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A b s t r a c t

Introduction: The first laparoscopic splenectomy in children was managed in 1993 by Tulman. During the past 15 years,
laparoscopic splenectomy has become a gold standard in many centres.
Aim: To establish an optimal surgical technique of laparoscopic splenectomy according to our own experience and
concerning clinical and economic aspects.
Material and methods: In 1996-2007, 77 laparoscopic splenectomies were carried out in our department. Most of the
indications were haematological diseases. Three groups were created from the study population according to the
instruments used for preparation and closure of the vessels. Attention was paid to duration of the procedure, compli-
cations, conversions, volume of postoperative blood loss, time of analgesic therapy and length of hospital stay.
Results: Mean duration of the procedure was 112 ±53.11 min. Complication rate was 12.98%. There were no statisti-
cally significant differences among the three studied groups concerning the number and character of complications.
Costs were significantly different in all three groups. 
Conclusions: 
1. There are no statistically significant differences in the clinical aspects of perioperative course among the three stud-

ied groups.
2. The use of disposable instruments and especially LigaSure high energy coagulation essentially lowers overall costs

of the procedure.
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Introduction

The first laparoscopic splenectomy in a child was
performed by Tulman in 1993 [1]. During the following
years laparoscopic splenectomy became a gold stan-
dard in many centres [2, 3].

In our department laparoscopic splenectomy was
performed for the first time on 27 March 1996. Since
then, all splenectomies were performed laparoscopi-
cally with minor modifications of the technique,
resulting from growing experience and improve-
ments in the laparoscopic armamentarium.

Aim

The aim of the study was to assess techniques of
laparoscopic splenectomy based on our own materi-
al and to find an optimal modification, considering
both clinical and economic issues.

Material and methods

During 1996-2006 laparoscopic splenectomy was
performed in 77 children. Their demographic data are
shown in Table I. Patients with haematological disor-
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ders were referred for surgery by their haematologists.
Failure of steroid therapy was an indication in chronic
idiopathic thrombocytopenia [4]. In spherocytosis and
non-spherocytosis anaemia indications for surgery
were frequent haemolytic crises, spleno megaly with
risk of capsule rupture, coexistent cholecystolithiasis

or aplastic crisis [5]. In splenic cysts and portal hyper-
tension the surgeon made the decision himself [6].
Splenectomy in portal hypertension was one of the
elements of devascularization of the oesophagus.

Prior to surgery, all patients received prophylaxis
against Streptococcus pneumoniae and Neisseria
meningitidis infection, and children younger than 
5 years additionally received vaccination against 
type B Haemophilus influenzae [7]. Peri- and post-
operative antibiotic prophylaxis was also applied.

Surgical method

All procedures were performed by two surgeons
experienced in laparoscopy assisted by a specialist
surgeon or resident and nurses experienced in
laparoscopic surgery instrumentation.

The procedure was performed in general anes-
thesia, with endotracheal intubation and patient
positioning 30-45° on the right side, supported
from the back side. When accessory procedures
were done (cholecystectomy, cholecystotomy,
devascularization and fundoplication) after re -
moval of the spleen, the position was changed to
supine. Trocars were placed in two different config-
urations, according to the age (height) of a patient.
In adolescents trocars were placed along the left
costal arch. In younger children due to small space
of the abdominal cavity trocars were placed more
distant to the ribs (Figure 1).

Data Number

Sex Girls 38

Boys 39

Age 2-12 years mean 12 ±4.12 
years

Body weight 13-87 kg Mean 46.6 
±16.26 kg

Indications Spherocytosis for surgery 40

Thrombocytopenia 23

Non-spherocytic 3
haemolytic anaemia

Hodgkin lymphoma 1

Portal hypertension 6

Cyst of the spleen 3

Tumour of the pancreas 1

Table I. General data of patients

Figure 1. Trocars positioning
A – younger children, B – older children, 1 – trocar with laparoscopic optics, 2, 3 – trocars for 5-mm preparation tools, 4-10 mm 
trocar for vessel-closing device
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The procedure was started by mobilizing the low-
er pole with cross-section of the spleno-colic liga-
ment. Then, the gastrosplenic ligament was sec-
tioned and short gastric vessels were closed with
clips, Ultracision or LigaSure coagulation. The posteri-
or margin was mobilized until the upper pole by cut-
ting the spleno-renal ligament. Subsequently, the
spleno-phrenic ligament was sectioned. After libera-
tion of the organ, the pedicle of the spleen was
closed. Vessels were not isolated and ligated individ-
ually, but cross-sectioned with either linear stapler or
LigaSure placed as close to the hilus as possible.
Additionally, a self-strangulating loop was placed on
the stump of the pedicle. The spleen, liberated from
adhesions and devascularized, was then placed in
a plastic bag. When significant splenomegaly was
present, the spleno-phrenic ligament was cut at this
point. Any additional procedures (cholecystectomy,
cholecystotomy, devascularization in oesophageal
varices and fundoplication) were performed after
changing to the supine position and repositioning of
the trocars. The excised spleen was removed via the
widened port site above the umbilicus after finger-
crashing the spleen inside the bag. No mechanical
tools were used for homogenization.

Method of the study

The study was based on a chart review of
patients’ documentation. Patients were divided into
3 groups according to surgical technique of ligation
of the vessels and applied surgical instruments.
Patients were operated with new instruments as
soon as they were available; hence the groups were
sequential and there were no inclusion or exclusion
criteria for any of the groups. 

The first group of patients (I) had short gastric
vessels clipped with vascular clips and the pedicle of
the spleen was sutured with a linear stapler. The sec-
ond, most numerous group (II) was formed of
patients who were operated on with an ultrasonic
knife. Again, the pedicle of the spleen was stapled
with a linear stapler. The third group (III) consisted of
patients operated on after introduction of high-ener-
gy coagulation LigaSure, which was used for closure
of both short gastric vessels and closure of the pedi-
cle of the spleen. The original bag was used for
removal of the spleen from the peritoneal cavity. 

To assess surgical technique in each group, dura-
tion of the procedure, complications, conversion rate,

discharge volume from the peritoneal cavity, duration
of analgesia and length of hospital stay were includ-
ed in the analysis [2, 3, 8].

Cost analysis

Economic analysis was based on the costs of pro-
cedures at the time of data analysis. Direct cost was
summarized, paying special attention to the prices of
instruments used and adding them to averaged hos-
pitalization time, according to the specific hospital
price list. To compare treatment costs with other
data, the dollar exchange rate from 22 February 2009
equal to 3.8 zlotys was taken. 

Statistical analysis

Statistical analysis was performed with ANOVA
method of variance analysis to assess distribution of
each parameter in different groups of the study.
Results are shown as absolute numbers, percentages
and means with standard deviation (SD). P value of
less than 0.05 was considered significant.

Results

General data and indications for surgery are shown
in Tables I and II. Table III presents additional surgical
procedures performed with splenectomy. Mentioned
pancreatic tail resection needed splenectomy for infil-
tration of the tumour on the splenic vessels.

Duration of splenectomy ranged between 30 and
330 min, with mean of 112 ±53.11 min. Length of the
operation was significantly affected by additional
procedures performed (Figure 2). In the first group
the procedure lasted 120-300 min, mean 225 
±61.8 min. When patients subjected solely to splenec-
tomy were taken into consideration, the time range
did not change yet average time decreased to 201
±79.08 min. In the second group mean duration of
the procedure was 134 ±92.8 min and ranged
between 30 and 365 min. Duration of splenectomy
when no other surgery was performed was 105
±41.87 min (range: 30-180 min). Surgery in the third
group took anywhere between 60 and 200 min, with
a mean of 100 ±36.85 min. When complex procedures
were excluded, this time ranged from 60 to 135 min
(mean 90 ±24.2 min). The difference in duration of
surgery in each group was statistically significant 
(p = 0.00062 for all procedures and p = 0.0007 for
procedures limited to splenectomy). 
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Mean hospitalization time was 4.07 ±1.95 days
and ranged from 2 to 18 days. Hospital care longer
than 4 days was forced by complications which had
occurred during surgery or in the postoperative peri-
od. Patients from the first group were hospitalized for
a mean of 3.75 ±1.48 days, from the second group for
4.23 ±2.24 days, and from the third group for 3.76
±0.59 days. Differences between the groups were
insignificant (p = 0.61).

Opioid painkillers were administered in 3-4 doses
a day given intravenously, subcutaneously or intra-
muscularly. These drugs were given for 1-4 days after
surgery (mean 2.05 ±0.75 days). No significant differ-
ence was found between the groups. Oral feeding
was started on the second postoperative day. Delay
in oral nutrition occurred in two patients only and
was due to complications of surgery.

Drainage of the surgical site was not used rou-
tinely – the decision was left to the surgeon. Finally,

drainage was used in 57 patients, with volume range
of 0-270 ml (mean 51.6 ml). As the study was per-
formed in paediatric patients, we have corrected the
draining volume for body weight. Average for the
whole population was 1.7 ±6.7 ml/kg. In the first
group it was 1.08 ±1.5 ml/kg, in the second 2.03 ±8.1
ml/kg, and in the third 0.97 ±1.3 ml/kg. Hence, pro-
portional discharge volumes for an adult of 70 kg
would be, respectively: 75.6, 142.1 and 67.9 ml in the
first, second and third group. This result is also sta-
tistically not significant (p = 0.82). 

Adverse events occurred in 10 patients (12.98%)
included in the study. Distribution of adverse events
in each group is shown in Table IV. 

Fixed costs of the laparoscopic splenectomy
including disposable materials and equipment and
calculated amortization of preparation tools and
laparoscope were 433.17 zlotys. The laparoscopic bag
for spleen removal was 250 zlotys. A clip applicator

Indications I II III Total

Spherocytosis 10 (83.3%) 25 (48%) 5 (38.4%) 40 (51.9%)

Chronic idiopathic thrombocytopenia resistant 1 (8.3%) 13 (25%) 7 (53.8%) 21 (27.3%)
to conservative treatment

Thrombocytopenia resulting from chemotherapy 2 (3.8%%) 2 (2.6%)

Non-spherocytic haemolytic anaemia 2 (3.8%) 1 (7.7%) 3 (3.9%)

Hodgkin lymphoma 1 (1.9%) 1 (1.3%)

Tumour of the pancreas 1 (1.9%) 1 (1.3%)

Cyst of the spleen 1 (8.3%) 2 (3.8%) 3 (3.9%)

Portal hypertension 6 (11.5%) 6 (7.8%)

Total 12 (100%) 52 (100%) 13 (100%) 77 (100%)

Table II. Indications for splenectomy in each group

Type of surgery I II III Total

Cholecystectomy 2 (16.6%) 6 (11.5%) 2 (15.4%) 10 (13%)

Cholecystotomy 3 (25%) 1 (7.7%) 4 (5.2%)

Devascularization of the oesophagus and fundoplication 6 (11.5%) 6 (7.8%)

Resection of the tail of the pancreas 1 (1.9%) 1 (1.3%)

Total 5 (41.6%) 13 (25%) 3 (23%) 21 (27.3%)

Table III. Procedures accompanying splenectomy
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costs 467 zlotys a charge and 10 zlotys for tool amor-
tization. The stapler price was 2208 zlotys. Ultrasonic
knife amortization for each procedure was calculated
at 134.45 zlotys. Application of the LigaSure vessel
closure system was calculated at 1980 zlotys. Mean
cost of hospitalization was 2253.96 zlotys. Total cost
was, respectively 5622.10 zlotys when bipolar coagu-
lation, clip applier and vascular stapler were used,
5279.58 when Ultracision was applied, and 4917.13
zlotys when the LigaSure system was used. Costs are
presented in Figure 3.

Discussion

In the presented study the surgical procedure and
post-operative course were analyzed in 77 children
operated on between 1996 and 2007. All procedures
were performed with the laparoscopic method.
Haematological diseases prevailed (n = 66), as they
are the leading indication for elective splenectomy in
the literature [4-6, 9-21]. Patients with hypersplenism
accompanying portal hypertension formed another
group [6, 11, 22-24], who had devascularization of the
oesophagus and gastric fundus with splenectomy as
an alternative to other procedures in recurrent bleed-
ing from oesophageal varices after primary therapy
with endoscopic sclerotherapy [6, 23].

The technique of laparoscopic splenectomy in our
experience is similar to that presented in the majori-

ty of international publications. Position on the right
side at 45 or 90° and support of the lumbar region is
preferred [12, 16, 20, 25, 26]. Most authors, like our-
selves, have chosen this position after trying the clas-
sic supine position first [17, 18, 21, 27, 28]. According
to Rescorla and Szold, mobilization of the whole
spleen (‘suspended pedicle’) allows for safe place-
ment of the stapler on the vessels of the pedicle by
lifting it on the lower jaw of the instrument. An undi-
vided spleno-phrenic ligament can obscure the view
of the tool tip, creating the risk of incomplete closure

Optimizing the technique of laparoscopic splenectomy in children
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Figure 2. Mean duration of splenectomy with
and without additional procedures
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Total duration of surgery Duration of splenectomy

Type of complication Operative technique I II III Total Statistical
dependent significance

Bleeding to the peritoneal cavity Yes 2 (3.84%) 2 (2.59%)
requiring re-laparoscopy

Subphrenic abscess Yes 1 (1.92%) 1 (1.29%)

Subcutaneous emphysema No 1 (1.92%) 1 (1.29%)

Need for mechanical ventilation No 1 (1.92%) 1 (1.29%)
after surgery 

Vomiting No 1 (1.92%) 1 (1.29%)

Superficial vein thrombosis No 1 (7.69%) 1 (1.29%)
of the upper limb 

Infection of upper airways No 1 (1.92%) 1 (1.29%)

Conversion Yes 2 (3.84%) 2 (2.59%)

Total 0 9 (17.3%) 1 (7.69%) 10 (12.98%) p = 0.10

Table IV. Side effects in each group
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of the pedicle with mechanical suture [12] or damage
to the vessels [25]. Neither of these authors, howev-
er, had observed such a complication in his material,
and nor did we. Klingler suggests that both modifica-
tions are equally safe and appropriate, and the choice
is only up to the surgeon [29]. We left the spleno-
phrenic ligament untouched until the pedicle was
sectioned only when significant splenomegaly was
present to facilitate manoeuvring of the organ on
placement within an endobag. We have not adopted
the ‘vessels first’ technique with ligation of the
splenic artery and vein, as preparation of the pedicle
in an omental bursa with immobilized spleen is diffi-
cult and time-consuming and increases the risk of
injury to the tail of the pancreas. On the other hand,
an effect of autotransfusion is hypothetical and can-
not be confirmed during the surgery. Our experience
and literature data both discourage this modification
[25]. Stapler placement on the whole pedicle without
division of the vein and artery is considered the

safest means of ligation. It minimized the risk of vas-
cular damage on dissection and shortened operation
time [25, 29].

In the presented study, mean surgery duration
was 135 and 112 min when patients with complex
surgery were excluded. Systematic shortening of the
time needed to complete the procedure was noted:
from 201 min needed for splenectomy in group I to
90 min in group III. The meta-analysis performed by
Winslow et al. including 2940 patients from 51 publi-
cations has shown that mean duration of laparoscop-
ic splenectomy (180 min) exceeded that of classical
splenectomy (114 min) [30]. This is considered one of
the major disadvantages of laparoscopic splenecto-
my. We were able to reduce operation time signifi-
cantly. Our experienced team, equipped with modern
instruments (group III), was able to accomplish
laparoscopic surgery in a shorter time than that of
classical splenectomy given by Winslow [30].

We did not observe any difference in hospital stay
during the study period; the mean was 4.07 days.
When hospitalization lasted longer than 4 days, it
resulted from intra- or post-operative complications,
which are described below. The most important fac-
tor allowing for assessment of the adopted surgical
technique is the rate of peri-operative complications
and conversion rate in laparoscopic procedures [31-
36]. We have studied the number of adverse events.
An adverse event was any deviation from ideal post-
operative course [3, 8], hence their high rate
(12.98%). However, only 3 events in this group were
related to surgical technique (3.89% of the study
population). The most common complication was
bleeding into the peritoneal cavity, which occurred
twice (2.59%). Both cases were treated with re-
laparoscopy. Blood was present in the post-splenec-
tomy site and in a Douglas recess. No source of active
bleeding was found. Blood was washed out and
drainage was placed. In Winslow’s meta-analysis
haemorrhage was described in 4.8% of patients,
including the need for conversion for intraoperative
bleeding and 1.6% if conversions were excluded [30].
Other authors mentioned above report a hemorrhag-
ic complication rate of 0 to 5.5% [8, 12, 16, 17, 22, 29,
33, 34]. In our group two patients (2.59%) needed
conversion to open procedure. One of these cases
was a combined procedure of splenectomy, devascu-
larization of oesophagus, and gastric fundoplication.
Conversion was performed after successful splenec-
tomy due to difficulties in devascularization of the
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Figure 3. The cost of laparoscopic splenectomy
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cardia region and distal oesophagus. The second case
decision to convert was made due to extreme size of
the spleen, as the organ, 28 × 16 cm in size, ran down
as low as the umbilicus. Laparotomy was performed
after the organ was cut off, as it was impossible to
remove it from the abdomen and the length of inci-
sion was only 8 cm. Conversion to open procedure is
a controversial issue. Such a decision is usually made
due to intraoperative complications (bleeding) or due
to the size of the spleen exceeding the technical pos-
sibility of excision. Such a change of technique must
always be acceptable. Literature data are contradicto-
ry and many do not consider abdominal incision
a conversion whenever oncological guidelines require
removal of the spleen in one piece [14, 17, 36]. Patel
considered the procedure minimally invasive when
the skin incision did not exceed 5 cm [34]. The
authors agree that the number of conversions
decreases with experience of the surgeon, and
together with duration of surgery is a criterion of
learning curve assessment [17, 34, 33]. In our materi-
al, conversions were not related to the technique of
spleen preparation or possible complications.

Total cost of the procedure differs between cen-
tres and countries. In the publication of Misiak et al.
from 2004 the total cost of treatment was calculated
as 7024 zlotys [37]. The cost of splenectomy in the US
is 7584 dollars (28 819 zlotys) according to Corder et
al. [38]. Turkish data give an amount of 2064 dollars
(7843 zlotys) [16]. In China the cost of splenectomy
was calculated as a mean of 871 dollars  (3309 zlotys)
[24]. In our material, the biggest part of the total cost
of laparoscopic splenectomy depends on the price of
the consumable tools, which in Poland is significant-
ly higher (in comparison to other costs of treatment)
than in western countries. At the same time, the
average cost of a day of hospitalization in a surgical
unit with labour costs is incomparably lower and is
given as an averaged cost, without precise calcula-
tion of time in the operative room or inclusion of peri-
operative procedures cost. Hence, an increase of the
cost with laparoscopic method (mostly driven by the
cost of the tools) is proportionally much more signifi-
cant than the obvious and proven benefit of
laparoscopy with shortened hospitalization time [37].
Cost analysis should be followed by an idea to
decrease them. Turkish authors working in economic
conditions and instruments/hospitalization cost
ratios similar to the Polish conditions put forth such
a proposition [16, 39]. As the increased cost of laparo-

scopic splenectomy is mostly driven by the price of
tools, especially disposable ones, they suggest re-
using them. Yünney and Hamamci confirm in prac-
tice, with results of bacteriological studies, that
preparation tools, trocars and the LigaSure device can
be successfully re-sterilized and re-used [16, 39]. The
cost of a single application of LigaSure coagulation is
1980 zlotys. Considering 4 or 5-time usage of Liga-
Sure coagulation, according to Yüney’s publication,
the cost for a single procedure would be 396 zlotys
[39]. Unfortunately, according to American and EU
standards such a solution cannot be applied. Multi-
ple-use LigaSure device could be such a solution.

The presented data show that the laparoscopic
procedure brings little risk to a patient, independent-
ly of the applied technique. Improvements in dispos-
able equipment, especially the possibility to re-use
LigaSure coagulation, significantly reduce the dura-
tion of surgery and decrease its cost.

Conclusions

1. Application of different surgical techniques
does not influence the complication rate when sur-
gery is performed by the same, experienced team.

2. Introduction of sterilizable instruments, espe-
cially LigaSure coagulation, significantly reduces cost
of the procedure.
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