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Is ≥ 100% the magic number
to rule out the laboratory
diagnosis of von Willebrand
disease based on initial
testing?

To the Editor:

Diagnostic criteria for von Willebrand disease (VWD) differ between

guidelines although all require laboratory evidence of low von Wil-

lebrand factor (VWF) levels, typically in the setting of a personal

bleeding history. The laboratory diagnosis is complicated by interassay

and intraassay variability. Further, there are many modifiers of VWF

levels that temporarily increase levels from baseline, such as preg-

nancy, aging, exercise, and oral contraceptives. Iron deficiency anemia

is a frequent complication of VWD, and recently has been hypothe-

sized to be enough of a biologic stressor to possibly obscure VWD

diagnosis by temporarily increasing VWF levels.1

In addition, pre-analytic variables such as variations with tem-

perature and time to sample transportation, storage, and preparation

with processing of samples can lead to inaccurate VWF assays

results.2 Our group recently reported significant differences seen

between VWF assay results drawn and processed at separate phle-

botomy and processing sites (off-site) compared to samples drawn

and processed in one location (onsite).3 Normalization of VWF Anti-

gen (VWF: Ag), VWF ristocetin cofactor activity (VWF: RCo) and/or

Factor VIII (FVIII) was seen in 40%–60% of patients with abnormal

results when testing was repeated with on-site processing under the

guidance of a consulting hematologist. Given these challenges,

repeat testing at a center with on-site assay processing has been rec-

ommended in patients with normal VWF levels and a high index of

suspicion.

A subset of patients may not require repeat testing. The utility of

repeat testing in patients with initial elevated levels has been evalu-

ated by two different groups. In a study of patients aged 0–18 years,

Doshi et al., found that values > 100 IU/dL on VWF Antigen (VWF:Ag)

or VWF ristocetin cofactor activity (VWF:RCo) yielded negative pre-

dictive values (NPV) of > 95%.4 Further, they found that 70% of

patients were diagnosed with VWD on their initial testing although

all testing was performed at one large academic medical institution.

The effect of anemia on VWF levels was not examined although the

authors do state that one woman with heavy menstrual bleeding

(HMB) in the study was concurrently anemic. Brown et al. per-

formed a similar analysis on adolescent females presenting to the

emergency room with acute HMB and found that a VWF:Ag >

100 IU/dL and VWF:RCo > 100 IU/dL had a NPV of 93.2% and

95% respectively.5 So, VWF:Ag and VWF:RCo levels were signifi-

cantly higher at presentation for HMB, but a specific analysis for

anemia was not done.

Our group sought to evaluate whether this finding could be gen-

eralized to initial VWF assays performed at facilities with offsite

processing using data from a retrospective study comparing offsite

and onsite testing through 17 institutions across the United States.

We also sought to examine the role of anemia in possibly obscuring a

VWD diagnosis.

The methods have previously been described in detail.3 Briefly,

eligible subjects were females 12–50 years of age who were referred

to a hematologist due to concern for a bleeding disorder. All subjects

had VWF testing with offsite processing prior to referral, followed by

VWF testing with onsite sampling and processing under the supervi-

sion of the consulting hematologist. The following data elements were

collected: age, referral reason, bleeding symptoms, VWF assays (VWF:

Ag, VWF:RCo and factor VIII assay) coagulation and hematologic labo-

ratory results, details of onsite and offsite testing facilities, estrogen

use, and final diagnosis as ascertained by the consulting hematologist.

Although the most recent guidelines recommend using GP1bM as the

platelet binding assay in the diagnosis of VWD, VWF:RCo was used

as GP1bM is not widely available in the United States. In the current

analysis, we focused on subjects with elevated VWF:Ag and/or VWF:

RCo, defined as levels ≥ 100% at the referring (“off-site”) institution.
This subset was further classified by the qualifying test: elevated
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VWF:Ag only, elevated VWF:RCo only, or elevated VWF:Ag and

VWF:RCo. Results from the referring institutions were then compared

to the initial results from the consulting (“on-site”) institutions. Results
from the consulting institutions were classified as low (< 50%), normal

(50%–100%), or elevated (≥ 100%). Anemia was defined as a hemo-

globin of < 12 g/dL.

A total of 47 subjects, from a cohort of 263 subjects, were

identified with elevated VWF:Ag and/or VWF:RCo from the refer-

ring institutions. Most of these subjects, 25 (53%), had elevated

results for both VWF:Ag and VWF:RCo, while 18 (38%) had ele-

vated VWF:Ag only. Four subjects (9%) had elevated VWF:RCo only.

A majority of these subjects (n = 32, 68%) continued to have ele-

vated VWF assays results when repeated at the consulting institu-

tion. A third of the subjects had normal laboratory values when

repeated at the consulting institution. Five (11%) patients with ele-

vated VWF antigen and/or ristocetin co-factor at the referring insti-

tution were eventually diagnosed with VWD, resulting in an

negative predictive value (NPV) of 89%. For those patients with ele-

vated VWF: Ag as well as VWF:RCo, the NPV increased to 96%. In

those with isolated VWF:RCo or VWF:Ag elevation, NPV was 75%

and 83% respectively. Laboratory results collected for the study for

these five patients are shown in Table 1.

About half (n = 25, 53%) of those patients with elevated VWF:Ag

and/or VWF:RCo levels (at consultation or prior to consultation) were

anemic, compared to 18% (n = 39) of those with normal or low levels

(chi-square p < 0.001). Three of the five patients (60%) with elevated

levels and eventual diagnosis of low VWF or VWD had anemia. Two

were severely anemic (hemoglobin < 6) at initial laboratory testing

with correction of anemia prior to consultation. Eleven (23%) patients

with elevated levels were ultimately diagnosed with a different

bleeding disorder.

This study demonstrates a similar, though slightly lower, NPV for

VWF:Ag or VWF:RCo levels > 100 IU/dL in the diagnosis of VWD com-

pared to prior reports. The role of off-site processing in these findings is

difficult to ascertain as typically pre-analytical variables will result in

falsely low VWF levels. One limitation of the data arises from the VWF

assays given a wide coefficient of variation, as well as the fact that they

were not performed using identical instrumentation and reagents. Inter-

estingly, the proportion of patients with anemia was higher in those

patients with elevated VWF levels, adding support to the hypothesis

that anemia is a sufficient stressor to increase VWF levels. The lowest

NPV was seen in those patients with isolated elevation of VWF:Ag

which might be expected given this finding can be seen in patients with

Type 2 VWD.6 However, this can also be seen with Type 1 VWD and

of the five subjects with an eventual diagnosis of VWD, only one was

diagnosed with Type 2 VWD. All diagnoses were made prior to the

recent VWD diagnosis guidelines which suggest using an activity to

antigen ratio of < 0.7 as the cut-off for diagnosis of Type 2 VWD.7 Fol-

lowing these recommendations, some patients may have subsequently

been reclassified. These findings reinforce prior reports that VWF levels

above 100 IU/dL may be used to rule out VWD in a specific subset of

patients. However, repeat testing should be considered in patients with

a significant history of bleeding, concurrent anemia, or other biologic

stressors even in the setting of elevated levels. Since there exists the

possibility of other hemostatic disorders as we observed despite a VWF

level exceeding 100%, referral to a hematologist for further specialized

coagulation testing is warranted.
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TABLE 1 Initial and follow-up VWF testing on individuals diagnosed with VWD

Subject Location Test # VWF Ag IU/dL (normal) VWF RCo IU/dL (normal) Hemoglobin g/dL Diagnosis

CHLA16 Referring 1 60 (>50) 132 (42–200) 13.2 VWD

Referring 2 68 (>50) 11.5

Consultation 3 210 (50–217) 179 (50–150)

OHSU16 Referring 1 109 (55–200) 75 (55–200) 13.5 VWD

Consultation 2 72 (60–150) 51 (60–150) 13.1

UMIC01 Referring 1 192 (60–189) 203 (50–184) 5.7 VWD

Consultation 2 55 (50–150) 38 (50–150) 12.1

Consultation 3 58 (50–150) 41 (50–150) 13.7

UMIC03 Referring 1 104 (63–189) 47 (60–195) 13.6 VWD

Consultation 2 115 (50–150) 51 (50–150) 12.7

Consultation 3 107 (50–150)

Consultation 4 139 (50–150) 52 (50–150)

UMIC04 Referring 1 100 45 (49–204) 4.7 VWD

Consultation 2 58 (50–150) 31 (50–150) 12.6

Consultation 3 66 (50–150) 36 (50–150) 13.1
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Red blood cell lifespan is
reduced in severe aplastic
anemia and improves with
response to
immunosuppressive
treatment

To The Editor:

Aplastic anemia (AA) is a rare and heterogeneous disease, character-

ized by bone marrow failure leading to pancytopenia and empty mar-

row. Immune-mediated damage of hematopoietic stem cells is the

major modality leading to bone marrow aplasia in acquired AA. Our

previous cross-sectional study found that the life span of RBCs in

severe (SAA) and very severe (VSAA) patients was shortened, but it

was close to normal in patients exhibiting a hematologic response

(HR) after immunosuppressive therapy (IST).1 We report here a pro-

spective trial by carbon monoxide (CO) breath test to quantify RBC

lifespan in VSAA/SAA, and its changes according to response to

treatment.

A total of 22 patients were included in this study: 14 SAA and 8 VSAA

(14 males, eight females) with median age 25 (6–46), between November

2016 and November 2017. Pretreatment blood cell counts of the

22 patients were as follows: neutrophils 0.27 � 109/L (0.04–0.9 � 109/L),

Hb 71 g/L (42–118 g/L), absolute reticulocytes 12.9 � 109/L

(2.5–26.5 � 109/L), and platelets 10 � 109/L (0–16 � 109/L). All the

patients had no evidence of hemolysis with indirect bilirubin (IBIL), hapto-

globin (HP), lactate dehydrogenase (LDH) in the normal range. Erythrocyte

osmotic fragility (EOF) test and Coombs test were also negative. As a con-

trol, 13 healthy people (three males, 10 females) were included with a

median age of 36 (28–47).

The CO breath tests were obtained with no blood transfusion or

2 weeks after transfusion, no smoking within 24 h, on an empty stom-

ach. An automatic instrument (ELS TESTER, Seekya Biotec Co. Ltd,

Shenzhen, China) was used.

The IST treatment and the response criteria were in on-line sup-

plementary material.
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