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Paroxysmal nocturnal hemoglobinuria (PNH) is an uncommon disorder characterized by hemolysis, thrombosis
and marrow failure. Whereas venous and arterial thrombosis is a very common symptom of the disease, the fre-
quency of PNH clones in patients with unexplained venous thromboembolism, including deep vein thrombosis
and pulmonary embolism, has not been studied. We conducted a cross sectional study evaluating the presence
of PNH clones in patients with prevalent venous thromboembolism using a high sensitivity flow cytometry
assay for erythrocytes and neutrophils. Among the 388 patients enrolled in the study one patient had a detectable
PNH clone of 0.02% in the neutrophil population (0.26%; 95% CI 0.05 to 1.45) and no detectable erythrocyte clone.
We conclude that the presence of PNH clones in patients with idiopathic venous thrombosis is rare. Screening for

PNH clones among VTE patients might be better reserved for patients with signs of hemolysis.

© 2015 Elsevier Ltd. All rights reserved.

Introduction

Paroxysmal Nocturnal Hemoglobinuria (PNH) is a rare clonal disor-
der characterized by uncontrolled complement activation, intravascular
hemolysis, bone marrow failure and thrombosis, the latter being a com-
mon presenting manifestation [ 1-4]. It is an uncommon disease with an
estimated population prevalence of 0.002% [5], however the associated
risk of thrombosis is much higher than comparable inherited causes of
thrombophilia. The estimated prevalence of venous thromboembolism
(VTE) -comprising deep vein thrombosis (DVT) or pulmonary embo-
lism (PE)- in PNH patients ranges between 16 and 39% [1,6]. Further-
more, small PNH clones have been identified in patients with
unexplained splanchnic vein thrombosis and in people with apparently
normal blood counts and it is possible that they may contribute to an in-
creased predisposition to thrombosis [7-10]. Among patients with idio-
pathic VTE about one-half are affected by one or more thrombophilias
detected through extensive screening [11-13] but the presence of
PNH clones as a contributing factor to a hypercoagulable state has
never been examined in this population. In this study, we aimed to
determine the presence of PNH clones in a cohort of patients with
idiopathic VTE.
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Patients and Methods

In order to determine the prevalence of PNH clones in patients with
prevalent idiopathic DVT/PE we conducted a cross-sectional study at
the Thrombosis Clinic of the London Health Sciences Centre in London,
Ontario, Canada, between May 2011 and June 2014. We included pa-
tients with at least one episode of objectively demonstrated DVT or PE
according to previously published criteria [14]. Patients were excluded
if they had: a) a previous diagnosis of PNH, b) pregnancy or delivery,
major surgery, immobilization greater than 3 days, or use of a cast or
splint in the 3 months preceding the VTE, c) active cancer other than
non-melanoma skin cancer within 6 months of VTE, or if they were un-
able to provide written informed consent. The study was approved by
the institutional ethic review board (HSREB Number: 100320). Clinical
and laboratory information was abstracted from the patient charts. Pa-
tients were screened for PNH clones using the high sensitivity flow cy-
tometry assays described by Borowitz et al. [15]. Briefly, erythrocytes
are evaluated using a high sensitivity 2 color assay (CD235a FITC and
CD59 PE) which has a threshold of detection of 0.01%. A minimum of
1,000,000 erythrocytes in total were counted. For a sensitivity of 0.01%
we would expect to count 100 CD235a positive CD59 negative red
cells. Neutrophils were evaluated using a four color assay for GPI defi-
cient neutrophils. Gating of all neutrophils is done with CD45 ECD and
CD15 PC5 and GPI deficiency was assessed using fluorescent aerolysin
(FLAER) and CD24 [15,16]. 100,000 CD45 and CD15 positive neutrophils
were counted, a PNH clone was defined as a cell that was CD45 +,
CD15+, CD24-, and FLAER negative. A control group of 30 normal
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donors was used to standardize, determine and validate the background
level of both the red and white cell assays. In the first 86 patients hemo-
lysis markers including haptoglobin, bilirubin and lactate dehydroge-
nase were obtained. The primary outcome of the study was the
presence of a PNH clone >0.02% in erythrocytes or neutrophils. Second-
ary outcome was the presence a PNH clone of any size above the limit of
detection. Assuming an underlying PNH proportion in the population of
0.002%[5], we estimated that a sample size of 402 patients achieved 80%
power to detect a proportion of 0.4%. Confidence intervals for propor-
tions were calculated using the Wilson score method.

Results

We included 394 patients of which 388 had samples available for
flow cytometry. Accrual was stopped after we confirmed one positive
case. Mean age was 57 years (Standard deviation 16.6) and the mean
body mass index was 31.5 (standard deviation 8.5). Other characteris-
tics of the included patients are shown in Table 1. Hemolysis markers
were measured among the first 86 patients. Due to the low yield of ab-
normalities and budgetary constrains we discontinued these tests since
results were normal in all cases. One patient (0.26%; 95% C10.05 to 1.45)
had a detectable PNH clone in the neutrophil population (0.02%) with a
non-detectable clone in the erythrocytes (<0.01%). This patient had no
evidence of hemolysis or cytopenias. Another patient had a PNH clone
below the positivity threshold (<0.01%) in both erythrocytes and neu-
trophils. One year later, both patients had no PNH clones <0.01% in ei-
ther the red cells or neutrophils.

Discussion

The role of the erythrocytes in the pathogenesis of thrombosis has
been not well studied. In recent years a number of reports have
found that they have an important role in initiating and sustaining a
procoagulant response by acting as a source of phospholipids or trigger-
ing the coagulation system through the activation of a number of
coagulation factors [17-19]. Furthermore, Kozuma and coworkers dem-
onstrated that PNH erythrocytes-derived microparticles have important
procoagulant properties [20]. Therefore it was of interest to us to

Table 1

Patients' characteristics.
Demographics n/N % 95% CI
Male Gender 216/388 55.7 50.7-60.5
Caucasian ethnicity 365/388 94.1 91.3-96.0
Family History of VTE 102/370 27.6 23.3-32.3
Co-morbidities
Hypertension 125/386 324 27.9-37.2
Diabetes 48/386 124 9.5-16.1
Coronary artery disease 33/381 8.7 6.2-11.9
Stroke / TIA 33/381 8.7 6.2-11.9
Dyslipidemia 104/340 30.6 25.9-35.7
COPD 22/380 58 3.9-8.6
Peripheral vascular disease 35/310 113 8.2-153
Inflammatory bowel disease 13/383 34 2.0-5.7
Rheumatic disease 100/362 27.6 23.3-32.4
Risk factors for VTE
Oral contraceptive use 43/171 25.1 19.2-32.1
Hormone replacement therapy 14/171 8.2 49-13.3
Thrombophilia 127/388 327 28.3-37.6
Diagnosis
DVT 175/388 45.1 40.2-50.1
PE 148/388 38.1 33.4-43.1
DVT + PE 63/388 16.2 12.9-20.2
Upper extremity DVT 2/388 0.5 0.1-1.9
Recurrent VTE 68/388 17.5 14.0-21.6

n, Number of patients with risk factor; N, number of patients with valid information; SD
standard deviation; CI confidence interval.

determine whether small PNH clones (known to occur in normal pa-
tients) had an increased frequency in patients with idiopathic thrombo-
sis. To the best of our knowledge this is the first study on this issue. Our
results show that a small percentage of patients with unexplained VTE
may have small PNH clones. Patients with such small clones do not pres-
ent any clinical manifestations of hemolytic PNH or evidence of cytope-
nias as patients with true PNH disease. As expected we did not find any
case of overt PNH disease in this population because of the small sample
size. A recent study conducted among patients with splanchnic vein
thrombosis showed that 2 out of 202 patients had PNH clones <0.2%
which is in line with the study presented here [7]. These findings raise
the question as to whether the frequency of PNH clones in both studies
might reflect the prevalence of small PNH clones in the general popula-
tion. However, since the true prevalence of positive PNH clones in gen-
eral population is unknown we cannot rule out the possibility of a real
increase in the presence of such clones among VTE patients. In conclu-
sion, a low rate of PNH clones can be detected in patients with idiopathic
VTE. The relation between small PNH clones with the development of
VTE remains to be determined, although it seems unlikely that in this
patient population PNH clones are responsible for VTE. In the future,
studies evaluating screening for PNH clones among VTE patients
might be better constrained to patients with signs of hemolysis.
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