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ABSTRACT
Objective: To report the outcomes of a systematic literature review of guidelines and consensus 
on the management of paroxysmal nocturnal hemoglobinuria (PNH) and describe the main the-
rapeutic options available worldwide. Methods: A systematic literature review was conducted in 
April 2018 with no time limit and reported in line with the PRISMA statement. The AGREE II ins-
trument was used to determine the quality of each guideline included in the systematic review. 
Results: Eight guidelines/consensus were eligible, one developed by an international group, two in 
Spain, and one each in Turkey, Germany, Argentina, Australia and the United Kingdom. Supportive 
treatment with erythrocyte transfusion, anticoagulants and steroids is indicated by all guidelines 
and consensus. The use of erythropoietin is suggested by three of them. Recommendations for the 
prescription of eculizumab were consistent in all but one guideline, published in 2005. Allogeneic 
hematopoietic stem cell transplantation is reported as the only potentially curative treatment for 
PNH, although its association with high mortality and morbidity rates is emphasized, being indica-
ted for a selected group of patients. The AGREE II scores applied for each domain showed in general 
a low and heterogeneous methodological quality among guidelines. Conclusion: Despite the low 
and heterogeneous methodological quality, in general the comparison of guidelines and consensus 
for PNH management showed consistent recommendations regarding supportive care, eculizumab 
and hematopoietic stem cell transplantation.
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RESUMO
Objetivo: Relatar os desfechos de uma revisão sistemática da literatura de diretrizes e documentos 
de consenso sobre o manejo da hemoglobinúria paroxística noturna (HPN) e descrever as principais 
opções terapêuticas disponíveis mundialmente. Métodos: Uma revisão sistemática da literatura 
foi conduzida em abril de 2018 sem limite temporal e realizada de acordo com a recomendação 
PRISMA. O instrumento AGREE II foi utilizado para determinar a qualidade de cada diretriz incluída 
na revisão. Resultados: Foram elegíveis oito diretrizes/consensos, um desenvolvido por um grupo 
internacional, dois na Espanha e um em cada um dos países a seguir: Turquia, Alemanha, Argentina, 
Austrália e Reino Unido. O tratamento de suporte com transfusão de eritrócitos, anticoagulantes e 
esteroides é indicado por todos os documentos. A eritropoetina é indicada por três deles. A reco-
mendação de prescrição do eculizumabe foi consistente em todos, exceto em um publicado em 
2005. O transplante alogênico de células-tronco hematopoéticas é reportado como o único trata-
mento com potencial curativo para a HPN, apesar de uma enfática associação com maiores taxas 
de mortalidade e morbidade, sendo indicado para grupos selecionados de pacientes. Os escores 
AGREE II aplicados para cada domínio demonstraram, em geral, qualidade metodológica baixa e he-
terogênea entre as diretrizes. Conclusão: Apesar da qualidade metodológica baixa e heterogênea, 
em geral, a comparação de diretrizes e consensos para o manejo da HPN demonstrou recomenda-
ções consistentes quanto ao uso de tratamento de suporte, eculizumabe e transplante alogênico 
de células-tronco hematopoiéticas.
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hemoglobinúria paroxística, guia, 
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Introduction

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare acquired 
disease of hematopoietic stem cells (Parker, 2012). It was first 
described in the 18th century as a distinct clinical entity from 
both paroxysmal cold hemoglobinuria and march hemoglo-
binuria (Parker, 2008). PNH is typically characterized by the 
clinical triad of hemolytic anemia, thrombophilia and bone 
marrow failure (Risitano & Rotoli, 2008; Parker et al., 2005). 

PNH has been documented globally, although preci-
se prevalence data are not available. Males and females are 
equally affected by the disease, which can occur in any phase 
of life, with greater incidence in adults under 40 years of age. 
The median age at diagnosis is 40.6 years for classic PNH and 
34.5 years for aplastic anemia PNH syndrome (De Latour et 
al., 2008). The median survival time is 22 years and the 10-
year survival rate in patients with PNH ranged from 50% for 
patients diagnosed in the mid-20th century to over 70% in a 
more recent series, achieving 76.3% in a French study 10 ye-
ars after the diagnosis (De Latour et al., 2008; Socié et al., 2016).

The deficiency of two glycosylphosphatidylinositol-an-
chored proteins (GPI-APs), CD55 and CD59, leads to red blood 
cell susceptibility to complement that accounts for hemolysis 
and is implicated in the tendency for patients to have throm-
boses (Hillmen et al., 1995; Brodsky, 2014). A somatic mutation 
in the X-linked phosphatidyl-inositol glycan class A (PIG-A) 
gene in patients with PNH impairs the encoding of the subu-
nit A of phosphatidylinositol N-acetylglucosaminyltransferase, 
one of the enzymes required for the synthesis of GPI anchors 
(Hill et al., 2013; Villegas et al., 2016) The diagnosis of PNH is 
currently made by flow cytometry studies demonstrating the 
presence of peripheral blood cells with absence of at least 
two cell surface markers anchored by GPI (Villegas et al., 2016).

PNH is classified into three subcategories: (1) classic PNH, 
which includes clinical evidence of hemolytic and thrombotic 

events and no evidence of another defined bone marrow ab-
normality; (2) PNH in the setting of other primary bone mar-
row disorders, in which patients have evidence of a PNH clone 
and also present a concomitant underlying bone marrow 
disorder, such as aplastic anemia, myelodysplastic syndrome 
or other bone marrow disorder; and (3) subclinical PNH, in 
which patients present small populations of GPI-AP deficient 
hematopoietic cells but no clinical or laboratory evidence of 
hemolysis or thrombosis (Parker et al., 2005; Brodsky, 2014).

Thrombosis is the most frequent complication of PNH 
and leads to severe morbidity and mortality (Brodsky, 2014; 
Hill et al., 2013). Besides thrombosis, the main presentations of 
classic PNH include non-immune hemolytic anemia, smooth 
muscle dystonia and bone marrow failure (Morado, 2010).

Allogeneic hematopoietic stem cell transplantation is 
the only potentially curative therapy for PNH, which is as-
sociated with substantial early transplant-related mortality, 
and depends on the patient eligibility and availability of a 
HLA-compatible donor; therefore, many patients still receive 
supportive treatment (Risitano & Rotoli, 2008; Hillmen et al., 
1995). In addition, transplantation is better indicated when 
the patient has a component of bone marrow failure like 
aplastic anemia or myelodysplastic syndrome instead of clas-
sic PNH. Recent advances in post-transplant supportive care, 
applications of high-resolution HLA typing for donor selec-
tion and less toxic conditioning regimens have improved the 
outcomes of allogeneic stem cell transplantation, achieving a 
5-year overall survival rate of 87.9% (Lee et al., 2017).

A major therapeutic advance occurred in 2007 with the 
approval of eculizumab, a recombinant humanized mono-
clonal anti-C5 antibody, for PNH treatment by both the Food 
and Drug Administration and European Medicines Agency. 
Eculizumab stabilizes hemoglobin levels and reduces trans-
fusion requirements and symptoms related to smooth 
muscle dysfunction, decreasing asthenia and significantly 
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improving the quality of life. It has also been shown to reduce 
the relative risk of thromboembolism by 85% and the risk of 
thrombotic events in patients treated with anticoagulants by 
94% (Brodsky et al., 2008; Hillmen et al., 2007). In a UK cohort 
with more than 10 years of experience a significant improve-
ment in survival for PNH patients receiving eculizumab was 
observed. This cohort of all PNH patients treated with ecu-
lizumab in the UK demonstrates the impact of eculizumab 
on the quality of life, reduction in complications and thereby 
improved survival for patients (Hill et al., 2012). 

Due to advances in the knowledge of PNH natural history 
and its treatment, the standardization of guidelines is neces-
sary for clinical action. Furthermore, some of the limitations 
of clinical trials in patients with rare diseases include small 
sample size, short follow-up and difficulty in identifying the 
ideal clinical outcomes (Gliklich et al., 2014).

The aim of this manuscript is to report the outcomes of a 
systematic literature review of guidelines and consensus on 
the management of PNH and describe the main therapeutic 
options available worldwide. The methodological quality of 
the guidelines and consensus was also evaluated.

Methods

Search strategy
A systematic literature review was conducted in The Cochra-
ne Library, MEDLINE (via PubMed), Latin American and Cari-
bbean Literature on Health Sciences (LILACS) and Centre for 
Reviews and Dissemination (CRD) databases from the earliest 
record until April 2018, with no time limit. Manual search was 
conducted on websites of health technology assessment 
agencies, related institutions and their databases. Search 
engines included Google® and other online tools. Electronic 
searches were complemented by manual searches of biblio-
graphic references and abstracts of selected publications. 
Additionally, four databases of evidence-based clinical prac-
tice guidelines were manually searched: National Guideline 
Clearinghouse (United States of America), Canadian Medical 
Association Infobase (Canada), Scottish Intercollegiate Guide-
lines Network (United Kingdom), and Guidelines Internatio-
nal Network.

The following strategy was applied to PubMed and 
adapted for other databases according to the specialties 
of each one: (((“Hemoglobinuria, Paroxysmal”[Mesh] OR 
“Paroxysmal Hemoglobinuria” OR “Paroxysmal Nocturnal 
Hemoglobinuria” OR “Hemoglobinuria, Paroxysmal 
Nocturnal” OR “Marchiafava-Micheli Syndrome” OR 
“Marchiafava Micheli Syndrome” OR “Syndrome, Marchiafava-
Micheli” OR “Paroxysmal Hemoglobinuria, Nocturnal” OR 
“Hemoglobinuria, Nocturnal Paroxysmal” OR “Nocturnal 
Paroxysmal Hemoglobinuria”))) AND (Clinical pathway[mh] OR 
Clinical protocol[mh] OR Consensus[mh] OR Consensus deve-
lopment conferences as topic[mh] OR Critical pathways[mh] 

OR Guidelines as topic [Mesh:NoExp] OR Practice guidelines 
as topic[mh] OR Health planning guidelines[mh] OR guide-
line[pt] OR practice guideline[pt] OR consensus development 
conference[pt] OR consensus development conference, 
NIH[pt] OR position statement*[tiab] OR policy statement* 
[tiab] OR practice parameter*[tiab] OR best practice*[tiab] OR 
standards[ti] OR guideline[ti] OR guidelines[ti] OR ((practice[-
tiab] OR treatment*[tiab]) AND guideline*[tiab]) OR CPG[tiab] 
OR CPGs[tiab] OR consensus*[tiab] OR ((critical[tiab] OR clini-
cal[tiab] OR practice[tiab]) AND (path[tiab] OR paths[tiab] OR 
pathway[tiab] OR pathways[tiab] OR protocol*[tiab])) OR re-
commendat*[ti] OR (care[tiab] AND (standard[tiab] OR path 
[tiab] OR paths[tiab] OR pathway[tiab] OR pathways[tiab] OR 
map[tiab] OR maps[tiab] OR plan[tiab] OR plans[tiab])) OR (al-
gorithm*[tiab] AND (pharmacotherap*[tiab] OR therap*[tiab] 
OR treatment*[tiab] OR intervention*[tiab])))).

The review was reported in line with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement. 

Eligibility criteria
Guidelines/consensus statements were included if they met 
the following criteria: 

(1) addressed issues about the management of PNH;
(2)  were published in English, Portuguese, French, 

Italian or Spanish;
(3) their full-text was available.

Exclusion criteria were:
(1)  guideline/consensus focused on a specific topic 

considered irrelevant to the management of PNH, 
such as screening guidelines;

(2)  narrative reviews;
(3)  draft or unpublished guidelines, discussion papers 

and personal opinions.

In case of multiple updated versions of a guideline/con-
sensus statement, the most recent one was included.

Data extraction and quality assessment
Two independent reviewers conducted the search in databa-
ses using the predefined strategy and selected the studies. In 
cases without a consensus, a third reviewer would be consul-
ted about the eligibility and responsible for the final decision. 
All titles and/or abstracts were reviewed to determine if they 
met the eligibility criteria. When citations met the criteria, the 
full-text articles were retrieved and reviewed. The authors 
collected the main features of each guideline/consensus sta-
tement (e.g., year of publication, country/region, and treat-
ment recommendations).

The Appraisal of Guidelines for Research and Evaluation 
(AGREE) II instrument was used to determine the quality of 
each guideline included in the systematic review (The AGREE 
Next Steps Consortium, 2017; Brouwers et al., 2016). The AGREE 
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II consists of 23 key items organized within 6 domains followed 
by 2 global rating items. Each domain captures a unique di-
mension of guideline quality: ‘Scope and Purpose’; ‘Stakeholder 
Involvement’; ‘Rigor of Development’; ‘Clarity of Presentation’; 
‘Applicability’; and ‘Editorial Independence’. Each of the AGREE 
II items are rated on a 7-point scale (1–strongly disagree to 7–
strongly agree). A quality score is calculated for each of the six 
AGREE II domains. The six domain scores are independent and 
should not be aggregated into a single quality score. Domain 
scores are calculated by summing up all the scores of the in-
dividual items in a domain and scaling the total as a percen-
tage of the maximum possible score for that domain. Two 
reviewers independently rated the items (The AGREE Next 
Steps Consortium, 2017). In this publication the evaluators’ con-
sensus scores are presented for each key item of AGREE II.

Results

Selection of guidelines
The electronic search strategy identified 184 publications 
(Figure 1). After screening and review, a total of 18 guideli-
nes and consensus statements were identified for a detailed 
analysis. Of these, eight guidelines/consensus were included 
(Table 1), of which one was developed by an international 
group, two were developed in Spain, and one each in Turkey, 
German, Argentina, Australia and the United Kingdom. The 
languages used were English and Spanish. 

Table 2 summarizes the main treatments recommended by 
the guidelines/consensus. PNH treatment can be classified into 
three main groups: supportive treatment, disease-modifying 
treatment and potentially curative treatment (Sahin et al., 2016).
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Figure 1.  Selection of guidelines for inclusion in the systematic review.

Table 1. Guidelines and consensus included

Organization/society/authors Guideline name(s)
Year of
publication Country

1. PNH Education and Study Group (Sahin et al., 2016) PESG PNH guideline 2016 Turkey

2. Sociedad Española de Hematología y Hemoterapia 
(Villegas et al., 2016) 

Spanish consensus statement for diagnosis and 
treatment of PNH

2016 Spain

3. Grupo Español para el Estudio de Hemoglobinuria 
Paroxística Nocturna por Citometría de Flujo 
(Morado, 2010)

PNH: New treatments and general guidelines for
diagnosis

2010 Spain

4. Deutsche Gesellschaft für Hämatologie und 
Medizinische Onkologie (Schubert et al., 2012) 

PNH 2012 Germany

5. International PNH Interest Group (Parker et al., 
2005) 

Diagnosis and management of paroxysmal 
nocturnal hemoglobinuria

2005 Several 
countries

6. Australian Government (Australian Government. 
Department of Health and Ageing, 2010) 

Guidelines for the treatment of PNH through the Life 
Saving Drugs Program

2010 Australia

7. Grupo Argentino de Interés en HPN (Grupo 
Argentino de Interés en HPN, 2013)

PNH: Consenso Argentino de Diagnóstico y 
Tratamiento

2013 Argentina

8. BMJ Best Practice (Weitz, 2017) PNH 2017 United 
Kingdom

PNH: paroxysmal nocturnal hemoglobinuria; HPN: hemoglobinuria paroxística nocturna.
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Supportive treatment
The supportive treatment includes erythrocyte transfusion 
and iron, vitamin B12 and folic acid supplementation, ery-
thropoietin, anticoagulant treatment and steroids, including 
glucocorticoids and androgens. Steroids could be used in the 
short term for a non-recurring hemolytic episode. However, 
the dose should be reduced rapidly and tapered gradually.

Continuous therapy with steroids is not recommended. 
Erythrocyte transfusion and anticoagulant treatment are in-
dicated by all guidelines and consensus. The treatment with 
erythropoietin is suggested by three guidelines only (Parker 
et al., 2005; Lazarowski et al., 2013; Weitz, 2017). All but one 
(Weitz, 2017) guideline recommend folic acid or iron supple-
mentation and two guidelines do not recommend (Sahin 
et al., 2016) or do not mention (Villegas et al., 2016) iron 
supplementation.

Disease-modifying treatments
The recommendations for the prescription of eculizumab 
were consistent in all but one guideline. 

The only guideline (Parker et al., 2005) that did not re-
commend eculizumab was published in 2005 (before the 
approval of eculizumab in patients with PNH) and indicated 
promising results with the studies conducted at that time 
with this treatment. 

The specificity of the indications cited in the guidelines 
ranged from the treatment of classical PNH to very specific 
indications, as presented in Table 2. Regarding dosage, all 
guidelines that mention the protocol of treatment are unani-
mous in indicating 600 mg per week in the first 4 weeks, 900 
mg in the 5th week and then continuing with a 900 mg dose 
every 2 weeks (Villegas et al., 2016; Sahin et al., 2016; Schubert 
et al., 2012; Australian Government. Department of Health 
and Ageing, 2010; Weitz, 2017). The Argentine guideline does 
not mention posology (Brodsky et al., 2013) and one Spanish 
refers only to the maintenance dose (900 mg every 2 weeks) 
(Morado et al., 2010).

Potentially curative treatment
All guidelines acknowledged allogeneic hematopoietic stem 
cell transplantation as the only potentially curative treatment 
for PNH and noticed substantial transplantation-associated 
morbidity and mortality, therefore restricting the indication 
of stem cell transplantation to a selected group of patients. 
When specified, indications for transplantation in each gui-
deline are presented in Table 2.

Guidelines appraisal
The AGREE II scores for each domain applied in the selected 
guidelines and consensus are provided in Table 3. Regarding 
the scope and purpose, only three guidelines (Villegas et 
al., 2016; Australian Government. Department of Health and 
Ageing, 2010; Brodsky et al., 2013) stated their overall objec-
tives properly. Health questions and target populations were 

generally described. For stakeholder involvement, all guide-
lines lacked a description of patients’ preferences and the 
target users were clearly defined only by three guidelines 
(Australian Government. Department of Health and Ageing, 
2010; Brodsky et al., 2013; Weitz, 2017). Within the rigor of de-
velopment domain, only one consensus (Villegas et al., 2016) 
mentioned a systematic method of searching for evidence, 
but did not describe the strategy used. No guideline descri-
bed its procedures for updating guidelines. Regarding the 
clarity of presentation, the different options for management 
of PNH are clearly presented in all guidelines. The scores were 
the lowest for applicability and no guideline described faci-
litators and barriers to its applications. Only three guidelines 
informed about editorial independence and described pos-
sible conflicts of interest (Villegas et al., 2016; Morado, 2010; 
Weitz, 2017).

Discussion

This systematic review explores the quality and content of 
published guidelines and consensus concerning the mana-
gement of PNH. The results suggest a homogeneity in the 
clinical recommendations for PNH treatment. In general the 
publications recommended supportive treatment, eculizu-
mab and allogeneic hematopoietic stem cell transplantation. 
Regarding supportive treatment, the recommendations va-
ried slightly with respect to treatment with erythropoietin 
and folic acid and iron supplementation, but were consistent 
for erythrocyte transfusion and anticoagulant treatment. The 
criteria used to indicate support measures did not differ from 
those recommended in other hematological conditions. 
Although of controversial application, corticosteroids were 
recommended by all evaluated guidelines aiming to redu-
ce the intensity of hemolysis episodes, being used for short 
periods. Eculizumab was recommended by all guidelines 
except for one published before it was approved. Until the 
approval of eculizumab as an orphan drug in 2007 the treat-
ment for PNH in patients not undergoing transplantation was 
primarily symptomatic. Eculizumab changed the therapeutic 
approach to PNH. Besides its risk, allogeneic hematopoietic 
stem cell transplantation was indicated by all guidelines as 
the only potentially curative treatment for PNH, but is limited 
to a subset of patients, especially those with bone marrow 
failure.

Despite the general homogeneity of information on 
therapeutic options in PNH, the methodological quality of 
guidelines was heterogeneous and limited. Most guidelines 
were developed by PNH study groups, which contributes to 
a favorable note regarding the expertise of the guideline de-
velopment group.

Within the rigor of development domain, one consensus 
mentioned a systematic method of searching for evidence, but 
did not describe the strategy used. No guideline described its Tr
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procedures for updating guidelines. Regarding clarity of pre-
sentation, the different options for management of PNH are 
clearly presented in all guidelines. The scores were the lowest 
for applicability and no guideline described facilitators and bar-
riers to its applications. Only three guidelines informed about 
editorial independence and described possible conflicts of in-
terest (Villegas et al., 2016; Morado, 2010; Weitz, 2017).

A strength of this review is that, to our knowledge, this 
is the first publication assessing the quantity and quality of 
guidelines on PNH management. Although a broad search 
strategy was performed in eight electronic databases, this 
study is limited by the fact that some clinical guidelines are 
published in local databases, being difficult to identify them. 
One limitation of this report is that PRISMA guidelines focus 
on the reporting of reviews evaluating randomized clinical 
trials. It can also be used as a basis for reporting systematic 
reviews of other types of research, but particularly evalua-
tions of interventions (Moher et al., 2009; Liberati et al., 2009). 
To date, validated tools to assess systematic reviews of treat-
ment guidelines were not published.

Conclusion

Despite the low and heterogeneous methodological quality, 
in general the comparison of guidelines and consensus for 
PNH management showed consistent recommendations 
regarding supportive care, eculizumab and hematopoietic 
stem cell transplantation.
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