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Abstract

Laparoscopic elective splenectomy is considered as a safe surgical treatment of spleen non-traumatic blood disorders. However,
robotic assisted splenectomy is becoming a promising alternative, although there are scarce studies in pediatric patients. Our
aim is to compare the effectiveness and associated costs of both procedures in children. A single-institution retrospective study
was performed among consecutive children undergoing splenectomy between 2004 and 2021, who were divided according to
the surgical approach: LAS group (laparoscopic splenectomy) and RAS group (robotic assisted splenectomy). Demographics,
clinical features, intraoperative blood loss, surgery time, length of hospital stay (LOS), postoperative complications, need for
postoperative blood transfusion, readmission rate and economic data were compared. A total of 84 patients were included
(23 LAS group; 61 RAS group), without demographic or clinical differences between them. RAS patients presented lower
intraoperative blood loss (42415 vs. 158 +39 ml; p <0.021) and shorter surgery time (135 +39 vs. 182 +68 min; p =0.043),
with no differences in median LOS (3 days in both groups). No intraoperative complications or conversion was reported. Five
postoperative complications were observed: 4 in LAS patients (17.4%) versus only one in RAS (1.6%; p=0.021). One rein-
tervention was required in LAS group due to hemoperitoneum 12 h after splenectomy. RAS patients had lower postoperative
blood transfusion requirements (1.6% vs. 13.0%; p=0.025) and lower readmission rate (3.3 vs. 17.4%; p=0.042). No differ-
ences were observed when comparing the median economic costs ($25,645 LAS vs. $28,135 RAS; p=0.215). Robotic assisted
splenectomy may be considered as a safe and feasible option in children compared to the traditional laparoscopic approach.

Level of evidence: 111.

Keywords Robotic surgery - Splenectomy - Splenomegaly - Laparoscopy - Outcomes

Introduction

Splenectomy is considered as the primary treatment
approach for the consequences of various pediatric heredi-
tary hematologic conditions, which encompass immune
sickle cell disease (SCD), idiopathic thrombocytopenic
purpura (ITP), and hereditary spherocytosis (HS) [1]. Since
its initial description over 30 years ago, laparoscopic elec-
tive splenectomy has become the gold standard surgical
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treatment of both benign and malignant hematological con-
ditions [2]. Nevertheless, in the last decade, robotic assisted
splenectomy is becoming a promising alternative treatment
for these cases [3]. Several meta-analyses in adult patients
have demonstrated a reduction in the volume of intraopera-
tive blood loss and postoperative complications of robotic
splenectomy compared to laparoscopic procedures [4, 5].
However, adoption of robotic techniques within pediat-
ric patients has been somewhat restricted, primarily due
to constraints related to instrument size, reduced surgical
domain, and a general shortage of technical expertise [6].
There are scarce studies in children comparing robotic and
laparoscopic splenectomy, with low numbers of patients and
controversial conclusions regarding outcomes and associated
costs [7, 8]. The aim of this study is to compare the effective-
ness, safety and associated costs of both procedures.
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Methods
Study design

We conducted a single-institution retrospective cohort
study among consecutive children undergoing splenec-
tomy between from January 2004 to December 2021.
These patients were divided in two groups according to the
surgical approach: LAS group (laparoscopic splenectomy)
and RAS group (robotic assisted splenectomy). Until 2011,
all splenectomies were performed laparoscopically, and
since then, with the start of the pediatric robotic surgery
programme, these procedures were performed using the
robotic approach. The indication for splenectomy was
moderate to severe anemia and recurrent blood transfu-
sions (> 2 per year). In those patients in whom sympto-
matic cholelithiasis was demonstrated, cholecystectomy
was performed during the same operation. All patients
were checked for adequate immunization against Strepto-
coccus pneumonia, Haemophilus influenzae and Neisseria
meningitidis, and in cases where vaccines had not been
administered, they were immunized at least 1 month prior
to splenectomy.

Data collected

Demographic data, clinical features (underlying hemato-
logical disease, spleen size, cholelithiasis-related symp-
toms, and need for pre-operative transfusion), intraop-
erative data (blood loss, surgery time, intraoperative
complications and conversion to open surgery), length
of hospital stay (LOS), postoperative complications and
readmission rate (both within 30 days), need for postopera-
tive blood transfusion, and economic associated cost were
compared in both groups. Before surgery, ultrasound and/
or computed tomography scans were used to measure the
length of the spleen in all instances. Blood loss during
surgery was assessed by measuring the amount of blood
drawn into the suction system tube. Surgery time duration
was defined as the time from the initial skin incision to
the closure of the skin. For the RAS group, this duration
encompassed the setup time, involving tasks such as posi-
tioning trocars and docking the robotic system. Postopera-
tive complications were assessed and categorized using
the Clavien—Dindo classification of surgical complications
[9]. Prior to discharge, blood tests were performed in all
patients. If hemoglobin values were below 9 g/dl, postop-
erative blood transfusion was indicated following the rec-
ommendations of the American Society for Hematology
Education Program [10, 11]. After being discharged, all
patients underwent regular follow-up appointments at the
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outpatient clinic. Overall costs associated to each group
were calculated as the sum of the costs related to surgery,
admission and readmissions/complications, and were com-
puted based on itemized charges provided by the billing
department. The study was conducted in accordance with
the STROBE guidelines [12], and with the Declaration of
Helsinki (as revised in 2013). Institutional Review Board
approval (IRB number 1945724-1) was obtained for both
study design and patient data collection authorization.
Informed consent was not necessary due to the study’s
retrospective design and the utilization of anonymized data
management.

Procedural details

Robotic surgeries were carried out employing the DaVinci
Si® double-console robotic system (Intuitive Surgical, Inc.,
Sunnyvale, CA, United States). All cases were performed
under general anesthesia with the patient in supine reverse
Trendelenburg position. Trocar placement replicated the
configuration used for laparoscopic splenectomy, and the
same steps were adhered to in both approaches. Peritoneal
attachments and splenic ligaments were separated using
electrocautery. The omental bursa was incised, and tran-
section was performed, accompanied by the bipolar seal-
ing of short gastric vessels. Both poles of the spleen were
mobilized until the hilum was well exposed and could be
effectively divided using a 10 mm endostapler (vascular
cartridge).

Statistical analysis

Data were gathered using Microsoft Excel software ver-
sion 2010 (Redmond, Washington, United States), and
then analyzed using SPSS Statistic version 22 (Chicago,
Illinois, United States). Continuous variables were pre-
sented as mean and standard deviation when they fol-
lowed a normal distribution, or as median and interquartile
range (Q1-Q3) if they did not. The normal distribution
of variables was assessed using the Shapiro—Wilk test.
For normally distributed continuous variables, the inde-
pendent samples Student’s ¢ test was utilized, while the
Mann—Whitney test was employed for those not normally
distributed. Categorical variables were expressed as fre-
quency and percentage and were subjected to analysis
through the Chi-square test or Fisher’s test when appli-
cable. Odds ratios (OR) were calculated, accompanied by
95% confidence intervals. All statistical calculations were
conducted with a two-tailed approach, and significance
was determined by a p value of less than 0.05.
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Results

We included a total of 84 patients (23 in LAS group and
61 in RAS group), with no differences in demographics,
underlying hematological disease or spleen size between
them. Sickle cell disease was the most frequent reason for
splenectomy in both groups. Table 1 summarizes demo-
graphic data and patient characteristics.

For intraoperative features, RAS patients pre-
sented a significantly shorter surgery time (135 + 39 vs.
182 + 68 min; p=0.043) and lower intraoperative blood
loss (42 + 15 vs. 158 +39 ml; p <0.021) when compared to
LAS patients. There were no intraoperative complications
or conversions to open surgery in either group. Associated

cholecystectomy was performed at the same operation in
18% of RAS patients and in 13% of LAS (p=0.708). In
most patients, the spleen was removed by endobag via
the umbilical trocar. In large cases, a mini infra-umbilical
laparotomy was performed to achieve complete removal.
There was no difference in mean spleen weight between
the two groups. Table 2 shows the intraoperative features
in both groups.

Regarding postoperative features, no differences in
median LOS were observed (3 days in both groups). When
analyzing 30-day outcomes, five postoperative compli-
cations were reported: 4 in LAS patients (17.4%) versus
only one in RAS (1.6%; p=0.021). In the LAS group, one
additional reintervention (Clavien—Dindo IIIb) was nec-
essary due to hemoperitoneum occurring 12 h following

Table 1 Demographic and
clinical features

LAS group (n=23) RAS group (n=61) p value

Gender; n (%)
Male

Female

Age at surgery (years); median (Q1-Q3)

BMI (kg/mz); mean (SD)
Ethnicity; n (%)
Black
Caucasian
Latin
Hematological disease; n (%)
SCD
HS
ITP
Histiocytic sarcoma
Splenic cyst
ALPS

Spleen longitudinal diameter (cm); median (Q1-Q3)

0.242
11 (47.8) 37 (60.7)
12 (52.2) 24 (39.3)
10 (3.8-15.3) 8.2(5.7-12.2) 0.150
21.2 (5.5) 19.8 (4.7) 0.312
0.869
18 (78.3) 46 (75.4)
4(17.4) 10 (16.4)
1 (4.3) 5(8.2)
0.081
13 (56.5) 43 (70.5)
6 (26.1) 15 (24.5)
3(13) 1(1.6)
1 (4.3) 0
0 1(1.6)
0 1(1.6)
148 (124-17.1) 153 (13.1-17.8)  0.269

QI-Q3 interquartile range, BMI body mass index, SD standard deviation, SCD Sickle cell disease, HS
Hereditary Spherocytosis, ITP Idiopathic Thrombocytopenic Purpura, ALPS Autoimmune Lymphoprolif-

erative Syndrome

Table 2 Intraoperative data in
both groups

LAS group (n=23) RAS group (n=61) p value

Surgery time (minutes); mean (SD) 182 (68) 135 (39) 0.043
Blood loss (ml); mean (SD) 158 (39) 42 (15) 0.021
Conversion rate; n (%) 0 0 -
Intraoperative complications; n (%) 0 0 -
Associated cholecystectomy; n (%) 3(13) 11 (18) 0.708
Spleen removal; n (%) 0.153

Endobag through the umbilical trocar 19 (82.6) 56 (91.8)

Infraumbilical mini-laparotomy 4(17.4) 5(8.2)
Spleen weight (g); mean=+SD 377+83 348+75 0.319

Q1-0Q3 interquartile range, SD standard deviation
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splenectomy in a child who had been on long-term aspi-
rin treatment and had a wound site infection. The decision
for reoperation was prompted by escalating abdominal dis-
comfort during examination, and the surgical exploration
revealed a moderate accumulation of hematoma without
any ongoing source of active bleeding. Three small bowel
obstructions were reported (2 in the LAS group and 1 in
RAS) which were managed conservatively with nasogastric
tube and parenteral nutrition for several days, without the
need for surgical reintervention (Clavien—Dindo II). RAS
patients had significantly lower postoperative blood trans-
fusion requirements (1.6 vs. 13.0%; p=0.025) and lower
readmission rate (3.3 vs. 17.4%; p=0.042). Although the
median surgery cost was higher in the RAS group ($5847 vs.
$2155), robotic group patients had lower complications cost,
so ultimately no differences were observed when comparing
the median economic overall cost ($25,645 LAS vs. $28,135
RAS; p=0.215). Postoperative results and economic data
are provided in Table 3.

Discussion

This study compares the outcomes and costs of laparoscopic
and robotic splenectomy in children with hematological
disorders leading to splenomegaly, medically refractory
cytopenia, and transfusion dependency. Clinical symptoms
determine the indications and timing of intervention [1].
Splenectomy effectively resolves splenic sequestration and
consequent splenomegaly, except in cases of ITP where the

Table 3 Postoperative outcomes and economic data in both groups

treatment’s efficacy lies in eliminating the splenic phago-
cytes responsible for platelet destruction [13]. The majority
of patients in our study were black children with SCD, as
this disease is more prevalent in this ethnicity. The second
cause of splenectomy in both groups was HS, mainly in Cau-
casian patients. The absence of differences in demographic
and clinical data between patients in both groups means that
they can be considered comparable. As they were included
in one group or the other consecutively (until 2011 laparo-
scopic and until 2021 robotic), there was no potential selec-
tion bias.

A few years ago, we described our preliminary experience
with the first 30 cases of robotic splenectomy [14]. After re-
analyzing the data including two times the initial number
of patients, we have observed relevant findings. Robotic
splenectomy operating time has been reduced by more than
30 min on average, which is probably due to the learning
curve of both the surgeon and the rest of the team (anesthe-
sia, nursing, etc.). Time loss in this procedure is mainly a
result of the time-consuming positioning of the system and
the delicate port placement, so the greater the number of
procedures performed, the greater the reduction in surgery
time achieved [15, 16]. The robot allowed for less operative
time compared with standard laparoscopy even though some
of the cases included cholecystectomies. In addition, the
hospital stay has been reduced to 3 days, which is probably a
consequence of the reduction of surgery time, intraoperative
bleeding and the consequent lower need for postoperative
transfusions. This aspect carries notable significance, espe-
cially for individuals affected by SCD, wherein extended

LAS group (n=23) RAS group (n=61) p value

Length of hospital stay (days); median (Q1-Q3) 324 3(2-3) 0.412
Postoperative complications; n (%) 4(17.4) 1(1.6) 0.021

Surgical wound infection 1(4.3) 0

Small bowel obstruction 2 (8.6) 1(1.6)

Hemoperitoneum 1(4.3) 0
Complications Clavien—Dindo classification; n (%) 0.021

I 14.3) -

1T 2 (8.6) 1(1.6)

Illa - -

IIIb 14.3) -
Readmission rate; n (%) 4(17.4) 2(3.3) 0.042
Follow-up time (years); median (Q1-Q3) 12.5 (10-15) 6 (2-10) <0.001
Need for blood transfusion; n (%) 3 (13.0) 1(1.6) 0.025
Economic costs ($); median (Q1-Q3) 27,645 (22,413-33,233) 30,135 (26,043-35,203) 0.215

Surgery cost
Admission costs

Complications/readmissions costs

2155 (1,742-3148)
17,543 (14,982-20,613)
7947 (5689-9472)

5847 (4954-6379)
18,085 (15,243-21,789)
6203 (5846-7035)

Q1-Q3, interquartile range
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anesthesia durations were previously believed to correlate
with an increased occurrence of postoperative complications
in this group of patients [17]. The results of our study are
similar to those described by Giza et al. who noted improved
operative time and blood loss when performing more com-
plex splenectomies with the robotic assisted platform com-
pared to laparoscopic splenectomy in adult patients [18].

The robotic system furnishes a stable camera platform
that offers an enhanced view, owing to three-dimensional
imaging, along with instruments featuring increased degrees
of freedom and a more ergonomic positioning for the sur-
geon [19]. This is especially important in narrow or other-
wise hardly accessible anatomical fields, such as the pelvis
or the subdiaphragmatic regions [20, 21]. The use of tools
with greater mobility allows for more precise hemostasis,
thus reducing intraoperative bleeding and consequently
decreasing the need of blood transfusion and the risk of
postoperative complications compared to laparoscopy
[21]. In our study, one LAS patient had to be reoperated
due to bleeding at the surgical site, which caused pain and
decrease in the patient’s hemoglobin values. There were no
re-interventions in the robotic group. The lower need for
blood transfusion observed in the ROB group may be due
on the one hand to less intraoperative bleeding, and on the
other hand to the shorter operative time, which reduces the
surgical stress in this group of patients compared to the lapa-
roscopic group.

Comparative studies between laparoscopic and robot-
assisted splenectomy in children and adolescents are limited.
Shelby et al. reported 24 splenectomies (14 laparoscopic and
10 robotic) with a lower LOS in the robotic group (2.1 days)
compared to the laparoscopic group (3.2 days; p=0.02), but
with a higher associated cost in the robotic group ($44,724
vs $30,255; p=0.01) [8]. However, they did not find a differ-
ence in operative time between the two cohorts (140.5 min
in robotic group vs 154.9 min in laparoscopic). Recently,
Belbahri et al. have reported 41 cases (26 laparoscopic and
15 robotic), with a median LOS higher than our results
(6.5 days for laparoscopic group and 5 days for robotic), and
with a robotic surgery time of 223 min [interquartile range
190-280], also higher than our study [7]. Both the authors
conclude that robotic splenectomy in children remains safe,
but offers no additional advantage compared to laparoscopy
as the cost are higher.

Our study benefits from a 17-year-long evolving expe-
rience and encompasses a larger sample size compared to
prior investigations. Our shorter operative time is probably
due to the larger number of cases operated in our series (61
robotic splenectomies). The larger volume of surgeries has
been shown to reduce the operative time per surgery and
thus the cost of the intervention. Costs have repeatedly been
one of the main criticisms of robotic surgery [21]. Compar-
ing costs across different studies remains complex due to the

inclination to report charges, variations in regional/market
cost disparities, and the diverse methodologies employed
to estimate expenses [22]. The fixed price of robotic and
laparoscopic equipment should be excluded, as both costs
are covered by the hospital and are not paid by the insur-
ance companies or the patients. Given that robotic instru-
ments can be reused up to ten times, a fraction of the initial
purchase price, specifically one-tenth, was factored into the
robotic assisted group. Despite this, the cost is still higher
than single-use laparoscopic instruments. However, as the
costs of instruments may decrease and both setup and opera-
tive times become shorter, the elevated expenses associated
with robotic surgery might eventually become comparable
to those of standard laparoscopy in the future.

In relation to the limitations of the study, it should be
noted that most of them stem from its retrospective, single-
institution design. The relatively small sample size is also
a restriction, although given the small number of cases of
splenectomy in children, our study constitutes the largest of
those published to date. However, further multicenter stud-
ies with higher number of patients are still needed. This
approach is essential for further cementing the role and
applicability of robotic technology in the realm of pediatric
surgery.

Conclusion

Robotic assisted splenectomy may be considered as a safe
and feasible option in children compared to the traditional
laparoscopic approach. The main benefits observed in this
study were shorter surgery time, lower blood loss, less trans-
fusion requirements, fewer postoperative complications and
lower readmission rate. Nevertheless, additional research
will be necessary to comprehensively grasp the optimal
application of robot-assisted surgical methods within pedi-
atric patients.
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