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Splenic infarction in COVID-19 patients is a rare entity with few documented cases. We
report a case of symptomatic complete splenic infarction and discuss COVID-19 related
thrombosis, splenic infarction, diagnostic imaging for splenic infarction, and the manage-
ment. Thrombotic events related to COVID-19 have been reported in unusual locations, and
our case highlights an example of one such location, the splenic artery. Contrast enhanced
Computed Tomography (CT) is the standard diagnostic modality and will typically reveal foci

Keywords: of hypo-enhancement, peripheral and wedge-shaped. CT angiography can be performed to
Splenic infarction evaluate the arteries and diagnose thrombosis. The primary treatment is aimed at address-
COVID-19 ing the underlying cause and includes supportive care. It is important that physicians con-
Artery sider splenic infarction as an explanation for abdominal pain in COVID-19 patients.
Thrombosis © 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
CT This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
. These proposed mechanisms include cytokine storm with en-
Introduction

dothelial involvement, hypoxia, massive immune response,
antiphospholipid antibodies, and others [4-7]. This relation-

Severe acute respiratory syndrome from corona virus 2 (Sars-
CoV-2) has greatly impacted the world. Infection with this
virus results in Coronavirus disease 2019 (COVID-19). This
presents primarily as a respiratory illness with a spectrum of
multisystem involvement [1]. Data continues to delineate an
association between the disease and hypercoagulable states
[2]. Micro- and macro-vascular angiopathy has been observed
in severe disease with multiple proposed mechanisms [3].

ship is significant because hypercoagulability in COVID-19 is
associated with increased mortality [8]. Cases of both venous
and arterial thromboses have been reported, with arterial
thrombosis often occurs in unusual locations [1]. We present
a case of splenic artery thrombosis in a 44-year-old male lead-
ing to infarction of the entire spleen. Our case brings to light
this observed phenomenon of splenic infarction in COVID-19,
for which there are few documented cases in the literature.
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Case report

A 44-year-old African American male presented to the emer-
gency department for shortness of breath, cough, and body
aches which gradually worsened over several days. He re-
ported exposure to COVID-19 patient and had not been vacci-
nated against the disease. His medical history includes hyper-
tension, prior gastrointestinal hemorrhage, and obesity. Phys-
ical exam revealed diminished breathing sounds bilaterally.
A chest X-ray was ordered and showed interstitial and alveo-
lar opacities in both lungs consistent with COVID-19 pneumo-
nia. A rapid COVID-19 test was positive, and the patient was
treated supportively and discharged home later the same day
after improvement of symptoms. Since the patient became
symptomatic at the time of the peak of Delta variant activ-
ity in the United States, it was assumed to be the cause of his
infection. Vaccines were available for about 6 months before
the presentation of this unvaccinated patient.

Four days later, the patient returned to the emergency de-
partment with severe abdominal pain. Prior to coming to the
emergency department, he had a syncopal episode at home
while trying to have a bowel movement. After failing to im-
prove with supportive measures, patient was admitted to the
hospital for further evaluation of his intractable generalized
abdominal pain.

The patient’s respiratory status deteriorated to acute hy-
poxic respiratory failure. The patient was started on Remde-
sivir and eventually also received steroids. Workup for abdom-
inal pain included EKG, troponin I, lipase, CBC, and urinalysis
which were all unremarkable. A CT abdomen and pelvis with
contrast was ordered and showed hypo-enhancement of the
entire spleen, mild hepatomegaly, and a focus of atheroscle-
rotic narrowing at the origin of the splenic artery (Figure 1).
A subsequent CT angiogram showed a large filling defect
within the celiac trunk that had progressed into the splenic
artery and resulted in splenic artery occlusion and infarction
(Figure 2). Patient was treated supportively and discharged in
good condition, after a total of 2 days in the hospital. He was
referred to vascular surgery for follow up.

Discussion

On March 11, 2020, the World Health Organization declared
COVID-19 a global pandemic [9]. The disease has led to signif-
icant morbidity, death, and detrimental consequences around
the world [3]. The primary target of the illness tends to be the
lungs. In addition to acute lung injury, respiratory failure and
multiorgan dysfunction may occur [1,2].

COVID-19 is well associated with a hypercoagulable state,
especially in more severe disease [3]. A few detailed and in-
terrelated mechanisms have been proposed which include
the fundamentals of Virchow’s triad of endothelial injury as
well as abnormal coagulation parameters, low Factor XII lev-
els, positive lupus anticoagulant, and others [1]. Further char-
acterization of the exact processes that lead to hypercoagu-
lability in COVID-19 continue to be presented in the litera-
ture. COVID-19 associated coagulopathy appears to be related

to intrinsic proinflammatory immune response rather than a
specific component of the virus [10]. It initially presents with
elevation of D-dimer and fibrin/fibrinogen degradation prod-
ucts. In contrast, platelet count, prothrombin time, and par-
tial thromboplastin time tend to exhibit minimal changes. Ele-
vated D-dimer at the time of admission, sepsis, and microvas-
cular thrombotic events are associated with increased mortal-
ity [10].

Pulmonary embolism is the most common thrombotic
complication in COVID-19 [11]. Venous thromboembolism has
been well described in the setting of COVID-19. The reported
incidence of venous thromboembolism ranges from 20% to
27% [1]. In ICU patients, this is estimated to be as high as 69%.
A study including 184 ICU patients from the Netherlands re-
ported an overall 31% rate. Of this, venous thromboembolism
comprised 27% of thromboses while arterial thromboses com-
prised 3.7% [12].Arterial thrombosis in the context of COVID-
19 has also been reported less than venous thrombosis. Both
thrombotic and embolic etiologies are possible as causes of
arterial thrombosis [13].

Abdominal vessel thrombosis in the setting of COVID-19 is
even less studied currently. It is vital to consider the possibil-
ity of visceral vessel involvement when investigating abdomi-
nal pain in COVID-19 patients. There are a handful of reported
cases of splenic infarct, splanchnic vein thrombosis, and large
vessel mesenteric arterial thrombosis [1,11,14,15].

Splenic infarction has been studied in association with
many medical conditions. It is most associated with hema-
tological disorders such as sickle cell anemia, lymphoma,
leukemia, or with thromboembolic disorders such as atrial fib-
rillation or endocarditis [16]. It may arise from various eti-
ologies such as hypercoagulability, structural heart disease,
inflammation, infection, and trauma [11]. Additional causes
include vascular injury following transcatheter embolization
of splenic hemorrhage, collagen vascular disorders, malig-
nancy, oral contraceptive use, antiphospholipid syndrome,
aneurysm, torsion, wandering spleen, pancreatic disease, por-
tal hypertension, and others [11,17]. Most cases are thought to
resolve without sequelae such as rupture or abscess [16]. Usu-
ally, only 1 segment of the spleen is affected but global infarc-
tion of the organ is possible [11]. The classic clinical presenta-
tion of splenic infarction is acute abdominal pain and tender-
ness in the left upper quadrant or flank [18]. Nausea/vomiting
may also be seen [11]. In up to 37.5% of cases, a left pleural
effusion and/or flat atelectasis can be seen on chest X-ray at
the time of admission [19].

Itis difficult to determine the exact number of documented
cases of splenic infarction in COVID-19. More cases are be-
ing documented, however, some of these cases are silent
infarctions and many are multisystemic infarctions [20-22].
Our case is a symptomatic patient with an isolated complete
splenic infarction secondary to arterial thrombosis. In a recent
study from the American Journal of the Medical Sciences, Sz-
tajnbok et al. reported 7 cases of splenic infarction in the con-
text of COVID-19 and found that 5 of them had a complaint
of abdominal pain [11]. Atrial fibrillation and hypercoagulabil-
ity are predisposing factors to thrombotic events. These risk
factors are often seen in patients with COVID-19 [11]. This of-
fers at least a partial explanation for the increased thrombotic
events in patients with COVID-19. Atrial fibrillation has been
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Fig. 1 - Axial and coronal CT images (A and B) showing hypo-enhancement of the entire spleen in the portal venous phase,
a subtle finding when compared to the prior study, 2 mo before presentation, which shows normal enhancement of the
spleen in the corresponding axial and coronal imaging (C and D).

detected in 19%-21% of COVID-19 patients and up to 36% of
cardiac patients [23]. The increased prevalence of atrial fib-
rillation in COVID-19 patients could increase the chance of
thrombotic events such as splenic infarction with COVID-19
[11].

Splenic infarction appears differently on imaging in the
acute phase versus the chronic phase [17]. In the acute phase,
splenic parenchyma displays edema in areas of infarction
due to inflammation and necrosis [17]. This results in poorly
circumscribed areas of diminished attenuation/echogenicity
[17]. As time passes, the region turns to more sharply demar-
cated areas of volume loss in the chronic phase with possible
fibrosis and calcification [17]. The first line imaging in evaluat-
ing splenic parenchyma is ultrasound [11]. However, areas of
infarction are frequently isoechoic and difficult to character-
ize in the acute phase meaning a lower sensitivity in diagno-
sis. Because of low diagnostic yield of sonography, CT is the
preferred method of diagnosis [24]. Ultrasound is more use-
ful in following up with patients to detect complications of
splenic infarction such as abscess, peritoneal or subcapsular
hemorrhage, or pseudocyst formation [24]. Contrast may be
included with ultrasound which allows for better visualiza-
tion of the infarct. This may be very beneficial in ICU patients

who cannot be transported as ultrasound is portable and fast
to a skilled sonographer [11]. Overall, however, the benefits of
CT outweigh those of ultrasound in a patient who has no con-
traindications to CT. Contrast-enhanced CT allows for diagno-
sis and subsequent CT angiography can confirm [16].

CT performed during the portal venous phase is the
ideal method of diagnosing splenic infarction during the
acute phase [11]. The venous phase is recommended to
avoid confusion with the characteristic enhancement of the
splenic parenchyma in the arterial phase [13]. The benefits of
contrast-enhanced CT are numerous. It can show infarction
in the spleen, and other target organs, along with the extent
of thrombosis [24]|. The underlying cause of infarction may
be identified on CT as well. Classically, a peripheral, wedge-
shaped, hypo-enhancing lesion with the apex pointing toward
the hilum and base parallel with the convex capsule is seen
on imaging [11]. Often, imaging will instead reveal periph-
eral round or linear-shaped areas of hypodensity in the spleen
[24]. With multiple infarcts, hypodense non-enhancinglesions
with interposed normally enhancing splenic tissue may be ob-
served [11].

Management of splenic infarction is primarily conserva-
tive and based on addressing the underlying cause. Data for
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Fig. 2 - Axial image (A), in the lung window, showing characteristic peripheral ground glass, multifocal lung opacities
bilaterally, consistent with COVID-19 pneumonia. Axial, coronal, and sagittal images (B, C, and D respectively) from the CT
angiogram showing an occluding thrombus at the origin of the splenic vein.

non-COVID-19 patients reveals that majority of infarcts seen
on initial CT will resolve without complications [16]. With
cases of COVID-19 associated splenic infarction, close follow-
up should be pursued. Analgesics, antiemetics, hydration, and
other means of supportive treatment are appropriate [11]. In
some instances, anticoagulation may be considered [11,24].
Rarely, surgical intervention or splenectomy may be required
for complications or persistent symptoms [25]. In our case, the
patient was treated supportively and discharged after 2 days
with a referral to see vascular surgery.

sider the possibility of infarction of abdominal viscera, espe-
cially in cases with abdominal pain. Splenic infarction should
be explored and considered on the differential for all COVID-
19 patients presenting with abdominal pain [17]. CT is the best
modality of diagnosis. Treatment should be aimed at address-
ing the underlying cause. We hope our case aids in outlining
1 of the few documented cases of splenic infarction associ-
ated with COVID-19. Treatment strategies should continue to
be scrutinized for efficiency through the lens of data and lit-
erature.

Conclusion

As the COVID-19 pandemic progresses, more information re-
garding the virus and its effects is becoming available. Out-
side of lung disease, thrombosis is a primary area of concern.
Thrombosis at unusual cites continues to be seen in hospitals
and reported in the literature. Physicians should carefully con-
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