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Abstract 

Background: Due to the paucity of scientific evidence, it is unclear among pulmonologists and physicians in critical 
care units if and when splenomegaly in novel coronavirus disease (2019) (COVID-19) patients is worrisome. This study 
aims to evaluate the significance of splenic volume during COVID-19 infection with or without cytokine storm and 
correlates splenic volume to the volume of pathological lung changes through linear regression analysis.

Results: A retrospective study collected 509 polymerase chain reaction proved COVID-19 patients (399 males, 110 
females; mean age 48 years, age range 24–78 years) between June and November 2021, without a history of splenic 
pathology. A control group of age and sex-matched 509 healthy subjects was used and analyzed according to the 
splenic volume. Five consulting radiologists evaluated initial and follow-up computed tomography (CT) examinations 
using lung CT volumetry and splenic volume calculation in consensus. Three consulting pulmonologists correlated 
the severity of clinical and laboratory findings, including oxygen requirements and interleukin-6 (IL-6) levels. The T 
test results for comparison between the COVID-19 patients and the healthy subjects control group regarding the 
splenic volume were significant (T value was − 4.731452 and p value was 0.00002). There was no significant correla-
tion between the severity of the disease and normal-sized spleen (26% of patients, p = 0.916) or splenomegaly (24% 
of patients, p = 0.579). On the other hand, all patients with a small spleen or progressive splenomegaly during serial 
follow-up imaging had clinically severe disease with a statistically significant correlation (p = 0.017 and 0.003, respec-
tively). Ninety-seven percent of patients with clinically mild disease and splenomegaly had 0–20% lung involvement 
(CT-severity score 1) while all patients with clinically severe disease and splenomegaly had 27–73% lung involvement 
(CT-severity score 2 and 3) (r = 0.305, p = 0.030).

Conclusions: Splenomegaly is a non-specific sign that may be found during mild and severe COVID-19 infection, 
it was not statistically correlated with the clinical severity and a weak positive relationship was found between the 
splenic size and the CT-severity score of the pathological lung volume. On the other hand, the presence of splenic 
atrophy or progressive splenomegaly was correlated with severe COVID-19 presentation and “cytokine storm”. There-
fore, the splenic volume changes should not be overlooked in COVID-19 serial CT examinations, particularly in severe 
or critically ill patients with cytokine storms.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Open Access

Egyptian Journal of Radiology
and Nuclear Medicine

*Correspondence:  Sweetjomana36@hotmail.com

1 Department of Radiology, Faculty of Medicine, Alexandria University, 
Alexandria, Egypt
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-7923-2431
http://orcid.org/0000-0002-6464-2745
http://orcid.org/0000-0002-4297-8061
http://orcid.org/0000-0002-4632-4460
http://orcid.org/0000-0002-4898-2598
http://orcid.org/0000-0003-0529-7723
http://orcid.org/0000-0002-0401-6611
http://orcid.org/0000-0002-1544-9623
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-022-00793-1&domain=pdf


Page 2 of 14Samir et al. Egypt J Radiol Nucl Med          (2022) 53:117 

Background
The spleen is a secondary lymphoid organ responsible 
for hematopoiesis and immune surveillance, in addition 
to the process of maturation and storage of both B-cell 
and T-cell lymphocytes with the consequent manufactur-
ing of immunoglobulin-G (IgG) antibodies. Splenomeg-
aly means splenic enlargement, usually when exceeding 
a volume of 315  cc or a weight of 400  g. Massive sple-
nomegaly usually means splenic enlargement exceeding 
1000 g [1–3].

The causes of splenomegaly are numerous and one of 
them is viral infection, including COVID-19, because of 
lymphoid hypertrophy. This could be attributed to either 
a direct viral attack with replication resulting in T-cell 
damage and lymphopenia or thrombocyte sequestration 
with thrombocytopenia [4].

Splenomegaly is one of the parameters described 
for the diagnosis of the “cytokine storm” that can com-
plicate many diseases, including COVID-19 infection. 
This “cytokine storm” means excess production of pro-
inflammatory cytokines and results in multi-organ dam-
age with rapid deterioration of the clinical situation and 
poor prognosis [5–7]. It has been suggested as a cause for 
rapid patient deterioration in COVID-19 infection [8, 9].

Due to the paucity of scientific evidence, it is currently 
unclear among pulmonologists and physicians in criti-
cal care units if and when splenomegaly in COVID-19 
patients is worrisome. Few pieces of literature discussed 
the role of CT in measuring splenic volume changes dur-
ing COVID-19 infection and correlating this volume to 
the clinical severity and pathological lung volume [10].

The current study aimed to evaluate the significance of 
splenic volume changes during COVID-19 infection with 
or without cytokine storm and to correlate the CT-calcu-
lated splenic volume to clinical severity and CT-severity 
score through linear regression analysis.

Methods
Study population and ethical protocol
The study was approved by The Ethics Committee at the 
authors’ institution. The need for informed patient con-
sent was waived by the Research Ethics Board on the 
assurance of the confidentiality of patient information 
and medical records.

• Inclusion criteria were patients with (1) a positive 
PCR test for COVID-19 infection, (2) available clini-
cal and laboratory data including the oxygen satura-

tion and oxygen therapeutic requirements in addition 
to the D-dimer and interleukin-6 (IL-6) levels, and 
(3) available initial and follow-up CT examinations 
for the chest and upper abdomen.

• Exclusion criteria were (1) primary splenic diseases 
such as infection, infarction, or mass, (2) second-
ary splenic involvement in immunologic or hemato-
logic or hepatic diseases, and (3) poor quality of CT 
images.

In a multi-center retrospective analysis of patients 
treated for COVID-19 infection between June and 
November 2021, 568 consecutive patients with positive 
PCR results for COVID-19 were initially considered for 
inclusion.

After the exclusion of 59 patients for liver cirrhosis, 
autoimmune, and blood diseases that can influence the 
splenic size, the patient cohort comprised 509 patients 
(399 males and 110 females, mean age 48  years ± 13 
standard deviation (SD), age range 24–78  years). His-
tory of smoking was positive in 145/509 patients. Hyper-
tension, renal and neoplastic diseases were reported in 
87/509, 43/509, and 22/509 patients respectively.

A control group of age and sex-matched 509 healthy 
subjects was used and analyzed according to the splenic 
volume.

Classification of patients according to the clinical severity
Three expert consulting pulmonologists (experience 
19–21 years, respectively) were responsible for the clas-
sification of the included patients according to clinical 
severity.

They evaluated certain clinical and laboratory param-
eters including patient oxygen saturation and oxygen 
therapeutic requirements in addition to the D-dimer and 
interleukin-6 (IL-6) levels.

They used the World Health Organization (WHO) cri-
teria for severe or critical clinical COVID-19 infection as 
follows: (1) Oxygen  (O2) saturation in room air < 93%, (2) 
external  O2 support ranging from high flow nasal  O2 up 
to mechanical ventilation, and (3) high D-dimer levels 
(> 500 ng/ml). The initiation of “cytokine storm” parame-
ters further included (1) sudden oxygen desaturation, (2) 
poorly controlled or relapsing high fever, and (3) elevated 
IL-6 levels (> 80 pg/ml) [11, 12].

Assessment of pulmonary and splenic changes in CT
Two types of CT scanners were used, one SOMATOM 
Sensation 64 (Siemens, Erlangen, Germany) and 
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one Aquilion CXL/CX 128 (Toshiba, Canon Medi-
cal Systems, Tustin, CA, USA). The CT scanning 
parameters were: slice thickness; 1–1.25  mm, tube 
rotation; 0.6–0.9  s, detector collimation; 1  mm, FOV; 
350  mm × 350  mm, tube voltage; 120–130 kVp, and 
tube current; 200  mA. Intravenous contrast was not 
used.

The pulmonary and splenic changes in CT images were 
assessed in consensus by five consulting radiologists (14–
26 years of experience with chest and abdominal CT) at 
the same time as follows:

• The pulmonary assessment was combined morpho-
logic and volumetric:

• A pulmonary multi-planar reformation (MPR) 
review was performed using OsiriX MD 11.0 
software (Pixmeo SARL, Geneva, Switzerland). 
Universal CT characteristics of COVID-19 were 
traced on the images, including ground-glass 
opacities with or without consolidation, the 
reverse halo or “Atoll” sign [10] which represents 
peripheral organization surrounding a ground-
glass patch, and the “Crazy-paving pattern” [13] 
which represents mixed ground-glass opacities 
and super-added inter-lobular septal thickening.

• Lung volumetric assessment was performed using 
also OsiriX MD 11.0 software with ROI 2D/3D 
reconstruction and threshold interval adjustment 
or a Vitrea workstation (Toshiba, Canon Medical 
Systems, Tustin, CA, USA) with computed volume 
calculation. A universal CT severity scoring was 
used where Score 1 referred to 0-25% lung involve-
ment, Score 2 to 26-50%, Score 3 to 51–75%, and 
Score 4 to > 75% lung involvement [14].

• The splenic assessment was combined two and three 
dimensional:

• The splenic diameters were measured as AP and 
side-to-side diameters on axial sections and the 
craniocaudal diameter on coronal sections.

• The splenic volume was automatically calculated 
by a Vitrea workstation (Toshiba, Canon Medical 
Systems, Tustin, CA, USA).

• Because of the variable ranges for splenic two-
dimensional (2D) measurements, the splenic vol-
ume was used for the accurate determination of 
splenomegaly.

• Normal splenic volume ranges from 107 to 315 cc. 
Splenic enlargement refers to a volume >315 cc. 
Splenic massive enlargement refers to a volume 
> 1000c. Splenic volume may vary according to 
patient age, weight, and body mass index, but not 
in a significant way [1–3].

Table 1 Distribution of patients according to their age

Age Number of patients

21–30 30 (6%)

31–40 128 (25%)

41–50 153 (30%)

51–60 116 (23%)

61–70 30 (6%)

71–80 52 (10%)

Total 509

Table 2 Clinical parameters in patients with small, normal-sized and enlarged spleens, respectively, with clinically mild or severe 
Covid-19 infection

Clinical parameter Normal-sized 
spleen, clinically 
mild disease

Normal-sized spleen, 
clinically severe 
disease

Small spleen, clinically 
severe disease

Splenomegaly, 
clinically mild disease

Splenomegaly, clinically 
severe disease

Splenic size n = 250 (49%) n = 9 (2%) n = 250 (49%)

Clinically mild disease, 
O2 Sat ≥ 93%

n = 192 (76%) n = 184 (74%)

Clinically severe disease, 
O2 Sat < 93%

n = 58 (24%) n = 9 (100%) n = 66 (26%)

Pathological lung 
volume

97% of 
patients → 0–20% 
(score 1)

All patients → 23–71% 
(score 1–3)

All patients → 34–55% 
(score 2 & 3)

97% of 
patients → 0–20% 
(score 1)

All patients → 27–73% 
(Score 2 & 3)

Splenic volume at 
follow-up CT

100% unchanged 100% unchanged 100% unchanged 87% unchanged, 13% 
regression

75% unchanged, 25% 
progression
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Statistical analysis

• Mean, mode, median, variance, and standard devia-
tions were calculated.

• Statistical significance was analyzed by Pearson cor-
relation coefficient (r) and linear regression analyzes.

• Chi-square analysis was performed and a p 
value < 0.05 was taken to show statistical significance 

Fig. 1 Normal sized spleen in a 74-year-old male patient with severe COVID-19 infection: A, B Axial chest CT (lung window) showed bilateral 
sub-pleural ground-glass patches with mild reticular thickening. C Axial, and D coronal CT cuts of the upper abdomen (soft tissue window) showed 
normal splenic diameters. E Lung volumetric CT assessment revealed 28.5% pathological lung involvement. F CT volumetry of the spleen was 
223 cc
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between examined groups of patients according to 
their age, clinical severity, size of the spleen, and vol-
ume of pathological lungs.

• T test (at p < 0.05), regarding the splenic volume, 
was utilized for comparison between the group of 
infected patients and the control group of healthy 
subjects.

Fig. 2 Splenomegaly in a 35-year-old male patient with mild COVID-19 infection. A Axial chest CT (lung window) and B zoomed image showed 
single right middle small ground-glass nodular opacity. C Axial, and D coronal CT cuts of the upper window (soft tissue window) showed splenic 
2D diameters (13 × 4.6 × 12.4 cm) (anteroposterior diameter x side to side thickness x craniocaudal diameter). E Lung volumetric CT assessment 
revealed a 40 cc lung nodule. F CT volumetry of the spleen was 356 cc
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• Two online calculators were used: Alcula online cal-
culators (http:// www. alcula. com/ calcu lators/ stati 
stics/) and (https:// www. socsc istat istics. com).

Results
Most patients were in the fifth decade of life. The detailed 
distribution of patients according to age is shown in 
(Table 1). 

Comparison between the COVID-19 patients’ 
group and the healthy subjects control group 
regarding the splenic volume
Normal-sized spleen (ranging from 107 to 315  cc) was 
found in 250/509 (49%) COVID-19 patients and 481/509 
(94.5%) healthy subjects control group.

Mild splenomegaly (ranging from 315 to 1000 cc) was 
found in 245/509 (48%) COVID-19 patients and 481/509 
(94.5%) healthy subjects control group.

Massive splenomegaly (> 1000  cc) was found in 5/509 
(1%) COVID-19 patients and not found in the healthy 
subjects control group.

Small-sized spleen (< 107 cc) was found in 9/509 (2%) 
COVID-19 patients and not found in the healthy subjects 
control group.

Splenic and lung volumetry in correlation to clinical 
severity (Table 2).

Generally
The clinically severe patients with normal-sized spleen 
had pathological lung volume > 23%, meanwhile, the clin-
ically severe patients with splenomegaly had pathological 
lung volume > 27%.

Mild splenomegaly was noted in clinically mild and 
severe patients. Massive splenomegaly (> 1000  cc) was 
noted only in severe patients.

Patients with  a  normal‑sized spleen Two hundred and 
fifty patients (49%) had a spleen of normal size. Around 

Fig. 3 Splenomegaly in a 33-year-old male patient with mild COVID-19 infection: A, B Volumetric CT assessment of the lung revealed 13% 
pathological lung involvement. C Coronal CT (mediastinal window) showed an increased craniocaudal bi-polar diameter of the spleen (14.2 cm). D 
CT volumetry of the spleen was 356 cc

http://www.alcula.com/calculators/statistics/
http://www.alcula.com/calculators/statistics/
https://www.socscistatistics.com
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24% of these patients had clinically severe disease with 
high IL-6 levels (around 150–300  ng/ml) denoting 
cytokine storm and quantitative lung involvement rang-
ing from 23 to 71% (CT-severity score 1–3) (Fig.  1). At 
follow-up CT, the splenic size remained unchanged.

Patients with  a  small‑sized spleen Nine patients (2%) 
had a small spleen (longest diameter < 7  cm and vol-
ume < 150 ml). All of these patients had clinically severe 
disease with high IL-6 levels (ranging between 360 and 
520  ng/ml) denoting cytokine storm. Their quantitative 
lung involvement ranged between 34 and 55%. At follow-
up CT, the splenic size remained unchanged.

Patients with splenomegaly The remaining 250 patients 
(49%) had splenomegaly (splenic volume ranged from 300 
to 1020 cc). Around 74% of these patients were clinically 
mild (Fig.  2 and 3), meanwhile the remaining 26% had 
a clinically severe disease with high IL-6 levels (around 
150–700 ng/ml) denoting cytokine storm and a quantita-

tive lung involvement ranging from 27 to 73% (CT-sever-
ity score 1–3) (Fig. 4).

Additionally, regarding the 2D measurements of the 
enlarged spleens, the splenic craniocaudal (CC) length 
ranged from 11.5 to 16  cm, the anteroposterior (AP) 
splenic width from 11.2 to 14 cm, and the splenic side-to-
side (SS) thickness from 4.2 cm to 5.9 cm.

Based on mean, variance, and standard deviation data 
analysis, the degree of splenomegaly was slightly higher 
in patients with clinically severe disease (1.1:1) without 
reaching statistical significance.

At follow-up CT of patients with clinically mild dis-
ease and splenomegaly, the splenic size remained almost 
unchanged in 160/184 patients (87%) and decreased in 
24/184 patients (13%).

At follow-up CT of patients with clinically severe dis-
ease and splenomegaly, splenic size remained almost 
unchanged in 49/66 patients (75%) and increased in 
17/66 patients (25%) (Fig. 5).

The detailed distribution of mild and severe/critically 
ill patients with splenomegaly according to splenic meas-
urements and lung volumetry is shown in (Table 3).

Fig. 4 Splenomegaly in a 58-year-old female patient with severe COVID-19 infection: A, B Volumetric CT assessment of the lung revealed 38% 
pathological lung involvement. C Coronal CT mediastinal window showed an increased craniocaudal bi-polar diameter of the spleen (14.8 cm). D 
CT volumetry of the spleen was 450 cc
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T test and linear regression results
T value was − 4.731452 and p value was 0.00002. There-
fore the results of the T test for comparison between 
the group of infected patients and the control group of 
healthy subjects regarding the splenic volume were con-
sidered significant.

No significant relationship was shown between splenic 
size and clinical severity for patients with normal splenic 
size (p = 0.916) or splenomegaly (p = 0.579). On the 
other hand, there was a significant statistical relation-
ship between splenic size and clinical severity for patients 
with a small spleen (p = 0.017) and patients with progres-
sive splenomegaly (p = 0.003).

A positive, but weak significant relationship was shown 
between the amount of pathological lung volume and 
splenic size (r = 0.3047, p = 0.02989) (Fig. 6).

No statistical relationship was shown between 
the patients’ age and the splenic size (r = 0.0771, 
p = 0.594599) (Fig.  7). Nor was any statistical relation-
ship shown between the patients’ age and the volume of 
pathological lung changes (r = −  0.1206, p = 0.406498) 
(Fig. 8).

A full detailed chart is summarizing the results of the 
study regarding splenic size, clinical severity, pathological 
lung volume, follow-up, and statistical results (Fig. 9).

Discussion
Splenomegaly in COVID-19 patients can occur either 
early because of a direct viral attack on the spleen or late 
due to a generalized attack of the body’s immune system 
on its tissues [15].

Only a few reports in the literature have discussed 
the incidence of splenomegaly in COVID-19 patients. 
Furthermore, the significance of splenomegaly during 
COVID-19 infection, especially during cytokine storms, 
has been also unclear.

In the current study, the authors estimated the inci-
dence of splenomegaly in COVID-19 patients. Addition-
ally, they evaluated the significance of splenic volume 
changes during mild and severe COVID-19 infection 
with or without cytokine storm. They also correlated the 
CT-calculated splenic volume with the CT-severity score 
of pathological lung parenchyma through linear regres-
sion analysis.

Fig. 5 Progressive splenomegaly in a 43-year-old female patient with severe COVID-19 infection and elevated Interleukin-6 (320 pg/ml), consistent 
with initiation of cytokine storm: A–C Initial baseline study: A Axial HRCT (lung window) showing right posterior segmental upper lobar sub-pleural 
ground glass patch and left upper lobar confluent ground opacities. Minimal left-sided pneumothorax was noted with an inserted inter-costal 
tube. B Axial CT (mediastinal window) for the maximum anteroposterior and side-to-side splenic dimensions (12.6 cm and 4.5 cm). C Coronal CT 
(mediastinal window) for the maximum splenic craniocaudal dimension (11.8 cm). D–F Follow-up of the same patient nine days later: D Axial 
HRCT (lung window) showing left-sided progressing hydro-pneumothorax with denovo left lingular sub-pleural wedge-shaped patch. E Axial CT 
(mediastinal window) for the maximum anteroposterior and side-to-side dimensions (14.2 cm and 5 cm). F Coronal CT (mediastinal window) for the 
maximum craniocaudal dimension (13.1 cm)



Page 9 of 14Samir et al. Egypt J Radiol Nucl Med          (2022) 53:117  

The incidence of splenomegaly in COVID-19
The incidence of splenomegaly in COVID-19 patients in 
this study (49%) approximated that reported in the study 
by Shiralkar et al. [16] (58%) but exceeded that reported 
as 18% by Tabatabaei et al. [17] and as being uncommon 
by Xu et  al. [18]. The incidence of splenomegaly in the 
critically ill COVID-19 patients in this study (49%) also 
exceeded that reported by Tabatabaei et al. [17] (18%).

This difference could be explained by the fact that dif-
ferences may result from different studies applying differ-
ent measuring techniques. In this study, 3D volumetric 
measurements replaced the routine linear 2D splenic 

measurements in the analysis of the splenic volume. This 
explanation typically matches Lamb et al. [19].

Similar to that reported by Shiralkar et  al. [16], Taba-
tabaei et al. [17], and Li et al. [20], mild splenomegaly in 
this study predominated COVID-19 infection while mas-
sive splenomegaly was rare (2%).

The significance of splenic volume changes in COVID-19
Splenomegaly, in this study, was not significantly cor-
related with the clinical severity in COVID-19 patients. 
Furthermore, the relationship between splenic size and 
the CT-severity score of the pathological lung volume 

Fig. 6 Schematic presentation of Pearson correlation coefficient and linear regression analysis between the amount of pathological lung volume 
(X-axis) and splenic size (Y-axis): A positive (but weak) relationship was shown (r = 0.3047, p = 0.02989)
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was weakly positive. This typically matches the findings 
reported by Xu et al. [18] and Gao et al. [21].

Conversely, progressive splenomegaly or atrophic 
spleen, in this study, was significantly correlated with 
the clinical severity in COVID-19 patients. This was also 
depicted in the study by Xu et al. [18] and Gao et al. [21].

This is mostly explained by the hyper-immune response 
at the initiation and progress of the cytokine storm, 
resulting in progressive splenomegaly. Later in the dis-
ease, delayed immune system exhaustion took place alto-
gether with solid organ and lymphoid damage, resulting 
in splenic atrophy.

Limitations and strengths
The study may be limited by the variability regarding sex 
incidence (four to one male to female incidence ratio).

On the other hand, this study added to the litera-
ture when described the significance of splenic volume 
changes in severe forms of COVID-19 with cytokine 
storms. This was achieved by serial radiological assess-
ment side-by-side with the clinical presentation and 
management plans with the exact splenic volume 
measurements and detailed pathologic lung volume 
measurements.

Fig. 7 Schematic presentation of Pearson correlation coefficient and linear regression analysis between the patients’ age (X-axis) and splenic size 
(Y-axis): no statistical relationship was shown (r = 0.0771, p = 0.594599)
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Conclusions
Splenomegaly is a non-specific sign that may be found 
during mild and severe COVID-19 infection, it was not 
statistically correlated with the clinical severity and a 
weak positive relationship was found between the splenic 
size and the CT-severity score of the pathological lung 
volume.

On the other hand, the presence of splenic atrophy 
or progressive splenomegaly was correlated with severe 
COVID-19 presentation and “cytokine storm”. Therefore, 
the splenic volume changes should not be overlooked in 
COVID-19 serial CT examinations, particularly in severe 
or critically ill patients with cytokine storms.

Fig. 8 Schematic presentation of Pearson correlation coefficient and linear regression analysis between the patients’ age (X-axis) and the number of 
pathological lung changes (Y-axis): No statistical relationship was shown (r = − 0.1206, p = 0.406498)
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Fig. 9 A chart summarizing the results of the study regarding splenic size, clinical severity, pathological lung volume, follow-up, and statistical 
results



Page 13 of 14Samir et al. Egypt J Radiol Nucl Med          (2022) 53:117  

Abbreviations
COVID-19: Novel coronavirus disease (2019); PCR: Polymerase chain reaction; 
CT: Computed tomography; IL-6: Interleukin-6; MPR: Multi-planar reformation.

Acknowledgements
The authors would like to acknowledge Dr. Engy El-Kady, MD for her effort and 
substantial contribution.

Author contributions
AS (the corresponding author) is responsible for ensuring that the descrip-
tions are accurate and agreed by all authors. KM, MG, AS, and YT had made 
substantial contributions to all of the following: (1) The conception and design 
of the radiological work, (2) The acquisition, analysis and interpretation of 
radiological data, (3) Drafting the work and revising it. HS, AI and RA had made 
substantial contributions to; (1) acquisition, analysis and interpretation of 
clinico-laboratory data, and (2) Drafting the work and revising it. All authors 
approved the submitted version. All authors have agreed both to be person-
ally accountable for the author’s own contributions and to ensure that ques-
tions related to the accuracy or integrity of any part of the work, even ones in 
which the author was not personally involved, are appropriately investigated, 
resolved, and the resolution documented in the literature. All authors read and 
approved the final manuscript.

Funding
None (authors personal contribution).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The medical ethics were considered and respected. The study was approved 
by Institutional Ethics Committee in Faculty of Medicine, Alexandria Uni-
versity [IRB No (00012098) and FWA No (00018699) – Serial No (0304760)]. 
Patient consent was waived in this retrospective observational study by the 
Research Ethics Board, assuring respect of both patient and medical records 
confidentiality.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competinginterests.

Author details
1 Department of Radiology, Faculty of Medicine, Alexandria University, Alexan-
dria, Egypt. 2 Department of Chest Diseases, Faculty of Medicine, Alexandria 
University, Alexandria, Egypt. 3 Department of Radiology, Medical Research 
Institute, Alexandria University, Alexandria, Egypt. 4 Department of Radiology, 
Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden. 5 Department of Radiology, Institution of Surgical Sci-
ences, Akademiska Hospital, Uppsala University, Uppsala, Sweden. 

Received: 16 March 2022   Accepted: 10 May 2022

References
 1. Gala AR, Surapaneni T, Aziz N, Kallur SD (2018) A review of outcomes 

in pregnant women with portal hypertension. J Obstet Gynaecol India 
68(6):447–451

 2. Nguyen Y, Stirnemann J, Belmatoug N (2019) Gaucher disease: a review. 
Rev Med Interne 40(5):313–322

 3. Prassopoulos P, Daskalogiannaki M, Raissaki M, Hatjidakis A, Gourtsoy-
iannis N (1997) Determination of normal splenic volume on computed 
tomography in relation to age, gender and body habitus. Eur Radiol 
7(2):246–248

 4. Ping H, Zhang K, Wang Y, Tong X, Chen Z, Cai C, Lu Z, Gui X, Liu L, Wang X, 
Ke H (2021) Cell death and pathological findings of the spleen in COVID-
19 patients. Pathol Res Pract 227:153610

 5. Maggo S, Dhull P, Dubey AP, Brashier D, Karan A, Singh NK, Joshi K (2020) 
Cytokine storm syndrome in COVID-19: diagnosis and management strat-
egies. Int J Health Sci Res 10(5):140–149

 6. Ding Y, He L, Zhang Q, Huang Z, Che X, Hou J et al (2004) Organ distribu-
tion of severe acute respiratory syndrome (SARS) associated coronavirus 
(SARS-CoV) in SARS patients: Implications for pathogenesis virus trans-
mission pathways. J Pathol 203:622–630

 7. Chousterman BG, Swirski FK, Weber GF (2017) Cytokine storm and sepsis 
disease pathogenesis. Semin Immunopathol 39:517–528

 8. Haigh K, Syrimi ZJ, Irvine S et al (2020) Hyperinflammation with COVID-
19: the key to patient deterioration? Clin Infect Pract 7:100033

 9. Mehta P, McAuley DF, Brown M et al (2020) COVID-19: consider cytokine 
storm syndromes and immunosuppression. Lancet 395:1033–1034

 10. Tahtabasi M, Hosbul T, Karaman E et al (2021) Does COVID-19 cause an 
increase in spleen dimensions? Possible effects of immune activa-
tion, hematopoietic suppression and microthrombosis. Clin Imaging 
79:104–109

 11. COVID N. treatment guidelines: clinical spectrum of SARS-CoV-2 Infec-
tion. 2021.

 12. Chen LYC, Hoiland RL, Stukas S et al (2020) Confronting the controversy: 
interleukin-6 and the COVID-19 cytokine storm syndrome. Eur Respir J 
56:2003006

 13. Ng M-Y, Lee EYP, Yang J et al (2020) Imaging profile of the COVID-19 
infection: radiologic findings and literature review. Radiol Cardiothorac 
Imaging 2:e200034

 14. Chung M, Bernheim A, Mei X et al (2020) CT imaging features of 2019 
novel coronavirus (2019-nCoV). Radiology 295:202–207

Table 3 Distribution of patients with splenomegaly according 
to splenic volume (cc) and lung CT volumetry among mild and 
severe patients

Mild (184/250 
patients)

Severe-critical 
(66/250 
patients)

According to splenic volume (cc)

 300- 76/41.3% 7/10.6%

 400- 61/33.2% 18/27.3%

 500- 13/7.1% 22/33.3%

 600- 23/12.5% 14/21.2%

 700- 11/6% 0

 800- 0 0

 900- 0 0

 1000- 0 5/7.6%

 Mean 479.316 549

 Median 442 516.5

 Mode 348 390

 SD 126.357 160.154

According to lung CT volumetry

 0–10% 131/71.2% 0

 11–20% 48/26.1% 0

 21–30% 5/2.7% 18/27.3%

 31–40% 0 33/50%

 41–50% 0 0

 51–60% 0 5/7.6%

 61–70% 0 5/7.6%

 71–80% 0 5/7.6%



Page 14 of 14Samir et al. Egypt J Radiol Nucl Med          (2022) 53:117 

 15. Xu X, Chang XN, Pan HX, Su H, Huang B, Yang M, Luo DJ, Weng MX, Ma 
L, Nie X (2020) Pathological changes of the spleen in ten patients with 
coronavirus disease 2019 (COVID-19) by postmortem needle autopsy. 
Chin J Pathol. 49(6):576–82

 16 Shiralkar K, Chinapuvvula N, Ocazionez D (2020) Cross-sectional abdomi-
nal imaging findings in patients with COVID-19. Cureus. 12(8):e9538

 17. Tabatabaei SM, Talari H, Moghaddas F, Rajebi H (2020) Computed tomo-
graphic features and short-term prognosis of coronavirus disease 2019 
(COVID-19) pneumonia: a single-centre study from Kashan. Iran Radiol 
Cardiothorac Imaging 2(2):e200130

 18. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C et al (2020) Pathological 
findings of COVID-19 associated with acute respiratory distress syndrome. 
Lancet Respir Med 8(4):420–422

 19. Lamb PM, Lund A, Kanagasabay RR et al (2002) Spleen size: how well do 
linear ultrasound measurements correlate with three-dimensional CT 
volume assessments? Br J Radiol 75:573–577

 20. Li K, Wu J, Wu F, Guo D, Chen L, Fang Z, Li C (2020) The clinical and chest 
CT features associated with severe and critical COVID-19 pneumonia. 
Invest Radiol 55:00–00

 21. Gao YM, Xu G, Wang B, Liu BC (2021) Cytokine storm syndrome in corona-
virus disease 2019: a narrative review. J Intern Med 289(2):147–161

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Splenomegaly versus pathological lung volume during COVID-19 infection with or without cytokine storm; a linear regression analysis using CT volumetry
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population and ethical protocol
	Classification of patients according to the clinical severity
	Assessment of pulmonary and splenic changes in CT
	Statistical analysis

	Results
	Comparison between the COVID-19 patients’ group and the healthy subjects control group regarding the splenic volume
	Splenic and lung volumetry in correlation to clinical severity (Table 2).
	Generally
	Patients with a normal-sized spleen 
	Patients with a small-sized spleen 
	Patients with splenomegaly 

	T test and linear regression results


	Discussion
	The incidence of splenomegaly in COVID-19
	The significance of splenic volume changes in COVID-19
	Limitations and strengths

	Conclusions
	Acknowledgements
	References


