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Abstract

Background: Splenic infarction is a frequently missed diagnosis in
acute clinical conditions and is often under-diagnosed due to the lack
of high-quality evidence on pathophysiology of splenic infarction.
Due to the scarcity of such evidence, no consensus guidelines regard-
ing the diagnostic approach and management of patients with splenic
infarction exist. Most of published articles on splenic infarction are
case reports and there was no systematic review on splenic infarction.

Methods: We conducted a retrospective analysis of all radiologically
confirmed cases of splenic infarction patients with any history of ad-
mission at National Center for Global Health and Medicine Kohnodai
Hospital, from 2014 to 2020. Further, to understand the pathophysi-
ology that causes splenic infarction, we searched the literatures on
splenic infarction.

Results: We found 18 patients with splenic infarction. The average
age was 78 years, and about half of patients had abdominal pain;
however, the other half did not have abdominal pain. One-third of
patients with splenic infarction died. Leukocytosis with neutrophilia,
a decrease of lymphocytes, anemia, hypoalbuminemia, and liver dys-
function were observed. Fibrinogen was decreased and D-dimer was
remarkably elevated. Lactate dehydrogenase (LDH) and C-reactive
protein (CRP) were remarkably increased. Six patients (33.3%) had
cancer, four patients (22.2%) had atrial fibrillation, and four patients
(22.2%) had infection. We found 466 case reports on splenic infarc-
tion published from 1975 to 2021. Recently, the number of case re-
ports on splenic infarction due to infection, especially, coronavirus
disease 2019 (COVID-19), has been remarkably increasing. Further-
more, we found that leukocytosis, a decrease of lymphocytes, elon-
gated activated partial thromboplastin time, decrease of fibrinogen,
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liver dysfunction, elevation of LDH and blood urea nitrogen can be
the prognosis predicting factors for patients with splenic infarction.

Conclusion: Our study elucidated clinical, hematological, biochemi-
cal and radiological characteristics for patients with splenic infarc-
tion. We newly found significant differences in blood cell counts,
coagulation markers, transaminases, LDH and blood urea nitrogen
between patients who died and those who survived, suggesting that
these parameters can be the prognosis predicting factors for splenic
infarction. Further, our systematic review on case reports about splen-
ic infarction showed the etiology of splenic infarction and the trend of
the causative diseases.

Keywords: Computed tomography; Infection; Malignancy; Progno-
sis; Splenic infarction; Survival

Introduction

Splenic infarction is caused by an impaired blood supply to the
spleen due to occlusion of the splenic artery or one of its sub-
branches. Although splenic infarction typically presents with
left upper quadrant abdominal pain, fever, chills and nausea,
asymptomatic cases may also occur. Childers et al reported a
coronavirus disease 2019 (COVID-19) patient with incidental
and asymptomatic splenic infarction [1]. Due to an improve-
ment of accessibility of contrast-enhanced computed tomog-
raphy (CT) scans, splenic infarction is frequently detected as
an incidental finding in acute clinical settings. Such proper-
ties of splenic infarction do not allow performing prospective
studies and randomized controlled trials (RCTs) to establish its
characterization and treatments. Further, very few case series
provide a current, comprehensive, and detailed description of
splenic infarction. Schattner et al performed a retrospective
chart review complemented by imaging evaluation and patient
follow-up [2]. Thirty-two adult patients with a confirmed diag-
nosis of acute splenic infarction discharged over 10 years from
a single academic center were studied. Their study suggest-
ed that splenic infarction is a frequently missed diagnosis in
acute clinical conditions and is often under-diagnosed because
splenic infarction patients show a wide range of non-specific
symptoms, and acute causative comorbidities for splenic in-
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Figure 1. The contrast-enhanced CT scan finding of patients with splenic infarction. The arrow indicates splenic infarction. CT:

computed tomography.

farction make the diagnosis of splenic infarction difficult [2].
In fact, it was reported that only 10% of patients diagnosed
as splenic infarction were found antemortem [3]. Weber et al
reported a multi-center observational study using a total of
161 patients: 34 patients with acute renal infarction, 104 pa-
tients with acute splenic infarction and 23 patients with both
acute renal and splenic infarctions [4]. They concluded that
acute splenic infarction is heterogenous entity in regards to
their clinical presentation, etiology, associated venous or arte-
rial thrombosis. Yen et al reported a multi-center retrospective
study using 130 patients with splenic infarction in emergency
departments [5]. A total of 130 cases were included, two-thirds
of whom presented with abdominal pain. Atrial fibrillation was
the most common associated predisposing condition, followed
by hematological diseases. Their study showed that a history
of hypertension, atrial fibrillation, a laboratory result of leuko-
cytosis or thrombocytopenia may provide a clue for clinicians
to include splenic infarction in the list of differential diagnosis.

The clinical relevance of splenic infarction as an inciden-
tal finding on abdominal imaging is uncertain. The incidence,
underlying etiology and prognostic relevance of splenic infarc-
tion are poorly characterized. Due to the scarcity of high-qual-
ity evidence, no consensus guidelines regarding the diagnostic
approach and management of patients with splenic infarction
exist. To elucidate clinical, hematological, biochemical and
radiological characteristics for splenic infarction, we conduct-
ed a retrospective analysis of patients with splenic infarction
detected by contrast-enhanced CT scans, with any history of
admission at National Center for Global Health and Medicine
Kohnodai Hospital, from 2014 to 2020.
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Furthermore, most of published articles on splenic infarc-
tion are case reports and there was no systematic review on
splenic infarction. To understand the pathophysiology that
causes splenic infarction, we searched the literatures on the
etiology of splenic infarction.

Materials and Methods

Study design and ethics

Research design is a retrospective observational study. In-
formed consent was obtained by the opt-out approach. The
study protocol was approved by the Ethics Committee of the
National Center for Global Health and Medicine (NCGM-
S-004344-00), and the study was performed in accordance
with the Declaration of Helsinki.

Study population

The patients diagnosed with splenic infarction by contrast-
enhanced CT scans, from January 1, 2014 to March 12, 2020
at National Center for Global Health and Medicine Kohnodai
Hospital were recruited by using the radiological interpretation
reports on an electronic medical record. The contrast-enhanced
CT scan demonstrated a wedge-shaped low-density area sug-
gestive of splenic infarction (Fig. 1). We included patients with
partial infarcts.
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Data obtained from studied participants

The information about medical history and medication were
obtained via an electronic medical record. Such information
included age, sex, body weight, body height, body mass index
(BMI), systolic and diastolic blood pressures, heart rate, body
temperature on admission, symptoms, medical treatments,
comorbidities and clinical outcome. Although this is a retro-
spective study and the available data are limited, all available
laboratory data on admission were obtained via an electronic
medical record. Such data included blood cell counts (white
blood cells (WBCs), red blood cells (RBCs), platelets, neu-
trophils, lymphocytes, monocytes, eosinophils and basophils),
biochemistry (albumin, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), y-glutamyl transferase (y-GT),
lactate dehydrogenase (LDH), creatine kinase (CK), blood
urea nitrogen (BUN), creatinine, C-reactive protein (CRP),
and plasma glucose (PG)), and coagulation fibrinolytic system
(prothrombin time (PT), activated partial thromboplastin time
(APTT), fibrinogen, and D-dimer).

We obtained the radiological (CT) findings (long and short
axes of the spleen, maximal cross-sectional area of the spleen
and spleen volume). We measured long and short axis and
area of spleen at the height of maximal cross-sectional area of
spleen. We roughly calculated the volume of spleen by multi-
plying “height measured at the sagittal section” and “maximal
long axis of spleen” and “maximal short axis of spleen”.

Statistical analysis

Statistical analyses were performed by using SPSS version 23
(IBM Co., Ltd, Chicago, IL). All values are expressed as the
mean+standard deviation except for sex. The t-test and ¥ test
were used for comparison between the two groups. P value
of < 0.05 was considered to be statistically significant, and P
value of < 0.1 was considered to have a tendency.

Search for literatures on splenic infarction

To find out the etiology of splenic infarction, we searched the
case reports on splenic infarction from 1975 to 2021 by us-
ing PubMed. For the literatures search, we used the following
keywords combination; “splenic infarction AND case report”,
“spleen infarction AND case report”, “infarction of spleen AND
case report”, “thrombosis of spleen vessel AND case report”,
“thrombosis of spleen vein AND case report”, and “spleen ve-

nous thrombosis and AND case report.
Results

Clinical characteristics of patients with splenic infarction

We found 18 patients from the radiological interpretation re-
ports, and we confirmed the existence of splenic infarction in
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Table 1. Clinical Characteristics of Patients With Splenic In-
farction (n = 18)

Sex (male/female) 11/7

Age (years) 78 £10
Body height (cm) 159+8
Body weight (kg) 56+ 13
Body mass index (kg/m?) 21.9+42
Abdominal pain (n, %) 5/10, 50%
Maximal body temperature (°C) 38.0+ 1.0
Fever (n, %) 8/14, 57.1%
Systolic blood pressure (mm Hg) 131 +24
Diastolic blood pressure (mm Hg) 68 + 16
Heart rate (beats/min) 91 +20
Tachycardia (n, %) 6/15, 40%
Clinical outcome (death/survival) 6/12

The percentage of patients with abdominal pain, fever, and tachycar-
dia is calculated using the number of cases described in the electronic
medical record as the denominator. Fever and tachycardia mean body
temperature > 38 °C and heart rate > 100 beats/min, respectively.

contrast-enhanced CT with radiologists. Clinical character-
istics of patients with splenic infarction are shown in Table
1. The average age was 78 years. Of patients with described
symptoms, about half of patients had abdominal pain, and the
other half did not have abdominal pain. The mean body tem-
perature on admission was over 38 °C. Fever was defined as
body temperature over 38 °C or 100.4 °F, and fever was ob-
served in 57.1% of patients. The mean heart rate was over 90
beats/min. Tachycardia was observed in 40% of patients. One-
third of patients with splenic infarction died after the diagnosis
of splenic infarction.

Laboratory medical characteristics of patients with splenic
infarction

Laboratory medical characteristics of patients with splenic in-
farction are shown in Table 2. Leukocytosis and neutrophilia,
and anemia were observed, and lymphocytes was decreased.
Fibrinogen was decreased and D-dimer was remarkably ele-
vated. Hypoalbuminemia and liver dysfunction were observed.
LDH and CRP were remarkably increased.

CT findings of patients with splenic infarction

CT findings of patients with splenic infarction are shown in
Table 3.

Age, sex, comorbidity, anticoagulant use and clinical out-
come of patients with splenic infarction

Age, sex, comorbidity, anticoagulant use and clinical outcome
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Table 2. Laboratory Medical Characteristics of Patients With Splenic Infarction (n = 18)

Laboratory examination n Values in patients Normal range
Blood cells
WBCs (cells/uL) 18 12,500 + 9,000 3,300 - 8,600
Neutrophils (%) 16 75+22 42 -74
Lymphocytes (%) 16 12+ 10 18 - 50
Monocytes (%) 16 6+3 2-10
Eosinophils (%) 16 1£1 1-5
Basophils (%) 15 03+04 0-1
RBCs (cells x 10%/uL) 18 385+ 100 435 - 555
Hemoglobin (g/dL) 18 109+ 3.1 13.7-16.8
Hematocrit (%) 18 33.3+£8.2 40.7 - 50.1
Platelets (cells x 10%/uL) 18 19+12 15.8-34.8
Coagulation fibrinolytic system
PT (international normalized ratio) 13 1.3+£0.3 1
APTT (s) 11 37.3+20.8 20 - 40
Fibrinogen (mg/dL) 6 461 +265 150 - 400
D-dimer (mg/mL) 7 380.5 + 800.0 <1.0
Biochemistry
Albumin (g/dL) 18 3.0+0.8 4.1-5.1
AST (U/L) 18 87107 13-30
ALT (U/L) 18 48 +48 10-42
v-GT (U/L) 17 127 £ 122 13-064
LDH (U/L) 17 412 +294 124 - 222
CK (U/L) 14 193 + 400 59 -248
BUN (mg/dL) 18 20+ 7 8-20
Creatinine (mg/dL) 18 0.8+0.3 0.65-1.07
CRP (mg/dL) 14 72+74 0.00-0.14
PG (mg/dL) 8 142 £ 77 73 -109

APTT: activated partial thromboplastin time; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BUN: blood urea nitrogen; CRP: C-
reactive protein; CK: creatine kinase; y-GT: y-glutamyl transferase; LDH: lactate dehydrogenase; PG: plasma glucose; PT: prothrombin time; RBCs:

red blood cells; WBCs: white blood cells.

of patients with splenic infarction are shown in Table 4. Six
patients (33.3%) had malignant diseases, four patients (22.2%)
had atrial fibrillation, and four patients (22.2%) had infection.
One patient had protein C deficiency. Three patients (16.7%)
developed splenic infarction in spite of anticoagulant use. An-
ticoagulant therapy was started in four patients (22.2%) after
the development of splenic infarction. One-third of patients
with splenic infarction died.

Table 3. Computed Tomographic Findings of Spleen in Pa-
tients With Splenic Infarction

Long axis of spleen (cm) 93+1.7
Short axis of spleen (cm) 38+1.1
Maximal cross-sectional area of spleen (cm?) 36.2+ 154

Volume of spleen (¢cm?) 299.4 £220.4

Clinical, laboratory medical and radiological characteris-
tics of splenic infarction patients who died or survived

Clinical characteristics of splenic infarction patients who died
or survived are shown in Table 5. There were no significant
differences in sex, age, BMI, body temperature, blood pressure
and heart rate between two groups.

Laboratory medical characteristics of splenic infarction
patients who died or survived are shown in Table 6. In blood
cell counts, WBCs were significantly increased in patients
who died than patients who survived. Lymphocytes were sig-
nificantly decreased in patients who died than patients who
survived. APTT was significantly longer in patients who died
than patients who survived. Fibrinogen was significantly re-
duced in patients who died. D-dimer was non-significantly but
extremely elevated in patients who died. Serum levels of AST,
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Table 5. Clinical Characteristics of Splenic Infarction Patients Who Died or Survived

Patients who died Patients who survived P value

Sex (male/female) 3/3 4/8 0.157
Age (years) 82.3+7.1 75.8 £10.0 0.198
Body mass index (kg/m?) 19.0+ 4.0 23.0+£3.7 0.2
Maximal body temperature (°C) 37.7+ 1.1 38.3+0.5 0.245
Fever (n, %) 3/6, 50% 5/8,62.5% 0.78
Systolic blood pressure (mm Hg) 126 £23 135+£24 0.497
Diastolic blood pressure (mm Hg) 69+ 15 67+17 0.859
Heart rate (beats/min) 96 + 17 88 +20 0.487
Tachycardia (n, %) 3/6, 50% 3/9,33.3% 0.22

The percentage of patients with abdominal pain, fever, and tachycardia is calculated using the number of cases described in the electronic medical
record as the denominator. Fever and tachycardia mean body temperature > 38 °C and heart rate > 100 beats/min, respectively.

Table 6. Laboratory Medical Characteristics of Splenic Infarction Patients Who Died or Survived

Laboratory examination Patients who died Patients who survived P value
Blood cells
WBCs (cells/uL) 19,633 £ 9,222 8,950 + 6,561 0.017
Neutrophils (%) 86+ 5 69 +25 0.124
Lymphocytes (%) 6+4 16 +£ 10 0.049
Monocytes (%) 6+3 7+£3 0.938
Eosinophil (%) 0.5+04 13+1.3 0.191
Basophils (%) 03+04 03+0.5 1
RBCs (cells x 10%/uL) 369 + 109 393 £ 94 0.656
Hemoglobin (g/dL) 102+24 11.3+34 0.511
Hematocrit (%) 31.7+64 342 +8.9 0.567
Platelets (cells x 104/uL) 15.7+7.0 20.6+12.9 0.425
Coagulation fibrinolytic system
PT (international normalized ratio) 1.5+04 1.2+0.2 0.174
APTT (seconds) 58 +31 29+5 0.045
Fibrinogen (mg/dL) 55+5 541 +£214 0.042
D-dimer (mg/mL) 1,127 £ 1,041 8+5 0.098
Biochemistry
Albumin (g/dL) 2.6+0.7 32+0.8 0.166
AST (U/L) 176 + 143 43 £ 36 0.011
ALT (U/L) 84 + 54 31 +31 0.022
v-GT (U/L) 127+ 120 127 +£123 1
LDH (U/L) 628 + 374 296 + 137 0.026
CK (U/L) 362 £ 612 98 £ 127 0.271
BUN (mg/dL) 26+7 16+5 0.005
Creatinine (mg/dL) 0.97 +£0.41 0.79+£0.22 0.249
CRP (mg/dL) 6.6 5.7 7.5+8.2 0.848
PG (mg/dL) 121 +£23 149 + 87 0.709

APTT: activated partial thromboplastin time; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BUN: blood urea nitrogen; CRP: C-
reactive protein; CK: creatine kinase; y-GT: y-glutamyl transferase; LDH: lactate dehydrogenase; PG: plasma glucose; PT: prothrombin time; RBCs:
red blood cells; WBCs: white blood cells.
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Table 7. Computed Tomographic Findings of Spleen in Splenic Infarction Patients Who Died or Survived

Computed tomographic findings Patients who died Patients who survived P value
Long axis of spleen (cm) 99+1.7 89+1.7 0.283
Short axis of spleen (cm) 45+1.1 34+0.8 0.039
Maximal cross-sectional area of spleen (cm?) 46.1+£17.0 313+ 11.7 0.058
Volume of spleen (¢cm?) 423.8+282.1 237.4+146.4 0.101

ALT, LDH and BUN were significantly higher in patients who
died than patients who survived.

CT findings of spleen in splenic infarction patients who
died or survived are shown in Table 7. Short axis of spleen in
patients who died was significantly longer than that in patients
who survived. Maximal cross-sectional area of spleen in pa-
tients who died tended to be significantly larger than that in
patients who survived. Although a significant difference was
not obtained, the volume of spleen in patients who died was
1.8 times larger than that in patients who survived.

The etiology of splenic infarction found by literature search

We showed the etiology of splenic infarction by searching case
reports on splenic infarction published from 2019 to 2022 in
Table 8 [6-67]. We found 65 case reports on splenic infarction
during the searched period. The case reports on splenic infarc-
tion due to infection were the most common, and followed by
malignancy and RBC abnormality. Among case reports due to
infection, case reports on the development of splenic infarction
due to COVID-19 were the most common.

The changes over time in the number of case reports on
the causative diseases of splenic infarction

We found 466 case reports on splenic infarction published from
1975 to 2022. We classified them into five subgroups by the caus-
ative diseases for splenic infarction: 1) infection; 2) malignancy
including neoplasm and myeloproliferative diseases; 3) abnormal
RBC (sickle cell disease, hereditary spherocytosis), abnormal he-
moglobin (hemoglobin SE, B-thalassemia) and coagulation abnor-
mality (protein C deficiency, protein S deficiency and antiphos-
pholipid syndrome); 4) vasculitis; and 5) cardiovascular disease
(CVD) including atrial fibrillation. The numbers of case reports on
splenic infarction due to infection, malignancy, abnormal RBCs,
vasculitis, and CVD were 229, 92, 96, 24 and 25, respectively.

The changes over time in the number of published case
reports on splenic infarction due to each category are shown
in Figure 2. Recently, the number of case reports on splenic
infarction due to infection has been remarkably increasing.
The number of case reports due to other categories has been
relatively constant over the years.

Discussion

Splenic infarction is a frequently missed diagnosis in acute
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clinical conditions and is often under-diagnosed due to the lack
of high-quality evidences on pathophysiology of splenic in-
farction. As far as we searched, there was no meta-analysis
and systematic review on splenic infarction, and there were
only two original articles which investigated a relatively large
number of cases. Even in the recent years, the reports on splen-
ic infarction have been mainly case reports. Here, we studied
clinical characteristics, laboratory medical examination and
radiological findings in patients with splenic infarction which
was diagnosed by using contrast-enhanced abdominal CT. Fur-
thermore, we systematically reviewed case reports on splenic
infarction by using those published from 1975 to 2022.

Weber et al reported a multi-center observational study us-
ing a total of 161 patients: 34 patients with acute renal infarc-
tion, 104 patients with acute splenic infarction and 23 patients
with both acute renal and splenic infarctions [3]. In their study,
the mean age was 63.2 years old. The average age of our splen-
ic infarction patients was 78 years. Yen et al reported a multi-
center retrospective study using 130 patients with splenic in-
farction in emergency departments [4]. In their study, 45.4% of
patients were over 65 years old. Splenic infarction is likely to
develop in the elderly.

Of our patients with described symptoms, about half of pa-
tients had abdominal pain, and the other half did not have abdom-
inal pain. In Weber’s study, the main symptom was abdominal
pain; however, its frequency was low (26.4%). In Yen’s study,
71.5% of patients presented with abdominal pain [4]. Although
the most common symptom of splenic infarction was abdominal
pain in three studies including ours, its frequency varied.

In the study by Weber et al and Yen et al, 16.4% and 10.8%
of patients showed fever, respectively. The mean body tempera-
ture of our patients was over 38 °C. Fever was observed in 53.3%
of patients. However, it remains unclear whether fever was due
to splenic infarction or the underlying diseases which induced
splenic infarction such as infection. Our study included four pa-
tients with infection, but did not include COVID-19 patients. A
higher proportion of tachycardia was observed in Yen’s study.
However, Weber et al did not report heart rate in splenic infarc-
tion patients. The mean heart rate was 91 beats/min in our study
and tachycardia was observed in 40% of patients, suggesting that
tachycardia may be one of clinical signs for splenic infarction.
However, tachycardia is a very non-specific sign, and three of
five patients with tachycardia showed abdominal pain, and tach-
ycardia might have been due to pain. Although abdominal pain,
tachycardia and fever are non-specific symptoms, such symp-
toms were relatively common in patients with splenic infarction.
As shown in Table 4, all patients with splenic infarction showed
either abdominal pain or fever or tachycardia. In patients with
partial splenic infarction, they can be un-symptomatic or show
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Table 8. The Etiology of Splenic Infarction Found by Literature Search

Causes of splenic infarction References
Infection
Cytomegalovirus [6-8]
Epstein-Barr virus [9-15]
Infective endocarditis [16-22]
COVID-19 [23-35]
Dengue virus [36]
Mycoplasma pneumoniae [37, 38]
Malaria [39, 40]
Scrub typhus [41,42]
Aspergillus pericarditis [43]
Babesiosis [44]
Malignancy including neoplasm and myeloproliferative diseases
Polycythemia vera [45]
Essential thrombocythemia [46]
Ovarian carcinoma [47]
Acute T-cell lymphoblastic leukemia [48]
Angiosarcoma [49]
B-cell lymphoma [50, 51]
Abnormal red blood cells and hemoglobin, and coagulation abnormality
Hereditary spherocytosis [52]
Sickle cell disease [53-57]
Hemoglobin SE disease [58]
B-Thalassemia [59]
Protein C deficiency [60]
Antiphospholipid syndrome [61]
Vasculitis
ANCA-associated vasculitis [62-64]
Eosinophilic granulomatosis with polyangiitis [65]
Cardiovascular disease, atrial fibrillation
Atrial fibrillation [66, 67]

COVID-19: coronavirus disease 2019; ANCA: anti-neutrophil cytoplasmic antibody.

no abnormal laboratory data. We should determine the range of
splenic infarction that can remain silent in the future.

Yen et al reported that a laboratory result of leukocyto-
sis or thrombocytopenia may provide a clue for clinicians to
include splenic infarction in the list of differential diagnosis.
In our study, leukocytosis was also observed; however, throm-
bocytopenia was not detected. Our study newly indicated
neutrophilia, anemia, a decrease of lymphocytes, a decrease
of fibrinogen, an increase of D-dimer, hypoalbuminemia, liv-
er dysfunction, an increase of LDH and CRP as the possible
markers for splenic infarction.

Our study was the first to report the measurements of spleen.
The previous study using abdominal CT scans of 238 consecu-
tive living donors for liver transplantation showed that the mean
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volume of the spleen of healthy Japanese people was 123 + 45
cm? [68]. Although our method to measure spleen volume was
rough, the spleen volume in patients with splenic infarction was
about 2.4 times larger than those in healthy people, suggesting
that splenic infarction induced enlargement of spleen.

Yen et al reported that atrial fibrillation was the most com-
mon associated pre-disposing condition for splenic infarction,
followed by hematological disease [4]. Our study also showed
that 22% of patients had atrial fibrillation. Our study showed
that malignancy such as pancreatic carcinoma, malignant lym-
phoma, and colon cancer, and infection such as septic shock,
infective endocarditis, pyelonephritis and diabetic gangrene,
induced the development of splenic infarction.

In Yen’s study, the mortality rate was 6.97%. High mortality

www.jocmr.org 45



Characteristics for Patients With Splenic Infarction

J Clin Med Res. 2023;15(1):38-50

30
25
[%2]
h=-
o
g 20
[0}
W
()
o
©
g 15
€
p=l
=4
10
5
0
AL PP LD LS PSP S P
NN N N N R N N NN

Q\

P P

Malignancy

Vasculitis

Abnormal RBC,
Hb, coagulation

)
¢
P

Q“n
CVD and atrial
fibrillation

Published years

Figure 2. The changes over time in the number of published case reports on splenic infarction. CVD: cardiovascular disease;

Hb: hemoglobin; RBCs: red blood cells.

rate (30.7%) was found in patients with infective endocarditis
[4]. The mortality rate in our study was 33.3%, which was high-
er than that in Yen’s study. Our study did not include COVID-19
patients. A higher proportion of the elderly people in our study,
and different clinical settings between the emergency depart-
ment and general hospital, can explain the different mortality
rates. Our patients who died were complicated with various
severe diseases such as abdominal aortic dissection, pancreatic
carcinoma, septic shock, heart failure, and hyperglycemic dehy-
dration. Rather than dying from splenic infarction, our patients
died from diseases that caused splenic infarction. The mean age
of patients who died was 82.3 years old which was 7 years older
than that of patients who survived, indicating that aging may be
associated with death in splenic infarction patients.

Yen et al reported that Quick Sequential Organ Failure As-
sessment (QSOFA) score > 1, body temperature > 38 °C, and
malignancy history were associated with mortality in patients
with splenic infarction [4]. We compared clinical, laboratory
medical and radiological findings in splenic infarction patients
who died with those in patients who survived. We did not find
a significant difference in clinical characteristics between pa-
tients who died and patients who survived. We newly found
significant differences in leukocytosis, a decrease of lympho-
cytes, APTT, fibrinogen, AST, ALT, LDH and BUN between
patients who died and patients who survived, suggesting that
these parameters can be the prognosis predicting factors for
patients with splenic infarction. CRP was higher in patients
who survived than those who died; however, this difference
did not reach a statistical significance. However, any venous
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thromboembolism increases D-dimer, and decreases fibrino-
gen. Albumin is an acute phase reactant and would decrease in
any sick patient. LDH and CRP are non-specific inflammatory
markers which can rise in any inflammatory scenarios. To elu-
cidate and validate the prognosis predicting factors for patients
with splenic infarction, we should perform further studies by
using a greater number of patients.

Furthermore, our study revealed that short axis and maxi-
mal cross-sectional area of spleen in patients who died were
greater than those in patients who survived. The volume of
spleen in patients who died was 1.8 times larger than that in
patients who survived. In a former study involving 18 patients
with granulomatosis with polyangiitis, splenomegaly was re-
solved after treatment [69], suggesting that splenomegaly may
reflect the severity of splenic infarction due to the occlusion of
splenic vessels. However, it remains unknown whether it is true
or not in this study that the large volume of spleen can be a pre-
dicting factor for mortality in patients with splenic infarction.

Three patients (16.7%) developed splenic infarction in
spite of anticoagulant use. Anticoagulant therapy was started
in four patients (22.2%) after the development of splenic in-
farction. The usefulness of anticoagulant therapy for splenic
infarction remains unknown in this study, which should be elu-
cidated in the future.

As our systematic review of case reports on splenic infarc-
tion showed, the number of case reports on splenic infarction
has been increasing in recent years, due to an improvement
of accessibility of enhanced CT scans. Infection (cytomeg-
alovirus and Epstein-Barr virus infection, and COVID-19),
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malignancy (carcinoma, malignant lymphoma and leukemia)
and abnormal RBC (hereditary spherocytosis and sickle cell
disease), abnormal hemoglobin (hemoglobin SE disease and
B-thalassemia), coagulation abnormality (protein C and S
deficiency, antiphospholipid syndrome) and vasculitis (anti-
neutrophil cytoplasmic antibody (ANCA)-associated vasculi-
tis, eosinophilic granulomatosis with polyangiitis), and atrial
fibrillation induced the development of splenic infarction. The
number of case reports on splenic infarction due to infection
has been remarkably increasing in recent years. Especially
very recently, the number of case reports on splenic infarc-
tion due to COVID-19 has been rapidly increasing. Before the
pandemic of COVID-19, infective endocarditis is the most
common cause of infection which induced splenic infarction.
The number of case reports due to other categories has been
relatively constant over the years. Although we have looked
for what is the primary cause for splenic infarction in the ret-
rospective study or literature review, it was hard to determine
such causes due to complicated pathophysiology.

The past decade has witnessed the increasing understanding
of the biology of autophagy and its roles in various kinds of disor-
ders. Both the protective and detrimental effects of autophagy in
the pathogenesis and progression of acute myocardial infarction
under ischemic or ischemia/reperfusion injuries were discussed
[70]. Baseline autophagy or adaptively induced autophagy con-
tributed to the alleviation of ischemic or ischemia/reperfusion
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damage while overwhelmingly induction of autophagy was det-
rimental during acute myocardial infarction. However, the role
of autophagy in splenic infarction remains unknown, and this
interesting theme should be studied in the future.

Limitations of the study should be addressed. The num-
ber of patients was small. This is a single-center study. Due
to the retrospective nature, this study is inherently limited by
the missing data. Especially, the number of patients whose
D-dimer was measured was very small. We showed clinical,
laboratory medical and radiological characteristics of splenic
infarction patients who died or survived. In patients who died
some laboratory data are worse, but heart rate and blood pres-
sure did not differ. It remains unclear what was the reason for
the patients who died. In short, is the death a direct result from
splenic infarction or from other cause? When patients are sick,
laboratory data can be worse. If death is from non-splenic in-
farction causes, such causes might have influenced on worse
laboratory data in splenic infarction patients who died. I think
this is one limitation of the study. However, it is also difficult
to conduct a prospective comparative study among splenic in-
farction patients due to its scarcity and sporadic nature.

Conclusion

The summary of present study is shown in Figure 3. Our study
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elucidated clinical, hematological, biochemical and radio-
logical characteristics for patients with splenic infarction. We
newly found significant differences in leukocytosis, a decrease
of lymphocytes, APTT, fibrinogen, AST, ALT, LDH and BUN
between patients who died and patients who survived, sug-
gesting that these parameters can be the prognosis predicting
factors for patients with splenic infarction. Further, our sys-
temic review on case reports about splenic infarction showed
the etiology of splenic infarction and the trend of the causative
diseases.
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