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ABSTRACT

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare clonal disease that can present
with hemolysis, thrombosis, and bone marrow failure, frequently associated with aplastic
anemia (AA). This study aims to report the case of a young patient diagnosed with PNH who
developed severe pancytopenia and AA. This is a case report study, conducted at the Alvaro
Alvim Teaching Hospital, in Campos dos Goytacazes (RJ), in the year 2025. The diagnostic
investigation included laboratory tests, bone marrow biopsy, and flow cytometry, which
confirmed the presence of PNH clone and bone marrow aplasia. However, while the patient
was waiting for transfer to a tertiary hospital unit for bone marrow transplantation, he
presented with severe infectious and hemorrhagic complications, evolving to death. It is
concluded that the overlap between PNH and AA represents a significant clinical challenge,
requiring early diagnosis and specialized intervention to avoid unfavorable outcomes

RESUMO

A hemoglobintria paroxistica noturna (HPN) é uma doenca clonal rara que pode cursar
com hemolise, trombose e faléncia medular, frequentemente associada a anemia
aplastica (AA). Este estudo tem como objetivo relatar o caso de um paciente jovem com
diagnostico de HPN que evoluiu com pancitopenia grave e AA. Trata-se de um estudo
do tipo relato de caso, realizado no Hospital Escola Alvaro Alvim, em Campos dos
Goytacazes (RJ), no ano de 2025. A investigacao diagndstica incluiu exames laboratoriais,
bidépsia de medula 6ssea e citometria de fluxo, que confirmaram a presencga de clone
HPN e aplasia medular. No entanto, enquanto o paciente aguardava transferéncia para
uma unidade hospitalar tercidria para a realizagdo de transplante de medula 6ssea,
apresentou quadro infeccioso e hemorragico grave, evoluindo para 6bito. Conclui-se
que a sobreposicao entre HPN e AA representa um importante desafio clinico, exigindo
diagnostico precoce e intervencgdo especializada para evitar desfechos desfavoraveis.

This work is licensed under a creative commons license. Users are allowed to copy; redistribute the works by any means or format,
By and also, based on their content, reuse, transform or create, for legal, even commercial, purposes, as long as the source is cited.
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INTRODUCTION

Aplastic anemia is a hematological disor-
der of low incidence, characterized by pro-
gressive bone marrow failure, which is respon-
sible for the production of blood cells. This
condition leads to pancytopenia, that is, the
simultaneous reduction of erythrocytes, leu-
kocytes, and platelets, resulting from hypopla-
sia or absence of medullary hematopoietic
activity. When not properly diagnosed and
treated, aplastic anemia may have a fatal out-
come, with high mortality rates. It is believed
that, in most cases, the etiology of the disease
is related to autoimmune mechanisms, in
which the immune system itself attacks hema-
topoietic stem cells, negatively interfering with
their regenerative function!.

Although not all factors triggering the pa-
thology are fully understood, it is known that
external agents, such as medications, chemical
agents, and viral infections, may induce chang-
es in the immune response, promoting de-
struction or inhibition of hematopoietic stem
cells. Certain medications have been implicat-
ed in the development of aplastic anemia
through different mechanisms. While chemo-
therapeutic agents cause dose-dependent
bone marrow suppression, other substances
may induce the condition through idiosyncrat-
ic reactions, that is, unpredictable and not re-
lated to the administered dose, according to
Giudice and Selleri2.

In addition, according to Schoettler and
Nathan?, prolonged exposure to environmen-
tal and occupational factors, such as ionizing
radiation, organic solvents, pesticides, insec-
ticides, and industrial chemical substances,
also represents a significant risk. Among these
factors, benzene is one of the most extensive-
ly studied compounds and is strongly associ-
ated with the occurrence of aplastic anemia,
particularly in cases of chronic exposure, even
at relatively low concentrations.

Some viral infections have been implicat-

ed as potential triggers of aplastic anemia (AA),
especially those that directly affect hemato-
poietic cells or alter the host immune response.
Among the most relevant viral agents in this
context are the human immunodeficiency virus
(HIV) and parvovirus B19. These viruses may
interfere with bone marrow function, causing
suppression of blood cell production and con-
tributing to the development of the clinical
manifestations of AA*.

In addition to acquired causes, certain
inherited genetic disorders, according to De-
valet et al.’, may also predispose individuals to
aplastic anemia. The main related genetic con-
dition is Fanconi anemia, a rare syndrome
characterized by progressive pancytopenia,
high susceptibility to the development of he-
matologic malignancies, and multiple congen-
ital anomalies. Frequently observed physical
findings include microcephaly, hyperpigment-
ed “café-au-lait” skin spots, short stature, and
delayed growth. Diagnosis is usually estab-
lished during childhood, although in some cas-
es confirmation occurs only in adulthood.

Another hereditary condition associated
with bone marrow failure is Shwachman-Dia-
mond syndrome ¢, which predominantly man-
ifests in childhood. This syndrome is charac-
terized by bone marrow insufficiency, often
presenting as intermittent neutropenia and, in
some cases, aplastic anemia. SDS is also
marked by exocrine pancreatic dysfunction,
leading to malabsorption and digestive prob-
lems, as well as skeletal abnormalities.

Romeo and Romeo’ highlight that parox-
ysmal nocturnal hemoglobinuria (PNH) is a rare
clonal disease caused by somatic mutations in
the PIG-A gene, located on the X chromosome,
which is essential for the biosynthesis of gly-
cosylphosphatidylinositol (GPI)-anchored pro-
teins on the cell surface. These mutations re-
sult in deficiency of important regulatory
proteins, such as CD59, which normally protect
blood cells from complement-mediated dam-
age. The absence of these proteins makes red
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blood cells particularly susceptible to comple-
ment-mediated lysis, leading to chronic intra-
vascular hemolysis, recurrent thrombosis, and,
in many cases, bone marrow failure.

According to Amaral®, PNH may present
clinical manifestations that overlap with those
of AA, and coexistence of the two conditions
is common. Flow cytometry-based studies
have shown that, in certain populations, up to
half of patients diagnosed with AA exhibit cel-
lular clones characteristic of PNH, indicating
a pathological interrelationship between the
two diseases.

Freitas® emphasizes that the manifesta-
tion of PNH depends on two main factors: fail-
ure of normal hematopoiesis and the selective
advantage acquired by mutant clones, favored
by an immune response against normal cells
that express GPI-anchored proteins. This se-
lective pressure allows the expansion of defi-
cient cells, contributing to the predominance
of the PNH clone. When this process signifi-
cantly compromises bone marrow function,
secondary aplastic anemia may occur. Inter-
estingly, even healthy individuals may harbor
small populations of cells with PIG-A gene
mutations similar to those seen in PNH. How-
ever, for these mutant cells to expand to the
point of causing clinical disease, an altered
hematopoietic environment is required, such
as immune-mediated bone marrow suppres-
sion, which favors clonal selection.

This study aims to present a case report
of aplastic anemia in a young patient previous-
ly diagnosed with paroxysmal nocturnal he-
moglobinuria, with emphasis on the main clin-
ical and laboratory findings, as well as the
therapeutic approaches adopted. Although the
association between AA and PNH is well doc-
umented in the medical literature, its occur-
rence in young patients may represent a diag-
nostic and therapeutic challenge. Through this
report, the intention is to expand knowledge
regarding the clinical manifestations and pro-
gression of this rare condition, highlighting the

relevance of early diagnosis, individualized
management, and follow-up by a specialized
multidisciplinary team. This case report was
approved by the ethics committee of Faculdade
de Medicina de Campos under CAAE
89353625.8.0000.5244. The approval opinion
number is 7.711.627.

CASE REPORT

A 20-year-old male patient, single, stu-
dent, born and residing in the municipality of
Campos dos Goytacazes, Rio de Janeiro, sought
care at the emergency unit of a public hospital
in the same city. The main complaint was pro-
gressively worsening asthenia, associated with
frequent episodes of vertigo, with marked de-
terioration over the previous seven days. Initial
physical examination revealed marked cutane-
ous and mucosal pallor, with no apparent signs
of bleeding or other systemic abnormalities.
Given the severity of the condition, an urgent
complete blood count was requested, which
demonstrated severe pancytopenia, leading to
immediate hospitalization for clinical stabili-
zation with blood transfusion and initiation of
diagnostic investigation.

Subsequently, the patient was transferred
to a public hospital for specialized evaluation.
At hospital admission, he remained marked-
ly pale and presented multiple hypochromic
lesions distributed over the trunk and upper
limbs, suggestive of pityriasis versicolor, with
no other significant abnormalities on gener-
al or neurological physical examination. A re-
peat complete blood count confirmed severe
anemia (hemoglobin 5.42 g /dL and hematocrit
18.5%), marked leukopenia (1,450 leukocytes/
mm?, with 18% segmented neutrophils and 77%
lymphocytes), and severe thrombocytopenia
(platelets = 11,100 /mm?).

During anamnesis, the patient denied
weight loss, night sweats, fever, or recent in-
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fectious symptoms. He reported no preexisting
comorbidities, no continuous medication use,
and denied smoking, family history of hema-
tologic or malignant diseases, as well as oc-
cupational exposure to solvents, pesticides, or
other toxic chemical substances. For etiologi-
cal investigation, serological tests for hepatitis
B and C, HIV types 1 and 2, and parvovirus B19
were requested, all of which were nonreactive.
These findings reinforced the need for further
investigation for the differential diagnosis of
bone marrow failure, with suspicion of aplastic
anemia associated with paroxysmal nocturnal
hemoglobinuria.

Given the persistent pancytopenia with-
out an evident cause in the initial investiga-
tions, a bone marrow biopsy was indicated to
elucidate the etiology of the hematopoietic fail-
ure. Histopathological examination of the mar-
row sample revealed hypocellular bone marrow
with significant replacement by adipose tissue,
characterizing severe marrow aplasia. No atyp-
ical cells, blasts, or neoplastic infiltrates were
identified, ruling out, at that time, the hypoth-
esis of malignant hematologic diseases such as
leukemias or myelodysplastic syndromes. The
biopsy demonstrated so-called “empty mar-
row, that is, bone marrow poor in hematopoi-
etic cells and predominantly composed of fat,
typical of aplastic anemia.

While awaiting the final biopsy report,
progressive worsening of thrombocytope-
nia was observed, with a marked decrease in
platelet count. This condition led to the ap-
pearance of clinical signs of bleeding, includ-
ing active gingival bleeding and petechiae on
the palatal mucosa. Given the hemorrhagic
risk, intensive transfusional support was re-
quired, with multiple transfusions of packed
red blood cells and platelets, aiming to main-
tain hemodynamic stability and prevent more
severe hemorrhagic events.

With the clinical picture still lacking a
clearly defined etiology, specific complemen-

tary tests were requested to investigate in-
herited and acquired causes of bone marrow
failure. Genetic screening for Fanconi anemia,
performed through chromosomal fragility
testing, yielded negative results, excluding this
possibility. In parallel, investigation for parox-
ysmal nocturnal hemoglobinuria was request-
ed and performed by flow cytometry, which
detected a significant population of cells defi-
cient in GPI-anchored proteins, such as CD55
and CD59, confirming the diagnosis of PNH as-
sociated with bone marrow aplasia. These find-
ings allowed the diagnosis of aplastic anemia
secondary to clonal expansion of PNH cells, a
condition that requires specialized therapeutic
management and multidisciplinary follow-up.

After diagnostic confirmation of AA, trans-
fer of the patient to a tertiary care hospital
with adequate infrastructure for bone marrow
transplantation and specialized treatment of
the underlying disease was promptly request-
ed. However, while awaiting bed availability for
transfer, the patient’s clinical condition dete-
riorated rapidly.

The patient developed persistent fever
for three consecutive days, with axillary tem-
peratures above 37.7 °C and a peak temperature
of 39.4 °C. The febrile condition became asso-
ciated with progressive dyspnea, tachypnea,
oxygen desaturation, and clinical signs con-
sistent with acute respiratory failure, strongly
suggesting the development of sepsis with a
pulmonary focus, possibly secondary to immu-
nosuppression caused by bone marrow aplasia.

Given the severity of the condition, the pa-
tient was urgently transferred to the Intensive
Care Unit (ICU), where further deterioration
of respiratory function occurred, culminat-
ing in the need for orotracheal intubation and
initiation of invasive mechanical ventilation.
In parallel, broad-spectrum antibiotic therapy
was initiated with meropenem and vancomy-
cin, in accordance with the institutional proto-
col for empirical treatment of severe sepsis in
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immunocompromised patients, with a planned
course of 10 days, depending on clinical evolu-
tion and microbiological results.

Despite intensive therapeutic measures,
the patient developed severe blood dyscrasia,
with significant hemorrhagic manifestations,
including spontaneous bleeding that was re-
fractory to platelet transfusions and other blood
components. Coagulation abnormalities and
progressive multiorgan failure did not respond
to the instituted therapies. Unfortunately, the
patient died due to septic shock and hemorrhag-
ic complications associated with severe bone
marrow failure, before transfer to the special-
ized transplant center could be accomplished.

DISCUSSION

In patients with severe pancytopenia, the
diagnostic investigation must be careful and
comprehensive, as this condition may have
multiple causes, including acquired, infectious,
immunological, toxic, and genetic factors. The
first step is the performance of basic laborato-
ry tests, such as a complete blood count with
reticulocyte count, which allows assessment
of bone marrow erythropoietic activity. In par-
allel, measurements of vitamin B12, folic acid,
and ferritin are requested, along with liver and
renal function tests and thyroid function tests,
since metabolic dysfunctions may also con-
tribute to hematological abnormalities.

The etiological investigation should also
include serological tests for infectious agents,
such as hepatitis B and C viruses, HIV, Epstein—
Barr virus, cytomegalovirus, and parvovirus
B19, as these viral agents are capable of trig-
gering or exacerbating bone marrow suppres-
sion. After this initial screening, bone marrow
aspiration and biopsy become indispensable,
as they are essential to evaluate marrow cellu-
larity, exclude neoplastic infiltration or lymph-
oproliferative disorders, and confirm the diag-

nosis of aplastic anemia when hypocellularity
is observed without evidence of dysplasia or
malignancy.

In cases such as that of this patient, with
suspected aplastic anemia, the investiga-
tion must include specific tests for inherited
and acquired diseases associated with bone
marrow failure. One such disease is Fanconi
anemia, for which screening is performed us-
ing chromosomal fragility tests, such as the
diepoxybutane test, capable of detecting the
genomic instability typical of this genetic syn-
drome. According to Sharma, Sharma, and
Sharma®, Fanconi anemia represents the main
inherited cause of bone marrow failure and is
frequently associated with congenital malfor-
mations and a predisposition to hematologic
malignancies.

Another condition that must be investi-
gated is paroxysmal nocturnal hemoglobin-
uria, which, although rare, has a strong as-
sociation with aplastic anemia. Screening is
performed by flow cytometry, which identifies
cells deficient in GPI-anchored proteins, such
as CD55 and CD59. Studies by Szlendak et al.!
demonstrate that up to 40% of patients with
AA have detectable PNH clones, which may in-
fluence therapeutic approach and prognosis.

The pathophysiology of PNH is based on
a somatic mutation in the PIG-A gene, locat-
ed on the X chromosome, which is essential
for the biosynthesis of GPI-anchored proteins
responsible for protecting blood cells from
complement-mediated lysis. The absence of
these proteins, especially CD55 and CD59,
renders erythrocytes vulnerable to intravas-
cular destruction, resulting in chronic hemo-
lysis, recurrent thrombosis, and possible bone
marrow failure. Brodsky'? highlights that this
failure is often associated with immune-me-
diated suppression of normal hematopoiesis,
favoring clonal expansion of the mutated cells.

Considering the diagnosis of severe aplas-
tic anemia and the presence of a PNH clone,
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the patient was referred to a tertiary reference
center for evaluation for bone marrow trans-
plantation, the most effective curative treat-
ment for young individuals with a compatible
donor. This decision is based on the fact that,
in patients younger than 40 years, allogeneic
bone marrow transplantation from a matched
related donor offers higher survival rates and
a lower risk of disease relapse!®.

While awaiting transfer, the use of im-
munosuppressive therapy was considered as a
temporary alternative. This treatment consists
of the combination of antithymocyte globulin,
commonly of equine origin, cyclosporine, and
more recently eltrombopag, a thrombopoietin
receptor agonist that stimulates the prolif-
eration of residual hematopoietic stem cells.
According to Fiireder et al.'4, the addition of
eltrombopag to standard immunosuppressive
therapy significantly increased hematologic
response rates, including in patients without
a PNH clone.

Deficiency of GPI-anchored proteins leads
to an imbalance between cell formation and
destruction, resulting in a broad clinical spec-
trum. The classic presentation includes chronic
or episodic intravascular hemolysis, thrombo-
sis at unusual sites (such as hepatic and cere-
bral veins), nocturnal urinary symptoms, severe
fatigue, erectile dysfunction, and progressive
bone marrow failure. In many cases, PNH coex-
ists with other hematologic disorders, such as
myelodysplastic syndromes or aplastic anemia,
which contributes to the clinical complexity of
diagnosis and treatment®.

Bektas!® demonstrates that PNH may arise
in two main contexts: in an apparently healthy
individual who spontaneously develops a PNH
clone or, more frequently, in patients with a
previously compromised hematopoietic envi-
ronment, such as in aplastic anemia, in which
immune-mediated attack against hematopoi-
etic stem cells favors the survival and expan-
sion of mutant PIG-A-deficient clones. Fiireder

et al** highlight that immunological selective
pressure against normal cells allows GPI-de-
ficient clones to expand, which explains the
pathogenic relationship between AA and PNH.

In cases of severe pancytopenia, such as
those observed in PNH associated with bone
marrow failure, the initial diagnostic approach
should include a series of fundamental labo-
ratory tests. Peripheral blood smear evalua-
tion allows morphological assessment of blood
cells and may reveal indirect signs of hemo-
lysis, such as spherocytes and polychromasia.
Reticulocyte count provides information on
bone marrow erythropoietic activity, while se-
rum levels of lactate dehydrogenase, indirect
bilirubin, and haptoglobin aid in identifying
active hemolysis. Coagulation tests, liver and
renal function tests, as well as serum uric acid
and calcium measurements, are useful in as-
sessing complications related to cell destruc-
tion and the patient’s overall condition.

When a primary hematologic disorder is
suspected as the cause of pancytopenia, bone
marrow aspiration and biopsy are indispens-
able. These examinations allow evaluation of
marrow cellularity, as well as the presence of
dysplasia, neoplastic infiltrates, or fibrosis.
According to Brodsky'®, the investigation of
severe pancytopenia should always consider
diseases such as PNH, myelofibrosis, myelo-
dysplastic syndromes, chronic viral infections
(such as HIV and hepatitis C), and genetic syn-
dromes such as Fanconi anemia, diagnosed by
chromosomal fragility testing.

In the present case, detection of a PNH
clone by flow cytometry, associated with se-
vere hematopoietic failure, indicated a poor
prognosis for immunosuppressive therapy
alone. In such contexts, response to chemo-
therapy is generally unsatisfactory, especially
when there is extensive marrow involvement.
For this reason, the patient was referred for
evaluation and subsequent allogeneic hema-
topoietic stem cell transplantation (HSCT),
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which represents the only therapeutic option
with definitive curative potential. According to
Dufour and Pierri”, HSCT offers the best long-
term survival rates in young patients with a
matched related donor, especially when per-
formed early after diagnosis.

While awaiting transplantation, the pa-
tient could be managed with combined im-
munosuppressive treatment, including anti-
thymocyte globulin, cyclosporine A, and more
recently eltrombopag. The latter is a nonpep-
tide thrombopoietin receptor agonist (TPO-RA)
that stimulates the proliferation of hematopoi-
etic progenitor cells, promoting not only plate-
let recovery but also increases in neutrophils
and erythrocytes. According to Libardi et al.’%
the addition of eltrombopag to standard immu-
nosuppressive therapy resulted in significantly
higher hematologic response rates, especially
in patients with aplastic anemia without a PNH
clone, but it also showed benefit in cases of
overlap between PNH and AA.

Finally, therapeutic decision-making in
cases of PNH associated with bone marrow
failure must take into account patient age,
severity of the clinical condition, presence of
pathological clones, availability of compatible
donors, and the risk of infectious and throm-
botic complications. Allogeneic transplanta-
tion, although complex and associated with
significant risks, offers the greatest chance of
disease eradication and complete restoration
of hematopoiesis.

The case analyzed highlights the high
clinical complexity of the association be-
tween aplastic anemia and paroxysmal noc-
turnal hemoglobinuria, conditions that re-
quire meticulous diagnostic investigation, a
multidisciplinary approach, and timely ther-
apeutic decision-making. Confirmation of
the mutation responsible for impairment of
GPI-anchored proteins, together with bone
marrow failure, demonstrated the clonal and
immune-mediated nature of the disease, re-

inforcing the need for management based on
clinical, hematological, and immunological
parameters. It was observed that overlap of
PNH with aplastic anemia reduces the effec-
tiveness of conventional immunosuppressive
therapies and, in severe cases, makes alloge-
neic bone marrow transplantation the main
option with curative potential. The rapid
clinical deterioration, marked by infections,
bleeding, and organ failure, underscored the
need for rapid access to referral centers and
intensive specialized support. Finally, the un-
favorable outcome emphasizes the urgency
of optimizing care pathways and expanding
studies investigating targeted therapies ca-
pable of prolonging clinical stability in the
pre-transplant period, thereby contributing
to improved prognoses in young patients af-
fected by this rare and aggressive association.
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