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Abstract

Objective The purpose of this prospective study is to
evaluate the efficiency of perioperative spleen emboliza-
tion prior to laparoscopic splenectomy indicated for
hypersplenism.

Methods We conducted a prospective study exploring a
technique  combining  ultra-selective  perioperative
embolization and splenectomy. Between January 2008 and
March 2013, 16 splenectomies were performed in children
suffering from hypersplenism due to varying hematologic
diseases. Spleen embolization was performed by an inter-
ventional radiologist in the operating room (OR) just
before splenectomy and during the same general anesthe-
sia. Ages varied from 3 to 17 years. Spleen volume was
measured by preoperative ultrasound. One patient under-
went a laparotomy because of suspected adhesions due to
previous surgery. All other operations were performed
laparoscopically.

Results One complication arose from embolization: a
perforation of the splenic artery. After immediately placing
a platinum coil proximal to the perforation, the splenec-
tomy was carried out as usual. Fourteen children (87.5 %)
had splenomegaly, of which eight (50 %) had massive
splenomegaly. There were no deaths, no conversions to
laparotomy, no reoperations and none of these patients had
to be transfused.
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Conclusions Perioperative spleen embolization per-
formed in the OR by an interventional radiologist makes
laparoscopic splenectomy a safer procedure. We propose a
preoperative method for spleen measurement that is adap-
ted to children: simple and massive splenomegaly is
defined through patient body weight and a preoperative
ultrasound. We conclude that spleen size is no more a
limiting factor for laparoscopic splenectomy in children.
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For laparoscopic splenectomy, the literature describes
conversion and transfusion rates up to 20 and 30 %,
respectively, which can reach 37.5 and 87.5 % for massive
splenomegaly [1-12]. Mortality varies from 0.6 to 1.4 %
[4, 6, 7, 11]. Laparoscopic splenectomy is not yet consid-
ered to be the standard surgical approach for enlarged
spleens [1, 2, 13, 14]. Transumbilical single-incision
laparoscopic surgery (SILS) is an attractive surgical tech-
nique, especially in children as it leaves no scar; however,
it can be a challenging procedure, particularly for large
spleens [8, 15-18].

In adults, splenomegaly is often defined as a long axis
exceeding 15 cm, but this measurement is not applicable to
children as spleen size varies with growth [19]. We
therefore used splenic volume related to body weight as
parameter for splenomegaly, as described by Schlessinger
[20]. Given the risks of laparoscopic splenectomy, we
developed a surgical protocol combining spleen
embolization and laparoscopic splenectomy (with or
without SILS) during the same general anesthesia. Post-
operative outcomes of these patients were then explored.
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Patients and methods

Between January 2008 and March 2013, we performed 16
splenectomies in children suffering from hypersplenism
due to hematologic diseases such as sickle cell anemia [5],
spherocytosis [5], B-thalassemia [3], idiopathic thrombo-
cytopenic purpura [2] and nodular hyperplasia of the liver
[1]. There were seven boys and nine girls. Patient ages
varied from 3 to 17 years (mean = 8 years), and body
weight went from 13 to 54 kg (mean = 29 kg). Each
patient had a preoperative ultrasound, and spleen volume
was calculated in milliliters using the formula for an ellipse
(length x width x thickness) x 0.523 [21, 22]. Spleen
volumes varied from 100 to 1310 ml (mean = 417 ml).
These were compared to normal standards as a function of
body weight (0.7 4+ (4.6 x body weight)) [20]. The ratio
volume/normal volume for weight varied from 0.4 to 8.
(Table 1). Operative data, complications and 6-month fol-
low-up were prospectively recorded and analyzed using a
structured pro forma.
We performed a two-step surgical procedure:

First step: To begin with, an interventional radiologist
performs a spleen embolization on the child, who is under
general anesthesia. Using the Seldinger technique, a 2.7-
French microcatheter (Progreat'™, Terumo Europe) is
brought into the splenic artery. Through this microcatheter
and after dilution with an iso-osmolar iodinated contrast
medium (Iohexol 350 mg/ml, GE Healthcare),150-250

micron calibrated polyvinyl alcohol microparticles (Bead
Block™, Biocompatibles, Terumo Europe) are slowly
injected in the distal portions of the two major division
branches of the splenic artery. Injection is performed using
the “free flow” technique, until visual stagnation is
obtained, which is secondary to obstruction of the
capillary system by the injected particles. Several plat-
inum coils, from 3 to 6 mm (TornadoTM microcoils 018,
Cook Medical), are subsequently implanted (Fig. 1) in the
proximal splenic artery until a complete visual stop of the
injected contrast is observed at the level of the proximal
splenic artery (Fig. 2)

Second step: The anesthetized child is moved from the
catheterization room to the operating room (which are
within the same operating block in our institution), and
immediate splenectomy is performed.

We performed 16 total splenectomies. Two of the 16
procedures were associated with cholecystectomy for
gallstones; liver biopsies were done in three patients. One
patient underwent laparotomy because of suspected adhe-
sions due to a previous surgery. The remaining 15 opera-
tions were performed laparoscopically, all by the same
surgeon. Three were done by SILS and four were started by
SILS, but required the introduction of one or two additional
ports. Eight interventions were performed by conventional
laparoscopy using three or four ports. Spleen dissection
was performed using LigaSure (Valleylab®) and monopo-
lar hook.

Table 1 Data on spleen length

and volume Patient Age (years) Pw (kg) Sw (g) S-axes (cm) Sv-c (ml) Sv-n (ml) Ratio
1 3 13.6 230 15 x 9 x 45 316 63 5
2 15 159 10 x 10.5 x 5 273 70 4
3 6 19 336 14 x 10 x 5 364 88.1 4
4 16 47 1300 20 x 14 x 9 1310 216.9 6
5 13 54 138.6 11 x 7.5 x 3 128.7 249 0.5
6 6 26 240 11 x9 x4 206 120 1.7
7 6 21 370 15x 13 x3 304 97.3 3
8 6 26 402 18 x5 x4 561 120 4.6
9 3 17.5 399 15 x 12 x 7 655 81.2 8
10 6 17 299 14 x 11 x 6.5 520.5 77.2 6.7
11 12 41 326 155 x 12 x 4 386.9 189.3 2
12 3 17.5 155 15 x 10 x 2.5 195 81.2 2.4
13 17 47 250 15 x 11 x 3.5 300.3 216.9 1.4
14 10 30 765 19 x 11.5 x 7.5 852 138.7 6
15 8 50 99.4 10 x 5.5 x 3.5 100 230.7 04
16 6 21 231 12 x 11 x 3 205.9 154.4 2

Pw patient weight, Sw spleen weight, S-axes spleen length—depth—width

Sv-c calculated spleen volume (1 x d x w x 0.52)

Sv-n normal spleen volume in relation to body weight [0.7 4+ (4.6 x body weight)]

Ratio: Sv-¢/Sv-n
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Fig. 1 Implantation of microcoils into the proximal splenic artery

Fig. 2 Angiogram after completion of embolization, demonstrating
normal perfusion of the small gastric and gastroduodenal arteries

Results
Embolization

In all patients, the embolization resulted in spleen ischemia
(Fig. 3). There was one embolization-related complication:
a splenic artery perforation. A platinum coil was immedi-
ately positioned proximal to the perforation, making it
impossible to inject the microparticles. Nevertheless, the
procedure was performed without any further complica-
tions. Mean embolization time was 87 min.

@ Springer

Fig. 3 Intraoperative view: splenic infarction

Surgery

After complete dissection, the spleen was fractioned inside
an endobag and then removed through the umbilical inci-
sion in 13 patients. In two patients, a Pfannenstiel incision
had to be performed to remove the spleen as it was too
large to fit in an endobag. Mean operation time was
184 min. SILS was performed with straight instruments
and therefore responsible for longer operating times. If we
withdraw the SILS procedures and combined operations
(associated cholecystectomies or liver biopsies), mean
operation time becomes 128 min. Blood loss was negligi-
ble (<20 ml) except in the patient with the splenic artery
perforation during embolization who lost 250 ml of blood.
For this particular patient, the spleen was massive (with a
volume six times higher than normal), and the operation
had to be performed by inserting four ports. There were no
deaths, no transfusions, no conversions, no endobag per-
forations and no patients needed drainage. There were no
reoperations.

Complications

Eight patients developed 12 postoperative complications.
Five patients suffered from pleural effusions, but only one
of them had to be drained; three of these five had a con-
comitant pneumonia. A standard postoperative blood
sample was taken at 48 h. For three patients, blood work
showed a mild elevation of serum amylase without clinical
signs of pancreatitis which resolved spontaneously within
4 days. One sickle cell patient suffered from an acute chest
syndrome. We also noticed one biological inflammatory
syndrome without obvious reason, one left subphrenic
abscess, treated conservatively, and one central catheter
sepsis. Follow-up at 6 months showed no surgery-related
complications.
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Discussion

The complications associated with laparoscopic splenec-
tomy as described in the literature sustain the idea that it is
a challenging procedure, with splenomegaly being a sig-
nificant risk factor for intraoperative bleeding [1-3, 14, 19].
Some authors consider massive splenomegaly as a limiting
factor or even a contraindication for laparoscopic
splenectomy [1, 2, 13, 14]. In adults, splenomegaly is
defined as a long axis exceeding 15 cm and massive
splenomegaly as a long axis exceeding 20 cm [4, 19].
Others use spleen weight as an indicative factor [13]. In the
SAGES Manual of Strategic Decision Making, simple
splenomegaly is defined as a spleen enlarged to more than
50 % the average adult organ, and massive splenomegaly
as an adult spleen more than 25 cm in length or 900 g in
weight. [23]. In children, some authors use the same cri-
teria, but others consider these measurements irrelevant
because spleen size is relative to body size [12, 19]. The
European Association for Endoscopic Surgery (EAES)
defines massive splenomegaly in children as a spleen larger
than four times normal for age [19].

There are some unpublished data of normal spleen
lengths for age (Tables 2, 3), but spleen volume related to
body weight seems to be more reliable [20]. All our
patients had preoperative ultrasound measurements of
spleen volume. These were compared to normal standards
developed by Schlessinger in a large CT scan study [20].
Sonographic measurements of the spleen have been shown
to correlate closely with splenic volumes determined by CT
scan [22]. In this series, 14 children (87.5 %) had spleno-
megaly, eight of which (50 %) had massive splenomegaly,
their spleens being four to eight times larger than normal.

Table 2 Normal craniocaudal splenic length in relation to age®

Age group (months) Splenic length (cm)

0-3 3.3-5.8
3-6 4.9-6.4
6-12 5.2-6.8
Age group (years)

12 54-7.5
2-4 6.4-8.6
4-6 6.9-8.8
6-8 7.0-9.6
8-10 7.9-10.5
10-12 8.6-10.9
12-15 8.7-11.4
15-20 9.0-11.7

° Czarneki E, Mestdagh P, Khorgami B, Chaffiotte C
Hopital Jeanne de Flandre, Lille, France

Table 3 Normal craniocaudal splenic length in relation to age®

Age group (months) Splenic length (cm)

0-3 6
3-6 6.5
6-12 7
Age group (years)

1-2 8
2-4 9
4-6 9.5
6-8 10
8-10 11
10-12 11.5
12-15 12
15-20 12 for girls

13 for boys

° Brun M, Lamireau Th, Leflot F, Pietrera P, Diard F, Chateil JF

Hopital Pellegrin-Enfants Bordeaux, France

In our opinion, perioperative spleen embolization makes
laparoscopic splenectomy a safer procedure, especially for
splenomegaly. There are some reports of pre- or periop-
erative spleen embolization with good results, but the
technique has yet to become widespread [2, 3, 24-26]. This
may be due in part to the fact that complications secondary
to the injection of microparticles have been described [2, 3,
24]. Another possible obstacle is the difficulty to combine
embolization and splenectomy during the same anesthesia
because one needs a catheterization room close to the
operating room, which is not always the case. The two
procedures can be split and performed on different days.
This can result in a decrease in splenic volume and may
facilitate laparoscopic dissection [3]. However, this alter-
native involves two anesthesias and 30-100 % of patients
present postembolic pain [3, 25]. For these reasons, we
preferred combining both procedures during the same
anesthesia [26].

Embolization can be performed by simple insertion of
coils in the main splenic artery. In this series, we performed
ultra-selective embolization. First, microparticles are
injected into the capillary bed of the spleen using the “free
flow” technique in order to avoid reflux in the collateral
arteries. Then, several coils are placed in the proximal
splenic artery. The advantage of this technique is a com-
plete vascular obstruction with no bleeding at all, whereas
simple coil placement does not avoid venous bleeding. In
one of our patients, embolization resulted in a splenic
artery perforation managed by simple coil placement. The
microparticles could not be injected, and this patient with a
spleen six times larger than normal lost 250 ml of blood.
All the others lost less than 20 ml. Another advantage of
complete vascular lock is the possibility of performing
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splenectomy by SILS as the spleen is less vulnerable.
Nevertheless, in our scarce experience with single-incision
laparoscopic splenectomy, the benefit is only esthetic, the
procedure being responsible for longer operating times,
especially if performed with straight instruments.

The overall postoperative complication rate (50 %) was
higher than those reported in the literature, with pleural
effusions and temporary elevation of amylases being most
frequent [1-3, 5, 9, 10]. Most of these complications were
minor and had few clinical repercussions, particularly the
elevation of serum amylase, which was a biological finding
without any clinical manifestation of pancreatitis. Some
publications hold the embolization responsible for these
two complications, especially the injection of microparti-
cles, but the relationship is not clearly established [2, 3,
25]. On the other hand, we encountered no major periop-
erative complications: no death, no transfusion, no con-
version and no patients required abdominal drainage. In our
series, there was no need for transfusion nor for conversion
to laparotomy. In our opinion, these major advantages of
perioperative embolization largely overrule the described
complications.

Conclusions

In this series, we were able to define simple and massive
splenomegaly in children based on their body weight and a
preoperative ultrasound. In our experience, splenomegaly,
even massive, is not an obstacle for laparoscopic splenec-
tomy. Perioperative embolization is a helpful tool and can
be performed in the OR just before splenectomy. It is a safe
procedure that can lower major perioperative complica-
tions, and it can reduce the mortality rate of laparoscopic
splenectomy to zero. An increase in minor postoperative
complications might be due to the injection of micropar-
ticles, but this observation has to be proven on a compar-
ative basis. In the future, with the conception of minimally
invasive surgery, it would be advantageous to accommo-
date operating blocks with an integrated catheterization
room.
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