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ABSTRACT 

Splenomegaly, sometimes of massive extent, occurs in 
a large number of hereditary diseases, some relatively 
prevalent and others, rare to ultra-rare. Because 
physicians are often unfamiliar with the less common 
disorders, patients may suffer because of diagnostic 
delay or diagnostic error and may undergo invasive, 
non-innocuous procedures such as splenectomy that 
are potentially avoidable were the correct diagnosis 
suspected. In this review article, we discuss the defi- 
nition and clinical ramifications of “massive” spleno- 
megaly and describe several rare genetic disorders 
that are sometimes associated with marked splenic 
enlargement as well as four additional hereditary 
“splenomegalic” lysosomal storage diseases (choles- 
terol esterase storage disease, Niemann-Pick C dis- 
ease, acid sphingomyelinase deficiency disease, Gau- 
cher disease) in which approved or promising experi- 
mental treatments should generally obviate the need 
for palliative splenectomy. We also summarize cur- 
rent concepts about the appropriate use of splenec- 
tomy in patients with β-thalassemia, hereditary sphe- 
rocytosis and Gaucher disease and discuss surgical 
alternatives to classical total splenectomy for these 
disorders.  
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1. INTRODUCTION 

The differential diagnosis of splenomegaly is extensive 
(Table 1). Most often, the etiology is evident in light of 
historical and genealogical information and the con- 
current presence of familiar, often pathognomonic, phy- 
sical or laboratory findings (e.g. lymphadenopathy, stig- 
mata of chronic cirrhosis or rheumatoid arthritis, abnor- 
mal blood morphology suggestive of hematological ma- 

lignancies, hemoglobinopathies or red cell cytoskeletal 
disorders). Less commonly, there may be no relevant 
past or family history and accompanying findings may 
be non-specific (e.g. hematologic cytopenias without 
abnormal morphology), rare and unfamiliar (e.g. “gray” 
platelets), or simply not present. It is this scenario that so 
often leads to diagnostic error or delay in patients with 
splenomegaly that ultimately proves to be attributable to 
rare hereditary genetic diseases with which many 
physicians are unfamiliar. 

Sustained diagnostic uncertainty is particularly stress- 
ful (for patient and physician) when splenomegaly is 
“massive”, overtly symptomatic and sometimes accom- 
panied by fear of an underlying malignancy. In such 
circumstances, clinicians, who are sometimes unaware of 
available biochemical or genetic testing possibilities, 
may feel pressed to seek a quick answer through invasive 
procedures such as bone marrow and liver biopsy or even 
total splenectomy that they may regard as not only 
diagnostic but also therapeutic. Although sometimes still 
necessary in the absence of diagnostic or therapeutic 
alternatives, this strategy is increasingly less tenable with 
the advent of effective specific treatments for some 
hereditary metabolic diseases and in light of cross-dis- 
ease evidence of significant increased post-splenectomy 
morbidity risk in children and adults.  

The following case report, describing a young woman 
with Gaucher disease, a lysosomal enzyme deficiency 
disorder with multiple available pharmacological treat- 
ment options, is instructive: 

A 21-year-old woman of Ashkenazi Jewish descent 
presented with abdominal pain and protuberance of 10 
months duration. As a child, she had frequent abdominal 
discomfort and easy bruising, occasional episodes of 
epistaxis and gum bleeding and an extensive hematoma 
of the jaw and chin following wisdom tooth extraction at 
age 12. In terms of height, weight and sexual maturation, 
growth and development were unremarkable. An abdo- 
minal CT scan revealed massive splenomegaly and cho- 
lelithiasis. She had mild anemia and leucopenia (hemo-  
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Table 1. A Partial Differential Diagnosis of Splenomegaly*+. 

 Hematological 
 Massive splenomegaly fairly common 
 Chronic myelocytic leukemia, agnogenic myeloid metaplasia-myelofibrosis, hairy cell leukemia, non-Hodgkin’s lymphoma, amyloidosis, 

Langerhans histocytosis, splenic hystiocytic sarcoma, thalassemia major or intermedia, hereditary hemorrhagic telangiectasia, gray plate-
let syndrome 

 Massive splenomegaly less common 
 CLL, acute leukemia, polycythemia vera, hereditary spherocytosis and related syndromes, other hemolytic anemias (very rare: congenital 

dyserythropietic anemia (HEMPAS), glutathione synthase or transferase deficiencies) 
 Portal hypertension 

 Cirrhosis, including hemochromatosis, cystic fibrosis, familial Mediterranean fever, Wilson’s disease (possible confusion with Nie-
mann-Pick C)  

 Hepatic, portal, splenic vein thrombosis (hereditary thrombophilias) 
 Storage diseases 

 Gaucher disease, Niemann-Pick B, Niemann-Pick C, mucopolysaccharidoses, Cholesterol Ester Storage Disease, Tangier disease and 
Lecithin-cholesterol acyltransferase (LCAT) HDL deficiency (sea blue histiocyte syndromes) 

 Systemic diseases 
 Sarcoidosis, secondary amyloidosis, systemic lupus erytematosis, rheumatoid arthritis (Felty syndrome), systemic mastocytosis, autoim-

mune lymphoproliferative syndrome (ALPS)  
 Infections 

 Acute: septicemia, sub-acute bacterial endocarditis, typhoid, infectious mononucleosis, Griscelli syndromes (hemophagocytic lympho-
histiocytosis) 

 Chronic: tuberculosis, brucellosis, syphilis, malaria, leishmaniasis, schistosomiasis  
 Tropical splenomegaly syndrome 
 Crypotogenic splenomegaly 

*Adapted from Hoffbrand, Av., Moss, P.A.H., Pettit, J.E., Essential Haematology, 5th Edition, 2006, Wiley Blackwell, p. 126; +Hereditary disorders appear in 
bold type. 

 
globin concentration 9.7 g/dL; WBC 3400/µL) and mar- 
ked thrombocytopenia (platelet count 44,000/µL. Gau- 
cher disease was suspected, but, because of the throm- 
bocytopenia, fear of potential splenic rupture and in 
anticipation of a possible forthcoming pregnancy, a total 
splenectomy was performed with a liver biopsy, cho- 
lecystectomy and removal of a small accessory spleen. 
The post-operative spleen weighed 2.6 kg (4.3% of body 
weight; 22 times normal) and was infiltrated with sheets 
and aggregates of CD68 positive macro- phages with the 
characteristic histological features of Gaucher cells. Two 
months post-splenectomy, the patient had clinically 
evident progressive hepatomegaly and thrombocytosis 
(platelet count 569,000/µL). 

The presumed diagnosis of Gaucher disease was con- 
firmed by WBC β-glucosidase testing. Without further 
therapeutic intervention, we feared that this patient, now 
asplenic, would have accelerated Gaucher disease 
manifestations including irreversible skeletal, hepatic 
and possibly pulmonary morbidity and an increased risk 
for post-splenectomy complications. There is strong 
evidence that ERT is highly effective for the hemato- 
logical, visceral and skeletal manifestations of Gaucher 
disease in both asplenic patients and those with intact 
spleens (see below). Biweekly intravenous ERT in- 
fusions were begun. 16 months after beginning treatment, 
the CBC and liver volume are normal. She will continue 
regularly scheduled physical, laboratory and imaging 
evaluations with particular attention to changes in bone 
marrow infiltration, skeletal structure, bone mineral 

density, pulmonary function and health related quality of 
life. 

In this review article, we discuss: 
 The definition and clinical ramifications of “massive” 

splenomegaly; 
 Several rare genetic disorders at times associated with 

marked splenic enlargement (some only recently des- 
cribed); 

 Four hereditary “splenomegalic” lysosomal storage 
diseases (cholesterol esterase storage disease, Nie- 
mann-Pick C disease, acid sphingomyelinase defi- 
ciency disease, Gaucher disease) in which approved 
or promising experimental treatments should gene- 
rally obviate the need for palliative splenectomy;  

 Current concepts about the appropriate use of sple- 
nectomy in patients with β-thalassemia, hereditary 
spherocytosis and Gaucher disease and discuss 
surgical alternatives to classical total splenectomy 
for these disorders. 

2. DEFINITION OF AND CLINICAL  
PROBLEMS ASSOCIATED WITH 
MASSIVE SPLENOMEGALY 

Based on weight measurements and calculation of vo- 
lume by water displacement of cadaveric and surgically 
resected spleens, normal splenic volume in mL in 
children and adults of all ethnicities and “racial” back- 
grounds is generally assumed to be 0.2% of total body 
weight in kilograms (approximately 200 ± 50 mL in an 
adult 70 kg man) [1]. The normal splenic volume in vivo 
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may actually be 25% - 50% greater because of dissipa- 
tion of the splenic blood volume post mortem or post 
resection [2], may have somewhat greater upwards 
variability in children and adolescents, and likely corre- 
lates better with body height [3,4] than with body weight, 
particularly in obese individuals. Nevertheless, the 0.2% 
of body weight calculation is a commonly applied 
parametric standard for the definition of mild degrees of 
splenomegaly detectable by CT, MR or ultrasonic ima- 
ging techniques. In normal individuals or in patients with 
mild splenomegaly, the spleen generally retains its usual 
tetrahedral shape and there appears to be a good cor- 
relation between measurements whether by MR, CT or 
ultrasound [1].  

On the other hand, as the spleen progressively and 
chronically enlarges, and particularly when it reaches 
massive proportions so that it is patently evident on 
physical examination (unless the examiner misses a 
lower splenic margin that extends below the left iliac 
crest into the pelvis), the shape may be distorted due to 
processes of infarction, necrosis, fibrosis and scarring 
rendering volume calculations based on longitudinal or 
even three dimensional measurements notoriously in- 
accurate. Nevertheless, most of the published criteria for 
defining massive splenomegaly are based on physical 
examination or unidimensional measurements of the 
spleen. Not surprisingly, there is considerable variation 
in how massive splenomegaly is defined. In recent publi- 
cations describing techniques for laparascopic splenec- 
tomy, massive splenomegaly has been described as ≥17 
cm craniocaudal length, >20 cm, or splenic margin 
below the umbilicus or anteriorly extending over the 
midline [5,6]. 

Although delineating what constitutes massive sple- 
nomegaly is of considerable importance in determining 
surgical technique should the need for splenectomy arise 
[5], the contribution of splenic size to clinical symptoms 
and functional impairment is surprisingly unpredictable. 
Among 33 type 1 Gaucher disease patients older than age 
10 in whom ultrasound-measured splenic volumes ex- 
ceeded 40 times normal, 18 (55%) had no abdominal 
symptoms at all. Four patients complained of abdominal 
discomfort, five had early satiety and only 6 reported 
episodes of some type of abdominal pain [7]. Although 
there was a statistically significant inverse correlation 
between spleen volume and red blood cell and platelet 
counts presumably attributable to more pronounced 
hypersplenism, the actual changes in cell counts per 
“fold-increase” in spleen size were clinically unimpor- 
tant. Similarly, a recent report from the International 
Collaborative Gaucher Registry and Amsterdam Medical 
Center demonstrated that although splenomegalic pa- 
tients with Gaucher disease with volumes in excess of 
2000 mL almost always have persistent moderate to 
severe decreases in platelet count, the magnitude of 

thrombocytopenia differs relatively little over a spleen 
volume range of 2000 - 5000 mL [8].  

Other complications that are often attributed to ma- 
ssive splenomegaly include initial and recurrent splenic 
infarctions, splenic rupture, hemodynamic abnorma- 
lities including an elevation in plasma volume and a high 
cardiac output state, increased splenic blood flow leading 
to portal hypertension, increased intra-abdominal pre- 
ssure causing respiratory impairment and pulmonary 
hypertension, and obstructive hydronephrosis. However, 
there is reason to believe that these events are less a 
generalized function of splenic size but rather outcomes 
driven by pathophysiology specific to the disease state 
causing the splenomegaly. For example, regardless of 
spleen size, splenic infarction occurs infrequently in 
patients with cirrhosis, portal hypertension and conges- 
tive splenomegaly [9,10] and in splenomegalic patients 
with hereditary spherocytosis or autoimmune hemolytic 
anemia in the absence of coexistent hemoglobin S muta- 
tions or hereditary or transient thrombophilia [11-13]. On 
the other hand, infarction is a more common complica- 
tion in splenomegalic patients with hematological malig- 
nancies (e.g. agnogenic myeloid metaplasia-myelofi- 
brosis) or collagen vascular diseases (systemic lupus 
erythematosis, Wegener’s granulomatosis or rheumatoid 
arthritis with Felty’s syndrome) largely attributable to the 
frequency of coexistent hyperproliferation and/or hyper- 
coagulability [14-16].  

Non-traumatic splenic rupture is a rare event which 
may occur in the absence of any known prior diagnosis 
but nonetheless is likely attributable to the presence of 
pre-existent splenic cysts, abscesses, areas of infarction 
or other parenchymal changes that may increase tissue 
friability as sometimes noted in patients with infectious 
monocucleosis [17]. The contribution of spleen size per 
se to the risk of either spontaneous or traumatic splenic 
rupture is unclear although rapid, acute enlargement may 
be a favorable setting and the above mentioned intras- 
plenic pathologies are more common in patients with 
progressive splenomegaly. However, as is often the case 
in patients with splenomegaly that is associated with 
hereditary disorders, chronic splenic enlargement that 
develops over many years commonly results in a rubbery 
or fibrotic consistency of splenic tissue that is believed to 
decrease the risk for splenic rupture [18]. Nevertheless, 
rare instances of life-threatening splenic bleeding due to 
intracapsular hemorrhage and splenic rupture have been 
reported in such circumstances [19].  

Portal hypertension in the absence of primary liver 
disease (hyperkinetic portal hypertension) has been 
attributed to increased spleen-derived portal blood flow 
in patients with massive splenomegaly due to myelofi- 
brosis, tropical splenomegaly syndrome, progressive 
systemic sclerosis with Sjogren’s syndrome, and heredi- 
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tary hemorrhagic telangiectasia [20-23]. Nevertheless, a 
number of quantitative studies have shown that splenic 
volume actually has a weak correlation with splenic vein 
diameter, portal hypertension or the presence of gastroe- 
sophageal varices [24,25]. Clinically significant portal 
hypertension in the absence of hepatic fibrosis and 
cirrhosis is very rare in splenomegalic patients with type 
1 Gaucher disease [26,27]. A putative case of hyperki- 
netic portal hypertension in a patient with myelofibrosis 
in fact turned out to be attributable to combined splenic 
and portal vein thrombosis [28]. 

Whether other hemodynamic abnormalities such as 
high cardiac output and pulmonary hypertension (PHT) 
are directly related to massive splenomegaly is also 
uncertain. Splenomegalic, transfusion-dependent patients 
with beta-thalassemia major and intermedia frequently 
have evidence of a high cardiac output state, left ven- 
tricular remodeling and increased pulmonary artery pres- 
sure prior to splenectomy. However, these abnormalities 
were observed to remain unchanged even after sple- 
nectomy [29]. PHT has been reported in connection with 
several hemolytic conditions that are often associated 
with splenomegaly including various hemoglobinopa- 
thies and, more rarely, hereditary spherocytosis [30-32]. 
However, the key provocative factor appears to be 
vasculopathy consequent to a chronic hemolytic state 
rather than any mechanical effect associated with 
splenomegaly particularly in view of repeated obser- 
vations that PHT is much more likely to be encountered 
in these conditions after rather than prior to splenectomy. 
PHT in patients with myelofibrosis secondary to mye- 
loproliferative disease is also more likely attributable to 
combinations of hematopoietic infiltration of the pul- 
monary parenchyma, thrombocytosis, hypercoagula- 
bility associated with chronic disseminated intravascular 
coagulation, and left ventricular failure than to the 
mechanical effects of massive splenomegaly although a 
contribution from splenomegaly-induced portal hyper- 
tension and increased abdominal pressure cannot be 
discounted [33,34]. 

It might be thought that marked compression of the 
left kidney is a common event in patient with massive 
splenomegaly. Surprisingly, however, there is only one 
report of renal insufficiency reversible with splenectomy 
due to such a mass effect [35]. However, I recently have 
encountered a patient with type 1 Gaucher disease, ma- 
ssive splenomegaly, renal insufficiency and left hydrone- 
phrosis whose renal function has improved after cysto- 
scopic stenting and reduction in splenomegaly with enzy- 
me replacement therapy.  

From the above, it is evident that a management plan 
for a patient with massive splenomegaly (however 
defined) must entail an individualized, comprehensive 
evaluation beyond the obvious elements of age, gender, 

primary and secondary diagnoses, quantitative spleen 
size and acuity of enlargement, hematological parameters, 
clinical symptoms and an overall health profile to 
include information about splenic internal architecture 
and external anatomy, other organs and vasculature of 
the abdomen and chest, bleeding risk, thrombophilia and 
activated coagulation, cardiac, hepatic and renal function, 
portal and pulmonary hypertension as well as the 
potential virtues and risks of either medical or surgical 
treatment. Similarly, for potentially reversible disorders 
involving the spleen such as the inherited metabolic 
disease, Gaucher disease, assessment of treatment 
efficacy or creation of therapeutic goals for spleno- 
megaly based solely on decreasing spleen volume to the 
exclusion of even non-invasive information about splenic 
architecture and internal organization, although more 
practical and amenable to statistical analysis, is pro- 
bably overly simplistic.  

3. HEREDITARY DISORDERS  
SOMETIMES ASSOCIATED WITH 
MASSIVE SPLENOMEGALY 

When asked for a differential diagnosis for a 42-year-old 
man with splenomegaly, anemia, thrombocytopenia, 
hepatomegaly, and acute and chronic bone pain, a survey 
group of 406 hematologists from the United States, 
Canada, Brazil, Argentina, Spain, Japan and Australia 
overwhelmingly chose various hematological malignan- 
cies to the exclusion of anything else [36]. Although the 
extent to which the practice of hematology is dominated 
by oncological blood diseases is widely recognized and 
sometimes lamented, the above results are nonetheless 
somewhat surprising considering the large number of 
non-oncological diseases accompanied by splenomegaly, 
hematological cytopenias and often, hepatomegaly, as 
shown in Table 1.  

In the remainder of this paper, I will briefly describe 
some of the rare hereditary disorders listed above that are 
sometimes associated with massive splenomegaly and 
conclude with a more detailed discussion of Gaucher 
disease and issues related to splenectomy.  

4. GRAY PLATELET SYNDROME (GPS) 

GPS [37] is a rare, hereditary bleeding disorder charac- 
terized by progressively more severe thrombocytopenia 
and the presence of giant platelets with a grayish 
appearance on light microscopic examination of a 
Wright-Giemsa stained peripheral blood smear. Electron 
microscopic examination indicates that this unusual 
morphology is attributable to the virtual absence of pla- 
telet alpha granules, intracytoplasmic vesicules normally 
packed with megakaryocyte-synthesized proteins such as 
platelet factor 4 and β-thromboglobulin that are secreted 
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during platelet activation and that are promoters of 
platelet adhesiveness and wound healing [38]. This 
primary defect leads to a shortened platelet survival time 
and may also promote release of platelet derived growth 
factor and other pro-fibrotic substances resulting in depo- 
sition of bone marrow reticulin and eventual develop- 
ment of myelofibrosis with splenomegaly. Thrombocyto- 
penia, bone marrow fibrosis and splenomegaly are 
progressive with age. Nearly all patients have markedly 
elevated serum vitamin B12 concentrations, an abnor- 
mality that is also frequently encountered in patients with 
neoplastic myeloproliferative diseases [39]. 

The major clinical manifestation is spontaneous as 
well as post-traumatic and post-surgical mucosal bleed- 
ing that often begins prior to 6 years of age. The bleeding 
tendency is variable in the known patient population but 
is reported as severe in about 40 percent. Menome- 
torrhagia is particularly prominent and commonly as- 
sociated with iron deficiency. Because GPS is so rare, 
there is usually diagnostic delay and most patients are 
initially thought to have ITP. Nearly 90 percent of the 
patients develop splenomegaly. Splenectomy in one 
patient slowed but did not prevent the eventual onset of 
thrombocytopenia. Other useful non-specific treatments 
include prophylactic pre-operative DDAVP and platelet 
transfusions. One patient is known to have an IgM 
monoclonal gammopathy and Waldenstrom’s macro- 
globulinemia developing when 47 years old.  

There are probably fewer than 50 identified patients 
world-wide. Affected families (oftentimes with evidence 
of consanguinity) of Arab-Bedouin, Turkish, Somalian, 
and northwestern European Caucasian ethnicity have 
been described. The pattern of inheritance is consistent 
with autosomal recessive transmission. The GPS gene 
was mapped to a 9.4-Mb interval on 3p21.1 - 3p22 and 
recently, the mutated gene was identified as NBEAL2, a 
protein-coding gene whose precise function in platelet 
alpha granule formation is still unknown. As with many 
other hereditary disorders, patients with the same 
genotype may have highly variable phenotypes. 

5. AUTOIMMUNE  
LYMPHOPROLIFERATIVE  
SYNDROME (ALPS) [40] 

This autosomal dominant hereditary disorder generally is 
diagnosed in infants and children who present with 
fatigue, pallor, icterus, chronic lymphadenopathy and/or 
splenomegaly accompanied by combinations of auto- 
immune hemolytic anemia, symptomatic thrombocyto- 
penia, and bacterial infections associated with neutro- 
penia, eosinophilia and monocytosis. The hematological 
cytopenias tend to improve in adolescents and young 
adults who nonetheless, over years of follow up, develop 
other autoimmune or lymphoproliferative disorders in- 

cluding uveitis, hepatitis, glomerulitis, infiltrative pul- 
monary lesions and Hodgkin’s and non-Hodgkin’s lymp- 
homa.  

The disease is caused by failure of apoptotic mecha- 
nisms to maintain lymphocyte homeostasis, permitting 
accumulation of lymphoid mass and persistence of a 
small population (>1.5% of total lymphocytes) of 
autoreactive cells (double negative T cells) characterized 
as CD3+ TCRαβ+ CD4− CD8− in the setting of a normal 
or elevated lymphocyte count. The majority of cases are 
associated with autosomal dominant transmission of 
heterozygous germ line FAS mutations although somatic 
FAS mutations restricted to subsets of lymphocytes may 
occur as well. FAS is a membrane bound member of the 
tumor necrosis factor receptor super-family that, when 
bound to FAS ligand, triggers caspase mediated 
lymphocyte apoptosis that is essential for maintenance of 
lymphocyte homeostasis and prevention of autoimmunity. 
Phenotypic expression is heterogeneous and some family 
members with germ line FAS mutations may have mild 
manifestations or even be asymptomatic. Additional 
acquired FAS mutations superimposed on mild germ line 
mutations may contribute to disease expression in some 
families. The increased risk of developing B cell lym- 
phomas appears to be associated with FAS mutations 
affecting the intracellular portion of the FAS protein. 

More than 300 families and 500 patients with 
hereditary ALPS have been identified. The diagnosis is 
dependent on demonstration of non-malignant, non- 
infectious lymphadenopathy and/or splenomegaly of at 
least 6 months duration, identification of an increased 
population of double negative T cells, and germline or 
somatic mutations in FAS, FAS ligand or Caspase 10. 
Additional biomarker abnormalities that help establish 
the diagnosis include elevated plasma levels of FAS 
ligand, plasma IL-10, plasma IL-18, and plasma vitamin 
B12 particularly when associated with autoimmune 
cytopenias and polyclonal hypergammaglobulinemia.  

In terms of both genetic counseling and prudent 
management, it is important to note that, in many 
patients, the chronic cytopenias appear to spontaneously 
improve and symptoms regress as children grow older 
and that later phenomena such as liver disease and 
infiltrative pulmonary disease have so far been noted in 
fewer than 5 percent. In fact, most recorded deaths are 
attributed to post-splenectomy sepsis strongly suggesting 
that splenectomy should be avoided. Although short-term 
courses of steroids and IVIG can be useful, when 
sustained treatment of autoimmune cytopenias is medi- 
cally indicated, Rao and Oliveira [40] recommend the 
use of steroid-sparing measures including mycophenolate 
mofetil (MMF) and sirolimus. Periodic monitoring for 
development of lymphoma is also recommended.  
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6. DYSLIPIDEMIA AND SEA BLUE 
HISTIOCYTOSIS 

Sea blue histiocytes have been reported in both the bone 
marrow and spleen in various hematological malignan- 
cies including CML, AML and lymphoma, in various 
infectious or inflammatory illnesses, and in a patient with 
alleged ITP [41-43]. They may also be encountered on 
histological examination of enlarged spleens in patients 
with Gaucher disease and Niemann-Pick disease and in 
patients with rare hereditary dyslipidemias. 

Familial hypo-α-lipoproteinemia is a rare genetic 
disorder that is caused by mutations either in the ATP 
binding cassette A transport protein (Tangier disease), in 
lecithin-cholesterol acyl transferase (LCAT), or by 
specific mutations in the apolipoprotein A-1 (APO A-I) 
gene that affect amino acid residues 121-186 and retard 
the activation of LCAT by APO A-I (Other APO A-1 
mutations that affect the amino terminus residues 1-90 
create a different phenotype: APO A-I amyloidosis) [44, 
45].  

Patients with Tangier disease usually have mild 
hypertriglyceridemia, peripheral neuropathy, marked 
enlargement of the tonsils that have a characteristic 
yellow or orange hue, corneal clouding with arcus senilis, 
premature atherosclerosis with early onset cardiovascular 
disease, hepatomegaly and splenomegaly with sea blue 
histiocytosis. The mode of inheritance is autosomal 
recessive (chromosome 9q31). There are only about 50 
known patients world-wide [46,47]. 

LCAT deficiency is also very rare with only about 30 
families described in the literature. LCAT mutations that 
result in only partial enzyme deficiency cause an 
attenuated phenotype restricted to plasma HDL < 10% of 
normal and corneal opacities that give rise to the moniker 
“fish eye disease”. Patients in whom there is total LCAT 
deficiency have a more severe phenotype that includes 
not only decreased plasma HDL, hypercholesterolemia, 
corneal clouding and arcus senilis but also splenomegaly 
with sea blue histiocytosis, normocytic anemia with 
target cells on the peripheral smear, and deposition of 
lipoproteins in the kidney leading to microhematuria, 
sometimes severe proteinuria, and potentially to renal 
failure [48]. Curiously, LCAT deficiency is not invaria- 
bly associated with premature atherosclerosis and in- 
creased cardiovascular risk possibly because the major 
determinant of those phenomena is impaired macrophage 
cholesterol efflux which appears not to be solely depen- 
dent on HDL concentration [49,50].  

Splenomegaly with sea blue histiocytosis was also 
noted in two unrelated French Canadian patients, 29 and 
49 years old, with an autosomal dominant mutation in 
apoliproprotein E3, a protein that is a ligand for the LDL 
receptor. Both patients had moderate splenomegaly and 
mild thrombocytopenia but nevertheless underwent 

splenectomy following which both developed severe 
hypertriglyceridemia despite having had minimal dyslipi- 
demia prior to surgery. Both also developed evidence for 
premature coronary atherosclerosis suggesting that 
mutant apoE containing lipoproteins that had been 
targeted to splenic macrophages might be diverted to 
vessel wall macrophages as well as to liver and bone 
marrow macrophages post-splenectomy [51]. 

7. CHOLESTEROL ESTER STORAGE 
DISEASE (LAL DFICIENCY) 

Cholesterol ester storage disease (CESD) is a very rare 
autosomal lipid storage disease that is associated with 
deficiency of lysosomal acid lipase (LAL). Total absence 
of enzyme activity causes a very severe phenotype called 
Wolman’s disease that is manifest in infants and that is 
fatal usually within the first year of life due to mala- 
bsorption, growth failure and hepatic failure. When LAL 
deficiency is less profound, the phenotype is less severe. 
Symptoms develop later in life and are dominated by 
liver dysfunction and type II hyperlipidemia. The liver is 
most severely affected with marked hepatomegaly, 
hepatocyte necrosis, elevation of transaminases and liver 
fibrosis that may progress to overt cirrhosis. Cardio- 
vascular involvement is characterized by dyslipidemia 
(high cholesterol, high triglyceride and low HDL) and 
accelerated atherosclerosis [52,53]. As with many other 
hereditary lipid storage disorders, the clinical mani- 
festations are heterogeneous. Some patients are undia- 
gnosed until complications manifest in late adulthood. 
Others can present with hepatomegaly and hepatocellular 
dysfunction during childhood or adolescence. Although 
most clinical descriptions of CESD emphasize the he- 
patic and cardiovascular abnormalities, some patients 
also present with splenomegaly even prior to deve- 
lopment of cirrhosis and portal hypertension. They also 
may have hematological cytopenias, modest elevation of 
serum lysosomal enzymes such as chitotriosidase that are 
more commonly associated with Gaucher disease, and 
bone marrow infiltration with sea-blue histiocytes, 
vacuolated macrophages and plasma cells [54]. 

The estimated prevalence is less than 0.2 lives per 
100,000. Both the CESD and Wolman phenotypes are 
due to mutations in the LAL gene located on chromo- 
some 10q23.2 - q23.3. Many CESD cases are associated 
with a homozygous G- > A mutation at position 1 of the 
exon 8 splice donor site (E8SJM-allele) that allows 
transcription and translation of a protein with some 
residual enzyme activity [55].  

Although no approved intravenous enzyme replace- 
ment therapy (ERT) is yet available for treatment of 
CESD, SBC-102 (Synageva BioPharma Corporation), a 
recombinant human LAL is currently undergoing clinical 
trials. Prior supportive treatments concentrated on dietary 
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restrictions and suppression of cholesterol synthesis and 
apolipoprotein B production through administration of 
statins and other lipid lowering therapies [56]. Although 
sometimes associated with transient improvement, these 
approaches did not prevent eventual disease progression. 
There is limited literature regarding liver transplantation 
for CESD [57]. 

8. NIEMANN-PICK C DISEASE (NP-C) 

Niemann-Pick C disease is a rare autosomal recessive 
neurovisceral lysosomal storage disease attributable to 
mutations in either NPC1 (mapped at chromosome 
18q11) or NPC2 (chromosome 14q24.3) genes [58]. The 
product of NPC1 is an endosomal glycoprotein that 
apparently works in tandem with the gene product of 
NPC2, a small lysosomal protein, to transport cholesterol 
and glycosphingolipids from the lysosome to the plasma 
membrane and endoplasmic reticulum [59]. Loss of 
either NPC1 function (95% of the cases) or NPC2 
function leads to accumulation and retention of cho- 
lesterol and glycolipids in late endosomes and lysosomes 
in visceral organs and in the brain with resultant clinical 
pathology. Cholesterol storage may secondarily promote 
neuropathology by altering processing of the β-amyloid 
precursor protein (APP) leading to increased formation 
of amyloid-β (Aβ) peptide [60]. 

NP-C is estimated to occur in 1:120,000 live births 
[61]. Disease manifestations may begin as early as at 
birth or may not be evident until the sixth decade of life, 
although most patients become symptomatic in 
childhood or adolescence. Discordant manifestations in 
siblings are commonly observed. Regardless of 
phenotypic classification, with the exception of infants 
who die at a very young age because of liver failure, all 
patients with NP-C eventually develop neuropsychiatric 
manifestations [58]. Unlike neuronopathic Gaucher 
disease in which the earliest eye movement abnormality 
is slow horizontal saccadic movement [62], patients with 
NP-C have a characteristic vertical supranuclear ophthal- 
moplegia. Other common CNS manifestations include 
cerebellar ataxia, dystonia, dysarthria, dysphagia, sei- 
zures, psychiatric disorders, cognitive problems and 
progressive dementia. A diagnostic delay of 3 - 12 years 
from onset of symptoms is a common experience. 
Significantly, although splenomegaly is found in nearly 
all adult patients with overt neurological findings, on 
retrospective analysis dating back even to childhood, 
many patients were found to have had pre-symptomatic 
splenomegaly with foam cell infiltration of the spleen 
and bone marrow [58]. Splenomegaly in adult patients is 
usually asymptomatic and non-progressive and often, 
detectable only with ultrasonography or other imaging 
procedures. It is suggested that NP-C should always be  

suspected when isolated splenomegaly in the absence of 
liver disease is found in a patient with neuropsychiatric 
symptoms [61]. A finding of foam cells with bone 
marrow or liver biopsy may heighten suspicion for NP-C. 
The definitive diagnosis depends on demonstration of 
abnormal filipin staining in cultured skin fibroblasts and 
detection of a characteristic mutation on DNA testing. 

Without treatment, NP-C is uniformly fatal. Most 
patients with the more prevalent juvenile variant die 
before age 25 years. Patients with the less common adult 
phenotype usually succumb between 30 - 50 years of age. 
Miglustat (N-butyldeoxynojirinomycin, Actelion Corpo- 
ration), a small iminosugar molecule approved in the 
United States and other countries for the treatment of 
Gaucher disease, reversibly inhibits glucosylceramide 
synthase, which catalyses the first committed step in 
glycosphingolipid synthesis. Miglustat was shown to 
substantially retard progression of neurological manifes- 
tations and prolong survival In NP-C mouse models. In 
human clinical trials, miglustat demonstrated clinically 
relevant beneficial effects on neurological disease 
progression but more so in adult, juvenile and pediatric 
patients than in those diagnosed before age 6 years [63]. 
Miglustat now has regulatory approval for the treatment 
of NP-C in the European Union and several other 
countries and is in continued clinical trial in the United 
States. Because the clinical trials focused primarily on 
the clinically crucial neurological response, there is little 
information on the effect of miglustat on splenomegaly 
or bone marrow foam cell infiltration in NP-C. Two case 
reports suggest that miglustat stabilizes but does not 
necessarily decrease spleen and liver volume in NP-C 
patients [64,65]. That observation, if confirmed in larger 
numbers of patients, might lend credence to a suggestion 
based on experimentation in NP-C mice, that the clinical 
benefit observed with imino sugar inhibitors of glucosyl- 
ceramide synthase such as miglustat might not nece- 
ssarily be attributable to substrate reduction but rather to 
some unrelated, off-target effect [66].  

A second small molecule, cyclodextrin, a commonly 
used drug delivery vehicle, was unexpectedly shown to 
reduce intraneuronal lipid storage and signs of neurode- 
generation and also prolong survival of NP-C mice. This 
agent has been given orphan status and is also under- 
going clinical trial. It was of interest that cyclodextrin 
appeared to deplete cholesterol storage from hepatocytes 
in NP-C mice but with associated accumulation in 
Kupffer cells, a phenomenon that was observed in wild 
type mice as well. Additionally, there appeared to be 
substantial accumulation of cholesterol in pulmonary 
macrophages with cyclodextrin treatment. No obser- 
vations were reported on the effect of cyclodextrin on the 
NP-C mouse spleen or bone marrow [67]. 
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9. NIEMANN-PICK DISEASE TYPES A & 
B (NPD-B, ASM DEFICIENCY) 

Niemann-Pick disease type A and B are biochemically 
related sphingolipid storage diseases that are associated 
with deficient activity of lysosomal acid sphingomye- 
linase (ASM) and therefore etiologically distinct from 
NP-C. ASM deficiency leads to accumulation of the 
sphingomyelin substrate primarily in organs rich in tissue 
macrophages with consequent clinical manifestations 
including splenomegaly and bone marrow infiltration 
which in combination lead to hematological cytopenias, 
hepatomegaly, and pulmonary disease. Although 
biochemically different, NPD has many clinical features 
in common with Gaucher disease including classification 
into neuronopathic and non-neuronopathic sub-types [68]. 
Classical NPD-A, found predominantly among Ash- 
kenazi Jews (with an estimated carrier frequency of 1:90) 
is an autosomal recessive neurodegenerative disease cha- 
racterized by failure to thrive, visceromegaly, pro- 
gressive psychomotor deterioration with a classic finding 
of a cherry red macular spot (also observed in Tay-Sachs 
disease), and death usually before 3 years of age. Other, 
phenotypically less severe neuronopathic variants have 
now been identified in other ethnic populations. 

NPD-B, on the other hand, appears to lack significant 
neurological involvement although it is possible that, as 
with type 1 Gaucher disease, late events such as Parkin- 
sonism in elderly patients may yet emerge with larger 
patient accrual, longer patient follow up, and particularly 
if an effective treatment is successfully developed. 
Although pan-ethnic, NPD-B is a very rare disorder with 
an incidence estimated at 1:200,000 births. There has 
been no definitive study of survival or life expectancy 
[69]. The disease is phenotypically heterogeneous. In a 
study of 59 patients (31 male), ages ranged from 7 to 65 
years although more than half the patients were children 
or teenagers many of whom had evidence of growth 
delay and early onset of osteopenia [70]. 49% reported 
suffering joint or limb pain. Unlike type 1 Gaucher di- 
sease (GD1) in which clinically significant lung sym- 
ptomatology is rare, pulmonary involvement is common 
in NPD-B and may sometimes be life limiting. Many 
patients have quantitative evidence of pulmonary dys- 
function with chronic dyspnea and intercurrent pul- 
monary infections [69]. Serum lipid abnormalities inclu- 
ding decreased HDL cholesterol and increased LDL, VDL 
and triglycerides may increase risk for cardiovascular 
disease [70]. 

Splenomegaly was the most common physical finding 
(78%) with the spleen exceeding 15 multiples of normal 
in 20%. Splenic nodules are common in patients with 
NPD-B, although, unlike Gaucher disease splenic 
nodules that are evident on T1 MR imaging, the nodules 
in NPD-B are often isointense on T1-weighted images 

but high signal on T2-weighted images [71]. Hepato- 
megaly is nearly as common as splenomegaly although 
symptomatic portal hypertension is unusual. Half the 
patients are thrombocytopenic with a history of clinically 
significant bleeding in 42% [70]. Nevertheless, only 5 
patients (8%) had undergone splenectomy (4 total), a 
significantly lower splenectomy percentage than usually 
observed among pre-ERT patients with type 1 Gaucher 
disease (25% - 30%) [72]. This disparity may reflect the 
young age of the NPD-B study population because 
among 887 children and teenagers with type 1 Gaucher 
disease, only 5% reported having splenectomy [73]. The 
spleen volume correlated well with liver size, growth 
assessment, lipid profile, and hemoglobin concentration 
[69,70]. Therefore, changes in splenomegaly in response 
to proposed treatments including ASM ERT that are 
currently in clinical trial may be a reasonable surrogate 
marker for evaluating response with the possible 
exception of pulmonary function where the correlation 
with spleen volume seems less certain [69,70]. A poor 
correlation between splenomegaly and platelet count that 
was observed in patients with NPD-B was also docu- 
mented in patients with GD1, particularly for spleen 
volumes greater than 12 multiples of normal [8]. 

10. IDIOPATHIC OR CRYPTOGENIC 
SPLENOMEGALY 

Truly idiopathic splenomegaly is rarely encountered in 
the medical literature. In most such cases, historically 
(but generally no longer) referred to as Banti’s syndrome 
or Banti’s disease, enlargement of the spleen was clearly 
secondary to underlying liver diseases including crypto- 
genic cirrhosis and idiopathic portal hypertension [74]. 
These entities are themselves increasingly associated 
with known causes such as non-alcoholic fatty liver 
disease (both obese and lean variants), underlying immu- 
nological disorders such as connective tissue diseases 
and celiac disease, and thrombophilia, but, in many cases, 
the etiology is still obscure [75-77]. Among potential 
genetic influences, it appears that hereditary hemochro- 
matosis, the most common inherited disease in European 
populations, is not commonly associated with crypto- 
genic cirrhosis and secondary congestive splenomegaly 
[78].  

In other historical reports, alleged idiopathic spleno- 
megaly was likely attributable to post-malaria tropical 
splenomegaly syndrome [79] or to a preliminary stage of 
malignant lymphoma or other blood maligancy [80,81]. 
However, in one study, after diagnostic splenectomy 
(that was associated with a 29% morbidity and compli- 
cation rate), 8 of 38 patients (21%) remained without a 
histologic diagnosis [82].  

In this context, the following recent study of a family 
with combined, apparently hereditary splenomegaly and 
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vision loss is of interest [83]. A mother and two daugh- 
ters in a single non-consanguineous Caucasian family, 
presented with splenomegaly and underwent diagnostic 
splenectomy. Both light and electron microscopic studies 
were unrevealing of any pathology except congestion of 
the red pulp and bone marrow examinations (done in two 
of the patients) were also non-diagnostic. All three pa- 
tients developed chronic optic nerve edema and pro- 
gressive loss in central and color vision. The two oldest 
patients are now blind. “Despite numerous medical and 
ophthalmic evaluations, no diagnosis has been discove- 
red”. 

11. GAUCHER DISEASE (GD) 

Professor Guido Banti (1852-1925) was perhaps the most 
eminent Italian clinician-pathologist-histologist-microbi- 
ologist of the early 20th century. Among his many 
diverse accomplishments, he is famous for his contri- 
butions to knowledge of the pathology of the spleen 
especially as related to hemolysis and hypersplenism. 
The first splenectomy for hemolytic jaundice was per- 
formed in Florence, on his advice, on February 20, 1903 
[84]. Therefore, it is perhaps more than a bit ironical that 
the eponymous syndrome/disease bearing his name (see 
above) has fallen into disuse (only 34 PubMed references 
dating back to 1929) whereas the name of a then medical 
student Phillippe Gaucher who, in an 1882 graduate 
thesis, first described a single case of a woman with an 
enlarged spleen containing unusual engorged cells that 
he initially and incorrectly thought to be malignant [85], 
is immortalized as both a cell and disease [86] discussed 
in 398 scientific publications in 2011 alone!  

Gaucher disease (GD) is an autosomal recessive 
inborn error of glycosphingolipid metabolism due to a 
deficiency of the lysosomal enzyme glucocerebrosidase 
(acid β-glucosidase) [18]. It is one of the most common 
hereditary lysosomal storage disorders. The disease is 
characterized by lysosomal storage of glucocerebroside 
(glucosylceramide) in macrophages predominantly in 
bone, bone marrow, liver, and spleen. GD has 3 major 
phenotypic sub-categories based on the presence or 
absence of early onset central nervous system manifes- 
tations.  

Types 2 and 3 Gaucher disease are rare, occurring in 1 
in every 100,000 to 200,000 births, and both subtypes 
display central nervous system pathology. Type 2 
Gaucher disease, the acute neuronopathic variant, is the 
most severe form of the disease and causes death at an 
early age. In some cases, type 2 Gaucher disease can 
result in nonviable infants. In other cases, the disease 
progresses rapidly during the first 1 - 2 years of life, with 
infants showing neurological manifestations such as 
bulbar involvement, stridor, dysphagia, head retro- 
flection, opisthotonos, spasticity, and cognitive impair- 

ment. The condition invariably causes death, typically 
before the age of 3 years, even with attentive supportive 
care [18]. 

Type 3 Gaucher disease, the subacute or chronic 
neuronopathic variant, is more clinically heterogeneous. 
Some individuals with type 3 Gaucher disease are fully 
functional and able to work, while others may have 
significant impairments. Mild manifestations include 
oculomotor apraxia, while more severe forms of type 3 
Gaucher disease are characterized by extrapyramidal 
manifestations, myoclonic or generalized seizures, cere- 
bellar ataxia, and intellectual regression. Although 
neurologic pathology dominates the clinical presentation 
in patients with type 2 or type 3 Gaucher disease, many 
patients with these variants also have the systemic 
features found in type 1 disease, including hepatospleno- 
megaly, hematologic abnormalities, and skeletal compli- 
cations and often enjoy relief from systemic symptoms 
with initiation of enzyme replacement therapy [87].  

Type 1 disease (GD1) constitutes 94% cases of GD 
currently known and is usually considered to be non- 
neuronopathic (20). However, recent studies have called 
that distinction into question because by the seventh to 
eighth decades of life, an intractable Parkinson-like 
syndrome, often with atypical features including progre- 
ssive dementia is reported to occur in 5% - 10% of 
patients with otherwise typical GD1 [88]. Additionally as 
many as 15% - 20% of adult type 1 patients may have 
subjective or objective evidence of peripheral neuropathy 
[89]. In western countries, type 1 disease occurs in 
1/75,000 births. However, in Jews of Ashkenazi (north- 
central and eastern European) descent, the only ethnic 
group in whom the prevalence is markedly increased, it 
is seen in approximately 1/600 individuals and the carrier 
rate is 1/15 [90].  

GD1 is highly variable in terms of its clinical 
presentation and manifestations even among siblings 
with the same genotype and in monozygotic twins [91]. 
The disease appears to be symptomatic only in about half 
of the Ashkenazi Jews who are genetically affected [90]. 
However, even apparently asymptomatic patients often 
have signs of the disease including anemia, thrombocyto- 
penia, hepatosplenomegaly, and bone abnormalities but 
may sometimes be discovered only when quite elderly 
[92]. Individuals with overt symptomatic disease usually 
have significant visceral involvement, more advanced 
bone disease, and more severe hematological findings. 
Patients may be symptomatic for some time, even years, 
prior to being correctly diagnosed. The delay in diag- 
nosis is often due to the relative rarity of the disease and 
physicians’ lack of familiarity with the full spectrum of 
abnormalities associated with Gaucher disease [36]. 
Unfortunately, this delay in diagnosis can lead to severe 
and potentially life-threatening complications, including 
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avascular necrosis, severe bleeding, chronic bone pain, 
sepsis, pathologic fractures, growth abnormalities, and 
liver disease. 

The accumulation of infiltrating Gaucher cells—plus, 
presumably, the release of cytokines and chemokines and 
the resulting inflammatory responses [93,94]—invariably 
results in splenomegaly, the most common visceral 
disease manifestation of GD1. The spleen size can be 
enlarged as much as 75-fold, but the median is 15.2 
multiples of normal [72]. Solitary or multiple focal 
splenic nodules were reported present in 18.4% of 
patients with GD1 [95] although the prevalence may 
actually be greater because such nodules may not always 
be detected if MR imaging is restricted to T1-weighting. 
Patients with focal splenic lesions are more likely to have 
larger splenic volumes, more severe thrombocytopenia, 
and a greater prevalence of osteonecrosis than patients 
lacking these lesions and the response to treatment in 
terms of reduction in spleen size and improvement in 
platelet count may be less satisfactory [96] although not 
invariably so [8]. 

Although thrombocytopenia and anemia are in large 
part a function of splenomegaly and hypersplenism, bone 
marrow infiltration itself appears to contribute to 
impaired hematopoiesis, a process that may become 
irreversible once fibrosis and osteosclerosis develop. 
There may also be an intrinsic defect in the bone marrow 
endosteal hematopoietic niche associated with osteoblas- 
tic dysfunction that might impact cellular maturation [97]. 
Although there is a rough correlation between splenic 
size and magnitude of thrombocytopenia, 40% of 
patients with GD1 in whom the spleen volume is less 
than five times normal have platelet counts less than 
120,000/µL and the platelet count is less than 60,000/µL 
in 6%. Patients who at the time of diagnosis had 
thrombocytopenia but minimal splenomegaly tended to 
be older and more likely to be homozygous for the 
“clinically mild” N370S genotype [98].  

Fatigue, a symptom that commonly occurs even in 
non-anemic patients with GD1 may be cytokine de- 
pendent. Bleeding is most directly related to thrombo- 
cytopenia, but patients may have platelet defects and 
other coagulation factor deficiencies including coinci- 
dental factor XI deficiency that is common in Ashhenazi 
Jews. [99]. Patients with symptomatic skeletal disease 
often have elvated levels of D-dimer and thrombin-anti- 
thrombin complexes consistent with chronic coagulation 
activation [100,101]. It is unclear whether these abnor- 
malities cause or derive from skeletal pathology.  

Skeletal pathology often causes great morbidity and 
debility [102,103]. Bone and joint pain, sometimes 
associated with painful crises (due to acute infarcts), can 
disrupt and limit activities of daily living [73]. Avascular 
necrosis (AVN) can lead to joint collapse at the hip, knee 

and shoulder creating a need for joint replacement with 
sometimes uncertain outcome. AVN may appear un- 
predictably even in previously asymptomatic patients 
and may present solely as a radiographic finding in the 
absence of acute bone pain or bone crisis. Factors 
associated with an increased risk for AVN include a 
history of total splenectomy, anemia, and extensive 
Gaucher cell infiltration evidenced by marked decrease 
in bone marrow fat fraction and marked elevation of 
biomarkers such as serum chitotriosidase and macro- 
phage inflammatory protein (MIP-β) [104,105]. Osteoly- 
tic lesions, pathological fractures, spinal compression 
fractures and extraosseous masses (Gaucheromas) also 
contribute to morbidity Bone disease is worse in 
surgically asplenic patients, especially in those who were 
diagnosed when young [106]. 

Osteopenia may begin before 10 years of age, worsen 
during adolescence and progress through adulthood. 
Because many patients do not reach normal peak bone 
mass, they are at a disadvantage when normal aging 
processes accelerate and more likely to develop severe 
osteoporosis [107]. Overall, the incidence of osteopenia 
and osteoporosis in individuals with Gaucher disease 
likely exceeds 60%. Although long suspected, low bone 
mineral density of the lumbar spine was recently 
confirmed as a strong risk factor for fractures of the 
spine and femur in patients with GD1 [104]. 

Symptomatic children tend to have poorer growth 
velocity. Many children have heights that are less than 
the 5th percentile for age and sex and 25 % are shorter 
than expected based upon mid-parental height [108-109]. 
Growth retardation usually was associated with a greater 
degree of visceral involvement. Puberty is delayed in 
60% of patients who are symptomatic as children. 

Hypoxemic interstitial lung disease is a serious but 
rare manifestation. Pulmonary hypertension attributed to 
occlusion of pulmonary capillaries and cytokine-associa- 
ted proliferative vascular lesions also rarely occurs but 
represents a life threatening complication [110]. The 
hepatopulmonary syndrome due to abnormal shunting in 
the lungs also leads to hypoxemia and ultimately liver 
cirrhosis [111]. Pulmonary hypertension and the hepato- 
pulmonary syndrome are generally encountered in pa- 
tients who have had a splenectomy [112]. 

The natural history of GD1 is highly variable. In the 
Ashkenazi Jewish population, a substantial proportion of 
genetically affected individuals, not necessarily restricted 
to the N370S/N370S genotype, have no symptomatic 
manifestations and few if any signs of anatomical or 
functional disease. Although less commonly reported, 
there are undoubtedly asymptomatic patients in non- 
Jewish populations as well. Subject to any other inborn 
or acquired risk factors, such individuals should have 
normal life expectancy although they presumably at 
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share the increased risk for Parkinsonism that is now 
known to be associated with even a single Gaucher GBA 
mutation [113]. Because most such individuals are 
unidentified, save for sporadic cases that are increasingly 
coming to light because of genetic screening programs 
and greater attention to family histories, it is currently 
unknown whether they, like symptomatic patients with 
GD1, also have an enhanced risk for developing MGUS, 
myeloma, other hematological malignancies and possibly 
other cancers [114-117]. Nevertheless, there is a general 
consensus that such minimally affected individuals, 
when discovered, do not require definitive treatment for 
GD1 but nonetheless, should have regular annual to 
biannual comprehensive evaluations. 

Among symptomatic patients, prior to the advent of 
disease-specific treatment twenty years ago, substantial 
morbidity as described above and shortened life ex- 
pectancy were commonly observed [118]. Patients who 
died at a younger than expected age often succumbed to 
CNS and gastrointestinal bleeding, septicemia, chronic 
liver disease and cirrhosis, pulmonary hypertension and/ 
or fibrosis, post-splenectomy complications, and suicide 
and accidental drug overdose [119]. These deaths were 
most likely attributable either directly to GD1 patho- 
physiology or indirectly to acute or chronic compli- 
cations of total splenectomy performed, absent a thera- 
peutic alternative, to alleviate the hematological and 
visceral manifestations of GD1.  

Most symptomatic patients with GD1 are now treated 
with one of several approved treatments that specifically 
reduce glucosylceramide storage and reliably reverse or 
alleviate most hematological, visceral and skeletal 
manifestations. Although the short and intermediate term 
effects of GD1-specific therapies have been very 
gratifying, long range outcomes in terms of risk for 
cancer and Parkinsonism and effect of treatment on life 
expectancy remain to be defined. Because of the po- 
tential for oral delivery and permeation of the central 
nervous system, there is considerable current interest in 
the therapeutic use of low molecular weight compounds 
that either inhibit the biosynthesis of glucosylceramide 
(substrate reduction therapy) or that interact with and 
augment the intracellular activity of mutant gluco- 
cerebrosidases [120,121]. However, the current thera- 
peutic gold standard is enzyme replacement treatment 
(ERT): intravenous infusion of pharmacological recom- 
binant glucocerebrosidase that is targeted to macrophage 
mannose receptors and internalized to the glycolipid- 
laden lysosomes. ERT is considered to be safe and well 
tolerated. Excessively rapid infusion has caused anaphy- 
lactoid-like infusion reactions as observed with other 
intravenous protein products [122]. Depending on the 
specific product prescribed, up to 15% of treated patients 
sero-convert although some tolerize with continued 

treatment. Although sero-conversion rarely causes loss of 
treatment efficacy, it may be associated with a higher 
likelihood of generally mild allergic infusion reactions 
that are usually preventable with pre-medication regi- 
mens. ERT in children and adults [123,124]: 
 Reverses and prevents anemia and thrombocytopenia 
 Reverses and prevents hepatosplenomegaly  
 Decreases marrow glucocerebroside infiltration 
 Prevents bones crises and reduces osteonecrosis  
 Improves and prevents bone pain 
 Improves bone mineral density 

Among GD1 patients with severe pre-treatment 
splenomegaly (>15 times normal), only one of 56 study 
patients remained so after 10 years of ERT [125]. 
However, in 34 of 56 patients (61%), the spleen conti- 
nued to be enlarged more than 5 times normal suggesting 
that persistent splenic architectural abnormalities inclu- 
ding fibrosis, scarring from infarcts, and, as mentioned 
previously, multiple splenic nodules long predating the 
inception of therapy may limit the completeness of the 
response [95]. Relapsing splenomegaly in a previously 
well controlled GD1 patient should arouse suspicion of 
the possibility of emergence of a secondary hematolo- 
gical malignancy [126].  

12. SPLENECTOMY FOR HEREDITARY 
DISORDERS WITH MASSIVE 
SPLENOMEGALY 

Heretofore, this discussion has concentrated exclusively 
on splenomegaly associated with rare hereditary dis- 
orders. The management of symptomatic splenomegaly, 
and, in particular, the appropriate use of splenectomy, is 
also a significant clinical problem in more prevalent 
genetic disorders such as beta-thalassemia major (TM) 
and hereditary spherocytosis (HS). Splenomegaly in 
patients with TM is often massive and usually accom- 
panied by severe, transfusion-dependent anemia caused 
by ineffective erythropoiesis and chronic hemolysis due 
to RBC membrane damage associated with precipitation 
of unbound α globin chains [127]. Unlike the hyper- 
splenism found in GD1 patients with comparable splenic 
enlargement, thrombocytopenia is relatively uncommon 
in thalassemic patients, a finding that may augment 
hypercoagulability that is commonly observed in patients 
with TM. 30 - 40 years ago, splenectomy was commonly 
performed in nearly 60% of thalassemic children under 
10 years of age in order to reduce frequency of blood 
transfusion and retard iron overload [128]. By age 15 
years, nearly 90% had undergone splenectomy with a 
resultant elimination of transfusion requirement in most 
TI patients and with a reduction in the need for red cell 
transfusions in TM patients. However, these improve- 
ment came at the expense of many splenectomy-associa- 
ted complications including sepsis from encapsulated 
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organisms (although this risk has been lessened with new 
protein conjugate vaccines and antibiotic prophylaxis), 
pulmonary hypertension, altered cytokine patterns [129] 
and an increased risk of thrombotic complications due to 
altered endothelial function attributable to larger num- 
bers of circulating platelets and immature red cells, inc- 
reased numbers of platelet derived blood microparticles, 
enhanced platelet activation, increases in levels of Pro- 
tein C and S, and persistent post-splenectomy hemolysis 
[130]. Consequently, total splenectomy is now generally 
discouraged for children and adolescents with TM so that 
among children born after 1980, only 12% have had total 
splenectomy prior to age 20 years [128]. Partial sple- 
nectomy or radiofrequency ablation of the spleen have 
been proposed as alternative procedures that may be 
safer than total splenectomy as regards risk for infection 
and sepsis. However, improvement in chronic anemia 
and decreased transfusion dependence was less robust 
than in total splenectomy patients and outcomes re- 
garding post-splenectomy complications other than infe- 
ction were not reported [131,132].  

Hereditary spherocytosis, transmitted as an autosomal 
dominant disorder and found world-wide, is the most 
common hemolytic anemia in northern European popu- 
lations. Defects in RBC membrane proteins (e.g. ankyrin, 
spectrins) lead to loss of membrane surface area, reduced 
deformability, splenic trapping, retention and hemolytic 
anemia [133,134]. The spectrum of clinical severity is 
very broad and mildly affected individuals generally 
have few if any symptoms. Classical manifestations in- 
clude symptomatic or asymptomatic splenomegaly, ane- 
mia, reticulocytosis, hemolytic episodes, aplastic crises, 
hyperbilirubinemia, cholelithiasis, decreased total and 
LDL cholesterol, growth failure, and skeletal changes 
due to erythroid hyperplasia. There is little evidence that 
patients with HS have an increased risk for splenic 
rupture and splenic infarctions rarely occur except in 
patients with concurrent sickle hemoglobinopathies or 
thrombophilia. In the past, except in the mildest cases, 
total splenectomy was generally advocated to arrest he- 
molysis and relieve symptoms due to anemia or spleno- 
megaly, reverse growth failure or skeletal changes and 
prevent recurrent gall stones. However, with cumulative 
evidence of a significantly elevated risk for infectious 
complications (capsulated bacterial sepsis remaining a 
threat because of poor compliance with vaccination and 
prophylaxis regimens, babesiosis, capnocytophaga, anap- 
lasma) as well as adverse vascular events (coronary 
artery disease and myocardial infarction, stroke, peri- 
pheral venous thrombosis), a more cautious attitude to- 
wards total splenectomy for HS is increasingly prevalent 
though still controversial [135,136]. Some issues rele- 
vant to the discussion are yet unresolved including 
whether splenectomy for HS confers an increased risk 

for pulmonary hypertension [136,137] and whether mild 
anemia despite ongoing hemolysis with decreased total 
and LDL cholesterol in pre-splenectomy patients offers 
any cardiovascular advantage. A review of 62 children 
who underwent partial splenectomy for HS between 
1990-2008 indicated that most patients had a favorable 
initial and sustained improvement in symptoms and 
laboratory parameters although 5% eventually underwent 
total splenectomy because of splenic regeneration with 
recurrent anemia or abdominal pain. No patient was 
reported with post-splenectomy sepsis and follow up is 
probably yet too short for comment about symptomatic 
cholelithisasis and risk for cardiovascular events [138, 
139]. 

The concern about potential adverse effects of total 
splenectomy on disease phenotype extends to the clinical 
management of patients with Gaucher disease. Among 
134 consecutive patients with Type 1 GD who were 
screened to estimate right ventricular systolic pressure 
(RVSP) by Doppler echocardiography (with the caveat 
that consistency and accuracy relative to right heart 
catheterization is questionable), mild, asymptomatic PH 
(RVSP > 35 < 50 mmHg) was found in 30% of patients 
never treated with ERT and in 7.4% of treated patients. 
However, all patients with severe pulmonary hyper- 
tension (RVSP 50 - 130 mmHg) were surgically asplenic 
indicating that splenectomy is strongly associated with 
this life threatening manifestation of GD1 [140]. A 
subsequent study of 14 patients with pulmonary hyper- 
tension and hepatopulmonary syndrome confirmed that 
splenectomy appears to be essential to the development 
of this phenotype [112].  

The role of splenectomy in increasing the risk for 
avascular necrosis (AVN) in patients with GD1 has also 
been controversial in the past. Those denying a causative 
role for splenectomy argue that patients with a sple- 
nectomy history likely have a more aggressive phenotype 
and are therefore more prone to complications such as 
AVN. However, recent data from the International 
Collaborative Gaucher Group Gaucher Registry indicate 
that splenectomy is indeed an independent risk factor for 
AVN. The adjusted incidence rate ratio for AVN among 
patients who were asplenic at the time of initiation of 
therapy was 2.23 (95% CI 1.61 - 3.08, P < 0.0001) com- 
pared to those who had an intact spleen [141]. Causes of 
death significantly more prevalent in surgically asplenic 
patients included chronic liver disease, septicemia, GI 
bleeding, pulmonary hypertension/fibrosis and post-sple- 
nectomy complications [119]. Splenectomy may predis- 
pose GD patients to portal hyper-tension, massive hepa- 
tomegaly, cirrhosis and terminal liver disease. Sple- 
nectomy may at times accelerate bone marrow infil- 
tration leading to pancytopenia. Osteolytic lesions have 
been reported to appear within just a few months of 
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splenectomy. Bone mineral densities have been found to 
be significantly lower in asplenic patients compared with 
those with an intact spleen. Orthopedic intervention in 
splenectomized patients carries with it a greater operative 
risk largely due to increased susceptibility to infection 
[142]. Therefore, given the availablility of effective 
pharmacotherapy for GD1, the consensus of opinion is 
that splenectomy should only be considered in exceptio- 
nal circumstances after assessment by a physician expe- 
rienced in the management of GD [142]. 

When might splenectomy nonetheless be indicated? 
The following examples have been suggested:  
 As the only means of controlling severe thrombocy- 

topenia accompanied by life-threatening or life-al- 
tering bleeding (e.g. retinal bleeding and possible 
blindness); 

 To alleviate marked pressure effects (e.g. hydrone- 
phrosis) or severe cachexia, caused by massive sple- 
nomegaly; 

 In the event of pathological splenic rupture that may 
complicate even minor trauma; 

 In rare patients with autoimmune hemolytic anemia 
or refractory idiopathic thrombocytopenic purpura 
occurring on a background of Gaucher disease;  

 When there is suspicion for the development of lym- 
phoma (e.g. a growing mass in the spleen despite 
ERT or other GD specific treatment. 

Even in these circumstances, the question might be 
legitimately asked whether, if feasible, partial sple- 
nectomy as with a hand-assisted laparascopic technique 
might be a preferable intervention to total splenectomy. 
Although laparascopic total splenectomy has been safely 
performed in patients even with massive splenomegaly 
with significantly less blood loss and shorter hospital 
stay compared to open splenectomy [4], the laparoscopic 
approach has not been generally adopted for a partial 
splenectomy because of technical difficulties. However, 
recent reports indicate that the hand-assisted laparo- 
scopic approach can allow partial splenectomy as a safe 
and bloodless surgery for select patients, although it may 
not be applicable for patients with the largest spleens or 
who have limiting anatomical abnormalities [143]. 
Although classical open partial splenectomy has long 
been offered to patients with GD1 with variable results 
[144], there is as yet no report describing the outcome of 
laparascopic partial splenectomy followed by pharmaco- 
therapy for the exigencies described above in patients 
with type 1 Gaucher disease.  

13. CONCLUSION 

Splenomegaly, sometimes of massive extent, occurs in a 
large number of hereditary diseases, some common and 
others, rare to ultra-rare. Although genetically and bio- 
chemically distinct, the presence of splenic enlargement 

and hypersplenism links these disorders not only in terms 
of shared symptoms, signs and laboratory abnormalities 
but also with respect to several challenges in clinical 
management. As discussed above with reference to 
Gaucher disease and other illustrative illnesses, these 
include defining indications for diagnostic splenectomy 
as multiplex, non-invasive biochemical and genetic tests 
are increasingly more accessible and affordable, contin- 
ued critical appraisal of the long term benefit-risk ratio 
for therapeutic total splenectomy especially with the ad- 
vent of disease-specific biochemical or gene replacement 
therapies for inborn metabolic disorders, and ongoing 
evaluation of the safety and efficacy of laparascopic par- 
tial splenectomy as an alternative to total splenectomy in 
patients with massive, even life threatening spleno- 
megaly.Three hundred years ago, the British essayist 
Joseph Addison penned these lines: “Thou hast so 
much… spleen about thee, there is no living with thee or 
without thee”. Plus ça change, plus c’est la même chose! 
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