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Figure 1. Peripheral blood smear (A), bone marrow aspirate smear (B), and bone marrow core 

(C) at initial presentation showing marked hypereosinophilia (>90 % eosinophils in bone marrow 

and peripheral blood). Peripheral blood smear (F), bone marrow aspirate smear (E), and bone 

marrow core (F) at 8 months after discharge was near normal (<5 % eosinophils in bone marrow 

and peripheral blood). All images taken at 1000X magnification.  
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Figure 2. Timeline of WBC count and peripheral eosinophil ratio with leukocytapheresis and 

medications.  

 

 

DVT: deep vein thrombosis, PICC: peripherally inserted central catheter, ANC: absolute 

neutrophil count 
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Table 1. Summary of diagnostic workup.  

Select Admission Labs 

• WBC 225 K/µL, Hgb 10.1 g/dL, Hct 27.4 %, Plt 136 

• Eosinophil ratio 96.0 %, Absolute eosinophil 216 K/µL 

• Troponin 5.06 ng/mL, Lactate dehydrogenase 877 IU/L 

• Ferritin 680 ng/mL, C-Reactive protein 4.4 mg/dL 

• D-Dimer 1.73 mg/L 

Cytogenetic, Molecular, and other 

• Chromosomal microarray analysis – normal female profile 

• Negative for BCR/ABL1 or FIP1L1/PDGFRA gene fusions, PDGFRA, PDGFRB or FGFR1 

gene rearrangements, and MDS FISH Panel 

• Negative for CEBPA, NPM1, FLT3 D835, JAK2 V617F, KIT D816V, IDH1, and IDH2 

mutations 

• Negative for BCR/ABL1 and indeterminate for PML/RARA transcripts 

• Negative transcriptome and whole genome sequencing 

• TCR-Vbeta – normal 

• Tryptase – normal  

• Transcriptome sequencing – normal  

• Whole genome sequencing – normal  

Infectious disease 

• Blood culture, Urine cultures, C. difficile, O&P, Parvovirus B19, CMV, EBV, Varicella 

zoster, Respiratory panel, Aspergillus, Blastomycosis, Coccidioidomycosis, and 

Histoplasmosis – all negative 

• Mycoplasma IgM positive prior to admission per primary care physician 

Cytokine panel 

• Elevated Soluble IL2R , IL10, IL 13, Interferon gamma 

• Normal TNFa, IL1B, 2, 4, 5, 6, 8, 12  

Bone Marrow Studies 

• Hospital day 1                   95% cellularity with marked eosinophilia 

• Hospital day 9                   (Bone marrow: 81 to 70 %, Peripheral blood: 92.5 to 80 %) 

• 3 days after discharge 

• At 8 month follow up       70-80 % cellularity with slightly increased eosinophils  

                                          (Bone marrow: 4.4 %, Peripheral blood: 4.5 %) 

O&P: Ova and parasite, CMV: cytomegalovirus, EBV: Epstein-Barr virus 
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leTable 2. Pre- and post-procedure values of each leukocytapheresis for WBC count, absolute eosinophil count, eosinophil percentage, 

hemoglobin, platelet count and fluid balance. 
 

Protocol PMN MNC 

Procedure # 1 2 3 4 

Pre Post Change Pre Post Change Pre Post Change Pre Post Change 

WBC (K/µL) 158 108 -31.6 % 109 84 -22.9 % 147 106 -27.9 % 104 69 -33.7 % 

Eosinophil (K/µL) 144 96 -33.2 % 100 80 -20.0 % 129 89 -31.0 % 91 57 -37.4 % 

Eosinophil (%) 91 89 -2.2 % 91 95 +4.4 % 84 84 0 % 88 82 -6.8 % 

Hemoglobin (g/dL) 10.2 10.6 3.9 % 8.9 10.2 +14.6 

% 

8.3 8.1 -2.4 % 8.3 7.8 -6 % 

Platelet (K/µL) 204 157 -23.0 % 138 113 -18.1 % 290 156 -46.2 % 172 82 -52.3 % 

Fluid balance (mL) -321 -337 -24 -201 

 

Pre: Pre-procedure, Post: Post-procedure 
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processed.  
 

Protocol PMN MNC 

Procedure # 1 2 Mean 1 2 Mean 

Number of Processed Blood Bolume (x EBV) 2.56 2.56 2.56 2.91 2.32 2.61 

WBC Change/EBV (K/µL) -19.5 -9.8 -14.9 -14.1 -15.1 -14.6 

WBC Change/EBV (%) -12.4 -9.0 -10.7 -9.6 -14.5 -12.0 

Absolute Eosinophil Change/EBV (K/µL) -18.8 -7.8 -13.3 -13.7 -14.7 -14.2 

Absolute Eosinophil Change/EBV (%) -13.0 -7.8 -10.4 -10.7 -16.1 -13.4 

Eosinophil Percentage Change/EBV (%) -0.9 +1.7 +0.4 0 -2.9 -1.5 

RBC Change/EBV (%) +2.2 +7.3 +4.8 +0.3 -2.0 -0.9 

Platelet Change/EBV (%) -9.0 -7.1 -8.0 -15.9 -22.6 -19.2 

End Fluid Balance/EBV (mL) -125 -132 -129 -8 -87 -47 

 

EBV: estimated blood volume 
 

 

 

Page 5 of 26

John Wiley & Sons

Journal of Clinical Apheresis

57
58
59
60

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d
 A

rt
ic

le

1 

 

Comparison of Two Leukocytapheresis Protocols in a Case of Idiopathic Hypereosinophilic 

Syndrome  

 

Michael L. Wang, M.D., Ph.D.
1
, Robertson D. Davenport, M.D.

 1
, Chisa Yamada, M.D.

 1
  

 
1
Division of Transfusion Medicine 

Department of Pathology 

University of Michigan 

Ann Arbor, MI 

 

 

Institution at which the work was performed 

University of Michigan Health System 

 

 

Address for correspondence 

Chisa Yamada, M.D. 

University of Michigan 

Blood Bank / Transfusion Medicine 

Department of Pathology 

1500 E. Medical Center Dr. 

SPC 5054, 2F225UH 

Ann Arbor, MI 48109-5054 

Telephone: 734-936-6776  

Fax: 734-936-6888 

E-mail: yamadac@med.umich.edu 

 

 

Short form of title 

Leukocytapheresis for Hypereosinophilia 

  

Page 6 of 26

John Wiley & Sons

Journal of Clinical Apheresis

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d
 A

rt
ic

le

2 

 

Abstract 

Background: Hypereosinophilic syndrome (HEOS) is rare, and the efficacy of leukocytapheresis 

in this context is unclear. We here report the successful treatment of a patient with idiopathic 

HEOS with four leukocytapheresis procedures using two protocols.   

Case: A 4-year-old female presented with cardiac and respiratory dysfunction, and WBC of 225 

K/µL with 96 % eosinophils. Leukocytapheresis was started after initiation of 

methylprednisolone and hydroxyurea. She received two leukocytapheresis with 

polymorphonuclear cell (PMN) protocol, followed by initiation of imatinib therapy, then two 

leukocytapheresis with mononuclear cell (MNC) protocol. After the fourth leukocytapheresis, 

her WBC decreased to 69 K/µL with 82 % eosinophils. She was discharged on hospital day 21 

under stable condition with WBC of 22 K/µL with 86 % eosinophils. WBC count and eosinophil 

percentage continued to decrease, and were 6.4 K/µL and 52 % by 2 weeks and 3.9K/µL and 4.9 

% by 3 months after discharge, respectively. 

Findings: WBC and absolute eosinophil (aEO) counts decreased by an average of 29.0 and 30.4 

% per leukocytapheresis, respectively. Normalized to estimated blood volume, procedures with 

PMN and MNC protocols changed, on average, WBC by -10.7 and -12.1 %, aEO by -10.4 and -

13.4 %, platelet by -8.1 and -19.2 %, and fluid balance by -129 and -47 mL, respectively. 

Conclusion: Leukocytapheresis was effective in decreasing WBC and aEO counts in HEOS, with 

PMN and MNC protocols achieving similar reductions. However, PMN protocol resulted in 

greater negative fluid balance and MNC protocol resulted in greater platelet loss.  

Key Words 

Leukocytapheresis, Hypereosinophilic Syndrome 
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Introduction 

Hypereosinophilic syndrome (HEOS) is a rare entity with an estimated prevalence at 0.36-6.3 

per 100,000 (1). Hypereosinophilia is defined as blood eosinophils > 1.5 K/µL on two 

examinations separated in time by at least one month and/or tissue hypereosinophilia (2). Tissue 

hypereosinophilia in turn is defined as >20 % eosinophils in the bone marrow, extensive tissue 

infiltration by eosinophils, and/or marked deposition of eosinophil granule proteins in tissue (2). 

HEOS is diagnosed when hypereosinophilia is associated with eosinophil-mediated organ 

damage/dysfunction (2). It can be primary, secondary, or idiopathic (2). Primary HEOS is 

neoplastic and monoclonal, often with increased blasts. Secondary HEOS is reactive and 

polyclonal, driven by increased eosinophilopoietic signaling (2). Due to rarity of the disease, 

reports of treatment of HEOS with leukocytapheresis are limited to a handful of cases (3-8). 

Therefore, details regarding the optimal apheresis procedure or the effectiveness of 

leukocytapheresis in the setting of HEOS remain unclear. We encountered a patient with 

idiopathic HEOS who received a total of four leukocytapheresis procedures using two different 

protocols as part of her treatment with favorable outcome. We analyzed the patient’s response to 

each procedure and compared  the two leukocytapheresis protocols.  

 

Methods 

All leukocytapheresis procedures were performed using the COBE Spectra
®
 apheresis system 

(Spectra, Terumo BCT, Lakewood, CO). The amount of anticoagulant citrate dextrose solution A 

(ACD-A) was calculated by the apheresis machine using the patient’s total blood volume, which 

is calculated based on sex, height, and weight to meet the set infusion rate of 0.8-1.1 

mL/min/liter of total blood volume.  The inlet: ACD-A ratio for the polymorphonuclear cell 

Page 8 of 26

John Wiley & Sons

Journal of Clinical Apheresis

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d
 A

rt
ic

le

4 

 

(PMN) and mononuclear cell (MNC) protocols are set as13:1 and 12:1, respectively. The slight 

relative increase in ACD-A used in MNC protocol would result in a less negative fluid balance 

compared to PMN protocol. Our protocol for leukocytapheresis is based on the procedure 

guideline from Spectra (PMN and MNC protocols) and processes two total blood volumes, with 

allowance of up to three total blood volumes if tolerated by the patient. RBC prime was 

performed due to the patient’s small estimated blood volume and rinse back was held.  The PMN 

protocol is optimized for the removal of mature granulocytes (segmented cells including 

polymorphonuclear cells, eosinophils, and basophils), and should be performed with the use of 

hydroxyethyl starch (HES), a RBC sedimenting agent and volume expander. The MNC protocol 

is optimized for the removal of mononuclear cells or immature cells (lymphocytes and blasts); it 

is also used when HES is contraindicated due to cardiac or renal dysfunction, coagulopathies 

such as disseminated intravascular coagulation (DIC), or certain hereditary coagulation 

disorders. Since eosinophils are segmented and similar to polymorphonuclear cells in size, the 

first and second leukocytapheresis procedures were performed using PMN protocol. However, 

HES was held since our patient had signs of cardiac dysfunction. The third and fourth 

leukocytapheresis were performed using MNC protocol due to contraindication of HES and 

consideration of relatively large negative fluid balance with PMN protocol in her small body 

size. All procedures were performed through a non-tunneled double-lumen catheter (Sorenson, 

10 French) placed in the patient’s right internal jugular vein. Blood was drawn before and after 

the each procedure and white blood cell (WBC) count, hemoglobin (Hgb), platelet count, 

eosinophil percentage, and absolute eosinophil (aEO) count were recorded. Of note, pre-

procedure labs were drawn right before the first and second procedures, right before and 9 hours 

prior (differential) for the third procedure, and 9 hours prior to the fourth procedure. Post-
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procedure labs were drawn right after the procedure for the first and second procedures, 6 hours 

after the third procedure, and 13 hours after the fourth procedure. The calculated processed blood 

volume and fluid balance used by the apheresis machine were also recorded. The effect of each 

leukocytapheresis was analyzed and the two leukocytapheresis protocols are compared based on 

these laboratory data and the patient’s clinical response. The laboratory data normalized to one 

blood volume processed in each procedure was also compared. Statistical analysis comparing 

PMN and MNC effects was not performed due to only having 2 data points for each parameter.  

 

Case 

A 4-year-old female, height 115 cm and weight 20.2 kg, with no significant past medical history 

presented to an outside hospital emergency department after several weeks of malaise and pain in 

her hips and legs as well as one week of intermittent fevers, abdominal pain, and constipation. 

She was diagnosed with a urinary tract infection and constipation, and treated accordingly with 

amoxicillin and an enema. She was later found to have a WBC count of > 200 K/µL and was 

transferred to our institution.  

 

At our institution, she was febrile (39.4 
o
C), mildly hypoxic (93% oxygen saturation on room 

air), tachycardic (139 BPM), and appeared dehydrated.  She continued to have malaise and pain. 

Initial workup revealed cardiac dysfunction (troponin I up to 6.13 ng/mL and ECG showing ST 

depression concerning for ischemia).  A blood count revealed leukocytosis with 

hypereosinophilia (WBC of 225 K/µL with 96 % eosinophils). A peripheral blood smear 

revealed normal red blood cells and platelets without blast cells or evidence of myelodysplasia 

(Figure 1A). She was admitted to the pediatric intensive care unit for further management.  The 
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bone marrow studies during admission showed marked eosinophilia (Table 1 and Figure 2). 

Cytogenetic and molecular tests were all negative and chronic eosinophilic leukemia was 

excluded (Table 1). Microbiology testing during her admission showed no evidence of infection, 

but mycoplasma IgM testing prior to admission was reported to be positive from primary care 

physician (Table 1). Chest X-ray showed bilateral interstitial infiltrates. CT scans of the chest 

and abdomen revealed bilateral pulmonary edema or atypical infection, pleural effusions, 

compression of the distal sigmoid colon, and splenomegaly. Chest X-rays, CT scans, and 

ultrasound did not identify lymphadenopathy or masses to suggest lymphoma or other neoplastic 

processes. As her extensive diagnostic workup did not reveal either a clonal process or an 

attributable infectious process to explain her hypereosinophilia, she was clinically diagnosed as 

having idiopathic hypereosinophilic syndrome.  

 

She was started on methylprednisolone (2 mg/kg x1 then 1 mg/kg x1 on hospital day 1 and 0.5 

mg/kg every 6 hours on day 2) and hydroxyurea (25mg/kg on day 2). Although her WBC count 

decreased and stabilized between 144 and 180 K/µL on hospital days 2 and 3, she received 

leukocytapheresis on hospital day 4 since her WBC and eosinophil counts and troponin I 

remained high (1.51 ng/mL) and she still required supplemental oxygen, suggestive of cardiac 

and respiratory dysfunction caused by leukostasis. Between the two leukocytapheresis protocols 

available, the PMN protocol was favored as eosinophils were mature granulocytes. However, 

HES was not used due to the patient’s cardiac dysfunction.  Her WBC count decreased from 158 

to 108 K/µL and aEO count decreased from 144 to 96 K/µL with only slight decrease of 

eosinophil percentage from 91 to 89 % (Table 2). Her WBC increased subsequently to 122 then 

back down to 109 K/µL, and she received a second leukocytapheresis with the PMN protocol 
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without HES again the next day on hospital day 5.  Her WBC count decreased from 109 to 84 

K/µL and aEO count decreased from 100 to 80 K/µL, but her eosinophil percentage slightly 

increased from 91 to 95 %. These procedures resulted in a negative fluid balance of 329 mL on 

average, which was a concern given her small body size with an estimated total blood volume of 

1400 mL. She was showing signs and symptoms suggestive of dehydration, including prolonged 

capillary refill of >2 second, intermittent tachycardia, transient increase in creatinine after the 

second leukocytapheresis (0.33 mg/dL, ~2x baseline), as well as a mild headache.  

Her cardiac and respiratory dysfunction were resolving (down trending Troponin I, 1.19 ng/mL 

after second leukocytapheresis, weaned off milrinone without tachycardia, hypotension, or 

respiratory distress, O2 saturation 94-99 % on room air, though intermittently tachypneic to ~40 

breaths/min) and she was clinically doing well with only mild constipation and abdominal pain. 

She was also started on imatinib therapy, currently a first line therapy for HEOS. However, with 

her WBC count increasing again to 147 K/µL and abdominal pain possibly due to leukostasis, 

she received two more leukocytapheresis on hospital days 12 and 14 to prevent further 

leukostasis.  For her third and fourth leukocytapheresis, the MNC protocol was used because we 

still wanted to avoid HES use and MNC protocol should theoretically result in a less negative 

fluid balance. After the third and fourth leukocytapheresis, her WBC decreased to 106 K/µL with 

84 % eosinophils and 69 K/µL with 82 % eosinophils, respectively (Table 2). Her WBC count 

continued to decrease and she was discharged on hospital day 21 in stable condition with WBC 

of 22 K/µL with 86 % eosinophils. Her WBC was within reference range at 6.4 K/µL by 2 

weeks, aEO was within reference range at 0.5 K/µL by 2 months, and eosinophil percentage was 

within reference range at 4.9 % by 3 months after discharge. Follow-up bone marrow study at 8 

months after discharge showed a normocellular bone marrow with trilineage hematopoiesis and 

Page 12 of 26

John Wiley & Sons

Journal of Clinical Apheresis

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d
 A

rt
ic

le

8 

 

slightly increased eosinophils (4.4 % on aspirate smears) and no morphologic evidence of 

dysplasia. She has remained well since.  

 

In addition to leukocytapheresis, her clinical course involved multiple medications. Treatments 

included steroids (methylprednisolone and prednisolone) from hospital day 1 and weaned off by 

2 weeks after discharge; hydroxyurea from hospital day 2 to day 19; enoxaparin for a 

peripherally inserted central catheter line associated deep vein thrombosis (DVT) in the left 

subclavian artery from hospital day 5 to 2 weeks after discharge; and imatinib from hospital day 

9 (between the 2
nd
 and 3

rd
 leukocytapheresis) until 2 weeks after discharge.  Thereafter, she was 

on and off imatinib due to low absolute neutrophil count and mild hepatic toxicity until 

discontinuation 6 months after discharge, when her WBC and percent eosinophil were both 

stable and within reference ranges, at 5.7 K/µL and 1.4 %, respectively.  The duration of these 

various treatments and the leukocytapheresis procedures in relation to her WBC and peripheral 

eosinophil percentage is summarized in Figure 1. Other treatments include milrinone from 

hospital day 1 to 5 and various antibiotic therapies, including cefepime, azithromycin, 

sulfamexazole-trimethroprim, and micafungin, during the first week of admission.  

 

Findings 

The overall decrease of WBC and aEO counts by one leukocytapheresis procedure was on 

average 29.0 % and 30.4 %.  Leukocytapheresis with the PMN protocol decreased WBC and 

aEO by an average of 27.3 and 26.7 %, respectively; MNC protocol decreased WBC and aEO by 

an average of 30.8 and 34.2 %, respectively (Table 2). The mean change in eosinophil 

percentage, hemoglobin, platelet count, and fluid balance with the PMN and MNC protocols 
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were +1.1 and -3.4 %, +9.3 and -4.2 %, -20.6 and -49.3 %, and -329 and -113 mL, respectively. 

When the change of each laboratory result was normalized to one estimated blood volume 

processed, on average, the PMN and MNC protocols decreased WBC count by 14.9 and 14.6 

K/µL (10.7 and 12.1 %) and aEO count by 13.3 and 14.2 K/dL (10.4 and 13.4 %), respectively 

(Table 3); the mean change in eosinophil percentage, RBC, platelet count, and fluid balance were 

+0.4 and -1.5 %, +4.8 and -0.9 %, -8.0 and -19.2 %, and -129 and -47 mL, respectively.  

 

Discussion 

Leukostasis in the setting of hyperleukocytosis is a category I indication for leukocytapheresis 

based on American Society for Apheresis guidelines, and typically occurs at WBC counts of 

>100, >400, and <50 K/µL for AML, ALL, and monoblastic/monocytic variants of AML, 

respectively (9). Since typical WBC counts resulting in leukostasis for hypereosinophilia is not 

available due to the rarity of the disease, leukocytapheresis is currently applied based on 

magnitude of leukocytosis, morphology of the increased cells, and signs and symptoms of end 

organ damage. Our patient experienced cardiac and respiratory complications earlier in her 

clinical course with WBC >200 K/µL, and developed a line associated DVT and had abdominal 

and leg pain while WBC was 100-150 K/µL.  

 

There are only a handful of articles in the literature regarding the use of apheresis in the 

treatment of hypereosinophilic syndrome. In 1974, Ellman et al reported a 25-year-old female 

with a hypereosinophilic drug reaction who was treated with leukocytapheresis. At presentation, 

her WBC was 13.6 K/µL with 82% eosinophils (70% eosinophils in bone marrow). Two weeks 

later, while on prednisone 20 mg BID, her WBC increased to ~116 K/µL with ~85% eosinophils. 
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She received leukocytapheresis and 22 x 10
10
 and 9.6 x 10

10
 eosinophils were removed on each 

of the two successive days. She responded well with improvement in her dyspnea, muscle 

tenderness, and sense of well-being within 2 days; resolution of her subungual petechiae and 

cutaneous microinfarts and normalization of her serum aldolase, creatine phosphokinase, and 

lactic dehydrogenase in 1 week; and disappearance of S3 and S4 heart sounds and normalization 

of ECG by 2 months. A repeat bone marrow at 6 months after discharge showed 16% 

eosinophils. She remained well during subsequent follow-up (3). In 1977, Pineda et al reported 

seven patients with moderate eosinophilia who were treated with leukocytapheresis from one to 

four times. The mean yield of eosinophils was 1.3 x 10
10
 per procedure, and there was no 

significant improvement in eosinophilia or symptoms in any of the patients (4). In 1979, 

Blacklock et al reported an 18-year-old male who presented with a WBC of 257 K/µL with 95% 

eosinophils that was treated with leukocytapheresis. In a one-month period, 12 leukocytapheresis 

was performed, removing a total of 1.38 X 10
12
 eosinophils (11.5 X 10

10
 per procedure), 

resulting in a decrease in blood eosinophil count that continued to decrease over the next 6 

months to 2.5 K/µL. There was also clinical improvement with reduction in ischemic attacks, 

decrease in creatinine, reduction in splenomegaly, weight gain, and loss of night sweats (5). In 

1982, Davies et al reported a comparison between plasmapheresis and leukocytapheresis in 

treating patients with hypereosinophilia. Each plasma exchange processed 2.5 to 4.0 L of plasma 

and each leukocytapheresis removed 200 mL of packed buffy coat cells. Plasmapheresis resulted 

in a 90, 83, and 35% decrease in eosinophil count, while leukocytapheresis resulted in a 38, 27, 

and 35% decrease in the same 3 patients, indicating that plasmapheresis was more effective at 

reducing eosinophils. In all patients, the eosinophil count returned to the previous high level after 

7-18 hours post-procedure, and none showed clinical improvement (6). In 1990, Chambers et al 
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described a 26-year-old male with hypereosinophilia who was treated with both 

leukocytapheresis and plasmapheresis for greater than 1 year, to remove both the cells and any 

etiologic eosinophil growth or differentiating factor, but in the end required cytotoxic therapy. 

After hydroxyurea was discontinued due to drug-induced thrombocytopenia, 

leukoplasmapheresis was started due to clinical exacerbation and increasing WBC, first in short 

intensive treatment periods and later as a twice weekly therapy over a period of at least 17 

months. On average, each procedure processed between 2.7 and 3.4 L of plasma, and removed 

between 1.0 x 10
10
 to 2.3 x 10

10
 eosinophils. He also required vincristine on 2 separate occasions 

during this period. Combined leukoplasmapheresis in this case contributed to the management of 

acute exacerbations and provided a degree of stabilization of his disease (7). In 2005, Gwinner et 

al reported life-threatening complications in a 42-year-old female with severe eosinophilia who 

received leukocytapheresis. The first procedure resulted in status asthmaticus within 30 min of 

leukocytapheresis and required intensive care therapy. A second leukocytapheresis led to 

progressive bronchospasm and circulatory failure, requiring artificial ventilation. Activation and 

degranulation of eosinophils through contact with the extracorporeal surface and by mechanical 

cell trauma was hypothesized to be the most plausible mechanism (8). In summary, the six 

published case reports or series in the last 40 years provide conflicting data regarding the 

efficacy of leukocytapheresis in the treatment of hypereosinophilia, and highlight a potential risk 

that is specific to hypereosinophilia.  Comparing to the previous reports above, we achieved 

similar reductions in eosinophils. In previous reports, 1.0 to 22 x 10
10
 eosinophils and 27 to 38% 

reductions were achieved per leukocytapheresis. We removed 6.7, 2.8, 5.6, and 4.8 x 10
10
 

eosinophils for a 33.3, 20.0, 31.0, and 37.4% decrease for the first, second, third, and fourth 

leukocytapheresis, respectively.  
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We have two protocols for leukocytapheresis, the PMN and MNC. The PMN protocol is 

optimized to remove granulocytes, while the MNC protocol is optimized to remove mononuclear 

cells. The two protocols differ in three ways. First, the PMN protocol is optimized with the use 

of HES to allow for granulocyte harvest with minimal red cell content (10), while the MNC 

protocol is not. Of note, use of HES is contraindicated in patients with impaired cardiac or renal 

function, underlying coagulopathies such as DIC, or certain hereditary coagulation disorders, 

because HES expands blood volume and interferes with coagulation (11). Due to our patient’s 

impaired cardiac function, HES could not be used. Second, Spectra uses a deeper collection 

depth closer to the RBCs (hence the use of HES) for the PMN protocol, while it is shallower and 

closer to the platelet layer for the MNC protocol. Third, the inlet: anticoagulant (AC) ratio for the 

PMN and MNC protocols are 13:1 and 12:1, respectively, and thus the MNC protocol 

theoretically would result in a slightly less negative fluid balance.  

 

In our case, leukocytapheresis was effective in reducing the WBC and aEO counts in the setting 

of hypereosinophilia. The extent of leukoreduction was comparable to leukocytapheresis for 

other causes of hyperleukocytosis (13).  Between the two protocols, the percent decrease in 

WBC and eosinophil counts was slightly greater with the MNC protocol compared to PMN 

protocol without HES. However, the larger negative fluid balance seen with the PMN protocol 

might have resulted in a relatively higher post-procedure WBC and eosinophil counts due to a 

concentration effect.  And the difference in the timing of the blood draws also might have 

affected the lab data slightly as well.  For both protocols, the WBC reduction was without much 

change in peripheral eosinophil percentage due to the fact that nearly all WBCs were eosinophils 
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and the nature of the procedure being a non-selective reduction of WBC. The collection depth for 

the MNC protocol is shallower and nearer the platelets layer as discussed above, and did in fact 

result in a greater loss of platelets. The collection depth for the PMN protocol is deeper within 

the RBC layer, and especially without the use of HES, was expected to result in a greater RBC 

loss. However, hemoglobin (Hgb) levels remained the same or even increased after the 

procedure. Again, this may be due to the negative fluid balance after the procedure, resulting in a 

higher measured value due to a concentration effect.  Also, due to her low estimated total blood 

volume (approximately1400 mL), RBC priming of the tubing (285 mL) (12) was performed with 

each procedure, and was effective in maintaining a steady hemoglobin level pre- and post-

procedures.  

 

While a thorough review of the medical management of HEOS is outside the scope of this case 

report, it is of note that a combination of medical therapy that included imatinib successfully 

treated the HEOS in our patient. Imatinib was designed to be a specific inhibitor to the aberrant 

BCR/ABL1 kinase in chronic myelogenous leukemia (CML), and is most commonly used for the 

treatment of CML. In addition, imatinib has also been found to be a potent inhibitor of Abl, c-kit, 

platelet-derived growth factor receptor alpha (PDGFRA), and platelet-derived growth factor beta 

(PDGFRB) kinase activities (14, 15). The FIP1L1-PDGFRA fusion is very sensitive to imatinib, 

requiring lower doses than those used for treating CML to induce molecular remission, and the 

majority of patients with FIP1L1-PDFGRA-positive HEOS who are treated with imatinib 

achieve clinical, hematologic, and molecular remission (14,16-24). As such, for 

FIP1L1/PDGFRA-positive HEOS, imatinib is currently the first line therapy. However, our 

patient had FIP1L1/PDGFRA-negative HEOS. For these patients, glucocorticoids are the first 
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line therapy. If excessive glucocorticoids are required for a response, a second line therapy 

should be added (25). For these patients, interferon-alpha is recommended for those that also 

have abnormal clonal T cells; imatinib is recommended for those with myeloproliferative 

features (some of which have mutations of PDGFRA or PDGFRB with other fusion partners); 

and hydroxyurea or interferon-alpha is recommended for those without either of the above 

findings (14, 25-33). Our patient did respond to initial treatment with methylprednisolone 

followed by hydroxyurea, but still required leukocytapheresis to further reduce WBC counts and 

improve leukostasis. Imatinib was then added, and after additional leukocytapheresis, our patient 

continued to improve with only medical therapy. After extensive workup, our patient did not 

bear any mutations that imatinib is known to be effective against, nor did she show evidence of a 

myeloproliferative disorder or other mutations involving PDGFRA or PDGFRB with other 

fusion partners (by both gene rearrangement and next-generation sequencing techniques). In 

short, no known target for imatinib therapy was found. FIP1L1/PDGFRA-negative HEOS has 

been reported to respond to imatinib therapy, with 23 % (10 of 43 patients) achieving complete 

(6 patients) or partial (4 patients) response in one study (25). In another study, 40 % (6 of 15 

patients) of chronic eosinophilic leukemia without known molecular aberration treated with 

imatinib achieved complete hematological remission (34). These studies demonstrate some 

HEOS cases without known molecular aberrations may benefit from imatinib, as illustrated in 

our patient. It may be these cases harbor an undetected fusion of PDGFRA or PDGFRB with an 

alternate fusion partner. Our patient’s clinical course improved in the weeks following initiation 

of imatinib therapy in combination with steroids, hydroxyurea, and leukocytapheresis. The 

patient achieved remission and was without symptoms or eosinophilia at her last follow-up visit 

9 months after discharge.    
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Conclusions 

We report a case of idiopathic hypereosinophilic syndrome in a previously healthy 4-year-old 

female that was successfully treated with leukocytapheresis and medications. Both the PMN 

without HES and MNC leukocytapheresis protocols were similarly effective in reducing WBC 

and aEO count. The extent of eosinophil reduction achieved by both protocols per 

leukocytapheresis procedure is comparable to the extent of myelocyte and lymphocyte reduction 

in patients with various myeloid or lymphocytic leukemias, respectively. However, the PMN 

protocol resulted in a greater negative fluid balance and the MNC protocol resulted in greater 

platelet loss. Hemoglobin was stable with both protocols with RBC prime in our pediatric 

patient.  The choice of which leukocytapheresis protocol to use should be made with the 

knowledge of these differences and the particular context of the patient.  
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