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Abstract: Splenic infarction (SI) is an uncommon complication of type 2 diabetes (T2D). Diabetes predisposes individuals to blood
vessel abnormalities, such as atherosclerosis or thrombosis, increasing the risk of vessel occlusion and subsequent tissue infarction. If
the diabetic patient has other serious diseases, such as a severe pneumonia infection and acute cardiac infarction, SI incidence may go
unrecognized, making it challenging for physicians to identify. This case report discussed an 80-year-old hospitalized diabetic woman
with a history of chronic bronchitis and 20 years of T2D who suffered an SI. The patient was at elevated risk for thrombosis of atrial
fibrillation, manifested as an embolism of the spleen characterized by a high concentration of white blood cells. This patient also
demonstrated a rapid increase in cardiac biomarkers troponin I, suggesting acute myocardial infarction (AMI) and increased amylase,
which could not preclude the concern about the existence of acute pancreatitis. Abdominal CT displayed the calcification of only the
splenic and other arteries, and low-density shadows were observed at the center portion of the spleen. This case demonstrated the
significant occurrence of thrombotic complications in various blood vessels of multiple organs in T2D patients. Thus, clinicians should
be aware of the possibility of simultaneous acute vascular infarction of several organs in diabetic patients with prior vascular
constriction.
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Introduction

Splenic infarction (SI) is an uncommon complication in type 2 diabetic patients (T2D). There is a lack of consensus and
guidelines on diagnosing and treating SI in T2D patients, as the relevant information is mainly reported in case reports.
SI is a condition in which the blood supply to the spleen is blocked, resulting in the necrosis of spleen tissue. In patients
with SI, the risk of thrombosis in other arteries and veins throughout the body must be monitored, particularly in
myocardial infarction, pulmonary embolism, and cerebral embolism. A multicenter retrospective study identified
cardiogenic embolism and identifiable hypercoagulability as the cause of most SIs.' Infarcts of the spleen may be the
initial sign of other potentially severe predisposition diseases (such as blood diseases, malignancies, or cardiac embolism)
that cause death or morbidity. Therefore, we must be vigilant when encountering patients with spleen infarction to detect
severe potential diseases. Multiple thromboembolic events co-occurring in a single patient lend support to this theory.
Herein, we described the case of an 80-year-old female admitted to the hospital for a pulmonary infection but developed
SI and significantly elevated cardiac biomarkers indicating myocardial injury during her hospitalization. This case study
aimed to increase clinicians’ awareness of the risk of multiple organ infractions in T2D patients and improve the
management of these patients.

Case Presentation
An 80-year-old female with recurrent fever for over a month was admitted to our hospital on January 23, 2023. The
patient had a history of chronic obstructive pulmonary disease (COPD) for over a decade. She had primary hypertension

Diabetes, Metabolic Syndrome and Obesity 2023:16 2929-2937 2929
Received: 25 June 2023 © 2023 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 18 September 2023
Published: 22 September 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-6173-0507
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wang et al Dove

for 25 years, diabetes for 20 years, coronary artery disease for eight years, and paroxysmal atrial fibrillation without
treatment for five years. Moreover, she had severe osteoporosis (spinal bending over with a 90-degree back hunch) and
was allergic to penicillin and levofloxacin. Her daily meds consisted of enalapril, one pill, Human Insulin Novo and
Lantus 30R, aspirin, and inhaled salbutamol sulfate.

At admission, the patient had severe dyspnea, was afebrile (37 °C), had a respiratory rate of 22 breaths/min, a heart
rate of 100 beats/min, a blood pressure of 107/56 mmHg, and a peripheral oxygen saturation of 96% without oxygen
inhalation and 98.3% in arterial blood gas analysis after nasal catheter oxygen inhalation.

A chest computed tomography (CT)’ scan performed upon her admission indicated an expanded and disorganized
broncho-vascular shadow, increased lung opacity, local bubble-like alterations, a few streak-like fuzzy shadows in the lungs
and a central trachea with evident bronchial cavities. The mediastinum was not significantly enlarged, nor were the lymph
nodes. Localized high-density calcium deposition was observed in the coronary and aortic arteries (Figure 1A and B).

Following admission on January 23, 2023, she received antibiotics (azithromycin) for the evidence of mixed bacterial
infection, steroids (betamethasone sodium phosphate), expectorants (bromhexine), cough suppressants and bronchodila-
tors (theophylline and compound methoxyphenamine hydrochloride), antidiabetic agents (Degludec plus Insulin Aspart),
diuretics and heart load-reducing agents (bumetanide and loop diuretics), and preventive dose of sodium heparin for
coagulation. The electrocardiogram (ECG) profile of the patient upon admission is shown in Figure 2a.

On January 30, 2023, the patient complained of dizziness, shortness of breath, nausea, and vomiting twice without
hematemesis and had a fever. The ECG (Figure 2b) showed sinus rhythm (HR 132 bpm), partial short-term ventricular
tachycardia, and irregular intra-chamber conduction. The repeated arterial blood gas analysis revealed an oxygen
saturation of 97.8%.

After having difficulties defecating in the afternoon of the same day, the patient presented with significant chest
tightness and shortness of breath was unable to rest correctly and was in a forced position. Intravenous amiodarone was
provided to maintain sinus rhythm after emergency consultation with a cardiovascular specialist, and we detected fast
atrial fibrillation (HR 200 bpm) on the ECG (Figure 2c). A chest X-ray performed at the patient’s bedside revealed
a symmetrical thorax, decreased lung transparency on the left side, and increased lung texture. Diaphragm and
costophrenic angles were standard, as were the size and shape of the cardiac shadow (Figure 2d).

A re-examination of the patient’s ECG on January 30 evening (Figure 2e) revealed rapid atrial fibrillation (heart rate
of 177 bpm), ST-T elevation, ST (IL, III, V4, V5, V6 leads) with a horizontal or sloping depression greater than 0.05 mV,
and low T waves (I teach). Laboratory tests indicated critical levels of cardiac biomarkers such as creatine kinase,
troponin, and myoglobin, indicating an acute myocardial infarction (AMI) (data is given in Table 1).

The cardiologist recommended antiplatelet aggregation, anticoagulation, plaque stabilization medications, a dynamic
ECG recheck, and a laboratory test. The patient was prescribed enoxaparin sodium (40 mg/day), enteric-coated aspirin
(100 mg/day), clopidogrel sulfate (75 mg/day), and atorvastatin calcium tablets (20 mg/day) for stabilizing the plaque of
the arterial wall and improving dyslipidemia.

Coronary
. Artery
‘Calcification

Figure | Localized high-density calcium deposition was observed in the aortic arteries (A) and coronary arteries (B). The white arrow in (A) shows the calcification in the
artery wall of aorta; the white arrow in (B) indicates the calcification in coronary artery wall.
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Figure 2 (a) The ECG showed sinus rhythm (HR:98 bpm), frequent atrial premature beats occurring in pairs, and some exhibiting a biphasic rhythm. (January 23, 2023
14:34:13); (b) the ECG showed sinus rhythm (HR 132 bpm), partial short-term ventricular tachycardia, and irregular intra-chamber conduction (January 30, 2023, 10:28:29);
(c) the ECG showed rapid atrial fibrillation and ST segment depression (ST (I Il lll aVL aVF horizontal depression 2 > 0.05 mV). (January 30, 2023 13:40:13); (d) a bedside
chest X-ray revealed decreased lung transparency on the left and increased lung texture on January 30, 2023; “R™: right side of the patient; (e) the ECG showed rapid atrial
fibrillation (HR: 177 bpm) with ST-T changes (ST-II lll V4 V5 V6) horizontally inclined, upward and downward > 0.05 mV T (I) wave low and flat). (January 30, 2023 19:11:23);
(f) the ECG showed sinus rhythm (HR: 87 bpm), frequent atrial premature beats occurring in pairs, and a T wave at a low level. (February 1, 2023, 16:17:58).

At 10 p.m. on January 30, the patient experienced abdominal pain and diarrhea five times in one night but had no
fever. The physical examination indicated widespread abdominal pain without rebound tenderness or guarding.
Laboratory tests (Table 1) revealed a moderately increased amylase level, suggesting an acute inflammatory response.

Diabetes, Metabolic Syndrome and Obesity 2023:16 heeps: 2931

Dove:


https://www.dovepress.com
https://www.dovepress.com

aa0(q

TE6T

:sdyzy

91:€207 AUSAGO PUE SWOIPUAS J1|OqeId ‘$339qeI]

Table | Dynamic Evolutions in This Patient’s Laboratory Tests Following Hospitalization

Date Jan 23 | Jan 24 | Jan 28 Jan 30 Jan 30 Jan 31 Jan 31 Feb|l | Feb4 | Feb 8 | Feb 11 Reference
AM PM AM PM Range
Inflammatory-related
White blood cell (WBC *1079/L) 9.47 4 11.47 28.46 33.06 25.64 11.98 9.9 3.5-95
Neutrophil (N *1079/L) 7.12 3.53 10.16 2691 31.22 25.15 10.26 8.36 1.8-6.3
Lymphocyte (L¥1079/L) 1.03 0.38 0.63 0.84 0.79 0.25 0.54 0.99 1.1-3.2
Monocyte (M *1079/L) 1.01 0.08 0.6l 1.2 0.94 0.42 1.02 0.52 0.1-0.6
Red blood cell (RBC *10712/L) 3.74 2.99 3.72 4.43 4.39 391 3.58 3.33 3.8-5.1
Hemoglobin (Hb, g/L) 122 98 121 146 143 128 17 | I15-150
Platelet (PLT *1079/L) 209 176 290 325 298 242 220 213 125-350
C-reactive protein (CRP mg/L) 41.93 51.9 1.5 75.93 74.68 43.64 4.93 29.65 <10
Procalcitonin (PCT mg/L) 0.13 0.11 10.97 16.96 8.17 0.79 1.88 0.0-0.5
Interleukin-6 (IL-6 pg/mL) 1.5 <7
Glucose-related
Glycated hemoglobin AIC (HbAIC %) 7.20 4-6%
C-peptide (ng/mL) 1.13 0.84.2
Coagulation-related
Fibrinogen (Fg g/l) 2.49 3.6 2.04.0
D-dimer (Dd mg/L) 1.6 1.65 4.23 10.75 12.28 18.26 17.35 8.21 2.02 231 2.95 <0.55
Prothrombin time (PT seconds) 13.5 14.8 9-15
Activated partial prothrombin time (APTT seconds) 337 354 2045
Cardiac-related
Cardiac troponin | (cTnl ng/mL) GICA 0.21 0.22 0-0.5
Creatine Kinase MB (CKMB ng/mL) GICA 2.64 8.73 0-0.4
Myoglobin 51.8 0.22 0-100
(MYO ng/mL) GICA
N-terminal pro-B-type natriuretic peptide (NT-pro- 463.78 | 323.54 0-450
BNP ng/L)
cTnl (ng/mL) CL 1.29 6.95 6.0l 2.17 0.56 0.07 0.05 0-0.06
CKMB (ng/mL) CL 272 47.8 326 9 36 33 5 0.0-3.7
MYO (ng/mL) CL >1000 >1000 >1000 786.4 119.8 69.9 145.7 0.0-73.0
BNP (pg/mL) 15.76 127.84 147.36 82.02 | 7548 90.9 0-100
Organ-related
Serum amylase (AMY U/L)) 1670 743 545 171 187 130 16 30.0-110.0
Urinary amylase (UMY, U/L) 1822 32-641
Alanine aminotransferase (ALT U/L) 19 268 49 5-40
Aspartate aminotransferase (AST U/L) 23 343 27 0-40
Serum Creatinine (SCr pmol/L) 84.82 167.81 126.34 | 69.87 | 68.86 0-35
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The following day, the patient suffered a brief fever with a maximum temperature of 38.2 °C (100.8 °F), alleviated
abdominal pain, and no diarrhea. Re-examination of laboratory test results (Table 1 as above) exposed a significant
increase in white blood cells, C-reactive protein (CRP), calcitonin, creatine kinase, myoglobin, and D-dimer but a slight
decline in serum amylase compared to the previous day’s results. Multiple ECGs (Figure 2f) were performed from
January 31 to February 1, and amiodarone was discontinued once sinus rhythm was recovered. The dynamic of
laboratory tests in this patient are shown in Figure 3.

Abdominal enhanced CT on February 1 exhibited no abnormalities in liver parenchymal density, no apparent
abnormal enhancing foci in the liver after enhancement, and no dilatation of bile ducts; no spleen enlargement; however,
several high-density calcifications in the splenic arteries and a wedge-shaped region of low density within the spleen was
observed, indicating an acute SI (Figure 4).

As purpura emerged at the injection site after enoxaparin treatment, enoxaparin and aspirin were discontinued on
February 5, 2023, and clopidogrel and atorvastatin were continued orally. We sustained monitoring the coagulation
parameters and complete blood count. The patient’s creatine kinase, amylase, total blood count, CRP, calcium, and
D-dimer levels returned to normal on February 8. The cardiologist considered the patient at a higher risk of pulmonary
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Figure 3 Dynamic evolutions in this patient’s critical laboratory tests following hospitalization. Inflammatory indexes (white blood cell, WBC; procalcitonin, PCT) and acute
cardiac infarction index (Tnl) peaked on January 31, 2023. They rapidly declined to approximate baseline levels within four days, which were in accordance with the D-dimer

change curve. Changes in serum amylase were significant 48 h after the patient experienced stomach pain and diarrhea five times in one night without fever (from January 30
to February |, 2023).

_GContrast |

Figure 4 Several high-density calcifications in the splenic arteries (A—C), and a wedge-shaped region of low density within the spleen (B and C) were observed on an
abdominal CT.
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embolism and alerted us to be vigilant about this potential problem due to the manifestation of chest tightness and
shortness of breath, accompanied by elevated D-dimers. Due to severe spinal bending, the patient could only lie on one
side; therefore, she could not cooperate with the coronary computed tomography angiography (CTA) and pulmonary CT
angiography examinations and refused coronary angiography. Consequently, we could not determine the precise blood
supply situation of the coronary and pulmonary arteries.

Discussion

ST is an uncommon and easily overlooked thrombotic disorder, estimated at 0.004—0.01% in hospitalized patients.* By
analyzing 466 cases of spleen infarction, Professor Hakoshima et al classified the causes into five categories: infection,
malignant tumor, aberrant red blood cells and hemoglobin, coagulation abnormality, vasculitis, and cardiovascular
disease.” A rare case describing a patient with spontaneous splenic infarction secondary to diabetes-induced, small-
vessel atherosclerotic disease was reported.® Thrombi development and the inflammatory response are tightly inter-
connected and mutually reinforcing.” The production of thrombi in the microvasculature contributes to tissue ischemia
and organ dysfunction.®

The patient was hospitalized due to a pneumonia infection. On the seventh day of hospitalization (January 30, 2023), the
patient experienced a sudden onset of atrial fibrillation, resulting in a series of alterations in the patient’s condition. The
imaging reports (February 1, 2023, abdomen contrast-enhanced CT) revealed SI. However, the specific time of onset was
unknown. Several laboratory indicators, including white blood cells, D-dimer, procalcitonin (PCT), cardiac troponin
I (cTnl), creatine kinase isoenzyme, and serum amylase, increased significantly following the onset of atrial fibrillation,
as determined by an analysis of various laboratory indicators during the hospitalization of the patient. As the biggest
lymphoid organ in the human body, it is commonly acknowledged that the spleen can contribute to immunological
responses. The patient’s dramatic increase in white blood cells might have resulted from a leukemoid reaction followed
by an SI. Simultaneously, the patient’s PCT and CRP levels were raised, indicating greater chances of a concurrent abscess
or infection in the lung following SI. In this case, the symptoms of SI were minor, including brief diarrhea, stomach pain,
and a one-day fever. However, increased levels of D-dimer were consistent with the hypercoagulable state associated with
SI. During hospitalization, the patient was diagnosed with paroxysmal atrial fibrillation, a cardiovascular condition that
increases the risk of vascular embolic events. Furthermore, the patient had apparent systemic atherosclerosis and coronary
artery sclerosis; it was impossible to rule out the contribution of splenic artery sclerosis, all leading to SI.

Enhanced CT? imaging is the gold standard for diagnosing SI.° CT imaging can reveal the characteristic features of spleen
infarction and its potential pathogenesis.'® Symptomatic arterial thrombosis is diagnosed clinically combined with imaging of
CTA, which is preferable, while asymptomatic and atypical splenic infarction was discovered incidentally on CTA."!

The causes of SI include atherosclerotic embolus, hypercoagulation-related diseases such as cancer, arterial damage,
abnormal clotting factors, and inflammation. In a retrospective study of patients with SI, Wand et al suggested that SI
could be the initial presentation of previously unknown medical conditions in 38% of patients. The main underlying
mechanisms were cardioembolic (54.4%), vascular (20%), hematologic disorders (15.6%), and multiple causes (21.1%).
Atrial fibrillation and atherosclerosis were common in aged patients (age > 70), while antiphospholipid syndrome
occurred exclusively in younger individuals.'> Additionally, pancreatic disorders are also an essential cause of SI,
presumably due to the proximity of the pancreas to the splenic vessels."?

Co-occurrence renal infarction (RI) and SI are relatively high in patients with visceral infarction. Li et al reported
a patient who experienced acute RI and SI secondary to atrial fibrillation.'* Weber et al compared acute RI with SI. In
their study, researchers found that the primary cause of RI was attributed to the cardioembolic source, mainly atrial
fibrillation, and that of SI was traced to the patient’s hypercoagulable states.'>'®

Atherosclerosis is a widespread pathological condition in which lipid deposition, plaque formation, and even loss in
the artery wall eventually result in lumen stenosis and occlusion. The occurrence and progression of atherosclerotic
lesions are complicated.'” Compared with non-diabetic patients, patients with diabetes possess an increased risk of
atherosclerosis and accelerated progression. Both type 1 and T2D are independent risk factors for rapid atherosclerosis
development.'® Various pathological mechanisms, including dyslipidemia, hyperglycemia with AGE production,
increased oxidative stress, and inflammation, were supposed to be associated with atherosclerosis.
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A diabetic patient with severe atherosclerosis of arteries may experience cardiovascular disease or SI.'° Moreover,
c¢Tnl is the biomarker of AMI? for its high specificity for myocardial infarction. During the few days following SI in this
patient, the cardiac troponin level increased sharply despite the absence of ECG imaging characteristics of AMI. In
addition, ischemia-related abnormalities were found on ECG, and the patient displayed the classic symptoms of AMI,
such as chest tightness, shortness of breath, and transitory stomach pain. Therefore, AMI could be considered in this case.

Other than myocardial infarction, there could be other causes for elevated cardiac troponin levels during atrial fibrillation.
Dr. Van den Bos suggested five common mechanisms: first, the fast ventricular response can cause demand ischemia in normal
coronary arteries; second, coronary blood flow is reduced during atrial fibrillation; third, the co-existence of coronary artery
stenosis can reduce blood perfusion, especially at tachycardia; fourth, left ventricular wall strain is increased during atrial
fibrillation, exaggerated due to pre-existing heart failure; and finally, an acute thrombotic coronary event with pre-existing
atrial fibrillation or atrial fibrillation caused by acute ischemia should also be considered.?" In this case, there may also be ¢Tnl
release caused by endothelial damage or subsequent neurohumoral or inflammatory responses associated with visceral
infarction.”® Elevated cTnl in patients with atrial fibrillation is associated with adverse prognosis and increased thrombotic
risk.>® There was a limitation to this study; the patient could not cooperate with the coronary CTA examination due to the
spinal disease. Unfortunately, the patient’s coronary artery condition could not be shown.

T2D patients are at high risk of several cardiovascular diseases. Venous thromboembolism (VTE) occurs more than
twice as often in patients with DM than in DM-free individuals.>* Glycosylated hemoglobin Alc (HbAIC) is often used
as an indicator of blood sugar control. The significant association between the level of glycemic control and the risk of
VTE is noticed. Studies regarding DM as an independent risk factor for VTE are inconsistent. In a relevant research, the
authors concluded the possibility that female T2DM patients with HbAlc levels > 7% may have a slightly higher risk for
unprovoked VTE compared to women with HbAlc levels > 6.5-7.0%.>> Our patient had an HbA1C level of 7.2%,
increasing the risk of embolic events.

Interestingly, the patient’s serum amylase increased more than ten-fold concurrently with SI. Does this patient have
simultaneously acute pancreatitis and SI? The connection between pancreatitis and SI has been confirmed based on
anatomical evidence. Anatomically, the spleen is supplied by the splenic artery, the most significant branch of the
abdominal aorta. It proceeds along the upper margin of the pancreas to the splenic hilum, dividing into numerous
components, including the pancreatic branches, the left gastroepiploic artery, the short gastric arteries, the left gastro-
omental artery, and the splenic branches. Thus, the splenic artery delivers blood to the stomach, pancreas, and spleen. In
this patient, the calcified splenic artery was susceptible to thrombosis due to the absence of appropriate collateral
circulation between the blood arteries and succeeded by a rapid and significant increase in serum amylase levels, which
restored to normal levels within three days. This increase in serum amylase levels was inconsistent with the typical
amylase change curve for patients with acute pancreatitis. The CT scan revealed no morphological changes in the
pancreas or shadows of aberrant density in the pancreas’ periphery, which did not support the diagnosis of acute
pancreatitis. Diagnosing acute pancreatitis requires two of the following: upper abdominal pain consistent with pancrea-
titis and amylase/lipase levels greater than three times the upper normal range and/or cross-sectional imaging
abnormalities.”® At 10 p.m. on January 30, the patient experienced widespread abdominal pain and diarrhea and had
an elevated serum amylase value of nearly 10 times the reference level. After one day, serum amylase dropped to only
1.7 times the upper limit of the normal range. Abdominal enhanced CT on February 1 showed no radiographic findings of
peripancreatic exudation. The patient’s abdominal pain symptoms were significantly relieved on January 31. Based on the
above analysis, the diagnosis of acute pancreatitis was not considered at present.

Our limitation was that dynamic detection of serum lipase, urinary trypsinogen-2 and urine amylase, indicators of acute
pancreatitis, was not performed. Therefore, SI was suspected to result in the transient increase of serum amylase level.
Another shortcoming of our study was that we could not perform an emergent coronary angiography on this patient. To
detect the severity of myocardial infarction and the condition of the coronary artery due to the lower degree of collaboration.

Conclusion
A physician must look for thromboembolic events to diagnose an infected T2D patient correctly. A SI typically manifests
atypical clinical signs. To evaluate the condition of SUCH patients, an abdominal CT scan and laboratory tests for AMI,
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stroke, and venous organ infarction are necessary. To prevent serious organ injury and fatal infarction due to thromboem-
bolic events, the strategy should focus on early discerning the severity of cardiovascular atherosclerosis, especially
visceral vessels, with a precaution on the increased risk of thrombosis in such group patients to obtain effective measures
to protect and against the subsequent expansion of organ infarctions.
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