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Abstract - Overwhelming post-splenectomy infection 

(OPSI) is a rare medical emergency, mainly caused by 

encapsulated bacteria, shortly progressing from a mild flu-

like syndrome to a fulminant, potentially fatal, sepsis. The 

risk of OPSI is higher in children and in patients with 

underlying benign or malignant hematological disorders.   
We retrospectively assessed OPSI magnitude in a high 

risk cohort of 162 adult splenectomized patients with 

malignant (19%) and non malignant (81%) hematological 

diseases, over a 25-year period: 59 of them splenectomized 

after immunization against encapsulated bacteria, and 103, 

splenectomized in the previous 12-year study, receiving only 

life-long oral penicillin prophylaxis. The influence of 

splenectomy on the immune system, as well as the incidence, 

diagnosis, risk factors, preventive measures and 

management of OPSI are also outlined.    

OPSI occurred in 7 patients (4%) with a median age of 

37 years at time interval from splenectomy ranging from 10 

days to 12 years.  All OPSIs occurred in non immunized 

patients, except one fatal Staphylococcus aureus-mediated 

OPSI in a patient adequately immunized before 

splenectomy.  
Our analysis further provides evidence that OPSI is a 

lifelong risk and that current immune prophylaxis 

significantly decreases OPSI development. 

Improvement in patients’ education about long-term risk 

of OPSI and increased physician awareness to face a 

potentially lethal medical emergency, according to the 

current surviving sepsis guidelines, represent mandatory 

strategies for preventing and managing  OPSI appropriately. 

Keywords: Overwhelming postsplenectomy infection 

(OPSI) syndrome, splenectomy, hematological disorders 

 

I.  INTRODUCTION 

 

 The spleen, through its two main compartments 

called red and white pulp, is the largest secondary 

lymphoid organ dedicated to the blood filtering of old or 

damaged blood cells and foreign pathogens as well as to 

the immune surveillance and response to infections. 

Although, rapid removal of infectious agents from 

circulation by red pulp of the spleen is the prerequisite for 

successful control of infection, the key events responsible 

for initiating host defence against pathogens are 

developed in sub-compartments of white pulp distributed 

along central arterioles, including the periarteriolar 

lymphoid sheaths (PALS), follicles, and marginal zone 

(Figure 1, Table 1) [1-6].  

The splenic marginal zone (MZ) is the boundary 

between the red and white pulp where the terminal 

arterioles open into sinuses and the blood flow is slowed 

down, favouring early trapping of blood-borne bacteria, 

viruses, parasites, and other soluble and particulate 

antigens by dendritic cells, metallophilic macrophages 

and MZ macrophages [7].  Splenic MZ macrophages are 

highly phagocytic cells and are responsible for rapid 

clearance of blood-borne T-independent antigens and 

debris, by virtue of expressing an array of receptors 

promoting efficient antigen uptake detecting invading 

pathogens either directly or through intermediate opsonins 

[7-10]. Pathogen-recognition-receptors (PRRs), mediating 

opsonin-independent phagocytosis by splenic MZ 

macrophages, include Toll-like receptors, C-type lectins, 

type I and II scavenger receptors, macrophage receptors 

with collagenous structure, CD36, the mannose receptor 

and others [4,7,11,12].  Deficit of these PRRs increases 

susceptibility to a variety of viral, bacterial and mould 

infections [13-15].  Splenic MZ macrophages are also 

involved in opsonin-dependent phagocytosis, via natural 

antibodies and components of the complement system, 

which plays a critical role in the early control of bacterial 

and viral infections [16,17].   In addition, splenic MZ 

macrophages cooperate to deliver antigen presentation to 

T-cell areas (necessary for triggering protective T cell 

responses) [7,9] such as PALS and a thin layer 

surrounding  B-cell follicles, formed by an outer mantle 

zone containing dominantly proliferating small B 

lymphocytes and a central germinal center where B-cell 

selection occurs [2,4,6]. 
Several lines of evidence link a reduced antigen trapping 

by the splenic MZ macrophages to an impairment of early 

control of infection enhancing spread of the pathogens 

into circulation and organs [18].  Moreover, the human 

splenic MZ is a unique B-cell compartment containing a 

large population of immunoglobulin (Ig) M+, IgD+, 

CD27+ (IgM
+
IgD

+
CD27

+
) “memory” B cells, carrying a 

mutated immunoglobulin receptor, distinct from the 

classical germinal center–derived memory B cells, which 

can be rapidly mobilized and activated to secrete Ig in 

response to blood-borne T-independent antigens [19-22].  

However, MZ B cells have also been shown to contribute 

to the generation of T cell-dependent antibody responses 

(Figure 1, Table 1) [9,23]. The result of this complex 

cross talk between white and red pulp as well as B and T 

cell areas of white pulp, linking innate and adaptive 

immune response, is thought to predominantly contribute 

to the sepsis-protective effect of the spleen [9,24]. 



Translational Medicine @ UniSa, - ISSN 2239-9747 2013, 6(2): 2-10 
 

3 

Università degli Studi di Salerno 

 

Figure 1. Antimicrobial splenic functions.  Compartments of white pulp involved in protective antimicrobial functions: a) periarteriolar lymphoid 

sheats (PALS) through  secretion of T-dependent immunoglobulins (Ig) and  antigen presentation to T-Lymphocyte by marginal zone (MZ) 

macrophages; b) follicles through  MZ macrophage-mediated activation of B lymphocytes and plasmacells and  production of antibodies, 

complement and opsonins;  c) marginal zone through  opsonin-independent phagocytosis mediated  by MZ macrophages,   presentation of 

particulate antigens by MZ macrophages to CD27+IgM+ B cells,  rapid release of antibodies by CD27+IgM+ memory B cells,  opsonin-

dependent phagocytosis by MZ macrophages. Red pulp exerts anti-microbial protective functions mainly through  blood-borne pathogens filtering, 

culling and pitting of red blood cells (RBC) and  rapid GM-CSF release via innate response activator (IRA) and antibodies by B cells and 

plasmacells.  
Symbols: Ig = ; T-cell receptor/Major hystocompatibility complex binding,  ; complement , ;opsonin, ;  pathogen-recognition-receptors 

(PRRs), ; particulate antigen, ; GM-CSF (Granulocyte-macrophage colony-stimulating factor), . 
 

Overwhelming post-splenectomy infection (OPSI) is 

a rare fulminant sepsis with a mortality up to 70% [25-

27].  An underlying hematological disease and conditions 

eliciting immunosuppression are associated with higher 

OPSI rate and mortality, with thalassemic and 

drepanocytic patients having the highest rates of 

infections (8.2% and 7.3%) and mortality (5.1% and 

4.8%), respectively [16,28].  OPSI and mortality rate in 

splenectomized patients for autoimmune thrombo-

cytopenia are similar to that for trauma (about 2.3% and 

1.2%,) and lower than that for Hodgkin's disease (4.1% 

and 1.9%), and spherocytosis (3.1% and 1.3%) [28].   

Apart from splenectomized subjects, higher rate of 

infections have been also reported in diseases associated 

with splenic atrophy or hyposplenism, such as celiac 

disease, Crohn’s disease, sickle cell anemia, 

spherocytosis, chronic graft versus host disease, systemic 

lupus erythematosus, HIV infection, amyloidosis and 

several other disorders  (Table 2) [1,6].  The cumulative 

risk for asplenic and hypospenic patients to develop an 

OPSI is estimated to be about 1 per 500 patients per year 

[26,29]. 

Although the risk of infections declines with the time 

elapsed following splenectomy, with up to 50% of cases 

occurring within 2 years after surgery,  30-40% of  OPSI 

have been  documented > 5 years  and  individual cases 

even more  than 40  years  post-splenectomy, indicating  a 

long-lasting infection risk in these patients [30]. 

 
 

TABLE 1 

PROTECTIVE ANTIMICROBIAL FUNCTIONS OF THE SPLEEN 

 

 Pulp Functions 

 Red  - Blood-borne pathogens filtering  

- Culling and pitting of red blood cells 
- Rapid GM-CSF release via IRA 

- Rapid antibodies release via B cells and plasmacells  

White  

 

 

Periarteriolar lymphoid sheath (PALS): 

- Antigen presentation to T-lymphocytes by MZ macrophages 

- T-dependent Ig secretion 

Follicles: 

-  Storage and maturation  of B lymphocytes 

-  Antibodies release by B lymphocytes 

-  Production of complement, opsonins, properdin  and tuftsin  

Marginal zone: 

- Antigen presentation by MZ macrophages to CD27+IgM+ B 

cells 

- Trapping of pathogens by MZ dendritic cells, metallophilic 

and MZ macrophages 

- Opsonin-dependent phagocytosis via complement and 

antibodies by MZ macrophages  

- Opsonin-independent phagocytosis via PRRs by MZ 

macrophages 

- Rapid clearance of blood-borne T-independent antigens 

- Rapid release of antibodies by CD27+IgM+ B cells 

Abbreviations. GM-CSF =  granulocyte - macrophages colony - 

stimulating factor; IRA = innate response activator; MZ = marginal 

zone; CD = cluster of differentiation; Ig = immunoglobulins; PRRs = 
pathogen-recognition-receptors.  
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Most OPSI are caused by encapsulated bacteria such 

as Streptococcus pneumoniae (involved in more than 50% 

of cases), Haemophilus influenzae, Neisseria meningi-

tidis, but also by intraerythrocytic parasites or bacteria 

mainly removed by the spleen, such as Babesia, Ehrlichia 

and Plasmodia [19,26,29,31-33]. Enterococcus, Bacte-

roides, Salmonella and Bartonella species have occasion-

nally been reported responsible for OPSI [31]. Recently, 

OPSI cases due to the Gram negative bacterium 

Capnocytophaga canimorsus, transmitted through dog, 

cat or other animal bites have also been reported 

[29,31,34].  

 
TABLE 2 

DISORDERS ASSOCIATED WITH  HYPOSPLENISM  
 

Disorder Disease 

Congenital  
 

Congenital asplenia 

Congenital cyanotic heart disease 

Hematologic  

 

Sickle cell anemia 

B-Thalassemia 

Hereditary spherocytosis 
Graft versus host disease 

Autoimmune Hemolytic Anemia 

Immune Thrombocytopenia 
Mastocytosis   

Oncologic  Breast cancer 

Angiosarcoma 
Splenic hemangiosarcoma 

Splenic hemangioendothelioma 

Gastrointestinal Coeliac disease 

Ulcerative colitis 
Crhon’s disease 

Hepatic  Chronic active hepatitis 
Liver cirrhosis and portal hypertension 

Autoimmune  Systemic lupus erythematosus 

Antiphospholipid syndrome 
Vasculitis 

Rheumatoid arthritis 

Mixed connective tissue disease 

Infectious Acquired immunodeficiency syndrome 

Circulatory Splenic artery thrombosis 
Splenic vein thrombosis 

Miscellaneous Sarcoidosis 
Amyloidosis 

Surgical splenectomy 

Primary pulmonary hypertension 

 

Early stage of OPSI is usually characterized by 

aspecific symptoms similar to those of a flu-like 

syndrome quickly progressing to symptoms of a 

bacteremic septic shock, including hypotension, acidosis, 

electrolytic disorder, hypoglycemia, oliguria, respiratory 

distress, cardio-vascular collapse, convulsions, 

disseminated intravascular coagulopathy (DIC) and multi-

systemic organ failure. Coma and death can occur within 

24 to 72 hours of illness onset [19,25].  Children more 

frequently than adults have concomitant pneumonia and 

meningitis [35].  

Supporting laboratory evidences of OPSI, apart from 

those specifically related to the bacteremic septic shock, 

DIC and  multi-system organ failure, include the presence 

of Howell-Jolly bodies in erythrocytes [6,19,34,36] 

(Figure 2), and of pitted erythrocytes [5,19,37]. 

 
Figure 2. Howell-Jolly bodies. Howell-Jolly bodies (red arrows) in 

circulating red blood cells of a patient with OPSI. 

 

Other investigations useful for splenic function 

assessment, such as scintigraphic and immunological 

parameters, detailed in Table 3, are limited by their 

technical difficulties in critically ill patients, such as those 

suspected of  having a OPSI [6,19,37-38].  

 
TABLE 3 

DIAGNOSTIC TECNIQUES ASSESSING SPLENIC FUNCTION 

  

- Detection of circulating Howell-Jolly bodies on stained blood films 
- Detection of pitted erythrocytes by phase-interference microscopy  

- Detection of B cells CD27+IgM+ decrease by flow-cytometry  

- Technetium-99m-labelled sulphur colloidal scintiscan 

- Clearance of Technetium-99m-labelled or rubidium -81-labelled 

heat-damaged autologous erythrocytes  

 

 

 

II.  METHODOLOGY 

 

Subjects 

We have conducted a retrospective evaluation of 

adult patients who were splenectomized (n=162) over a 

25-year period for hematological diseases (Table 4). A 

few cases of splenectomy in children are reported in our 

survey (11 cases < 15 years),  coming to our attention 

months or years after surgery.  Informed consent was 

obtained from all patients in accordance with institutional 

guidelines and the study design was made in accordance 

with the Helsinki II Declaration [39].  

The age at splenectomy ranged between 11 and 60 

years (mean±SD, 37±22 years) and their post-

splenectomy follow-up lasted from 1 to 300 months 

(mean±SD, 150±12 months).  Primary diseases were 

immune thrombocytopenia (ITP; n=86), Hodgkin and non 

Hodgkin’s lymphoma (HD/NHL; n=22), warm antibody 

autoimmune hemolytic anemia (wAIHA; n=14), 

hereditary spherocytosis (HS; n=10), Cooley’s disease 

(n=10), congenital non-spherocytic hemolytic anemias 

(CNSHAs; n=5), idiopathic myelofibrosis (IMF; n=5), 

hairy cell leukemia (HCL; n=4), -thalassemia intermedia 

(n=4) and sickle cell anemia (n=2).  In adult ITP, most of 
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splenectomy (76% of cases) was performed on adults who 

did not respond to two courses of glucocorticoid treatment 

or who continued to require high–dose steroids to achieve 

a safe platelet count.  In the remaining and more recent 

ITP cases, although the correct positioning of rituximab or 

thrombopoietin receptor agonists for the management of 

chronic ITP before splenectomy is not yet clear, surgery 

was performed after the failure of such therapies for 

refusal of patients to undergo surgery as second or third-

line therapy [30,40-43].  In wAIHA, splenectomy was 

performed long time after the beginning of the disease (at 

least 1 year) in patients with refractory or recurrent 

disease after immunosuppressive therapies including 

steroids, azathioprine, cyclophosphamide, rituximab, and 

requiring high maintenance steroid doses to achieve an 

acceptable hemoglobin value [30,45-47].  In these 

wAIHA, splenectomy was performed only after 

measurement of 
51

Cr-red blood cell sequestration in the 

spleen [48].  The majority of cases of splenectomy for 

thalassemia and hemoglobinopathies, including  Cooley’s 

disease, intermediate thalassemia and sickle cell anemia, 

refer to patients who already underwent surgery in 

pediatric age for progressive increase in transfusion 

requirement and difficulty to control iron overload 

[32,49].  In hereditary spherocytosis and other CNSHAs, 

including pyruvate kinase deficiency, splenectomy was 

performed when patients had moderate/severe anemia 

[50-51].  In CNSHAs, like in wAIHA, also splenectomy 

was performed only after measurement of 
51

Cr-red blood 

cell  sequestration in the spleen [48]. In 22 patients with 

HD and NHL, splenectomy was mainly diagnostic, in few 

HD and NHL cases also therapeutic [52].  Four patients 

with HCL were splenectomized in pre-interferon and 

cladribrine era when they suffered from moderate/severe 

hypersplenism-related pancytopenia [53].  Splenectomy 

was performed in 5 selected IMF patients showing 

heavily symptomatic splenomegaly refractory to drug 

treatment, and transfusion-dependent anemia [54] (Table 

4). 
 

TABLE 4 
UNDERLYING DISEASES OF SPLENECTOMIZED PATIENTS 

 
Disease Cases 

(n) 

Immune thrombocytopenia 

Hodgkin’s and non-Hodgkin’s lymphoma 
Warm antibody autoimmune hemolytic anemia 

Hereditary spherocytosis 
Cooley’disease 

Congenital non-spherocytic hemolytic anemias 

Idiopathic myelofibrosis 
Hairy cell leukemia 

Thalassemia Intermedia 
Sickle cell anemia 

86 

22 
14 

10 
10 

5 

5 
4 

4 
2 

                                                                   Total 162 

 

Open surgery was conducted in 105 patients, while 57 

patients underwent laparoscopic splenectomy. 
 

 

 

Antibiotic prophylaxis and immunization  
Prophylactic oral penicillin was prescribed to all 

splenectomized patients for the first two years after 

splenectomy or up to age 16 [6,19,55-58].  

Before or within 2 weeks from surgery, when specific 

vaccines were commercially available, immunization 

against Streptococcus pneumoniae, Haemophilus 

influenzae type b (Hib) and Neisseria meningitidis were 

carried out using the 23-valent pneumococcal 

polysaccharide vaccine (23vPVV), Hib protein–

polysaccharide conjugate vaccine and 4-valent 

meningococcal polysaccharide vaccine (4vMenPV), 

respectively [6,19,55-57,59-61].  

 

Statistical analysis 

All data were collected from a computerized database 

and chart reviews were analysed  using GraphPad Prism 

version 5. A P value ≤.01 was considered to be 

statistically significant.  

 

 

III. RESULTS 

 

Patients characteristics  

A retrospective observational study evaluating OPSI 

development rate was performed in 162 adult patients 

which underwent splenectomy for malignant (19%) and 

non malignant (81%) hematological diseases over a 25-

year period. Most of the patients (n=99, 61%) in our 

survey underwent splenectomy within the first 12 years of 

the study.  Forty-seven percent of splenectomized patients 

had a higher risk of developing OPSI, since they were 

splenectomized for hematological disorders associated 

with severe impaired immunity such as thalassemia or 

sickle cell anemia (10%), hereditary spherocytosis or non-

spherocytic anemia (9%), autoimmune hemolytic anemia 

(7%), malignant lymphoproliferative and myeloprolifera-

tive diseases (19%) (Table 4).  

It has been reported that the infection risk and death 

rates for ITP patients is similar to those who underwent 

splenectomy for trauma [41].  However,  almost all our 

ITP patients were heavily immunosuppressed, since they 

underwent surgery only after refractoriness to at least 

two-three courses of immunosuppressive therapy with at 

least two different drugs or who continued to require 

long-lasting high-dose steroids to achieve safe platelet 

counts. 

 

OPSI prophylaxis 

All splenectomized patients received oral penicillin 

antibiotic prophylaxis for the first two years after 

splenectomy or up to age 16.  In addition, life-long 

prophylactic oral penicillin was offered to all 

immunosuppresed patients,  but not all of these patients 

have taken it either due to intolerance or refusal to 

perform it continuously. 

Vaccine prophylaxis against Streptococcus 

pneumoniae was performed in 59 (36%) patients (ITP, 

n=35; HD/NHL, n=6; wAIHA n=5; HS, n=5; Cooley's 
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disease, n=3; CNSHA, n=1; IMF, n=2; Thalassemia 

intermedia, n=2),  associated with simultaneous 

immunization against Hib and Neisseria meningitidis in 

42 patients (26%) (ITP, n=30; wAIHA n=2; HD, n=2; HS, 

n=5; Cooley's disease, n=3) (Table 4). 

 

OPSI  

OPSI occurred in 7 patients (4%) with a median age 

of 37+22 years and an age range from 16 to 60 years 

(Table 5).  All patients had high risk disease for OPSI 

including 2 cases with lymphoma, 2 with thalassemia 

intermedia, 2 with Cooley’s disease, and 1 with long-

lasting warm antibody auto-immune hemolysis.  The 

interval from splenectomy to OPSI varied from 10 days to 

12 years with 3 OPSI (43%) occurring shortly post-

splenectomy (from 10 to 25 days) and 4 OPSI (57%) >5 

years post-splenectomy (from 5 to 12 years, respectively) 

(Table 5) . 

In all OPSI, the onset of symptoms was mild, like a 

flu-like syndrome, followed by high fever (even without 

fever in a case of wAIHA), and by septic shock and DIC 

leading within 2-5 days to death in 6 out of 7 cases (85%) 

from an apparent good health. Only a 17 years-old female 

with Cooley's disease survived from a group A 

Streptococcus-mediated OPSI developing 7 years post-

splenectomy.  She recovered following immediate transfer 

to an intensive care unit where she was treated with 

prolonged ceftriaxone and vancomycin therapy combined 

with aggressive management of shock and DIC; currently, 

she is well 5 years after HLA-matched sibling bone 

marrow transplantation. 
 

TABLE 5 
OVERWHELMING SEPSIS AND THROMBOTIC EVENTS AFTER 

SPLENECTOMY 
 

Event Age Disease Timing     

post                             

surgery 

Outcome 

OPSI 

OPSI 

OPSI 
OPSI 

OPSI 
OPSI 

OPSI 

Pulmonary thrombosis 

Mesenteric thrombosis  

Pulmonary thrombosis 

45 

16 

60 
18 

34 
28 

17 

50 

45 

49 

HD 

Cooley 

NHL 
Th. Int. 

wAIHA 
Th. Int. 

Cooley 

IMF 

ITP 

IMF 

10 days       

10 days       

25 days       
12  years     

5  years       
6  years       

 8  years       

3  years       

2 months    

21 days       

dead 

dead 

dead 
dead 

dead 
dead 

alive 

dead 

dead 

alive 

Abbreviations. OPSI = overwhelming post-splenectomy infection; 

HD = Hodgkin’s disease; NHL = non Hodgkin’s lymphoma; Th.Int. = 
thalassemia intermedia; wAIHA = warm antibody autoimmune 

hemolytic anemia; IMF = idiopathic myelofibrosis; ITP = immune 
thrombocytopenia. 

 

All OPSI occurred in non immunized patients except 

a OPSI case with a 10-year history of wAIHA, who 

carried out a pre-splenectomy vaccination program with 

both anti-pneumococcal and anti-meningococcal vaccines, 

as well as with anti-Hib vaccine.  Apart from this last 

OPSI, where a Staphylococcus aureus bacteremia was 

detected and the above mentioned group A 

Streptococcus–mediated OPSI,  in all other OPSI cases 

(71%) a pneumococcal bacteriemia was documented. 

 

Thromboembolic complications  

Patients undergoing splenectomy for hematologic 

disorders have an increased risk of vascular complications 

[30,44].  In our survey, we have registered 2 fatal vascular 

complications, both after open splenectomy: the first one 

in a 41 year old ITP female with delayed signs of 

mesenteric thrombosis and the second one in a 50 year old 

IMF male with signs of pulmonary hypertension as a 

result of in situ thrombosis.  A 49 year old male, with 

acute pulmunary thromboembolism, requiring 

thrombolytic therapy and systemic anticoagulation during 

59 days of hospitalization, followed by oral 

anticoagulation for 6 months, is currently well 5 years 

post-splenectomy (Table 5). 

 

 

IV. DISCUSSION 

 

Splenectomy provides a high rate of complete 

response for patients with immune thrombocytopenia [41-

42] and can ameliorate the underlying anemia in a variety 

of other benign hematological disorders including 

hemolytic anemia, hereditary spherocytic and non 

spherocytic hemolytic anemias, Cooley’ diseases, 

thalassemia intermedia and sickle cell anemia [30,45-51].  

In addition, splenectomy still remains an useful approach 

for the diagnosis and for relieve symptoms of 

hypersplenism and splenomegaly in several malignant 

hematological diseases such as lymphomas and chronic 

myeloproliferative syndromes (Table 2) [52-54].  

Life-threatening infections and thromboembolic 

events represent the major short- and long-term 

postoperative complications after splenectomy [30,44]; 

additionally, severe infections may affect clinical course 

of several functional hyposplenisms (Table 2) [1,6].  

OPSI, a rare clinical infectious syndrome, affecting  

about 3% of splenectomized patients, is a serious medical 

emergency shortly progressing to a fulminant sepsis 

mainly by encapsulated bacteria [19,26,31-33], carrying a 

high mortality rate (>50%) [16,26,28-29].  

The major documented risk factors for OPSI 

development in asplenic patients are younger age,  

underlying diseases, previous and concomitant 

immunosuppression and time from splenectomy [34].  

Splenectomy is usually postponed until the child is 6 

year old, due to spleen immaturity in the first 5 years of 

age, mainly related to low levels of opsonin- and IgM 

memory B cells responsible for phagocytosis of 

encapsulated bacteria [37].  Although in our series, 

children suffering from hereditary hematological 

disorders underwent splenectomy when they were more 

than 5 year-old, we registered in the pre-vaccination era, 3 

fatal OPSI despite they had been receiving life-long 

antibiotic prophylaxis, and careful quantification of 

Howell-Jolly bodies on peripheral blood films during the 

whole follow-up [36].  
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Early increase of circulating Howell-Jolly bodies and 

pitted erythrocytes after splenectomy are historically 

associated, when their percentage is more than 8%, with 

significant splenic dysfunction [36-37]. Recently, 

measurement of circulating IgM
+
IgD

+
CD27

+
 “memory” B 

cells has also been proposed as an assay to assess asplenic 

populations at risk for OPSI.  However, although IgM 

memory B cells gradually decrease within 6 months after 

splenectomy achieving reduced stable levels up to more 

than 2 years, no association of levels of IgM memory B 

cells with the underlying indication for splenectomy and 

infections has been reported [20-21].  

In our cohort of 162 high risk splenectomized patients 

for malignant (19%) and non malignant (81%) 

hematological disorders, OPSI occurred in 4% of cases 

with a median age of 37+22 years.  

Previous reports have consistently documented  that 

the highest risk of infections following splenectomy, is 

within the first two years after surgery.  In our series, 

OPSI occurred early (within 1 month) in 43% of cases 

and late (over 5 years, 57%) in the remaining, further 

indicating a long-lasting OPSI risk in these patients 

(Table 5).  In accordance with literature, we also 

documented that the most frequent etiologic agent 

responsible for OPSI was the Streptococcus pneumoniae  

(70% of cases)  [19,26,31]. 

Various guidelines for the prevention of sepsis in 

asplenic patients exist in the literature; these 

recommendations are based on immunization against S. 

pneumoniae, N. meningitidis, H. influenzae type b, 

lifelong antibiotic prophylaxis in high risk patients 

[6,19,55-57,59-61], and education of patients and health 

professionals to prevents infections [6,62-64].  

Since in our survey, 70% of hematological patients 

underwent splenectomy within the first 12 years of the 

study, a time when the current polyvalent pneumococcal 

vaccine was not commercially available, only 35% of 

them underwent surgery prior to anti-pneumoccoccal 

vaccination, associated with simultaneous anti-

meningococcal and anti-influenza type B immunization in 

25% of cases.  In our series, OPSI development among 

patients immunized and those not receiving vaccinations 

significantly decreased (from 5% to 1.7%, respectively; 

p<.01).  Recently, an increasing number of OPSI cases 

caused by pathogens not covered by vaccinations or 

resistant to antibiotic prophylaxis has been reported 

[17,19,26,29,31-34].  In our series, we documented a case 

of fatal Staphylococcus aureus-mediated OPSI in a patient 

who had undergone a complete pre-splenectomy 

vaccination program, according to the current guidelines. 

Although the introduction of an adequate vaccination 

program against encapsulated bacteria and systematically 

oral penicillin prophylaxis have decreased the overall risk 

of OPSI, its mortality rate remains high, ranging from 

50% to 70% within 48 h [55].  

OPSI, once triggered, is a serious medical emergency 

requiring immediate therapeutic administration of 

antimicrobial agents and aggressive care support 

according to surviving sepsis campaign guidelines for 

management of severe sepsis and septic shock,  even 

before any diagnostic test result performed upon 

admission comes back from laboratories [25,63].  

Observational evidences have documented that early 

aggressive antimicrobial therapy combined with intensive 

care support may decrease  the mortality rate for OPSI as 

low as 10% [25].  

Thromboembolic complications following 

splenectomy for hematological diseases represent another 

short- and long-term life-threatening complication of 

splenectomy;  they occurs in up to 10% of these patients, 

more frequently among myeloproliferative and hemolytic 

patients, ranging from portal vein thrombosis to 

pulmonary embolism [30,44]. In our series, we 

documented 3 severe thromboembolic events: two of 

them shortly and one after a prolonged time interval (3 

years) after surgery for IMF and ITP, respectively.  

Recently, Crary et al. [64-66] as well as Di Sabatino et al. 

[6] reviewed this issue addressing specific 

recommendations for post-splenectomy thromboembolism 

prevention and management. 

Increased awareness that splenectomized patients face 

lifelong risk of OPSI and vascular complications, have led 

to a more conservative approach, resulting in a significant 

decrease of splenectomies in the last 15 years for 

emergency, especially for treatment of benign 

hematologic disorders [44]. In our series of adult 

hematologic patients,  only 59 of them underwent  

splenectomy in the last 12 years.    

In addition, various surgical techniques of partial 

splenectomy, preserving 10-20% of functional splenic 

tissue, have been recently adopted, but their role on 

prevention of OPSI and vascular complications is still 

controversial [67-69]. 

 

 

V. CONCLUSION 

 

Splenectomy and hyposplenism are associated with 

multiple and complex abnormalities of innate and 

adaptive immune response, including mainly decreased 

filtering of blood-borne pathogens and T-dependent and 

T-independent antibody production by IgM
+
IgD

+
CD27

+
 

memory B cells against encapsulated bacteria. Lifelong 

risk for overwhelming sepsis and, to a lesser extent, for 

thromboembolism remains major complications after 

splenectomy occurring irrespective of age and time 

interval after the surgical procedure.  

The risk of OPSI is higher in children less than 5 

years old, in those who have had immunosuppressive 

treatments as well as in patients suffering from a benign 

or malignant hematological disorder.   

Currently, the established standard of care for post-

splenectomy patients includes immunization with 

polyvalent pneumococcal vaccine, Haemophilus 

influenzae type b conjugate and meningococcal 

polysaccharide vaccine before or within 2 weeks from 

splenectomy, associated with  prophylactic penicillin, and 

patient education to alert physicians when fever occurs.   
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Despite the above mentioned preventive measures 

decreased the overall risk of OPSI, it is still associated 

with an unacceptably high mortality rate.   

Concerns about the highest OPSI mortality rate 

among hematologic patients and the increasing 

appearance of OPSI mediated by pathogens not covered 

by current vaccinations led to a more conservative 

approach through a reassessment of indications and 

timing of the surgery, given also the expanding arsenal of 

therapeutics available for treating hematological 

disorders.  Alternative methods for preventing post 

splenectomy sepsis, such as subtotal splenectomy, need to 

be confirmed in larger studies.  

Despite various limitations, including retrospective 

analysis, a small number of patients, especially in the 

group receiving the appropriate vaccination program, our 

study further provides evidence that OPSI is a lifelong 

risk and that immune prophylaxis against encapsulated 

bacteria significantly decreases OPSI development among 

hematological patients. 

Early identification and aggressive emergency 

treatment of OPSI with antimicrobial agents and intensive 

care support may positively affect outcomes of this 

fulminant and fatal  disease.  

Improvement of patients’ education about their 

asplenic or hyposplenic status and increased healthcare 

worker awareness about the potential fulminant 

progression of infections in splenectomized patients 

represent mandatory strategies for preventing and 

managing OPSI  appropriately. 

 

 

ACKNOWLEDGMENT 

 

We are grateful to our research nursing staff (Pellegrino 

D, Cuffa B and Pennino M) for their excellent care and 

professionalism.  
 
 

REFERENCES 

 

[1] William BM, Corazza GR. Hyposplenism: a 

comprehensive review. Part I. Basic concepts and causes. 

Hematology 2007;12(1):1–13. 

[2] Mebius RE, Kraal G. Structure and function of the 

spleen. Nat Immunol 2005;5(8):606–616. 

[3] De Porto A, Lammers A, Bennink R, ten Berge I, 

Speelman P, Hoekstra J. Assessment of splenic function. 

Eur J Clin Microbiol Infect Dis 2010;29(12):1465–1473. 

[4] Cesta MF. Normal structure, function, and histology 

of the spleen. Toxicol Pathol 2006;34(5):455-465. 

[5] Sills RH. Splenic function: physiology and splenic 

hypofunction. Crit Rev Oncol Hematol 1987;7(1):1–36. 

[6] Di Sabatino A, Carsetti R, Corazza GR. Post-

splenectomy and hyposplenic states. Lancet 

2011;378(9785): 86–97. 

[7] Aichele P, Zinke J, Grode L, Schwendener RA, 

Kaufmann SH, Seiler P. Macrophages of the splenic 

marginal zone are essential for trapping of blood-borne 

particulate antigen but dispensable for induction of 

specific T cell responses. J Immunol 2003;171(3):1148-

1155. 

[8] Kraal G, Mebius R. New insights into the cell biology 

of the marginal zone of the spleen. Int Rev Cytol 

2006;250:175-215.  

[9] Rauch PJ, Chudnovskiy A, Robbins CS, Weber GF, 

Etzrodt M, Hilgendorf I, Tiglao E, Figueiredo JL, 

Iwamoto Y, Theurl I, Gorbatov R, Waring MT, Chicoine 

AT, Mouded M, Pittet MJ, Nahrendorf M, Weissleder R, 

Swirski FK. Innate response activator B cells protect 

against microbial sepsis. Science 2012;335(6068):597-

601. 

[10] Mebius RE, Nolte MA, Kraal G. Development and 

function of the splenic marginal zone. Crit Rev Immunol 

2004;24(6):449-464. 

[11] Kerrigan AM, Brown GD. C-type lectins and 

phagocytosis. Immunobiology 2009;214(7):562-575.  

[12] Ito S, Naito M, Kobayashi Y, Takatsuka H, Jiang S, 

Usuda H, Umezu H, Hasegawa G, Arakawa M, Shultz 

LD, Elomaa O, Tryggvason K. Roles of a macrophage 

receptor with collagenous structure (MARCO) in host 

defense and heterogeneity of splenic marginal zone 

macrophages. Arch Histol Cytol 1999;62(1):83-95. 

[13] Stover CM, Luckett JC, Echtenacher B, Dupont A, 

Figgitt SE, Brown J, Männel DN, Schwaeble WJ. 

Properdin plays a protective role in polymicrobial septic 

peritonitis. J Immunol 2008;180(5):3313-3318. 

[14] Agarwal S, Ferreira VP, Cortes C, Pangburn MK, 

Rice PA, Ram S. An evaluation of the role of properdin in 

alternative pathway activation on Neisseria meningitidis 

and Neisseria gonorrhoeae. J Immunol 2010;18(1):507-

516.  

[15] Carrol MC. The role of complement and complement 

receptors in induction and regulation of immunity. Annu 

Rev Immunol 1998;16:545-568.  

[16] Dahlke K, Wrann CD, Sommerfeld O, Soßdorf M, 

Recknagel P, Sachse S,  Winter SW, Klos A, Stahl 

GL, Ma YX,  Claus RA, Reinhart K, Bauer M,  

Riedemann NC. Distinct different contributions of the 

alternative and classical complement activation pathway 

for the innate host response during sepsis. J Immunol 

2011;186(5):3066-3075. 

[17] Ram S, Lewis LA, Rice PA. Infections of people 

with complement deficiencies and patients who have 

undergone splenectomy. Clin Microbiol Rev 

2010;23(4):740-780.  

[18] Den Haan JM, Kraal G. Innate immune functions of 

macrophage subpopulations in the spleen. J Innate 

Immun 2012;4(5-6):437-445. 

[19] William BM, Thawani N, Sae-Tia S, Corazza GR. 

Hyposplenism: a comprehensive review. Part II. Clinical 

manifestations, diagnosis and management. Hematology 

2007;12(2):89–98. 

[20] Cameron PU, Jones P, Gorniak M, Dunster K, Paul 

E, Lewin S, Woolley I, Spelman D. Splenectomy 

associated changes in IgM memory B cells in an adult 

spleen registry cohort. PLoS ONE 2011;6(8):e23164. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kraal%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16861066
http://www.ncbi.nlm.nih.gov/pubmed?term=Mebius%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16861066
http://www.ncbi.nlm.nih.gov/pubmed/?term=New+Insights+into+the+Cell+Biology+of+the+Marginal+Zone+of+the+Spleen
http://www.ncbi.nlm.nih.gov/pubmed?term=Rauch%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Chudnovskiy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Robbins%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Weber%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Etzrodt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Hilgendorf%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Tiglao%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Figueiredo%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Iwamoto%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Theurl%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Gorbatov%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Waring%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Chicoine%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Chicoine%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Mouded%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Pittet%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Nahrendorf%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Weissleder%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed?term=Swirski%20FK%5BAuthor%5D&cauthor=true&cauthor_uid=22245738
http://www.ncbi.nlm.nih.gov/pubmed/?term=innate+Response+Activator+B+Cells+Protect+Against+Microbial+Sepsis
http://www.ncbi.nlm.nih.gov/pubmed?term=Mebius%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=15777163
http://www.ncbi.nlm.nih.gov/pubmed?term=Nolte%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=15777163
http://www.ncbi.nlm.nih.gov/pubmed?term=Kraal%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15777163
http://www.ncbi.nlm.nih.gov/pubmed/15777163
http://www.ncbi.nlm.nih.gov/pubmed?term=Kerrigan%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=19261355
http://www.ncbi.nlm.nih.gov/pubmed?term=Brown%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=19261355
http://www.ncbi.nlm.nih.gov/pubmed/19261355
http://www.ncbi.nlm.nih.gov/pubmed?term=Ito%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Naito%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Kobayashi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Takatsuka%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Jiang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Usuda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Umezu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Hasegawa%20G%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Arakawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Shultz%20LD%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Shultz%20LD%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Elomaa%20O%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Tryggvason%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10223745
http://www.ncbi.nlm.nih.gov/pubmed/10223745
http://www.ncbi.nlm.nih.gov/pubmed?term=Stover%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=18292556
http://www.ncbi.nlm.nih.gov/pubmed?term=Luckett%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=18292556
http://www.ncbi.nlm.nih.gov/pubmed?term=Echtenacher%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18292556
http://www.ncbi.nlm.nih.gov/pubmed?term=Dupont%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18292556
http://www.ncbi.nlm.nih.gov/pubmed?term=Figgitt%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=18292556
http://www.ncbi.nlm.nih.gov/pubmed?term=Brown%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18292556
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%A4nnel%20DN%5BAuthor%5D&cauthor=true&cauthor_uid=18292556
http://www.ncbi.nlm.nih.gov/pubmed?term=Schwaeble%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=18292556
http://www.ncbi.nlm.nih.gov/pubmed/18292556
http://www.ncbi.nlm.nih.gov/pubmed/18292556
http://www.jimmunol.org/search?author1=Maik+So%C3%9Fdorf&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Maik+So%C3%9Fdorf&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Peter+Recknagel&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Svea+Sachse&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Sebastian+W.+Winter&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Andreas+Klos&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Gregory+L.+Stahl&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Ralf+A.+Claus&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Konrad+Reinhart&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Michael+Bauer&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Niels+C.+Riedemann&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Niels+C.+Riedemann&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Niels+C.+Riedemann&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=Ram%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20930072
http://www.ncbi.nlm.nih.gov/pubmed?term=Lewis%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=20930072
http://www.ncbi.nlm.nih.gov/pubmed?term=Rice%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=20930072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Infections+of+People+with+Complement+Deficiencies+and+Patients+Who+Have+Undergone+Splenectomy
http://www.ncbi.nlm.nih.gov/pubmed?term=den%20Haan%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=22327291
http://www.ncbi.nlm.nih.gov/pubmed?term=Kraal%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22327291
http://www.ncbi.nlm.nih.gov/pubmed/22327291
http://www.ncbi.nlm.nih.gov/pubmed/22327291


Translational Medicine @ UniSa, - ISSN 2239-9747 2013, 6(2): 2-10 
 

9 

Università degli Studi di Salerno 

[21] Wasserstrom H, Bussel J, Lim LCL, Cunningham-

Rundles C. Memory B cells and pneumococcal antibody 

after splenectomy.  J Immunol 2008;181(5):3684–3689. 

[22] Martinez-Gamboa L, Mei H, Loddenkemper C, 

Ballmer B, Hansen A, Lipsky PE, Emmerich F, Radbruch 

A, Salama A, Dörner T. Role of the spleen in peripheral 

memory B-cell homeostasis in patients with autoimmune 

thrombocytopenia purpura. Clin Immunol 

2009;130(2):199-212. 

[23] Cerutti A, Cols M, Puga I. Marginal zone B cells: 

virtues of innate-like antibody-producing lymphocytes. 

Nat Rev Immunol 2013;13(2):118-132.  

[24] Lopes-Carvalho T, Kearney JF. Development and 

selection of marginal zone B cells. Immunol Rev 

2004;197:192-205. 

[25] Morgan TL, Tomich EB. Overwhelming post-

splenectomy infection (OPSI): a case report and review of 

the literature. J Emerg Med 2012;43(4):758-763.  

[26] Waghorn DJ. Overwhelming infection in asplenic 

patients: current best practice preventive measures are not 

being followed. J Clin Pathol 2001;54(3):214-218. 

[27] Schwartz PE, Sterioff S, Mucha P, Melton LJ, Offord 

KP. Postsplenectomy sepsis and mortality in adults. 

JAMA 1982;248(18):2279–2283. 

[28] Bisharat N, Omari H, Lavi I, Raz R. Risk of infection 

and death among post-splenectomy patients. J Infect 

2001;43(3):182–186. 

[29] Brigden ML. Detection, education and management 

of the asplenic or hyposplenic patient. Am Fam Physician 

2001;63(3):499-506, 508. 

[30] Rodeghiero F, Ruggeri M. Short- and long-term risks 

of splenectomy for benign haematological disorders: 

should we revisit the indications? Br J Haematol 

2012;158(1):16-29. 

[31] Davidson RN, Wall RA. Prevention and management 

of infections in patients without a spleen. Clin Microbiol 

Infect 2001;7(12):657-660. 

[32] Sheikha AK, Salih ZT, Kasnazan KH, Khoshnaw 

MK, Al-Maliki T, Al-Azraqi TA, Zafer MH. Prevention 

of overwhelming posts-plenectomy infection in 

thalassemia patients by partial rather than total 

splenectomy. Can J Surg 2007; 50(5): 382–386. 

[33] Hansen K, Singer DB. Asplenic-hyposplenic 

overwhelming sepsis: post-splenectomy sepsis revisited. 

Pediatr Dev Pathol 2001;4(2):105–121. 

[34] Moffett SL. Overwhelming postsplenectomy 

infection: Managing patients at risk. JAAPA 

2009;22(7):26-39. 

[35] Coignard-Biehler H, Lanternier F, de Montalembert 

M, Mahlaoui N, Suarez F, Lecuit M, Lortholary O. 

Infections in splenectomized patient. Rev Prat  2008; 

58(20):2209-2214. 

[36] Corazza GR, Ginaldi L, Zoli G, Frisoni M, Lalli 

G, Gasbarrini G, Quaglino D. Howell-Jolly body counting 

as a measure of splenic function. A reassessment. Clin 

Lab Haematol 1990;12(3):269–275.  

[37] Stoehr GA, Stauffer UG, Eber SW. Near-total 

splenectomy: a new technique for the management of 

hereditary spherocytosis. Ann Surg 2005;241(1):40-47. 

[38] Spencer RP, Gupta SM. The spleen: diagnosis of 

splenic diseases using radiolabeled tracers. Crit Rev Lab 

Sci 1989; 27(4):299–318. 

[39] World Medical Association General Assembly. 

World Medical Association Declaration of Helsinki: 

ethical principles for medical research involving human 

subjects. J Int Bioethique 2004;15(1):124-129. 

[40] Negro G, Rotoli B, De Blasio R, De Renzo A, Rossi 

M, Selleri C. Splenectomy in idiopathic 

thrombocytopenic purpura. Minerva Chir 1986;41(5-

6):331-336. 

[41] Ghanima W, Godeau B, Cines DB, Bussel JB. How I 

treat immune thrombocytopenia: the choice between 

splenectomy or a medical therapy as a second-line 

treatment. Blood 2012;120(5):960-969. 

[42] Sanz MÁ, Vicente García V, Fernández A, López 

MF, Grande C, Jarque I, Martínez R, Mingot ME, 

Monteagudo E, Ribera JM, Valcárcel D; Sociedad 

Española de Hematología y Hemoterapia; Sociedad 

Española de Hematología y Oncología Pediátricas. 

Guidelines for diagnosis, treatment and monitoring of 

primary immune thrombocytopenia. Med Clin 

2012;138(6):261-278. 

[43] Dekker PT, Propp RP. Functional asplenia in 

idiopathic thrombocytopenic purpura. N Y State J Med 

1977;77(14):2282-2285. 

[44] Kato GJ. Vascular complications after splenectomy 

for hematologic disorders. Blood 2009; 114(26): 5404.  

[45] Michel M. Classification and therapeutic approaches 

in autoimmune hemolytic anemia: an update. Expert Rev 

Hematol 2011;4(6):607–618. 

[46] Lechner K, Jager U. How I treat autoimmune 

hemolytic anemias in adults. Blood 2010;116(11):1831-

1838. 

[47] Crowther M, Tracey Chan YL, Garbett IK, Lim W, 

Vickers MA, Crowther MA. Evidence-based focused 

review of the treatment of the idiopathic warm immune 

hemolytic anemia in adults. Blood 2011;118(15):4036-

4040. 

[48] Willett AB, Grantham VV. Determination of 

hemolytic anemia through the study of (51)Cr red cell 

survival and splenic sequestration. J Nucl Med Technol 

2008;36(2):95-98.  

[49] Pearson HA, McIntosh S, Ritchey AK. 

Developmental aspects of splenic function in sickle cell 

anemia. Blood 1979;53(3):358–365. 

[50] Oliveira MC, Fernandes RA,  Rodrigues CL, Ribeiro 

DA, Giovanardi MF, Viana MB. Clinical course of 63 

children with hereditary spherocytosis: a retrospective 

study. Rev Bras Hematol Hemoter 2012;34(1):9-13. 

[51] Casale M, Perrotta S. Splenectomy for hereditary 

spherocytosis: complete, partial or not at all? Expert Rev 

Hematol 2011;4(6):627-635. 

[52] Rhodes M, Rudd M, O'Rourke N, Nathanson L, 

Fielding G. Laparoscopic splenectomy and lymph node 

biopsy for hematologic disorders. Ann Surg 1995; 222(1): 

43–46.  

[53] Naik RR, Saven A. My treatment approach to hairy-

cell leukemia. Mayo Clin Proc. 2012;87(1):67-76.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Cerutti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23348416
http://www.ncbi.nlm.nih.gov/pubmed?term=Cols%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23348416
http://www.ncbi.nlm.nih.gov/pubmed?term=Puga%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23348416
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marginal+zone+B+cells%3A+virtues+of+innate-like+antibody-producing+lymphocytes
http://www.ncbi.nlm.nih.gov/pubmed?term=Lopes-Carvalho%20T%5BAuthor%5D&cauthor=true&cauthor_uid=14962196
http://www.ncbi.nlm.nih.gov/pubmed?term=Kearney%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=14962196
http://www.ncbi.nlm.nih.gov/pubmed/?term=Development+and+selection+of+marginal+zone+B+cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Morgan%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=22726665
http://www.ncbi.nlm.nih.gov/pubmed?term=Tomich%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=22726665
http://www.ncbi.nlm.nih.gov/pubmed/22726665
http://www.ncbi.nlm.nih.gov/pubmed?term=Brigden%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=11272299
http://www.ncbi.nlm.nih.gov/pubmed/11272299
http://www.ncbi.nlm.nih.gov/pubmed?term=Davidson%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=11843905
http://www.ncbi.nlm.nih.gov/pubmed?term=Wall%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=11843905
http://www.ncbi.nlm.nih.gov/pubmed/11843905
http://www.ncbi.nlm.nih.gov/pubmed/11843905
http://www.ncbi.nlm.nih.gov/pubmed?term=Sheikha%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=18031639
http://www.ncbi.nlm.nih.gov/pubmed?term=Salih%20ZT%5BAuthor%5D&cauthor=true&cauthor_uid=18031639
http://www.ncbi.nlm.nih.gov/pubmed?term=Kasnazan%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=18031639
http://www.ncbi.nlm.nih.gov/pubmed?term=Khoshnaw%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=18031639
http://www.ncbi.nlm.nih.gov/pubmed?term=Khoshnaw%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=18031639
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Maliki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18031639
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Azraqi%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=18031639
http://www.ncbi.nlm.nih.gov/pubmed?term=Zafer%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=18031639
http://www.ncbi.nlm.nih.gov/pubmed?term=Coignard-Biehler%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19209650
http://www.ncbi.nlm.nih.gov/pubmed?term=Lanternier%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19209650
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Montalembert%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19209650
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Montalembert%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19209650
http://www.ncbi.nlm.nih.gov/pubmed?term=Mahlaoui%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19209650
http://www.ncbi.nlm.nih.gov/pubmed?term=Suarez%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19209650
http://www.ncbi.nlm.nih.gov/pubmed?term=Lecuit%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19209650
http://www.ncbi.nlm.nih.gov/pubmed?term=Lortholary%20O%5BAuthor%5D&cauthor=true&cauthor_uid=19209650
http://www.ncbi.nlm.nih.gov/pubmed/19209650
http://www.ncbi.nlm.nih.gov/pubmed?term=Corazza%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=2125541
http://www.ncbi.nlm.nih.gov/pubmed?term=Ginaldi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=2125541
http://www.ncbi.nlm.nih.gov/pubmed?term=Zoli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=2125541
http://www.ncbi.nlm.nih.gov/pubmed?term=Frisoni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=2125541
http://www.ncbi.nlm.nih.gov/pubmed?term=Lalli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=2125541
http://www.ncbi.nlm.nih.gov/pubmed?term=Lalli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=2125541
http://www.ncbi.nlm.nih.gov/pubmed?term=Gasbarrini%20G%5BAuthor%5D&cauthor=true&cauthor_uid=2125541
http://www.ncbi.nlm.nih.gov/pubmed?term=Quaglino%20D%5BAuthor%5D&cauthor=true&cauthor_uid=2125541
http://www.ncbi.nlm.nih.gov/pubmed?term=Stoehr%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=15621989
http://www.ncbi.nlm.nih.gov/pubmed?term=Stauffer%20UG%5BAuthor%5D&cauthor=true&cauthor_uid=15621989
http://www.ncbi.nlm.nih.gov/pubmed?term=Eber%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=15621989
http://www.ncbi.nlm.nih.gov/pubmed/15621989
http://www.ncbi.nlm.nih.gov/pubmed?term=World%20Medical%20Association%20General%20Assembly%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/15835069
http://www.ncbi.nlm.nih.gov/pubmed?term=Negro%20G%5BAuthor%5D&cauthor=true&cauthor_uid=3725059
http://www.ncbi.nlm.nih.gov/pubmed?term=Rotoli%20B%5BAuthor%5D&cauthor=true&cauthor_uid=3725059
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20Blasio%20R%5BAuthor%5D&cauthor=true&cauthor_uid=3725059
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20Renzo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=3725059
http://www.ncbi.nlm.nih.gov/pubmed?term=Rossi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=3725059
http://www.ncbi.nlm.nih.gov/pubmed?term=Rossi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=3725059
http://www.ncbi.nlm.nih.gov/pubmed?term=Selleri%20C%5BAuthor%5D&cauthor=true&cauthor_uid=3725059
http://www.ncbi.nlm.nih.gov/pubmed/3725059
http://www.ncbi.nlm.nih.gov/pubmed?term=Sanz%20M%C3%81%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=Vicente%20Garc%C3%ADa%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A1ndez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%B3pez%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%B3pez%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=Grande%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=Jarque%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=Mingot%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=Monteagudo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=Ribera%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=Valc%C3%A1rcel%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22257609
http://www.ncbi.nlm.nih.gov/pubmed?term=Sociedad%20Espa%C3%B1ola%20de%20Hematolog%C3%ADa%20y%20Hemoterapia%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Sociedad%20Espa%C3%B1ola%20de%20Hematolog%C3%ADa%20y%20Hemoterapia%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Sociedad%20Espa%C3%B1ola%20de%20Hematolog%C3%ADa%20y%20Oncolog%C3%ADa%20Pedi%C3%A1tricas%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Sociedad%20Espa%C3%B1ola%20de%20Hematolog%C3%ADa%20y%20Oncolog%C3%ADa%20Pedi%C3%A1tricas%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kato%20GJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Willett%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=18483142
http://www.ncbi.nlm.nih.gov/pubmed?term=Grantham%20VV%5BAuthor%5D&cauthor=true&cauthor_uid=18483142
http://www.ncbi.nlm.nih.gov/pubmed/18483142
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Oliveira%20MC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Fernandes%20RA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Rodrigues%20CL%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Ribeiro%20DA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Giovanardi%20MF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Viana%20MB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/23049376
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rhodes%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rudd%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Rourke%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nathanson%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fielding%20G%5Bauth%5D


Translational Medicine @ UniSa, - ISSN 2239-9747 2013, 6(2): 2-10 
 

10 

Università degli Studi di Salerno 

[54] Tefferi A. How I treat myelofibrosis. Blood 

2011;117(13):3494-3504.  

[55] Spelman D, Buttery J, Daley A, Isaacs D, Jennens I, 

Kakakios A, Lawrence R, Roberts S, Torda A, Watson 

DAR, Woolley I, Anderson T, Street A. Guidelines for the 

prevention of sepsis in asplenic and hyposplenic patients. 

Internal Medicine Journal 2008;38(5):349–356. 

[56] Melles DC, de Marie S. Prevention of infections in 

hyposplenic and asplenic patients: an update. Neth J Med 

2004;62(2):45–52. 

[57] Brigden ML, Pattullo AL. Prevention and 

management of overwhelming post-splenectomy infection 

- an update. Crit Care Med 1999;27(4):836–842. 

[58] Kaplinsky C, Spirer Z. Post-splenectomy antibiotic 

prophylaxis--unfinished story: to treat or not to treat? 

Pediatr Blood Cancer 2006;47(5):740-741. 

[59] Brigden ML, Pattullo AL, Brown G. Pneumococcal 

vaccine administration associated with splenectomy: the 

need for improved education, documentation, and the use 

of a practical checklist. Am J Hematol 2000;65(1):25–29. 

[60] Davies JM, Lewis MP, Wimperis J, Rafi I, Ladhani 

S, Bolton-Maggs PH. Review of guidelines for the 

prevention and treatment of infection in patients with an 

absent or dysfunctional spleen: prepared on behalf of the 

British Committee for Standards in Haematology by a 

working party of the Haemato-Oncology task force. Br J 

Haematol 2011;155(3):308-317.  

[61] Shatz DV. Vaccination considerations in the asplenic 

patient. Expert Rev Vaccines 2005;4(1):27–34. 

[62] Coignard-Biehler H, Lanternier F, Hot A, Salmon D, 

Berger A, de Montalembert M, Suarez F, Launay O, 

Lecuit M, Lortholary O. Adherence to preventive 

measures after splenectomy in the hospital setting and in 

the community. J Infect Public Health 2011; 4(4):187-

194. 

[63] Dellinger RP, Levy MM, Rhodes A, Annane D, 

Gerlach H, Opal SM, Sevransky JE, Sprung CL, Douglas 

IS, Jaeschke R, Osborn TM, Nunnally ME, Townsend SR, 

Reinhart K, Kleinpell RM, Angus DC, Deutschman CS, 

Machado FR, Rubenfeld GD, Webb S, Beale RJ, Vincent 

JL, Moreno R. Surviving Sepsis Campaign Guidelines 

Committee including The Pediatric Subgroup. Surviving 

sepsis campaign: international guidelines for management 

of severe sepsis and septic shock, 2012. Intensive Care 

Med 2013;39(2):165-228.  

[64] Crary SE, Ramaciotti C, Buchanan GR. Prevalence 

of pulmonary hypertension in hereditary spherocytosis. 

Am J Hematol 2011;86(12):73-76.  

[65] Crary SE, Buchanan GR. Vascular complications 

after splenectomy for hematologic disorders. Blood 

2009;114(14):2861-2868.  

[66] Purcell PL, Crary SE, Adix LM, Alder AC, 

Buchanan GR. Postsplenectomy vascular complications: 

Feasibility of studying patients with splenectomy 

following trauma. Am J Hematol 2009;84(5):316-317.  

[67] Kang CM, Lee JG, Kim KS, Choi JS, Lee WJ, Kim 

BR, Ko YW, Han JS, Min YH. Long-term follow-up of 

laparoscopic splenectomy in patients with immune 

thrombocytopenic purpura. J Korean Med Sci 

2007;22(3):420-424. 

[68] Boone BA, Wagner P, Ganchuk E, Evans L, Evans S, 

Zeh HJ, Bartlett DL, Holtzman MP. Single-incision 

laparoscopic splenectomy: preliminary experience in 

consecutive patients and comparison to standard 

laparoscopic splenectomy. Surg Endosc 2013;27(2):587-

592.  

[69] Corazza GR, Tarozzi C, Vaira D, Frisoni M, 

Gasbarrini G. Return of splenic function after 

splenectomy: how much tissue is needed? Br Med J 

1984;289(6449):861-864. 

[70] EI-Alfy M, El-Sayed M. Overwhelming post-

splenectomy infection: is quality of patient knowledge 

enough for prevention? Haematol J 2004;5(1):77–80. 

 

 

 

 
 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Tefferi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21200024
http://www.ncbi.nlm.nih.gov/pubmed/21200024
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaplinsky%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16933244
http://www.ncbi.nlm.nih.gov/pubmed?term=Spirer%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16933244
http://www.ncbi.nlm.nih.gov/pubmed/16933244
http://www.ncbi.nlm.nih.gov/pubmed?term=Davies%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=21988145
http://www.ncbi.nlm.nih.gov/pubmed?term=Lewis%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=21988145
http://www.ncbi.nlm.nih.gov/pubmed?term=Wimperis%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21988145
http://www.ncbi.nlm.nih.gov/pubmed?term=Rafi%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21988145
http://www.ncbi.nlm.nih.gov/pubmed?term=Ladhani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21988145
http://www.ncbi.nlm.nih.gov/pubmed?term=Ladhani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21988145
http://www.ncbi.nlm.nih.gov/pubmed?term=Bolton-Maggs%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=21988145
http://www.ncbi.nlm.nih.gov/pubmed/21988145
http://www.ncbi.nlm.nih.gov/pubmed/21988145
http://www.ncbi.nlm.nih.gov/pubmed/23361625
http://www.ncbi.nlm.nih.gov/pubmed/23361625
http://www.ncbi.nlm.nih.gov/pubmed/23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Crary%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=21953840
http://www.ncbi.nlm.nih.gov/pubmed?term=Ramaciotti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21953840
http://www.ncbi.nlm.nih.gov/pubmed?term=Buchanan%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=21953840
http://www.ncbi.nlm.nih.gov/pubmed/21953840
http://www.ncbi.nlm.nih.gov/pubmed?term=Crary%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=19636061
http://www.ncbi.nlm.nih.gov/pubmed?term=Buchanan%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=19636061
http://www.ncbi.nlm.nih.gov/pubmed/19636061
http://www.ncbi.nlm.nih.gov/pubmed?term=Purcell%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=19338046
http://www.ncbi.nlm.nih.gov/pubmed?term=Crary%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=19338046
http://www.ncbi.nlm.nih.gov/pubmed?term=Adix%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=19338046
http://www.ncbi.nlm.nih.gov/pubmed?term=Alder%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=19338046
http://www.ncbi.nlm.nih.gov/pubmed?term=Buchanan%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=19338046
http://www.ncbi.nlm.nih.gov/pubmed/19338046
http://www.ncbi.nlm.nih.gov/pubmed?term=Boone%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=22936437
http://www.ncbi.nlm.nih.gov/pubmed?term=Wagner%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22936437
http://www.ncbi.nlm.nih.gov/pubmed?term=Ganchuk%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22936437
http://www.ncbi.nlm.nih.gov/pubmed?term=Evans%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22936437
http://www.ncbi.nlm.nih.gov/pubmed?term=Evans%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22936437
http://www.ncbi.nlm.nih.gov/pubmed?term=Zeh%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=22936437
http://www.ncbi.nlm.nih.gov/pubmed?term=Bartlett%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=22936437
http://www.ncbi.nlm.nih.gov/pubmed?term=Holtzman%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=22936437
http://www.ncbi.nlm.nih.gov/pubmed/22936437
http://www.ncbi.nlm.nih.gov/pubmed?term=Corazza%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=6434114
http://www.ncbi.nlm.nih.gov/pubmed?term=Tarozzi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=6434114
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaira%20D%5BAuthor%5D&cauthor=true&cauthor_uid=6434114
http://www.ncbi.nlm.nih.gov/pubmed?term=Frisoni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=6434114
http://www.ncbi.nlm.nih.gov/pubmed?term=Gasbarrini%20G%5BAuthor%5D&cauthor=true&cauthor_uid=6434114
http://www.ncbi.nlm.nih.gov/pubmed/6434114
http://www.ncbi.nlm.nih.gov/pubmed/6434114

