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Summary. Background: It is probable that the variety and

frequency of delayed adverse vascular events after splenec-

tomy are underappreciated. Splenectomy is performed for a

wide variety of conditions, and delayed postsplenectomy

hazards are not often studied. Objective: To estimate the

relative risk of adverse vascular events in members of

hereditary spherocytosis families who have or have not had

a splenectomy. Methods: Members of families in which

hereditary spherocytosis exists were systematically questioned

about adverse vascular events. Results: The cumulative

incidence of arterial and venous events at age 70 years was

greater in persons who had undergone a splenectomy for

spherocytosis (arterial, 22% females, 32%males; venous, 20%

females, 19% males) than in affected persons who did not

undergo splenectomy (arterial, 3% females, 2%males; venous,

6% females, 4% males) or non-affected family members

(arterial, 10% females, 17% males; venous, 4% females, 12%

males). Affected subjects who undergo splenectomy are at

greatly increased risk of arterial events as compared to affected

subjects who do not undergo splenectomy [arterial, hazard

ratio (HR) 7.2, 95% confidence interval (CI) 2.8–17.2; venous,

HR 3.3, 95% CI 1.1–9.8]. Conclusion: There is a significant,

long-lasting, increased risk of adverse arterial and venous

thromboembolic events after splenectomy performed for

hereditary spherocytosis. A review of the literature indicates

that this is also true when splenectomy is performed for several

other indications.

Keywords: atherosclerosis, osteonecrosis, priapism, pulmonary

hypertension, splenectomy, thromboembolism.

Introduction

Persistent thrombocytosis is not unusual after splenectomy,

and when performed for correction of hemolytic anemia,

splenectomy is often followed by increases in the hematocrit,

cholesterol and whole blood viscosity, and a decline in serum

bilirubin. The University of Wisconsin hematology group has

had a continuing research and clinical interest in hereditary

spherocytosis for half a century. The accumulated data provide

an opportunity to compare rates of adverse vascular events

(arterial and venous) in the three subsets of family members:

affected spleen out, affected spleen in, and not affected. A 1997

publication [1] based on this database reported that the rate of

arterial events after age 40 years was approximately five times

higher in hereditary spherocytosis patients without a spleen

than in hereditary spherocytosis patients with a spleen. As

family members were questioned informally through the years,

the impression was gained that adverse venous events were not

uncommon. Therefore, over the past 4 years, we have used a

formal printed questionnaire to gather data about the incidence

of adverse vascular events in the three subsets of subjects

arising a priori in families known to have hereditary

spherocytosis.

Materials and methods

The hereditary spherocytosis database at the University of

Wisconsin Medical Center (UWMC) contains prospectively

collected data on 634 persons from families in which hereditary

spherocytosis is present, and for whom we are confident of the

diagnostic category (affected or unaffected). These data were

collected at UWMC between 1960 and 2007. This report is

confined to 574 subjects aged 18 years or older at last contact.

Of the 434 subjects known to be alive at last contact, 395 (91%)

had been contacted and provided data after 1 July 2005. Of the

409 subjects who had not been censored as of 1 July 2005, we

obtained data on 360 (88%). For each subject, available data

consist of date of birth, date of last contact and, if applicable,

dates of death, splenectomy, arterial event (myocardial infarc-

tion, stroke, coronary artery surgery, carotid artery surgery),
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and venous event (deep vein thrombosis, thrombophlebitis,

pulmonary embolus). As of September, 2007, we had reliable

data on arterial events for 524 subjects (91%) and on venous

events for 443 subjects (77%). Sixty-four persons had an

arterial event; 31 had a venous event.

Estimates of the cumulative incidence of arterial events and

venous events were calculated for unaffected subjects, affected

subjects who had not undergone splenectomy (affected spleen

in), and affected subjects who did undergo splenectomy

(affected spleen out), using a competing risks model (a

modification of the Kaplan–Meier estimate) to account for

censoring due to losses to follow-up and the competing risk of

death. The estimate for the affected spleen out group represents

the cumulative incidence for subjects undergoing splenectomy

prior to age 18 years. Cox proportional hazards regression

models were used to assess differences between the three groups

of subjects. Splenectomywas incorporated into the Coxmodels

as a time-dependent covariate.

Results

Characteristics of the sample are given in Table 1. Of the 524

subjects with data on arterial events, 236 (45%) are female.

Three hundred and fifty-four (68%) have hereditary sphero-

cytosis. Thirty-five per cent (123) of these subjects underwent

splenectomy prior to age 18 years. Another 126 (36%)

underwent splenectomy after age 18 years. Of the subjects

with data on venous events, 236 (45%) are female. Two

hundred and ninety (65%) have hereditary spherocytosis.

Forty-one per cent (120) of these subjects underwent splenec-

tomy prior to age 18 years. Another 87 (30%) underwent

splenectomy after age 18 years.

The reported incidence of hypertension was 28% in unaf-

fected subjects, 26% in affected subjects who did not undergo

splenectomy, and 28% in affected subjects who underwent

splenectomy. The incidence of diabetes was 12% in unaffected

subjects, 12% in affected subjects who did not undergo

splenectomy, and 13% in affected subjects who underwent

splenectomy.

Estimates of the cumulative incidence of first arterial and

venous events are provided in Fig. 1. By age 70 years, the

cumulative incidence of first arterial events in affected subjects

who underwent splenectomy prior to age 18 years was 32%

[95% confidence interval (CI) 19–45%] for males and 22%

(95% CI 8–36%) for females. For unaffected subjects, the

cumulative incidence of first arterial events was 17% (95% CI

4–30%) for males and 10% (95% CI 0–20%) for females; for

affected subjects who did not undergo splenectomy, the

cumulative incidence of first arterial events was 2%

(95% CI 0–8%) for males and 3% (95% CI 0–10%) for

females.

By age 70 years, the cumulative incidence of first venous

events in affected subjects who underwent splenectomy prior to

age 18 years was 19% (95% CI 8–30%) for males and 20%

(95% CI 6–34%) for females. For unaffected subjects, the

cumulative incidence of first venous events was 12% (95% CI

1–23%) for males and 4% (95% CI 0–11%) for females; for

affected subjects who did not undergo splenectomy, the

cumulative incidence of first venous events was 4% (95% CI

0–13%) for males and 7% (95% CI 0–13%) for females.

Hazard ratio (HR) estimates fromCox proportional hazards

regression models are provided in Table 2. Males were at

greater risk of arterial events (HR 1.73, 95% CI 1.02–2.93,

P = 0.04) than females. In contrast, risks of venous events did

not differ by gender (HR 0.86, 95% CI 0.42–1.75, P = 0.68).

Affected subjects who did not undergo splenectomy were at

decreased risk of arterial events as compared to unaffected

subjects (HR 0.22, 95% CI 0.08–0.52, P = 0.002). Affected

subjects who underwent splenectomy were at greatly increased

risk of arterial events as compared to affected subjects who did

not undergo splenectomy (HR 7.15; 95% CI 2.81–17.2;

P < 0.0001). The difference in risk of arterial events between

unaffected subjects and affected subjects who underwent

splenectomy (HR 1.56; 95% CI 0.9–2.68; P = 0.11) was

not statistically significant. In contrast, affected subjects who

underwent splenectomy were at increased risk of venous events

as compared to both unaffected subjects (HR 3.00; 95% CI

1.26–7.13; P = 0.01) and affected subjects who did not

undergo splenectomy (HR 3.33; 95% CI 1.13–9.79;

P = 0.03). There was no significant difference in risk of

venous events between unaffected subjects and affected subjects

who did not undergo splenectomy (HR 0.90; 95% CI 0.26–

3.12; P = 0.87).

Five subjects who underwent splenectomy reported addi-

tional vascular problems: leg amputation, retinal vein occlu-

sion, acute anterior ischemic optic neuropathy, and two cases

of pulmonary hypertension. We received no reports of

additional vascular events from the other subject groups.

Discussion

Several caveats should be noted regarding these data from

hereditary spherocytosis families. The number of unaffected

subjects in our database is smaller than would be expected for a

simple Mendelian dominant defect: over several decades, more

Table 1 Demographic data for study of arterial and venous events

Males Females Total

Subjects with data on first arterial event

Unaffected 85 85 170

Affected 203 151 354

Spleen out before age 18 years 68 55 123

Spleen out after age 18 years 71 55 126

Spleen in at last contact 64 41 105

Total 288 236 524

Subjects with data on first venous event

Unaffected 73 80 153

Affected 165 125 290

Spleen out before age 18 years 65 55 120

Spleen out after age 18 years 46 41 87

Spleen in at last contact 54 29 83

Total 238 205 443
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unaffected subjects were lost to follow-up. Our earlier studies of

complete sets of sibships and offspring revealed the expected

50% of affected subjects.

Some questionnaires were not returned or were incomplete,

and some subjects died before we sent them a questionnaire.

The majority of the data were self-reported. Some data were

verified from medical records. We believe it to be unlikely that

coronary surgery, carotid artery surgery and pulmonary

embolus would be over-reported on a questionnaire.

We have no data about smoking or body mass index.

Although we have no data about cholesterol, it is well

documented that serum cholesterol is low in hereditary

spherocytosis and rises after correction of anemia by splenec-

tomy [2].

The HR for an adverse arterial event is much greater in the

comparison of �affected spleen out� to �affected spleen in� than
in the comparison of �affected spleen out� to �unaffected.�This is
probably because the �affected spleen in� subjects, as compared

to �unaffected� subjects, have three features associated with

reduced arterial events: lower hemoglobin level [3,4], elevated

bilirubin [5,6], and lower cholesterol.

As our data about adverse vascular events come only from

families with hereditary spherocytosis, we searchedMedline for

reports of adverse vascular events occurring more than

1 month after splenectomy, regardless of the indication for

surgery. We found 80 citations [1,7–85] documenting nine

different, although not necessarily independent, adverse vas-

cular events after splenectomy performed for more than 14

different indications. (A tabulation of these data is available via

e-mail request to RFS.).

Although many of these 80 citations are reports of a single

case or a small series of cases, some contain data gathered in a

manner that provides evidence that splenectomy is accompa-

nied by a significant, persistent, long-term risk of adverse

vascular events. The five following paragraphs refer to 13
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Fig. 1. Estimated cumulative incidence of arterial and venous events.

Table 2 Cox proportional hazards regression models

Hazard

ratio

95%

Confidence

interval P-value

Arterial events

Male sex 1.73 1.02–2.93 0.04

Affected spleen in vs. unaffected 0.22 0.08–0.58 0.002

Affected spleen out vs. unaffected 1.56 0.90–2.68 0.11

Affected spleen out vs. affected

spleen in

7.15 2.81–18.2 < 0.0001

Venous events

Male sex 0.86 0.42–1.75 0.68

Affected spleen in vs. unaffected 0.90 0.26–3.12 0.87

Affected spleen out vs. unaffected 3.00 1.26–7.13 0.01

Affected spleen out vs. affected

spleen in

3.33 1.13–9.79 0.03
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citations in which adverse vascular events were significantly

more common in subjects who had had a splenectomy.

Arterial events

A case control study of 740WorldWar II veterans [7] who had

their spleen removed for trauma found a significantly increased

risk (relative risk 1.85) of death from ischemic heart disease.

One hundred and forty spherocytosis patients who had the

spleen removed had a greatly increased rate (approximately 5-

fold) of arterial events after age 40 years when compared to 88

spherocytosis patients who did not have a splenectomy [1].

Thromboembolic events and pulmonary embolus

A retrospective review of 83 patients with thalassemia

intermedia found that 23 of 58 persons who had had a

splenectomy experienced a thromboembolic event; in contrast,

only one of 25 who had not had a splenectomy had such an

event [37]. An impressively large autopsy study [55] compared

the incidence of pulmonary embolus in 202 adult cadavers

without a spleen to that of a matched deceased group

(n = 403) with a spleen. Pulmonary embolus was considered

to be �the major or a contributory cause of death� in 35.6% of

the asplenic cases and in 9.7% of cases having a spleen.

Pulmonary hypertension

Hoeper et al. [14] reported that seven of 61 persons receiving

a lung transplant for idiopathic pulmonary hypertension had

previously had a splenectomy; none of 151 persons receiving

a lung transplant for other reasons had had a prior

splenectomy. Bonderman et al. [79] compared the clinical

characteristics of 109 patients with chronic thromboembolic

pulmonary hypertension to the clinical characteristics of 189

patients with acute pulmonary embolism. Ten of the former

had had a prior splenectomy, whereas only one of the latter

had had a prior splenectomy. Jais et al. [68] reported that

8.6% of 257 patients diagnosed as having chronic thrombo-

embolic pulmonary hypertension had had a prior splenec-

tomy, whereas only 0.6% of the 180 �control� subjects had

had a prior splenectomy. Singer et al. [80] used echocardiog-

raphy to evaluate 25 thalassemic patients for pulmonary

hypertension, and found it in 17 subjects, 16 of whom had

had a prior splenectomy. Of the eight subjects without

pulmonary hypertension, two had had a prior splenectomy.

Each of two studies [46,58] of pulmonary hypertension in

Gaucher disease found that the frequency of pulmonary

hypertension was significantly greater in those who had had a

splenectomy.

Priapism

A review of 21 patients with priapism [69] found 10 patients

with sickle cell disease, but three of the other 11 had had the

spleen removed for trauma months or years prior to the onset

of priapism. We found seven other reports of priapism after

splenectomy performed for a variety of conditions [22–

24,37,42,75,84].

Osteonecrosis

In Gaucher disease, the prevalence of osteonecrosis is greater

in those who have had the spleen removed [34,71]. A

retrospective study of 51 Gaucher patients found that a

patient with a splenectomy was 10 times more likely to have

osteonecrosis of any of the major joints than was a patient

without a splenectomy (odds ratio 10.0, 95% CI 1.7–58.4,

P < 0.01) [34].

The causation of a significant adverse vascular event is

certainly multifactorial in many instances. A prime example is

the frequent occurrence of pulmonary hypertension in thalas-

semia. The continuing hemolysis after splenectomy done for

thalassemia or stomatocytosis is a source of agents or

conditions believed to contribute to the development of

pulmonary hypertension [80,86,87]. These prothrombotic fea-

tures would add to the prothrombotic effects of splenectomy.

The literature suggests that persons with the combination of

splenectomy and continuing hemolytic anemia (thalassemia

[25,37], stomatocytosis [10,43,52,68,73]) are more likely to have

ensuing thromboembolism or pulmonary hypertension than

persons with isolated chronic hemolytic anemia. However, data

comparing the incidence of adverse vascular events in compa-

rable groups of thalassemia or stomatocytosis patients with

and without a spleen are not available. Another example of

multifactorial causation is the increased risk of adverse arterial

events after splenectomy for hereditary spherocytosis: the

increase in serum cholesterol associated with the correction of

anemia is surely accepted as a significant risk. An increased

hematocrit is a documented risk [3–5]. Lower bilirubin is

associated with increased risk of severe coronary disease [6] and

myocardial infarction [88]. Schwertner [6] found that �a 50%

decrease in total bilirubin was associated with a 47% increase

in the odds of being in a more severe CAD (coronary artery

disease) category. Our data suggests that serum bilirubin is an

inverse and independent risk factor for CAD, with an

association equivalent in degree to that of systolic blood

pressure.�
It is to be noted that several of the vascular events that are

more common in persons who have had a splenectomy are also

more common in adults with sickle cell disease. Pulmonary

hypertension, priapism and osteonecrosis are well-documented

vascular hazards of sickle cell disease. The term autosplenec-

tomy has been applied to sickle cell disease patients on the basis

of evidence from autopsy, radiography and experimental

studies.

There are impressive data to support the hypothesis that an

immune function of the spleen retards the development of

atherosclerosis in hypercholesterolemic mice [89]. We are not

aware of data from humans to suggest such a role for the

spleen, but the data reported here from hereditary spherocy-

tosis families are consistent with that possibility.
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Conclusion

Data from our survey of hereditary spherocytosis family

members as well as numerous reports in the literature support

an association between splenectomy and increased risk of

adverse arterial and venous events.

Disclosure of Conflict of Interests

The authors state that they have no conflict of interest.

References

1 Schilling RF. Spherocytosis, splenectomy, strokes, and heart attacks.

Lancet 1997; 350: 1677–8.

2 Westerman MP. Hypocholesterolaemia and anaemia. Br J Haematol

1975; 31: 87–94.

3 Schilling RF, Gangnon RE, Traver M. Arteriosclerotic events are less

frequent in persons with chronic anemia: evidence from families with

hereditary spherocytosis. Am J Hematol 2006; 81: 315–17.

4 Kannel WB, Gordon T,Wolf PA,McNamara P. Hemoglobin and the

risk of cerebral infarction: the Framingham study. Stroke 1972; 3: 409–

19.

5 Gagnon DR, Zhang TJ, Brand FN, Kannel WB. Hematocrit and the

risk of cardiovascular disease – the Framingham study: a 34 year

follow-up. Am Heart J 1994; 127: 674–82.

6 Schwertner HA, Jackson WG, Tolan G. Association of low serum

concentration of bilirubin with increased risk of coronary artery dis-

ease. Clin Chem 1994; 40: 18–23.

7 Robinette CD, Fraumeni JF. Splenectomy and subsequent mortality

in veterans of the 1939–45 war. Lancet 1977; 2: 127–9.

8 Scholz KH, Herrmann C, Tebbe U, Chemnitius JM, Helmchen U,

Kreuzer H. Myocardial infarction in young patients with Hodgkin�s
disease – potential pathogenic role of radiotherapy, chemotherapy, and

splenectomy. Clin Invest 1993; 71: 57–64.

9 Tai YT, Yu YL, Lau CP, Fong PC. Myocardial infarction compli-

cating postsplenectomy thrombocytosis, with early left ventricular

mural thrombus formation and cerebral embolism.Angiology 1993; 44:

73–7.

10 Stewart GW, Amess JA, Eber SW, Kingswood C, Lane PA, Smith

BD, Mentzer WC. Thromboembolic disease after splenectomy for

hereditary stomatocytosis. Br J Haematol 1996; 93: 303–10.

11 Garcia-Manero G, Schuster S, Patrick H, Martinez J. Pulmonary

hypertension in patients with myelofibrosis secondary to myelo-

proliferative diseases. Am J Hematol 1999; 60: 130–5.

12 Hayag-Barin JE, Smith R, Tucker FC. Hereditary spherocytosis,

thrombocytosis, and chronic pulmonary emboli: a case report and

review of the literature. Am J Hematol 1998; 57: 82–4.

13 Aessopos A, Stamatelos G, Skoumas V, Vassilopoulos G,

Mantzourani M, Loukopoulos D. Pulmonary hypertension and right

heart failure in patients with beta-thalassemia intermedia. Chest 1995;

107: 50–3.

14 Hoeper MM, Niedermeyer J, Hoffmeyer F, Flemming P, Fabel H.

Pulmonary hypertension after splenectomy?Ann InternMed 1999; 130:

506–9.

15 Sonakul D, Fucharoen S. Pulmonary thromboembolism in thalasse-

mic patients. Southeast Asian J Trop Med Public Health 1992; 2: 25–8.

16 Tso SC, Chan TK, Todd D. Venous thrombosis in haemoglobin H

disease after splenectomy. Aust NZ J Med 1982; 12: 635–8.

17 Sumiyoshi A, Thakerngpol K, Sonakul D. Pulmonary micro-

thromboemboli in thalassemic cases. Southeast Asian J Trop Med

Public Health 1992; 23: 29–31.

18 Broe P, Lockard CC, Cameron JL. Thrombosis of the portal vein

following splenectomy for myeloid metaplasia. Surg Gynecol Obstet

1981; 152: 488–92.

19 Gordon DH, Schaffner D, Bennett JM, Schwartz SI. Postsplenectomy

thrombocytosis: its association with mesenteric, portal, and/or renal

vein thrombosis in patients with myeloproliferative disorders. Arch

Surg 1978; 113: 713–15.

20 McGrew W, Avant GR. Hereditary spherocytosis and portal vein

thrombosis. J Clin Gastroenterol 1984; 6: 381–4.

21 Bertolotti M, Loria P, Martella P, Carulli L, De Santis M, Carulli N.

Bleeding jejunal varices and portal thrombosis in a splenectomized

patient with hereditary spherocytosis. Dig Dis Sci 2000; 45: 373–7.

22 Thuret I, Bardakdjian J, Badens C, Wajcman H, Galacteros F, Van-

uxem D, Perrimond H, Giraud F, Lena-Russo D. Priapism following

splenectomy in an unstable hemoglobin: Hemoglobin Olmsted B141

(H19) Leu*Arg. Am J Hematol 1996; 51: 133–6.

23 Jackson N, Franklin IM, Hughes MA. Recurrent priapism following

splenectomy for thalassaemia intermedia. Br J Surg 1986; 73: 678.

24 Sparwasser C, Danz B, Thon WF. Segmentaler, unilateraler Priapis-

mus- Ein Fallbericht. Urologe A 1988; 27: 266–8.

25 Hirsh J, Dacie JV. Persistent post-splenectomy thrombocytosis and

thromoembolism: a consequence of continuing anaemia. Br J Hae-

matol 1966; 12: 44–53.

26 Wijburg FA, van den Berg W, van Teunebroek A, Weening RS.

Thromboembolic complications after splenectomy in HBE-B-thalas-

saemia. Eur J Pediatr 1988; 147: 444–5.

27 Rich S, Hart K. Familial pulmonary hypertension in association with

an abnormal hemoglobin. Chest 1991; 99: 1208–10.

28 Rostagno C, Prisco D, Abbate R, Poggesi L. Pulmonary hypertension

associated with long-standing thrombocytosis.Chest 1991; 99: 1303–5.

29 Shitrit D, Rudensky B, Zimran A, Elstein D. D-Dimer assay in

Gaucher disease: correlation with severity of bone and lung involve-

ment. Am J Hematol 2003; 73: 236–9.

30 Mohren M, Markmann I, Dworschak U, Franke A, Maas C, Mewes

S, Weiss G, Jentsch-Ullrich K. Thromboembolic complications after

splenectomy for hematologic diseases. Am J Hematol 2004; 76: 143–7.

31 Marvin KS, Spellberg RD. Pulmonary hypertension secondary to

thrombocytosis in a patient with myeloid metaplasia. Chest 1993; 103:

642–4.

32 Blachly RJ, Herring GF, Mansouri A. Chronic myelocytic leukemia

with near-total pulmonary microvascular obstruction by platelets.

South Med J 1988; 81: 521–4.

33 Palsson B, Hallen M, Nordenstrom E, Andersson R. Elective sple-

nectomy in the elderly – perioperative and long-term course. Langen-

becks Arch Surg 2001; 386: 339–45.

34 Rodrigue SW, Rosenthal DI, Barton NW, Zurakowski D, Mankin

HJ. Risk factors for osteonecrosis in patients with Type 1 Gaucher�s
disease. Clin Orthop 1999; 362: 201–7.

35 Chou R, DeLoughery TG. Recurrent thromboembolic disease fol-

lowing splenectomy for pyruvate kinase deficiency. Am J Hematol

2001; 67: 197–9.

36 Aleali S, Castro O, Spencer RP, Finch SC. Sideroblastic anemia with

splenic abscess and fatal thromboemboli after splenectomy.Ann Intern

Med 1975; 83: 661–3.

37 Cappellini MD, Robbiolo L, Bottasso BM, Coppola R, Fiorelli G,

Mannucci PM. Venous thromboembolism and hypercoagulability in

splenectomized patients with thalassaemia intermedia. Br J Haematol

2000; 11: 467–73.

38 Gupta S, Gupta M, Kabra M, Saxena R, Choudhry VP. Recurrent

pulmonary thromboembolism in a patient with heterozygous B-

thalassemia with Hb E State: a rare complication. Am JHematol 2003;

73: 85–7.

39 Phyliky RL, Fairbanks VF. Thromboembolic complication of

splenectomy in unstable hemoglobin disorders: Hb Olmsted, HbKoln.

Am J Hematol 1997; 55: 53.

40 Andrieu V, Dumonceau O, Grange MJ. Priapism in a patient with

unstable hemoglobin: hemoglobinKoln.AmJHematol 2003; 74: 73–4.

41 Ingram GIC, McBrien DJ, Spencer H. Fatal pulmonary embolus in

congenital fibrinopenia. Acta Haematol 1966; 35: 56–62.

Delayed adverse vascular events after splenectomy 1293

� 2008 International Society on Thrombosis and Haemostasis



42 Dore F, Bonfigli S, Pardini S, Pirozzi F, Longinotti M. Priapism in

thalassemia intermedia. Haematologica 1991; 76: 523–7.

43 Jais X, Till SJ, CynoberR, Ioos V,GarciaG, TcherniaG,Dartevelle P,

Simmonneau G, Delaunay J, HumbertM. An extreme consequence of

splenectomy in dehydrated hereditary stomatocytosis: gradual

thromboembolic pulmonary hypertension and lung–heart transplan-

tation. Hemoglobin 2003; 27: 139–47.

44 Gyan E, Darre S, Jude B, Cambier N, Demory JL, Bauters F, Rose C.

Acute priapism in a patient with unstable hemoglobin Perth and

Factor V Leiden under effective oral anticoagulant therapy.Hematol J

2001; 2: 210–11.

45 Jardine DL, Laing AD. Delayed pulmonary hypertension following

splenectomy for congenital spherocytosis. Intern Med J 2004; 24: 214–

26.

46 Elstein D, Klutstein MW, Lahad A, Abrahamov A, Hadas-Halpern I,

Zimran A. Echocardiographic assessment of pulmonary hypertension

in Gaucher�s disease. Lancet 1998; 351: 1544–6.
47 YagiH,KuboK, Fujii T,Kobayashi T, Kusama S. An autopsy case of

syndrome of overwhelming postsplenectomy infection with pulmonary

hypertension and right ventricular failure. J Jpn Soc Intern Med 1988;

77: 814–18.

48 Kasiske BL, Guijarro C, Massy ZA, Wiederkehr MR, Ma JZ. Car-

diovascular disease after renal transplantation. J AmSocNephrol 1996;

7: 158–65.

49 Theise ND, Ursell PC. Pulmonary hypertension and Gaucher�s dis-

ease: logical association or mere coincidence? Am J Pediatr Hematol

Oncol 1990; 12: 74–6.

50 Smith RR, Hutchins GM, Sack GH, Ridolfi RL. Unusual cardiac,

renal and pulmonary involvement in Gaucher�s disease: interstitial

glucocerebroside accumulation, pulmonary hypertension and fatal

bone marrow embolization. Am J Med 1978; 65: 352–8.

51 Roberts WC, Fredrickson DS. Gaucher�s disease of the lung causing

severe pulmonary hypertension with associated acute recurrent peri-

carditis. Circulation 1967; 35: 783–9.

52 Murali B, Drain A, Vuylsteke A. Pulmonary thromboendarterectomy

in a case of hereditary stomatocytosis. Br J Anaesth 2003; 91:

739–41.

53 Jennings GH, Levi AJ, Reeve J. A case of chronic granulocytopenia

associated with vasculitis and amyloidosis. J Clin Pathol 1973; 26: 592–

5.

54 Desnick RJ, Allen KY, Krivit W. Fabry disease: correction of the

enzymatic deficiency by renal transplantation. Birth Defects Orig Artic

Ser 1973; 9: 88–96.

55 Pimpl W, Dapunt O, Kaindl H, Thalhamer J. Incidence of septic and

thromboembolic-related deaths after splenectomy in adults. Br J Surg

1989; 76: 517–21.

56 Wu KH, Chang JS, Su BH, Peng CT. Tricuspid regurgitation in

patients with beta-thalassemia major. Ann Hematol 2004; 83: 779–83.

57 Pelini M, Boice D, O�Neil K, LaRocque J. Glucocerebrosidase treat-

ment of type I Gaucher disease with severe pulmonary involvement.

Ann Intern Med 1994; 121: 196–7.

58 Mistry PK, Sirrs S, Chan A, Goldman ME. Pulmonary hypertension

in type 1 Gaucher�s disease: genetic and epigenetic determinants of

phenotype and response to therapy. Mol Genet Metab 2002; 77:

91–8.

59 DawsonA, EliasDJ, RubensonD, Beutler E. Pulmonary hypertension

developing after alglucerase therapy in two patients with type 1 Gau-

cher disease complicated by the hepatopulmonary syndrome. Ann In-

tern Med 1996; 125: 901–4.

60 Beutler E, Kay A, Saven A, Rosenbloom B. Enzyme replacement

therapy for Gaucher disease. Blood 1991; 78: 1183–9.

61 Harats D, Pauzner R, Elstein D, Zimran A. Pulmonary hypertension

in two patients with type I Gaucher disease while on alglucerase

therapy. Acta Haematol 1997; 98: 47–50.

62 Schneider EL, Epstein CJ, KabackMJ, Brandes D. Severe pulmonary

involvement in adult Gaucher�s disease: report of three cases and

review of the literature. Am J Med 1977; 63: 475–80.

63 Atichartakarn V, Likittanasombat K, Aryurachai K. Pulmonary

arterial hypertension in previously splenectomized patients with beta-

thalassemic disorders. Int J Hematol 2003; 78: 139–45.

64 Jootar P, Fucharoen S. Cardiac involvement in beta-thalassemia/

hemoglobin E disease: clinical and hemodynamic findings. Southeast

Asian J Trop Med Public Health 1990; 21: 269–73.

65 Schwartz J, Leber MD, Gillis S, Bussel JB. Long term follow-up after

splenectomy performed for immune thrombocytopenic purpura (ITP).

Am J Hematol 2003; 72: 94–8.

66 Kahn JE, Veyssier-Belot C, Renier JL. Recurrent thromboembolism in

a patient with B-thalassemia major associated with double hetero-

zygosity for factor V R506Q and prothrombin G20210A mutations.

Blood Coagul Fibrinolysis 2002; 13: 461–3.

67 Delaitre B, Blezel E, Samama G. Laparoscopic splenectomy for idio-

pathic thrombocytopenic purpura. Surg Laparosc Endosc Percutan

Tech 2002; 12: 412–19.

68 Jais X, Ioos V, Jardim C. Splenectomy and chronic thromboembolic

pulmonary hypertension. Thorax 2005; 60: 1031–4.

69 Atala A, Amin M, Harty JI. Priapism associated with asplenic state.

Urology 1992; 40: 371–3.

70 Maeyama T, Uchida T, Matsuda S. Two cases of priapism compli-

cating chronic myeloid leukemia. Chronic phase and blastic crisis after

splenectomy. Rinsho Ketsueki 1982; 23: 1907–11.

71 Ashkenazi A, Zaizov R, Matoth Y. Effect of splenectomy on

destructive bone changes in children with chronic (Type I) Gaucher

disease. Eur J Pediatr 1986; 145: 138–41.

72 Shah HA, Piris J, Finlayson NDC. Primary pulmonary hypertension

developing 11 years after a splenorenal shunt for portal hypertension

in hepatic cirrhosis. Eur J Gastroenterol Hepatol 1995; 7: 283–6.

73 Yoshimoto A, Fujimura M, Nakao S. Pulmonary hypertension after

splenectomy in hereditary stomatocytosis. Am J Med Sci 2005; 330:

195–7.

74 Bergheim J, Ernst P, Stewart GW. Allogeneic bone marrow trans-

plantation for severe post-splenectomy thrombophilic state in leaky red

cell membrane haemolytic anaemia of the stomatocytosis class. Br J

Haematol 2003; 121: 119–22.

75 Macchia P, Massei F, Barba V. Thalassemia intermedia and recurrent

priapism following splenectomy. Haematologica 1990; 75: 486–7.

76 Tam DH, Farber HW. Pulmonary hypertension and beta-thalassemia

major: report of a case, its treatment, and a review of the literature.Am

J Hematol 2006; 81: 443–7.

77 van Teunenbroek A, Wijburg FA, Weening RS. Thromboembolic

complications in an asplenic HbE-B-thalassaemia patient. Neth J Med

1989; 35: 123–7.

78 Heller PG, Grinberg AR, Lencioni M, Molina M, Roncoroni AJ.

Pulmonary hypertension in paroxysmal nocturnal hemoglobinuria.

Chest 1992; 102: 642–52.

79 Bonderman D, Jakowitsch J, Adlbrecht C, Lang I. Medical conditions

increasing the risk of chronic thromboembolic pulmonary hyper-

tension. Thromb Haemost 2005; 93: 512–16.

80 Singer ST, Kuypers FA, Styles L, Rosenfeld H. Pulmonary hyper-

tension in thalassemia: association with platelet activation and

hypercoagulable state. Am J Hematol 2006; 81: 670–5.

81 KatohM, Shiboshi K. Refractory immune thrombocytopenic purpura

accompanied with avascular necrosis of femoral head receiving the

combination of high dose immunoglobulin therapy followed by

platelet transfusion could successfully be managed to undergo surgery.

Rinsho Ketsueki 1994; 35: 798–800.

82 Nezu M, Oh H. The combination therapy with Vinca-alkaloid slow

infusion and cholchicine was effective to refractory idiopathic throm-

bocytopenic purpura. The patient could receive femoral head

replacement in safety. Rinsho Ketsueki 1996; 37: 158–60.

83 Smith RE, Chelmowski MK, Anderson T. Osteonecrosis in a patient

with immune thrombocytopenic purpura.Am J Hematol 1987; 26: 97–

9.

84 Benelli R, Fiorini A, Albizt SD, Raco P. Priapismo: considerazioni

ezlopatogenetiche, cliniche e terapeutiche. Patologia 1978; 33: 829–37.

1294 R. F. Schilling et al

� 2008 International Society on Thrombosis and Haemostasis



85 Lode HN, Krings G, Schulze-Neick I, Dahmlow S, Schroeder U,

Bonnet R, DaPalma J, Luck W, Strau G, Berger F, Gaedicke G.

Pulmonary hypertension in a case of Hb-Mainz hemolytic anemia.

J Pediatr Hematol Oncol 2007; 29: 173–7.

86 Machado RF, Gladwin MT. Chronic sickle cell lung disease: new

insights into the diagnosis, pathogenesis and treatment of pulmonary

hypertension. Br J Haematol 2005; 129: 449–64.

87 Rother RP, Bell L, Hillmen P, Gladwin MT. The clinical sequelae of

intravascular hemolysis and extracellular plasma hemoglobin: a novel

mechanism of human disease. JAMA 2005; 293: 1653–62.

88 Djousse L, Rothman KJ, Cupples LA, Levey D, Ellison RC. Effect of

serum albumin and bilirubin on the risk of myocardial infarction (the

Framingham offspring study). Am J Cardiol 2003; 91: 485–8.

89 Caligiuri G, Nicoletti A, Poirier B, Hansson GK. Protective immunity

against atherosclerosis carried by B cells of hypercholesterolemic mice.

J Clin Invest 2002; 109: 745–53.

Delayed adverse vascular events after splenectomy 1295

� 2008 International Society on Thrombosis and Haemostasis


