
ORIGINAL ARTICLE

Clinical signs and symptoms associated with increased risk
for thrombosis in patients with paroxysmal nocturnal
hemoglobinuria from a Korean Registry

Jong Wook Lee • Jun Ho Jang • Jin Seok Kim •

Sung-Soo Yoon • Je-Hwan Lee • Yeo-Kyeoung Kim •

Deog-Yeon Jo • Jooseop Chung • Sang Kyun Sohn

Received: 18 January 2013 / Revised: 15 April 2013 / Accepted: 15 April 2013

� The Japanese Society of Hematology 2013

Abstract Paroxysmal nocturnal hemoglobinuria (PNH) is

characterized by chronic, complement-mediated hemolysis,

frequently leading to debilitating clinical symptoms and life-

threatening complications such as thromboembolism (TE).

A retrospective analysis was performed on 301 patients from

the South Korean National PNH Registry to describe disease

burden and identify TE-associated risk factors. TE was

identified in 18 % of patients and was associated with

increased risk for mortality [odds ratio (OR), 6.85;

P \ 0.001]. A multivariate analysis showed that PNH

patients with elevated hemolysis [lactate dehydrogenase

(LDH) levels C1.5 times the upper limit of normal (ULN)] at

diagnosis were at significantly higher risk for TE than

patients with LDH\1.5 9 ULN (OR 7.0; P = 0.013). The

combination of LDH C1.5 9 ULN with the clinical symp-

toms of abdominal pain, chest pain, dyspnea, or hemoglo-

binuria was associated with a greater increased risk for TE

than elevated hemolysis or clinical symptoms alone. Con-

tinuous monitoring of these risk factors is critical for iden-

tifying PNH patients at risk for morbidities and mortality and

allowing early intervention. (clinicaltrials.gov identifier:

NCT01224483).

Keywords Risk factor � Hemolysis � Thrombosis �
Mortality � Paroxysmal nocturnal hemoglobinuria

Introduction

Paroxysmal nocturnal hemoglobinuria (PNH) is a pro-

gressive and life-threatening disease characterized by
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morbidities and early mortality [1, 2]. PNH arises from a

somatic mutation in the phosphatidylinositol glycan class

A (PIG-A) gene [3], which prevents the synthesis of N-

acetyl-D-glucosamine phosphatidylinositol, an essential

component of glycosylphosphatidylinositol (GPI) anchor

protein (GPI-AP). Deficiency of GPI-anchored comple-

ment inhibitor proteins CD55 (a decay-accelerating factor)

and CD59 (a membrane inhibitor of reactive lysis) leads to

chronic uncontrolled complement activation on the surface

of blood cells. This results in increased red blood cell

(RBC) hemolysis and direct activation of platelets and

macrophages, causing chronic inflammation, thromboem-

bolism (TE), ischemia, and end organ damage [4, 5].

PNH patients suffer from a range of frequently debilitat-

ing and distressing clinical symptoms due to chronic com-

plement activity and hemolysis, including abdominal pain,

chest pain, dyspnea, and hemoglobinuria, as well as life-

threatening complications such as TE, pulmonary hyper-

tension, and impaired renal function [2, 5–8]. Despite

treatment with anticoagulants, corticosteroids, and transfu-

sions, approximately 15–35 % of PNH patients die within

5 years of diagnosis [1, 6, 9, 10]. The most frequent cause of

death in patients with PNH, despite best supportive care, is

TE, accounting for 40–67 % of PNH-related deaths [2, 7].

To better understand the disease burden and the risk fac-

tors associated with TE in PNH, a retrospective analysis was

performed on data from 301 PNH patients enrolled in the

South Korean National Registry. This registry is a resource

for long-term PNH disease observation, and it includes

recently collected laboratory and clinical parameters. Data

from this registry provided a representative profile of PNH

disease course and outcomes. The aim of this study was to

describe the disease burden and to systematically identify

risk factors associated with TE in PNH patients.

Design and methods

Patients and diagnosis

The Aplastic Anemia (AA) Working Party of the Korean

Society of Hematology established a nationwide registry of

PNH patients. Nine institutions participate in the South

Korean National PNH Registry, which includes approxi-

mately 96 % of all patients in the South Korean PNH pop-

ulation based on the number of PNH patients reported by the

National Health Insurance Corporation. A retrospective

chart review was performed on 301 patients diagnosed with

PNH. All patients were enrolled in the registry in 2009, and

the retrospective chart review included medical history data

from the time of diagnosis to enrollment. Patient data

included in this registry were captured using an electronic

case report form that collected patient demographics,

medical history, and PNH-specific information, including

RBC and granulocyte clone size, symptoms and complica-

tions, laboratory values, treatments, and, when applicable

and available, cause of death.

When possible, PNH was confirmed at each individual

site using a consistent flow cytometry protocol based on the

analysis of expression of CD55 and CD59, as described by

Kim et al. [11]. Briefly, phycoerythrin-labeled anti-CD55 or

anti-CD59 antibody was added to samples of blood cells and,

following incubation and washing, suspended in thiazole

orange reagent prior to analysis. Approximately 50000 cells

were analyzed in each sample. Minimum sensitivity varied

over time and between institutions, depending upon the

technology employed at each site. However, in the most

recent assessments, the minimum clone size detection at

most of the sites was 0.1 % for white blood cells and 3 % for

RBCs. The percentage of GPI-AP-deficient cells was

determined from assessments at diagnosis or at the closest

time point to diagnosis.

In patients diagnosed before the establishment of flow

cytometry, a positive Ham or sucrose-lysis test was used.

The PNH granulocyte and RBC clone sizes were based on

available data from chart reviews and were not limited to

minimum clone size or flow methodology.

Elevated hemolysis was defined as lactate dehydrogenase

(LDH) level C1.5 times the upper limit of normal (ULN) [7,

12–14]. LDH at diagnosis was chosen as a consistent point of

reference for all analyses. In patients with elevated LDH at

diagnosis, the occurrence of TE within 6 months of diag-

nosis was analyzed to determine the temporal relationship

between LDH level and TE. In the presence of a zero fre-

quency, it is not strictly possible to estimate the odds ratio

(OR) and the 95 % confidence interval (CI); thus, in a sen-

sitivity analysis any zero values were imputed as 0.5.

Clinical PNH symptoms, including abdominal pain, chest

pain, dyspnea, and hemoglobinuria, were based on physician

reporting in medical charts, but did not necessarily capture

the symptom onset date. Dates of diagnosis, flow cytometric

assessments, bone marrow transplant (BMT), TE, and death

were accurately recorded. Incidence of TE was calculated in

two ways: either as occurrence at a specific time point or as

cumulative incidence over a specific time period. Incidence

of TE was reported in clone size categories of\20, 20–50,

and[50 %. The cumulative incidence of TE was collected

for the time periods prior to and post diagnosis of PNH. This

study was conducted in accordance with the Declaration of

Helsinki and was reviewed and approved by the institutional

review boards of participating hospitals.

Statistical analysis

Binary variables were analyzed using univariate and

multivariate logistic regression. Potential risk factors
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included LDH C1.5 9 ULN at diagnosis, abdominal

pain, chest pain, dyspnea, hemoglobinuria, history of

RBC transfusion, and granulocyte clone size. LDH val-

ues at diagnosis were used in all analyses to investigate

their association with clinical outcomes.

For multivariate analyses, the statistical model included

terms for all potential risk factors—age, gender, and bone

marrow failure (BMF)—with nonsignificant factors being

removed. The null hypothesis of no association between

the occurrence of TE and a specific risk factor was tested

using the log-likelihood ratio statistic, which follows a Chi-

squared distribution. Results are presented as ORs and

95 % CIs.

To test whether the LDH threshold of C1.5 9 ULN

was an appropriate cutoff value for assessing risk of TE,

receiver operating characteristic (ROC) analysis was used

to investigate the effects of using cutoff points of LDH

C3.0 9 ULN and LDH C5.0 9 ULN as compared with

the LDH C1.5 9 ULN cutoff point.

Results

Patient demographics and disease burden

A summary of patient demographics, medical history,

and PNH-specific information for the 301 PNH patients

is provided in Table 1. Median age at diagnosis was

37 years (range 8–88 years), median follow-up time from

diagnosis was 6.6 years (range 0–28.8 years), and there

was an approximately equal number of male and female

patients. Diagnosis by flow cytometry of either granu-

locyte or RBC clone or both was reported for 236

patients (78.4 %), Ham and sucrose tests for 56 patients

(18.6 %), Ham test only for 7 patients (2.3 %), and

sucrose test only for 2 patients (\1 %). Further analysis

showed that there were no significant differences in

prevalence of TE between patients diagnosed using the

different diagnostic methods (data not shown). Median

granulocyte and erythrocyte clone sizes were 48.8 and

28.1 %, respectively.

At diagnosis, 171 of 224 patients (76.3 %) with

recorded LDH levels had values C1.5 9 ULN (Table 1).

The most frequently reported clinical symptoms were

hemoglobinuria (56 %), pain (56 %), and abdominal pain

(47 %) (Table 1). The reports of hemoglobinuria were

most likely self-reported macroscopic hemoglobinuria, as

this symptom was not objectively assessed. Corticoste-

roids (77.4 %), transfusions (59.1 %), and nonsteroidal

anti-inflammatory drugs (NSAIDs) (21.9 %) represented

the most common supportive care provided (Table 1).

Anticoagulation therapy was administered to 14.6 % of

patients and immunosuppressive therapy to 20.6 %

(Table 1). Medical intervention was required in 66 of

169 patients (39.1 %) reporting pain; the most common

interventions were NSAIDs, administered to 37 of these

66 patients (56.1 %), and opioids, administered to 22 of

them (33.3 %). No patient received treatment with the

terminal complement inhibitor eculizumab.

Table 1 Burden of disease in PNH

Patient demographics and disease characteristics n = 301

Age, years

Median (range) 37 (8–88)

Mean (SD) 39.3 (15.4)

Patients \40 years, n (%) 172 (57.1)

Gender, female, n (%) 149 (49.5)

Additional bone marrow disorder, n (%)

Aplastic anemia 121 (40.2)

Myelodysplastic syndrome 19 (6.3)

PNH granulocyte clone size, % (n = 195)

Median (range) 48.8 (0–100)

Mean (SD) 49.5 (30.8)

PNH RBC clone size, % (n = 199)

Median 28.1 (0–99.8)

Mean (SD) 33.2 (27.8)

LDH, fold above ULN (n = 224)

Median (range) 4.1 (0.2–36.3)

Mean (SD) 5.6 (5.5)

C1.5 9 ULN, n (%) 171 (76.3)

Follow-up since diagnosis, years

Median (range) 6.6 (0–28.8)

Mean (SD) 7.8 (6.0)

Complications of PNH, n (%)

TE 54 (17.9)

Venous 37 (68.5a)

Arterial 17 (31.5a)

Hemoglobinuria 169 (56.1)

Abdominal pain 141 (46.8)

Dyspnea 111 (36.9)

Chest pain 39 (13.0)

Pain 169 (56.1)

Prior or concomitant therapies, n (%)

Corticosteroids 233 (77.4)

RBC transfusions 178 (59.1)

NSAIDs 66 (21.9)

Immunosuppressive treatment 62 (20.6)

Anticoagulation 44 (14.6)

Opioids 39 (13.0)

Bone marrow transplant 37 (12.3)

SD standard deviation
a % of patients with TE

Risk factors for thromboembolism in PNH
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Characteristics of TE

TE was reported in 54 patients (17.9 %) (Table 1), of

whom 19 (35.2 %) had multiple TE events. TE occurred at

both venous (69.1 %) and arterial (30.9 %) sites. TE was

found in typical sites, including deep vein, pulmonary vein,

and renal vein, as well as in atypical sites, including

cerebral vein and renal artery (Table 2). Fifty-three percent

of the TE events were reported in patients with physician-

reported classic PNH and 47 % in patients with physician-

reported underlying BMF; there was no statistically sig-

nificant difference in the prevalence of reported TE

between these two patient populations (P = 0.981). In

patients with a reported TE and granulocyte clone

(n = 37), TE was recorded in all three clone size catego-

ries assessed (\ 20, 20–50, and [50 %), with the preva-

lence of TE being 16, 19, and 20 %, respectively; there was

no evidence of any association between clone size category

and the risk of experiencing a TE (P = 0.843; Fig. 1). As

full details of RBC transfusions are not collected in the

PNH registry, we were only able to determine if patients

did or did not have a history of transfusions. Despite this

limitation, our data did suggest that there was a statistically

significant association between a history of transfusion and

increased risk of TE (P \ 0.05).

Five of 16 patients receiving prophylactic anticoagulant

therapy (31.3 %) experienced a first thrombosis and 12 of

21 patients receiving therapeutic anticoagulant treatment

(57.1 %) experienced subsequent TE events during

anticoagulant treatment. Based on a multivariate analysis,

TE was strongly associated with an increased risk for

mortality (OR 6.85; 95 % CI 2.90–16.18; P \ 0.001).

Risk factors associated with TE

Elevated LDH

Table 3 presents the demographics and disease character-

istics at diagnosis in patients with and without TE. Median

LDH at diagnosis was higher in patients with TE than in

those without TE, with the difference between the two

groups bordering on statistical significance (P = 0.05).

Age, history of bone marrow disorders, PNH granulocyte

clone size, platelet count, and hemoglobin did not differ

significantly in patients with or without TE (Table 3).

Univariate analysis showed patients with LDH

C1.5 9 ULN at diagnosis had a significantly increased

incidence of TE [43 of 171 (25.1 %)] compared with

patients with LDH \1.5 9 ULN [2 of 53 (3.8 %); OR

8.57; 95 % CI 2.00–36.68; P \ 0.001]. Adjusting for age,

gender, and BMF, multivariate analyses confirmed that

elevated LDH C1.5 9 ULN at diagnosis was indepen-

dently associated with increased odds of experiencing TE

(OR 7.0; 95 % CI 1.5–32; P = 0.013; Fig. 2).

The occurrence of TE within 6 months of the LDH

assessment was analyzed to determine if there was a tem-

poral association between LDH level and TE. Eighteen of

the 171 patients with LDH C1.5 9 ULN (10.5 %) had a

TE within the 6 months prior to or following LDH

assessment, whereas no TE was reported within 6 months

of a reported LDH \1.5 9 ULN. After adjusting for the

Table 2 Location of TE

TE site Events, n % of total

Venous 56 69.1

Deep vein thrombosis (low extremity) 16 19.8

Pulmonary embolus 10 12.3

Renal vein thrombosis 9 11.1

Mesenteric, visceral vein thrombosis 9 11.1

Hepatic, portal vein thrombosis 7 8.6

Cerebral venous occlusion 2 2.5

Gangrene 2 2.5

Dermal thrombosis 1 1.2

Arterial 25 30.9

CVA 12 14.8

Mesenteric arterial thrombosis 5 6.2

Myocardial infarction 4 4.9

Unstable angina 3 3.7

Renal artery obstruction 1 1.2

Total 81a 100

CVA cerebrovascular accident
a Occurred in 54 patients: 1 event in 35 patients, 2 events in 13

patients, 3 events in 4 patients, and 4 events in 2 patients
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OR = 1.179
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P = 0.757

OR = 1.320
95% CI 0.509−3.427

P = 0.568

Fig. 1 Incidence of TE in PNH granulocyte clone size categories.

Overall test of association between clone size and TE: v2 = 0.341,

2df, P = 0.843
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zero frequency of TE by imputing the value as 0.5, the odds

of a TE within 6 months of an LDH assessment was 14.3

times higher with LDH C1.5 9 ULN than with LDH

\1.5 9 ULN (P = 0.004).

A ROC analysis was performed to determine which

LDH value would represent the most sensitive threshold to

detect TE (Fig. 3). This analysis demonstrated that LDH

C1.5 9 ULN as a threshold detected 96 % of the patients

with TE and also showed that an LDH threshold of

C3.0 9 ULN or C5.0 9 ULN at diagnosis detected only

67 or 47 % of the population with TE, respectively. Fur-

thermore, logistic regression analysis demonstrated that

neither LDH C3.0 9 ULN nor LDH C5.0 9 ULN was

independently associated with risk of TE (C3.0 9 ULN:

OR 1.5, 95 % CI 0.78–3.07, P = 0.208; C5.0 9 ULN: OR

1.3, 95 % CI 0.66–2.45, P = 0.476).

Clinical symptoms

The incidences of abdominal pain, chest pain, and dyspnea

were significantly increased in patients with TE compared

with those without TE (Fig. 4). Multivariate analysis

demonstrated that patients with abdominal pain, chest pain,

and dyspnea had significantly increased odds of experi-

encing a TE compared with patients with no symptom

(Fig. 2). Patients with LDH C1.5 9 ULN at diagnosis

were at increased risk of experiencing TE; the odds of a TE

were further increased when patients presented with LDH

C1.5 9 ULN at diagnosis and any of the clinical symp-

toms of abdominal pain, chest pain, dyspnea, or

Table 3 Demographics and disease characteristics in patients with TE and without TE

Parameter Total patients (n = 301) TE (n = 54) No TE (n = 247) P value

Age, median (range) 37 (8–88) 38 (19–88) 36 (8–88) 0.425

History of bone marrow disorders, % 47 47 47 0.981

Median granulocyte clone size, % (range)a 49 (0–100) 50 (1–100) 49 (0–100) 0.189

Granulocyte clone size C50 %, % 48 51 47 0.621

White blood cell count, median, 9 109/L 3.5 3.7 3.45 0.604

Platelet count, median, 9 109/L 100 98 94 0.481

Hemoglobin, median, g/dL 7.8 7.5 8 0.111

LDH fold, median (range) 4.1 (0.2–36) 4.8 (1–17) 3.9 (0–36) 0.05

Patients with LDH C1.5 9 ULN at diagnosis, % 76.3 95.6 71.5 \0.001

a n = 195

LDH ≥ 1.5 × ULN

Abdominal pain

LDH ≥ 1.5 × ULN + abdominal pain

Chest pain

LDH ≥ 1.5 × ULN + chest pain

Dyspnea

LDH ≥ 1.5 × ULN + dyspnea

Hemoglobinuria

LDH ≥ 1.5 × ULN + hemoglobinuria

P = 0.013

P = 0.006

P = 0.006

P = 0.022

P < 0.001

P = 0.003

P = 0.002

P = 0.493

P = 0.025

Compared with 
LDH < 1.5 × ULN + 

no symptom

7.0

2.8
17.8

2.7
19.0

2.9

10.3

1.3
10.3

0 5 10 15 20

Odds ratio of TE

Fig. 2 Multivariate analysis of

the effect of LDH C1.5 9 ULN

and clinical symptoms on

associated risk of TE

Line x = y with 
an AUC of 0.5

AUC of ROC 
curve was 0.582
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Fig. 3 Receiver operating characteristic curve of LDH cutoff for

detecting TE
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hemoglobinuria (Fig. 2). This was particularly pronounced

for abdominal pain (OR 17.79; 95 % CI 2.33–36.01) and

chest pain (OR 19.04; 95 % CI 3.74–96.99) (P B 0.006),

but it was also seen in patients with dyspnea (OR 10.35;

95 % CI 2.31–46.45) and hemoglobinuria (OR 10.28; 95 %

CI 1.34–79.02) (P B 0.025).

Discussion

This report describes the burden of disease, the clinical

characteristics of TE, and the risk factors associated with

TE in PNH patients from the South Korean National PNH

Registry. PNH patients who had a history of TE exhibited a

significantly increased incidence of elevated hemolysis

(LDH C1.5 9 ULN) at diagnosis compared to patients

with no history of TE. Abdominal pain, chest pain, and

dyspnea—clinical symptoms associated with intravascular

hemolysis—were significantly more prevalent in patients

with TE. Age, history of bone marrow disorder, and

platelet count did not differ significantly in patients with or

without TE.

The prevalence of TE in this South Korean population

(17.9 %) is similar to that reported in previous registry

studies and historical reports on European patient popula-

tions. Studies with French and United Kingdom PNH

patients have shown that approximately 28–39 % of PNH

patients had thromboses over comparable observation

times [1, 9, 10, 15, 16]. However, a large study by

Nishimura et al. [6] in 209 Japanese PNH patients reported

a much lower prevalence of TE among this patient popu-

lation (approximately 5–10 %), which led to the perception

that TE does not play a significant role in PNH-related

death in the Asian population. This difference may be

related to the fact that a larger percentage of patients in the

Japanese population than in our South Korean population

also had a diagnosis of AA (79 vs 40 %). Methodological

differences in the gathering of prior TE events may also

have exacerbated this discrepancy; whereas we retrospec-

tively and objectively reviewed all patient medical charts

from electronic medical records, the Japanese study relied

on physician questionnaires, which may have resulted in

the underreporting of events, a known risk in survey-based

studies. Finally, the low prevalence of TE reported by

Nishimura et al. was not confirmed by a more recent study

in Japanese patients with PNH [17], which reported that

17 % of patients entering the trial had a history of TE,

which is consistent with the prevalence reported in the

current study.

This is the first large study to identify chronic comple-

ment-mediated hemolysis, as measured by elevated LDH

(C1.5 9 ULN) at diagnosis, as a significant and indepen-

dent factor associated with increased risk of TE in PNH

patients. Patients with elevated LDH at diagnosis had a

sevenfold increase in the odds of experiencing a TE com-

pared with patients with LDH\1.5 9 ULN. The threshold

of LDH C1.5 9 ULN at diagnosis has been established in

the literature and regulatory PNH clinical trials [5, 7, 8, 12–

14, 18]. Our analysis shows that this LDH threshold more

effectively identifies PNH patients with significantly

increased risk of TE than the LDH thresholds of

C3.0 9 ULN or C5.0 9 ULN at diagnosis. We establish

that the risk of TE is significant and that patients should be

monitored closely for TE and other poor outcomes when

LDH levels exceed C1.5 9 ULN.

Patients with LDH C1.5 9 ULN who also presented

with at least one of the four clinical symptoms associated

with hemolysis had a further increased risk of TE com-

pared with patients with LDH C1.5 9 ULN alone. This

increased TE risk may suggest that these symptoms are a

result of chronic hemolysis or uncontrolled complement

activity and reflect progressive end organ damage through

chronic nitric oxide (NO) depletion, ischemia, and throm-

bosis. For example, pathological examination of intestinal

biopsies reveals focal acute and chronic inflammation,

fibrin thrombi, and ischemic necrosis in intra-abdominal

Patients with

TE
(n = 54)

No TE
(n = 247)

P Value
(TE vs no TE)

85.2%

66.7%

68.5%

55.6%

24.1%

74.5%

54.7%

42.5%

33.2%

10.1%

0.081

0.103

<0.001

0.002

0.009

Fatigue

Hemoglobinuria

Abdominal pain

Dyspnea

Chest pain

0 20 6040 80 100

Patients (%)

12.6

37.2

47.2

56.8

76.4

Overall incidence

Fig. 4 Incidence of clinical

symptoms in the overall patient

population and in patients with

or without TE
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vessels in hemolytic PNH patients [19–21], and Hill et al.

[22] reported evidence of myocardial scars suggestive of

previous unsuspected ischemic damage in 2 of 10 hemo-

lytic PNH patients (20 %) with no reported thrombosis.

In addition to being a potential risk factor for TE,

symptoms such as abdominal pain, chest pain, and dyspnea

contribute to the poor quality of life suffered by PNH

patients [23–25]. Of note, our investigation showed that

33 % of patients reporting pain and requiring medical

intervention were administered opioids for pain manage-

ment, further demonstrating the significant burden of dis-

ease in PNH patients. These PNH-related symptoms have

been linked to aberrant smooth muscle dystonia mediated

by depletion of NO by increased levels of plasma-free

hemoglobin released from lysed RBCs [5, 24]. Because

these symptoms are significantly associated with risk of TE

and possibly an indicator of organ damage, careful moni-

toring and early intervention are warranted when they are

identified during the patient workup.

The relationship between clone size, symptoms, and

outcomes of PNH remains, at present, unclear. Previous

studies have suggested that patients with a larger granu-

locyte clone size (i.e., [50 %) are at an increased risk of

TE [26, 27]. These reports provided a rationale for ana-

lyzing the prevalence of TE by clone size categories of

\20, 20–50, or [50 % in our cohort. In contrast to the

findings of these studies, our analysis did not indicate any

significant relationship between clone size category and TE

outcome. Although we did see a higher prevalence of TE in

patients with clones [50 %, TE was also reported in

patients with clone sizes of \50 %; in fact, 16 % of

patients with a clone size\20 % reported a TE. Our results

may differ from previous reports because of the large

number of patients with smaller clone sizes who had

hemolysis: 36 % of patients with a clone size of \20 %

and 75 % of patients with a clone size of 20–50 % had

LDH C1.5 9 ULN. Unfortunately, directly comparative

data are not presented in the previous studies. Hall et al.

[26] did not report the median clone size or the prevalence

of hemolysis in patients with clone sizes \50 %, and

approximately half of the patient population in Moyo et al.

[27] had concomitant AA and may, therefore, have been

less likely to exhibit excessive hemolysis (LDH

C1.5 9 ULN). Indeed, none of these latter patients

reported symptoms of hemoglobinuria, esophageal spasm,

or impotence, symptoms that are highly prevalent in PNH

patients with hemolysis. Thus, the Hall and Moyo study

populations may have included comparatively few patients

with small PNH clones and hemolysis, which may in part

account for their findings of an association between clone

size and risk of TE.

Pu et al. [28] recently analyzed the association between

clones and elevated LDH; their findings suggested a linear

relationship between LDH and granulocyte clone size, with a

clone size of at least 23 % being a threshold predictor for

laboratory evidence of elevated hemolysis. However, as

noted, over a third of our population with a clone size below

this threshold still had LDH C1.5 9 ULN. Again, the dif-

ference between these results may be related to the differ-

ences in the patient populations, as Pu et al. focused on

patients with AA or severe AA, with all patients having bone

marrow cellularity of\20%. They reported that only 6 of 27

patients (22 %) had LDH C1.5 9 ULN at diagnosis, and of

the 15 patients with clone size \15 %, only 2 (13 %) had

elevated LDH levels. In our study, by contrast, over 76 % of

patients had LDH C1.5 9 ULN at diagnosis, including

36 % of patients with a clone size of \20 %. This may

explain why we observed a greater prevalence of LDH

C1.5 9 ULN and TE in patients with smaller clones and

why the association between clone size and TE outcomes in

our data was not statistically significant. Our data suggest

that the risk of TE can potentially be more accurately

assessed from LDH levels than from clone size alone. Clone

size will inevitably be an important element in a patient’s

clinical risk profile, but a small clone size should not be

considered to preclude the risk of TE, and management of TE

in PNH should be independent of granulocyte clone size.

However, given the limitations of a retrospective dataset, we

acknowledge that further research needs to be carried out to

elucidate the exact nature of the relationship between PNH

clone size, hemolysis, and risk of TE.

Multivariate analysis demonstrated that TE was associ-

ated with a significantly increased risk of mortality. Previous

observational PNH studies [1, 15] have also demonstrated a

high mortality rate for PNH patients at risk for TE, sug-

gesting that prevention and management of TE are critical

for patients with PNH. More recent data from a French

registry of PNH patients [9] also identified TE as a risk for

mortality in a presumed mixed population of hemolytic and

nonhemolytic PNH patients. Factors associated with risk of

thrombosis included age[55 years, the use of transfusions,

TE at diagnosis, and warfarin as primary prophylaxis.

However, specific LDH values were not reported and were,

therefore, not included in the evaluation.

It remains unclear whether all PNH patients at high risk

for TE should receive primary warfarin prophylaxis. The

etiology of hypercoagulability and the development of TE

in PNH patients are multifactorial. Complement-mediated

hemolysis can lead to NO depletion with subsequent arte-

rial constriction, low blood flow, hypercoagulability of

platelets, and formation of RBC prothrombotic microve-

sicles [8, 30]. Uncontrolled complement activation can also

result in platelet vesiculation [31], C5a-induced granulo-

cyte release of inflammatory cytokines, and tissue factor

expression [32, 33], all precursors of thrombosis. Our data

showed that anticoagulant therapy was ineffective in

Risk factors for thromboembolism in PNH
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addressing the prothrombotic sequelae of complement-

mediated hemolysis, as 46 % of patients receiving either

prophylactic or therapeutic anticoagulation therapy expe-

rienced a TE. This finding, along with previously published

results, suggests that the use of anticoagulants may be

ineffective in the management of TE in patients with PNH

[1, 2, 7].

The database reported here retrospectively captured

specific data related to hemolysis, including LDH values,

as well as specific hemolysis-associated symptoms, pro-

viding a unique opportunity to evaluate association of

presenting clinical symptoms and laboratory values to

determine risk of TE and poor outcomes at diagnosis.

However, while we identified abdominal pain, chest pain,

and dyspnea as risk factors for TE, we acknowledge that

more detailed information on frequency, intensity, and

dates of symptom presentation was not captured. We

believe that future prospective observations, perhaps from

the international PNH registry, will further support the

associations of hemolysis and other risk factors with TE.

In summary, our data show that PNH patients with LDH

C1.5 9 ULN at diagnosis have an increased risk of TE, the

most frequent cause of death in PNH, compared with PNH

patients with LDH\1.5 9 ULN. The risk for TE is further

increased with the additional presence of PNH-related

symptoms. Age, gender, and clone size were not consid-

ered risk factors for TE in PNH patients. Physicians should,

therefore, consider symptomatic PNH patients to be at

particularly high risk for TE and mortality, as these clinical

symptoms could represent continued progression and

manifestation of uncontrolled complement activation and

hemolysis. These results highlight the medical need for and

urgency of early therapeutic intervention and monitoring of

PNH patients with elevated LDH.
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