
pathogens

Review

Role of Partial Splenectomy in Hematologic
Childhood Disorders

Giorgio Attina’ , Silvia Triarico , Alberto Romano, Palma Maurizi, Stefano Mastrangelo
and Antonio Ruggiero *

����������
�������

Citation: Attina’, G.; Triarico, S.;

Romano, A.; Maurizi, P.; Mastrangelo,

S.; Ruggiero, A. Role of Partial

Splenectomy in Hematologic

Childhood Disorders. Pathogens 2021,

10, 1436. https://doi.org/10.3390/

pathogens10111436

Academic Editor: Albert Rizvanov

Received: 11 October 2021

Accepted: 3 November 2021

Published: 5 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Pediatric Oncology Unit, Department of Woman and Child Health and Public Health, Fondazione Policlinico
Universitario A. Gemelli IRCCS, Università Cattolica del Sacro Cuore, 00168 Rome, Italy;
giorgio.attina@policlinicogemelli.it (G.A.); silvia.triarico@guest.policlinicogemelli.it (S.T.);
albero.romano90.ar@gmail.com (A.R.); palma.maurizi@unicatt.it (P.M.); stefano.mastrangelo@unicatt.it (S.M.)
* Correspondence: antonio.ruggiero@unicatt.it; Tel.: +39-06-3058203; Fax: +39-06-3052751

Abstract: The spleen is a secondary lymphoid organ that belongs to the reticular-endothelial system,
directly connected to blood circulation. The spleen is greatly involved in the immune response,
especially against capsulated bacteria. Splenectomy plays a fundamental role in the treatment
of numerous pediatric hematologic disorders. Taking into account all the possible complications
(especially infections) linked to this procedure, alternatives to total splenectomy have been sought.
Partial splenectomy has been proposed as a treatment that allows the reduction of infectious risk.
This approach has proven safe and feasible in most patients, but multicentric and prospective studies
are necessary to more accurately define the indications for performing partial splenectomy. However,
vaccinations and antibiotic prophylaxis remain fundamental for preventing serious infections, even
in the case of partial splenectomy. We review anatomical and functional properties of the spleen,
with a focus on medical or surgical indications to splenectomy, aiming to give practical educational
information to patients and their families after splenectomy. Furthermore, we discuss the feasibility
of partial splenectomy in children with hematologic diseases who require splenectomy.
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1. Introduction

Currently splenectomy is still fundamental in the treatment of numerous pediatric
hematologic and immunological disorders. The main indications for splenectomy are rep-
resented by congenital hemolytic anemia (hereditary spherocytosis, elliptocitosis, pyruvate
kinase deficiency, drepanocytosis), some forms of thalassemia, idiopathic thrombocytopenic
purpura not responsive to medical treatment, and some forms of accumulation disease
associated with hypersplenism (Gaucher’s disease, Niemann-Pick’s disease) [1]. There are
also surgical indications, such as the presence of splenic tumors or cysts, abscesses, trauma
with partial and or total rupture. In all these situations splenectomy plays a potentially
resolving therapeutic option. However, it may be burdened by very important infectious
and vascular complications that often limit its indication or therapeutic success [2,3].

In our work, we review anatomical and functional properties of the spleen, performing
a focus on medical or surgical indications to splenectomy, with the aim to give a practical
educational guide to patients and their families after splenectomy. Furthermore, we discuss
the opportunity of partial splenectomy that in recent years has been considered to be a
feasible alternative to radical splenectomy in order to obtain a clinical resolution, reducing
or eliminating the infectious risks related to the absence of the spleen, which plays an
important role in the immune response, especially against capsulated bacteria.
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2. Anatomy and Functions of the Spleen

The spleen is a secondary lymphoid organ that is part of the reticular-endothelial
system. Its peculiarity is given by its faster and more immediate action, because of it is
connected to the blood circulation directly and not through the lymphatic vessels like the
other lymphoid organs [4]. The spleen is located in the abdominal cavity, at the level of
the 10th rib in the left hypochondrium, between the gastric bottom and the diaphragm.
It has a diaphragmatic face, smooth and convex, in contact with the abdominal face of
the diaphragm, and a visceral face in contact with the back wall of the stomach, with
the upper pole of the left kidney and sometimes with the left adrenal, with the left colic
flexure and the tail of the pancreas. The spleen is almost surrounded by the peritoneum
that adheres tenaciously to its capsule. The vascularization of the spleen is ensured by the
splenic artery, a branch of the celiac trunk, which enters the organ at the level of the hilum
and then divides into central arteries and arterioles. The size and weight of the spleen vary
according to age and may vary depending on different situations in the same individual.
On average, in the adult the spleen measures 10–12 cm of length, 7 cm of width, 3–4 cm of
thickness and weighs on average 150 g. Often, in proximity to the spleen or more rarely, at
a distance throughout the abdomen, small encapsulated nodules of splenic tissue, called
accessory spleens, can be found. They may be isolated or in continuity with the spleen
through thin splenic tissue bridges. This finding is present in 10–15% of subjects. From
the embryonic point of view, it develops starting from the 6th week of intrauterine life
with the formation of multiple nodules that originate from the celomatic epithelium and
the mesenchyme of the dorsal mesogastrium. These nodules then merge giving the initial
lobular appearance of the spleen. The vascular network is well-developed toward the
8th–9th week, while between the 11th and the 12th week the differentiation of blood cells,
macrophages and arteries, veins, capillaries and sinusoids are completed and the spleen is
thus ready to produce blood cells.

The spleen is covered by the capsule, a fibrous lining from which some trabeculae
branch to form a net that constitutes the splenic stroma. Inside this network there are the
red and the white flesh, at the margins of which the fibrous reticulum thickens, forming the
marginal zone. The white pulp represents about the 25% of the splenic tissue and consists
entirely of lymphoid tissue, which may be divided into three sections: periarteriolar
lymphoid sheaths (PALS), germinal centers and marginal zone. Splenic white pulp is
organized around central arteries in the form of PALS, which are populated mainly by
T lymphocytes. Germinal centers contain lymph follicles with actived B lymphocytes
that produce antibodies, following an antigenic stimulus. Finally, the marginal zone
develops between the white pulp and red pulp. It contains antigen-presenting cells (APCs),
such as macrophages. Splenic arterioles then cross the marginal zone where they thicken
macrophages and fibroblasts and finally reach the red pulp, which represents 75% of the
spleen. In the red pulp, they form venous sinusoids which are surrounded by a tissue rich
in macrophages and are internally covered by endothelial cells. Outside of these venous
sinuses, the red flesh is structured in the cords of the spleen, a network of reticular fibers,
fibroblasts and macrophages with high phagocytic activity. Figure 1 represents the main
anatomical features of the spleen [5].

Numerous body functions are carried out in the spleen, such as phagocytosis, hemato-
poiesis, deposition and immune response. Splenic macrophages show a high phagocytic
capacity, due to the presence of lysosomes rich in enzymes very active in hydrolysis and
destruction of tissue debris, corpuscular substances and opsonized infectious agents. In
addition to these cells there are numerous mononucleate dendritic phagocytes which are
only moderately phagocytic. They perform the function of antigen-presenting cells, by
activating the response of T and B lymphocytes, which are present in the white flesh and
then migrate in the splenic cords and the bloodstream [6]. The macrophages of the spleen
also perform haematocatheretic function against old, damaged or altered blood cells. As
the red blood cells are destroyed, bilirubin is channeled through the blood flow to the
liver for the excretion. The sphere is widely reused at the bone marrow level, while iron is
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recycled at the bone marrow level. Splenic phagocytes may remove some intracytoplasmic
inclusions of red blood cells (Howell-Jolly bodies, erythrocyte pits), without destroying
entirely the red blood cell. The role of hematopoiesis is played during the four months of
intrauterine life and usually ends after birth, although in some particular situations, the
stem cells that persist in the red pulp even after birth may resume a hematopoietic function.
In addition, the spleen has a lymphopoietic function, which helps to form a circulating
reserve of T and B lymphocytes and mononucleate phagocytes. A further role of the spleen
is the blood deposit, thanks to the rich vascularization of this organ that may filter 150 mL
of blood per minute. In some cases, such blood its blood cells can be poured into circulation
in response to particular situations (anemia, bleeding), following adrenergic stimulation
that causes the contraction of the spleen. Thus, the spleen is a fundamental organ in both
innate and adaptive immune response, but it also determines the clinical manifestations of
certain congenital and acquired hematologic disorders (such as anemia, thrombocytopenia)
that may require its removal [5].
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3. Splenectomy

Splenectomy is a surgical procedure that is performed on about 6.4–7.1 people per
100,000 each year. About 25% of splenectomy interventions are performed as a result of
abdominal trauma that causes rupture of the spleen resulting in intraabdominal bleeding
and risk of hemodynamic shock. Another 25% of operations are performed for the treatment
of hematologic disorders. Less frequent causes of splenectomy are consequent to intrinsic
injuries of the spleen, tumors, abdominal surgery, accumulation or vascular disease [7].
A study conducted by the “Agency for Healthcare research and quality healthcare cost
and utilization” showed a slight decrease in the number of splenectomy interventions
performed each year from 1993 to 2014 in the USA, probably linked to the development of
alternative therapies for hematologic diseases, such as rituximab, thrombopoietin receptor
agonists, and immuno-acting agents. Despite this, splenectomy still remains an important
therapeutic option in a lot of medical and surgical disorders [8], as described in Table 1.
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Table 1. Medical and surgical indications to splenectomy.

MEDICAL INDICATIONS

Congenital hemolytic anemia
Hereditary spherocytosis
Hereditary ellipsocitosis
Pyruvate kinase deficiency
Drepanocytosis

Acquired immunological disorders
Autoimmune platelets
Autoimmune hemolytic anemia

Hypersplenism
Thalassemia
Congestive splenomegaly
Accumulation disorder (Gaucher disease, Niemann-Pick disease)

SURGICAL INDICATIONS

Traumatic rupture of the spleen

Intrinsic splenic diseases
Cysts
Hemangioma
Lymphoma

Surgery in the left hemiabdomen

In splenectomized patients, a significant problem is represented by overwhelming
post-splenectomy infections (OPSI) that are characterized by a sudden and rapid general
deterioration that occurs after about 24 h from the onset of the first infectious sign, such
as flu, up to the framework of fulminating sepsis with CID and septic shock that can
quickly lead to death [9,10]. The incidence of sepsis in splenectomized children is currently
between 1.8–4%, with a mortality that can reach about the 50% of cases. This incidence
is at a maximum in the first three years after the splenectomy and then is progressively
reduced, persisting throughout the life span and being able to occur even after 50 years. In
the first five years of life, a risk between 60 and 100 times greater than non-splenectomized
subjects is estimated [11].

The age of the child (maximum under 2 years and however high up to 5 years), the
time elapsed from the splenectomy (greater risk in the first 2–3 years that then decreases
without ever zeroing and resurfacing after 60 years), the basic disease (drepanocytosis,
thalassemia and some neoplastic pathologies and in traumas) are known as risk factors for
OPSI [12–14].

Splenectomy should therefore be avoided up to five years of life, when possible. OPSI
are caused mainly by capsulated bacteria (Streptococcus pneumoniae in 50% of cases,
to a lesser extent Haemophilus Influenzae type b, and Neisseria Meningitides) [15,16].
In addition, splenectomized children have a higher risk of developing severe forms of
Malaria, Bordetella, Babesiosis and secondary dog bite infections (such as Capnocytophaga
canimorsum) [17,18].

The OPSI are burdened by a high mortality risk, even if treated appropriately, therefore
a prevention program is crucial in splenectomized subjects, based on three pillars: family
education, vaccination, and antibiotic prophylaxis [19].

Parents should be informed about the infectious risk and should be made aware of the
necessity of always starting quickly an antibiotic therapy at the first signs of infection, and
going to the hospital for a rapid medical evaluation at the onset of symptoms. It should
also be recommended to avoid areas where malaria is endemic, paying particular attention
to dog bites. Several studies showed that splenectomized individuals and their family
members have very little awareness about the risks related to their condition. It has also
been reported that patients with more comprehensive and adequate information, have a
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lower risk of presenting OPSI [20]. Table 2 shows the most important issues for the family
and patients’ education.

Table 2. Main information for the family and patients’ education.

The risk of infection increases throughout life.

It is important to inform your caregiver of the state of asplenia.

Perform a medical evaluation before traveling especially to malaria-endemic areas.

Always have an antibiotic on hand.

Perform vaccinations against the main capsulated germs (Pneumococcus, Meningococcus and
Hemophilus Influenzae type B, and annual anti-flu vaccination)

Be very careful about animal bites or insect bites.

The patient should be informed about symptoms that may indicate the onset of OPSI (high fever,
myalgia, headache, vomiting, abdominal pain, chills).

Suggest registering in a register of patients with diabetes (if available).

Carry an identification plate with the indication of the condition of splenectomized.

Vaccination is the most effective prevention tool for splenectomized patients. Children
should be vaccinated two weeks before the splenectomy, when the surgery is planned
electively, as in the case of hematologic disorders. In those cases when the splenectomy is
performed in an emergency, vaccination should be carried out from 14 days after surgery,
although some data suggest that they can be effective even in the immediate peri-operative
time [21].

There is a fair variability in the recommendations regarding the type of vaccination
and the precise timing to follow, also related to the history of vaccination and the age at the
time of splenectomy of the subject. Most of the guidelines indicate vaccinations against
the main capsulated germs, such as Pneumococcus, Meningococcus and Hemophilus
Influenzae type B, and annual anti-flu vaccination [22].

Conjugated vaccines that seem to provide a better immunological response in splenec-
tomized subjects are generally indicated, since these vaccines stimulate a response mediated
by thymic T cells that is not modified by the splenectomy [23].

Concerning anti-pneumococcus vaccination, it is recommended to perform a dose of
conjugate vaccine (PCV13) followed by a boost performed with polysaccharide vaccine
(PPSV23). The vaccination against meningococcus should include the administration of
both the conjugated vaccine quadrivalent (Men A-C-W-Y) and the most recent conjugated
vaccine against serotype b (Men B). It has not yet been clarified the indication to perform
a recall after the first vaccination, although several recommendations suggest a recall
every 3–5 years. For vaccination against Hemophilus Influenzae, a single dose is indicated
without any recall in previously vaccinated subjects. Although influenza virus infection
does not pose increased risks in splenectomized subjects, annual vaccination is indicated
to reduce the risk of any bacterial infection, performed with inactivated vaccines and not
with attenuated vaccines [24].

In splenectomized patients, no increased risk of developing severe Sars-Cov2 infec-
tions was reported. In a study on asplenic patients in England, the number of deaths from
coronavirus disease was not statistically different from the general population [25,26].

After splenectomy, for children who have performed an adequate administration of
vaccines, continuous antibiotic prophylaxis is recommended, which has been shown to
reduce the risk of severe infection by 50% and death by about 90% [27].

Adherence to vaccination recommendations has proved very variable and unsatisfac-
tory in most splenectomized subjects [28]. Moreover, a vaccine failure or an infection caused
by a pathogen other than those provided by the vaccination coverage (Pseudomonas Aerug-
inosa, Escherichia Coli) may occur even in those who appropriately follow the proposed
vaccination schedule. Orally administered penicillin is the indicated antibiotic. Although
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for the recent outbreaks of resistant bacteria, amoxicillin-clavulanic acid and trimethoprim-
sulfamethoxazole or, in allergic subjects, erythromycin, are now recommended. There is
less consensus on the duration of the above-mentioned prophylaxis. It is common to advise
for the administration of antibiotic prophylaxis in the first 2–3 years after the intervention,
and often up to 5 years of age: however, some authors and some centers recommend
administration at least until adulthood (16–18 years) and in some studies even for life.
There are issues regarding the stop of prophylaxis by the patient and the risk of the onset
of antibiotic resistance. Life-long prophylaxis is also suggested for subjects who have pre-
sented an episode of sepsis or have particular risk factors. Splenectomy has been associated
with a higher risk of thromboembolic events, such as portal vein thrombosis, deep venous
thrombosis and pulmonary embolism and in some studies the appearance of pulmonary
hypertension. Another problem that may arise after splenectomy is thrombocytosis, which
can be transient or prolonged. In the cases of prolonged thrombocytosis with platelet
values higher than 1.000.000/mmc the antithrombotic prophylaxis with acetylsalicylic acid
is indicated [29].

Splenectomy may generate a prothrombotic state, with consequent increased risk
of venous thromboembolic disease, such as thromboembolic pulmonary hypertension.
Thus, splenectomy is recognized as a potential risk factor for chronic thromboembolic
pulmonary hypertension (CTEPH) [17]. Recently, Zhang et al. performed a systematic
review and meta-analysis to explore the association between splenectomy and CTEPH,
finding a prevalence of splenectomy in CTEPH of about 4% [30].

From a surgical point of view, the laparoscopic approach is preferable as it reduces
intraoperative complications, post-operative pain and hospitalization time. However,
the laparotomic approach is however still widely performed and accepted especially in
the cases of important splenomegaly. No differences were found in the results of the
hematological response, nor in the infectious and thromboembolic complications. In recent
years, to reduce the main infectious risks related to total splenectomy, the indication to
partial splenectomy has become more important, even though it was performed for the
first time in the 60 s. Currently, the improvement of surgical techniques has allowed to
extend the laparoscopic approach to this procedure [31]. Partial splenectomy consists of
removing 70–80% of the spleen, as it has been shown in experimental models that the
remaining 25–30% of the initial splenic tissue may ensure its immune action. The benefits
of a partial splenectomy could be greater in patients with a high risk of infection, since the
residual splenic tissue could ensure the desired hematologic effect, maintaining a good
immunological function and reducing the risk of severe sepsis in children. Despite these
assumptions, current data are limited, not allowing to clearly define the risk/benefit ratio
of this procedure [32].

4. Discussion

The main indications for splenectomy can be medical or surgical. In some cases, as
in hereditary spherocytosis, hereditary ellipsocitosis, and some lesions of the spleen, it
represents the only therapeutic option. In other diseases, it must be evaluated according
to the clinical characteristics of the patient. Splenectomy is considered possible and safe
in most children for whom it is indicated, but regarding partial splenectomy, although
most of the existing studies are multicentric or performed by single centers, the number of
patients is small and it does not allow having clear indications for it. The main advantage
of partial splenectomy is the preservation of residual splenic tissue that can maintain the
immune function of the spleen, reducing the risk of fulminating sepsis. It is very difficult to
extrapolate from the literature to what extent this risk is reduced by subjecting the child to
a partial splenectomy, compared to the total one, because there are no trials large enough or
with an extended follow-up. In addition, most of these studies were performed before the
diffusion of the antistreptococcal vaccine 13-valent and meningitis vaccines, so the actual
incidence of post-splenectomy sepsis is difficult to clarify [33].
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In some works, the production of total Immunoglobulin G (IgG) and M (IgM) was
evaluated and it seems to be stable after the intervention of partial splenectomy. The spleen
remains the main antibody production site, so this data suggests the importance of the
action of the residual spleen [34].

Sheikha AK et al. collected data from 62 children affected by hereditary spherocytosis,
who underwent partial splenectomy. They found a significant improvement in hematologic
profiles and symptoms in all patients, briefer in those with a good splenic post-operative
regeneration. Moreover, none of them developed sepsis, demonstrating that partial splenec-
tomy may be effective in reducing the OPSI events, becoming an effective alternative in
children with hereditary spherocytosis [35].

Regarding the hematologic response to partial splenectomy in patients with spherocy-
tosis, there was a satisfactory improvement in the hemoglobin values, even if lower than
that found in patients subjected to total splenectomy (an increase of the hemoglobin of
2.4 g/dl against 4.1 g/dl). Moreover, there was a reduction of the values of reticulocytes
and bilirubin overlapped to those obtained from patients who underwent total splenectomy.
In drepanocytosis, there was no increase in hemoglobin values, but an improvement in the
clinical picture with fewer symptoms related to hypersplenism and splenic size. In subjects
with immune thrombocytopenia, there are still no clear data on the short-term and long-
term outcomes of partial splenectomy. In such a pathology, the use of partial splenectomy
could be limited, considering the hemorrhagic risks related to thrombocytopenia, even if
there was no evidence of a different bleeding rate between the partial and total splenectomy.
It was necessary to convert the surgery from laparoscopic to laparotomic more often in
the partial than in the total splenectomy (30% vs. 1–3%). Apart from this, perioperative
complications were minimal and not significantly different from total splenectomy [36–41].

One aspect to consider is the rate of conversion from partial splenectomy to total
splenectomy during surgery, for the following days and even the following months [42]. In
the literature, there are no clear data: in multiple case studies a frequency of 0% to 42% is
reported, although more frequently, 5–10% is reported. Romboli et al. performed a literature
review of about 457 cases of laparoscopic partial splenectomy performed for hematologic
disease (hereditary spherocytosis and drepanocytosis), splenic focal masses and trauma.
They found no mortality, low morbidity, and low conversion rates to laparotomy partial
splenectomy. Furthermore, they reported 17 cases out of 147 (3.7%) that required the
conversion of splenectomy from partial to total; five of them for surgical complications
during the intervention and 12 for therapeutic failure after the surgery [43].

Because of the risk of conversion to total splenectomy and in the absence of clear data
about the contribution of the residual splenic tissue to the reduction of the risk of sepsis,
the indication to pre-intervention vaccination and post-antibiotic prophylaxis should be
assessed in more extensive studies. Furthermore, cholecystectomy is often mandatory
after partial splenectomy in patients with spherocytosis. In the work of Hafezi et al., this
risk was 39% in patients not previously subjected to cholecystectomy, much higher than
in patients who underwent total splenectomy. This suggests that the residual hemolytic
splenic activity in the patients with partial splenectomy makes them more susceptible to
the onset of gallbladder gallstones [39].

In many studies, a regrowth of the residual spleen was reported after the intervention
of partial splenectomy. In the study by Rice et al., among 13 patients that underwent partial
splenectomy, the volume of the spleen remained between 15 and 30% of the initial volume
after two years, up to 40% after four years. In addition, in four patients where growth was
greater than 75%, only two episodes of hemolysis occurred later, suggesting that this event
is not related to a return of the disease [37]. Further studies on the risk of a second surgery
should certainly be carried out, even if the advantages linked to the maintenance of the
immune function of the spleen (even if transient) seem to be higher than the risk of an
additional surgical procedure [44].
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5. Conclusions

Partial open or laparoscopic splenectomy is a safe procedure associated with a low
incidence of morbidity and it has become an important option in children with hematologic
disorders that require the removal of the spleen.

The possibility of partially preserving splenic tissue seems to ensure a reduction of
the main infectious risks related to splenectomy, and an adequate hematologic response,
even if such evidence should be supported by more comprehensive future trials. However,
although in the absence of reliable data, it is necessary to recommend vaccination and
antibiotic prophylaxis also to those patients who undergo partial splenectomy.
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