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ABSTRACT

urgical removal of the spleen, splenectomy, is a procedure that has significantly decreased in frequency
s our understanding of the infectious complications of the asplenic state increased. The full spectrum and
etails of splenic function, however, have yet to be fully outlined. As a result, our comprehension of the
ong-term consequences of splenectomy remains incomplete. We review the evidence relating to the effects
f splenectomy on infection, malignancy, thrombosis, and transplantation. Perhaps the best-defined and
ost widely understood complication of splenectomy is the asplenic patient’s susceptibility to infection.

n response to this concern, novel techniques have emerged to attempt to preserve splenic function in those
atients for whom surgical therapy of the spleen is necessary. The efficacy of these techniques in preserving
plenic function and staving off the complications associated with splenectomy is also reviewed in this article.
 2008 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2008) 121, 371-375
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he spleen is well known to be the largest lymphoid organ
n the body. Unlike the lymph nodes, however, the spleen
oes not receive drainage from the lymphatic system but is
ather connected to the systemic circulation. The spleen’s
unctions are many, but they are generally in 1 of 4 cate-
ories: filtration, immunologic, reservoir, and hematopoi-
tic functions. In terms of immunologic function, the spleen
s only one of many organs, such as lymph nodes and liver,
hat provide immune protection to the body. Many of the
pleen’s immunologic functions, therefore, are in common
ith these other immunologic organs. On the other hand,

everal immunologic roles are uniquely exercised by the
pleen. For example, the spleen is more efficient at remov-
ng non-opsonized bacteria, mostly encapsulated organisms,
han is the liver.1 It is the main site of immunoglobulin-M
ntibody synthesis. Serum immunoglobulin-M levels have
een shown to decrease significantly after splenectomy.2

he spleen is also the main site of the opsonins tuftsin and
roperdin synthesis.3 Serum tuftsin levels have been shown
o decrease after splenectomy,4 and tuftsin deficiency may
recede overt hyposplenism in conditions leading to functional
splenia.5 It is this specificity in splenic function, along with
he lack of ability of other organs to compensate, that renders
he asplenic state ripe with immunologic sequelae.

Requests for reprints should be addressed to Ali Cadili, MD, University
f Alberta Hospital, Edmonton T6G 2B7, Alberta, Canada.
t: acadili@ualberta.ca

ront matter © 2008 Elsevier Inc. All rights reserved.
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Splenectomy is frequently preformed for a multitude of
easons, including trauma and various pathologic processes.
lunt abdominal trauma remains the most common indica-

ion for splenectomy, but patients with a variety of hema-
ologic disorders also benefit from this procedure. In addi-
ion, splenectomy also is performed in cases of iatrogenic
njury and involvement by adjacent pathologic processes,
or diagnostic purposes, and for relief of hypersplenism or
plenomegaly. Although some of the infectious complica-
ions are well known, efforts have mounted in clarifying
ther consequences of asplenia. Such consequences may
nclude effects on malignancy, transplantation, and throm-
osis. Awareness of the infectious sequelae of splenectomy
as increased the emphasis on nonoperative management of
plenic injuries. In addition, a multitude of techniques to
reserve splenic function, especially in children, have sur-
aced in cases in which splenic trauma/pathology cannot
e safely observed. Examples of such techniques include
plenic repair, partial splenectomy, partial splenic angioem-
olization, and splenic autotransplantation. The exact effi-
acy of such efforts in staving off the complications asso-
iated with total splenectomy has generated controversy. In
his review, we examine the consequences of splenectomy
s they relate to 4 key areas: infection, cancer, thrombosis,
nd transplantation. We also examine the evidence concern-
ng the role of spleen-preserving procedures in mitigating

hose complications.
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NFECTION
splenia has been known to predispose one to infection.6 A
articularly significant and specific infectious complication
f splenectomy is overwhelming postsplenectomy infec-
ion.7 This is caused by encapsulated organisms such as Strep-
ococcus pneumoniae, Neisseria
eningitidis, and Hemophilus in-
uenzae type B. This condition,
hich occurs at an annual fre-
uency rate of 0.5% in patients
ostsplenectomy,8 is associated
ith a 50% mortality rate.7 The

isk of overwhelming postsple-
ectomy infection increases with
ounger age at the time of sple-
ectomy and reduced time inter-
al from splenectomy.8 Although
he risk is highest in the first 2
ears after splenectomy, patients
re thought to harbor a lifelong,
lbeit undefined, risk of develop-
ng the condition. Several methods
ave been shown to be effective
n preventing overwhelming post-
plenectomy infection in patients
ostsplenectomy. Such methods
nclude patient education, pro-
hylactic antibiotics, and vaccina-
ion against encapsulated bacteria.

ultiple reviews, however, have
ocumented that the implementa-
ion of such methods has been widely variable and generally
uboptimal.9 Also, the optimal duration of antibiotic pro-
hylaxis in patients postsplenectomy has yet to be deter-
ined. Thus, overwhelming postsplenectomy infection re-
ains a menacing problem in the asplenic patient.
In addition to encapsulated organisms, the asplenic pa-

ient is at an increased risk for the development of other
ypes of infections. Gram-negative organisms, Capnocyto-
haga canimorsus, and intraerythrocytic parasites, such as
abesia microti and Plasmodia falciparum, have all been

mplicated as presenting a higher risk than average in sple-
ectomized patients.10 The risk of infectious complications
s the most widely understood among the features defining
he unique postsplenectomy state.

ALIGNANCY
he question of whether asplenia predisposes one to in-
reased cancer growth or recurrence has been the subject of
onsiderable investigation. Numerous experimental studies
n animals have examined the role of splenectomy on tumor
rowth and progression. Generally these studies have pro-
ided support for some role of splenectomy in carcinogen-
sis. Many of these studies have affirmed a time-sensitive
ffect of splenectomy on tumor growth but have yielded
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onflicting results on the exact nature of this effect. Some s
ave demonstrated accelerated tumor growth when splenec-
omy is performed late after tumor transplantation and re-
arded growth when it is performed before or early after
umor transplantation.11 One study found that splenectomy
erformed early after the development of melanoma in mice

reduced tumor growth and in-
creased mouse survival, but when
performed long before melanoma
development it had no effect.12

Another study found that a small
amount of tumor cells relative
to spleen cells stimulated tumor
growth, whereas a large amount of
tumor cells relative to spleen cells
inhibited tumor growth.13 Other
studies performed on rats with
mammary tumors revealed that
splenectomy inhibits malignant de-
generation of benign tumors but
does not retard established car-
cinogenesis.14 Firm conclusions
based on these animal studies re-
main elusive given the different
methodologies, animal subjects,
and tumors studied. In addition,
the extrapolation of these find-
ings to human subjects remains
problematic.

Few clinical studies on humans
have examined the effect of sple-
nectomy on carcinogenesis. A
study from Denmark followed a

ohort of 6315 patients who had undergone splenectomy for
variety of reasons.15 With a mean follow-up of 6.8 years,
o increase in cancer risk was detected among the patients
ho had a splenectomy performed for trauma. Among pa-

ients who had a splenectomy performed for nontraumatic
auses, however, a 2-fold increase in cancer risk was noted.
his striking result should be interpreted with caution be-
ause it may be confounded by the carcinogenicity of the
nderlying condition, prior chemotherapy or radiotherapy,
nd patient factors such as age and smoking. A Swedish
tudy that followed 2280 patients for an average of 11.8
ears revealed no increased risk of cancer among patients
plenectomized for trauma.16 This study did show a non-
ignificant increase in cancer risk for patients who had an
ncidental splenectomy performed for nonmalignant condi-
ions. As in the case of postsplenectomy infection, the risk
f cancer was found to be higher in younger patients. An
lder study of 740 American veterans who underwent sple-
ectomy after trauma also showed no increased risk of
ancer.17 On the other hand, splenectomy performed as part
f a staging procedure for Hodgkin’s disease was linked to
higher risk of breast cancer and leukemia.18 One can

onclude from the evidence thus far that splenectomy for
rauma does not seem to increase the risk of cancer, whereas
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isk. The relationship between splenectomy and carcinogen-
sis needs to be further examined by better-designed, larger-
ample trials.

So far, we have discussed the effects of splenectomy on
arcinogenesis in general terms. The risk pertaining to spe-
ific cancer types has also been studied, but the results have
een disparate. With regard to gastric cancer, for example,
any studies have examined the effect of splenectomy on

atient outcomes.19-21 Although these studies found in-
reased perioperative morbidity and mortality, effects on
umor recurrence and survival have not been clearly defined.
lso, these studies assessed concomitant rather than previ-
us splenectomy in terms of gastric cancer outcome. Thus,
he confounding effects of a more locally advanced tumor,
ncreased operative time, and increased blood loss may
inder the utility of such studies. With regard to pancreatic
ancer, one study found a decreased disease-specific and
verall survival in patients who underwent concomitant sple-
ectomy during their cancer operation.22 Again, the conclu-
ions one can draw from this study should be guarded; the
mall number of patients who underwent concomitant sple-
ectomy in this cohort were also more likely to require
ortal vein resection and a total rather than partial pancre-
tectomy, and have increased blood loss and transfusions.
he performance of a splenectomy in this patient cohort
ay merely represent a marker of advanced tumor (with

oorer patient outlook) rather than any independent effect.
study that examined the effect of previous or concomitant

plenectomy in patients with colon cancer found it to be
ssociated with a significant decrease in 5-year survival, but
nly in patients with stage C cancer.23 Studies have also
xamined the effect of incidental splenectomy in esophageal
ancer cases. They demonstrated that it results in increased
lood loss, but an effect on long-term survival has not been
etermined.24

Not all evidence points to a role of splenectomy in
arcinogenesis. For example, the presence of hyposplenism
n celiac disease, reported in 16% to 77% of patients, does
ot increase the risk of gut lymphoma,25 a well-known
omplication of celiac disease. In short, the role of splenec-
omy in carcinogenesis in humans remains largely unde-
ned despite numerous investigations. Moreover, the mech-
nisms by which the spleen, or lack thereof, may influence
umor development or growth are yet to be elucidated.

RANSPLANTATION
he effect that splenectomy may, or may not, have on

ransplant rejection or success has also been examined.
hosa et al26 demonstrated that the spleen plays a signifi-
ant role in inducing tolerance to allografts. Further animal
tudies have shown a delay in xenograft rejection when
retransplant splenectomy is performed.27,28 Xu et al29

ound that pretransplant splenectomy combined with immu-
osuppression delayed humoral rejection of pig xenografts
n neonatal goats. Studies in human subjects have been

carce and less convincing. A study of renal transplant p
ecipients showed improved initial but not long-term graft
urvival and no difference in overall survival between sple-
ectomized and nonsplenectomized patients.30 A recent
mall case series reported a dramatic effect of urgent sple-
ectomy on salvaging renal transplants that were undergo-
ng acute rejection.31 Hematopoietic stem cell transplanta-
ion is a therapy that is used to treat patients with various
ematologic diseases, such as multiple myeloma and lym-
homa. Patients with preexisting hypersplenism, often re-
ated to their underlying disease, experience diminished
ngraftment. These patients show improved engraftment
hen a splenectomy is performed before transplantation.32

imilar to total splenectomy, partial splenectomy has also
een found to improve the rate of hematopoietic stem cell
ransplantation success.33 This study also provided indirect
vidence for the efficacy of partial splenectomy in relieving
ypersplenism.

Although some evidence, particularly from animal ex-
eriments, suggests that splenectomy may improve the suc-
ess of transplantation, convincing evidence of significant
enefit in humans is still lacking. The exception to this is
ases of preexisting hypersplenism that is adversely affect-
ng engraftment. The subject needs to be studied in greater
ength and detail before any conclusions can be made.

HROMBOSIS
ortal vein thrombosis is a well-recognized complication of
plenectomy. Increases in accuracy and frequency of imag-
ng studies have led to an increase in the detection of portal
ein thrombosis.34-36 Prospective studies of open splenec-
omy have documented a 4.7% to 6.6% rate of postsplenec-
omy portal vein thrombosis.37 Variability among studies
ith regard to the underlying disease, timing of follow-up,

nd imaging used for detection has made firm conclusions
n the causes and incidence of this complication difficult.
urthermore, the clinical significance of postsplenectomy

hrombosis (in terms of rate of progression to symptoms and
erious sequelae) has not been defined. This is because
any studies have only reported cases of portal vein throm-

osis that were symptomatic. One series examining this
ssue found that 50% of cases of portal vein thrombosis
ere asymptomatic.38

Evidence supports the notion that the risk of postopera-
ive portal vein thrombosis depends on the underlying con-
ition for which the splenectomy is being performed. Pa-
ients with myeloproliferative disorders have been found to
ustain higher rates of postsplenectomy portal vein throm-
osis than others.39 Another compounding factor is that
any patients presumed to be undergoing a splenectomy for

onhematologic disease are ultimately found to have a sys-
emic thrombotic disorder.40,41 Indeed, one study found a
0% rate of other thrombotic disease (eg, deep vein throm-
osis and stroke) among patients with portal vein thrombo-
is postsplenectomy.42 No clear association between throm-
ocytosis, a frequent consequence of splenectomy, and

ortal vein thrombosis has been found.41 Splenomegaly has
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lso been cited as a risk factor for postsplenectomy portal
ein thrombosis.40 The risk of postoperative portal vein
hrombosis has been found to be higher with laparoscopic
plenectomy compared with open splenectomy.45

Optimal treatment for portal vein thrombosis (in terms of
ype, duration, and dosage of anticoagulation) has not been
stablished. In addition, optimal prophylaxis against portal
ein thrombosis in patients undergoing splenectomy is not
et known. Current evidence suggests that postoperative
ow molecular weight heparin alone is insufficient for this
urpose.39-41 A combination of postoperative heparin, pos-
ibly warfarin, and antiplatelet agents may prove more ef-
cacious but has not been validated.

PLEEN-PRESERVING TECHNIQUES
ecent studies have shown partial splenectomy to be pro-

ective against severe postoperative infections compared
ith total splenectomy.42 No studies have rigorously exam-

ned the effects of partial splenectomy on malignancy,
hrombosis, or transplantation. Splenic angioembolization is
nother spleen-preserving technique that has gained wide-
pread acceptance for specified circumstances. Although it
eems logical to assume that this method, especially partial
mbolization, preserves splenic function, the long-term im-
unologic consequences have not been documented.
Splenic autotransplantation in patients in whom total

plenectomy is necessary has also been advocated as a
eans to conserve splenic function. Some studies on im-
unologic function after total splenectomy and splenic

utotransplantation in rats have pointed to a loss of immu-
ologic function.43-48 Other studies, however, have demon-
trated retained immunologic function to some degree.49,50

or example, Miko et al demonstrated improved erythrocyte
eformability and T-cell, immunoglobulin-M, and lympho-
yte counts with splenic autotransplantation in splenecto-
ized mice.50 Another study found that the residual im-
une splenic function was proportional to the amount of

plenic tissue that was successfully autotransplanted.51 The
ong-term immunologic outcome in humans is still under
tudy; currently it is recommended that these patients be
reated with standard splenectomy precautions, including
accination, prophylactic antibiotics, and patient education.
tudies agree that autotransplanted subjects do not exhibit

he postoperative thrombocytosis or leukocytosis character-
stic of splenectomized subjects.

Splenosis is a frequent occurrence after trauma and has
een shown to lead to some retention of splenic function.
ase reports of absence of Howell-Jolly and Heinz bodies
nd siderocytosis in cases of documented splenosis after
plenectomy are present in the literature. Other case reports
f splenosis have documented recurrence of immune throm-
ocytopenic purpura and Felty’s syndrome years after sple-
ectomy.52-54 It is not known whether splenosis leads to ad-
quate long-term immunologic splenic function or whether the
egree and pattern of splenosis or mode (ie, after trauma vs

urgery) affect subsequent splenic function.
ONCLUSIONS
he risks of postoperative infection and thrombosis after
plenectomy are now widely accepted among medical pro-
essionals. In contrast, the effects of splenectomy on malig-
ancy and transplantation have been less well characterized
nd require further study. The role of alternatives to total
plenectomy (that aim to maintain splenic function), such
s partial splenectomy and splenic autotransplantation, in
ostsplenectomy complications are not yet known. Our
nowledge of the consequences of the asplenic state is still
n its infancy and will be the subject of ongoing investiga-
ions for many years to come.
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