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Abstract A high tricuspid regurgitant jet velocity (TRV)
signifies a risk for or established pulmonary hypertension
(PH), which is a serious complication in thalassemia patients.
The underlying pathophysiology in thalassemia subgroups
and potential biomarkers for early detection and monitoring
are not well defined, in particular as they relate to spleen
removal. To better understand some of these unresolved aspects, we examined 76 thalassemia patients (35 nontransfused), 25 splenectomized non-thalassemia patients (15
with hereditary spherocytosis), and 12 healthy controls. An
elevated TRV (>2.5 m/s) was found in 25/76 (33 %) of the
S. T. Singer (*) : E. P. Vichinsky
Department of Hematology-Oncology, Children’s Hospital and
Research Center Oakland, Oakland, CA, USA
e-mail: tsinger@mail.cho.org
H. Rosenfeld : G. Kurio
Department of Cardiology, Children’s Hospital and Research Center
Oakland, Oakland, CA, USA

patients, confined to non-transfused or those with a late start of
transfusions, including patients with hemoglobin H-constant
spring, a finding not previously described. These non or latetransfused patients (76 % splenectomized) had significantly
increased platelet activation (sCD40L), high platelet count,
endothelial activation (endothelin-1), and hemolysis (LDH,
plasma-free Hb), while hypercoagulable and inflammatory
markers were not significantly increased. The same markers
were increased in the seven patients with confirmed PH on
cardiac catheterization, suggesting their possible role for
screening patients at risk for PH. A combination of hemolysis
and absence of spleen is necessary for developing a high TRV,
as neither chronic hemolysis in the non-splenectomized thalassemia patients nor splenectomy without hemolysis, in the
non-thalassemia patients, resulted in an increase in TRV.
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Introduction
The surgical removal of spleen aimed to ameliorate the clinical course and transfusion needs in thalassemia was noted to
predispose thalassemia patients, mostly thalassemia
intermedia (TI), to increased pressure in the pulmonary arterial
circulation, which can progress to clinically significant pulmonary hypertension (PH) [1–4]. Although recent advances
in understanding some risk factors leading to increase in TRV,
a proxy for PH, was made [5, 6]; the specific pathophysiology
of PH in thalassemia, in particular as it relates to prior
spelenectomy, has not been extensively studied. The pathophysiology has been generally attributed to the same
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processes causing PH in sickle cell disease (SCD). Though
overlapping mechanisms of hemolysis, hypercoagulable state,
and oxidative stress are considered to contribute to the development of the condition in both disorders, these are distinct
diseases and the relative contribution of each underlying
mechanism is likely different. While hemolysis induced vascular endothelial dysfunction is a central concept in PH in
SCD, a multifactorial pathogenesis, related to a hypercoagulable state and abnormal circulating red blood cells (RBCs),
has been proposed for thalassemia. Considerable data suggests ongoing prothrombotic activity in TI, especially in those
splenectomized, who are at a higher risk for primarily venous
thrombotic events [7, 5, 8–11]. Whether PH is another manifestation of the thrombotic process caused by a common
underlying pathogenesis is less well established.
The frequency of an elevated TRV, in the various clinical
types of thalassemia; transfusion dependent; non-transfused, or
partially transfused; and splenectomized or not, differs in the
available studies: Aessopos et al. noted PH to be very rare
among transfused TM patients [12]; while others have shown a
rate of 10–37 % among the transfused patients. However, these
reports were limited by inconsistency in the selection of patients who were screened for their studies: Some had a low pretransfusion Hb [13, 14], in others, the age of start of transfusions was unavailable, and variable TRV thresholds were used
for screening [14, 15, 2, 16–18]. Moreover, the existence of
high TRV in severe forms of α-thalassemia, in particular Hb Hconstant spring (H-CS) has not been examined.
In the present study, we aimed to determine the frequency
of an elevated TRV and explore the causative factors among
thalassemia patients’ subgroups in comparison to other pertinent patient groups, concentrating on the role of absence of
spleen. Such characterizations of significant risk factors and
biomarkers could broaden the ability to develop better clinical
guidelines for screening thalassemia patients at-risk for PH as
well as advance further study for therapeutic strategies.

Patients and methods
Study population and TRV assessment
The study was approved by the institutional review board. All
eligible patients ≥10 years old with a diagnosis of βthalassemia major (TM), β-thalassemia intermedia, and α
thalassemia hemoglobin H-constant spring (H-CS) who are
followed at our center were approached and offered participation in the study. Interested subjects with hereditary
spherocytosis (HS) and subjects without a red blood cell
disorder who were splenectomized for other indications
(e.g., trauma and immune thrombocytopenia) were also recruited. Healthy controls (age 20–35 years old) were enrolled
for comparisons of biomarkers only. For the purpose of

analysis throughout the paper, TM includes patients with β0
thalassemia and E/β0 thalassemia on regular transfusions
including a subgroup of patients (n=10) who started transfusion in their second or third decade of life. TI includes nontransfused patients with various β mutations, E/β-thalassemia, and Hb H-CS.
All subjects underwent a standard M-mode measurement,
2-dimensional, and Doppler echocardiogram (Sonos 5500;
Hewlett Packard, Palo Alto, CA). When a TRV was present,
the peak systolic right ventricular to right atrial pressure
gradient and estimate pulmonary artery (PA) pressure was
calculated. A TRV>2.5 m/s (corresponding to a pulmonary
artery systolic pressure >35 mmHg) was used as a proxy for
patients at risk for PH, with a sensitivity and specificity of 83
and 72 %, respectively [19]. A TRV that equals 2.5 m/s was
considered normal, since it could represent variability or the
upper limit of normal [20].
Platelet activation, coagulation, hemolytic, and vascular
markers
Serum P-selectin, soluble CD40 Ligand (sCD40L), thrombinanti thrombin TAT, F1.2, and D-dimers were measured using
commercial ELISA Kits: sP-selectin (R&D Systems; Minneapolis, MN); sCD40L (BenderMed Systems; Vienna, Austria)
TAT, F1+2 (Siemens-Dade Behring; Munich, Germany), and
D-dimers (American Diagnostica; Stamford, CT, USA). Cellfree hemoglobin, measured with an improved cyanohemoglobin method (BioAssay Systems, Hayward, CA). Nitric oxide (NOx), was purged from a solution and detected by
chemiluminescence (NOA 280, Sievers Intruments Inc. Boulder CO). Red cell membrane expression of phosphatidylserine
(PS) was determined by annexin V labeling [21].
Brain natriuretic peptide (BNP) was assayed using fluorescence immunoassay (Biosite Diagnostic, San Diego, CA).
Endothelin-1 (ET-1) was detected as immunoreactive ET-1
with antibodies from Peninsula Labs (Belmont, CA). Serum
platelet endothelial cell adhesion molecule-1 (sPECAM-1);
IL-2, 4, 6, 8, and 10; and INF-γ and the adhesion molecules
vascular endothelial growth factor (VEGF), soluble intercellular adhesion molecule-1 and soluble intercellular adhesion
molecule-3 (sICAM1, sICAM 3), soluble vascular cell adhesion molecule-1 (sVCAM-1), and sE-selectin were determined by flowcytomix, Bender MedSystems (Vienna,
Austria).
Statistical analysis
Statistical analysis was performed using SAS version 9.3
(SAS Institute Inc., Cary NC). To determine the association
of biomarkers with TRV levels, frequency distributions for
categorical data, and means and standard deviations for continuous data were calculated for each subgroup being
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compared: splenectomized or not, transfused or not, and TRV >
or <2.5 m/s. Pearson correlations were used to explore the
relationship of individual biomarkers with TRV within the
different subgroups. Bivariate analyses compared the independent variables between the TRV groups (≤2.5 vs >2.5).
ANOVA models, with Tukey’s adjustment for significant
group effect, were constructed to compare each of the biomarkers between the patients’ subgroups. Logistic regression
models were used to examine the associations of each of the
biomarkers with the binary outcome of occurrence of abnormal
TRV. Based on the bivariate comparisons, we considered the
biomarkers which were significant at the 0.15 level for entry
into the multivariate model. We examined the effect of splenectomy on TRV after adjusting for age in the models. A
significance level of 0.05 was used for all statistical tests.

to receive regular transfusions later in life, in two of them due
to the diagnosis of PH (Table 1). TRV was normal or undetected in the 36 TM patients who have been on regular
transfusions since early childhood, and in the HS and healthy
splenectomized patients. Seven patients with a TRV>3.0 m/s
on echocardiogram and/or clinical complains suggestive of
PHT underwent cardiac catheterization which confirmed PH
in all of them (mean TRV 3.5±0.4; mean pulmonary artery
pressure 60±14 mmHg).
Three of the TI patients with an elevated TRV had a prior
thrombotic event, consisting of a post-splenectomy portal vein
thrombosis, a DVT, and a cardiac thrombus. Five thalassemia
patients (two with TM, three with TI) expired during the study
period. Three of these five patients had an increased TRV of
>2.6 m/s.

Results

Hematologic markers for platelets, coagulation,
and hemolysis

Subject characteristics and Doppler echocardiography (TRV)
results
After informed consent was obtained, 101 patients and 12
healthy controls were enrolled: Seventy-six patients with thalassemia, 15 with hereditary spherocytosis, and 10
splenectomized subjects without a red cell disorder. An elevated TRV (>2.5 m/s) was found in 25/76 (32.8 %) thalassemia patients (mean, 2.91±0.4; range 2.6–4.36 m/s). Of the 25
patients, 16 (64 %) had TI and were not regularly transfused, 4
had Hb H-CS, and 5 had TI at a younger age but transitioned

Platelet count was elevated in TI and Hb H-CS patients, while
normal in those with TM and only mildly elevated in patients
with HS. Platelet activation marker, sCD40L, was elevated in
the same thalassemia patient-groups while only mildly elevated in TM and HS patients and normal in the healthy
splenectomized and normal control groups. P-selectin levels
did not significantly differ between the four groups of patients
(TM, TI, Hb H-CS, HS) but were lower in healthy
splenectomized patients and in the normal controls (Table 2).
sCD40L and P-selectin correlated with each other (p=0.03;
r=0.4). TAT levels were higher in patients with TI, Hb H-CS

Table 1 Patients’ characteristics
a

TM (n=41)

TI (n=27)

Hb H-CS (n=8 )

HS (n=15)

Splenectomy
(healthy) (n=10)

Total

Sex, no. (%)
Female
Male
Median age, years (range)
β-thalassemia
E/β0 thalassemia
Regular transfusion, no. (%)
Spleen removed, no. (%)
Years since splenectomy (SD)

20 (48.8)
21 (51.2)
27 (11–45)
27 (66)
14 (34)
41 (100)
25 (59)
19 (9)

12 (44.4)
15 (55.6)
27 (12–56)
12 (44)
15
8 (29)
17 (62)
17 (9)

4 (50)
4 (50)
25 (15–28)
–
–
2 (25)
5 (62)
14 (5)

8 (53.3)
7 (46.7)
41 (17–54)
–
–
–
15 (100)
26 (12)

5 (50)
5 (50)
18 (10–49)
–
–
–
10 (100)
12 (12 )

49 (48.5)
52 (51.5)
27 (11–55)
39 (57)
29 (43)
51 (50)
72 (71)
19.5 (11.5)

TRV>2.5 m/s (%)
TRV>2.5 m/s and prior splenectomy (%)
Mean TRV m/s (SD)
LVEF, % (SD)

5 (12)
5 (100)
2.33 (0.31)
0.67 (0.06)

16 (59)
11 (69)
2.93 (0.4)
0.72 (0.06)

4 (50)
3 (75)
3.23 (0.6)
0.75 (0.05)

0
0
<2.5
0.72 (0.04 )

0
0
<2.5
0.71 (0.06 )

25 (25)
19 (76)
–
–

TM thalassemia major; includes patients with β0 thalassemia and E/β0 thalassemia, transfused every 3 weeks with mean pre-transfusion Hb 10.3 g/dL;
TI thalassemia intermedia; includes patients with β-thalassemia intermedia; H-CS hemoglobin H constant-spring who are non-transfused; Splenectomy
Healthy individuals with history of splenectomy for non-RBC causes (trauma or chronic ITP)
a

Ten of these patients have been diagnosed with TI in childhood and transitioned to regular transfusions in the second or third decade of life
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Table 2 Hematologic and vascular biomarkers
Marker (S.D.)
Coagulation and platelets
TAT, μg/mL
Plt count, ×109/L
P-selectin, ng/ml
sCD40 L, ng/ml
RBC and hemolysis
Hb, mg/dl
Free Hb (PFH), mg/dl
NOx, μmol/L
LDH, U/L
Bilirubin, mg/dl
b
PS %
Endothelial markers/others
BNP, pg/ml
sVCAM-1, ng/ml
PECAM, ng/ml
ET-1, pg/ml

TM

TI

Hb H-CS

HS

Splenectomy

Controls

p value

3.2 (2.5)
390 (107)
35 (13)
2.1 (1.6)

5.8 (10)
559 (206)
30 (12)
2.55 (2.0)

6.7(8)
458 (184)
33 (7)
4.37 (4.9)

2.8 (2.5)
406 (77)
32 (12)
1.6 (1.4)

3.0 (0.9)
354 (214)
21 (7)
0.93 (0.3)

2.1 (0.4)
nd
25 (5)
0.95 (0.2)

ns
0.007
0.06
0.04

10.3a (1.8)
68 (32)
9.1 (12)
262 (198)
1.9 (0.9)
0.6 (0.7)

9.0 (2.1)
99 (41)
4.9 (2.5)
589 (216)
2.9 (1.5)
1.2 (1.5)

8.5 (1.7)
90 (36)
4.0 (1.9)
353 (248)
2.3 (1.6)
1.0 (1.1)

12.4 (2.6)
38 (15)
4.3 (3.7)
300 (203)
1.5 (1)
0.1 (0.1)

12 (2.7)
27 (8)
4.0 (2.9)
276 (187)
nd
0.5 (0.5)

nd
34 (27)
7.2 (2)
nd
nd
0.0

0.002
0.001
ns
0.0001
0.01
ns

29 (7)
1,043 (840)
290 (170)
38 (29)

31 (37)
692 (600)
704 (680)
65 (45)

16 (5)
680 (422)
233 (160)
73 (49)

14 (14)
370 (140)
520 (430)
36 (19)

15 (11)
320 (88)
206 (64)
39 (29)

11 (8)
476 (120)
188 (45)
8 (1.8)

ns
0.003
0.06
0.0001

Mean value and SD (in parenthesis) for each patient-group. ANOVA models were constructed to compare each of the biomarkers between the patients’
subgroups
a

pre-transfusion Hb

b

percent (%) phosphatidyl serine (PS) detected expression on RBCs

compared to those in other groups. PS expression on RBCs
was overall low but higher among patients with TI and H-CS.
There was no correlation of PS surface exposure, known to
exert procoagulant effects, with the coagulation markers TAT,
F1.2, and D-dimers. F1.2 and D-dimers were determined in a
total of 60 patients (13 with an increased TRV). Results were
mostly within the normal range (mean 133±73 pmol/L and
175±130 ng/ml, respectively) and therefore not performed for
the rest of the patients.
Increased hemolysis and a more severe anemia was noted
in subjects with TI, HbH-CS as indicated by increased
plasma-free Hb (PFH), bilirubin, and LDH levels and by
low plasma NOx concentration. PFH correlated with LDH
(r=0.4; p=0.05) and bilirubin inversely correlated with total
Hb level (r=−0.7; p=0.001). (Table 2 and Fig. 1).
Endothelial activation, adhesion markers, and BNP
expression
ET-1 was significantly higher in TI and HbH-CS patients
compared to TM patients and the other subgroups and controls. Though highly variable, plasma soluble adhesion molecule sPECAM-1, but not sVCAM-1, had a trend towards a
higher concentration in patients with TI. The other plasma
cytokines and adhesion molecules were highly variable, had
no association to TRV, and were not included in this analysis.
BNP was within the normal range, but higher levels in

thalassemia patients compared to the other subgroups were
noted (Table 2).

Hematologic and vascular markers association with an
elevated TRV
We investigated the relationship of the above markers with
TRV. Platelet count was significantly higher in those with a
TRV>2.5 compared to patients with a TRV≤2.5 (p=0.02).
Though P-selectin and sCD40L correlated with each other,
only sCD40L showed a correlation with the presence of
increased TRV (p=0.05). There was no correlation of these
two platelet activation markers with platelet count. Coagulation markers TAT or F1.2 and RBC PS expression were not
associated with an increased TRV in our patient cohort.
sPECAM-1 was significantly higher in patients with an increase in TRV (Table 3), possibly representing its expression
on platelets, and platelets-endothelial interaction. Those with
an increase in TRV had significantly higher markers of hemolysis than patients with a normal TRV; lower Hb and high PFH
and LDH with an inverse correlation between PFH and NOx
(r=−0.67; p=0.001. These markers were increased to the
same range in seven patients with a TRV>2.9 m/s who had
confirmed PH on cardiac catheterization (Table 3).
When all potential variables were included in multivariate
analysis, LDH (p<0.01) and platelet count (p<0.02) remained
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Fig. 1 Platelet properties and
hemolysis vary by patients’
subgroup. Platelets were higher in
non-transfused thalassemia
patients (TI and Hb H-CS) in
comparison to other subgroups
(p=0.007) (a) and showed
increase in platelet activation
marker sCD40L (p=0.04) (b) but
not P-selectin (0.06) (c).
Hemolysis as indicated by PFH
and LDH, was increased mostly
in non-transfused thalassemia
patients (p<0.01; <0.01) (d,e).
Hollow symbols in TI and Hb
H-CS groups represent
splenectomized patients; bars
represent the average

independently associated with an elevated TRV, when applied
to the non-transfused patients.
Splenectomy, regular transfusions, and association to TRV
TRV was significantly different within the non-transfused TI
group when grouped by spleen status; higher in 15
splenectomized compared to the 10 not-splenectomized:
2.99 vs 2.40 m/s (p=0.01). However, as noted before, TRV
among transfused thalassemia patients, splenectomized or not,
did not differ and was within a normal range.
When all non-transfused patients’ age and time since splenectomy were correlated to TRV, the correlations were not
significant (r=0.214 and 0.42, respectively). However, when
assessed by presence or absence of an elevated TRV, the time
interval since splenectomy was longer in the ones with an
elevated TRV: 24.7±4 vs 11.4±3 years (p=0.03). Moreover,
the highest TRVs (>2.9 m/s) were measured in patients with a

longer period after splenectomy; 33.8±19 years compared to
18.6±8 years in patients with a TRV of 2.6–2.9 m/s (p=0.02).
There was no significant interaction between patients’ age and
time interval since splenectomy, as it affects TRV, implying
that the effects of prolonged absence of spleen on TRV is
independent from age. Logistic regression models applied to
all the thalassemia study patients showed that a patient who
underwent a splenectomy was significantly more likely to
have elevated TRV (OR 4.22; 95 % CI 1.26–14.14).
The association of splenectomy and the various biomarkers
was evaluated in the non-transfused thalassemia patients (TI
and Hb H-CS): Platelet count, markers of platelet activation
(primarily sCD40L), and bilirubin were significantly higher in
the splenectomized subjects. In contrast to previous data, RBC
PS exposure was lower in the splenectomized patients
(Table 4). We examined the distinct role of platelet activation
in the presence of hemolysis in the setting of absence of
spleen; Platelet activation markers were higher in the
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Table 3 Biomarkers in non-transfused patients (TI, H-CS and HS) by
TRV
Marker (S.D.)

TRV m/s

Coagulation and platelets
TAT, μg/mL

<2.5
3.8 (5)

9

Plt count, ×10 /L

402 (102)

P-selectin, ng/ml

31 (13)

sCD40 L, ng/ml

1.6 (1.5)

RBC and Hemolysis
Hb, mg/dl

12.2 (2.5)

Free Hb (PFH), mg/dl

61 (42)

NOx, μmol/L

4.1 (2.6)

LDH, U/L

345 (213)

Bilirubin, mg/dl

2.0 (1.4)

PS, %
Vascular markers and other
BNP, pg/ml

1.0 (1.5)
13.5 (15)

sVCAM-1, ng/ml

520 (377)

sPECAM, ng/ml

185 (107)

ET-1, pg/ml

43 (31)

Ferritin, ng/ml

1,872 (2,534)

ferritin levels and lower left ventricular ejection fraction
(LVEF) (Table 5).

p value
>2.5
7.8 (15)
3.6 (1.4)a
570 (156)
485 (100)a
31 (9)
30 (8.0)a
3.4 (3.0)
3.1 (1.7)a

ns
0.001
ns
0.03

8.3 (1.3)
8.8(0.9)a
91 (41)
89 (27)a
5.7 (2)
5.2 (1.4)a
591 (250)
680 (240)a
2.4 (1.3)
2.6 (1.3)a
0.6 (0.8)

0.0001

42 (44)
65 (44)a
666 (496)
584 (240)a
683 (880)
495 (500)a
55 (39)
67 (45)a
486 (355)

0.01

0.04
0.08
0.002
ns
ns

ns
0.01
ns
ns

Mean value and SD (in parenthesis) for each TRV category
ns not significant
a

indicates results in seven patients (mean age 43±18 years) with a TRV>
2.9 (mean 3.5±0.4). These patients underwent cardiac catheterization
confirming PH. Of these patients, 6/7 were splenectomized for an average
of 33.8±19 years

splenectomized thalassemia group which had increased hemolysis, compared to the other splenectomized groups, HS
and healthy patients, who had minimal or no hemolysis:
sCD40L 4.7±1.2 in thalassemia patients and 1.6±0.4 and
0.8±0.1 in the other subgroups, respectively (p=0.003). Pselectin had a similar trend in the three groups, though not
statistically significant: 34.1±3.1; 31.8±3.3, and 23.4±3.4
(p=0.08). There was a significant difference in the frequency
of an elevated TRV and increase in adhesion biomarkers in the
thalassemia group (Table 4).
Beyond the expected effect of regular transfusions on the
anemia, it lowered hemolytic markers (PFH, LDH, and NOx),
while the effect on platelet count and platelet activation
markers was less significant, though sCD40L levels trended
down. Transfused patients had significantly higher serum

Discussion
Our data more clearly define patients at risk for developing an
increase in TRV, highlighting potential pathophysiologic
mechanisms. Though increase in TRV and Doppler defined
PH has some limitations in the context of hematologic diseases [20], there is a strong predictive value and a general
good correlation to right heart catheterization [19, 18]. A third
(25/76) of thalassemia patients had an elevated TRV, with a
higher prevalence in non-transfused patients (TI and Hb HCS), noted in 20/35 (57 %), a similar rate to a previous report
[6]. In seven out of the 25 (28 %) patients with an elevated
TRV, PH was confirmed by cardiac catheterization. We have
identified splenectomized patients with Hb H-CS as a group
with a high risk for developing PH, 50 % of them had an
elevated TRV (mean TRV 3.23 m/s), a finding that to the best
of our knowledge has not been previously recognized. Splenectomy is sometimes performed in order to treat the anemia
in these patients [22], and a special attention to early screening
with echocardiogram should be thought.
Our data showed a clear beneficial effect of transfusions;
there were no cases of increase in TRV in the regularly
transfused TM patients and an overall prevalence of 12 %
when patients who started transfusions in the second or third
decade of life were included. This contradicts previous studies
of a higher rate among transfused patients; however, the
transfusion schedule and Hb threshold varied in these reports
[14, 15, 2, 16, 17].
The commencement of scheduled transfusions resulted in
normalization of TRV in two adult patients as also observed in
a previous case report [23]. However, in other three patients,
transfusions have not reversed the increased TRV, suggesting
the development of irreversible vasculature changes in the
lung tissue [24], when instituted at later stages of evolving
PH. The frequency and level of Hb required to prevent the
pathophysiological changes resulting in an increase of TRV in
TI patients who are not regularly transfused has not been
studied. Prior splenectomy does not abate the beneficial effect
of transfusions; 55 % of our cohort of regularly transfused
patients was splenectomized. The beneficial effect of transfusions seems mostly through reducing hemolysis and to a lesser
extent minimizing platelet activation. Transfusions reduce
effective and ineffective hematopoiesis, consequently lowering platelets and abnormal RBCs circulation. This possibly
results in decreased platelet adhesion which was shown to be
induced by both thalassemia platelets and by thalassemia RBC
[25]. Despite adequate blood transfusion, as demonstrated by
a mean pre-transfusion Hb of 10.3 g/dL, transfusions did not
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Table 4 Effect of splenectomy
on biomarkers in non-transfused
thalassemia patients (TI and
H-CS) and in non-thalassemia
splenectomized patients (HS and
healthy individuals)

ns not significant
a

Splenectomized vs nonsplenectomized thalassemia
patients

a

Biomarkers in patients with
chronic hemolysis
(splenectomized thalassemia;
n=15) compared to patients with
minimal or no hemolysis
(splenectomized HS and healthy
individuals; n=25)

Marker/finding

Splenectomized
(n=15)

Non-splenectomized
(n=10)

TRV
TAT
Plt count
P-selectin
sCD40-L
Hb
Free Hb (PFH)
NOx
LDH
Bilirubin
PS (%)

2.99 (0.6)
9 (16)
565 (177)
34 (11)
4.7 (4)
9.5 (2.1)
88 (47)
4.0 (2.2)
494 (249)
1.9 (1.2)
0.4 (0.5)

2.4 (0.3)
3.3 (1.1)
413 (156)
28 (9)
1.1 (0.9)
9.6 (2.4)
105 (34)
5.6 (3)
548 (219)
3.2 (1.3)
1.1 (1.7)

0.01
ns
0.03
ns
0.01
ns
ns
ns
ns
0.01
ns

2.15 (0.25)
2.9 (2.2)
387 (142)
28 (12)
1.3 (1.1)
12.2 (2.6)
33 (14)
4.1 (3.3)
290 (192)
1.5 (1.0)
0.4 (0.5)

0.0001
ns
0.001
ns
0.001
0.002
0.0001
ns
0.003
ns
ns

sVCAM-1
ET 1

576 (322)
62 (38)

768 (630)
69 (48)

ns
ns

348 (122)
37 (23)

0.01
0.02

totally normalize the biomarkers to the levels observed in the
normal control group (Tables 2 and 5).
Our data does not implicate a strong association of elevated
TRV with a hypercoagulable state. Clinically, only three individuals (12 %) of our patient population with an increase in
TRV had prior thrombotic events, a lower rate than previously
reported [4, 8]. Laboratory tests showed only a modest increase in thrombin generation as indicated by TAT in

Table 5 Transfusions effect on biomarkers in thalassemia patients
Marker/finding Transfused (n=51)a Non-transfused (n=25) p value
TRV
EF
TAT
Platelet count
P-selectin
sCD40L
Free Hb (PFH)
NOx
LDH

2.3 (0.3)
0.68 (0.06)
3.5 (2.7)
433 (230)
34 (12)
2.1 (1.6)
75 (33)
8.3 (11)
329 (249)

2.7 (0.6)
0.72 (0.06)
6.5 (12)
501 (180)
31 (10)
4.0 (5.1)
95 (42)
4.8 (2.7)
517 (234)

0.0006
0.004
ns
ns
ns
0.05
0.03
ns
0.002

Bilirubin
BNP
ET-1
Ferritin

2.2 (1.4)
28 (35)
43 (36)
2,447 (2,680)

2.5 (1.4)
30 (36)
66 (42)
847 (1,280)

ns
ns
0.02
0.01

a

Regularly transfused patients consists of TM (n=41) and patients with
TI and H-CS (n=10) transitioned to frequent or regular transfusions
(≥8times/year)
ns not significant

p valueb

p valuea

TI and H-CS patients

HS and healthy
splenectomized
(n=25)

splenectomized TI patients, and no increase F1.2 and Ddimers. Abnormal expression of negatively charged phospholipids, mostly phosphatidylserine (PS) triggering a
prothrombotic state, is thought to be a main cause of the
hypercoagulable state in thalassemia intermedia [5], but an
association with PH was not analyzed. We did not find an
association of RBC PS expression with TAT or with TRV.
Still, PS RBC membrane externalization was higher in nontransfused thalassemia patients (62 % splenectomized) than in
the other subgroups. Other methods such as
thromboelastometry on whole blood may yield more accurate
measurements of thrombin generation in this patient population [11], and a correlation with TRV could be determined.
Similarly, determination of RBC microparticles, found to be
elevated in TI [26], may show an association with thrombotic
markers and possibly with an increase in TRV. These methods
were not utilized in our study.
Platelet count was overall higher in non-transfused
splenectomized thalassemia patients, and associated with an
increase in TRV, as opposed to the non-thalassemia
splenectomized ones. A threshold risk of platelet count over
500K×109/L was noted as also recently suggested [8]. Beyond the thrombocytosis, we have shown that increased platelet activation is present in this thalassemia patients and it is
associated with the severity of TRV. Heightened platelet activation has been described in patients with thalassemia [27, 5,
28], though the mechanism is not fully understood. It was
attributed to the accelerated thrombin generation through abnormal RBCs PS expression which in turn, triggers platelet
activation [29, 30]. However, there is limited data demonstrating such a correlation of abnormal RBCs with platelet activation; one study examined the association of P-selectin with PS
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exposure, however, it was examined on RBCs of transfused
patients [30]. Additional presumed mechanisms, include increased platelet adhesion in association with a high platelet
count, shown in splenectomized thalassemia patients [31] and
platelets exposure to oxidative stress which causes their activation [31, 32]. Our data found sPECAM-1, which has a role
in platelet activation and adhesion signaling, to be higher
among the TI patients [33, 34], suggesting increased platelet
adhesion having a role in the development of pulmonary
vasculopathy. Platelet microparticles, elevated in thalassemia
patients [35], have a significantly higher procoagulant activity
than platelets [36] but were not analyzed in the context of PH
or thrombotic events. Further study on the mechanisms of
post-splenectomy platelet effect on the development of increased pulmonary vasculature pressure and RBCs-platelets
interaction is warranted.
We have demonstrated increased hemolysis in thalassemia
patients with a high TRV as indicated by an increased plasmafree Hb and LDH, the latter also correlated with the extent of
TRV (Table 3). Increased hemolysis resulted in nitric oxide
scavenging by free hemoglobin, as seen by the inverse correlation between PFH and NOx in patients with a TRV>2.5 m/s
(r=−0.67; p=0.001). However, NOx was not significantly
different among TI patients with or without an increase in
TRV. NO (Nitric Oxide) consumption, reduced bioavailability, and consequent impaired blood flow may play a lesser role
in the pathophysiology of pulmonary vasculopathy in thalassemia compared to SCD, where PH is thought to be largely
derived from such mechanism, though somewhat controversial [37, 38]. Alternatively, plasma-free hemoglobin may act
through alternative mechanisms such as a pro-oxidant and a
trigger of pulmonary vasculature endothelial cell injury and in
the initiation of platelet activation and aggregation [39–41],
possibly contributing to the pulmonary vascular changes in
splenectomized TI patients.
In contrast to SCD, our data did not show vascular injury in
patients with a higher TRV as marked by endothelial cell
adhesion molecules; sVCAM-1, sICAM, sE-selectin, or inflammatory cytokins. ET-1, a potent vasoconstrictor produced
by vascular endothelial and smooth muscle cells, was higher
in the non-transfused thalassemia patients and is known to
have a role in the development of pulmonary vascular dysfunction and PH [42, 43]. Further study of its value in treating
and monitoring TRV in thalassemia is needed, in particular
since treatment with ET-1 antagonists has shown benefit in
patients with PH and an improvement was noted in a reported
case of a thalassemia patient with PH [44]. BNP, a sensitive
marker for PH and high right ventricle strain, though showing
only a modest increase, was the highest in non-transfused TI
patients. It may prove beneficial in guiding clinical decision
and gauge response to treatment if validated in larger studies.
Taken together, we explored the selective role of absence of
spleen in clinical settings with or without chronic hemolysis as

it affects the above causative factors for an elevated TRV:
Hemolysis in non-transfused thalassemia patients that have an
intact spleen does not result in an increase in TRV despite
similar or higher markers of hemolysis than those measured in
splenectomized TI patients. It is the combination of both
hemolysis and increase in platelet number and activation in
the setting of absence of spleen, which seems to lead to an
increase in TRV and overt PH. Absence of spleen without
these two elements, as seen in HS and in healthy
splenectomized individuals does not lead to an increase in
TRV. HS patients had a longer time period of absence of
spleen (mean 26±12 vs 17±9 years in TI patients), and none
has developed an increase in TRV, in agreement with the
findings of Crary et al. [45]; Moreover, the risk for developing
a high TRV increases over time after splenectomy in TI
patients. We suggest a major role to thrombocytosis, coupled
with platelet activation and platelet-endothelial adhesion in
the development of a pulmonary vasculopathy in
splenectomized TI patients. Therefore, measuring sCD40L,
P-selectin, and sPECAM-1 may prove to be useful in
assessing the risk of developing PH in these patients. Plasma
sCD40L, in particular, was shown to correlate with platelet
activation and have a role in the interaction of platelets and
endothelial cells in causing PH in other conditions [46–48].
In conclusion, a pathogenetic model could be proposed, in
which ongoing hemolysis is not sufficient for triggering an
increase in TRV unless a “second hit” of spleen removal with a
consequent further thrombocytosis and platelet activation occurs. The interactions of platelets, circulating damaged RBCs,
free hemoglobin, and blood cells-derived microparticles subsequent to spelnectomy in the pathophysiology of PH, have
not been adequately resolved. Thrombocytosis (>500×109/
L), elevated sCD40L and increased LDH, and possibly
sPECAM-1 and ET-1 are markers suggestive of an increased
risk for developing PH, while activation of the coagulation
system and inflammatory changes do not seem to play a
significant role in our findings. These same markers proved
to be elevated in the group with established PH suggesting
their validity as indicators for risk for PH. Treatment with an
anti-platelet agent or reducing platelet count with hydroxyurea
are reasonable approaches in all splenectomized nontransfused TI patients [49]. However, more interventional
study could result in multimodal treatment, tailored to the
processes identified to be the most contributory in a given
individual.
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