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ORIGINAL RESEARCH

Comparison of Sonographic Quantitative
Assessment of Splenomegaly in Thalassemia
Patients Receiving Whole Blood and Packed Red

Cell Transfusions
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Objective: An observational cross-sectional study to assess sonographic splenomegaly quantitatively in thalassemia patients

grouped with respect to transfusion given whole blood vs packed red cells.

Methods: A study was conducted among 330 patients equally divided into two groups, undergoing an abdominal ultrasound
examination with a transducer frequency ranging from 3-5 MHz during the period December 2021 to August 2022. An
independent t-test was applied to compare the splenic volume in thalassemia patients given whole blood transfusions versus
packed red cells transfusions, and Cohen's d was used to indicate the standardized difference between two ultrasound splenic

volume means.

Results: The mean splenic volume of the patients who received whole blood cells was 320.62 + 219.05 cm’, which is greater
than the patients who received packed red cells, whose mean was 60.72 + 58.72 cm’, The splenomegaly was quantitatively
assessed in six age groups ranging from 1 to 3 years, 4 to 6 years, 7 to 9 years, 10 to 12 years, 13 to 15 years, and 16-18 years
and mean splenic volume in each age group was compared to those receiving whole blood or packed red cells transfusion. there

is a statistically significant difference between both transfusion receiving groups, having a larger Cohen’s d size effect of 1.62.

Conclusion: Ultrasound is a reliable imaging modality for assessing splenic volume and linear parameters of the spleen with
greater splenomegaly in thalassemia patients with whole blood transfusions than those with packed red cells when quantitatively
assessed according to relevant age groups. Thalassemia patients should be transfused packed red cells to delay splenomegaly,

that should be assessed sonographically.
Key words: Spleen dimensions; Packed red cell; Whole blood; Thalassemia; Ultrasound

Advanced Ultrasound in Diagnosis and Therapy 2023; 03: 279-283 DOI: 10.37015/AUDT.2023.220039

eta-thalassemia syndromes are a group of hereditary =~ reduced Hemoglobin (Hb) in red blood cells (RBCs),
blood disorders characterized by reduced or  decreased RBCs production, and cause anemia [1].
absent beta globin chain synthesis, resulting in  Clinical presentation of thalassemia major occurs between
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6 and 24 months. Affected infants fail to thrive and become
progressively pale. Feeding problems, diarrhea, irritability,
recurrent bouts of fever, and progressive enlargement of
the abdomen caused by spleen and liver enlargement may
occur [2]. B-thalassemia remains a significant health
problem throughout the world, particularly in Pakistan [3],
with blood transfusion and iron chelation being the mainstay
of its management. The excessive destruction of RBCs
and extra-medullary haematopoiesis cause splenomegaly
which increase the transfusion requirement [4].
Splenectomy is indicated in the transfusion-dependent
patient when hypersplenism increases blood transfusion
requirement and prevents adequate control of body iron
with chelating therapy. An enlarged spleen without an
associated increase in transfusion requirement is not
necessarily an indication for surgery.

The most frequent procedures for diagnosing splenomegaly
are ultrasound (US) and computed tomography (CT) scans,
which measure a specific spleen dimension and estimate
spleen volume. Spleen volume measured in the United
States has been demonstrated to be more accurate than
spleen volume recorded in CT [5,6]. Several studies have
been carried out to investigate the range of healthy spleen
dimensions and volume, as well as their relationship to
age, gender, and body habitus [7-11].

When evaluating the spleen, ultrasonography is
typically employed as the first imaging modality [12]. The
spleen is homogenous, somewhat more echogenic than the
normal renal cortex, and iso-to slightly hyperechoic when
compared to liver parenchyma in the ultrasound. Vascular
disease in the splenic hilum can be detected via colour
Doppler imaging. Splenic focal lesions are frequently
general and mild, manifesting as hypoechoic lesions. As
a result, any localized heterogeneity found on sonography
should be confirmed using CT or magnetic resonance
imaging (MRI) scanning [13].

Material and Methods

The study was conducted during the period December
2021 to August 2022. Consecutive random inclusion
of 330 patients in the study. Participating patients
were divided into two equal groups. The first group of
patients was those patients who received packed cells
(erythrocytes), and the second group of patients was
those who received whole blood. US was performed,
using a transducer of the frequency of 3-5 MHz.

The American Institute of Ultrasound in Medicine
(AIUM) guidelines were followed in this study [14].
Formal permission was obtained from the Institutional
Ethics Committee to take up this study. After getting
permission from the concerned authority, informed
consent from the respective individual was taken after
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fully explaining the purpose of the research work in
their language. Full confidentiality of the patients was
maintained.

The grayscale US was used to examine the spleen.
All patients were asked to lie down in a supine position
or a lateral position to get optimal images. We measured:
longitudinal dimension: between the highest superior-
medial and the lower inferior-lateral points of the
spleen; anteroposterior dimension: between the anterior
and posterior surfaces; transverse dimension: between
the hilum and the superior-lateral edge of the spleen.
Scanning was conducted three times, and the average
dimension was taken. The volume of the spleen was
calculated using the prolated ellipsoid formula [15,16].

V (ecm’) = length (cm) x width (cm) x thickness (cm)
x (0.523

Spleen measures were obtained, as well as other factors
such as the patient's age, gender, and blood type. The
frequency and proportion of various spleen measurements
were tabulated. The mean, standard deviation, and range
were used to describe descriptive data. An independent
t-test was applied to compare the splenic volume with
whole blood and packed cells in thalassemia patients [17],
and Cohen's d was used to indicate the standardized difference
between two ultrasound splenic volume means [18].
The study aimed to measure the dimensions of the spleen
in thalassemia patients.

Results

In our study we analysed the data on 330 thalassemia
patients with splenomegaly. Patients were categorized
into two groups with respect to type of transfusion, whole
blood transfusions or packed red cells transfusion. There
were 165 patients in each group. The patients had a mean
age of 9.79 years + 5.04 Standard Deviations (SD). There
were 161 (48.8%) male and 169 (52.2%) female patients.

In the first group, comprised patients who received
packed red cells (erythrocytes). There were 95 male and
75 female patients. The second group comprised patients
who received whole blood cells. There were 79 male and
86 female patients.

The mean splenic dimensions and volume were
calculated in relevant age groups from 1 to 3years, 4 to
6 years, 7 to 9 years, 10 to 12 years, 13 to 15 years, and
16-18 years in both groups independently.

The mean splenic length, width, depth, and volume
in group 1 (packed red cells transfusion) were 7.20 cm
(£ 2.62), 3.74 cm (£ 1.22), 3.07 (£ 1.34), and 60.72 cm’
(£ 58.72) respectively (Table 1). And for group 2 (whole
blood transfusion) the respective splenic parameters were
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10.02 cm (£ 2.17), 7.87 cm (£ 2.06), 6.53 (+ 1.98), and
320.62 cm’ ( 219.05) (Table 2).

Both transfusion groups with respect to age groups
are summarized (Table 3).

An independent-samples t-test was conducted to
compare the spleen length for whole blood and packed
red cells (Table 4). There were significant differences (¢

(316.94) = 10.63, P < 0.001) in the scores with the mean
score for whole blood (M =10.02, SD = 2.17) was higher
than and RBC (M = 7.20, SD = 2.62). The magnitude of
the differences in the means (mean difference = 2.18,
95%CI: 2.29 to 3.33) was significant. Hence, we have
enough evidence to reject the null hypothesis (H,) and
accept the alternative hypothesis (H,).

Table 1 Mean splenic length, width, depth, and volume for packed red blood cells (RBCs) transfusion

Years Frequency Male Female Length (cm) Width (cm) Depth (cm) Volume (cm®)

1-3 36 22 14 3.84 2.21 1.50 7.22

4-6 30 15 15 6.16 3.46 1.98 22.90

7-9 31 14 17 6.48 3.24 2.95 32.47

10-12 22 10 12 7.74 3.87 3.52 57.45

13-15 28 15 13 10.34 5.17 4.70 131.03

16-18 18 14 4 11.38 5.69 5.17 174.55

Total 165 90 75 7.20 £2.61 3.74+£1.22 3.07+1.34 60.72 +58.72
Table 2 Mean splenic length, width, depth, and volume for whole blood cells transfusion

Years Frequency Male Female Length (cm) Width (cm) Depth (cm) Volume (cm’)

1-3 11 7 4 5.79 422 3.55 52.59

4-6 23 10 13 8.10 6.04 4.66 119.29

7-9 30 14 16 9.17 6.22 4.83 131.95

10-12 24 8 16 11.48 9.27 7.88 436.96

13-15 41 18 23 11.50 9.29 7.90 440.66

16-18 36 22 14 12.74 10.53 9.14 639.94

Total 165 79 86 10.2+£2.17 7.87 £2.06 6.53+1.98 320.62 £ 219.05

An independent-samples t-test was conducted to
compare spleen width for whole blood and packed red
cells with significant differences (¢ (328) = 22.15, P <
0.001) in the scores with the mean shown in Table 4.
The magnitude of the differences in the means (mean
difference = 4.14, 95%CI: 3.77 to 4.50) was statistically
significant.

An independent-samples t-test was also conducted to
compare the spleen depth for whole blood and packed
red cells and there were significant differences (z (328) =
18.60, P < 0.001) in the scores (Table 5). The magnitude
of the differences in the means (mean difference = 3.46,
95%CI: -3.09 to 3.83) was statistically significant, to
reject the null hypothesis (H,) and accept the alternative
hypothesis (H,).

AUDT 2023;03:279-284

The spleen volume for whole blood and packed red
cells were compared by independent-samples t-test with
significant differences (¢ (328) = 14.72, P < 0.001) in the
scores The magnitude of the differences in the means
(mean difference = 259.90, 95%CI: 225.16 to 294.63)
was significant. Hence, we have enough evidence to
reject the null hypothesis (H,) and accept the alternative
hypothesis (H,).

Cohen's d was used to indicate the standardized
difference between two ultrasound splenic volume
means. Fig. 1 shows that there was a significant
difference between splenic volume in patients with
thalassemia receiving whole blood and red blood cells. In
our study, the Cohen’s d size effect was large [18], which
was 1.62.
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Table 3 Comparison of mean between whole blood and packed cells wrt age groups

Blood Group Age groups Mean Volume (cm”) Std. Deviation
Whole Blood 1-3years 52.59 31.86
4-6years 119.29 16.62
7-9years 131.95 11.85
10-12years 436.96 48.37
13-15years 440.66 52.66
16-18years 639.94 77.73
Total 320.62 219.05
Red Blood Cells 1-3years 7.22 3.83
4-6years 22.90 6.69
7-9years 32.47 4.94
10-12years 57.45 22.63
13-15years 131.03 13.16
16-18years 174.55 16.00
Total 60.72 58.72
Table 4 An independent samples t-test to compare the spleen dimensions for whole blood and red blood cells
Levene's Test 95% Confidence
for Equality of t-test for Equality of Means Interval of the
.Splee.n Veremess Mean SD Variances Difference
Dimensions -
f ! Df (2-§alﬁéd) Dilf\f/[eiaeu:lce Sﬁgf'eféffe Lower  Upper
Length (cm)  Equal variances assumed 10.02 2.17 2.87  0.09 10.63 328.00 0.00 2.81 0.26 2.29 3.33
Equal variances not assumed ~ 7.20 2.62 10.63  316.94 0.00 2.81 0.26 2.29 333
Width (ecm)  Equal variances assumed 7.87 2.06 102.27 0.00 22.15 328.00 0.00 4.14 0.19 3.77 4.50
Equal variances not assumed ~ 3.74 1.22 22.15 266.44 0.00 4.14 0.19 3.77 4.50
Depth (ecm)  Equal variances assumed 6.53 1.98 7246 0.00 18.60 328.00 0.00 3.46 0.19 3.09 3.83
Equal variances not assumed ~ 3.07 1.34 18.60 288.24 0.00 3.46 0.19 3.09 3.83
Wislumine Equal variances assumed ~ 320.62 219.05 402.77 0.00 14.72 328.00 0.00 259.90 17.66 225.16 294.63
(em’) Equal variances not assumed  60.72  58.72 14.72  187.45 0.00 259.90 17.66 225.07 294.73
Discussion in paediatrics or teenage population) and the high-cost

Organ volume measurement plays an important role
in the clinical diagnosis and follow-up of diseases. Many
diseases present changes in the size and morphology of
the organs. Therefore, determining normal parameters of
the organs bears great importance in terms of accurate
evaluation of pathological changes [19].

Several research studies have aimed to define the
standard size of the spleen, using different imaging
techniques such as computed tomography, magnetic
resonance imaging, and ultrasonography [20-22].
Volumetric measures can be acquired most precisely
using computed tomography or magnetic resonance
imaging [20]. Nonetheless, regular computed tomography
for the diagnosis and serial follow-up of patients with
suspected splenic enlargement is difficult to justify in
our context due to the radiation exposure (particularly

282

price. Magnetic resonance imaging is further hindered
by high costs and limited availability in many parts
of the world, particularly in underdeveloped nations.
Ultrasonography's economic and valuable non-invasive
role in evaluating the spleen dimensions can demonstrate
the existence and structure of splenic masses, disruption
of splenic outline (texture), progressive changes in
masses, and the size of the spleen.

Conclusion

The purpose of this study was to compare the effects
of blood transfusion on the spleen of thalassemia patients.
From the statistical results, there was a morphological
relationship between the transfusion of packed cells and
whole blood transfusion; the mean splenic dimensions
obtained across the two groups were different, where
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the patients who received whole blood, their spleen was
observed to be larger than the patients who received
packed cells on Ultrasound. When we compared packed
cell receivers to those administered with whole blood,
there was nearly a four folds difference. Therefore,
based on our results it may be recommended that the
administration of packed cells is better than whole blood
receivers.

Recommendations:

To avoid thalassemia, proper screening should be
done before marriage. Thalassemia is diagnosed by
blood tests such as the complete blood count (CBC) test,
which evaluates the quantity of hemoglobin in a blood
sample, and specific hemoglobin tests, which determine
the kind of hemoglobin in a blood sample. The severity
of thalassemia (moderate and severe) is frequently
identified in infancy, because signs and symptoms, such
as severe anemia, commonly appear during the first two
years of life.

Patients with thalassemia are continuously transfused
with either packed cells or whole blood, which affects
the spleen. Sometimes packed cells are not available
in all the hospitals in developing countries. The spleen
dimensions were sonographically observed in the patients
receiving packed cells and whole blood. A statistically
significant variation was found in the spleen dimension
in the two groups.

Population Pyramid Frequency Volume by Blood_Type Blood_Type

= MNormal

RBC Whole Blood

1000.00 1000.00

800.00 800.00
2 600.00 600.00 5
3 5
2 400.00 400.00 @

200.00 200.00

0.00 0.00

100.0 80.0 60.0 40.0 20.0 0.0 20.0 40.0 60.0 80.0100.0

Figure 1 Graph indicates that a larger Cohen’s d size effect between two
means.
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