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Abstract: Although spleen preservation surgery and non-operative management are firstline treatment options, total splenectomy is frequently performed. Splenectomy is performed
for a number of indications including idiopathic thrombocytopenic purpura, high-energetic
trauma, and hematological malignancy. Following splenectomy, patients are at risk for overwhelming post-splenectomy infection (OPSI), a syndrome that presents with mild symptoms
at onset but irreversible multi-organ-failure occurs within hours to days. Since the spleen
plays an important role in the immune response to polysaccharide antigens, encapsulated
bacteria such as pneumococci are the most frequently described causative organisms of OPSI.
Although the incidence of OPSI is low, the associated mortality is reported to be as high
as 80%. Because of the overwhelming and frequently irreversible nature of this syndrome,
prophylactic measures to prevent OPSI have been recommended. These recommendations
include vaccination, use of antibiotics, and continuous patient education. After splenectomy,
patients should receive immunizations against the encapsulated bacteria S. pneumoniae,
H. influenza, and N. meningitidis. Antibiotic therapy should include prophylaxis as well as
“on-demand” antibiotics when infection is suspected. Importantly, patients should receive
ongoing education regarding the risks associated with asplenia and precautions to take when
infection occurs and when traveling.
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The spleen has two major functions: (1) filtering and storing of blood cells, and
(2) promoting a coordinated immune response to systemic pathogens. Based on its
location in circulation combined with its unusual structure of a lymphoid-like compartment, the spleen has a unique architecture designed for these tasks while ensuring
optimal immunological surveillance of the bloodstream.
The spleen consists of red pulp, white pulp, and the marginal zone, and is surrounded by a fibrous capsule of connective tissue.1 Red pulp is a complex network
of arterioles; arterial blood arrives in cords that form an open blood system without
endothelial lining. Blood then passes into the venous sinuses, which ultimately collects into the efferent vena lienalis. Sinuses contain stress-fibers, which are capable of
forming slits when contracted. Aging erythrocytes, which have stiffened membranes,
have difficulty passing through these slits and become trapped and phagocytosed by
red pulp macrophages.2 Old or damaged erythrocytes, as well as foreign particulate
matter, are thus filtered from circulating blood. Furthermore, contracted stress-fibers
have been suggested to aid in sustaining a reservoir of red cells. Erythrophagocytosis
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is also important in the recycling of iron, and the red pulp
contributes to facilitating iron metabolism.1
White pulp, which performs immunological functions
in the spleen, contains B and T cells. Its architecture is very
similar to that of lymph nodes. In the T cell zone, T cells
interact with dendritic cells and passing B cells, whereas
in B cell-follicles, clonal expansion of activated B cells
can take place, leading to isotype switching and somatic
hypermutation. T and B cells from circulation are directed
to their specific zones by chemokines.3,4
Between the red and the white pulp lies the marginal
zone; lymphocytes continuously migrate from blood into
white pulp and back, making the marginal zone a transit area
where efficient identification of antigens and pathogens can
take place. Specific populations of cells reside in the marginal
zone (MZ), including MZ macrophages and MZ B cells. MZ
macrophages have the unique capacity to directly capture
whole encapsulated bacteria from circulation by binding
specific polysaccharide antigens.5,6 MZ macrophages and
MZ B cells can subsequently directly interact with each
other.7,8 MZ B cells can be activated by pathogen-degradation
products, but are also specialized to detect blood-borne
pathogens. They either respond swiftly by differentiating into
IgM-producing plasma cells or gain the capacity to function
as APCs and present antigens to the adaptive immune system
in the nearby white pulp.9,10 Additionally, blood-borne dendritic cells that are temporarily present in the MZ are induced
to migrate into white pulp upon activation and are thus
responsible for initiating the adaptive immune response.1
After T cell activation by APCs in white pulp, B cells switch
their isotype within B cell follicles and migrate back to the
red pulp or remain in splenic germinal centers.11

Immunological defects after splenectomy
The crucial role of the spleen in protecting against pathogens
became clear when King and Schumacker described a series of
case reports in 1952 showing that after splenectomy, children
experienced life-threatening infections.12 Their report demonstrated an association between splenectomy and fulminant,
lethal sepsis established knowledge regarding increased
susceptibility, particularly for encapsulated bacteria.13–15
Immunological defects after splenectomy are due to
decreased clearance of particulate antigens from the circulation, diminished clearance of opsonized bacterial antigens,
diminished primary humoral response to neoantigens, and
diminished antibody response to polysaccharides. 1 The
principal problem encountered after splenectomy, however,
is associated with impaired clearance of poorly opsonized

20

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

antigens, such as encapsulated bacteria. The polysaccharide
capsule impedes opsonization through immunoglobulins or
complement upon entering the circulation. The spleen is
much more efficient in removing these poorly opsonized
pathogens than any other organ, including the liver.
Furthermore, IgM memory B cells, which are responsible
for protecting against infection from encapsulated bacteria,
require the spleen for their survival. IgM memory B cells
are undetectable in splenectomized patients.16 Collectively,
all of these immunological defects contribute to decreased
clearance of encapsulated organisms, which can result in
severe and overwhelming intravascular infection.

Diminished splenic function
Splenectomy is the most obvious cause of asplenia. In contrast, congenital asplenia is a rare and often unrecognized
condition. In addition to the asplenic state, a large group
of patients have hyposplenia, in which the spleen remains
in the body but is dysfunctional. The underlying causes of
hyposplenia are heterogeneous and are not well-understood.
The best described cohort with hyposplenia or functional
asplenia is patients with sickle cell disease. It is well-known
that patients with sickle cell disease are susceptible to pneumococcal infection, particularly children under the age of
three years. Splenic function decreases rapidly during this
disease because vaso-occlusive sickling in the splenic sinuses
results in splenic auto-infarction and atrophy. The incidence
of pneumococcal disease in children decreased dramatically
(by approximately 90%) after introduction of pneumococcal vaccination into the routine childhood immunization
schedule.17 Previously, it was shown that when these children
received penicillin prophylaxis, the pneumococcal infection
rate decreased by 84%.18 Other diseases known to be associated with diminished splenic function include inflammatory
bowel disease (Crohn’s disease and ulcerative colitis)19,20 and
Celiac disease.20–23
Unfortunately, to date, there is no common diagnostic
method for evaluating splenic function. Large studies comparing methods available for testing splenic function, as well
as the sensitivity and specificity of these methods in various
patient populations have not been conducted. Recently,
literature regarding how to measure splenic function was
reviewed and it was concluded that 99 mTc-labelled heataltered autologous erythrocyte scintigraphy combined with
multimodality SPECT-CT appears to be the best approach
since all facets of splenic function are evaluated using these
methods.24 Unfortunately, the population of hyposplenic
patients is too large to screen using scintigraphy. Therefore, a
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cheaper, simpler, more accessible method is necessary. In the
literature, determining the percentage of pitted erythrocytes
(erythrocytes with membrane irregularities) in patients with
potential hyposplenia may serve this purpose;25,26 however,
evaluating other or potentially new (immunological) markers
remains necessary. Importantly, the absence of Howell Jolly
bodies, a commonly used marker for determining splenic
function, is not indicative of normal spleen function.27,28 The
presence of Howell Jolly bodies, however, should prompt
further diagnostic evaluation of splenic function.
Therefore, most patients with hyposplenia, as well as their
physicians, are not well-informed regarding splenic function
and the potentially increased susceptibility for infection.
Immunological defects after spleen-preserving surgery such
as splenic embolization are unknown.29

Preventing infection
Post-splenectomy sepsis
As described above, when the spleen is removed, patients
are at an overwhelming risk of developing intravascular
infection. This syndrome is referred to as overwhelming
post-splenectomy infection (OPSI) or post-splenectomy
sepsis and is characterized by a mild onset with flu-like
symptoms such as low grade fever, chills, muscle aches,
and nausea. However, subsequent rapid deterioration may
occur over the course of hours rather than days, leading to
fulminant sepsis, disseminated intravascular coagulation, and
multi-organ failure.30 The incidence of OPSI is estimated to
be only 2–5 per 1000 asplenic patients per year,31 whereas
the lifetime risk for developing OPSI is estimated to be 5%.32
Although more than half of these infections occur within
the first two years after splenectomy, this increased risk is
life-long.33,34 Although the incidence is low, mortality associated with OPSI is high. Reported values in the literature
vary between 50% and 70%.34,35 Importantly, 68% of patients
die within the first 24 hours, and 80% within 48 hours after
disease onset.35
The risk for developing OPSI varies among different
patient groups. Age is an important factor, and the young and
elderly are at the highest risk. Furthermore, the primary indication for splenectomy influences OPSI incidence; patients
undergoing splenectomy for trauma have a relatively low
risk of OPSI, whereas patients undergoing splenectomy for
spherocytosis, idiopathic thrombocytopenic purpura, or portal
hypertension are at an intermediate risk. The highest risk of
OPSI is associated with splenectomy for thalassemia and
Hodgkin lymphoma.36 The large and inhomogeneous group of
patients with (potential) functional asplenia, including patients
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with sickle cell disease, celiac disease, or inflammatory bowel
disease, should be considered to be at risk for OPSI.
Encapsulated bacteria are the primary causative organisms of OPSI. Streptococcus pneumoniae causes 70% of
bacteraemic episodes following splenectomy.35 Other pathogens associated with OPSI include Haemophilus influenzae,
Neisseria meningitidis (meningococcus), Escherichia coli,
and Pseudomonas spp.
Preventing overwhelming sepsis in patients with asplenia is relatively uncomplicated. Patients can be vaccinated
against these microorganisms to prevent pneumococcal,
meningococcal, or H. influenzae disease. Furthermore, antibiotics are available for treating overwhelming sepsis. Since
OPSI can rapidly progress into fulminant disease, patients
should begin therapy at the first symptoms of infection by
taking antibiotics that are kept at home and seek medical help
immediately. There have been recommendations published
in international literature,37,38 but most studies also show
that these recommendations are not being followed.39–42 The
most important barrier preventing physicians from adhering
to best-practice procedures is the lack of uniform guidelines
for patients without a spleen. Other reported barriers include
unclear responsibilities between inpatient and outpatient
caregivers and lack of communication between hospital
specialists and general practitioners.43

Recommendations for patients
after splenectomy
General recommendations for preventing invasive disease
after splenectomy are trifold and include the following:
(1) immunizations, (2) antibiotic prophylaxis and therapy,
and (3) patient education.37,44 Moreover, patients should be
vaccinated against the encapsulated bacteria S. pneumoniae,
H. influenzae B, and N. meningitidis C, as well as receive
annual influenza vaccination.
Pneumococcal vaccination consists of a combined
schedule of a conjugated vaccine (with the highest available
number of pneumococcal serotypes) and polysaccharide
vaccination. Immunization against H. influenzae B and N.
meningitidis C is recommended for all asplenic patients if not
previously administered. The type of meningococcal vaccine
that should be administered in asplenic or hyposplenic adults
depends on the epidemiology of the disease-causing strains
of N. meningitidis in each country. In Western Europe, it is
generally advised to immunize against serotype C; however,
when travelling further abroad, the quadrivalent conjugate
vaccine (against serotypes A, C, Y, and W135) is recommended to be used as a complement.
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Lastly, all asplenic patients should receive annual
influenza immunization to prevent secondary bacterial
infection. Timing of immunizations should ideally occur
prior to splenectomy, preferably at least two weeks, since the
immune response to vaccination is partially dependent on
the spleen.37,44 In cases of urgent or inadvertent splenectomy,
it is recommended to wait for an interval of at least 2 weeks
after the surgery before immunization since titer responses
have been shown to increase by that time.45
Furthermore, patients should use continuous prophylactic
antibiotic therapy during the first 2 years after splenectomy
since more than half of all septic episodes occur within this
time period. Moreover, patients always should have “ondemand” antibiotics in their possession to use in case of
(suspected) infection. Since OPSI can be irreversible within
hours, patients should take these antibiotics immediately and
subsequently seek medical advice.
Considering local resistance patterns per country, in
Europe, it is generally advised to use penicillin. Notably,
some controversy exists, particularly regarding the benefit
of antibiotic prophylactic use in adults as opposed to children, development of bacterial resistance, and treating viral
infections using antibiotics. Moreover, data examining new
pneumococcal vaccination schedules (ie, polysaccharide
vaccine combined with a conjugated vaccine), are not yet
available but are expected to be more effective. In time, these
combined immunizations may yield more limited usefulness
of continuous prophylaxis. In absence of these data, however,
treatment using antibiotics is still considered to be a valuable
recommendation.
Potentially even more importantly than the chemoprophylaxis described above, patients should be educated
regarding the infectious risks associated with asplenia.
Informing patients is an important and effective strategy in
preventing OPSI46 and should not be a one-time event but
information should be given repeatedly. Specific recommendations for patients include being sure to acquire immunizations, to use antibiotics instantly, and seek medical help in
case of fever or chills, undergo physical examination by a
physician in case of illness, and seek expert advice when
traveling to areas where pathogens causing severe diseases
(ie, malaria, babesiosis) are endemic.37,47–49 Furthermore,
splenic patients are recommended to carry a Medical Alert
symbol to ensure that adequate therapy is provided.

Efficacy of vaccines in asplenic patients
The efficacy of vaccination during asplenia shows variable
results. Some studies have shown a limited rise of antibody
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titers following immunization when the spleen has been
removed, whereas others show adequate induction of protective antibody levels following splenectomy.50–54 Therefore,
immunization should take place before splenectomy. If this
is not possible, vaccination should not take place for at least
two weeks after the surgery. Polysaccharide pneumococcal
immunization during asplenia may not be as potent as conjugated vaccines since the response to capsular polysaccharides
is completely dependent on the spleen. Additionally, not all
potentially causative pneumococcal serotypes are covered
within the vaccines. Therefore, a combined strategy of
immunizations and adequate use of antibiotics, reinforced
by well-informed patients, is probably the most effective
method for preventing OPSI.

Conclusion
Patients who undergo splenectomy or those with hyposplenic
function are at risk for overwhelming post-splenectomy
infection, which has a high mortality rate. Preventive measures include vaccination against encapsulated bacteria, use
of antibiotic prophylaxis and therapy, and ongoing patient
education. Unfortunately, in absence of uniform guidelines,
preventive measures are repeatedly reported to be inadequately practiced. The availability of a guideline to ensure
that caregivers and patients are well-informed regarding the
need for immunizations, combined with adequate use of
antibiotic therapy and prophylaxis, as well as measurements
to take upon travelling, is likely the most effective method
for improving the quality of care for asplenic patients and
reducing the number of fatal infections.
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