatz, P.E. Splenic artery aneurysms. Surgery 1982, 91, 694-699. [PubMed]
Mattar, S.G.; Lumsden, A.B. The management of splenic artery aneurysms: Experience with 23 cases. Am. J. Surg. 1995, 169,
580-584. [CrossRef] [PubMed]

Stanley, ].C.; Wakefield, T.W.; Graham, L.M.; Whitehouse, WM., J1.; Zelenock, G.B.; Lindenauer, S.M. Clinical importance and
management of splanchnic artery aneurysms. J. Vasc. Surg. 1986, 3, 836-840. [CrossRef] [PubMed]

Aung, Y.Y,; Berry, C.; Jayaram, PR.; Woon, E.V. Splenic artery aneurysm in pregnancy: A systematic review. Int. ]. Gynaecol.
Obstet. 2023, 160, 1-11. [PubMed]

Shimoda, M.; Kubota, K.; Sakuma, A.; Hogami, T.; Yamaguchi, H.; Tagaya, N. Intra-abdominal hemorrhage due to rupture of a
splenic vein aneurysm: A case report. J. Gastrointest. Surg. 2003, 7, 683-686. [CrossRef] [PubMed]

Cekirge, S.H.; Weiss, ].P; Foster, R.G.; McLean, G.K. Stent placement in a splenic vein stenosis after TIPS creation. Radiology 1993,
189, 197-198. [CrossRef] [PubMed]

Kirbas, I; Tutar, N.U.; Emiroglu, FK.; Coskun, M.; Haberal, M. Multidetector computed tomography angiography in detection of
active bleeding in renal and liver transplant recipients. Transplant. Proc. 2007, 39, 1111-1115. [CrossRef] [PubMed]

Danno, K.; Ikeda, M.; Sekimoto, M.; Sugimoto, T.; Takemasa, I.; Yamamoto, H.; Doki, Y.; Monden, M.; Mori, M. Diameter of
splenic vein is a risk factor for portal or splenic vein thrombosis after laparoscopic splenectomy. Surgery 2009, 145, 457-464;
discussion 465-466. [CrossRef]

Kinjo, N.; Kawanaka, H.; Akahoshi, T.; Tomikawa, M.; Yamashita, N.; Konishi, K.; Tanoue, K.; Shirabe, K.; Hashizume, M.;
Maehara, Y. Risk factors for portal venous thrombosis after splenectomy in patients with cirrhosis and portal hypertension. Br. J.
Surg. 2010, 97, 910-916. [CrossRef] [PubMed]

Song, ].-Y.; Shi, B.-Y.; Zhu, Z.-D.; Zheng, D.-H.; Li, G.; Feng, L.-K.; Zhou, L.; Wu, T.-T.; Du, G.-S. New strategies for prevention and
treatment of splenic artery steal syndrome after liver transplantation. World ]. Gastroenterol. 2014, 20, 15367-15373. [CrossRef]
[PubMed]

Binici, S.; Aslan, F; Yang, U.; Eryilmaz, I.; Tahiroglu, V.; Beger, B.; Uslu, N.; Ten, B.; Golpinar, M.; Beger, O. Reference values for
normal main portal vein diameter in subjects aged 1-80 years. Bratisl. Med. . 2025, 126, 2893-2901. [CrossRef]

Akay, H.O.; Ozmen, C.A.; Bayrak, A.H.; Senturk, S.; Katar, S.; Nazaroglu, H.; Taskesen, M. Diameters of normal thoracic vascular
structures in pediatric patients. Surg. Radiol. Anat. 2009, 31, 801-807. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/diagnostics16142267


https://doi.org/10.1016/j.jvs.2023.11.065
https://www.ncbi.nlm.nih.gov/pubmed/38081394
https://www.ncbi.nlm.nih.gov/pubmed/7079972
https://doi.org/10.1016/s0002-9610(99)80225-6
https://www.ncbi.nlm.nih.gov/pubmed/7771620
https://doi.org/10.1016/0741-5214(86)90059-5
https://www.ncbi.nlm.nih.gov/pubmed/3701947
https://www.ncbi.nlm.nih.gov/pubmed/35598155
https://doi.org/10.1016/s1091-255x(03)00028-3
https://www.ncbi.nlm.nih.gov/pubmed/12850682
https://doi.org/10.1148/radiology.189.1.8372193
https://www.ncbi.nlm.nih.gov/pubmed/8372193
https://doi.org/10.1016/j.transproceed.2007.04.005
https://www.ncbi.nlm.nih.gov/pubmed/17524905
https://doi.org/10.1016/j.surg.2008.06.030
https://doi.org/10.1002/bjs.7002
https://www.ncbi.nlm.nih.gov/pubmed/20474001
https://doi.org/10.3748/wjg.v20.i41.15367
https://www.ncbi.nlm.nih.gov/pubmed/25386086
https://doi.org/10.1007/s44411-025-00351-x
https://doi.org/10.1007/s00276-009-0525-8
https://www.ncbi.nlm.nih.gov/pubmed/19554251
https://doi.org/10.3390/diagnostics16142267

	Introduction 
	Material and Methods 
	Ethical Statement 
	Study Design 
	Inclusion and Exclusion Criteria 
	Study Population 
	CT Protocol 
	Morphometric Parameters 
	Statistical Analysis 

	Results 
	Measurement Reliability 
	Age-Related Changes 
	Sex-Related Comparisons 
	Correlation Analysis 
	Segmental Comparison of Splenic Vessel Diameters 
	Regression Analysis 

	Discussion 
	Conclusions 
	References

