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Abstract

Background This study aimed to evaluate the operative

and clinical outcomes in a series of 302 consecutive lapa-

roscopic splenectomies and to analyze the risk factors of

postoperative complications.

Methods The study retrospectively reviewed 302 con-

secutive patients who underwent laparoscopic splenec-

tomy. The patients were classified into three disease

groups: benign spleen-related disease (group 1, n = 196),

malignant spleen-related disease (group 2, n = 42), and

portal hypertension (group 3, n = 64). The three groups

were compared in terms of perioperative data. Postopera-

tive complications were classified into three complication

groups according to the Clavien–Dindo Classification of

Surgical Complications and Severity: no complication,

mild complications, and severe complications. Multivariate

logistic regression was used to analyze the independent risk

factors of postoperative complications.

Results The patients in group 1 were younger and had a

higher body mass index, a lower American Society of

Anesthesiology (ASA) score, and a smaller spleen than the

patients in groups 2 and 3. Fewer patients in group 1

required hand-port assistance than in the other two groups.

Group 1 had shorter operative times, required fewer

transfusions, presented a lower incidence of complications,

and had shorter postoperative stays than groups 2 and 3. In

the analysis of complications, high ASA score was an

independent risk factor for the occurrence of complica-

tions. Both high ASA score and larger spleen size were

independent risk factors for the occurrence of severe

complications. Compared with total laparoscopic splenec-

tomy, the data including the hand-assisted cases showed a

reduction in odds ratio for both the occurrence of compli-

cations and the occurrence of severe complications.

Conclusions The treatment of malignant spleen-related

disease and portal hypertension with laparoscopic sple-

nectomy is more challenging than the treatment of benign

disease. High ASA score is an independent risk factor for

the occurrence of complications, whereas high ASA score

and larger spleen size are both independent risk factors for

the occurrence of severe complications. The appropriate

introduction of the hand-assisted technique may facilitate

the laparoscopic procedure and reduce postoperative

complications.
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splenectomy � Risk factors � Splenic size

Since the first description of laparoscopic splenectomy

(LS) in 1991 [1], LS has become the technique of choice
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for removal of the spleen. Together with the accumulation

of experience and technical innovations, indications for LS

have rapidly increased, and LS currently is considered the

choice for almost all spleen-related disease requiring

splenectomy, including benign spleen-related disease,

malignant spleen-related disease [2, 3], and portal hyper-

tension [4, 5].

According to the European Association for Endoscopic

Surgery (EAES) [6], some of the aforementioned condi-

tions, such as malignancy and portal hypertension, still are

challenging in terms of technique. Indeed, the bulk and

vascularity of the spleen as well as the pathologic processes

taking place make splenectomy-related complications a

major concern for LS [7]. However, few studies have

investigated these concerns, especially studies based on a

large series of procedures performed by a single surgeon.

This allows for a clearer comparison of outcomes after the

application of LS in the treatment of these diseases

requiring splenectomy.

Moreover, no uniform standard exists to grade postop-

erative complications or to analyze the risk factors for

complications after LS. This study therefore aimed to

evaluate the efficacy of LS in the treatment of these various

diseases and to determine risk factors for postoperative

complications.

Patients and methods

Patients

Between 2003 and 2012, a total of 302 consecutive patients

were referred for splenectomy to the Department of He-

patobiliary Pancreatic Surgery at West China Hospital of

Sichuan University, China. Patients who had concomitantly

undergone other major surgery were excluded from the

study.

All the surgeries were performed by the same surgeon.

The patients were divided into three disease groups on the

basis of clinical diagnosis: benign spleen-related disease

(group 1, n = 196), malignant spleen-related disease

(group 2, n = 42), and splenomegaly secondary to portal

hypertension (group 3, n = 64). The indications for sple-

nectomy in group 2 patients with non-Hodgkin lymphoma

especially included symptomatic splenomegaly and

hypersplenism (platelet count\30 9 109/L or white blood

cell count \3 9 109/L).

The indications for splenectomy in the patients with

portal hypertension included bleeding tendency due to

thrombocytopenia (platelet count \30 9 109/L), difficul-

ties receiving treatment for hepatocarcinoma or hepatitis

due to thrombocytopenia, and high risk of esophageal

variceal hemorrhage due to severe portal hypertension. To

analyze the influence of splenomegaly on the postoperative

complications and thus to take it as a parameter for pre-

operative evaluation, spleen size was divided into the fol-

lowing four groups: normal spleen size (B15 cm),

splenomegaly (15–17 cm), massive splenomegaly 17–22 cm),

and supramassive splenomegaly ([22 cm) [8].

The hand-assisted technique was routinely applied in

patients with supramassive splenomegaly (spleen size,

[22 cm) and patients with portal hypertension after Octo-

ber 2009. Postoperative complications were classified into

three groups according to the Clavien–Dindo Classification

of Surgical Complications [9] and according to previous

experience as follows: no complications, mild complica-

tions (grade 1: complications involving any deviation from

the normal postoperative course without the need for

pharmacologic treatment and complications needing sur-

gical, endoscopic, or radiologic interventions; and grade 2:

complications requiring pharmacologic treatment), and

severe complications (grade 3: complications requiring

surgical, endoscopic, or radiologic intervention; grade 4:

life-threatening complications requiring intensive care unit

(ICU) management; and grade 5: death).

Patient demographics and perioperative clinical data

were collected. Comparisons were performed among the

three groups, and analyses in terms of risk factors for

postoperative complications were performed.

Preoperative management

Preoperative computed tomography (CT) was routinely

performed in all cases to assess spleen size and to evaluate

the spleen-related disease. For patients with portal hyper-

tension, we routinely conducted a screening esophagogas-

troduodenoscopy before surgery, and endoscopic variceal

ligation was performed for patients with medium or large

varices to prevent lethal hemorrhaging.

Antibiotic prophylaxis was started half an hour before

surgery and continued until 2 days after surgery for all

patients. In cases with apparent infection, antibiotic use

was continued accordingly.

Surgical technique

All surgeries were performed with the patient under gen-

eral anesthesia on an electric operating table to facilitate

positioning. Patients were placed in a right semidecubitus

position with the left flank elevated, and the operating table

was slightly tilted in a reverse Trendelenburg position.

In LS procedures, the first 10-mm trocar, used for the

30� camera, was placed in a specific periumbilicus area

depending on the splenic size and location. Three addi-

tional trocars then were placed at the subxiphoid for the

laparoscopic grasper (5 mm); at the left midclavicular line
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below the margin of the spleen for the ultrasonic dissector,

the biploar vessel sealing device, and the laparoscopic

linear vascular stapler (12 mm); and at the left axillary line

below the lower pole of the spleen for the laparoscopic

grasper or aspiration (5 mm).

In the hand-assisted LS (HALS), the subxiphoid trocar

was replaced by a 6-cm midline subxiphoid incision for

the hand-port so the surgeon could insert his left hand

into the abdominal cavity through the device. First, a

careful intraabdominal exploration was performed. Then

the splenogastric ligament was divided, after which

attachments and ligaments were dissected in the order of

splenocolic ligament, splenorenal ligament, and spleno-

phrenic ligament. Generally, perisplenic hemostasis was

achieved via an ultrasonic dissector or a laparoscopic

suture, or more recently, with the aid of a biploar vessel-

sealing device.

After the spleen had been mobilized from the attach-

ments and ligaments, the hilar pedicles were transected by

the laparoscopic linear vascular stapler. Finally, the spleen

was manipulated into a retrieval bag and retracted. A

closed suction drain was routinely placed in the left sub-

phrenic area to detect postoperative bleeding or pancreatic

leakage and to prevent fluid collection.

Statistical analysis

The operative time was measured from the first incision to

skin closure, and the postoperative hospital stay was

measured as the number of days between surgery and

discharge or transfer from our department. Statistical

analysis was performed using SPSS 17.0 for windows

(SPSS, Chicago, IL, USA). Data are reported as

mean ± SD or counts (%). Comparisons among groups

were conducted by analysis of variance, chi-square test,

and Fisher’s exact test. Multivariate logistic regression was

used to analyze the independent risk factors for postoper-

ative complications.

Results

Laparoscopic splenectomy was attempted for 302 patients

comprising three disease groups based on diagnosis as

follows: benign spleen-related disease (group 1 [G1],

n = 196), malignant spleen-related disease (group 2 [G2],

n = 42) and splenomegaly secondary to portal hyperten-

sion (group 3 [G3], n = 64). Patient demographic and

preoperative data are listed in Table 1. The three groups

did not differ significantly in terms of gender. The patients

in group 1 were younger and had a higher body mass index

(BMI) as well as a lower American Society of Anesthesi-

ology (ASA) score than the patients in groups 2 and 3.

The hemoglobin levels were significantly higher in

group 1 than in group 2. The white blood cell count was

significantly higher in group 3 than in group 1. The patients

in group 3 had the lowest level of platelets in the three

groups. The patients in groups 2 and 3 had significantly

larger spleens than the patients in group1.

As shown in Table 2, fewer patients in group 1 required

hand-port than in the other two groups: 5 of 196 patients in

group 1, 20 of 42 patients in group 2, and 25 of 64 patients

in group 3 required a hand-port. The patients in group 1

had significantly shorter operative times, required fewer

transfusions, had a lower incidence of complications, and

experienced shorter postoperative hospital stays than the

patients in groups 2 and 3.

The estimated blood loss was less in group 1 than in

group 3. The three groups did not differ significantly in

terms of conversion rate, accessory spleen, or mortality.

As shown in Table 3, the pathologic results for the three

groups indicated that idiopathic thrombocytopenic purpura

Table 1 Demographic and preoperative data

All cases Group 1 Group 2 Group 3 P1 P2 P3

n 302 196 42 64

Male/female 113/189 64/132 20/22 29/35 NS NS NS

Age (years) 41 ± 16 37 ± 16 51 ± 17 47 ± 11 \0.001 \0.001 NS

Hemoglobin (g/L) 111 ± 28 114 ± 29 102 ± 27 108 ± 23 0.033 NS NS

Platelet (9109/L) 54 ± 60 52 ± 67 85 ± 57 38 ± 17 0.006 0.023 \0.000

WBC (9109/L) 6.87 ± 7.13 8.00 ± 3.74 8.31 ± 16.32 2.44 ± 1.03 NS \0.001 NS

BMI (kg/m2) 21.1 ± 2.4 21.8 ± 2.5 20.2 ± 1.5 19.6 ± 1.6 \0.001 \0.001 NS

ASA 2.1 ± 0.5 2.0 ± 0.4 2.5 ± 0.6 2.4 ± 0.6 \0.001 \0.001 NS

Spleen size (cm) 16.8 ± 7.8 13.4 ± 5.3 23.6 ± 8.7 22.6 ± 7.3 \0.001 \0.001 NS

Data are expressed as means ± standard deviations. P1: P value of group 1 versus group 2; P2: P value of group 1 versus group 3 and P3: P value

of group 2 versus group 3

NS not significant; WBC white blood cell; BMI body mass index; ASA American Society of Anesthesiology
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(ITP, n = 142), constituting 72 % of the pathologic diag-

noses in group 1, was the most common benign spleen-

related disease. Other relatively rare benign spleen-related

diseases included benign splenic tumor (n = 30), beta-

thalassaemia (n = 11), autoimmune hemolytic anemia

(n = 7), hereditary spherocytosis (n = 5), and Niemann-

Pick disease (n = 1).

In group 2, non-Hodgkin lymphoma, constituting 71 %

of the pathologic diagnoses in this group (data not shown),

was the most common malignant spleen-related disease.

Other relatively rare diagnoses in this group included leu-

kemia (n = 8) and metastatic tumor (n = 4).

The presence of postoperative complications was one of

the main outcome variables investigated in our study. As

shown in Tables 4, 5 and 6, the postoperative complications

were divided into three classes: no complications, mild

complications, and severe complications. In group 1, post-

operative complications arose in 30 (15%) of 196 patients,

with 23 (11%) of the 196 patients experiencing mild com-

plications and 7 (4%) experiencing severe complications. In

group 2, 16 (38%) of 42 patients experienced postoperative

complications, including nine patients (21%) with mild

complications and seven patients (17%) with severe com-

plications. In group 3, 25 (39%) of 64 patients experienced

postoperative complications, including 17 patients (17%)

with mild complications and 14 patients (22%) with severe

complications.

To investigate better the risk factors for postoperative

complications, a multiple logistic regression model was

used in this study. The analysis showed that regardless of

the inclusion or exclusion of the hand-assisted cases, a high

ASA score was an independent risk factor for the occur-

rence of complications and that both high ASA score and

larger spleen size were independent risk factors for the

occurrence of severe complications. However, the data

including HALS (n = 302) showed a significant reduction

in the odds ratio (OR) for both the occurrence of compli-

cations and the occurrence of severe complications. Par-

ticularly for patients with supramassive splenomegaly, the

risk for experiencing severe complications was approxi-

mately 22 times (OR, 22.311) that for patients with normal

spleen size (B15 cm) when hand-assisted cases were

excluded (n = 252). However, the OR decreased to 6.713

when hand-assisted cases were included (n = 302).

Discussion

Since the first reports of LS in 1991 [1], the laparoscopic

approach for removal of the spleen has gained favor over

Table 2 Intra- and postoperative data

All cases Group 1 Group 2 Group 3 P1 P2 P3

n 302 196 42 64

Application of HALS 50/302 (16) 5/196 (2) 20/42 (47) 25/64 (39) \0.001 \0.001 NS

Operative time (min) 134 ± 60 117 ± 52 142 ± 59 181 ± 58 0.048 \0.001 NS

EBL (mL) 122 ± 185 93 ± 103 145 ± 275 196 ± 272 NS 0.013 NS

Transfusion 33 (10.9) 10 (5.1) 8 (19) 15 (23) 0.006 \0.001 NS

Conversion 5 (1.6) 1 (0.5) 2 (4.7) 2 (3.1) NS NS NS

Accessory spleen 34 (11.2) 20 (10.2) 6 (14.2) 8 (12.5) NS NS NS

Complication 71 (23) 30 (15) 16 (38) 25 (39) 0.001 \0.001 NS

Postoperative stay (days) 7.9 ± 3.5 7.2 ± 2.8 10.2 ± 5.6 8.4 ± 2.9 0.004 0.018 NS

Mortality 2 (0.6) 1 (0.5) 1 (2) 0 NS NS NS

Data are expressed as means ± standard deviations and as numbers with percentages in parentheses. P1: P value of group 1 versus group 2, P2:

P value of group 1 versus group 3 and P3: P value of group 2 versus group 3

EBL estimated blood loss; NS not significant; HALS hand-assisted laparoscopic splenectomy

Table 3 Diagnosis of splenectomy

Group 1

Benign spleen-related disease 196

ITP 142

Benign splenic tumor 30

Beta-thalassaemia 11

AIHA 7

Hereditaryspherocytosis 5

Niemann-Pick disease 1

Group 2

Malignant spleen-related disease 42

Non-Hodgkin lymphoma 30

Leukemia 8

Metastatic tumor 4

Group 3

Splenomegaly secondary to portal hypertension 64

ITP idiopathic thrombocytopenic purpura; AIHA autoimmune hemo-

lytic anemia
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conventional surgery due to its advantages in terms of both

morbidity rates [7] and cosmetic results. Although almost

all spleen-related disease requiring splenectomy may be

considered an indication for LS, certain situations still

prove challenging for the laparoscopic approach, including

supramassive splenomegaly [10] and portal hypertension

[6]. To overcome these challenges, the hand-port technique

has been applied [11, 12]. Using a hand-port, the surgeon

can insert a hand into the abdomen while pneumoperito-

neum is maintained and use the hand to assist in the sur-

gical procedure directly. Meanwhile, the incision for the

hand-port also provides a convenient means for extracting

the enlarged spleen.

Many articles have published data regarding LS in the

treatment of benign and malignant spleen-related disease.

In a review of LS used for hematologic disease, Baccarani

et al. [13] showed that LS was as safe and effective as open

splenectomy for hematologic diseases and that it had sev-

eral advantages over the open approach such as a shorter

postoperative hospital stay, better cosmetic results, and a

more rapid return to regular activities. In addition, both

Makrin et al. [14] and Tessier et al. [15] demonstrated the

Table 4 Postoperative complications

Complication Group 1 Group 2 Group 3

No complication: n ( %) 166 (85) 26 (62) 39 (61)

Mild complicationsa: n (%) 23 (11) 9 (21) 11 (17)

Fever ([38.5�C) 4 Fever ([38.5�C) 1 Fever ([38.5�C) 2

Splenic fossa collection 5 Splenic fossa collection 2 Splenic fossa collection 1

Postoperative transfusion 4 Postoperative transfusion 1 Postoperative transfusion 1

Pulmonary infection 2 Pulmonary infection 1 Pulmonary infection 1

Portal thrombosis 5 Portal thrombosis 2 Portal thrombosis 2

Pancreatic leak (mild) 3 Pancreatic leak(mild) 1 Pancreatic leak(mild) 1

Pleuro effusion (mild) 1 Pleuro effusion (mild) 1

Spontaneous peritonitis 1

Wound infection 1

Severe complicationsb: n (%) 7 (4) 7 (17) 14 (22)

Pancreatic leak 3 Pancreatic leak 2 Pancreatic leak 9

Pleuro effusion 2 Pleuro effusion 3 Pleuro effusion 4

Reoperation 1 Reoperation 1 Reoperation 1

Death 1 Death 1

a Mild complication: 1. Any deviation from the normal postoperative course without the need for pharmacologic treatment or surgical,

endoscopic, or radiologic interventions. 2. Complication requiring pharmacologic treatment with drugs
b Severe complication: 1. Complication requiring surgical, endoscopic, or radiologic intervention. 2. Life-threatening complication requiring

intensive care unit (ICU) management. 3. Death

Table 5 Analysis of postoperative complication without the data of

hand-assisted laparoscopic splenectomy (HALS)

Without the help of HALS n = 252

OR P

Occurrence of

complicationsa
ASA 16.678 \0.001

Occurrence of

severe

complicationsb

ASA 35.041 \0.001

Splenomegaly and massive

splenomegaly (15–22 cm)/

normal spleen (B15 cm)

6.920 0.034

Supramassive splenomegaly

([22 cm)/normal spleen

(B15 cm)

22.311 0.002

ASA American Society of Anesthesiologists
a Mild and severe complications/no complication
b Severe complications/mild and no complications

Table 6 Analysis of postoperative complication with the data of

hand-assisted laparoscopic splenectomy (HALS)

With the help of HALS n = 302

OR P

Occurrence of

complicationsa
ASA 11.205 \0.001

Occurrence of

severe

complicationsb

ASA 15.758 \0.001

Splenomegaly and massive

splenomegaly (15–22 cm)/

normal spleen (B15 cm)

6.028 0.022

Supramassive splenomegaly

([22 cm)/normal spleen

(B15 cm)

6.713 0.016

ASA American Society of Anesthesiologists
a Mild and severe complications/no complication
b Severe complications/mild and no complications
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feasibility and safety of LS for diagnosis and treatment of

both benign and malignant tumors of the spleen. All these

results suggest that LS is the best treatment for both benign

and malignant spleen-related diseases.

Patients with portal hypertension generally present with

splenomegaly, thrombocytopenia, and frequently the

coexistence of perisplenic collateral vessels, as well as poor

liver function [16]. Therefore, the risk of intraoperative

uncontrolled bleeding and perisplenic structure injury are

increased, which makes the application of LS for these

patients controversial.

Although portal hypertension was considered a contra-

indication for LS in the 2008 clinical practice guidelines of

the European Association for Endoscopic Surgery [6],

some reports nevertheless published successful application

of LS for patients with portal hypertension. Cai et al. [5]

and Anegawa et al. [17] respectively demonstrated the

safety, feasibility, and effectiveness of LS in patients with

portal hypertension, with patients generally attaining

favorable postoperative outcomes.

In the current study, all the patients in the three groups

had satisfactory outcomes except the two patients who died

in groups 1 and 2, respectively. The two deaths were not

directly related to the surgical procedures but rather to the

progression of underlying disease. Consistent with other

reports [8, 10, 18], our results suggest that the significantly

larger spleen sizes in the malignant group (group 2:

23.6 ± 8.7 cm) and the portal hypertension group (group

3: 22.6 ± 7.3 cm) increased the difficulty of the operative

procedures.

To overcome the limitation of spleen size with the

laparoscopic approach, a number of methods have been

reported. Hama et al. [19] used preoperative splenic bal-

loon catheters and platelet transfusions for patients with

splenomegaly due to portal hypertension. Poulin et al. [20]

and Iwase et al. [21] performed splenic artery embolization

before LS in patients with splenomegaly. However, these

methods still had limitations when confronted with extre-

mely enlarged spleens (spleen size [30 cm).

In our study, patients with extremely enlarged spleens

accounted for 32 (10.5%) of the 302 patients (data not

shown). To meet this challenge, we introduced the hand-

assisted technique. With this technique, surgeons can

manipulate enlarged spleens with relative ease, providing

good exposure and also hemostasis when required. As we

demonstrated in our previous study, the application of the

hand-assisted technique was superior to total LS in patients

with portal hypertension and supramassive splenomegaly

[22]. Furthermore, although the patients with malignant

spleen disease and those with portal hypertension in our

study had longer operative times and more blood loss, more

frequently requiring transfusions than the patients with

benign spleen-related disease, appropriate application of

LS with the help of hand-port in these patients demon-

strated satisfactory outcomes.

Several single-center trials have reported LS to be safe

and to have an acceptably low complication rate. Rosen

et al. [23] showed a 4 % incidence of minor complications

and a 12 % incidence of major complications with LS used

for hematologic diseases. Hama et al. [19] and Tomikawa

et al. [24] reported the postoperative complication rate for

patients with portal hypertension who underwent LS to be

respectively 11.8 and 19 %. However, the true impact of

LS on the incidence of postoperative complications still is

uncertain because single-center studies often are relatively

small in scale and lack a uniform standard for classifying

complications.

Our study graded postoperative complications based on

the Clavien–Dindo Classification of Surgical Complica-

tions [9], grouping postoperative complications into three

levels to facilitate clinical application. In the three-grade

classification system, all postoperative complications could

be clearly graded on the basis of severity. Our results

showed that the incidence of postoperative complications

was significantly higher in group 2 (38 %) and group 3

(39 %) than in group 1 (15 %). Moreover, the incidences of

severe complications in group 2 (17 %) and group 3 (22 %)

also were significantly higher than in group 1 (4 %).

In 1963, ASA scoring was introduced by the American

Society of Anesthesiologists [25]. This scoring has been

used as a predictor of patient outcomes in many different

types of surgeries. Many studies give results relating the

ASA score to postoperative complications. In a prospective

study consisting of 6,301 open surgery patients, Wolters

et al. [26] indicated that a high ASA score was closely

related to the occurrence of postoperative complications.

Due to the advantages of LS in terms of complications, it

was unclear whether the ASA score could be used as a

predictor of postoperative complications.

In our study, a logistic regression was implemented to

clarify this link between the ASA score and the risk for

postoperative complications. Our results suggest that a high

ASA score is an independent risk factor both for the

occurrence of complications and for the occurrence of

severe complications. Consistent with our study, Kavic

et al. [27] also found the ASA score to be tightly associated

with the postoperative complications in patients undergo-

ing LS. As such, we propose with relative confidence that a

high ASA score is an independent risk factor for postop-

erative complications in LS.

Many studies have suggested a close relationship

between splenic size and risk of postoperative complica-

tions. Patel et al. [28] demonstrated that splenomegaly was

an independent risk factor for complications of LS and that

patients with massive splenomegaly ([1,000 g) were 14

times more likely to have postoperative complications. A

Surg Endosc (2013) 27:3564–3571 3569
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multicenter study also indicated that spleen longitudinal

diameter is an independent predictor for the occurrence of

postoperative complications [29].

The logistic regression used in our study showed splenic

size to be a risk factor for the occurrence of severe com-

plications. This finding is relevant to surgeons in making

clinical decisions because severe complications greatly

affect patient outcomes and often require surgical interven-

tion or ICU care. To investigate the influence of HALS on

the occurrence of postoperative complications in these

patients, we applied the data including and excluding

patients who underwent HALS for further analysis. As a

result, data both including and excluding patients who

underwent HALS after 2009 showed significant differences

in the OR with regard to ASA score and splenic size.

Interestingly, for the patients with supramassive spleno-

megaly, the data including hand-assisted cases showed a

significant reduction in OR (from 22.311 to 6.713) compared

with the data that did not include hand-assisted cases. Thus,

our results suggest that when the hand-assisted technique is

used in patients with supramassive splenomegaly, the risk of

severe complications may be significantly reduced.

With the hand-assisted approach, surgeons can gently

manipulate extremely enlarged spleens, decreasing the

need for traumatic retraction and blunt dissection. Mean-

while, the introduction of tactile feedback helps to facilitate

secure and precise placement of laparoscopic linear staples.

We speculate that HALS helps to reduce the occurrence of

complications by minimizing injury to the pancreas and

other neighboring structures. We therefore recommend the

hand-assisted technique for patients with supramassive

splenomegaly. Preoperative assessment of splenic size and

ASA score to identify high-risk patients will help in

determining when adoption of the hand-assisted technique

is appropriate for a given LS procedure.

In summary, although this was a nonrandomized and

retrospective study without direct analysis of risk factor for

postoperative complications related to HALS, we still can

draw the following conclusions from our large series:

1. Although the treatment of malignant spleen-related

disease and portal hypertension with LS is more

challenging than its use for benign disease, LS still is

safe and effective for these patients.

2. High ASA score is an independent risk factor for the

occurrence of complications, whereas high ASA score

and larger spleen size are both independent risk factors

for the occurrence of severe complications.

3. Appropriate introduction of hand-assisted technique

may facilitate the laparoscopic procedure and reduce

postoperative complications.

Future randomized controlled prospective studies are

required to obtain more detailed information about LS.
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