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Introduction

The demonstration of an increased red cell mass (RCM)
measured by isotopic methods was the main criterion for the
diagnosis of polycythemia vera (PV) according to the
Polycythemia Vera Study Group.1 Recently, in the new WHO
criteria,2 hemoglobin (Hb) over 18.5 g/dL in males and over
16.5 g/dL in females is considered surrogate marker of an
increased RCM; because of this, in many centers, RCM is no
longer being performed. However, it is important to distin-
guish PV from essential thrombocythemia (ET) given that PV is
one of the commonest myeloproliferative neoplasms and can
often resemble ET. There are several reasons why the myelo-
proliferative neoplasm type should be correctly identified,
including a reduced life expectancy in PV when compared to
ET,3 a higher probability of transformation to myelofibrosis in
PV4,5 and, lastly, a higher rate of thrombosis observed in PV
than in ET.6-8 In addition, PV management recommendations
for PV and ET differ.9

It is well known that a proportion of patients suffering from
PV do not reach the Hb threshold defined by the WHO.10-12

This is extremely important in those cases with concomitant
thrombocytosis. In these cases, if RCM is not measured, the
majority of patients may be erroneously classified as ET.
Therefore, isotopic RCM measurement could be a requisite for
the differential diagnosis of ET or PV when WHO Hb criteria

are not satisfied. However, which hemoglobin or hematocrit
value should be applied for RCM in patients with a clinically
suspected diagnosis of ET or PV has not been established.
The objective of the present study was to identify the cut off

for hemoglobin (Hb) or hematocrit (Hct) that indicates the
need for isotopic red cell mass evaluation in patients with a
presumptive diagnosis of PV or ET.

Design and Methods

Between 1985 and 2011, 347 subjects were consecutively diag-
nosed with PV or ET at the Hematology Department of the Hospital
del Mar of Barcelona, Spain. At our institution, routine initial evalu-
ation for patients with a suspected diagnosis of ET or PV includes
automatic blood cell counts, serum erythropoietin level, endoge-
nous erythroid colony formation, JAK2V617F quantification, and
red cell mass measurement when Hct is over 0.45 L/L in males and
over 0.42 L/L in females. In patients diagnosed before 2005,
JAK2V617F mutation was studied from DNA criopreserved samples
obtained at diagnosis or fresh samples collected during follow up.
RCM was measured using red blood cells labelled with Cr51 with
red blood cell volume, plasmatic volume and sanguineous volume,
calculated according to ICSH recommendations.13 The diagnosis of
PV and ET was established according to the PVSG or the WHO cri-
teria before and after 2001, respectively. The final diagnosis was
revised according to the current WHO criteria. Accordingly, the
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diagnosis of PV required hemoglobin level over 18.5 g/dL in
males and over 16.5 g/dL in females, or an increased red cell vol-
ume of over 125% of normal values, the demonstration of a
mutation in the JAK2 gene, and one minor criteria (decreased
erythropoietin serum level, endogenous erythroid colony forma-
tion or compatible bone marrow histology). JAK2-negative cases
required the presence of at least two minor criteria to establish
PV diagnosis. Bone marrow biopsy was performed in all patients
with suspicion of ET but it was not routinely assessed in PV.
Patients with early/pre-fibrotic primary myelofibrosis were not
included in the present study. Informed consent was obtained
for the scientific use of the patients’ clinico-hematologic data
and this was approved by the institutional review board of the
Hospital del Mar.
Receiving operating characteristic (ROC) curves were per-

formed to evaluate the diagnostic accuracy of Hb and Hct in
order to distinguish between normal and increased RCM meas-
ured by the Cr51 method. In ROC curves, the specificity and sen-
sitivity of each Hb and Hct value is calculated. The area under the
curve (AUC) of a perfect diagnostic test (sensitivity 100%, speci-
ficity 100%) is 1 whereas the AUC of a test without diagnostic
accuracy is 0.5 (sensitivity 50%, specificity 50%). The best diag-
nostic test is that with a higher AUC. A diagnostic test is usually
considered to have an acceptable diagnostic accuracy when the
sensitivity and specificity is higher than 80%, resulting in an
AUC of over 0.8. Since the purpose of the present study was to
investigate which Hb or Hct value should indicate measurement
of RCM (as opposed to not measuring it), the cut off was selected
according to sensitivity prevailing over specificity in order to
reduce the number of false negative cases. In the differential diag-
nosis of ET versus PV, false positives represent cases with an Hct
or Hb value over a pre-determined threshold but with normal
RCM leading to an erroneous diagnosis of PV if RCM is not
measured. False negatives (cases with Hct or Hb values below the
pre-determined threshold and an increased red cell mass) would
correspond to those patients in whom a mistaken diagnosis of ET
would be made if RCM was not measured.

Results and Discussion

Isotopic RCM was determined as part of the initial eval-
uation in 179 patients (88 males, 91 females) with a suspect-
ed diagnosis of PV or ET. Main hematologic values at diag-
nosis are shown in Table 1. The majority of patients
showed a Hb level and/or platelet counts over the normal
values and the JAK2mutation (V617F or exon 12) was pres-
ent in 98% of the cases; a clinical picture compatible with
PV or ET. RCM was increased in 114 patients establishing a
PV diagnosis, whereas ET was diagnosed in 63 of the 65
remaining cases. Two cases with normal RCM did not fulfill
ET nor PV criteria at time of evaluation but were diagnosed
with PV later on during follow up. 
The diagnostic accuracy of the WHO Hb criteria is

shown in Table 2. WHO Hb criteria showed a high speci-
ficity indicating that a Hb value over 185 g/L in males or
over 165 g/L in females could be used as an adequate surro-
gate of increased RCM in patients with a high suspicion of
PV or ET. Considering this, only 2 females with Hb over
165 g/L presented a normal RCM, whereas no males with
Hb over 185 g/L showed a normal RCM. In contrast, WHO
Hb criteria showed very low sensitivity. Interestingly, a
total of 53 of 114 (46%) patients with increased RCM had
Hb values at diagnosis below those defined by the WHO
for diagnosis of PV corresponding to 27 (30%) and 26 (29%)

false-negatives in males and females, respectively. Forty out
of these 53 (75%) patients presented concomitant thrombo-
cytosis, with these cases eventually being misdiagnosed as
ET if RCM were not measured. 
ROC curves were performed in order to evaluate which

automatic blood test is better in guiding the need for RCM
measurement. The Hct showed a larger AUC (AUC 0.92,
95%CI: 0.88-0.96) than the Hb (AUC 0.88, 95%CI: 0.84-
0.93) resulting in a better diagnostic accuracy in predicting
RCM in the whole series. When the patients were stratified

Table 1. Main hematologic values according to red cell mass (RCM) meas-
urement in 179 patients with a presumptive diagnosis of polycythemia vera
or essential thrombocythemia.
                                               RCM > 125%               Normal RCM                P
                                                     n=114                          n=65

Male, n. (%)                                        64 (56)                              24 (37)                      0.02
Age*                                                   61 (20-84)                        69 (29-93)                   0.03
Palpable spleen, n. (%)                   35 (31)                                3 (5)                      <0.001
RBC x1012/L*                                    6.8 (4.9-9.9)                     5.2 (4.4-6.7)               <0.001
Hemoglobin, g/L*                        180 (137-238)                  150 (131-172)              <0.001
Hematocrit, L/L*                        0.56 (0.44-0.73)               0.47 (0.42-0.58)            <0.001
MCV, fL*                                           82 (66-101)                      90 (76-101)                <0.001
WBC count x109/L*                      10.4 (5.7-39.9)                    8.6 (5.3-20)                 0.005
Platelet count x109/L*                516 (155-1480)                606 (418-1744)              0.004
Low serum epo, n. (%)                    68 (72)                              23 (42)                   <0.001
BFU-e, n (%)                                      67 (90)                              47 (90)                       ns
JAK2 mutation , n. (%)                    110 (96)                            65 (100)                      ns
V617F, n. (%)                                 105 (92)                            65 (100)                      ns
Exon 12, n. (%)                                5 (4)                                    ND
% alleles V617F                           59 (2-100)                        26 (9-100)                 <0.001

* median (range). RBC: red blood cells; MCV: mean corpuscular volume; WBC: white blood cells;
Epo: erythropoietin; BFU-e: endogenous growth of erythroid colonies. Epo level and BFU-e was
assessed in 150 and 126 patients, respectively. 

Table 2. Diagnostic accuracy of WHO Hb criteria and different hematocrit
thresholds as predictors of increased red cell mass in patients with a sus-
pected diagnosis of  PV or ET.

True + True- False+ False- Specificity Sensitivity
n. of n. of n. of n. of % %
cases cases cases cases

Male n=88
Hb > 185 g/L 37 24 0 27 100% 58%
Hct > 0.48 L/L 61 10 14 3 42% 95%
Hct > 0.50 L/L 56 18 6 8 75% 87.5%
Hct > 0.52 L/L 52 23 1 12 96% 81%
Female n=91

Hb > 165 g/L 24 39 2 26 95% 48%
Hct > 0.45 49 13 28 1 32% 98%
Hct > 0.48 47 30 11 3 73% 94%
Hct > 0.50 37 37 4 13 90% 74%
Hct > 0.52 29 39 2 21 95% 58%

True +: number of patients with the hematocrit level over the threshold and increased red cell
mass. True -: number of patients with hematocrit level below the threshold and normal red cell
mass. False +: number of patients with hematocrit level over the threshold and normal red cell
mass. False -: number of patients with hematocrit level below the threshold and increased red
cell mass. 
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according to gender, in males, diagnostic accuracy of Hct
and Hb was similar (males: AUC Hct 0.92, 95%CI: 0.86-
0.98 vs. AUC Hb 0.91, 95%CI: 0.84-0.97); in females, the
accuracy of Hct was also better than that for Hb (females:
AUC Hct 0.92, 95%CI: 0.87-0.98 vs. AUC Hb 0.87, 95%CI:
0.80-0.95). ROC curves for Hb and Hct in the diagnosis of
an increased RCM in males and females are shown in
Figure 1. These findings indicate that, overall, Hct would be
a better guide than Hb to decide if an isotopic RCM meas-
urement should be performed or not.
The number of false negatives, false positives, sensitiv-

ity and specificity for different Hct points in males and
females as a diagnostic test of increased RCM are shown
in Table 2. In females, Hct over 0.52 L/L showed a speci-
ficity of 95% with only 2 cases of 31 with this value pre-
senting a normal RCM. This feature indicates that Hct
over 0.52 L/L could be used as a surrogate of increased
RCM and, consequently, RCM measurement could be
avoided in such cases. On the contrary, if RCM is not
assessed in patients with Hct below 0.52, PV diagnosis
could not have been established in 21 of 60 females in
whom RCM was actually increased. Lowering Hct level
to 0.45 L/L or 0.48 L/L increased sensitivity up to 98%
and 95%, and the number of false positives to 28 and 11,
respectively (Table 2). These results suggest that, in
females, RCM would obtain the best diagnostic perform-
ance in the differential diagnosis of ET from PV in those
cases with Hct ranging from 0.45 to 0.52 L/L. 
In males, Hct over 0.52 L/L had a specificity of 96% and

this could be considered equivalent to increased RCM.
Patients with a presumptive diagnosis of PV or ET and Hct
ranging from 0.48 L/L to 0.52 L/L would benefit from RCM
measurement, as shown by a sensitivity of 95% for Hct
over 0.48 L/L. If RCM had not been assessed in patients
with Hct below 0.52 L/L, 12 cases would not have been
diagnosed as PV. Performing a RCM study in those cases
with Hct between 0.48 L/L and 0.52 L/L would have avoid-

ed misdiagnosis in up to 3 patients (Table 2).
It must be pointed out that the present series was restrict-

ed to patients with a final diagnosis of PV or ET. The dis-
tinction between PV and apparent polycythemia was not
evaluated in the present study. As a consequence, the pro-
posed cut offs for Hb and Hct may not be appropriate in
patients with isolated erythrocytosis and without features
suggesting the presence of a myeloproliferative neoplasm,
such as thrombocytosis or the JAK2 mutation. Another
aspect that must be taken into consideration is that Hct was
measured by automatic analyzers, in contrast to previous
studies in which Hct was measured by direct centrifugation
of anticoagulated blood.10
A possible criticism of the methodology used in our study

is that we systematically carried out RCM as a diagnostic
procedure in patients clinically suspected of having PV and
ET when the Hct was over over 0.45 L/L  in males and over
0.42 L/L in females. It could be argued that such criteria for
RCM measurement limit the possibility of identifying the
lower Hb or Hct value at which RCM must be assessed. In
this regard, the presence of clinical data suggesting the pres-
ence of an occult PV, such as splenomegaly, leukocytosis,
thrombocytosis or portal vein thrombosis, has been pro-
posed as an indication for RCM evaluation in patients with
normal Hct or Hb values.11 In addition, considering the data
from the present and previous studies, and the current
WHO diagnostic criteria, the presence of microcytic red
blood cells, a high JAKV617F alelle burden, a decreased
serum erythropoietin (EPO) level, or the bone marrow his-
tology may also help clinicians to decide whether RCM
should be measured or not in cases with normal Hct or Hb
levels.14-17
In conclusion, the WHO Hb criteria for PV diagnosis have

a low sensitivity leading to an important number of cases of
misdiagnosis. Such diagnostic inaccuracy could be
improved by evaluating RCM in cases with a suspicion of
ET or PV and Hct ranging from 0.48 L/L to 0.52 L/L.

a. alvarez-larrán et al.
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Figure 1. ROC curves for Hb and Hct in the diagnosis of an increased RCM in (A) males and (B) females. Dash line corresponds to Hct and
dotted line to Hb.

A B 1.0

0.8

0.6

0.4

0.2

0.00.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Se
ns

iti
vi
ty

Se
ns

iti
vi
ty

1.0

0.8

0.6

0.4

0.2

0.0



Authorship and Disclosures

The information provided by the authors about contributions from
persons listed as authors and in acknowledgments is available with

the full text of this paper at www.haematologica.org.
Financial and other disclosures provided by the authors using the

ICMJE (www.icmje.org) Uniform Format for Disclosure of
Competing Interests are also available at www.haematologica.org.

Red cell mass in ET and PV

haematologica | 2012; 97(11) 1707

References

1. Pearson TC. Evaluation of diagnostic crite-
ria in polycythemia vera. Semin Hematol.
2001;38(1 Suppl 2):21-4.

2. Tefferi A, Thiele J, Orazi A, Kvasnicka HM,
Barbui T, Hanson CA, et al. Proposals and
rationale for revision of the World Health
Organization diagnostic criteria for poly-
cythemia vera, essential thrombocythemia,
and primary myelofibrosis: recommenda-
tions from an ad hoc international expert
panel. Blood. 2007;110(4):1092-7

3. Passamonti F, Rumi E, Caramella M, Elena
C, Arcaini L, Boveri E, et al. A dynamic
prognostic model to predict survival in
post-polycythemia vera myelofibrosis.
Blood. 2008;111(7):3383-7.

4. Cervantes F, Alvarez-Larrán A, Talarn C,
Gomez M, Montserrat E. Myelofibrosis
with myeloid metaplasia following essen-
tial thrombocythaemia: actuarial probabili-
ty, presenting characteristics and evolution
in a series of 195 patients. Br J Haematol.
2002;118(3):786-90.

5. Alvarez-Larrán A, Bellosillo B, Martínez-
Avilés L, Saumell S, Salar A, Abella E, et al.
Postpolycythaemic myelofibrosis: frequen-
cy and risk factors for this complication in
116 patients. Br J Haematol. 2009;146
(5):504-9. 

6. Berk P, Wasserman LR, Fruchtman SM,
Goldberg JT. Treatment of polycythemia
vera: a summary of clinical trials conducted

by the polycythemia vera study group. In
Polycythemia vera and the myeloprolifera-
tive disorders. Ed. Wasserman LR, Berk PD,
Berlin BI. W.B Saunders company
Philadelphia, PA. 1995;166-94.

7. Alvarez-Larrán A, Cervantes F, Pereira A,
Arellano-Rodrigo E, Pérez-Andreu V,
Hernández-Boluda JC, et al. Observation
versus antiplatelet therapy as primary pro-
phylaxis for thrombosis in low-risk essen-
tial thrombocythemia. Blood. 2010;116
(8):1205-10.

8. Harrison CN, Campbell PJ, Buck G,
Wheatley K, East CL, Bareford D, et al.
United Kingdom Medical Research Council
Primary Thrombocythemia 1 Study.
Hydroxyurea compared with anagrelide in
high-risk essential thrombocythemia. N
Engl J Med. 2005;353(1):33-45.

9. Barbui T, Barosi G, Birgegard G, Cervantes
F, Finazzi G, Griesshammer M, et al.
European LeukemiaNet. Philadelphia-nega-
tive classical myeloproliferative neoplasms:
critical concepts and management recom-
mendations from European LeukemiaNet. J
Clin Oncol. 2011;29(6):761-70.

10. Johansson PL, Safai-Kutti S, Kutti J. An ele-
vated venous haemoglobin concentration
cannot be used as a surrogate marker for
absolute erythrocytosis: a study of patients
with polycythaemia vera and apparent
polycythaemia. Br J Haematol. 2005;129
(5):701-5.

11. Lamy T, Devillers A, Bernard M, Moisan A,
Grulois I, Drenou B, et al. Inapparent poly-

cythemia vera: an unrecognized diagnosis.
Am J Med. 1997; 102(1):14-20.

12. Cassinat B, Laguillier C, Gardin C, de Beco
V, Burcheri S, Fenaux P, et al. Classification
of myeloproliferative disorders in the JAK2
era: is there a role for red cell mass?
Leukemia. 2008;22(2):452-3. 

13. Pearson TC, Guthrie DL, Simpson J, Chinn
S, Barosi Gferrant A, et al. Interpretation of
measured red cell mass and plasma volume
in adults: Expert Panel on Radionuclides of
the International Council for
Standardization in Haematology. Br J
Haematol. 1995;89(4):748-56. 

14. Vannucchi AM, Antonioli E, Guglielmelli P,
Rambaldi A, Barosi G, Marchioli R, et al.
Clinical profile of homozygous JAK2
617V>F mutation in patients with poly-
cythemia vera or essential thrombo-
cythemia. Blood. 2007;110(3):840-6.

15. Messinezy M, Westwood NB, El-Hemaidi
I, Marsden JT, Sherwood RS, Pearson TC.
Serum erythropoietin values in erythrocy-
tosis and in primary thrombocythaemia. Br
J Haematol. 2002;117(1):47-53.

16. Wetswood NB, Pearson TC. Diagnostic
applications of haemopoeietic progenitor
culture techniques in polycythaemias and
thrombocythaemias. Leuk Lymphoma.
1996:22(Suppl 1):95-103.

17. Spivak JL, Silver RT. The revised World
Health Organization diagnostic criteria for
polycythemia vera, essential thrombocyto-
sis, and primary myelofibrosis: an alterna-
tive proposal. Blood. 2008;112(2):231-9.


