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AbsTrAcT 
Paroxysmal nocturnal hemoglobinuria is a rare, nonmalignant, acquired disease that mani-

fests as hemolytic anemia, bone marrow failure and thrombosis that occurs due to a somatic mu-
tation in the PIG-A gene. Here, regardless of treatment, we assessed the baseline characteristics 
and clinical profile of patients with a confirmed paroxysmal nocturnal hemoglobinuria diagnosis 
or detectable paroxysmal nocturnal hemoglobinuria clone. 

A total of 16 patients, 10 male and 6 females, who presented to our center between April 2016 
to March 2020 and diagnosed with paroxysmal nocturnal hemoglobinuria were provided treat-
ment for the management of their condition. Information regarding patients’ medical and treat-
ment history, comorbid conditions, paroxysmal nocturnal hemoglobinuria clone size, disease 
characteristics and outcomes, symptoms, paroxysmal nocturnal hemoglobinuria -specific treat-
ments, paroxysmal nocturnal hemoglobinuria -related events, morbidity, mortality, and quality of 
life were collected. Data including hemoglobin levels, transfusion requirements, renal dysfunc-
tion, thrombotic events and other laboratory data were collected. 

Frequently reported symptoms included fatigue (75%), dyspnea (44%), hemoglobinuria (25%), 
and abdominal pain (44%) with an overall 44% hospitalization rate due to related complications. 
Median granulocyte PNH clone size was 36.3% (range 14-78 percent). Overall, 37.5% patients 
had classical paroxysmal nocturnal hemoglobinuria and 62.5% patients had paroxysmal noc-
turnal hemoglobinuria with secondary bone marrow disorders. Post individualized therapy; the 
mortality rate was 18.75%. Presently 13 patients are on follow up with either steroids (38.5%), 
steroids with danazol (23%), cyclosporine (7.7%), thalidomide (7.7%), or intermittent blood 
product support (23%).

The data from this study can be used to identify the patterns that would indicate the necessity 
for a diagnosis of paroxysmal nocturnal hemoglobinuria and to identify the diagnostic outcomes. 
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cases, a poor quality of life  [Brodsky R, 2014; 
Schrezenmeier H et al., 2014]. The incidence and 
prevalence of PNH is estimated to be approxi-
mately 1.3 per million annually and 16 per million, 
respectively. It usually develops between 30 – 40 
years of age, although initiation of physical symp-
toms can occur at any age  [Hill A, 2006]. Uncon-
trolled complement activity in PNH results in sys-
temic complications, mostly due to intravascular 
hemolysis and platelet activation  [Schrezenmeier 

iNTroducTioN

Paroxysmal nocturnal hemoglobinuria (PNH) is 
a rare, acquired bone marrow disorder that is pri-
marily characterized by hemolytic anemia, throm-
bosis, peripheral blood cytopenias, and in most 
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H et al., 2014]. Paroxysmal nocturnal hemoglobin-
uria is a life-threatening disease where the cellular 
abnormalities develop from an acquired mutation 
in the phosphatidylinositol glycan class A) gene in 
a self-renewing hematopoietic stem cell, followed 
by clonal expansion. The first step in the synthesis 
of the glycosylphosphatidylinositol (GPI) anchor 
is mediated by the PIGA protein. The GPI anchor 
is a glycolipid that links various cell surface pro-
teins to the plasma membrane of hematopoietic 
cells. The mutation results in a deficiency of gly-
cosylphosphatidylinositol (GPI)-anchored com-
plement regulatory proteins, including CD55 and 
CD59, on the surface of blood cells that causes 
complement‐mediated intravascular hemolysis, 
promotion of inflammatory mediators, and sys-
temic hemoglobin release  [Parker C et al., 2005; 
Hill A et al., 2013;Schrezenmeier H et al., 2014;]. 
A marked increase in the risk of thromboembolism 
is observed in patients with chronic hemolysis, 
that could eventually lead to target organ damage, 
and ultimately, death  [Parker C et al., 2005].

Paroxysmal nocturnal hemoglobinuria has been 
classified into three subcategories, such as classic 
PNH where the patients have clinical evidence of 
intravascular hemolysis, but have no evidence of 
another defined bone marrow abnormality, PNH in 
the setting of another specified bone marrow disor-
der where the patients have clinical and laboratory 
evidence of hemolysis but also have concomi-
tantly, or have had a history of, a defined underly-
ing marrow abnormality (e.g., PNH/aplastic ane-
mia or PNH/refractory anemia- myelodysplastic 
syndrome), and subclinical PNH (PNH-sc) where 
the patients have no clinical or laboratory evidence 
of hemolysis  [Parker C et al., 2005].

Thrombosis, which occurs in up to 40% of pa-
tients, is responsible for the greatest number of 
deaths in PNH, inspite of its rare symptomatic 
presentation. Thromboembolism accounts for 
nearly 40% to 67% of the deaths due to PNH. The 
frequency of occurrence of one thromboembolic 
event during the course of this disease is 29% to 
44%, although the reasons behind the sudden 
thrombotic event remain an enigma  [Hill A et al., 
2013; Schrezenmeier H et al., 2014]. The most 
frequent symptom in patients with PNH is fa-
tigue; the other symptoms include abdominal 
pain, headache, shortness of breath (dyspnea), 

dysphagia, and erectile dysfunction. These symp-
toms can be debilitating and significantly reduce 
the quality of life (QoL) of patients with PNH. 
Another risk associated with PNH is chronic renal 
tubular damage caused by microvascular throm-
bosis and accumulation of iron deposits.

Although allogeneic bone marrow transplanta-
tion is the only potentially curative therapy for 
PNH, it is offered for refractory PNH, secondary 
PNH patients with profound cytopenias or malig-
nant transformation. This therapy is association 
with considerable morbidity and mortality  
[Schrezenmeier H et al., 2014]. Supportive mea-
sures such as blood transfusions and anticoagula-
tion therapy have been the favored therapies for 
the management of PNH; however, prophylactic 
anticoagulation has been associated with an in-
creased risk of bleeding complications  [Schrezen-
meier H et al., 2014]. Since complement-medi-
ated cytolysis results in hemolysis, PNH therapy 
should involve inhibition of the complement. The 
complement inhibitor eculizumab, a humanized 
monoclonal antibody against complement C5, is a 
widely effective therapy for patients with classi-
cal PNH. Eculizumab has been shown to effec-
tively control the signs and symptoms of hemoly-
sis and markedly improved the quality of life of 
PNH patients. Notably, significant adverse events 
with eculizumab have not been reported. More-
over, corticosteroids have reportedly improved 
hemoglobin levels and reduced hemolysis in 
some PNH patients.

In the current study, we assessed the baseline 
characteristics and clinical profile of patients with 
a confirmed paroxysmal nocturnal hemoglobinuria 
diagnosis or detectable paroxysmal 
nocturnal hemoglobinuria clone 
and initiated individualized treat-
ment based on their symptoms and 
associated risk factors.
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mATeriAls ANd meThods

Patient Population
The study was conducted between April 2016 to 

March 2020 at our centre after obtaining permis-
sion from Institutional Ethics Committee (IEC: 
613/2016). The work was carried out in accordance 
with The Code of Ethics of the world Medical As-
sociation (Declaration of Helsinki). Informed con-
sent was obtained from all the participants. A total 
of 16 patients, 10 males and 6 females, aged 14 – 
66 years, were included in the study. Inclusion cri-
teria involved a clinical diagnosis of PNH or de-
tection of ≥5% PNH clone. A paroxysmal noctur-
nal hemoglobinuria clone was defined as a popula-
tion of granulocytes and/or erythrocytes deficient 
in GPI. Informed consent was obtained from all 
the participants.

data collection
Information regarding patients’ medical and 

treatment history, comorbid conditions, paroxys-
mal nocturnal hemoglobinuria clone size, disease 
characteristics and outcomes, symptoms, paroxys-
mal nocturnal hemoglobinuria-specific treatments, 
paroxysmal nocturnal hemoglobinuria-related 
events, morbidity (including myeloproliferative/
myelodysplasia/aplastic anemia, other malignan-
cies), mortality, and quality of life were collected 
and recorded.

Data collected from clinical assessments in-
cluded hemoglobin levels, transfusion require-
ments, renal dysfunction, thrombotic events (iden-
tified using major adverse vascular event catego-
ries), and other laboratory data. Data were pre-
sented as frequency (%).

Management of Paroxysmal nocturnal hemo-
globinuria

The therapies for the management of paroxys-
mal nocturnal hemoglobinuria included anticoagu-
lation, immunosuppression, bone marrow trans-
plant, and intermittent blood product support. The 
various drugs and their doses are listed in Table 1.

resulTs

demographic characteristics
Here, we report the characteristics of the 16 pa-

tients, 10 males and 6 females, diagnosed with par-
oxysmal nocturnal hemoglobinuria between April 
2016 to March 2020 and treated at our centre. The 
median age of the patients was 39 years. As shown 
in Figure 1, the patients frequently presented with 
symptoms, such as fatigue (75%), dyspnea (44%), 
hemoglobinuria (25%), and abdominal pain (44%). 
Overall, 44% of the patients had been hospitalized 
due to paroxysmal nocturnal hemoglobinuria-re-
lated complication. Moreover, 6.25% of patients 
had a history of thrombotic events and 12.5% a 
history of impaired renal function.

clinical diagnosis
Blood analysis at first visit revealed that 37.5% 

patients had classical paroxysmal nocturnal hemo-
globinuria and 62.5% patients had paroxysmal 
nocturnal hemoglobinuria with secondary bone 
marrow disorders (BMDs). The patients with sec-
ondary bone marrow disorders were diagnosed ei-
ther with aplastic anemia or hypoplastic anemia 
(43.75%) and myelodysplastic syndromes 
(18.75%). As shown in Figure 2, 62.5% of the pa-
tients had pancytopenia, 25% had bicytopenia, and 
12.5% had anemia. 

Flow cytometric analysis of the peripheral 
blood revealed that the median granulocyte parox-
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Figure 1. Symptoms presented by the patients at their 
first visit.

Figure 2. Clinical presentations of the patients with 
paroxysmal nocturnal hemoglobinuria.
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ysmal nocturnal hemoglobinuria clone size was 
36.3% (range 14%-78%). Patients without a his-
tory of BMD presented with a larger clone size, the 
median clone size being significantly larger com-
pared to patients who had at any point been diag-
nosed with associated BMD (43.3% vs. 32.1%). 

efficacy of the therapies for Paroxysmal noc-
turnal hemoglobinuria

Table 2 lists the therapies provided to the pa-
tients based on their clinical diagnosis. Anticoagu-
lation therapy was provided to (6.25% of the pa-
tients, immunosuppressive therapy to 66.25% pa-
tients, bone marrow transplant to 18.75% patients, 
and intermittent blood product support to 18.75% 
of the patients. However, unfortunately three pa-
tients died even after the therapy. Presently, the 
remaining 13 patients are on follow up therapy ei-
ther with steroids (38.5%;5/13), steroids along 
with danazol (23%;3/13), cyclosporine 
(7.7%;1/13), thalidomide (7.7%;1/13), and inter-
mittent blood product support (23%; 3/13).

discusioN

The current clinical investigation evaluated the 
base-line characteristics of the patients who re-
ported to our centre with symptoms of paroxysmal 
nocturnal hemoglobinuria. Our patient population 
had a high morbidity rate at enrollment; 43.75% of 
patients had aplastic anemia or hypoplastic ane-
mia, 18.75% had myelodysplastic syndromes, 
12.5% had a history of impaired renal function, 
and 6.25% of the patients had experienced at least 
one thrombotic event. Three patients died inspite 
of therapy while in the remaining 13 patients; ther-
apeutic support was continued either with immu-
nosuppressive drugs or blood transfusion. Parox-
ysmal nocturnal hemoglobinuria occurs in both 
men and women equally. Although it is usually 
diagnosed in young adulthood, it can occur at any 
age. The symptoms could be many or just a few, 
the most frequently reported symptom being fa-
tigue. The severity of the condition depends on the 
number of faulty blood cells in the patients’ body. 
In our study, therapy was individualized depend-
ing on the severity of the patients’ condition and 
the presence of other risk factors.

At present, allogeneic bone marrow transplan-
tation is the only curative therapy for the eradica-
tion of paroxysmal nocturnal hemoglobinuria 

clone in patients with classical PNH and aplastic 
anemia /PNH. However, it is less popular due to its 
association with considerable morbidity and mor-
tality. Till date, a substantially small proportion of 
patients have availed this therapy  [Brodsky R, 
2010]. Importantly, Human leukocyte antigen 
(HLA)-identical sibling bone marrow transplanta-
tion is an effective therapeutic option for PNH, 
which is effective even in the hemolytic phase of 
the disease. Bone marrow transplant is recom-
mended when patients have significant risk fac-
tors, such as thrombosis, pancytopenia, myelodys-
plastic syndromes or acute leukemia, thrombocy-
topenia, or a marked need for transfusions  [Raiola 
A et al., 2000]. Three of the sixteen patients only 
qualified for bone marrow transplant.

Supportive measures, such as anticoagulation 
therapy and blood transfusions are the oldest man-
agement therapies for PNH; however, anticoagula-
tion therapy has been reported to increase the risk 
of thromboembolism in patients with PNH, and is 
associated with an increased risk of bleeding com-
plications. Therefore, anticoagulation therapy is 
justified for PNH patients with thrombotic epi-
sodes who are not associated with contraindica-
tions like severe thrombocytopenia. Low molecu-
lar weight heparin has been recommended for 
cases without contraindication to full anticoagula-
tion  [Brodsky R, 2009]. It has been reported that 
primary prophylaxis with warfarin prevents throm-
bosis with acceptable risks in PNH patients. Anti-
coagulation therapy may thus improve survival 
and reduce mortality in PNH patients  [Hall C et 
al., 2003]. Here, we used enoxaparin injection (1 
mg/kg) for anticoagulation therapy, which was ad-
ministered only to one patient. Treatment of ane-
mia, the most common PNH problem is best done 
by blood transfusions. In our study, blood transfu-
sions were performed in 3 patients. In a blood 
transfusion, whole blood, or parts of blood from a 
donor are put right into the patients’ bloodstream. 
Two types of transfusions are available for PNH 
patients; they are red blood cell transfusion and 
platelet transfusion  [Schrezenmeier H et al., 2010]. 
Blood transfusions have been also indicated in 
life-threatening cases like acute paroxysm. Trans-
fusion of red blood cell is essential both in the 
steady state and at the time of chronic hemolytic 
anemia aggravation. However, the blood transfu-
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sion regime is best tailored to the individual pa-
tient taking into account the rate of fall in hemo-
globin since the last count, the objective clinical 
assessment, and the subjective state of the patient, 
also in relationship to physical exertion  [Olutogun 
T et al., 2015].

Another method used for the treatment of PNH 
is the immunosuppressive therapy, which was used 
in most of the patients during the study as well as 
in the follow-up period. It lowers the immune re-
sponse of the patient and prevents it from attacking 
the bone marrow. It is mostly appropriate for PNH 
patients with aplastic anemia. A standard approach 
for treating acquired aplastic anemia includes im-
munosuppressive therapy comprising of anti-thy-
mocyte globulin along with cyclosporine  [Sugi-
mori C et al., 2015]. Although the remission rate in 
patients is significantly high, it might become 
harmful in cases with an increased risk of opportu-
nistic infections, particularly in the absence of any 
remission and also if aplastic anemia is associated 
with significant PNH clone, then use of ATG is not 
appropriate from treatment perspective  [Sugimori 
C et al., 2015]. Corticosteroids, such as predniso-
lone, either alone or in combination with an andro-
gen like danazol have also been used for the treat-
ment of PNH. Despite a paucity of randomized 
trials affirming the effectiveness of oral steroids in 
hemolysis reduction in PNH, they have been used 
for the management of acute episodes because of 
their immediate effects. A continued use of high 
dosages of corticosteroids has reportedly been as-
sociated with substantial side effects; therefore, 
the International PNH Interest Group has recom-
mended pulse doses  [Ghosh K et al., 2013]. The 
mode of action of steroids for preventing hemoly-
sis involves the inhibition of complement activa-
tion by an alternate pathway or the dampening in-
flammation that stimulates activation of comple-
ment  [Parker C et al., 2005; Ghosh K et al., 2013]. 
According to a study by Issaragrisil et al., the ad-

ministration of prednisolone in patients with a 
short disease interval increases the chances of 
treatment response. They recommended the con-
tinuation of treatment for at least 3 months before 
assessing the outcome, although a longer follow-
up period is needed to ascertain the toxicity and 
infectious complications of the therapy  [Issar-
agrisil S et al., 1987]. Similar to prednisolone, the 
mechanism of PNH amelioration by danazol is 
also through complement inhibition by resisting 
osmotic lysis. Another immunosuppressant used in 
our study was thalidomide, which mediates its bio-
logical effects through its immunomodulatory, 
anti-inflammatory, and anti-angiogenic properties  
[Strupp C et al., 2002]. It has been shown to de-
crease the T-helper (CD4): T-suppressor (CD8) 
cells ratio  [Hassan I et al., 2015].

Currently, novel complement inhibitors are 
being developed. The assessment of thrombotic 
risk is of paramount importance; hence, identifica-
tion of new markers for thrombotic risk is war-
ranted to achieve a better risk-based prophylactic 
antithrombotic management  [Devos T et al., 2018].

coNclusioN

This study was undertaken to investigate the 
baseline characteristics, clinical behavior, and out-
come in patients with paroxysmal nocturnal hemo-
globinuria. Since all treatment modalities have 
their positive outcomes and adverse effects, indi-
vidualization of therapy based on the discretion of 
the treating personnel and the clinical presenta-
tions of the patient is the best approach for the 
treatment of PNH. The data from this study can be 
used to identify the patterns that would indicate the 
necessity for a diagnosis of PNH and to identify 
the diagnostic outcomes. Information about PNH 
is insufficient, and this study could be useful in the 
diagnosis of other patients with PNH and ulti-
mately improve their medical outcomes.
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