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Abstract

BACKGROUND

The incidence of pulmonary embolism (PE) in children is low, but its mortality is high.
Hypereosinophilic syndrome (HES) is a group of diseases caused by an abnormal
increase in eosinophilic granulocytes resulting in multiple-organ dysfunction. The
urgent event of thromboembolism in the pulmonary region provoked by eosinophils in
idiopathic HES (IHES) is relatively unusual. This article reports a case of IHES with
multiple PEs and left leg venous thrombosis as the first manifestation. One month later,

the patient developed Henoch-Schonlein purpura (HSP), which is very rare.

gASE SUMMARY

We report the case of a 12-year-old boy who was admitted to the hospital with dyspnea,
left leg pain, and aggravation. He had bilateral PE and left leg venous embolism with
mild eosinophilia. Low-molecular-weight heparin and urokinase were given. At the
same time, the interventional department was contacted about filter implantation,
followed by urokinase thrombolysis. The left leg thrombus was aspirated under
ultrasound guidance. He was discharged from the hospital on rivaroxaban. One month
later, he developed a rash on both legs and ankle pain consistent with HSP, with severe
eosinophilia and motor and sensory disturbances. The patient was diagnosed with

IHES with multiple embolisms complicated by HSP after excluding other causes of the
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eosinophil elevation. After glucocorticoid treatment, the symptoms were relieved, but

the patient later developed purpura nephritis.

CONCLUSION
We report a rare and life-threatening case of IHES with multiple embolisms associated
with HSP. A mild elevation of eosinophils early in the disease leads to difficulties in

diagnosis and delayed treatment.

Key Words: Eosinophil; Hypereosinophilic syndrome; Enoch-Schoenlein purpura;

Thrombosis; Case report
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Core Tip: Pulmonary embolism (PE) in children usually occurs in the presence of an
underlying condition, systemic disease, or other risk factors. Idiopathic PE accounts for
less than 4% of these. Your child has no risk factors for thrombosis other than obesity at
the first hospitalization. A month later, he developed a purpuric rash on both legs, and
pain in his ankles consistent with Henoch-Schonlein purpura_(HSP) was accompanied
by severe eosinophilia and motor and sensory impairments. Persistent eosinophilia in
peripheral blood can lead to tissue infiltration and even organ damage. If end-organ
damage occurs, hypereosinophilic syndrome (HES) can be diagnosed immediately.
According to monist principles, patients are diagnosed with idiopathic HES (IHES) with
multiple embolisms complicated by HSP. After glucocorticoids, eosinophils quickly
return to normal, neurological symptoms gradually improve, and the rash disappears.
Eosinophils are only mildly elevated in PE, making clinical diagnosis more difficult.

INTRODUCTION
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Hypereosinophilic syndrome (HES) iﬁgroup of clinical syndromes characterized by a
persistent and significant increase in eosinophilic granulocytes in the peripheral blood
and surrounding tissues, resulting in organ dysfunction. This condition, which has an
unknown cause, is called idiopathic HES (IHES). This disease mostly occurs in people
between 20 years and 50 years of age, with an incidence rate of 0.04/100000 and a
mortality rate of 9.3%[1. It is rare in children, in whom its incidenchis unknown.
Pulmonary embolism (PE) caused by IHES is even rarer._ Patients with
hypereosinophilic syndrome also have autoimmune diseases such as 1cerative colitis,
autoimmune hepatitis, autoimmune thyroiditis, multiple sclerosis, systemic lupus
erythematosus, antiphospholipid syndrome, myasthenia gravis, and rheumatoid
arthritis>*. Henoch-Schoenlein purpura (HSP) is a common vasculitis in school-aged
children that can affect the skin, joints, kidneys, and other organs. Children diagnosed
with IHES with multiple embolisms complicated by HSP are very rare. This case
extends the list of HES patients with autoimmune diseases. To improve the
understanding of this disease among pediatric clinicians, a case of IHES with dyspnea

and leg pain as the initial presentation and subsequent concomitant HSP was reported

in our hospital.

6]
CASE PRESENTATION

Chief complaints

A 12-year-old boy was admitted to our hospital for the first time on January 11, 2021
because of dyspnea for 2 wk, left leg pain for 1 wk, and aggravation for 3 d. He also had
a fever and occasional cough. On February 24 and April 2, 2021, the patient was
admitted to the hospital with a symmetrical, dark red rash on both legs that did not face
when pressed, accompanied by ankle swelling and pain.

History of present illness

The child had a history of respiratory infections prior to labored breathing.
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7
History of past illness
The child was previously healthy.

Physical examination
First hospital admission: the patignt was 168 cm tall, weighed 76 kg, d had a body
mass index (BMI) of 26.9 kg/m?2. His vital signs were as follows: Body temperature, 37.4
°C; blood pressure 128/81 mmHg; heart rate, 104 beats per min; respiratory rate
32/min; and SpO, 92% (room air). The patient’s skin was normal, but he displayed
slight shortness and exertion of breath. The circumference of his left leg was 39.5 cm
and right leg 37.5 cm, and his limb muscle tension was normal.

Second and third admissions: His legs showed a scattered, symmetrical, pressing
dark red rash that did not fade, and both ankles were swollen and painful. On April 4,
2021, the child had decreased pain and temperature sensation in the right plantar, the

toe could not bend to the ventral side, and the skin temperature of the right plantar was

higher than that of the opposite side.

Laboratory examinations
His platelet count was 50 x 10%/L, and his eosinophil count (EC) was slightly high at
0.63 x 109/L (Figure 1). On the other hand, his D-dimer level was 11.12 pg/mL (Figure
2). Serum potassium was 3.32 mmol/L. On day 8, blood tests showed normal levels of
potassium. C4 was slightly high at 0.46 g/L (normal: 0-0.4). Protein C was 50.2%
(normal: 75-130). Neuronal enolase was slightly high at 21.96 pg/L (normal: 0-16.3). N-
terminal pro-brain natriuretic peptide (NT-proBNP) and troponin I (Tnl) were high at
3116 pg/mL and 0.145 ng/mL, respectively, on January 11, 2021. No abnormalities were
found in Tnl on January 16, 2021 or in NT-proBNP on January 19, 2021. On February 24,
2021, the patient’s IgE level was significantly high at 531 IU/mL (normal: 0-52). No
ormalities were found in hemoglobin, glucose, lipid, liver function, renal function
parameters, C-reactive protein, activated partial thromboplastin time, or protein C.

Anti-neutrophil cytoplasmic antibody, antinuclear antibodies, anticardiolipin antibody,
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HIV tests, hepatitis B, hepatitis C, mycoplasma pneumonia antibody, borrelia, and
treponema pallidum were negative. Chlamydia pneumoniae IgG was positive. Human
chorionic gonadotropin, alpha-fetoprotein, carcinoembryonic antigen, ferritin, and C3
were within the reference ranges. Allergen IgE detection, food intolerance, stool for
Giardia lamblia, cryptosporidium, pinworm, and genetics were negative. On February
26, 2021, the microalbumin level in urine was 13.01 mg/ L, but total urinary protein was
not found due to the problem of specimen retention. The 24-h urinary total protein and

microalbumin levels reviewed at later stages are shown in Figure 3.

Imaging examinations

On January 11, 2021, color Doppler echocardiography revealed right atria and ventricle
enlargement, mild tricuspid regurgitation with insufficiency, and pulmonary
hypertension. Colgr Doppler ultrasonography of the blood vessels of the legs showed
thrombosis of the superficial femoral vein, popliteal vein, and posterior tibial vein of the
left leg (Figure 3A). The lung computed tomography (CT) showed scattered wedge-
shaped consolidation of both lungs with an outward-facing base and apex pointing to
the hilum, a relatively widened pulmonary artery, and pulmonary infarction cannot be
excluded. CT angiography of the pulmonary artery showed extensive embolization of
both pulmonary arteries with enlargement of the pulmonary artery and the right heart
(Figure 3B). On February 4, 2021, color Doppler ultrasound of the left lower extremity
vein showed patency of blood flow. On April 6, 2021, color Doppler echocardiography
showed a plump right atrium, mild tricuspid regurgitation with regurgitation
insufficiency, and mild pulmonary hypertension. Bone marrow puncture and cranial

and spinal MRI were not performed.

MULTIDISCIPLINARY EXPERT CONSULTATION

HSP was diagnosed given the child's typical symmetry of the two legs, nonfading
compression, dark-red rash, and ankle swelling and pain. Symptomatic treatment was

recommended, and glucocorticoids were added when necessary.
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FINAL DIAGNOSIS

The patient was diagnosed with IHES with multiple embolisms complicated by HSP.

TREATMENT
First hospital admission: Immediately afterward, he was given low-molecular-weight
heparin and urokinase. At the same time, the interventional department was contacted
for inferior vena cava filter implantation followed by urokinase thrombolysis.
Angiography showed a marked reduction in filling defects. Rivaroxaban tablets were
taken orally after the operation. On January 15, 2021, the left leg thrombus was
aspirated under ultrasound guidance, and numerous long strips of thrombus were
extracted (Figure 3C). Postoperative angiography showed that the filling defect had
disappeared. On January 21, 2021, the filter was removed, and a thrombosis was
attached to the filter (Figure 3D). He was discharged from the hospital on rivaroxaban.
Second hospital admission: He was given anti-anaphylactic treatment while
rivaroxaban was continued orally.

Third hospital admission: Methylprednisolone sodium succinate (2 mg/kg/d) was
administered. Prednisone (0.5 mg/kg/d) and rivaroxaban were administered orally at

discharge. Prednisone and rivaroxaban were gradually discontinued over 3 mo.

OUTCOME AND FOLLOW-UP

After methylprednisolone sodium succinate treatment was administered, EC decreased
significantly, and the patient’s skin rash, arthralgia, pain, temperature sensation, and
toe activity gradually recovered. After following the child for one year, on November 8,
2021, the child showed signs of respiratory tract infection, skin rash in the legs again,
and ankle pain. On November 10, 2021, purpura nephritis was diagnosed, and
prednisone was given (0.2 mg/kg/d). The child has no symptoms at present, and his
EC has decreased. His total urinary protein and micro urinary albumin levels gradually

returned to normal. Presently, prednisone is being gradually reduced.
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ISCUSSION
A 30% mortality rate in patients with PE was reported in some studies that included
autopsy-based PE diagnosisi?!l. PE in children is associated with central venous
catheterization, malignancy, congenital heart disease, systemic lupus erythematosus,
trauma, surgery, long-term total parenteral nutrition, dehydration, infection,
hospitalization with a state of acquired or congenital hypercoagulability, oral
contraceptive usage, and inactivity. There were no risk factors in our patient. One
month later, the child had significantly elevated eosinophils (EOSs) and a symmetrical,
dark-red rash on both legs that did not fade when pressed, accompanied by ankle
swelling and pain. The rash was diagnosed as HSP after consultation with the
nephrology department. HES can cause thrombi. A retrospective review of the English
literature found 16 articles, a total of 21 patients were diagnosed with HES and
complicated with thrombotic events, of which deep venous thrombosis accounted for
38%, and PE 33%. The mortality rate was 19%. HES is characterized by a consistently
elevated EC of 1.5 x 10?/L or more that lasts for at least 6 mo or across 2 examinations
(= 1 mo between tests) and can be diagnosed immediately in the event of life-
threatening end-organ injuries, such as PE and cerebrovascular thromboembolism, to
avoid delayed treatment(?2l. HES is more common in men than in women, and fever is
the most common symptom, which can cause functional impairment of the skin, heart,
nerves, lungs, digestive tract, and other organs. Thrombotic events are rare. The patient
reported here presented with PE and left leg venous thrombosis as the first
manifestation, and the peripheral blood eosinophil level was only slightly elevated at
this time. Rato reported a case of IHES with a maximum peripheral eosinophil count of
0.83 x 109/L, but the pleural pathological examination was consistent with eosinophil
pleurisy. Bronchoalveolar lavage revealed EOSs with a large pericardial effusion and
left ventricular perforation. A pericardial biopsy indicated the presence of many
EOSsl#l. According to the principles of monism, HES was considered likely in this case.

HES has a complex etiology and can be divided into primary (mainly hematological
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tumors), secondary (allergic diseases such as asthma, parasitic or fungal infections,
drugs, and rheumatic diseases), and idiopathic?l. Our patient was negative for HES-
related etiology and screening indicators, including infection, allergens, rheumatic
diseases, immune deficiency, and tumors. The child was healthy and showed normal
growth and development. He denied a history of rhinitis, asthma, intractable eczema, or
repeated bacterial infections. He did not lose weight recently, nor did he have an
enlargement of the liver, spleen, or lymph nodes, so primary HES was not supported.
The onset age was young, there was no history of thrombotic disease in his lineal or
collateral relatives, and no positive results were found in the genetic test. The diagnosis
was IHES with multiple embolisms associated with HSP.

In most cases, PE originates from deep vein thrombosis of the legs. The child first had
dyspnea, followed by left leg pain. PE may come from in situ thrombosis. In HES,
symptoms similar to PE are usually caused by a large increase in EOSs in the
pulmonary vasculature. Thus, this “thrombus” that is subsequently detected clinically
is not a true thrombus but rather an accumulation of EOSsi25l. This pulmonary
accumulation leaves fewer EOSs in peripheral blood, which may explain the EOS
reduction in the PE with leg thrombgsis in the present case. Furthermore, EOS release
eosinophilic cationic protein (ECP), EOS peroxidase (EPO), major basic protein (MBP),
and EOS-derived neurotoxin (EDN) to damage vascular endothelial cells through
degranulation. MBP, ECP, and EPO can also improve the activity of tissue factors.
Coagulation factors VI and X activate the endogenous coagulation pathway, inhibit the
production of activated protein C, and cause hypercoagulability. In addition, EOSs can
éirectly activate tissue factor, platelet-activating factor, and leukotriene; activate the
exogenous coagulation pathway; activate and aggregate platelets; and promote
thrombosis, while direct EC infiltration leads to vascular endothelial cell injuryl2el.
These mechanisms suggest that IHES may involve blood vessels and cause thrombi.
The child's EC fluctuated between 2.63 x 109/L-7.85 x 109/L in the late stage, and
neurological damage occurred. EOS particles contain EDN and MBP, which may be

associated with neurological damagel®1.
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Glucocorticoids (0.5-1.0 mg/kg/d) arﬁcurrently recommended as the mainstream

treatment for IHES. It has been reported all patients’ EC decreased, and 98.3% achieved
complete remission after treatment with glucocorticoids. Standard anticoagulation
treatments also effectively prevented the recurrence of venous thromboembolism, and
no severe bleeding events were observed during the short-term follow-up. There is no
published information about the long-term outcomes of glucocorticoids and
anticoagulant therapy in patients with idiopathic eosinophilia (including HES) and
venous thromboembolism/?8l, Glucocorticoids inhibit EOS maturation and the
production of cytokines and chemokines, induce EOS apoptosis, and reduce tissue and
organ damage. Interferon-a, imatinib, hydroxyurea, or mepolizumab is recommended
for glucocorticoid deficiency, intolerance, or long-term maintenance therapyl?l. In the
case of thrombosis, anticoagulation, catheter interventional thrombolytic therapy, and
surgical treatment can be selected, according to the location of the thrombosis, the time
of embolization, and the specific situation of the patientl°l. The first symptom in the
present child was multiple systemic embolisms. After the elimination of anticoagulant
contraindications, anticoagulant and thrombolytic therapy were administered, and
catheter interventional thrombolytic therapy was performed simultaneously. When
IHES was combined with HSP, there was no recurrence of the rash after glucocorticoid
administration. With anticoagulant therapy, the neurological damage gradually
recovered, and the EOSs qujckly returned to normal.

HSP, also known as IgA vasculitis, is the most common small vasculitis in
childhood. It may affect the skin, joints, gastrointestinal tract, and kidneys. HSP can be
complicated by venous thrombosis®’3l, but there was no evidence of HSP before the
occurrence of thrombosis in this child. It is not clear whether IHES and HSP have a
common pathogenesis. Interleukin-4 (IL-4) and IL-5 are cytokines secreted by Th2 cells.
IL-5 specifically promotes terminal differentiation and proliferation of EOSs and is an
important chemokine in EOSs. When inflammation occurs, EOSs aggregate and become
activated, and a large amount of IL-5 is secreted, which leads to increased EOS

proliferation and infiltration and leukotriene synthesis, resulting in a self-amplification
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effect and aggravation of the inflammatory responsel®>33L IL-5 and IL-4 can promote the
expression of vascular endothelial cell adhesion molecules, thereby enhancing EOS,
basophil, and endothelial cell binding and causing inflammatory cells to infiltrate local
tissues. IL-5 not only activates EOSs but can also recruit transforming growth factor
and various cytokines to promote IgA production in B lymphocytes, all of which play
an important role in the pathogenesis of HSPI*l. IL-5 and ECP-activated EOSs may be
factors in the pathogenesis of purpura nephritisi3l. The serum ECP of children with
HSP during the acute episode was significantly higher than that of healthy children and
children in remission with hormone therapy. The serum ECP of those with kidney
involvement was significantly higher than that of those without kidney involvement.
Late respiratory tract infection in children leads to recurrent rash, joint pain, increased
urinary protein, and EC. This leads to the progression of purpura nephritis, in which IL-
5, ECP, and mast cells also play a certain rolel®l. The current case was isolated, and
whether there are other pathways between eosinophilia and HSP needs to be further

investigated.

CONCLUSION

In this case, a 12-year-old boy diagnosed with IHES presented with dyspnea and lower
limb pain as the first presentation, with only mild eosinophilia, and later developed
HSP. Respiratory infections can cause recurrence of HSP and an increase in eosinophils.
For atypical rare diseases with multidisciplinary treatment and poor prognosis, clinical

expertise should be paid more attention.

Figure 1 Changes in platelet and eosinophil counts from the first hospitalization to

the end of follow-up.

Figure 2 D dimer changes during the child's first hospitalization.
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Figure 3 The 24-h urinary total protein and microalbumin levels reviewed at later
stages. A: The arrow in the figure indicates the superficial femoral vein of the left lower
extremity, through which no blood flow passes. The color flow is the superficial fe&oral
artery of the left lower extremity; B: The arrows in the figure indicate multiple filling
defects in the main pulmonary arteries of both lobes and segments; C: Many long
thrombi aspirated from the left leg; D: When the filter was removed, a thrombosis was

attached to the filter.
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