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Abstract

Background: The purpose of this paper is to evaluate the feasibility, safety, efficacy, benefits, and outcome of
elective laparoscopic splenectomy for children younger than 5 years with sickle cell disease (SCD) who needed
splenectomy. We conducted a retrospective review for a prospective data on patients younger than 5 years with
SCD requiring splenectomy from January 2007 to June 2019. Patients were evaluated with regard to patient
demographics, operative time, presence of accessory spleens, blood loss, length of hospital stay, morbidity,
mortality, and clinical outcome.

Results: A total of 71 patients younger than 5 years with SCD underwent laparoscopic splenectomy (LS) at our
institution from January 2007 to June 2019. There were 28 boys and 43 girls. The age at LS is from 2 years to less
than 5 years (mean 3.2 years). The mean operating time was 65 min. There was no conversion to open surgery; all
the cases were successfully performed laparoscopically. Twelve patients (17%) underwent a concomitant
cholecystectomy. The hospital stay ranged from 2 to 6 days (median, 3 days). The mean follow-up was 86 months
(range, 17 to 161 months). Postoperative follow-up revealed no cases of overwhelming postsplenectomy sepsis
infection (OPSI).

Conclusion: Laparoscopic splenectomy in young children less than 5 years of age with sickle cell disease is a safe
and effective treatment. When patients are given preoperative vaccination and penicillin prophylaxis, OPSI rarely
occurs.

Keywords: Pediatric splenectomy, Laparoscopic splenectomy, Overwhelming postsplenectomy sepsis, Sickle cell
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Background
Laparoscopic splenectomy (LS) for children was first de-
scribed in 1993 and later gained wide acceptance among
pediatric surgeons [1]. In hemolytic anemias in children,
splenectomy was found to be useful to increase the cir-
culating red cell mass in the circulation [2]. In order to
treat or reduce the complications of SCD in children,
such as anemia, splenic sequestration, vasoocclusive pain
episodes, acute chest syndrome, and stroke, hematologist
usually put these patients on regular packed red blood
cell (PRBC) transfusions [3].
© The Author(s). 2020 Open Access This article
which permits use, sharing, adaptation, distribu
appropriate credit to the original author(s) and
changes were made. The images or other third
licence, unless indicated otherwise in a credit l
licence and your intended use is not permitted
permission directly from the copyright holder.

* Correspondence: tkhatrawi@gmail.com
1King Abdullah Medical City, Maternity and Children’s Hospital, Madinah,
Kingdom of Saudi Arabia
Full list of author information is available at the end of the article
Methods
Analysis and assessment of demographic data, indication
for laparoscopic splenectomy (LS), number of splenic se-
questration crisis, and occurrence of hypersplenism were
done. Age at operation, concurrent procedures like
cholecystectomy, and length of hospital stay were evalu-
ated. Intraoperative and postoperative complications
were reviewed. All of our patients had a preoperative
ultrasound to check for the presence of gallstones as
well as to measure the size of the spleen. All patients re-
ceived preoperative vaccinations against Haemophilus
influenzae, Neisseria meningitis, and Streptococcus pneu-
moniae. Postoperatively after LS, they all had antibiotic
prophylaxis. Collection of hematologic data between 1
year preoperative and 1 year postoperative periods
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Fig. 2 The splenic vessels are then divided by ligasure
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included the number of transfusion requirements and
hemoglobin value.

Technique
We will briefly describe the technique of LS used for our
patients. The patient is positioned with a 30° tilt of the
left side in a semilateral position. A small roll is placed
under the right loin and the patient is fixed to the table.
We use a 4-port technique: 1st at the lower edge of the
umbilicus, 2nd in the midline between the umbilicus
and xiphoid, 3rd in the midline below the xiphoid, and
4th at the left lower quadrant near the left inguinal re-
gion (to give enough space for the endocatch to open).
Depending on the size of the patient’s abdomen, we use
either 5 or 3.5 mm ports. The ligasure is 5 mm or 10
mm. The endobag used is either 15 or 10mm. The 1st
port is placed at the lower edge of the umbilicus by an
open technique using an artery forceps to be introduced
bluntly inside the peritoneal cavity. A 30° telescope is in-
troduced through the 5-mm port to confirm the port is
inside the peritoneum. Insufflation of the abdomen is a
low flow to reach 12mmHg. The remaining three ports
are introduced by a closed technique. At the beginning
of the procedure, a search is made for accessory spleens.
If any accessory spleens are found, they are removed
through the left lower quadrant port, which is replaced
by an 11-mm port.
The splenocolic ligaments are identified and divided

with ligasure. Division of the short gastric vessels by liga-
sure is starting from inferior to superior (Fig. 1). The last
upper short gastric vessel should be divided with care to
avoid bleeding and gastric injury. In our opinion, this is
the most difficult part of the procedure. The splenic ves-
sels are then divided by ligasure (Fig. 2). The remaining
attachment of the spleen to the diaphragm is taken
Fig. 1 Division of the short gastric vessels by ligasure
down by scissors. At the end, we confirm that the spleen
is completely free and mobile. The spleen is positioned
inside a 15- or 10-cm plastic bag, depending on the size
of the spleen and the patient. The spleen is then re-
moved by curved ring forceps, and the wounds are
closed in layers.

Results
From January 2007 to June 2019, a total of 71 patients
younger than 5 years with SCD underwent laparoscopic
splenectomy (LS) at our hospital. There were 28 boys
and 43 girls. The indications for splenectomy in our
series included recurrent ASSC in 60 patients (85%) and
hypersplenism in 11 patients (15%). The age at LS range
from 2 to younger than 5 years (mean 3.2 years) and rep-
resent the study group. The mean operating time was
65min. All the cases were performed laparoscopically in
this group of small size children. Preoperative ultra-
sound showed the size of the spleen on maximum length
to range from 8 to 14 cm (mean 11 cm). Some difficul-
ties were encountered during surgery, particularly intro-
ducing the spleen in the plastic bag. We had 7 cases
(9%) detachment of the 15-cm plastic bag from the
metal ring while positioning the spleen. This was re-
solved by using a smaller plastic bag size of 10 cm.
Thirty accessory spleens were identified in 25 patients

(35%) and were excised. None of our patients required
blood transfusion intraoperatively.
Twelve patients (17%) underwent a concomitant

cholecystectomy because of concomitant gallstones. Pa-
tients with SCD usually stay in the hospital longer than
other cases for splenectomy cases due to pain control,
good hydration, and parent’s satisfaction, in which in
our series ranged from 2 to 4 days (median, 3 days). The
mean follow-up was 86months (range, 17 to 161
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months). We did not encounter any case of overwhelm-
ing postsplenectomy sepsis infection (OPSI) in our
series.
Requirements of PRBC transfusion for our patients

with SCD were found to be lower in the first year after
LS compared to the 1 year prior to LS (about 60% re-
duction). There were no postoperative complications re-
ported. The cosmetic appearance was excellent.

Discussion
The presence of the spleen in children with sickle cell
disease (SCD) is a potential problem that may result in
morbidity as well as mortality. These serious possible
complications include acute vasoocclusive pain episodes,
splenic sequestration crisis, stroke, splenic abscess, and
splenic infarction. Acute splenic sequestration crisis
(ASSC) is a major complication of SCD, and it is the
most common cause of mortality in young children with
SCD. It occurs when sickled erythrocytes get trapped in
the spleen, resulting in the enlargement of the spleen
with a rapid reduction in hemoglobin and abdominal
pain [4]. The incidence of ASSC was found to occur in
10 to 30% of SCD children younger than 5 years [5, 6].
The spleen in patients with SCD does not undergo fibro-
sis before the age of 5 years. Therefore, children younger
than 5 years are at increased risk of ASSC [7]. The first
episode of ASSC carries a high mortality rate, which
may reach up to 12% [8]. Furthermore, the mortality of
the recurrence of ASSC is even higher which maybe 20%
[7]. Unfortunately, recurrence of ASSC is estimated to
be 50% after the first episode [8]. Topley et al. [8] re-
ported 30% of the patients with ASSC in his series devel-
oped hypersplenism which lead to the occurrence of
splenomegaly, with subsequent thrombocytopenia and
anemia.
The management of ASSC is still debatable in the lit-

erature [9]. The urgent management of ASSC is transfu-
sion of blood products and crystalloid to restore blood
volume. To avoid morbidity and fatal complications of
ASSC, it is important to prevent its recurrence. Recur-
rence of ASSC is through medical management by re-
peated red blood cell transfusion protocol until
splenectomy is performed [6]. In order to prevent recur-
rence of ASSC and hypersplenism, it is recommended to
do early splenectomy in children with SCD [5, 8, 10].
To avoid the increased risk of overwhelming postsple-

nectomy infection (OPSI) reported in younger children,
elective splenectomy is usually postponed until the child
is older than 5 years [9, 11, 12]. Children who underwent
splenectomy are at risk of OPSI which may occur in 5%
of patients and an incidence of 0.23–0.42% per year [13,
14]. However, the routine use of preoperative
immunization against Streptococcus pneumoniae, Hae-
mophilus influenzae, and Neisseria meningitides has
decreased effectively the incidence of OPSI [12, 15, 16].
Yet, the actual incidence of OPSI remains to be estab-
lished, because some patients may be missed and go un-
reported. The highest risk of OPSI was found to be
within the first 2 years after splenectomy [17]. In com-
parison with adults, children younger than 5 years are at
excess risk of more than 10% [17]. The organisms re-
sponsible for OPSI include Streptococcus pneumoniae,
Haemophilus influenzae, and Neisseria meningitidis. To
avoid OPSI and reduce its occurrence, we immunize our
patients preoperatively against Streptococcus pneumo-
niae, Haemophilus influenzae, and meningococcal vac-
cines. Postoperatively, we cover them with penicillin
prophylaxis orally for 10 years. Prophylactic antibiotics
postsplenectomy has been shown to be beneficial and
recommended by many authors to reduce the incidence
of OPSI [18].
Although there is an increased incidence of antibiotic

resistance when used for a long time as well as the com-
pliance which needs to be evaluated, we also educate the
parents and instruct them to seek medical help in the
presence of fever or infection. During the study period
at our institution, no patient developed OPSI.
In the current years, it has been observed there is a

great reduction in the incidence of OPSI, due to the rou-
tine use of preoperative immunization and prophylactic
antibiotics [12]. Moreover, in children with SCD, they
found in different reports that the incidence of sepsis is
almost the same prior or after splenectomy [19, 20]. Sor-
rells et al. reported 29 patients in whom splenectomy
was done about 2 years of age, and they received pre-
operative vaccination and penicillin prophylaxis [21]. In
this series, there was no difference in the incidence of
sepsis pre- and postsplenectomy.
All children with SCD prior to auto infarction of the

spleen have an impairment of phagocytic function and
functional asplenia [22, 23]. Early splenectomy may be
more beneficial than chronic blood transfusion in chil-
dren with SCD [22, 23]. The advantages of long-term
transfusion are of limited value because it does not re-
store splenic function [6, 24]. In addition, chronic trans-
fusion therapy does not prevent recurrent ASSC, and
they will be at risk of recurrence [6, 24]. Nevertheless,
long-term blood product transfusion has many disadvan-
tages including blood transfusion reactions, risk of infec-
tions with immunodeficiency virus and hepatitis,
alloimmunization, and iron overload [3, 25]. On the
other hand, splenectomy will reduce blood transfusion
requirements in children with SCD as well as prevent fu-
ture sequestration episodes [7].
Currently, ASSC episodes and hypersplenism are con-

sidered the major indications for splenectomy in chil-
dren with SCD [26, 27]. The treatment of ASSC and
hypersplenism with anemia includes the restoration of
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circulating red cell mass and blood volume. In our
series, like the others, we performed splenectomy when
the patient developed two attacks of ASSC [28]. This is
in an attempt to avoid the recurrence of the risk of
ASSC of 40% and possible mortality rate of 20% [5, 29].
Due to the variability of the size of the abdomen in re-

lation to the age of these young children less than 5
years old, difficulties were encountered during the place-
ment of the spleen inside the plastic bag in our patients.
In our series, there were 7 cases (9%) of separation of
the 15-cm plastic bag from the metal ring during posi-
tioning the spleen. A solution could be to assess the size
of the abdomen in relation to the size of the spleen vol-
ume intraoperatively. Therefore, when operating on a
small size abdomen and small spleen, it is reasonable to
use a small plastic bag with a size of 10 cm to retrieve
the spleen, instead of a size of 15 cm. Furthermore, when
dealing with a spleen size more than 10 cm in length, it
is better to use a 15-cm plastic bag and place the lower
left port more caudal in the left groin for the introduc-
tion of the plastic bag and allow it to open easily.
We have chosen not to delay splenectomy till the pa-

tient reaches 5 years old when there is an indication for
splenectomy, and the youngest in the series was 2 years
old. In the present series, the indications for splenec-
tomy were recurrent ASSC in 60 patients (85%),
followed by hypersplenism in 11 patients (15%). None of
our patients had a preoperative splenic abscess or
massive splenic infarction which was reported by other
series [26]. We found in our series that SCD patients
with hypersplenism had a reduction in PRBC transfusion
requirements with a good response to splenectomy. The
number of units transfused decreased by about 60% in 1
year postsplenectomy.

Conclusion
Laparoscopic splenectomy in young children less than 5
years of age with sickle cell disease is a safe and effective
treatment. When patients are given preoperative vaccin-
ation and penicillin prophylaxis, OPSI rarely occurs.
There is no need to wait until the patient is older than
5 years to perform a splenectomy in patients with SCD,
when there is an indication for splenectomy.
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