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BACKGROUND: Ultrasound is commonly the first-line imaging mo-
dality for assessing the visceral organ dimensions without any risk of
radiation. An abnormal size of the spleen may indicate disease, but
the evaluation is challenging because of the normal size changes with
age. In addition, published normal value charts for children may vary
by population and methods.

OBJECTIVES: Determine normal growth curves for splenic length in
relationship to sex, age, body weight, height, body mass index, and
body surface area of healthy children in Saudi Arabia.

DESIGN: A retrospective review of ultrasonography images
SETTING: Tertiary referral hospital

SUBJECTS AND METHODS: We included all normal ultrasonography
exams of splenic length (from full-term neonates to 16 years of age)
performed between 2003 and 2018. The greatest longitudinal distance
of the spleen from the dome to the tip (splenic length) measured at the
hilum in the coronal plane was obtained by ultrasonography.

MAIN OUTCOME MEASURES: The relationship between the longi-
tudinal length of the spleen and sex, age, height, weight, body mass
index, and body surface area.

SAMPLE SIZE: 1028 healthy children

RESULTS: Height had the most significant correlation with the length of
the spleen (P<.001). There was a consistent difference in splenic length
according to sex. The spleen was longer in males than in females in
children older than 2 years. In terms of splenic growth according to
age, our data showed a statistically significant correlation between the
ages of 0-24 months and 2-16 years. There was a significant difference
between cases from Saudi Arabia, the United States (P=.023) and India
(P=.045).

CONCLUSION: We developed scatter plots between splenic lengths
and body parameters among Saudi children for children from 0 day to
24 months and children from 2 years to 16 years for reference.
LIMITATION: Retrospective study. Ultrasound techniques in patient
positioning, and cursor placement differed from other studies, which
can affect measurements of splenic length.

CONFLICTS OF INTEREST: None.
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ltrasonography of the spleen is a routine real-

time exam used to evaluate size, shape and

echo texture without any risk of radiation. In
adults, the indicators of moderate splenomegaly in-
clude an antero-posterior length greater than two-
thirds of the distance between the anterior and poste-
rior abdominal wall, with a craniocaudal length exceed-
ing the upper limit of 11 to 14 centimeters.” Massive
splenomegaly should be considered if the interpolar
diameter is greater than 20 cm.? The definition and
grading of splenomegaly in healthy children is not stan-
dardized. Some authors use the adult criteria, whereas
others consider these measurements irrelevant because
spleen size is relative to body parameters.? Among sev-
eral body growth parameters, spleen size is considered
an important parameter in the clinical evaluation of
spleen growth and abnormalities. Spleen length is influ-
enced by the overall body parameters of an individual,
including age, height, weight, body mass index (BMI)
and body surface area (BSA).*"° Many diseases can af-
fect the spleen size, varying from infection to malignant
disorders."'2 Therefore, the need to have a reliable
reference for the spleen size in children is valuable for
clinical assessment.

There are few studies that have defined the nor-
mal limits of spleen size in healthy children around the
world, but none from Saudi Arabia. These studies have
shown that spleen size correlates better with particu-
lar body parameters.¢7%1%1315 One study reported that
body weight was better correlated with the longitudinal
dimensions of the spleen than with the body surface
area of pediatric subjects.” Another study found a sig-
nificant correlation between height and splenic length.®
In a study with a larger sample size than other stud-
ies, Ezeofor et al’ reported a significant correlation be-
tween splenic length and age. Some reports showed no
statistically significant difference in splenic length with
respect to sex,*?'*'¢ whereas other studies showed a
statistically significant difference.”'” Most studies have
shown a strong correlation between the child’s age
and body parameters with splenic length in children.
However, to the best of our knowledge, so far there are
no published data or growth curves for healthy children
from Saudi Arabia.

Our study aimed to establish the normal standards
of spleen length in relationship to child age and body
parameters in Saudi Arabia. This will assist in predicting
changes in spleen size and early identification of abnor-
mal ultrasound findings. In conditions that necessitate
more investigations, such as growth, treatment of chil-

ANN SAUDI MED 2021

original article

dren with infectious, hematological, infiltrative, splenic
trauma, immunologic and malignant states as well and
evaluation of treatment response.” An assessment of
organ size is an integral part of the evaluation and treat-
ment of disease, particularly before splenectomy.’®

SUBJECTS AND METHODS

This retrospective study was approved by the institu-
tional review board of King Faisal Specialist Hospital
and Research Center. Informed consent was waived.
The study included all normal ultrasound exams of the
spleen performed between July 2003 and May 2018 at
King Faisal Specialist Hospital and Research Center. The
age group ranged from full-term neonate to 16 years
old. Only healthy subjects were included in the study.
Their age, weight and height were recorded on the
day of the ultrasound study. Children’s weight-for-age
and height-for-age percentiles were between the 5th
and the 95th percentiles based on the Growth Charts
for Saudi Children and Adolescents, endorsed by the
Health Services Council of Saudi Arabia (https://www.
moh.gov.sa/HealthAwareness/EducationalContent/
BabyHealth/Documents/Intermediate%201%20
Compatibility%20Mode.pdf). Patients who did not
have normal growth curves were not included in the

study. Grayscale 2D ultrasound images of the spleen
were stored in PACS (picture archiving and communi-
cation system). The length of the organs and height
were recorded to the nearest 0.1 cm, and the weight
to the nearest 0.1 kg. We used the following inclusion
criteria: healthy full-term term newborn to 16 years old
with no personal or family history of any disease. Any
patients with underlying hematological disease, malig-
nancy, metabolic disorders or infection were excluded.
Only patients who came for screening or routine ab-
dominal ultrasound examination and had normal scans
(liver, kidney and spleen) were included. Most of these
patients were screened for abdominal pain. A spleen is
considered normal based on echogenicity, an absence
of lesions and normal size according to the available
reference standard.™

All the retrospective ultrasound examinations were
reviewed by a pediatric consultant radiologist to ensure
that the examinations met the inclusion criteria and the
sizes were not incorrectly measured for any reason, such
as intense crying, movement or other reasons. Spleen
measurements were performed in the lateral decubitus
position. At least three longitudinal measurements of
the spleen were performed between the most supero-
medial and the most inferolateral margins (Figure 1).
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Statistical analysis was carried out using IBM SPSS
Statistics version 20 (SPSS Inc., Chicago, IL, United
States). Descriptive statistical methods were used
when appropriate. Differences among groups were
determined by the paired samples t test and the non-
parametric Mann-Whitney test; more than two groups
were assessed with analysis of variance. Data were sum-
marized by the median and interquartile range (IQR) or
mean and standard deviation (SD). Relationships be-
tween ultrasound measured spleen size, age and body

Figure 1. Normal ultrasound of the spleen (maximum longitudinal length

measurement).
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Figure 2. Age distribution of the study population (n=1028).
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parameters were assessed with the Pearson correlation
coefficient; to identify the exact pattern of the rela-
tionship, nonlinear regression analysis was performed.
Multiple regression analysis was applied in a backward
stepwise fashion to test the independent effect of all
factors on spleen length. Spleen length growth curves
and upper limits defined by the 90% upper confidence
limit are presented in graphs according to height,
weight, and BSA.

RESULTS

The study involved 1028 normal ultrasound exams: 532
males (51.8%) and 496 females (48.2%). The age distri-
bution ranged from newborn to 16.4 years; 234 were
less than 2 years (22.8%) and 724 were more than 2
years old (77.2%); the median age was 5.4 years (Figure
2). The median (IQR) length of the spleen of all patients
was 7.6 (2.1) centimeters. Splenic length correlated
with age, height, weight and body surface area in both
sexes (Figure 3). The spleen was longer in males than
in females. The median (IQR) for males was 7.8 (2.3)
centimeters, while for females the median (IQR) was 7.5
(1.9) centimeters (P=.036). However, this difference was
only true for children aged more than 2 years (P=.001),
as shown in Table 1 and Table 2, while for children less
than 2 years the difference was not statistically signifi-
cant (P=.835). Spleen size by age category is shown in
Tables 3 and 4. As a group, the splenic length showed
the strongest correlation with patient height in the uni-
variate analysis (R?=.641) (Table 5, Figure 4). On multi-
variate analysis, age and weight indicated significantly
strong correlations with splenic length, whereas BMI
showed weaker correlations (Table 6).

In Table 7, age groups were rearranged to match
the other studies (United States and India).®'® There was
a statistically significant difference between the Saudi
Arabia and the United States (P=.023) and Saudi Arabia
and India (P=.045); however, differences were not clini-
cally important ( +/- 2 mm differences). The plots of
the mean splenic length versus age for all three coun-
tries are shown in Figure 5. Figures 6 and 7 show a
smoothed plot of mean length with two standard devia-
tions of the mean for children from 0 day to 24 months
and children from 2 years to 14 years, respectively.

DISCUSSION

In children, it is important to determine pathological
changes in spleen size. The normal ranges should be
known to recognize any pathological changes. The
size of the spleen may vary by age group. This study
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provides a practical and comprehensive guide to the

normal splenic length in the Saudi pediatric population. SEX Mas SEX: Famue
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local radiology clinics. To the best of our knowledge,
this study is the only study from Saudi Arabia that has
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evaluated the relationship between spleen size and
the overall body size of the individual, including age,
height, weight, BMI and BSA.

Our results provide a standard set of normal ranges
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sonography. We also found age and height to be sig-
nificantly correlated with spleen size across all ages too1
and in both sexes. It has been found in most studies
that splenic length correlates better with height.®%1*
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Spleen (cm)

15 However, in a few other studies, the patient’s
weight showed the strongest correlation with splenic

length.1¢1?
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in females. Although there were statistically significant
differences in splenic length between the sexes, these

differences were not considered clinically significant.
Therefore, we present splenic length graphs based on ]
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the age group regardless of sex. In terms of splenic Weight (kg Weight (kg)
growth according to age, our data showed a statisti- SEX:Mile =T
cally significant difference before and after 24 months 7l ’;2=g;g: w; °Z°i: i f:g:gos
of age. Consistent with other studies, the splenic length tor1 o B3%s
increased rapidly until 24 months, while the growth rate _ ‘ o
was reduced thereafter.6'418 § y 5
There was a significant difference between Saudi 3 i
Arabia and the United States (P=.023) and Saudi Arabia o]
and India (P=.045). We highly advise that our splenic
length graph may be the best available for clinical use in il . , ‘ . " . ‘ . ‘ .
our region. Our database of 1028 cases is considerably : " oasananans B . ® somsusenuiin v

greater than in other studies,®?'%'3'% and the smoothed
plot of mean length with two standard deviations of the Figure 3. Spleen growth curve by age, height, weight and body surface area
mean is an ideal for reference in everyday scanning situ- in males (n=532) and females (n=496) (P<.001 for all correlations).
ations for children from O day to 24 months (Figure 6)
and children from 2 years to 14 years (Figure 7).
There are some limitations to our study. The study
data were retrospectively evaluated but checked by
pediatric radiologists. Routine splenic length mea-

surements by ultrasound were performed by expe-
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Table 1. Spleen length in male children aged older than 2 years.

SONOGRAPHIC MEASUREMENTS FOR SPLEEN

Age Height cm No Mean SD Minimum  Maximum Percentiles
years cm cm cm 5th 95th
2-3 82-97 40 7.09 0.88 5.6 8.7 5.7 8.3
34 86-108 38 7.29 0.76 55 8.7 6.3 8.5
4-5 93-118 48 7.71 1.10 5.4 9.9 5.9 9.3
5-6 99-122 45 7.88 0.85 6.2 9.5 6.5 9.4
6-7 106-126 43 8.10 0.99 6.0 9.9 6.6 9.7
7-8 111-131 28 8.28 1.06 6.8 10.6 6.8 9.9
8-9 116-134 29 8.62 1.23 6.2 11.0 6.8 10.9
9-10 120-140 30 9.05 0.94 7.3 10.7 6.9 1.1
10-11 125-148 27 9.06 1.07 7.1 11.5 7.5 10.8
11-12 130-155 27 8.94 1.24 6.0 1.1 7.0 10.9
12-14 134-167 46 9.90 1.00 8.0 12.0 8.2 11.6
14-16 148-171 7 9.97 0.81 8.7 10.8 8.9 10.7
Table 2. Spleen length in female children aged more than 2 years.

Age Height No Mean SD Minimum  Maximum Percentiles
years cm cm cm cm S5th 95th
2-3 75-99 39 7.03 0.80 52 9.2 6.0 8.2
34 87-109 51 7.33 0.67 6.1 9.1 6.2 8.3
4-5 93-114 29 7.00 0.80 5.7 8.8 5.8 8.4
5-6 101-119 27 7.84 0.85 6.2 9.2 6.6 9.1
6-7 106-128 34 7.70 0.78 5.9 10.1 6.7 9.1
7-8 109-132 43 8.06 0.96 6.2 9.7 6.6 9.4
8-9 114-135 27 8.10 1.07 6.3 10.1 6.5 9.8
9-10 118-141 41 8.62 1.16 6.2 10.7 6.8 10.3
10-11 125-150 26 8.28 1.17 6.0 10.2 6.3 10.0
11-12 129-155 28 9.05 1.09 7.0 11.0 6.2 10.0
12-14 137-160 38 9.43 1.34 7.0 12.1 6.2 10.2
14-16 146-160 3 10.17 0.40 9.7 10.4 9.8 10.4

rienced sonographers following standard protocols.
Additionally, patient positioning and differences in cur-
sor placement can affect the measurements of splenic
length. Another limitation is that the sample was not
randomly chosen from different parts of the country;
however, this hospital is the largest referral hospital in
Saudi Arabia and thus the results may be generalizable.

In conclusion, nomograms for each ethnic group are

ideal to enable better interpretation of sonographic as-
sessments in the pediatric population. Scatterplots be-
tween age and splenic length were established among
Saudi children. We have graphed and tabulated the
correlation of age with splenic length in this study,
and believe that these tables and graphs can be used
routinely to assess conditions that lead to changes in
spleen size.
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Table 3. Longitudinal length of the spleen in children aged 24 months or less.

Age Height No Mean D Percentiles Suggested

(months) cm cm 5th 95th upper limit

<1 46-56 32 4.14 0.61 3.4 5.3 585

1-3 50-63 26 4.90 0.87 3.8 6.3 6.5

3-5 55-71 22 5.43 0.74 4.3 6.4 6.5

5-7 57-71 16 5.69 0.82 4.4 6.8 7

7-9 63-75 22 5.79 0.67 4.8 6.6 7

9-11 65-78 18 5.79 0.69 4.9 6.7 7

11-15 67-84 29 6.16 0.75 4.9 7.3 7.5

15-18 73-83 19 6.65 0.66 5.7 7.7 8

18-24 74-92 50 6.80 0.89 5.3 8.0 8

Table 4. Longitudinal length of the spleen in children aged between 2 and 16 years.

Age (years) No Ssad SD Percentiles Su99es.t ef’
cm Sth 95th upper limit

2-3 79 7.06 0.84 5.8 8.3 8.5

3-4 89 7.31 0.71 6.1 8.5 8.5

4-5 77 7.44 1.05 5.8 9.1 9

5-6 72 7.87 0.85 6.5 9.2 9.5

6-7 77 7.92 0.92 6.6 9.5 9.5

7-8 71 8.15 1.00 6.6 9.7 10

8-9 56 8.37 1.18 6.6 10.3 10.5

9-10 71 8.80 1.08 7.0 10.6 10.5

10-11 53 8.68 1.18 7.0 10.3 10.5

11-12 55 9.00 1.16 7.0 10.8 11

12-14 84 9.69 1.18 8.0 11.6 12

14-16 10 10.03 0.69 8.9 10.7 12

Table 5. Univariate analysis of relation between spleen length and age, weight, height, body mass index (BMI) or body
surface area (BSA) in males and females.

Spleen length

Variable All (n=1028) Male (n=532) Female (n=496)

p R? B R? p R?
Age 0.305 0.584 0.320 0.614 0.288 0.557
Height 0.046 0.641 0.049 0.674 0.043 0.610
Weight 0.098 0.559 0.102 0.570 0.095 0.548
BMI 0.232 0.157 0.229 0.136 0.232 0.178
BSA 3.892 0.625 4.073 0.644 3.684 0.605

Note: All betas were significant as P value <.001.
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Figure 4. Spleen growth curve by age, height, weight and body surface area for all patients (n=1028) (P<.001 for all

correlations).

Table 6. Multiple regression analysis of relation between spleen length and age, height, weight, body mass index (BMI),

body surface area (BSA) and gender.

Spleen length

Variable All (n= 1028) Male (n= 532) Female (n= 496)

p B p P B P
Age 0.006 .859 0.006 .898 0.006 .906
Height 0.089 .000 0.096 .003 0.081 .005
Weight 0.003 .954 -0.014 .859 0.003 .965
BMI 0.180 .000 0.187 .000 0.186 .000
BSA -4.495 .240 -4.191 463 -4.101 422
Gender -0.134 .024
R2 0.668 0.693 0.645
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Table 7. Spleen Length Comparison between Saudi, US and Indian children in centimeters (Saudi Arabia vs United States (P=.045), Saudi
Avrabia vs India (P=.045) groups.®'°

Spleen length comparison between Saudi, US and Indian children in cm

Age group Sex Saudi Arabia United States India
No. Mean SD No. Mean sD No. Mean SD
0-3 months F 31 4.5 .83 22 4.4 0.57 11 4.5 0.53
M 27 4.4 .83 85 4.6 0.84 10 4.9 1.44
3-6 months F 9 52 .80 6 5.2 0.47 9 58 0.51
M 22 5.6 .70 10 5.8 0.65 26 5.4 0.61
6-12 months F 24 6.0 76 15 6.3 0.68 23 5.6 0.61
M 33 5.8 .65 12 6.4 0.78 28 6.0 0.86
1-2 years F 46 6.6 .89 18 6.3 0.69 33 6.1 0.74
M 42 6.7 .84 17 6.8 0.72 44 6.4 1.01
2-4 years F 90 7.2 74 24 7.5 0.83 53 6.7 0.74
M 78 7.2 .82 22 7.6 1.07 79 6.9 1.01
4-6 years F 56 7.4 .92 36 8.0 0.74 53 7.1 0.90
M 93 7.8 .99 18 8.1 1.01 62 7.4 0.99
6-8 years F 77 7.9 .90 25 8.2 0.99 20 7.6 0.99
M 71 8.2 1.01 26 8.9 0.91 31 7.9 0.94
8-10 years F 68 8.4 1.14 26 8.7 0.92 27 8.2 1.02
M 59 8.8 1.10 15 9.0 1.02 35 8.2 1.02
10-12 years F 54 8.7 1.19 34 9.1 1.09 21 8.7 1.20
M 54 9.0 1.15 19 9.8 1.05 32 8.7 1.84
12-14 years F 38 9.4 1.34 30 9.8 1.02
M 46 9.9 1.00 18 10.2 0.81
14-16 years F 3 10.2 .40 13 10.3 0.69
M 7 10.0 .81 13 10.7 0.90
Total 1028 454 597
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Figure 5. Mean spleen lengths by age in children from Saudi Arabia, India and the United States.
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Figure 6. Mean splenic length and 2 standard deviations of the mean by age for children younger than 24 months old

(n=234).
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Figure 7. Mean splenic length and 2 standard deviations of the mean by age for children 2 years to 16 years old

(n=794).
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