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The patient is a 40-year-old woman with a history of posterior
cortical vein thrombosis, identified two years ago, and suc-
cessfully managed with apixaban. Hypercoagulability workup
(factor V Leiden, prothrombin gene mutation, antithrombin III,
protein C, protein S, and antiphospholipid syndrome tests) at
that time was normal. More recently, she presented to our in-
stitution with a new-onset pancytopenia. Her laboratory stud-
ies revealed a WBC of 2.6 X 10°/L, absolute neutrophil count of
1.8 X 10°/L, Hemoglobin of 11.2 g/dL, platelet count of 71 x 10°/L,
lactate dehydrogenase (LDH) (508 U/L; reference value, 100-
200), and haptoglobin (2mg/dL; reference value 30-200). A
bone marrow biopsy showed a slightly hypocellular marrow for
age (40%) without evidence of leukemia, lymphoma, or dyspla-
sia. Flow cytometry (FCM) analysis revealed a complete loss of
CD16 in granulocytes and loss of CD14 in mature monocytes
(Figure 1), whereas no monotypic B cells, abnormal T-cell pop-
ulations, or increased/immunophenotypically aberrant blasts
were found. Conventional cytogenetic analysis performed on
the marrow aspirate showed a normal female karyotype 46,
XX[20]. Fluorescence in situ hybridization was negative for nu-
meric abnormalities or deletions involving chromosomes 5, 7, 8,
or 20, and normal results were obtained from a next-generation
sequencing evaluating a panel of 75 myeloid neoplasm-related
genes. Given the bone marrow cellularity and FCM findings
for granulocytes and monocytes, a dedicated FCM analysis for
paroxysmal nocturnal hemoglobinuria (PNH) was performed
on the peripheral blood. A PNH clone was found in 99% of the
granulocytes, 93% of the monocytes, and in ~14% of the red
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blood cells; clone size was affected by hemolysis (Figure 2). The
patient was started on iptacopan, a complement inhibitor, and
showed significant improvement in blood counts during a three-
month follow-up.

Pancytopenia has many potential etiologies, including periph-
eral destruction of blood cells (due to various causes such as
hypersplenism, infection, and drugs), bone marrow failure
(genetic or acquired), autoimmune destruction, marrow re-
placement, maturational arrest due to nutritional/metabolic
deficiency, or clonal hematopoietic neoplasms, such as myelo-
dysplastic syndrome (MDS) or acute leukemia. Flow cytomet-
ric immunophenotypic analysis is commonly employed on
bone marrow samples in pancytopenia to rule out the presence
of leukemia and lymphoma and to assess the maturation pat-
terns of the myeloid populations using various myeloid-related
cell surface markers (CD11b, CD11c, CD13, CD14, and CD16).
The characteristic V-shaped maturation pattern in myeloid cells
when viewing a CD13/CD16 histogram is particularly helpful
for evaluating myeloid maturation (Figure 1, panel E) [1], and
alteration in this or other maturation patterns can be indicative
of an underlying myeloid precursor disorder.

Although peripheral blood is the preferred specimen in evaluat-
ing PNH, bone marrow aspirate is frequently submitted for FCM
in patients with unexplained cytopenia and demonstrates great
utility in PNH. Bone marrow FCM can rapidly evaluate mono-
cytes and granulocytes for deficient markers, such as CD14,
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FIGURE1 | Initial bone marrow flow cytometry analysis. (A-C): Analysis from our patient, showing a standard CD45/side scatter plot (panel A),
and immunophenotypic evidence of CD14 loss in monocytes (blue population; panel B), and CD16 loss in granulocytes (green population; panel C).
(D, E): Flow cytometric analysis in a control patient without PNH, showing a normal immunophenotype and maturation pattern for monocytes and
granulocytes (note the characteristic V-shaped maturation pattern in the granulocytes; panel E).
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FIGURE 2 | Dedicated peripheral blood flow cytometry analysis for paroxysmal nocturnal hemoglobinuria (PNH) in our patient. (A) Red blood
cell analysis shows a PNH clone within red blood cells (~14%), including partial CD59 deficiency (type II: 13.2%; teal box) and complete CD59 defi-
ciency (type III: 0.43%; blue box). Clone size may be affected by hemolysis. (B) White blood cell analysis shows a complete lack of CD24 and FLAER
in 99% of the granulocytes and a lack of CD14 and FLAER in 93% of the monocytes. FLAER, fluorescein-labeled proaerolysin (reagent derived from
the bacterial toxin aerolysin that directly binds to glycophosphatidyl-inositol anchors).
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CD16, CD24, CD52, CD55, CD58, and CD59. This diagnostic
tool constitutes a rapid and effective indicator for further con-
firmatory testing of this diagnostically challenging disease with
diverse clinical manifestations.

PNH is a rare, acquired hematopoietic stem cell disorder char-
acterized by hemolytic anemia, thrombosis, and recurrent in-
fections due to leukopenia. It is caused by a mutation in the
X-linked PIGA gene, which leads to a partial or complete loss
of glycophosphatidyl-inositol (GPI) anchors. These anchors
help stabilize proteins such as CD55 and CD59 on the cell sur-
face, inhibiting complement activation. Without these GPI an-
chors, cells become susceptible to complement-mediated lysis,
leading to hemolytic anemia and white blood cell destruction.
Thrombosis can occur in up to 40% of patients before treatment.
The hypercoagulability in PNH is due to increased free hemo-
globin levels and complement C5a, leading to vasoconstriction
and release of prothrombotic cytokines. FCM is a key diagnos-
tic tool in PNH, as it can detect the characteristic loss of GPI-
anchored proteins from affected blood cells, a pattern that is not
typically found in any other entities that cause pancytopenia
[2]. In our case, the detection of CD16 loss in granulocytes and
CD14 loss in monocytes further warranted a workup that would
confirm the presence of a PNH clone. Without FCM, the under-
lying cause of pancytopenia would have remained unknown,
and the diagnosis would have been delayed or missed. Flow cy-
tometry guidelines for MDS diagnosis emphasize that upon loss
of CD16, the presence of PNH should be considered, especially
when mature monocytes also lack CD14 [3].
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