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The most widely recognized long-term
risk of splenectomy is overwhelming bac-
terial infection. More recently, thrombosis
has become appreciated as another po-
tential complication of the procedure. Be-
cause of these long-term risks, the indica-
tions for and timing of splenectomy are
debated in the medical community. Ac-

cordingly, the adverse effects and ben-
efits of splenectomy for hematologic dis-
orders and other conditions demand
further study. This comprehensive review
summarizes the existing literature pertain-
ing to vascular complications after sple-
nectomy for hematologic conditions and
attempts to define the potential patho-

physiologic mechanisms involved. This
complex topic encompasses diverse un-
derlying conditions for which splenec-
tomy is performed, diverse thrombotic
complications, and multiple pathophysi-
ologic mechanisms. (Blood. 2009;114:
2861-2868)

Introduction

The spleen was once considered unnecessary for life; however,
it clearly serves extremely important hematologic and immuno-
logic functions. The spleen is separated into 2 major functional
compartments: the white pulp and the red pulp. The white pulp
contains a large mass of lymphoid tissue and serves a vital role
in the recognition of antigens and production of antibodies. The
red pulp of the spleen consists of a tight meshwork of sinusoids,
the cords of Billroth, which primarily serve hematologic functions,
especially filtration of the blood. The milieu of the red pulp is
relatively acidic and hypoglycemic. Aged or damaged red cells not
able to tolerate this harsh environment are ultimately removed by
splenic macrophages. Antibody-coated cells and bacteria are also
recognized and ingested by these phagocytic cells lining the
sinusoids. Therefore, persons without a functioning spleen have a
severe impairment in their ability to clear encapsulated organisms
from the bloodstream. Particulate matter is also removed from red
cells as they pass through the splenic sinusoids, and “polished” or
“conditioned” red cells, free of surface imperfections, are returned
to the bloodstream. The red pulp also acts as a reservoir for
approximately one-third of the total platelet mass and a smaller
proportion of granulocytes.

Asplenia and hyposplenia

Congenital asplenia can occur in isolation or may be associated
with certain forms of congenital heart defects or heterotaxy
syndromes.1 Children with sickle cell disease have acquired
hyposplenism that begins at several months of age and progresses
to splenic infarction. Young patients with sickle cell disease may
also develop recurrent and even life-threatening splenic sequestra-
tion requiring surgical splenectomy. Moreover, many immunologic
and rheumatic disorders are associated with impairment of the
spleen’s phagocytic and immunologic functions. Transient func-
tional hyposplenism may also occur during therapy with cortico-

steroids and after pharmaceutical reticuloendothelial blockade with
intravenous IgG or anti-D immunoglobulin.

Surgical splenectomy

According to the National Hospital Discharge Survey, approxi-
mately 22 000 total splenectomies were performed for all causes in
the United States during 2005.2 In most institutions, trauma and
incidental splenectomy are the primary indications,3 although
splenectomy for trauma is becoming less common than in years
past, resulting from more conservative nonoperative management
of splenic injury.4 The most frequent medical indication for
splenectomy is a hematologic disorder (Table 1). Splenectomy is
performed in patients having hemolytic anemia (eg, hereditary
spherocytosis [HS] and autoimmune hemolytic anemia) because
the intrinsically abnormal or antibody-coated red blood cells are
prematurely destroyed by splenic macrophages. Because splenec-
tomy can ameliorate the underlying anemia, it is often considered
the treatment of choice for such conditions. Sickle cell disease may
be complicated by splenic sequestration requiring surgical splenec-
tomy, and patients with �-thalassemia may undergo splenectomy to
relieve splenomegaly resulting in increased destruction of red
blood cells. Splenectomy is also performed in patients with
immune thrombocytopenic purpura (ITP), especially when chronic
or severe.

Septic risk of asplenia and hyposplenism

For decades, it has been known that in persons with asplenia the
major long-term complication is overwhelming bacterial sepsis.5,6

These infections occur in persons after surgical splenectomy as
well as in conditions predisposing to hyposplenism or asplenia.
This complication is less frequent than in years past as a result of
pneumococcal vaccination, prophylactic penicillin, and prompt
administration of parenteral antibiotics when fever occurs.
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Potential vascular complications after
splenectomy

An increased risk of vascular complications involving both the
venous and the arterial sides of the circulation may result from
splenectomy. A vascular complication is defined here as any
condition that causes narrowing or occlusion of a blood vessel. This
can be a consequence of in situ thrombosis, thromboembolism,
vascular smooth muscle remodeling, vasospasm, or atherosclero-
sis. The risk of thromboembolic events and pulmonary arterial
hypertension (PAH) varies greatly depending on the underlying
condition for which the splenectomy is performed and whether or
not the condition is associated with ongoing intravascular hemoly-
sis (see Table 2). Thromboembolic complications have been most
frequently reported after splenectomy in thalassemia intermedia
(TI). TI is characterized by chronic intravascular hemolysis and
marked ineffective erythropoiesis. In a recent large survey of 8860
patients with thalassemia, the prevalence of thromboembolic
events among those with TI was 4%.7 Remarkably, 94% of these
complications occurred after splenectomy. The rate of thromboem-
bolic events in other hematologic disorders after splenectomy has
not been thoroughly investigated. The following discussion summa-
rizes these conditions in which vascular complications have been
reported and reviews purported pathophysiologic mechanisms.

Table 3 summarizes the cited reports of vascular complications in
various disorders along with a description of the strength of the
evidence.

Arteriothrombosis

In 1977, a case-control study of 745 World War II servicemen who
had splenectomy resulting from trauma demonstrated that they
were 1.9 times more likely than controls to die of ischemic heart
disease.8 Twenty years later, Schilling reported a 5.6-fold increased
rate of arteriosclerotic events (defined as stroke, myocardial
infarction, and coronary or carotid artery surgery) in persons older
than age 40 years with HS who had undergone splenectomy
compared with persons with HS who had not had splenectomy.9

This finding was recently confirmed in a follow-up study of arterial
events in the same groups of HS patients, which reported a hazard
ratio of 7.2 for those with previous splenectomy.10 Only 7 cases of
stroke have otherwise been reported in HS,11-16 and only one of

Table 1. Current indications for splenectomy in hematologic
disorders

Hereditary spherocytosis

Other hereditary hemolytic anemias (eg, stomatocytosis, pyropoikilocytosis,

pyruvate kinase deficiency)

Sickle cell disease

Thalassemia major or intermedia

Immune thrombocytopenia

Myeloproliferative disorders

Autoimmune hemolytic anemia

Hypersplenism

Lymphoproliferative disorders

Thrombotic thrombocytopenic purpura

Table 2. Hypothetical risk of vascular complications based on the
presence or absence of intravascular hemolysis and splenic
function

Pathophysiologic
state Example

Risk of vascular
complications

Neither hemolysis

nor splenectomy

Normal person Baseline*

Hemolysis with

intact spleen

Hereditary spherocytosis

Glucose-6-phosphate

dehydrogenase deficiency

�-thalassemia trait

Other chronic hemolytic anemia

Baseline* or

decreased

Splenectomy

without

hemolysis

Hereditary spherocytosis†

Immune thrombocytopenic

purpura

Trauma

Increased or

baseline*

Splenectomy and

ongoing

hemolysis‡

Thalassemia intermedia

Hgb E/�-thalassemia

Sickle cell anemia§

Hereditary stomatocytosis

Greatly

increased

*Dependent on the person’s unique genetic and environmental risk factors.
†Very mild hemolysis may be present in some persons.
‡Especially intravascular hemolysis.
§Nearly all patients lack functional spleens.

Table 3. Summary of strength of evidence of the cited studies of
vascular complications following splenectomy in various
hematologic disorders

Medical condition

Reported
vascular

complications Strength of evidence

Thalassemia Arteriothrombosis Large multi-institutional

survey7,20

Individual case reports or small

series21-25

DVT or PE Large multi-institutional

survey7

Institutional retrospective

review36,37

Individual case reports or small

series38-40

PAH Cross-sectional studies66,67

Sickle cell disease* Arteriothrombosis Large prospective cohort

(stroke)28

DVT or PE National database review41,42

PAH Prospective cohort68

Hereditary spherocytosis Arteriothrombosis Cross-sectional studies9,10

Individual case reports11

DVT or PE Cross-sectional study10

Individual case reports46,60

PAH Case control studies55,56

Individual case reports60,62

Hereditary stomatocytosis Arteriothrombosis Individual case reports50

DVT or PE Small case series, but includes

majority of known cases17

Individual case reports50

PAH Small case series, but includes

majority of known cases17

Individual case reports50,51,53

Other asplenic states Arteriothrombosis Case control study8

Individual case reports18,19,26,27

DVT or PE Case control study

(autopsies)43

Population-based prevalence

study49

Individual case reports44,45,47,48

PAH Case control studies55-57

Individual case reports61,63-65

*None of the reported complications specifically mention their occurrence after
splenectomy, yet most patients with sickle cell disease are functionally asplenic.
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these cases clearly followed splenectomy.11 Otherwise, no docu-
mented case reports of myocardial infarction and other forms of
atherothrombosis have been described in HS.

Individual reports have described arterial thrombotic events
(primarily involving peripheral extremity, pulmonary, and cerebral
arteries) after splenectomy in hemolytic disorders other than
HS.17-19 For example, patients with thalassemia have been reported
to be at risk of arteriothrombosis after splenectomy, especially
ischemic stroke,20-25 but the incidence appears to be less than with
venous events. In the largest series of thrombotic complications in
thalassemia reviewing 8860 patients, arteriothrombosis (primarily
stroke) was more common in the thalassemia major population
(n � 28) compared with TI (n � 9, P � .005) with all but one
patient in each group having previously had splenectomy.7 This
difference in prevalence is unclear. In addition, rapidly progressive
multi-infarct dementia and acute coronary syndrome have been
observed in a series of patients with ITP and previous splenec-
tomy.26,27 Although stroke is a frequent complication of sickle cell
disease,28 these patients also do not appear to be at increased risk of
other forms of atherothrombosis.29 Interestingly, myocardial infarc-
tion and acute coronary syndrome have rarely been reported in
thalassemia or any other hemolytic disorders after splenectomy
beyond the limited literature in HS.

Venous thrombosis

Local. Acute portal vein thrombosis has been reported after
splenectomy for a wide variety of conditions. Indeed, prospective
cohort studies reveal that the incidence of thrombosis involving the
portal venous system after splenectomy ranges from 5% to 37%, all
occurring within 2 months, and the majority within 2 weeks of the
surgery.30-35 This is probably the result of local surgical factors
(given that the splenic vein remnant is attached to the portal vein)
rather than to the absence of the spleen30,35 per se. A higher
incidence of this complication appears with laparoscopic than with
open splenectomy30 and with greater splenic weight.30,32,33,35 Higher
platelet count shortly after splenectomy does not consistently
correlate with this increased risk of thrombosis.30,33-35

Systemic. Patients with thalassemia and previous splenectomy
appear to have an increased incidence of venous thromboembolism
beyond the portal venous system.7,36-40 Although less commonly
reported than in thalassemia, patients with sickle cell disease have
also been found to be at increased risk of venous thrombosis.41,42 In
the largest series to date of 8860 patients, 32% of the 146 reported
thromboembolic events were deep venous thrombosis, 16% portal
venous thrombosis, and 13% pulmonary embolism.7 In a large
review of more than 37 000 autopsies, the odds of fatal pulmonary
embolism were 5-fold higher in persons with previous splenectomy
(n � 202, performed for any indication) compared with matched
controls (n � 403) not having had splenectomy but with compa-
rable trauma or similar surgery.43 Deep vein thrombosis and
pulmonary embolism have also been reported in other conditions
after splenectomy.17,44-49 Patients with hereditary stomatocytosis
(whose hemolytic anemia results from abnormalities in red cell
cation permeability) are at such a high risk of thrombotic complica-
tions after splenectomy that persons with this condition are advised
not to undergo the procedure.17,50-53 The largest series of 7 kindreds
with hereditary stomatocytosis (which represents � 50% of the
reported cases) includes 13 persons with prior splenectomy, 11 of
whom suffered severe, recurrent thromboses (the 2 without throm-
bosis were still children). Nine of 10 affected persons with intact
spleens did not have thromboembolic disease. The reported vascu-

lar events in these patients were all venous, for example, deep vein
thrombosis, pulmonary embolism, or portal vein thrombosis.17

PAH

Splenectomy appears to be a risk factor for the development of
pulmonary hypertension. This is perhaps the most intriguing and
frequently reported vascular complication of splenectomy. The classifi-
cation of pulmonary hypertension has undergone many changes in the
past decade and most recently includes a subcategory of PAH in patients
with hemoglobinopathies and/or splenectomy (Table 4).54 The pulmo-
nary hypertension in asplenic conditions, including thalassemia and
sickle cell disease, is generally classified as PAH (previously known as
primary pulmonary hypertension) or chronic thromboembolic pulmo-
nary hypertension, usually occurring in distal pulmonary arteries and
having characteristic histopathology.55 However, it is possible that the
process instead represents “in situ” thrombosis with medial hypertrophy,
intimal fibrosis, and plexiform lesions such as seen in idiopathic PAH.56

In this current review, we will simply refer to all reported types as PAH.
Splenectomy has also been reported as an independent risk

factor in patients with PAH referred for lung transplantation55,56

and in persons with chronic thromboembolic pulmonary hyper-
tension.57-59 The reported prevalence of splenectomy in patients
with PAH ranged from 8.6% to 11.5% compared with 0% to
0.6% in the control groups (patients with other forms of
pulmonary disease). It seems probable that the absence of a
spleen, not the underlying condition for which the splenectomy
was performed, is the primary cause of PAH because the
indications for splenectomy in the aforementioned studies were
varied, including trauma, ITP, and HS, states where ongoing
hemolysis was generally absent, in contrast to disorders where
intravascular hemolysis is prominent.55-57

In addition to the case-control studies described in the previous
paragraph, PAH has rarely been described in individual case reports
after splenectomy in HS, hereditary stomatocytosis, myeloid
metaplasia, paroxysmal nocturnal hemoglobinuria, and unstable
hemoglobinopathies.17,46,51,53,60-65 In thalassemia patients, after sple-
nectomy PAH occurs at greatly increased frequency (prevalence as
high as 70%) over the general population.66,67 The prevalence of
PAH in sickle cell anemia (where the spleen is usually nonfunc-
tional) appears to be approximately 30%.68 It is important to note
that in most studies of sickle cell disease and thalassemia PAH is
defined by echocardiographic techniques using a tricuspid regurgi-
tant jet velocity of more than 2.5 m/s as the cutoff for diagnosing
PAH. Although this is generally considered to correlate fairly well
with right heart catheterization,69 few studies have included this
“gold standard” measurement of PAH in their design, so prevalence
data must be interpreted cautiously. Although lack of splenic
function has never been directly implicated as its cause, PAH also
occurs in various conditions treated with splenectomy, such as

Table 4. Abbreviated World Health Organization Clinical
Classification of Pulmonary Hypertension

1. Pulmonary arterial hypertension (PAH)

1.1. Idiopathic (IPAH)

1.2. Familial (FPAH)

1.3. Associated with other underlying disease (including Gaucher disease,

hemoglobinopathies, myeloproliferative disorders, splenectomy)

2. Pulmonary hypertension with left heart disease

3. Pulmonary hypertension associated with lung disease and/or hypoxia

4. Pulmonary hypertension due to chronic thrombotic and/or embolic disease

5. Miscellaneous

Adapted from Simmoneau et al54 with permission.
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Gaucher disease,70,71 or associated with functional hyposplenism,
such as sarcoidosis, rheumatoid arthritis, systemic lupus erythema-
tosus, HIV infection, and other autoimmune and immunologic
disorders.69 One case of PAH in isolated congenital asplenia has
also been reported.72 Unfortunately, no published studies have
prospectively evaluated the prevalence of PAH in HS or other
patients after splenectomy for conditions other than thalassemia or
sickle cell disease.

Miscellaneous vascular complications

Leg ulcers and priapism are additional vascular complications that
commonly occur in sickle cell disease,73 and the frequency of these
reported events has been correlated with severity of hemolysis.74

Priapism also occurs in thalassemia and in certain rare hemoglobinopa-
thies, and its prevalence appears to be higher in splenectomized
patients.19,75-78 However, only a limited number of cases of priapism
after splenectomy for other indications have been reported.79

Animal models of vascular complications after splenectomy

Very few studies describing postsplenectomy vascular complica-
tions in animal models have been published. A rabbit model of
hemolysis showed evidence of pulmonary platelet thromboemboli
occurring only after ligation of the splenic artery.80 In mouse
models of spherocytosis, multiorgan thrombosis and infarction
occur at high frequency, although these events occur even with the
spleen intact and more probably reflect the extremely high rate of
hemolysis.81,82 To our knowledge, the effect of splenectomy in
these murine models has not been evaluated.

Potential pathophysiologic mechanisms of
vascular complications after splenectomy

Vascular events after splenectomy are likely multifactorial, prob-
ably resulting from some combination of hypercoagulability,
platelet activation, disturbance and activation of the endothelium,
and altered lipid profiles. The spleen’s primary phagocytic function
is to remove infectious organisms, other insoluble cellular debris,
and senescent or abnormal red cells. This filtration function results
from the blood moving slowly through the splenic sinusoids in the
red pulp lined with macrophages actively ingesting that which does
not easily pass around them. Absence of this extremely sensitive
filter may permit particulate matter and damaged cells to persist in
the bloodstream, therefore perturbing and activating the vascular
endothelium leading to a shift in vascular homeostasis toward
enhanced coagulation. There is limited evidence that splenectomy,
irrespective of the indication, increases platelet count,83-87 hemoglo-
bin concentration,84,87,88 plasma cholesterol,89-91 leukocyte count,84

and C-reactive protein levels.92 Each of these elevations indepen-
dently is associated with increased risk of arteriothrombosis93-97 so
in combination might be expected to foster a highly unfavorable
prothrombotic state.

Lipid alterations

In animal models, altered plasma lipid profiles (combinations of
increased total cholesterol, low-density lipoprotein cholesterol and
triglycerides, and decreased high-density lipoprotein) after splenec-
tomy have been suggested to contribute to accelerated arteriosclero-
sis even in the absence of hemolysis.98,99 These changes were most
pronounced in animals after being fed high-fat diets. Similarly,

Caligiuri et al demonstrated that splenectomy in hypercholester-
olemic apoE receptor knockout mice accelerated atherosclerosis.100

The authors proposed that this phenomenon was the result of novel
mechanisms in which the splenectomized mice were not able to
develop immunity against atherosclerosis. Changes in lipid profiles
were not considered to play a large role because cholesterol levels
remained constant after splenectomy. Although convincing evi-
dence exists for the presence of hypocholesterolemia in humans
with hemolytic anemia,101-104 it is not clear that splenectomy in
these persons results in hypercholesterolemia.105

Hypercoagulability

Evidence in thalassemia supports the presence of a hypercoagula-
ble state greatly exacerbated by splenectomy, which is the result of
platelet activation,36,66,106-109 enhanced red blood cell adherence to
the endothelium,110,111 reduced levels of the natural anticoagulants
protein C and protein S,36,112 and increased thrombin genera-
tion.36,86,112 Procoagulant cell-derived microparticles have also
been shown to be elevated after splenectomy for hematologic
disorders, suggesting that the spleen may play a role in clearing
them from the circulation.113-116 Several studies have reported
testing for inherited or acquired thrombophilias at the time of the
thrombotic insults, but no consistent risk factor has been shown in a
large cohort of splenectomized persons so the contribution of
thrombophilia is yet to be determined.7,30,33,117-119

It has been hypothesized that the hypercoagulable state after
splenectomy may usually be secondary to persistence of abnormal
erythrocytes in the circulation, which have been rendered “proco-
agulant” resulting from increased exposure of phosphatidylserine
on the outer membrane surface.120,121 These abnormal red cells
have been shown to be increased in thalassemia and sickle cell
disease,118,122 but not in HS patients.123 Thrombin generation
induced by red cells was increased only in thalassemia patients
with prior splenectomy but not in healthy splenectomized persons,
suggesting that splenectomy alone was not sufficient to produce
these procoagulant erythrocytes.36 Similarly, erythrocyte fragmen-
tation during hemolysis may lead to formation of microparticles,
which also have similar procoagulant properties.124,125 Therefore,
the observed vascular complications after splenectomy in condi-
tions, such as thalassemia and sickle cell disease, may be related to
this mechanism, yet it does not explain such complications in other
postsplenectomy states without ongoing intravascular hemolysis.

Whole blood viscosity is increased after splenectomy irrespec-
tive of indication,126,127 and in experimental animal models the
spleen appears to play a role in maintaining normal hemorheol-
ogy.128 This hyperviscosity after splenectomy may be the result in
part of the persistence of aged and damaged red cells in the
circulation as well as intracellular inclusions, such as Howell-Jolly
bodies, siderotic granules, and Heinz bodies, all of which promote
decreased erythrocyte deformability.

Pulmonary vascular remodeling

Putative pathophysiologic mechanisms of PAH in patients with
hemolytic anemia include platelet and/or endothelial activation
induced by asymmetric red blood cell membrane phospholip-
ids36,122,129 and nitric oxide scavenging by free hemoglobin and
subsequent endothelial dysfunction and platelet activation resulting
from nitric oxide depletion.130 Either mechanism may explain PAH
in disorders, such as sickle cell disease and thalassemia, where
intravascular hemolysis continues despite splenectomy, but not
when hemolysis is absent (eg, after splenectomy for trauma) or
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when it virtually resolves after splenectomy (eg, as in HS). The
consistent factor in PAH affecting such persons with hemolysis is
the lack of a spleen. Asplenia may therefore be an important, if not
the primary, determinant. Future studies should investigate whether
PAH commonly occurs in patients with intravascular hemolysis
who have not undergone splenectomy.

Potential protective role of hemolysis with
intact spleen

Recently, Schilling et al reported that adult HS patients who had not
undergone splenectomy had only 20% the lifetime risk of arterioscle-
rotic events as first-degree relatives unaffected with HS.131 This remark-
able observation was confirmed in a recent follow-up study in which
subjects with HS and prior splenectomy experienced a greater risk of
cumulative arteriosclerotic events than HS subjects without prior
splenectomy (hazard ratio � 7.15, P � .001).10 However, there was no
difference in the frequency of such events between the group with prior
splenectomy and their siblings who did not have HS (hazard ra-
tio � 1.56, P � .11). Hemolysis in HS before splenectomy occurs
almost exclusively in the spleen (ie, extravascularly), so it is possible
that their anemia may protect them from thrombotic events in addition to
or rather than splenectomy increasing their risk.131 Most of the literature
regarding vascular complications describes conditions with variable
degrees of intravascular hemolysis and reduced or absent splenic
function, so these several confounders render interpretation of the
existing data quite difficult.

Several mechanisms may explain this apparent protection from
cardiovascular events in HS and several other hemolytic anemias
described below. Patients with hemolysis generally have low
plasma cholesterol levels before splenectomy.101-104 This feature,
plus reduced blood viscosity resulting from anemia, may reduce the
risk of thrombosis, especially atherothrombosis. Even persons with
the �-thalassemia trait appear to have fewer cardiovascular events,
possibly resulting from their slightly lower hemoglobin and
cholesterol levels.132-134 Several studies of persons with glucose-6-
phosphate dehydrogenase deficiency (a disorder characterized by
life-long, intermittent hemolysis that is primarily extravascular)
suggest a reduced incidence of cardiovascular events,135 possibly
also the result in part of decreased cholesterol levels.136,137 In
addition, hemolysis leads to increased production of bilirubin,
which has antioxidant properties and may protect from cardiovascu-
lar disease.138 To add even more complexity to the subject, persons
with sickle cell disease (although clearly at increased risk of PAH,
stroke, and peripheral vascular disease) appear to have reduced
incidence of atherothrombosis, perhaps resulting from lower
cholesterol levels29,102,139 (Table 2).

Conclusions

There appears to be compelling evidence for a hypercoagulable
state after splenectomy performed for various indications. This
finding is probably compounded by other underlying conditions,

especially intravascular hemolysis. Although we think there is
substantial evidence that PAH and venous thrombosis occur at
increased rates in asplenic hosts, the strength of evidence is less
convincing that atherothrombosis (including myocardial infarction
and stroke) occurs more frequently after splenectomy.

Clinical significance and implications

It is important to better characterize the thrombotic risks of splenectomy
in persons without ongoing hemolysis (eg, HS, ITP, trauma) to better
define the role of the spleen in vascular homeostasis. PAH in persons
with reduced or absent splenic function has a high mortality rate when
untreated140 but may be amenable to novel therapies under develop-
ment.141 Greater knowledge about the prevalence, age, and risk factors
regarding PAH and other vascular events after splenectomy should assist
with the often difficult decision of whether and when splenectomy
should be performed in patients with HS, ITP, autoimmune hemolytic
anemia, or other conditions for which splenectomy may be beneficial. If
validated biomarkers of thrombosis and PAH or actual arterial or venous
thrombotic events are indeed problematic after splenectomy, the current
practice of recommending splenectomy in many children with HS, for
example, may require reassessment. In addition, children and adults
who have undergone splenectomy for any reason might be advised to
seek monitoring or thromboprophylaxis long after they seem to have
been “cured” of their primary condition. Several authors have advocated
for the use of short-term and/or long-term thromboprophylaxis after
splenectomy, including anticoagulation or antiplatelet agents, especially
in thalassemia patients,36,47,119,142 although no prospective studies have
yet evaluated the utility of this approach. Future studies should therefore
be directed at better defining the risks of subsequent thrombotic and
vascular events accompanying hemolysis, splenectomy, or the combina-
tion thereof.

Acknowledgments

The authors thank Dr Cindy E. Neunert for her thoughtful review of
the manuscript.

This work was supported in part by the National Institutes of
Health (grants 5 KL2 RR024983-02 and 5 UL1 RR024982-02;
North and Central Texas Clinical and Translational Science
Initiative).

Authorship

Contribution: S.E.C. performed extensive literature review and
wrote the manuscript; and G.R.B. assisted in writing and revising
the manuscript.

Conflict-of-interest disclosure: The authors declare no compet-
ing financial interests.

Correspondence: Shelley E. Crary, University of Texas South-
western Medical Center at Dallas, Department of Pediatrics, 5323
Harry Hines Blvd, Dallas, TX 75390; e-mail: Shelley.crary@
utsouthwestern.edu.

References

1. Rose V, Izukawa T, Moes CAF. Syndrome of
asplenia and polysplenia: a review of cardiac and
non-cardiac malformations in 60 cases with spe-
cial references to diagnosis and prognosis. Br
Heart J. 1975;37(8):840-852.

2. DeFrances CJ, Cullen KA, Kozak LJ. National

Hospital Discharge Survey: 2005 annual
summary with detailed diagnosis and proce-
dure data. National Center for Health Statistics.
Vital Health Stat. 2007;13(165):
178.

3. Kraus MD, Fleming MD, Vonderheide RH. The

spleen as a diagnostic specimen. Cancer. 2001;
91(11):2001-2009.

4. Rose AT, Newman MI, Debelak J, et al. The inci-
dence of splenectomy is decreasing: lessons
learned from trauma experience. Am Surg. 2000;
66(5):481-486.

VASCULAR COMPLICATIONS AFTER SPLENECTOMY 2865BLOOD, 1 OCTOBER 2009 � VOLUME 114, NUMBER 14

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/114/14/2861/1487139/zh804009002861.pdf by guest on 26 M

ay 2024



5. Eraklis AJ, Kevy SV, Diamond LK, Gross RE.
Hazard of overwhelming infection after splenec-
tomy in childhood. N Engl J Med. 1967;276(22):
1225-1229.

6. King H, Shumacker HB Jr. Splenic studies: I. Sus-
ceptibility to infection after splenectomy per-
formed in infancy. Ann Surg. 1952;136(2):239-
242.

7. Taher A, Isma’eel H, Mehio G, et al. Prevalence
of thromboembolic events among 8860 patients
with thalassaemia major and intermedia in the
Mediterranean area and Iran. Thromb Haemost.
2006;96(4):488-491.

8. Robinette CD, Fraumeni JF Jr. Splenectomy and
subsequent mortality in veterans of the 1939-45
war. Lancet. 1977;2(8029):127-129.

9. Schilling RF. Spherocytosis, splenectomy,
strokes, and heart attacks. Lancet. 1997;
350(9092):1677-1678.

10. Schilling RF, Gangnon RE, Traver MI. Delayed
adverse vascular events after splenectomy in he-
reditary spherocytosis. J Thromb Haemost. 2008;
6(8):1289-1295.

11. Bruguier A, Clement MC, Texier P, Ponsot G. Ce-
rebral ischemic accident and hereditary sphero-
cytosis [in French]. Arch Fr Pediatr. 1983;40(8):
653-654.

12. Holz A, Woldenberg R, Miller D, Kalina P, Black
K, Lane E. Moyamoya disease in a patient with
hereditary spherocytosis. Pediatr Radiol. 1998;
28(2):95-97.

13. Monge-Argiles JA, Lopez-Garcia MD, Ortega-
Ortega MD, et al. Ischemic cerebral infarction due
to factor V Leiden, hereditary spherocytosis and
smoking [in Spanish]. Rev Neurol. 2005;40(2):
125-126.

14. Ramu CS, Raju GB, Rao KS, Venkateswarlu K.
Uncommon neurological manifestations of hemo-
lytic anemia: a report of two cases. Neurol India.
2008;56(2):201-203.

15. Tokunaga Y, Ohga S, Suita S, Matsushima T,
Hara T. Moyamoya syndrome with spherocytosis:
effect of splenectomy on strokes. Pediatr Neurol.
2001;25(1):75-77.

16. van Hilten JJ, Haan J, Wintzen AR, et al. Cerebral
infarction in hereditary spherocytosis. Stroke.
1989;20(12):1755-1756.

17. Stewart GW, Amess JA, Eber SW, et al.
Thrombo-embolic disease after splenectomy for
hereditary stomatocytosis. Br J Haematol. 1996;
93(2):303-310.

18. Kim BJ, Park KW, Koh SB, et al. Stroke induced
by splenectomy in hemoglobin Madrid: autopsy
clues to the underlying mechanism. Blood Coagul
Fibrinolysis. 2005;16(2):141-144.

19. Gyan E, Darre S, Jude B, et al. Acute priapism in
a patient with unstable hemoglobin Perth and
Factor V Leiden under effective oral anticoagu-
lant therapy. Hematol J. 2001;2(3):210-211.

20. Borgna Pignatti C, Carnelli V, Caruso V, et al.
Thromboembolic events in beta thalassemia ma-
jor: an Italian multicenter study. Acta Haematol.
1998;99(2):76-79.

21. Incorpora G, Di Gregorio F, Romeo MA, Pavone
P, Trifiletti RR, Parano E. Focal neurological defi-
cits in children with beta-thalassemia major. Neu-
ropediatrics. 1999;30(1):45-48.

22. Sanefuji M, Ohga S, Kira R, Yoshiura T, Torisu H,
Hara T. Moyamoya syndrome in a splenecto-
mized patient with beta-thalassemia intermedia.
J Child Neurol. 2006;21(1):75-77.

23. Singh R, Venketasubramanian N. Recurrent ce-
rebral infarction in beta thalassaemia major. Ce-
rebrovasc Dis. 2004;17(4):344-345.

24. Wong V, Yu YL, Liang RH, Tso WK, Li AM, Chan
TK. Cerebral thrombosis in beta-thalassemia/
hemoglobin E disease. Stroke. 1990;21(5):812-
816.

25. Brankovic-Sreckovic V, Milic Rasic V, Djordjevic
V, Kuzmanovic M, Pavlovic S. Arterial ischemic

stroke in a child with �-thalassemia trait and
methylentetrahydrofolate reductase mutation.
J Child Neurol. 2007;22(2):208-210.

26. Ahn YS, Horstman LL, Jy W, Jimenez JJ, Bowen
B. Vascular dementia in patients with immune
thrombocytopenic purpura. Thromb Res. 2002;
107(6):337-344.

27. Ozner MD, Ahn YS, Horstman LL, Jy W, Kolodny
L, Myerburg RJ. Chronic platelet activation and
acute coronary syndrome in 13 middle-aged pa-
tients. Clin Appl Thromb Hemost. 1997;3(1):46-
53.

28. Ohene-Frempong K, Weiner SJ, Sleeper LA, et
al. Cerebrovascular accidents in sickle cell dis-
ease: rates and risk factors. Blood. 1998;91(1):
288-294.

29. Gerry JL, Bulkley BH, Hutchins GM. Clinicopatho-
logic analysis of cardiac dysfunction in 52 pa-
tients with sickle cell anemia. Am J Cardiol. 1978;
42(2):211-216.

30. Ikeda M, Sekimoto M, Takiguchi S, et al. High in-
cidence of thrombosis of the portal venous sys-
tem after laparoscopic splenectomy: a prospec-
tive study with contrast-enhanced CT scan. Ann
Surg. 2005;241(2):208-216.

31. Hassn AM, Al-Fallouji MA, Ouf TI, Saad R. Portal
vein thrombosis following splenectomy. Br J Surg.
2000;87(3):362-373.

32. Chaffanjon PC, Brichon PY, Ranchoup Y, Gressin
R, Sotto JJ. Portal vein thrombosis following sple-
nectomy for hematologic disease: prospective
study with Doppler color flow imaging. World
J Surg. 1998;22(10):1082-1086.

33. Stamou KM, Toutouzas KG, Kekis PB, et al. Pro-
spective study of the incidence and risk factors of
postsplenectomy thrombosis of the portal, mes-
enteric, and splenic veins. Arch Surg. 2006;
141(7):663-669.

34. Skarsgard E, Doski J, Jaksic T, et al. Thrombosis
of the portal venous system after splenectomy for
pediatric hematologic disease. J Pediatr Surg.
1993;28(9):1109-1112.

35. Romano F, Caprotti R, Scaini A, et al. Elective
laparoscopic splenectomy and thrombosis of the
spleno-portal axis: a prospective study with eco-
colordoppler ultrasound. Surg Laparosc Endosc
Percutan Tech. 2006;16(1):4-7.

36. Cappellini MD, Robbiolo L, Bottasso BM,
Coppola R, Fiorelli G, Mannucci AP. Venous
thromboembolism and hypercoagulability in sple-
nectomized patients with thalassaemia interme-
dia. Br J Haematol. 2000;111(2):467-473.

37. Moratelli S, De Sanctis V, Gemmati D, et al.
Thrombotic risk in thalassemic patients. J Pediatr
Endocrinol Metab. 1998;11[suppl 3]:915-921.

38. Tso SC, Chan TK, Todd D. Venous thrombosis in
haemoglobin H disease after splenectomy. Aust
N Z J Med. 1982;12(6):635-638.

39. van Teunenbroek A, Wijburg FA, ten Cate JW,
van den Berg W, Weening RS. Thromboembolic
complications in an asplenic HbE-beta-
thalassaemia patient. Neth J Med. 1989;35(3):
123-127.

40. Wijburg FA, van den Berg W, van Teunenbroek A,
Weening RS. Thrombo-embolic complications
after splenectomy in HbE-beta-thalassaemia. Eur
J Pediatr. 1988;147(4):444-445.

41. James AH, Jamison MG, Brancazio LR, Myers
ER. Venous thromboembolism during pregnancy
and the postpartum period: incidence, risk fac-
tors, and mortality. Am J Obstet Gynecol. 2006;
194(5):1311-1315.

42. Stein PD, Beemath A, Meyers FA, Skaf E, Olson
RE. Deep venous thrombosis and pulmonary em-
bolism in hospitalized patients with sickle cell dis-
ease. Am J Med. 2006;119(10):897-911.

43. Pimpl W, Dapunt O, Kaindl H, Thalhamer J. Inci-
dence of septic and thromboembolic-related
deaths after splenectomy in adults. Br J Surg.
1989;76(5):517-521.

44. Tiede MP, Ahn ER, Jy W, et al. Life-threatening
hypercoagulable state following splenectomy in
ITP: successful management with aggressive
antithrombotic therapy and danazol. Clin Appl
Thromb Hemost. 2005;11(3):347-352.

45. Chou R, DeLoughery TG. Recurrent thromboem-
bolic disease following splenectomy for pyruvate
kinase deficiency. Am J Hematol. 2001;67(3):
197-199.

46. Hayag-Barin JE, Smith RE, Tucker FC Jr. Heredi-
tary spherocytosis, thrombocytosis, and chronic
pulmonary emboli: a case report and review of
the literature. Am J Hematol. 1998;57(1):82-84.

47. Mohren M, Markmann I, Dworschak U, et al.
Thromboembolic complications after splenec-
tomy for hematologic diseases. Am J Hematol.
2004;76(2):143-147.

48. Delaitre B, Blezel E, Samama G, et al. Laparo-
scopic splenectomy for idiopathic thrombocytope-
nic purpura. Surg Laparosc Endosc Percutan
Tech. 2002;12(6):412-419.

49. Linet MS, Nyren O, Gridley G, et al. Causes of
death among patients surviving at least one year
following splenectomy. Am J Surg. 1996;172(4):
320-323.

50. Gallagher PG, Chang SH, Rettig MP, et al. Al-
tered erythrocyte endothelial adherence and
membrane phospholipid asymmetry in hereditary
hydrocytosis. Blood. 2003;101(11):4625-4627.

51. Yoshimoto A, Fujimura M, Nakao S. Pulmonary
hypertension after splenectomy in hereditary sto-
matocytosis. Am J Med Sci. 2005;330(4):195-
197.

52. Perel Y, Dhermy D, Carrere A, et al. Portal vein
thrombosis after splenectomy for hereditary sto-
matocytosis in childhood. Eur J Pediatr. 1999;
158(8):628-630.

53. Murali B, Drain A, Seller D, Dunning J, Vuylsteke
A. Pulmonary thromboendarterectomy in a case
of hereditary stomatocytosis. Br J Anaesth. 2003;
91(5):739-741.

54. Simonneau G, Galie N, Rubin LJ, et al. Clinical
classification of pulmonary hypertension. J Am
Coll Cardiol. 2004;43[suppl 12]:5S-12S.

55. Jais X, Ioos V, Jardim C, et al. Splenectomy and
chronic thromboembolic pulmonary hypertension.
Thorax. 2005;60(12):1031-1034.

56. Hoeper MM, Niedermeyer J, Hoffmeyer F,
Flemming P, Fabel H. Pulmonary hypertension
after splenectomy? Ann Intern Med. 1999;130(6):
506-509.

57. Bonderman D, Jakowitsch J, Adlbrecht C, et al.
Medical conditions increasing the risk of chronic
thromboembolic pulmonary hypertension.
Thromb Haemost. 2005;93(3):512-516.

58. Lang I, Kerr K. Risk factors for chronic thrombo-
embolic pulmonary hypertension. Proc Am Tho-
rac Soc. 2006;3(7):568-570.

59. Suntharalingam J, Machado RD, Sharples LD, et
al. Demographic features, BMPR2 status and
outcomes in distal chronic thromboembolic pul-
monary hypertension. Thorax. 2007;62(7):617-
622.

60. Jardine DL, Laing AD. Delayed pulmonary hyper-
tension following splenectomy for congenital
spherocytosis. Intern Med J. 2004;34(4):214-216.

61. Lode HN, Krings G, Schulze-Neick I, et al. Pulmo-
nary hypertension in a case of Hb-Mainz hemo-
lytic anemia. J Pediatr Hematol Oncol. 2007;
29(3):173-177.

62. Smedema JP, Louw VJ. Pulmonary arterial hy-
pertension after splenectomy for hereditary
spherocytosis. Cardiovasc J Afr. 2007;18(2):84-
89.

63. Heller PG, Grinberg AR, Lencioni M, Molina MM,
Roncoroni AJ. Pulmonary hypertension in parox-
ysmal nocturnal hemoglobinuria. Chest. 1992;
102(2):642-643.

64. Rich S, Hart K. Familial pulmonary hypertension

2866 CRARY and BUCHANAN BLOOD, 1 OCTOBER 2009 � VOLUME 114, NUMBER 14

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/114/14/2861/1487139/zh804009002861.pdf by guest on 26 M

ay 2024



in association with an abnormal hemoglobin: in-
sights into the pathogenesis of primary pulmo-
nary hypertension. Chest. 1991;99(5):1208-1210.

65. Marvin KS, Spellberg RD. Pulmonary hyperten-
sion secondary to thrombocytosis in a patient
with myeloid metaplasia. Chest. 1993;103(2):
642-644.

66. Singer ST, Kuypers FA, Styles L, Vichinsky EP,
Foote D, Rosenfeld H. Pulmonary hypertension in
thalassemia: association with platelet activation
and hypercoagulable state. Am J Hematol. 2006;
81(9):670-675.

67. Phrommintikul A, Sukonthasarn A, Kanjanavanit
R, Nawarawong W. Splenectomy: a strong risk
factor for pulmonary hypertension in patients with
thalassaemia. Heart. 2006;92(10):1467-1472.

68. Gladwin MT, Sachdev V, Jison ML, et al. Pulmo-
nary hypertension as a risk factor for death in pa-
tients with sickle cell disease. N Engl J Med.
2004;350(9):886-895.

69. McGoon M, Gutterman D, Steen V, et al. Screen-
ing, early detection, and diagnosis of pulmonary
arterial hypertension: ACCP evidence-based
clinical practice guidelines. Chest. 2004;
126[suppl]:14S-34S.

70. Mistry PK, Sirrs S, Chan A, et al. Pulmonary hy-
pertension in type 1 Gaucher’s disease: genetic
and epigenetic determinants of phenotype and
response to therapy. Mol Genet Metab.
2002;77(1):91-98.

71. Elstein D, Klutstein MW, Lahad A, Abrahamov A,
Hadas-Halpern I, Zimran A. Echocardiographic
assessment of pulmonary hypertension in Gau-
cher’s disease. Lancet. 1998;351(9115):1544-
1546.

72. Takahashi F, Uchida K, Nagaoka T, et al. Isolated
congenital spleen agenesis: a rare cause of
chronic thromboembolic pulmonary hypertension
in an adult. Respirology. 2008;13(6):913-915.

73. Powars DR, Chan LS, Hiti A, Ramicone E,
Johnson C. Outcome of sickle cell anemia: a
4-decade observational study of 1056 patients.
Medicine (Baltimore). 2005;84(6):363-376.

74. Taylor JG, Nolan VG, Mendelsohn L, Kato GJ,
Gladwin MT, Steinberg MH. Chronic hyper-
hemolysis in sickle cell anemia: association of
vascular complications and mortality with less
frequent vasoocclusive pain. PLoS ONE. 2008;
3(5):e2095.

75. Jackson N, Franklin IM, Hughes MA. Recurrent
priapism following splenectomy for thalassaemia
intermedia. Br J Surg. 1986;73(8):678.

76. Macchia P, Massei F, Nardi M, Favre C, Brunori
E, Barba V. Thalassemia intermedia and recur-
rent priapism following splenectomy. Haemato-
logica. 1990;75(5):486-487.

77. Sharma R, Prakash R, Kamboj S, Jain V.
Hemoglobin-E beta thalassemia presenting with
recurrent priapism: a rare complication. Am J He-
matol. 2008;83(3):257.

78. Thuret I, Bardakdjian J, Badens C, et al. Priapism
following splenectomy in an unstable hemoglo-
bin: hemoglobin Olmsted beta 141 (H19)
Leu3Arg. Am J Hematol. 1996;51(2):133-136.

79. Atala A, Amin M, Harty JI, Liu YK, Keeling MM.
Priapism associated with asplenic state. Urology.
1992;40(4):371-373.

80. Kisanuki A, Kietthubthew S, Asada Y, Marutsuka
K, Funahara Y, Sumiyoshi A. Intravenous injec-
tion of sonicated blood induces pulmonary micro-
thromboembolism in rabbits with ligation of the
splenic artery. Thromb Res. 1997;85(2):95-103.

81. Kaysser TM, Wandersee NJ, Bronson RT, Barker
JE. Thrombosis and secondary hemochromatosis
play major roles in the pathogenesis of jaundiced
and spherocytic mice, murine models for heredi-
tary spherocytosis. Blood. 1997;90(11):4610-
4619.

82. Wandersee NJ, Olson SC, Holzhauer SL,
Hoffmann RG, Barker JE, Hillery CA. Increased
erythrocyte adhesion in mice and humans with

hereditary spherocytosis and hereditary elliptocy-
tosis. Blood. 2004;103(2):710-716.

83. Hathirat P, Mahaphan W, Chuansumrit A, Pintadit
P, Sasanakul W, Isarangkura P. Platelet counts in
thalassemic children before and after splenec-
tomy. Southeast Asian J Trop Med Public Health.
1993;24[suppl 1]:213-215.

84. Schilling RF. Hereditary spherocytosis: a study of
splenectomized persons. Semin Hematol. 1976;
13(3):169-176.

85. Boxer MA, Braun J, Ellman L. Thromboembolic
risk of postsplenectomy thrombocytosis. Arch
Surg. 1978;113(7):808-809.

86. Visudhiphan S, Ketsa-Ard K, Piankijagum A,
Tumliang S. Blood coagulation and platelet pro-
files in persistent post-splenectomy thrombocyto-
sis: the relationship to thromboembolism. Biomed
Pharmacother. 1985;39(6):264-271.

87. Troendle SB, Adix L, Crary SE, Buchanan GR.
Laboratory markers of thrombosis risk in children
with hereditary spherocytosis. Pediatr Blood Can-
cer. 2007;49(6):781-785.

88. Cynober T, Mohandas N, Tchernia G. Red cell
abnormalities in hereditary spherocytosis: rel-
evance to diagnosis and understanding of the
variable expression of clinical severity. J Lab Clin
Med. 1996;128(3):259-269.

89. Sugihara T, Yawata Y. Observations on plasma
and red cell lipids in hereditary spherocytosis.
Clin Chim Acta. 1984;137(2):227-232.

90. Goldfarb AW, Rachmilewitz EA, Eisenberg S. Ab-
normal low and high density lipoproteins in ho-
mozygous beta-thalassaemia. Br J Haematol.
1991;79(3):481-486.

91. Aviram M, Brook JG, Tatarsky I, Levy Y, Carter A.
Increased low-density lipoprotein levels after
splenectomy: a role for the spleen in cholesterol
metabolism in myeloproliferative disorders. Am J
Med Sci. 1986;291(1):25-28.

92. Archararit N, Chuncharunee S, Pornvoranunt A,
Atamasirikul K, Rachakom B, Atichartakarn V.
Serum C-reactive protein level in postsplenecto-
mized thalassemic patients. J Med Assoc Thai.
2000;83[suppl 1]:S63-S69.

93. Gagnon DR, Zhang TJ, Brand FN, Kannel WB.
Hematocrit and the risk of cardiovascular dis-
ease—the Framingham study: a 34-year follow-
up. Am Heart J. 1994;127(3):674-682.

94. Wilson PW, D’Agostino RB, Levy D, Belanger
AM, Silbershatz H, Kannel WB. Prediction of cor-
onary heart disease using risk factor categories.
Circulation. 1998;97(18):1837-1847.

95. Bassuk SS, Rifai N, Ridker PM. High-sensitivity
C-reactive protein: clinical importance. Curr Probl
Cardiol. 2004;29(8):439-493.

96. Vannucchi AM, Barbui T. Thrombocytosis and
thrombosis. Hematology Am Soc Hematol Educ
Program. 2007:363-370.

97. Coller BS. Leukocytosis and ischemic vascular
disease morbidity and mortality: is it time to inter-
vene? Arterioscler Thromb Vasc Biol. 2005;25(4):
658-670.

98. Asai K, Kuzuya M, Naito M, Funaki C, Kuzuya F.
Effects of splenectomy on serum lipids and ex-
perimental atherosclerosis. Angiology. 1988;
39(6):497-504.

99. Fatouros M, Bourantas K, Bairaktari E, Elisaf M,
Tsolas O, Cassioumis D. Role of the spleen in
lipid metabolism. Br J Surg. 1995;82(12):1675-
1677.

100. Caligiuri G, Nicoletti A, Poirier B, Hansson GK.
Protective immunity against atherosclerosis car-
ried by B cells of hypercholesterolemic mice.
J Clin Invest. 2002;109(6):745-753.

101. Johnsson R, Saris NE. Plasma and erythrocyte
lipids in hereditary spherocytosis. Clin Chim Acta.
1981;114(2-3):263-268.

102. Sasaki J, Waterman MR, Buchanan GR, Cottam
GL. Plasma and erythrocyte lipids in sickle cell
anaemia. Clin Lab Haematol. 1983;5(1):35-44.

103. Atac B, Brahaj D, Frishman WH, Lerner R. Ane-
mia and hypocholesterolemia. Heart Dis. 2003;
5(1):65-71.

104. Shalev H, Kapelushnik J, Moser A, Knobler H,
Tamary H. Hypocholesterolemia in chronic ane-
mias with increased erythropoietic activity. Am J
Hematol. 2007;82(3):199-202.

105. Crary SE, Troendle SB, Torres R, Ahmad N,
Buchanan GR. Prospective assessment of labo-
ratory markers of cardiovascular risk in hereditary
spherocytosis. http://www3.interscience.wiley.com/
homepages/106561790/ASPHO_Abstracts_-_
2008pdf. 2008;Poster 199:35. Accessed July 2009.

106. Eldor A, Maclouf J, Lellouche F, et al. A chronic
hypercoagulable state and life-long platelet acti-
vation in beta thalassemia major. Southeast
Asian J Trop Med Public Health. 1993;24[suppl
1]:92-95.

107. Atichartakarn V, Angchaisuksiri P, Aryurachai K,
Chuncharunee S, Thakkinstian A. In vivo platelet
activation and hyperaggregation in hemoglobin
E/beta-thalassemia: a consequence of splenec-
tomy. Int J Hematol. 2003;77(3):299-303.

108. Opartkiattikul N, Funahara Y, Fucharoen S,
Talalak P. Increase in spontaneous platelet ag-
gregation in beta-thalassemia/hemoglobin E dis-
ease: a consequence of splenectomy. Southeast
Asian J Trop Med Public Health. 1992;23[suppl
2]:36-41.

109. Winichagoon P, Fucharoen S, Wasi P. Increased
circulating platelet aggregates in thalassaemia.
Southeast Asian J Trop Med Public Health. 1981;
12(4):556-560.

110. Hovav T, Goldfarb A, Artmann G, Yedgar S,
Barshtein G. Enhanced adherence of beta-
thalassaemic erythrocytes to endothelial cells.
Br J Haematol. 1999;106(1):178-181.

111. Butthep P, Bunyaratvej A, Funahara Y, et al. Pos-
sible evidence of endothelial cell activation and
disturbance in thalassemia: an in vitro study.
Southeast Asian J Trop Med Public Health. 1997;
28[suppl 3]:141A-148A.

112. Eldor A, Durst R, Hy-Am E, et al. A chronic
hypercoagulable state in patients with beta-
thalassaemia major is already present in child-
hood. Br J Haematol. 1999;107(4):739-746.

113. Fontana V, Jy W, Dudkiewicz P, Horstman LL,
Bidot CJ, Ahn YS. Cell-derived microparticles
(C-MP) are elevated in splenectomized patients
and depressed in those with hypersplenism, sug-
gesting spleen as scavenger of C-MP. Blood.
2006;108(11):1482.

114. Fontana V, Jy W, Ahn ER, et al. Increased proco-
agulant cell-derived microparticles (C-MP) in
splenectomized patients with ITP. Thromb Res.
2008;122(5):599-603.

115. Westerman M, Pizzey A, Hirschman J, et al. Mi-
crovesicles in haemoglobinopathies offer insights
into mechanisms of hypercoagulability, haemoly-
sis and the effects of therapy. Br J Haematol.
2008;142(1):126-135.

116. Habib A, Kunzelmann C, Shamseddeen W,
Zobairi F, Freyssinet JM, Taher A. Elevated levels
of circulating procoagulant microparticles in pa-
tients with B-thalessemia intermedia. Haemato-
logica. 2008;93(6):941-942.

117. Rahimi Z, Ghaderi M, Nagel RL, Muniz A. Preva-
lence of thrombotic risk factors among beta-
thalassemia patients from Western Iran. J
Thromb Thrombolysis. 2008;26(3):229-233.

118. Ataga KI, Cappellini MD, Rachmilewitz EA. Beta-
thalassaemia and sickle cell anaemia as para-
digms of hypercoagulability. Br J Haematol. 2007;
139(1):3-13.

119. Eldor A, Rachmilewitz EA. The hypercoagulable
state in thalassemia. Blood. 2002;99(1):36-43.

120. Ataga KI, Key NS. Hypercoagulability in sickle
cell disease: new approaches to an old problem.
Hematology Am Soc Hematol Educ Program.
2007:91-96.

VASCULAR COMPLICATIONS AFTER SPLENECTOMY 2867BLOOD, 1 OCTOBER 2009 � VOLUME 114, NUMBER 14

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/114/14/2861/1487139/zh804009002861.pdf by guest on 26 M

ay 2024



121. Cappellini MD. Coagulation in the pathophysiol-
ogy of hemolytic anemias. Hematology Am Soc
Hematol Educ Program. 2007;74-78.

122. Borenstain-Ben Yashar V, Barenholz Y, Hy-Am E,
Rachmilewitz EA, Eldor A. Phosphatidylserine in
the outer leaflet of red blood cells from beta-
thalassemia patients may explain the chronic hy-
percoagulable state and thrombotic episodes.
Am J Hematol. 1993;44(1):63-65.

123. de Jong K, Larkin SK, Eber S, Franck PF,
Roelofsen B, Kuypers FA. Hereditary spherocyto-
sis and elliptocytosis erythrocytes show a normal
transbilayer phospholipid distribution. Blood.
1999;94(1):319-325.

124. Horne MK 3rd, Cullinane AM, Merryman PK,
Hoddeson EK. The effect of red blood cells on
thrombin generation. Br J Haematol. 2006;
133(4):403-408.

125. Stief TW. Thrombin generation by hemolysis.
Blood Coagul Fibrinolysis. 2007;18(1):61-66.

126. Robertson DA, Simpson FG, Losowsky MS.
Blood viscosity after splenectomy. Br Med J (Clin
Res Ed). 1981;283(6291):573-575.

127. Murphy JR. The influence of pH and temperature
on some physical properties of normal erythro-
cytes and erythrocytes from patients with heredi-
tary spherocytosis. J Lab Clin Med. 1967;69(5):
758-775.

128. Baskurt OK. The role of spleen in suppressing the
rheological alterations in circulating blood. Clin
Hemorheol Microcirc. 1999;20(3):181-188.

129. Peacock AJ. Pulmonary hypertension after sple-
nectomy: a consequence of loss of the splenic
filter or is there something more? Thorax. 2005;
60(12):983-984.

130. Rother RP, Bell L, Hillmen P, Gladwin MT. The
clinical sequelae of intravascular hemolysis and
extracellular plasma hemoglobin: a novel mecha-
nism of human disease. JAMA. 2005;293(13):
1653-1662.

131. Schilling RF, Gangnon RE, Traver M. Arterioscle-
rotic events are less frequent in persons with
chronic anemia: evidence from families with he-
reditary spherocytosis. Am J Hematol. 2006;
81(5):315-317.

132. Wang CH, Schilling RF. Myocardial infarction and
thalassemia trait: an example of heterozygote
advantage. Am J Hematol. 1995;49(1):73-75.

133. Tassiopoulos T, Stamatelos G, Zakopoulos N,
Fessas P, Eliopoulos GD. Low incidence of acute
myocardial infarction in beta-thalassaemia trait
carriers. Haematologia (Budap). 1995;26(4):199-
203.

134. Tassiopoulos S, Deftereos S, Konstantopoulos K,
et al. Does heterozygous beta-thalassemia con-
fer a protection against coronary artery disease?
Ann N Y Acad Sci. 2005;1054:467-470.

135. Cocco P, Todde P, Fornera S, Manca MB, Manca
P, Sias AR. Mortality in a cohort of men express-
ing the glucose-6-phosphate dehydrogenase de-
ficiency. Blood. 1998;91(2):706-709.

136. Dessi S, Batetta B, Spano O, et al. Serum li-
poprotein pattern as modified in G6PD-deficient
children during haemolytic anaemia induced by
fava bean ingestion. Int J Exp Pathol. 1992;73(2):
157-160.

137. Muntoni S, Batetta B, Dessi S, Pani P. Serum li-
poprotein profile in the Mediterranean variant of
glucose-6-phosphate dehydrogenase deficiency.
Eur J Epidemiol. 1992;8[suppl 1]:48-53.

138. Morita T. Heme oxygenase and atherosclerosis.
Arterioscler Thromb Vasc Biol. 2005;25(9):1786-
1795.

139. Martin CR, Johnson CS, Cobb C, Tatter D,
Haywood LJ. Myocardial infarction in sickle cell
disease. J Natl Med Assoc. 1996;88(7):428-432.

140. Bonderman D, Skoro-Sajer N, Jakowitsch J, et al.
Predictors of outcome in chronic thromboembolic
pulmonary hypertension. Circulation. 2007;
115(16):2153-2158.

141. Raiesdana A, Loscalzo J. Pulmonary arterial hy-
pertension. Ann Med. 2006;38(2):95-110.

142. Cohen AR, Galanello R, Pennell DJ, Cunningham
MJ, Vichinsky E. Thalassemia. Hematology Am
Soc Hematol Educ Program. 2004:14-34.

2868 CRARY and BUCHANAN BLOOD, 1 OCTOBER 2009 � VOLUME 114, NUMBER 14

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/114/14/2861/1487139/zh804009002861.pdf by guest on 26 M

ay 2024


