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Abstract

Background Although laparoscopic splenectomy (LS)

has become the standard approach for most splenectomy

cases, some areas still remain controversial. To date, the

indications that preclude laparoscopic splenectomy are not

clearly defined. In view of this, the European Association

for Endoscopic Surgery (EAES) has developed clinical

practice guidelines for LS.

Methods An international expert panel was invited to

appraise the current literature and to develop evidence-

based recommendations. A consensus development con-

ference using a nominal group process convened in May

2007. Its recommendations were presented at the annual

EAES congress in Athens, Greece, on 5 July 2007 for

discussion and further input. After a further Delphi process

between the experts, the final recommendations were

agreed upon.

Results Laparoscopic splenectomy is indicated for most

benign and malignant hematologic diseases independently

of the patient’s age and body weight. Preoperative inves-

tigation is recommended for obtaining information on

spleen size and volume as well as the presence of accessory

splenic tissue. Preoperative vaccination against meningo-

coccal, pneumococcal, and Haemophilus influenzae type B

infections is recommended in elective cases. Perioperative

anticoagulant prophylaxis with subcutaneous heparin

should be administered to all patients and prolonged anti-

coagulant prophylaxis to high-risk patients. The choice of

approach (supine [anterior], semilateral or lateral) is left to

the surgeon’s preference and concomitant conditions.
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In cases of massive splenomegaly, the hand-assisted tech-

nique should be considered to avoid conversion to open

surgery and to reduce complication rates. The expert panel

still considered portal hypertension and major medical

comorbidities as contraindications to LS.

Conclusion Despite a lack of level 1 evidence, LS is a

safe and advantageous procedure in experienced hands

that has displaced open surgery for almost all indica-

tions. To support the clinical evidence, further

randomized controlled trials on different issues are

mandatory.

Keywords Guidelines � ITP–Laparoscopic �
Laparoscopy � Minimally invasive surgery � Splenectomy

Splenectomy is performed either as causal or symptom-

atic therapy for numerous indications. Patients with

benign hematologic disorders especially can benefit from

this procedure [1–3]. Formerly, open splenectomy rep-

resented the traditional therapy for normalizing platelet

levels or for staging the extent of malignant disease.

Since the first description of laparoscopic splenectomy

(LS) in 1991 [4], it has been adopted as the standard

technique for most indications for splenectomy through-

out the world.

Most of reported data reflect good overall acceptance

of the laparoscopic method, but they also show some

disadvantages, such as longer operating times or limita-

tions of this technique in cases of splenomegaly. These

differences in difficult cases are less marked in more

recent reports, probably due to technical improvements

and growing experience of the staff performing LS.

Although widespread clinical consensus exists for many

aspects of LS, there is still uncertainty about some

issues, especially the contraindications to LS. The

European Association for Endoscopic Surgery (EAES)

therefore perceived the need to hold a Consensus

Development Conference (CDC) on LS and hence pro-

vide clinical practice guidelines.

Methods

The EAES scientific committee commissioned the plan-

ning group in Cologne to undertake a preliminary literature

review. An expert panel constituted for a CDC in May

2007 consisted of nine surgeons, one hematologist, and

three research scientists. Criteria for the selection of

experts included clinical and scientific expertise and geo-

graphic location. It was decided that detailed indications

for splenectomy and splenic trauma [5] were outside the

remit of these guidelines.

A literature search via PubMed and the Cochrane

Library was undertaken using the subject heading ‘‘sple-

nectomy’’ in combination with the term ‘‘laparosc*’’

Additional searches were performed using the added terms

‘‘partial’’ ‘‘splenic cyst*’’ ‘‘splenic abscess’’ ‘‘pregnan*’’

‘‘obes*’’ and ‘‘access*.’’ The reference lists of the original

literature also were screened. A total of 202 relevant

publications were included in the literature review.

Studies were assigned the following levels of evidence

(LoE) as defined in the grading scheme developed by

the Centre for Evidence-Based Medicine in Oxford

(http://www.cebm.jr2.ox.ac.uk): randomized controlled

trials (RCTs, LoE 1), nonrandomized controlled clinical

trials (CCTs, LoE 2), case series with nonconcurrent (i.e.,

historical) control groups (LoE 3), and simple case series

(LoE 4). Only one RCT on splenectomy was found [6]. If

comparison groups differed in important baseline char-

acteristics (e.g., spleen size), the study was downgraded.

Case reports were drawn into closer consideration only if

they contributed to special aspects or contained implica-

tions on new procedures at that time. Lower-level studies

were accepted for analysis only if higher-evel studies

contained important flaws or were small in number or

size.

The grade of recommendation (GoR) for each con-

sensus statement was based on the quality of the

scientific evidence and the views of the expert panel.

The grades of recommendation are as follows: A (high-

quality evidence [e.g,. RCTs] with consistent results and

a positive risk-benefit ratio), B (medium-quality evidence

[e.g., CCTs] or contradictory results of higher-quality

studies), C (low-quality evidence [e.g., case series] or

contradictory results of higher-quality studies including

good clinical practice aspects in the case of lacking or

low-quality evidence).

After the literature review and circulation of a ques-

tionnaire among the expert panel, provisional guidelines

were drawn up and key questions highlighted for the

CDC in Cologne. The provisional guidelines were sent to

all members of the panel before the consensus meeting.

At the CDC, the nominal group process was used to get

a consensus. In one instance, consensus could not be

obtained, and it is indicated as a minority statement in

the guidelines. The statements were reformulated after

the consensus meeting and sent out to the members of

the expert panel for final approval. At the 15th annual

congress of the EAES in Athens, Greece on 5 July 2007,

the consensus statements were presented for further dis-

cussion and input, after which final guidelines were

produced.
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Recommendations

Choice of approach: laparoscopic versus open

splenectomy

The laparoscopic approach is preferable to the open

approach for most indications because it reduces

complications and shortens recovery (GoR B).

Although only one randomized controlled trial [6] has

compared open splenectomy (OS) with LS, a widespread

and common consensus maintains that the laparoscopic

approach is superior to the open technique for almost all

diseases requiring splenectomy (Table 1). Therefore, LS is

considered the standard approach for most indications.

Some limitations remain for patients with splenic trauma,

splenomegaly, and serious medical comorbidity.

Laparoscopic splenectomy may be associated with

longer operating times than OS. Although the duration of

LS reported by different authors varies widely, there is a

trend toward shorter operating times, which may be

attributed to various technical improvements and a learning

curve (LoE 3b) [7, 8]. Recent publications show no sig-

nificant differences in operating times between LS and OS

for normal-sized or moderately enlarged spleens (Table 1).

Some studies have shown that operating time is directly

correlated with spleen size [9], reporting a conversion rate

of 100% for spleens with a longitudinal diameter larger

than 27 cm. The issue of massive splenomegaly as a

potential contraindication is discussed later.

Most authors report that intraoperative blood loss is less

with LS. The rate of intraoperative complications appears

to be similar regardless of approach. Postoperative com-

plications after splenectomy include pulmonary

complications such as pneumonia and atelectasis as well as

intraabdominal and wound infections. The rates for those

complications are reported to be lower with LS [9].

Especially in cases of autoimmune hematologic disorders,

undetected accessory spleens could be the cause of disease

recurrence. Some authors state that LS carries the risk of

missing accessory spleens, but most data show detection

rates comparable with those in OS [10–12].

Postoperative recovery is quicker after LS (LoE 3b) [7],

and there is lower usage of postoperative analgesics. The

time until return to normal activity (i.e., driving, work) is

significantly shorter after LS (LoE 3b) [13]. Better cos-

metic outcomes are achieved with LS.

For idiopathic thrombocytopenic purpura (ITP), the

most common indication for elective splenectomy, the

outcome is measured by the postsurgical platelet count.

Studies have shown no significant difference between LS

and OS (LoE 3b) [8, 14, 15]. Velanovich [16] reported on

quality of life after laparoscopic surgery and found that

laparoscopic surgery leads to faster improvements in gen-

eral health, physical functioning, and bodily pain (LoE 3b).

Most authors agree that LS is an advanced laparoscopic

procedure that, in the hands of an experienced surgeon, is a

safe approach to splenectomy. They admit the existence of

a learning curve, and many have reported that they have

reached the limits of feasibility with the consequence of

conversion mainly during the first laparoscopic approaches.

The perception of a need for training to perform advanced

laparoscopic surgery was shown by Rattner et al. [17] in an

assessment of surgical residents’ opinion (LoE 5). Some

authors define the learning curve as a decrease in operating

time [18–20], a decrease in conversion rate [20, 21], or a

decrease in complication rate [22] that can be achieved

after a minimum of 10 (LoE 4) [20] or 20 (LoE 4) [18]

patients. Others have shown by comparing 25 cases of LS

managed by experienced surgeons and the same number of

LS cases managed by trainees under direct supervision of

an experienced surgeon that there were no statistically

significant outcome differences in terms of operative time,

blood loss, intraoperative complications, need for transfu-

sion, conversion rate, length of hospital stay, or

postoperative complications (LoE 3b) [23]. A review by

Dagash et al. [24] showed that no agreement exists con-

cerning the number of operations a surgeon must perform

to become ‘‘proficient’’ in different laparoscopic proce-

dures (LoE 2a).

The costs of surgery include operating room costs,

hospital costs, and societal costs (e.g., caused by lost

workdays). Although operating room costs are higher with

LS than with OS because of more expensive technical

equipment, the use of disposable items, and maybe longer

operating times, the total hospital charges are not signifi-

cantly higher with LS (LoE 3b) [14, 25]. Total hospital

charges may be even lower with LS due to a significantly

shorter hospital stay (LoE 3b) [26]. Other authors have

found that costs are related to age, spleen size, and major

complications, but not to operative technique (LoE 3b) [7].

A thorough cost-effectiveness analysis still is needed.

Splenectomy for benign and malignant disorders

Laparoscopic surgery is recommended for both

benign and malignant disease (GoR B). In cases of

splenomegaly, surgery may be more difficult and

accompanied by more complications, thus requiring

significant experience (GoR B).

Indications for LS are the same as for OS. Splenectomy can

be applied to prevent the increased elimination of the

blood’s corpuscular elements and to relieve symptoms

caused by an enlarged spleen, possibly including
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abdominal distension, pain, and fullness or early satiety, or

it may be used for staging purposes in cases of malignant

diseases, although the latter has largely been replaced by

other diagnostic means.

In cases of benign hematologic diseases, ITP is the most

common indication and the cause for surgery in 50% to

80% of the patients treated by laparoscopic splenectomy

[27, 28]. Laparoscopic splenectomy can be considered the

method of choice for cases of refractory symptomatic

thrombocytopenia after medical therapy, when toxic doses

of steroids are required to achieve remission, or for relapse

of thrombocytopenic purpura after the initial response to

steroid therapy [14, 29]. Spleens in patients with ITP are

normal sized or slightly enlarged, so these patients benefit

from all the advantages of minimally invasive surgery.

Studies have shown that splenectomy is safe (LoE 2b)

[27] and highly effective in terms of complete or partial

remission. Its results are even superior to those for medical

treatment due to high rates of complete remission in the

absence of side effects related to medical therapy (LoE 3b)

[1, 29, 30]. Other types of thrombocytopenic purpura (e.g.,

thrombotic or HIV-related; LoE 4) [7] also may be treated

by splenectomy. Splenectomy also is indicated for hemo-

lytic anemia including hereditary spherocytosis, major and

intermediate thalassemia with secondary hypersplenism or

severe anemia, and refractory autoimmune hemolytic

anemia.

All surgeons in the panel strongly supported the lapa-

roscopic approach, accepting the fact that only one

randomized controlled trial had been conducted [6]. The

hematologist in the panel expressed reservations about the

overall superiority of laparoscopic surgery due to this lack

of evidence.

During laparoscopic splenectomy for autoimmune

hematologic disorders (autoimmune thrombocytope-

nia, autoimmune hemolytic anemia), a routine search

for accessory splenic tissue is recommended to avoid

disease recurrence (GoR C).

The need for preoperative imaging to evaluate the

existence of accessory spleens is not clear. In 2004, Napoli

et al. [31] published a study of 22 patients who underwent

multidetector row CT preoperatively. They found that CT

correctly predicted the number and sites of accessory

spleens, with a sensitivity of 100% (LoE 3b), compared

with intraoperative findings.

Earlier studies presented lower rates or detection by CT.

In a study of 58 ITP patients treated with LS, preoperative

spiral CT, abdominal ultrasound examination, and in one

patient scintigraphy were performed. The presence of

accessory spleens was shown in three patients by CT but in

none by US. One accessory spleen was first detected by

CT, then confirmed by scintigraphy. Intraoperatively, three

additional accessory spleens were found, and three other

patients presenting postoperative signs of persistent splenic

tissue were submitted to scintigraphy, which showed

accessory spleens that had not been found either pre- or

intraoperatively, giving an overall sensitivity of 43% for

preoperative imaging (LoE 3b) [32].

After an initial study on accessory spleen detection (LoE

3b) [33], Gigot et al. [34] found that the results of preop-

erative localization studies have improved significantly

since the development of high-resolution CT technologies.

They reported a current detection rate of 100% by preop-

erative spiral CT irrespective of accessory spleen size.

Meanwhile, they perform routine preoperative imaging at

their institution.

A thorough search for accessory spleens during the LS

surgical process provides detection rates similar to those

for OS and therefore is obligatory [32, 33, 35, 36]. The

highest detection rates can be achieved in combination with

preoperative imaging [14].

Recently, Barbaros et al. [37] reported the use of a

handheld gamma probe for intraoperative detection of

accessory spleens during initial surgery and compared the

results with preoperative CT and intraoperative findings

(LoE 4) [37]. They found that the handheld gamma probe

had a sensitivity of 100% for detecting accessory spleens in

2 of 17 patients, one of which had not been detected pre-

viously by CT. The existence of two accessory spleens

indicated by preoperative CT scan could not be confirmed

during surgery by exploration and gamma probe, nor did

postoperative scintigraphy confirm any persistent splenic

tissue. The authors concluded that the handheld gamma

probe may be an adjuvant method for detecting accessory

spleens.

These data suggest that with the technical advances of

CT imaging, the preoperative detection rate and the

localization of accessory spleens will increase. Neverthe-

less, a thorough search for splenic tissue during surgery is

obligatory.

For malignant hematologic diseases requiring sple-

nectomy, laparoscopic surgery is recommended (GoR

B). In cases of massive splenomegaly, the procedure

may be more technically demanding but nevertheless

feasible in experienced hands (GoR C).

If the spleen is to be retrieved in toto for histopa-

thologic evaluation or if tumor spillage is to be

avoided, the hand-assisted laparoscopic splenectomy

(HALS) port or alternatively an additional incision

can be used for specimen retrieval (GoR C).

Malignant diseases involving the spleen may require

splenectomy for therapeutic or diagnostic reasons [38].

Indications include hematologic malignancies such as

myeloproliferative disorders (i.e., myelofibrosis),
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lymphoproliferative diseases such as chronic lymphocytic

leukemia with massive splenomegaly, autoimmune throm-

bocytopenia or autoimmune hemolytic anemia, hairy cell

leukemia, and splenic lymphoma with villous lymphocytes,

among others (LoE 4) [9, 39]. Because hematologic

malignancies often result in splenomegaly [40, 41], the

recommendations for splenomegaly apply (Table 2).

In cases of splenectomy for diagnostic or staging pur-

poses, removal of the intact organ for pathologic

examination may be necessary. This requires an additional

incision of 8 to 10 cm [42], or alternatively, when HALS is

performed, the spleen can be removed via the hand port

device without an accessory incision [38] (Table 3).

Malignancies of primary splenic origin are very rare,

comprising mostly lymphangiosarcomas, malignant vas-

cular tumors such as hemangiosarcoma or malignant

lymphoma [43]. Most splenic tumors are metastases (e.g.,

of malignant melanoma or ovarian cancer) [44].

Silecchia et al. [45] showed in a comparison of 24 patients

with malignant disease and 52 patients with benign disease

that LS in the former group was associated with longer

operating times, partly because of concomitant procedures,

larger spleen size, a higher conversion rate, and fewer in-

traoperative complications, but the difference did not reach

statistical significance. They concluded that LS should be the

preferred approach for splenectomy even for patients with

malignant disease and splenomegaly (LoE 3b).

In 2004, Walsh et al. [46] compared the operative out-

come of standard LS and HALS for 73 patients who had

lymphoproliferative disease (LPD) with those for 86

patients who had ITP. They found that although patients

presenting with LPD had significantly longer operating

times, greater blood loss, and a longer hospital stay, there

was no difference in morbidity. They stated that LS can be

performed safely for patients with LPD, and that if HALS

is used judiciously, the conversion and morbidity rates are

low. In the case of organ removal for histopathologic

evaluation, the spleen was divided inside the bag into

pieces about 3 cm in size, which was regarded sufficient by

their pathologist (LoE 3b).

Other authors state that LS for splenic malignancy can

be performed using the same surgical techniques and

considerations, but should allow an additional incision for

removal of the intact specimen for histopathologic evalu-

ation (LoE 4) [38, 43]. The clinical response of patients

without hematologic disturbances is satisfactory [15].

For splenic vascular tumors, whose character is difficult

to predict preoperatively, the use of the HALS technique

offers the additional advantage of palpation and thus

detection of further malignant lesions (e.g., in regional

lymph nodes, pancreas, or stomach) (LoE 4) [43].

To avoid tumor spillage and port-site metastasis,

meticulous care has to be taken during preparation and

removal of the specimen. Placement of the spleen in a thick

bag for morcellation or retrieval in toto is obligatory.

For the removal of accessory spleens or splenosis, the

laparoscopic approach is technically safe and feasible

(GoR C).

Recurrence of the initial disease, mainly in ITP, can be due

to remaining splenic tissue. This may be in the form of

accessory spleens missed during the initial surgery or

splenic implants that have developed as splenosis after

splenic capsule injury and cell spillage during surgery. If

remaining splenic tissue is detected, laparoscopic removal

is a safe and feasible technique (LoE 4) [16, 32, 37, 47].

The choice of approach (i.e., lateral or semilateral) may be

made according to the location of the accessory spleen or

spleens.

For partial splenectomy, the laparoscopic approach is

feasible but rarely indicated for adults (GoR C).

The first reports of laparoscopic partial splenectomy

appeared in 1994 [48]. Because the early and late

complications of splenectomy (e.g., overwhelming post-

splenectomy infection or thrombosis of the portal or

splenic vein) are potentially life threatening, the develop-

ment of spleen-sparing techniques has been pressed ahead

[49]. Indications include nonparasitic cysts, benign tumors

[49], splenomegaly of unknown origin [48, 49], and single

metastasis [48]. Although new magnetic resonance imag-

ing (MRI) techniques have improved the diagnosis and

evaluation of focal splenic lesions [50], preoperative

differentiation sometimes remains difficult. For a series

of 38 patients who underwent laparoscopic partial sple-

nectomy for different indications, Uranues et al. [48]

described their technique of resecting spleen parts that

involved first sealing the corresponding vessels with

ultrasonic shears or LigaSureTM, Valleylab (Boulder, CO)

then applying slow and atraumatic compression to the

parenchyma with a grasper, with special care taken not to

tear the capsule. The part of the spleen to be resected was

cut by using multiple applications of an endostapler. The

raw edge then was sealed using fibrin and collagen fleece.

No perioperative mortality occurred in this series. Three

patients received packed erythrocytes, and two procedures

required conversion to open surgery because of bleeding.

These authors concluded that partial splenectomy can be

performed quickly and safely as a laparoscopic procedure

(LoE 4).

Some authors have reported that because of the spleen’s

segmental blood supply, resection of parts of the organ

after segmental devascularization using electrocautery or

ultrasonic scissors is feasible and safe (LoE 4) [49, 51, 52].

The resection surface may be sealed using the argon be-

amer and fibrin glue (LoE 4) [49].
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If surgery for a splenic cyst is indicated, the laparo-

scopic approach is recommended for adults (GoR C).

Splenic cysts can be of parasitic or nonparasitic origin.

Depending on whether the cyst wall has an epithelial

lining, they can be subdivided into primary (i.e., true) or

secondary splenic cyst (i.e., pseudocyst). Nonparasitic

splenic cysts account for about 75% (range, 50–80%) of

cystic spleen lesions and are mostly pseudocysts because of

prior trauma to the abdomen [53–55]. Primary nonparasitic

cysts are regarded as congenital [56].

Most cysts are asymptomatic. If symptoms evolve, they

are vague and appear when the cyst has reached a certain

size.The symptoms include abdominal pain, fullness, nau-

sea, vomiting, flatulence and diarrhea, and irritation of the

left diaphragm followed by cough or pneumonia. Occa-

sionally, cysts present by hemorrhage, infection, or rupture

[57].

The indication for surgical treatment of nonparasitic cysts

in adults is not clearly defined, and because of small patient

numbers in published studies, the evidence is controversial.

Some authors state that cysts with a diameter exceeding 5 cm

and any symptomatic or complicated cysts should be treated

by spleen-preserving resection (e.g., partial splenectomy,

cystectomy, or cyst decapsulation) [56].

Whereas splenectomy historically was the treatment of

choice for splenic cysts, currently, spleen-conserving

techniques are promoted. These procedures carry the risk

of cyst recurrence, especially in cases of primary cysts with

epithelial lining. The definite character of a cyst and

whether the cyst wall has an epithelial lining can be

determined only by pathology, so some authors advocate

the intraoperative frozen section to determine further sur-

gical strategies [56].

In a small study of 15 patients, Mertens et al. [56] found

that postoperative complications occurred only with open

surgery and not after laparoscopic treatment. They propose

laparoscopic partial splenectomy for primary cysts or,

alternatively, a laparoscopic decapsulation with destruction

of the remaining cyst wall, although the risk of recurrence

is not clear.

Czauderna et al. [58] reported that in a study of 50

children with nonparasitic splenic cysts, laparoscopic

removal of the cyst was associated with a higher rate of

complications and recurrence than open surgery.

For splenic abscess, LS is feasible but technically more

difficult, depending on the degree of surrounding inflam-

mation with vascular adhesions and fibrous attachments.

The evidence on this issue is very scarce, but findings of

one study have shown the laparoscopic approach to be a

safe and effective treatment [59].

Splenic artery aneurysms, the most common visceral

artery aneurysms, have a prevalence of 0.04% to 0.1%,

which is increased up to 20% for patients with portal

hypertension and cirrhosis. Most aneurysms are located at a

bifurcation in a middle or distal segment of the splenic

artery and present as multiple aneurysms in 20% of the

cases [60].

Treatment is indicated if aneurysms become symptom-

atic and cause symptoms such as abdominal pain or back

pain, in women of childbearing age, in the presence of

portal hypertension, before liver transplantation, if the

diameter exceeds 2 cm [61, 62] or 2.5 cm, and in the case

of pseudoaneurysms regardless of size [60]. Asymptomatic

aneurysms that show tendencies to enlargement also should

be treated.

Spleen-preserving techniques such as endovascular

splenic arterial interventions can be applied in most cases

of splenic arterial aneurysms. However, surgical interven-

tion by either laparoscopic exclusion of the aneurysm or

(partial) splenectomy is necessary if other interventional

techniques are not applicable.

Laparoscopic splenectomy in splenomegaly

Splenomegaly should be defined in metric terms by

preoperative imaging.

From a surgical perspective, splenomegaly is defined

by a maximum splenic diameter exceeding 15 cm

(No GoR). A maximum splenic diameter exceeding

20 cm should be considered as indicating a massive

splenomegaly (No GoR).

Management of splenomegaly is controversial. Although

the presence of splenomegaly has long been considered a

relative or absolute contraindication for LS, later reports

indicate that laparoscopic management is feasible and

should be attempted for spleens of almost any size (LoE 3b

[63, 64]) (Table 4). The healthy spleen in adults measures

approximately 11 9 7 9 4 cm and weighs 100 to 250 g

(wet spleen weight). The literature presents no unanimous

use of the terms ‘‘splenomegaly’’ or ‘‘massive splenomeg-

aly,’’ and some authors use terms such as ‘‘giant,’’

‘‘supermassive,’’ and ‘‘supramassive’’ for very large

organs. For the purposes of these guidelines, splenomegaly

is defined as a long axis exceeding 15 cm, and massive

splenomegaly as a long axis exceeding 20 cm. These

definitions were unanimously agreed upon by the panel.

A definition by weight does not seem appropriate

because the weight can be obtained only postoperatively

and has no predictive value for the choice of surgical

approach. Additionally, in a study of 58 porcine spleens,

Walsh et al. [65] found that the morcellated weight of the

spleen, as described by most authors when presenting their

results, by far underestimates the weight of the intact
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specimen. A categorization of spleen size by morcellated

weight is difficult and inaccurate. Therefore, the size of the

spleen should be evaluated in terms of centimeters before

surgery. Some authors consider the spleen longitudinal

diameter to be a reasonably predictive parameter [9, 39].

However, because of the spleen’s shape, the term ‘‘maxi-

mum diameter’’ seems more appropriate.

Ultrasonic measurement can provide reliable informa-

tion [39, 66–69]. Computed tomography also can be used,

although it is more cost intensive and does not provide

significant advantages for the determination of splenic size.

Although new MRI techniques offer very good results in

the detection and characterization of pathologic spleen

conditions [50], it does not play a significant role in the

preoperative evaluation of splenic size because of higher

costs and lower availability in certain countries.

For splenomegaly (but not massive splenomegaly),

LS still is safe and preferable to OS in experienced

hands (GoR B)

Most studies of LS in splenomegaly have shown that LS is

associated with longer operative times, increased blood

loss, more perioperative complications, a longer hospital

stay, and higher conversion rates (LoE 2b) [70] than LS for

normal-sized spleens. One study of 142 patients found no

statistically significant differences for perioperative com-

plications and length of hospital stay (LoE 3b) [64]. Still,

strong evidence suggests that LS is superior to open

splenectomy for this group of patients (Table 2).

In case of massive splenomegaly (diameter,[20 cm),

hand-assisted laparoscopic or open splenectomy

should be considered (GoR C) because the larger the

spleen, the more likely the need for open surgery.

For spleens larger than a certain size, LS becomes more

technically challenging. While some authors set the

boundary at more than 600 g [63, 71–73], most regard

more than 1,000 g as more relevant [22, 74–77]. Disagree-

ment also exists about the use of preoperative imaging to

establish splenic size. Some authors set the boundary at a

longitudinal diameter greater than 15 cm [39, 78, 79],

whereas others use a boundary of 16 cm [73], 17 cm [63,

72], or 20 cm [42, 80].

Sometimes the term ‘‘giant spleen’’ or ‘‘supermassive

splenomegaly’’ ([22 cm or [1,600 g [63, 64, 72, 73]) has

been used to describe even larger spleens. Laparoscopic

resection in the setting of massive splenomegaly is chal-

lenging because of the limited abdominal working space

and the difficulty of intraabdominal manipulation and

retrieval of the large organ.

Some authors have found that all spleens with a longi-

tudinal diameter exceeding 27 cm (LoE 3b) [40] or 30 cm

[81] have required conversion to open splenectomy when

the purely laparoscopic approach was attempted and thus

have suggested the use of HALS (see later). Others have

suggested HALS for all spleens with a width exceeding

19 cm and a length greater than 22 cm [64, 72] or 23 cm

[28, 38]. Operative difficulty, as measured by operation

time, blood loss, and conversion rate, becomes greater as

splenic weight and size increase. Studies show poorer

operative results with spleens weighing more than 500 g

(LoE 3b [41]) or 1,000 g (LoE 3b) [39]. In a series of

60 patients, Terrosu et al. [82] found a shorter operative

time for LS used to manage spleens of normal size com-

pared with LS for spleens as large as 2,000 g, but detected

no further statistically significant differences. They defined

the limitation for LS at a spleen weight of 2,000 g or a size

of 23 cm (LoE 3b). One group suggested the open

approach for all spleens with an estimated weight

exceeding 1,000 g or a longitudinal diameter exceeding

20 cm (LoE 3b) [39].

Hand-assisted laparoscopic splenectomy

Hand-assisted laparoscopic splenectomy (HALS) is a

valid approach (GoR B). It should be considered to

avoid conversion to open surgery (GoR B).

For massive splenomegaly, HALS is recommended

as a primary procedure because it shortens operative

time and minimizes intraoperative blood loss (GoR

B).

Hand-assisted laparoscopic splenectomy is a modification

of LS. For this approach, most authors prefer the patient to

be positioned in a semilateral or 45� right lateral decubitus

position on the operating table [73]. An additional incision

7 to 8 cm long is made, large enough to allow the surgeon’s

hand and forearm to pass. It may be located in the upper

midline or the right upper abdomen [72, 76, 83, 84], or

alternatively at the McBurney or Pfannenstiel site [85]. The

location of the incision site can be varied depending on the

size of the spleen. At the chosen site, a hand port device

can be used that allows the surgeon to insert the

nondominant hand into the abdomen while maintaining

pneumoperitoneum.

Some authors report performing the procedure without

the hand port device by inserting a hand through the

additional incision [86] and tightening the skin around the

wrist with a towel clamp [87]. The inserted hand allows for

tactile feedback and can assist in the surgical process

during dissection, retraction, and placement of the enlarged

spleen into the retrieval bag. Furthermore, unexpected sit-

uations such as hemorrhage or adhesions can be controlled.

The spleen then can be removed via the additional incision,

often without morcellation. Possible disadvantages include
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the space taken up by the surgeon’s hand or forearm that

can hamper certain maneuvers and hand fatigue, reported

by 21% of the surgeons [88, 89].

Many studies have shown that HALS in cases of spleno-

megaly results in shorter operating times, lower conversion

rates, and fewer perioperative complications (i.e., bleeding

of hilar structures or parenchyma) than with the purely lap-

aroscopic approach (LoE 3b [41, 76, 87, 90, 91], LoE 4 [84,

92], Table 5). In a series of 56 patients with splenomegaly,

Targarona et al. [91] showed a significantly shorter hospital

stay in the HALS group than in the purely laparoscopic group

due to fewer complications (LoE 3b). Although an additional

incision is required, thereby causing more trauma to the

abdominal wall, HALS maintains the benefits of classic

laparoscopic surgery such as short hospital stay, early

resumption of an oral diet, and less postoperative pain

compared with OS (LoE 3b) [63, 72, 86].

In a study of 26 patients who underwent HALS with the

hand port device located in a low transverse abdominal

incision, Maartense et al. [92] showed that the operating

times were comparable with those for the purely laparo-

scopic approach, and that the morbidity rates were

comparable with those for purely laparoscopic and open

surgery. But they noted the development of wound-related

complications in four cases (13%), including incisional

hernias at the hand port site in two cases (7.7%) (LoE 4).

Some authors suggest the use of HALS for any spleen

with a longitudinal diameter exceeding 22 cm (LoE 3b [72,

76]), but not for normal-sized spleens (LoE 4 [88, 89, 91,

92]). In very rare cases of splenectomy, in combination

with simultaneous procedures such as kidney transplanta-

tion, the HALS technique may allow for surgery via the

hand port incision (LoE 4 [93].

Limits of the laparoscopic approach

Portal hypertension from liver cirrhosis still should be

considered a contraindication to LS (GoR C).

Although some data exist to show that LS can be

performed safely and successfully for patients with liver

cirrhosis, the panelists still considered portal hypertension

a contraindication to the laparoscopic approach (LoE 3b

[38, 79]; LoE 5 [83]).

Portal hypertension with gastric varices increases the risk

of intraoperative hemorrhage (LoE 4) [94]. In 2005, Cobb

et al. [95] studied 50 patients with liver cirrhosis who

underwent different laparoscopic procedures in their insti-

tution. They found that the procedures were technically more

challenging due to the frequent coexistence of portal

hypertension, varices, and thrombocytopenia. In eight cases

of LS, they found a mean operative time of 192 min, a mean

estimated blood loss of 193 ml, and a mean hospital stay of

3.5 days. They concluded that besides the higher risk of

bleeding, basic and advanced laparoscopic procedures are

safe for patients with mild to moderate (Child-Pugh classi-

fication A and B) cirrhosis of the liver (LoE 4).

Hashizume et al. [96] reported on a series of 73 patients

with portal hypertension who underwent laparoscopic

splenectomy in 2002. They observed a conversion rate of

4.1% due to bleeding, a mean operative time of

210 ± 102 min, and an estimated blood loss of

375 ± 352 ml. In conclusion, they considered the laparo-

scopic approach not only to be a safe and well-tolerated

procedure, but the procedure of choice (LoE 4).

In 2005, Ohta et al. [94] published an analysis of risk

factors for massive intraoperative bleeding ([800 ml)

during LS. In the multivariate analysis, portal hypertension

and Child class were independent risk factors, whereas

univariate analysis showed that significant risk factors are

liver cirrhosis, portal hypertension, splenomegaly, Child

class, and preoperative platelet count. These authors stated

that careful attention to intraoperative bleeding during

laparoscopic splenectomy is necessary (LoE 4).

With the advent of increased laparoscopic surgery for

morbid obesity (body mass index [BMI] [ 35),

morbid obesity is not a contraindication to laparo-

scopic splenectomy (GoR C).

Laparoscopic splenectomy is an attractive approach

because the potential benefits are greater for obese

patients (GoR C).

Morbid obesity may lead to technical difficulties during

surgery due to reduced intraabdominal working space and

worse visualization. Weiss et al. [97] reported an increased

Table 7 Topics of LS that

should be investigated by

clinical trials

HALS, hand-assisted

laparoscopic splenectomy

HALS vs open surgery in very large spleens

True incidence and clinical importance of portal (and/or splenic) vein thrombosis after LS

Choice of patient positioning: comparison of anterior, semilateral and lateral approaches for LS

Substances and duration of antibiotic prophylaxis for the prevention of postsplenectomy infection

Clinical interest of accessory spleens

Feasibility of LS in portal hypertension if surgery is inevitable

Means of pre-operative imaging for detection of accessory spleens

Advanced bipolar and ultrasonic coagulation devices for occlusion of the hilar vessels
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blood loss, but no further significant differences in operative

time, length of stay, or complication rates related to BMI.

Nevertheless, the laparoscopic approach should be chosen

whenever possible because obese patients especially profit

from lower complication (e.g. wound infection) rates

related to the laparoscopic approach (LoE 3b) [97]. In

contrast to this, Delaitre et al. [20] reported a significantly

higher conversion rate (37.9%) for obese patients.

To evaluate the impact of morbid obesity on outcome

for LS, Weiss et al. analyzed the data for 112 patients

classified into groups by BMI before they underwent LS.

These authors reported statistically significant longer

operative times for the group with a BMI greater than 40.

The complication and conversion rates also were higher,

but this difference did not reach statistical significance.

None of the aforementioned differences could be shown

between the groups with a BMI less than 30 and those with

a BMI of 30 to 40. Intraoperative blood loss was similar in

all three groups (LoE 3b) [98].

In the absence of major comorbidities, advanced age

is not a contraindication to LS (GoR B).

The patient’s age itself is not a hindrance to LS, but success

of surgery is strongly dependent on coexisting clinical

features resulting in a worse American Society of Anes-

thesiology (ASA) score (e.g., cardiovascular diseases (LoE

2b) [81]. After LS performed for elderly patients (age,

[65 years), who usually present with higher ASA scores, a

significantly longer hospital stay and a greater number of

complications could be noted (LoE 2b) [81, 99].

It generally is recommended that surgery be post-

poned during pregnancy (GoR C), although

successful LS for pregnant women has been reported.

Pregnancy has long been considered a contraindication to

laparoscopy, and no large series exist to provide evidence.

Some case reports have shown that laparoscopic proce-

dures can be performed safely during pregnancy. The need

for urgent splenectomy during pregnancy is rare, indica-

tions, for example, can include hemolytic crisis in

hereditary spherocytosis (LoE 4) [97]. Some authors

propose that LS may be preferred to OS because the

advantages of the minimally invasive approach and the

lower preterm labor rates are especially beneficial for both

the patient and the fetus [100, 101].

If possible, surgery should be scheduled for the second

trimester of pregnancy because the risk of fetal loss then is

lower. Additionally, the gravid uterus has not yet reached a

size that could lead to technical difficulties such as impaired

intraabdominal working space (LoE 5) [102]. It is suggested

that to establish pneumoperitoneum and further introduction

of the laparoscope, the Hasson technique is safer (the needle

for insufflation is placed under direct visualization via a

small incision) than the blind insertion of the Veress needle

and helps to avoid injury to the uterus [97].

Preoperative imaging

All adults scheduled for splenectomy should be

investigated preoperatively by ultrasound to clarify

spleen size and volume (GoR B). Thin-slice spiral CT

should be used if additional information about anat-

omy and the presence of accessory spleens is needed

or if malignancy is suspected (GoR C).

For patients with benign hematologic diseases, ultrasonog-

raphy is an adequate technique for evaluating anatomic

features such as spleen size, vascular conditions, and

concomitant diseases (e.g., gallstones) [35]. For autoim-

mune or hemolytic disease, thin-slice spiral CT may be

used to detect accessory spleens. For patients with

malignant hematologic diseases, CT scan provides accurate

information on splenic size and volume as well as possible

lymphadenopathy at the splenic hilum and perisplenic

inflammation or splenic infarction, which may cause severe

intraoperative complications [38].

Preoperative management

For autoimmune thrombocytopenia, when the platelet

count is less than 20 9 109/l, treatment by preoper-

ative administration of steroids and/or

immunoglobulins and possibly by intraoperative

platelet transfusion for therapy-resistant patients

should be used (GoR C).

A platelet count lower than 20 9 109/l does not

preclude LS, although patients with a low count have

a higher complication rate (GoR C).

As a minority statement, a preoperative platelet count

exceeding 50 9 109/l is considered to be relevant by

the hematologist.

In case of low platelet counts, the risk of severe intraop-

erative bleeding is high. Treatment with prednisone (1 mg/

kg/day, beginning 5 to 7 days before surgery) is recom-

mended to achieve preoperative counts exceeding

50 9 109/l. A failure of the thrombocyte count to reach

this level is not considered a contraindication to surgery

because prolonged steroid therapy has not proved to offer

better results.

In 2003, Keidar et al. [103] reported a study of LS for 12

patients with severe refractory thrombocytopenia

(\20 9 109/l). They found that LS for patients with very

low platelet counts is feasible but carries a higher
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complication rate (33%) and a longer hospital stay (aver-

age, 5.5 days) than for patients with higher preoperative

platelet counts. There are no comparable data on open

surgery for patients with very low platelet counts. The

morbidity rate seems to correlate with the degree of

thrombocytopenia, so special efforts should be made to

elevate the platelet count preoperatively (e.g., by the

administration of steroids) or platelet transfusions in

selected cases during surgery after division of the splenic

pedicle [LoE 4]). Immunoglobulins may be an effective but

costly alternative and are related to more unwanted side

affects. Immunoglobulin G (e.g., 400 mg/kg/day) may be

administered for 3 to 5 days at least 1 week before surgery

to raise the platelet count to a mean value of 50 [104] or

80 9 109/l [105]. In cases of anemia, preoperative trans-

fusions of packed erythrocytes to raise hemoglobin to

levels exceeding 10 g/dl are advisable.

Vaccination against meningococcal, pneumococcal,

and H. influenzae type B infections at least 15 days

prior to surgery in elective cases (GoR C) is

recommended.

The risk of overwhelming postsplenectomy infection in the

form of life-threatening sepsis is a well-documented major

long-term risk for splenectomized patients. It is caused

mainly by infection with encapsulated organisms usually

eliminated by the spleen. The risk of infection is highest

within the first 2 years after splenectomy, but one-third of all

infections occur more than 5 years after splenectomy, and

patients are at lifelong risk. Although the overall incidence

is low (3.2%), the mortality rate in the case of infection is

extremely high (40–50%). Patients with thalassemia major

and sickle-cell anemia are at the highest risk (LoE 2a) [106].

Vaccination against Streptococcus pneumoniae, H. influen-

zae type B, and Neisseria meningitidis infections at least

15 days prior to surgery, or in case of emergency, within

30 days after surgery is recommended (LoE 4) [107, 108].

Antibiotic prophylaxis should be applied immediately

before surgery in the operating room (GoR C).

The patient must be advised that after splenectomy,

the risk for infection is increased lifelong.

Antibiotic prophylaxis is based on cefazolin (alternatively

clindamycin) injection immediately before surgery and

continued by postoperative intravenous amoxicillin (alter-

natively, erythromycin) administration. A prophylaxis with

oral penicillin V (alternatively erythromycin in cases of

allergic reaction to penicillin) administration should be

offered for at least 2 years for adults and 5 years for

children [107]. Some authors recommend a lifelong

prophylaxis, with amoxicillin at hand for the patient to

take immediately at the onset of any flu-like symptoms

(LoE 4 [108]).

Routine preoperative splenic artery embolization is

not recommended because it is accompanied by

severe pain and ischemic complications (GoR C).

The technique of preoperative splenic artery embolization

has been described in detail and promoted by Poulin et al.

[109, 110] (LoE 4). These authors applied the technique the

day before surgery to decrease splenic size, thereby

improving maneuverability especially of large and very

large spleens, and to diminish bleeding complications,

which are a major factor for conversion to open surgery.

Most other authors have found that this technique is

associated with severe pain for the patient as well as embolic

and ischemic complications involving other organs (i.e., the

tail of the pancreas with consecutive pancreatitis because

these two organs share a common blood supply) (LoE 4)

[68]. Others have reported preoperative artery embolization

using ‘‘painless contour emboli’’ only a few hours before

surgery for two cases with no occurrence of pain (LoE 4) [68,

111, 112] or for patients under general anesthesia in the

operating room directly before surgery (LoE 3b) [113]. In

case of massively enlarged spleens, preoperative splenic

artery embolization may be of use in preventing major in-

traoperative bleeding (LoE 4) [109–111].

In 2007, Naoum et al. [113] compared 18 patients who

underwent intraoperative splenic artery embolization

(SAE) and LS with 18 patients who underwent surgery

without SAE and could show that blood loss was signifi-

cantly less in the former group, especially for spleens

larger than 18 cm. However, there were no differences in

postoperative complications or recovery, return of bowel

function, or length of hospital stay. These authors con-

cluded that the combined treatment of SAE and LS may be

advantageous for patients who represent concerns about

bleeding complications or blood transfusion (e.g., patients

with severe thrombocytopenia, Jehovah’s Witnesses, or

morbidly obese patients likely to present technical chal-

lenges) (LoE 3b).

Technical aspects of laparoscopic splenectomy

Laparoscopic splenectomy may be performed using a

lateral, semilateral, or supine approach depending on

surgeon preference, spleen size, patient characteris-

tics, and need of concomitant procedures (GoR B).

The anterior or ‘‘supine’’ position was applied mostly in the

early years of LS [4, 104, 105]. This position allows for

good access to the omental pouch and excellent visualiza-

tion of the splenic hilum [104, 114]. Difficulties arise in

exposing and dissecting the ligamental structures as well as

the dorsal vessels and the splenic hilum, with its close

relationship to the tail of the pancreas [105].
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The anterior (or supine) position is indicated in case

concurrent procedures need to be performed (e.g. chole-

cystectomy, lymph node biopsies, or biopsies of other

organs) [9]. Then the table may be tilted to achieve a

semilateral position (see later), which facilitates the pro-

cess of splenectomy [115]. This position for concomitant

procedures also can be achieved by putting the patient in a

semilateral position and then tilting the table to the

patient’s left so that a supine position is reached. Some

authors state that this approach may be advantageous in

case of very large spleens. The splenic artery may be

ligated early, thereby diminishing the risk of severe hem-

orrhage (LoE 4 [9]).

With the hemi- (or semi-) lateral approach, described

initially as the so-called ‘‘hanging spleen technique’’ by

Delaitre et al. [116] (LoE 4), the patient is positioned on

the table with the left side elevated by use of positioning

devices (e.g., beanbag, foam wedges) up to a 40� to 45�
angle from the table surface [117]. With this approach, the

patient’s positioning can be adjusted to surgical require-

ments by tilting the table so that a fully supine or fully

lateral positioning is obtained. Some authors prefer a

hemilateral position at the beginning of the procedure for

access to the lower sac and division of the short gastric

vessels [117]. The table then can be tilted to a more lateral

position in which the spleen and other organs (stomach,

intestine) fall medially by gravity. This allows for easier

access to the posterior face of the spleen and the perisplenic

ligaments (LoE 3b) [105, 117]. Then dissection and liga-

tion of the vessels at the splenic hilum are facilitated while

the tail of the pancreas is spared. This approach seems to

offer the most advantages because the patient’s position

can be adjusted to the requirements during surgery. The

hemilateral approach is preferred by most authors for the

majority of indications [118].

With the fully lateral approach, the patient is positioned

at a 90� angle to the operating table. The spleen and viscera

fall medially due to gravity, facilitating the dissection of

the ligaments and hilar structures. Thus, this approach

allows for safe vascular control [119–121]. Visualization

for the tail of the pancreas is good, so the risk of pancreatic

injury is minimized [122]. Some authors have reported a

statistically significant reduction in operating time, number

of trocars needed, transfusion requirements, and length of

hospital stay (LoE 3b) [120]. The conversion rate also was

lower in one study when the lateral approach was used

(LoE 3b) [114]. Others have recommended the lateral

approach for patients with splenomegaly (LoE 3b) [105].

Ultrasonic shears, advanced bipolar devices, and

surgical stapling devices all facilitate vascular control

in LS, and their use is recommended to reduce blood

loss and shorten operating time (GoR B).

Bleeding is the main complication and cause for conver-

sion during LS. Use of the endovascular stapler is reported

to shorten and facilitate hilar dissection compared with the

former techniques of ligation or clipping (LoE 4) [121,

123]. Recently, electrothermal bipolar vessel sealer (Lig-

aSureTM) or ultrasonic coagulating shears (Ultracision

Harmonic ScalpelTM, Ethicon Endosurgical, Cincinnati,

OH) have been used for dissection of smaller polar vessels

and the small gastric vessels (LoE 4) [124], vessel-

containing tissue (LoE 4) [39, 125, 126], or even the

greater hilar vessels (LoE4) [127]. Romano et al. [128,

129] reported the safe use of LigaSureTM for hilar vessels

with a diameter up to 7 mm in patients with normal-sized

to slightly enlarged spleens as well as lower blood loss,

shorter operative time, and even lower costs than with

other techniques (LoE 2b).

Yüney et al. [124] performed LS for 10 patients with

ITP using LigaSureTM for hilar vessel sealing. The mean

blood loss was 60 ml, and the average operating time was

93 min, without any conversions or complications in the

postoperative period (LoE 4). Gelmini et al. [130] reported

the performance of 63 laparoscopic splenectomies using

LigaSureTM as the only means of achieving hemostasis,

with a conversion rate of 7.9%, an average blood loss of

65 ml (range, 0–100 ml), and an average operating time of

120 min (including 17 concomitant procedures). These

authors concluded that the use of the LigaSureTM vessel

sealing system during LS with a semilateral approach is

safe and effective, reduces blood loss and operating time,

and is a valid and cheap alternative to the use of endosta-

plers (LoE 4).

Recently, Targarona et al. [131] conducted a prospec-

tive randomized comparison of conventional

electrosurgery, bipolar computer-controlled electrosurgery,

and ultrasonic dissection during laparoscopic left colec-

tomy. They showed a significant reduction in intraoperative

blood loss and operating time with the use of ultrasonic

coagulating shears (UCS) or computer-based bipolar

energy devices and no significant difference in total costs

(LoE 1b). It seems tenable to reference these data because

the character of the vessels treated is similar.

In an experimental study on pig arteries, Harold et al.

[132] evaluated the bursting pressure of arteries sealed with

electrothermal bipolar vessel sealer (LigaSureTM), UCS,

titanium laparoscopic clips, and plastic laparoscopic clips.

They compared three different artery sizes (2–3 mm, 4–

5 mm, and 6–7 mm) and found that clips achieve sub-

stantial bursting pressures for all sizes of vessels. Whereas

LigaSure showed similar results with vessels up to 5 mm in

size, the bursting pressure with vessels 6 to 7 mm in

diameter was lower, but still well above physiologic

systolic pressure. Only for small vessels up to 3 mm did

UCS show effectiveness. The authors concluded that
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electrothermal bipolar vessel sealer can be used confidently

for vessels up to 7 mm in diameter, whereas the use of

UCS should be limited to small vessels (LoE 5). In con-

tradiction to this, Schaarschmidt et al. [127] in 2002

reported the successful use of UCS as only means of vessel

occlusion for vessels up to 10 mm in diameter in pediatric

patients, even for the hilar vessels (LoE 4).

Diamantis et al. [133] conducted a study to investigate

the mid- and long-term healing process after the use of

electrothermal bipolar vessel sealer (LigaSureTM), UCS

(Ultracision Harmonic ScalpelTM), and monopolar and

bipolar electrocautery. They also compared the efficacy

and safety of these methods in an animal model with vessel

diameters less than 1 mm. In this study, LigaSureTM was

shown to be the safest and most efficient method of

coagulation with the mildest side effects in terms of ther-

mal injury and inflammatory response (LoE 5). Although

an increasing number of reports describe the safe control of

the hilar vessels using bipolar or ultrasonic devices, the

results did not lead to a recommendation by the expert

panel.

For retrieval of the intact spleen and/or morcellation,

the use of a strong bag is recommended to avoid

spillage of splenic tissue (GoR B).

With LS, the removal of the spleen from the abdominal

cavity is a technical challenge and can be a time-

consuming procedure, especially in case of large and very

large organs. Sometimes the procedure leads to additional

incisions or even conversion to open surgery. The organ

must be morcellated for removal. Meticulous care must be

taken to avoid capsular tear and cell spillage. An

undetected implantation of splenic cells may be the cause

of splenosis and can be responsible for recurrence in both

benign and malignant diseases. Therefore, the process of

morcellation must be accomplished within a bag.

Some authors have reported tearing of the bag during

morcellation [14], so use of a strong bag and blunt

instruments for morcellation (e.g., fingers, ring forceps.) is

recommended. The fragments then can be removed by

suction, forceps, or both [77]. For insertion of the bag into

the abdominal cavity, a 15-mm trocar is needed. Specific

features of the bags limit their use. Some materials such as

polyurethane are reportedly vulnerable to perforation dur-

ing morcellation, whereas bags made from ripcord nylon

are more resistant to injury. Some bags available for lap-

aroscopic procedures fail to accommodate very large

spleens (e.g., those exceeding 15 cm in cross diameter)

[77]. One group reported the use of a liposucker, which

removed the enbagged spleen while leaving a rim of

splenic tissue attached to the capsule for histopathologic

evaluation, allowing retrieval by forceps without enlarge-

ment of the trocar incision [134].

Usually, the pieces of the spleen obtained after mor-

cellation and piecemeal extraction are sufficient for

histopathologic evaluation, especially in cases of ITP. For

suspected metastases or single manifestation of lymphoma

[135], staging purposes, or splenic malignancy, the spleen

should be retrieved in toto (LoE 4) [135].

Routine use of drainage is not recommended unless

indicated by specific circumstances (e.g., injury to the

pancreas) (GoR C).

The placement of a drain after splenectomy is mainly

dependent on the surgeon’s preference, and there are no

valid data on this issue. In a retrospective multicenter study

by Delaitre et al. [20] that included 209 patients with ITP,

the morbidity rate was higher for the group in which a drain

had been used (13.7%) than for the group without drainage

(5%), although the difference was not statistically signif-

icant (LoE 3b).

Intra- and postoperative complications

In case of severe bleeding, the threshold for conver-

sion to open surgery should be low (GoR A).

With autoimmune disease, gentle manipulation of the

spleen is important to avoid capsular rupture and

splenosis (GoR C).

Intraoperative hemorrhage, one of the main complications,

may be a cause for conversion. It is mainly due to

laceration of the hilar or short gastric vessels, the splenic

capsule, and/or parenchyma, and may be increased by the

underlying disease. One group reported the use of a grasper

device to facilitate handling of the spleen during pure LS to

avoid capsular tears and bleeding [118].

Intraoperative injury to adjacent organs and structures,

especially injury to the pancreas, as well as gastric or

diaphragmatic damage can occur. Chand et al. [136]

reported an incidence of 15% for pancreatic injury, char-

acterized by isolated hyperamylasemia (minor

complication), peripancreatic fluid collections, pancreatic

abscess, amylase-rich drain fluid, and/or atypical postop-

erative pain. A drain was placed only in the case of

suspected injury to the pancreas. Patients with spleno-

megaly had a significantly higher risk of sustaining a major

pancreatic complication, which may have been due to

technical difficulties in the placement of multiple staples

across the hilum. These authors did not find a correlation

between the incidence of pancreatic injury and the learning

curve of the staff. They suggested that early use of a hand-

assisted technique may help to minimize the risk of

pancreatic injury in cases of splenomegaly. They recom-

mended a routine check of amylase levels on postoperative
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day 1 to alert the surgeon and change postoperative man-

agement if necessary (LoE 4).

Further complications after splenectomy may include

postoperative bleeding, subphrenic collections or abscess,

deep vein thrombosis, thrombosis of the splenoportal axis,

pneumonia and atelectasis, pancreatitis, ileus, abdominal

wall infections, abdominal wall hematomas and abdominal

wall hernias, among others [137, 138]. The incidence of

these complications is significantly higher after conversion

(LoE 3b) [20, 137]. Treatment of those complications

should be according to general clinical standards.

Perioperative anticoagulant prophylaxis with subcu-

taneous heparin should be applied for all patients

(GoR C).

Patients at high risk for portal and/or splenic vein

thrombosis (PSVT) should receive anticoagulant

prophylaxis for 4 weeks (GoR C).

In case of symptomatic PSVT, heparin administration

should be continued at a higher dosage (GoR B).

For patients presenting with unspecific abdominal

symptoms, the diagnosis of PSVT must be considered

and investigated early.

Portal or splenic vein thrombosis is a potentially life-

threatening complication that can occur within months

after surgery [139, 140]. It can lead to intestinal infarction

and portal hypertension. The reported rate of PSVT ranges

from 0.7% [141] to 14% [142] after splenectomy and can

reach 80% among high-risk patients [143]. To date, the role

of the surgical approach (LS or OS) is not clear. Whereas

some studies have shown no influence of surgical technique

on the incidence of PSVT (LoE 3b [144, 145]), others have

reported a significantly higher incidence of PSVT after LS

(LoE 3b) [146, 147].

High-risk factors for the development of PSVT are the

presence of myeloproliferative disorders associated with

hypercoagulopathy, hemolytic anemia, hypersplenism or

hematologic malignancy and splenomegaly (LoE 3b)

[147]. A large organ is associated with a greater diameter

of the splenic vein and the later stump that allows for the

formation of thrombi and serves as the origin for throm-

boembolic incidents. The incidence of PSVT seems to

correlate directly with splenic size [139, 140, 143, 147,

148]. The rate of PSVT occurrence may be influenced by

numerous other factors such as technical details (early

ligation of the splenic artery, use of the endoscopic vas-

cular stapler, distal or proximal ligation of the splenic vein,

pneumoperitoneum) or hematologic changes (postoperative

elevation of the platelet count), but their role in the for-

mation of thrombi remains unknown.

Symptoms often are only vague and include diffuse

abdominal pain, nausea, fever, ileus, diarrhea, and

decreased appetite, among others [139, 143, 145, 149].

Difficulties in establishing the diagnosis often delay ade-

quate treatment for some weeks [143, 145, 148, 150].

Diagnosis can be obtained by color Doppler ultrasonogra-

phy or contrast-enhanced CT [143]. Magnetic resonance

tomography (MRI) also may detect PSVT with sufficient

accuracy [151]. The superiority of CT imaging over

ultrasonography for the detection of PSVT has not yet been

proved by valid data. The rate for thrombosis detected by

ultrasonography may be low as it is highly dependent on

the performer’s skills. Also, the vision may be limited (e.g.,

in case of morbid obesity or bowel distension during the

first days after surgery) [150–152]. The use of CT with

intravenous contrast not only establishes the diagnosis of

PSVT, but also can exclude other intraabdominal compli-

cations [145].

After diagnosis, immediate anticoagulant therapy with

intravenous heparin and later oral warfarin therapy at

hospital discharge or therapeutic doses of low-molecular-

weight heparin offer good results ([90% recanalization if

treated immediately) [143]. Systemic thrombolytic therapy

with streptokinase or alteplase is an alternative [153],

although rarely used. The current standard of warfarin

therapy aims at maintaining an international normalized

ratio (INR) of between 2 and 3 up to 6 months, whereas

Ikeda et al. [146] recommended an INR of between 1.5 and

2.0 for about 3 months.

The selection of patients in need of therapy is not clearly

defined. Although most authors advocate immediate anti-

coagulative treatment for any patient with symptomatic

PSVT, there is some evidence that the need for anticoag-

ulant therapy depends on the site and extent of PSVT rather

than the mere existence of a thrombus [147]. In this con-

text, a thrombus site within the intrahepatic portal vein is

considered less severe than a thrombus within the superior

mesenteric vein, which must be treated immediately [146,

147]. The question whether small asymptomatic thrombi as

detected by CT should receive therapeutic doses of heparin

is unresolved.

Patients presenting with one or more of the aforemen-

tioned risk factors need very careful surveillance with

regard to possible symptoms of PSVT. Routine postoper-

ative anticoagulation prophylaxis and routine frequent

imaging are advisable even after hospital discharge, espe-

cially for patients presenting with myeloproliferative

disease or hemolytic anemia and splenomegaly [152].

Although the impact of thrombocytosis on the incidence of

PSVT is not yet clear, long-term antiplatelet therapy (i.e.,

acetylsalicylic acid) for high-risk patients has been rec-

ommended by some authors [140, 145].

Prophylactic administration of subcutaneous heparin

remains controversial. Some authors have found that for

high-risk patients, this prophylaxis was insufficient to

prevent PSVT [149, 152], and have recommended a
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combination of heparin, antiplatelet agents, and oral war-

farin after hospital discharge (LoE 4 [145]).

Long-term outcome of LS

Over the long term, LS is effective in resolving

hematologic diseases mainly in cases of thrombocy-

topenia (GoR B). However, there are no definitive

preoperative predictive factors of a positive outcome.

There is no clear definition of positive response after

splenectomy. Whereas some authors consider a platelet

count exceeding 50 9 109/l as relevant, others define the

threshold as greater than 150 9 109/l.

Some studies were able to show that long-term results

are similar after LS and OS (LoE 3b [15, 154–157], LoE 4

[158–162]). The role of different clinical variables as

predictors for the response after splenectomy is contro-

versial. Some authors found in a study of patients with ITP

that no preoperative predictive factors exist (LoE3b [157]),

although in some studies, univariate analysis has suggested

that certain conditions (e.g., age, previous response to

steroids, disease duration, site of platelet sequestration) are

significant in predicting surgical outcome. However, none

of the preoperative characteristics mentioned in single

studies consistently predicted response to splenectomy

(LoE 3a [2], LoE 3b [163]).

Ojima et al. [154] conducted a study of 32 patients with

ITP over a median follow-up period of 8.3 years and

reported that long-term outcome could be predicted by

platelet levels on postoperative day 7. The age at surgery,

the time between diagnosis and splenectomy, and the prior

response to corticosteroid therapy were not predictive

factors of outcome. Seven patients (21.9%) had no satis-

factory response to splenectomy. None of these patients

showed the presence of accessory spleens in abdominal CT

images 1 month after surgery (LoE 3b).

Katkhouda et al. [29] studied LS for 52 patients with

ITP and found age (age older or younger than 40 years)

to be the most significant predictive factor for success or

failure of the operation according to multivariate analy-

sis. Other significant predictors according to univariate

analysis were preoperative response to corticosteroids

and platelet count at discharge. Pace et al. [158]

observed that in 3 of 9 patients who showed unsatis-

factory response to LS, accessory splenic tissue was

found in a denaturated red blood cell scan (33.3%). They

therefore concluded that a careful laparoscopic dissection

results in an acceptable remission rate. Although in a

study of ITP patients, younger age, a good response to

corticosteroids, and a short interval between onset of the

disease and time of surgery showed better remission

rates [164], the success of splenectomy cannot be pre-

dicted preoperatively.

Special aspects of LS for children

If splenectomy is indicated for children, the laparo-

scopic approach should be preferred (GoR B).

However, surgery should be postponed until the child

is 6 years of age or older if possible (GoR C).

In children, the ratio between spleen size and the size

of the abdominal cavity may cause technical prob-

lems, so the threshold for conversion should be low

(GoR C).

For children, LS has shown the same advantages over OS

as for adults, such as similar or less blood loss, a similar or

lower complication rate, a shorter hospital stay, and better

cosmesis (LoE 3b [165–172], LoE 4 [173–176]). Less

postoperative pain and earlier return to normal activities

are especially important for pediatric patients (LoE 3b)

[165, 170, 177, 178]. As with adults, the long-term

outcome for patients with ITP showed that this procedure

is effective and that no differences exist between the open

and laparoscopic approaches (LoE 3b) [179].

Indications for splenectomy in children include hema-

tologic disorders such as hereditary spherocytosis, ITP,

sickle-cell anemia, and beta-thalassemia. The most com-

mon indication is hereditary spherocytosis, followed by

ITP resistant to therapy [129, 165, 177]. Among children

with acute ITP, 80% to 90% experience spontaneous

recovery with or without therapy. A chronic course per-

sisting for more than 6 months is seen in the remaining

10% to 20%, but the probability of complete remission

over time reaches 80%. This has led to the assumption that

splenectomy in children with ITP should be avoided or

deferred for as long as possible [180]. Existing guidelines

do not recommend splenectomy for children with less than

1 year of persisting chronic disease, bleeding symptoms,

and low platelet counts (\ 10 9 109/l) [181], or those who

are less than 12 months from the initial diagnosis unless

there are major problems [182].

Significant differences in LS between pediatric patients

(age,\17 years) and adults can be noted in terms of lower

blood loss and a lower ASA score (Table 6).

Some groups have pointed out the superiority of LS in

case concomitant procedures must be performed because no

accessory incision is required, whereas with OS, either an

enlargement of the left subcostal or a midline incision is

inevitable (LoE 3b) [165, 168, 183]. Some authors state that

trocar placement in smaller children or children with an

enlarged spleen must be more inferior than in adults to allow

increased working space in the small abdominal cavity [173].
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The LS procedure is feasible even for very young chil-

dren. Standard 5-mm instruments are adequate for most

pediatric splenectomies. For smaller patients, even 3-mm

instruments may be used. A 12-mm port is needed for the

endoscopic linear stapler and for organ retrieval [184].

For children, measurement of the splenic size by pure

metric data is irrelevant because it must be put in relation

to body size. ‘‘Massive’’ splenomegaly is defined as a

spleen larger than four times normal for age [72]. Never-

theless, some data show that the conversion rate seems to

be correlated with splenic size, and that spleens weighing

more than 500 g are associated with a higher risk of con-

version to open surgery (LoE 3b) [165, 172]. In 1997, one

group reported major problems placing organs weighing

more than 700 g inside the bag and concluded that LS

should be limited to spleens weighing less than 700 g and

cases in which a concomitant procedure is indicated, and

that in all other cases, OS is preferable (LoE 3b) [178].

Some authors state that HALS, additional incisions for

specimen retrieval, and preoperative splenic artery embo-

lization do not appear to be useful in children (LoE 4) [185]

In a study of 15 children undergoing LS, Romano et al.

[129] used ultrasonic shears for dissection of the hilar

vessels instead of an endovascular stapler, as did

Schaarschmidt et al. [127] Both authors reported that using

ultrasonic shears for dissection of the splenic hilum and

hilar vessels was safe and resulted in significantly shorter

operative times and less blood loss (LoE 3b, LoE 4). Hicks

et al. [170] noted that with LS, the costs were not higher

than with OS because they used clips or electrocautery for

hemostasis with no occurrence of bleeding complications

(LoE 3b). In 1995, Yoshida et al. [172] stated that the hilar

vessels in children can be clipped and divided safely

without the need to use an endostapler.

Children undergoing elective splenectomy, including

children younger than 2 years, should be vaccinated

against S. pneumoniae, N. meningitides, and H. in-

fluenzae type B infection prior to surgery (GoR B).

Most commonly, postsplenectomy infection presents as

pulmonary infection, and the incidence of a serious

infection is low. Nevertheless, if serious infection occurs,

the rate of mortality is high (up to 50%). In 1999,

Jugenburg et al. [186] conducted a study about the

morbidity and mortality due to postsplenectomy sepsis.

Infection occurred 4 days to 9.7 years after surgery. These

authors showed that the risk was highest within 2 years

after surgery (77% of serious infections), but remained

present throughout life. The risk for children ages 0 to 5

years was the greatest. Comparing the incidence of serious

infection between immunized and nonimmunized patients,

a lower risk could be shown if immunization was

performed before surgery rather than afterwards. A

reimmunization every 5 to 10 years also was recommended

(LoE 3b).

Some authors have recommended daily penicillin for

patients younger than 5 years. Others have recommended

proceeding with this prophylactic treatment up to the age of

10 years [184]. Due to a lack of evidence, no recommen-

dations concerning the antibiotic prophylaxis can be made.

Discussion

Splenectomy is one of the few examples in surgery dem-

onstrating acceptance of the laparoscopic technique despite

the paucity of high-level evidence. Given the clear supe-

riority of the laparoscopic approach, this may seem

acceptable from a clinical point of view. However, from a

scientific perspective, the rapid spread of LS remains

controversial, although this debate currently is probably

irrelevant because LS has become the gold standard in the

majority of cases.

Currently, a randomized trial comparing open and lap-

aroscopic splenectomy appears ethically justifiable only for

patients with very large spleens or specific comorbidities

(e.g., liver cirrhosis). In addition, the expert panel identified

several future research topics (Table 7). It also was noted

that a registry for LS would provide valuable information.

The guidelines rely on the available literature and the

view of a European expert panel. As such, it is not possible

to give firm recommendations on all aspects of LS. The

expert panel was multidisciplinary, made up of nine sur-

geons, one hematologist, and three research scientists. It

identified a paucity of literature on the pediatric patient as

well as other areas for which data are lacking. A unani-

mous consensus was reached on all statements except that

establishing the platelet count at which it is safe to offer

surgery. Disagreement on this matter reflects the scarce

evidence on this topic. A large volume of low-level evi-

dence exists to support the widespread use of LS for most

patients. Areas of controversy still exist, and these should

encourage further research.
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