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Paroxysmal nocturnal haemoglobinuria (PNH) is a rare, potentially
fatal disorder of haematopoietic stem cells caused by mutations in an X-
linked gene called phosphatidylinositol glycan class A, characterised by
intravascular haemolysis, bone marrow failure and thrombotic events.
The disease can occur at any age, although preferentially it affects
young adults; its estimated prevalence is about 1/500,000 [1].

Clinical symptoms are variable and can include haemolytic
anaemia, moderate to severe impairment of haematopoiesis and, in
approximately 40% of patients, thrombosis of the vessels of the ab-
domen, brain and skin [2]. Rare, atypical site thrombosis of the
splanchnic veins or cerebral sinuses are recognized as suggestive of the
presence of a PNH clone [3]. To date, however, the prevalence of PNH
clones in unselected patients with cerebral venous thrombosis is not yet
known. The primary objective of this study was to determine the pre-
valence of PNH clones in patients with a recent history of cerebral sinus
venous thrombosis (CSVT) and up to twenty-four months follow-up. In
this multicentre cross-sectional study, patients with an objective diag-
nosis of CSVT of new onset or occurring in the previous three years
were investigated for the presence of PNH clones. Known or clinically
suspected PNH and active treatments able to interfere with the la-
boratory assessment of a PNH clone (e.g., recent chemotherapy, treat-
ment with hypomethylating drugs or immunosuppressive therapy) were
exclusion criteria, patients with a family history of PNH were also ex-
cluded, whereas patients treated with erythroid and/or granulocyte
growth factors were eligible for this study. CSVT diagnosis was objec-
tively obtained by one or more of the following imaging tests: computed
tomography, magnetic resonance imaging or cerebral angiography.
After written informed consent was obtained, the following data for
each enrolled patient were collected from patient charts: age; gender;
race; personal or family history of venous thromboembolism (VTE); the
presence of inherited [antithrombin, protein C or protein S deficiency;
Factor V Leiden gene mutations; Factor II (G20210A) gene mutations;
increased coagulation Factor VIII levels; increased homocysteine levels]
or acquired thrombophilia states (i.e., lupus anticoagulant, antic-
ardiolipin antibodies, beta2-glycoprotein 1 antibodies); known recur-
rence of CSVT; history of Philadelphia-negative myeloproliferative
neoplasm; detection of JAK2 (V617F) mutation (even without overt
myeloproliferative neoplasm); other known risk factors for CSVT such

as cancer, pregnancy, childbirth, use of oral contraceptives, para-
meningeal infections; other known haematological disorders; systemic
lupus erythematosus (SLE); Behçet's disease, nephrotic syndrome and
previous lumbar punctures for diagnostic or therapeutic aims. Patients
were followed up to two years after diagnosis. Each abnormal test result
was confirmed in a second assay. Testing for PNH clones was under-
taken at each enrolling center and then centrally confirmed at the la-
boratory of the Haematology Unit of the University Hospital “Vittorio
Emanuele”, Catania.

The presence of a PNH clone was assessed by multi-parameter flow
cytometric analysis [4].

The test was performed on neutrophil granulocytes, monocytes and
erythrocytes, using peripheral blood samples collected in EDTA
Vacutainer® tubes. All samples were processed within 24 h of their
arrival at the central laboratory (from 24 to 48 h after blood sampling).
For the evaluation on neutrophil granulocytes and monocytes, a single
five-colour reagent combination was adopted as follows: FLAER, CD24-
PE, CD45-ECD, CD33 PE-cy5 and CD14 PE-cy7. A multi-parameter
gating strategy was used by combining CD45 and CD33 expression
(non-GPI-linked molecules) to identify the granulocyte and monocyte
populations, and on these was valuated the expression of two different
GPI-linked molecules (FLAER/CD24 on granulocytes and FLAER/CD14
on monocytes).

The study was conducted in accordance with the Declaration of
Helsinki, and Ethics Committee approval was obtained at each enrolling
centre. A sample of convenience of at least 70 patients was deemed
sufficient to detect at least one positive sample if the true prevalence of
PNH clones in asymptomatic subjects was 0.7% in the regions partici-
pating to the study [5]). Descriptive statistics were adopted for the
purpose of the current study. Data were collected by each enrolling
physician in a dedicated database hosted at the University Hospital
Vittorio Emanuele, Catania. Seventy-seven subjects were enrolled (40
females, 37 males, mean age, 41 years, range 19–87) from the following
four Regional Centres for Thrombosis and Haemostasis: “P.Giaccone”,
Palermo; “Vittorio Emanuele”, Catania; “Pugliese Ciaccio”, Catanzaro
and “Morelli”, Reggio Calabria (Fig. 1).The study started in January
2016 and closed in January 2019, enrolment lasted 12 months. Antic-
oagulant treatment for CSVT (Table 1) was administered for a mean of
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six months (range: 4–13 months). Adverse events related to antic-
oagulant therapy were not reported. CSVT was associated with factor V
Leiden gene mutation in the heterozygous state in five (6.5%) patients,
FII (G20210A) gene mutation in the heterozygous state in six (7.8%)
patients, JAK2 (V6167F) mutation in two (2.5%) patients, protein S
deficiency in one (1.2%) case, lupus anticoagulant and anti-cardiolipin
antibodies in five (6.5%) cases, combined inherited and acquired risk
factors were detected in three (3.8%) cases (heterozygous FII gene
mutation and recent surgery in 2 cases, FV gene mutation and oral
contraceptives in 1 case), recent surgery in 10.2%, oral contraceptives
in 6.4% and pregnancy in 3.8% of cases. Among screened patients, 38
(49.3%) did not have any of the aforementioned reported risk factors
for VTE. The incidence of PNH clones observed in our cohort was 2.5%.
PNH clones were detected in two cases with no other concomitant risk
factors. In one patient, a small one (size 0.08%) was not further con-
firmed at centralised determination; in another case, a clearly

demonstrable clone (size 1.5%) was confirmed on two consecutive in-
dependent determinations. The patient with a confirmed PNH clone (a
27-year-old Caucasian female) had a positive familial history of VTE
and an otherwise unremarkable personal thrombophilia screening, in
absence of any symptom or other laboratory signs of PNH. Two venous
thrombosis recurrences (deep vein thrombosis of the legs) occurred at
the two-years follow-up, both cases without any evidence of PNH
clones. Thrombosis is the main cause of death in patients with PNH [6]
and can involve both arterial and venous sites, although the latter are
involved in 80–85% of cases. Even patients who do not develop hae-
molysis or have only smaller PNH clones have been reported to be at
risk of thrombosis [7]. Several mechanisms have been advocated to
explain this risk: the release of micro-particles by complement-medi-
ated platelet activation; chronic hypo fibrinolysis due to an altered
plasminogen activation; release of free haemoglobin by chronic hae-
molysis [8]. Thrombosis-related genes, involved in the control of vas-
cular wall integrity, blood flow and thrombosis prevention have been
recently explored by whole exome sequencing to better understand the
pathogenesis of thrombosis in PNH. Study results support the role of
several genes in the pathogenesis of thrombosis, however specific me-
chanisms still need to be clarified [9].

Available data on CSVT in PNH are lacking and mainly limited to
case reports or series [10], showing a high prevalence of CSVT in young
subjects with concomitant risk factors and an overall good prognosis
when the recognition and treatment of PNH is prompt. The objective of
the current study was to evaluate the prevalence of PNH clones in pa-
tients with a clinical history of CSVT. Among 77 patients screened, we
did not find the presence of a significant PNH clone; however, we found
two small PNH-positive clones, for an incidence of 2.5%. We did not
perform an analysis of thrombosis-related genes but this would have
been useful particularly in the subject with a PNH clone and a positive
family history of VTE.

The absence of a control group is the main limitation of our study
since little information exists on the prevalence of small PNH clones in
healthy patients, however we are confident in our findings for several
reasons: reported frequency of PNH cells in normal subjects is ex-
tremely low and the prevalence of clones higher than 0.01%, although
unknown, could be expected to be extremely rare; furthermore we have
here ruled out transient clones by repeated testing. It is still a matter of
debate whether the detection of a small PNH clone can be considered as
risk factor for thrombosis; however, small PNH clones have been re-
ported as transient in the general population. The clinical implication of
stable small PNH clones deserves further investigations, this is espe-
cially important to clarify whether or not the detection of PNH clones,
in the absence of other signs and symptoms, suggests PNH and specific
treatments beyond anticoagulation.

Fig. 1. Study flow chart.

Table 1
Demographic characteristics, risk factors and anticoagulant treatment of the
enrolled patients.

Variable

Number 77
Age, mean (range) 41 years (19–87)
Males, mean (range) 37 (19–74)
Females, mean (range) 40 (24–87)
BMI, mean (range) 23(18–27)
Anticoagulant treatment duration, months; mean (range) 6 (4–13)
Non–HDL-c levels; mean (range) 135 (110–160)
Glucose levels; mean (range) 92(80–105)
Alcohol intake; number (%) 18(23.4)
Smoking habit; number (%) 32(41.5)
Hypertension; number (%) 28(36.4)
Chronic kidney disease; number (%) 6(7.8)
Concomitant medications; number (%) 30(38.9)
Anticoagulant treatment with warfarin; number (%) 48(62.3)
Low molecular weight heparin; number (%) 29(37.6)
Patients with factor v Leiden gene mutation at heterozygous

state; number (%)
5(6.5)

Patients with FII (g20210a) gene mutation at heterozygous
state; number (%)

6(7.8)

Patients with jak2 (v6167f) gene mutation; number (%) 2(2.5)
Patients with protein s deficiency; number (%) 1(1.2)
Patients with lupus anticoagulant and anti-phospholipid

antibodies; number (%)
5(6.4)

Patients without risk factor for venous thromboembolism;
number %)

38(49.3)

Patients with PNH clones; number (%) 2 (2.5)

BMI = body mass index; non-HDL-C = non-HDL cholesterol (mg/dL); glucose
levels refer to fasting glucose (mg/dL).
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