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INTRODUCTION
After Delaitre and Maignien [1] reported the first splenectomy 

case using laparoscopic approach in 1991, laparoscopic 
splenectomy (LS) has been performed by many surgeons for 
hematologic diseases such as idiopathic thrombocytopenic 

purpura and hereditary spherocytosis, and malignancies 
of spleen that are either primary or metastatic lesion [2-6]. 
Because surgeons have performed splenectomy by laparoscopic 
technique, this operation could be expected to achieve many 
improvements, such as reducing the length of abdominal 
incision, shortening of hospital stay, and less perioperative pain 
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[7-11].
Over the course of time, the technique has advanced and 

several surgeons have introduced different kinds of laparoscopic 
procedures such as a single-port laparoscopic surgery, a hand 
assisted laparoscopic surgery, and a reduced port laparoscopic 
surgery [12-15]. The single-port laparoscopic surgery has been 
expected to satisfy patient demand of cosmesis or to decrease 
pain by reducing trocar incisions. As a result, single-port 
laparoscopic splenectomy (SPLS) has been preferred by some 
surgeons [15-17].

In the present study, we introduced our experience of SPLS 
and multiport laparoscopic splenectomy (MPLS). We compared 
SPLS with MPLS and evaluated the feasibility of SPLS from our 
experience.

METHODS
From October 2008 to February 2014, a total of 61 patients 

were selected to undergo SPLS (group 1, n = 29) or MPLS (group 
2, n = 32). Without upper abdominal surgery and marked 
splenomegaly, in which caudal margin extends to umbilical 
level, all of the diseases needing splenectomy were indicative 
of LS. For multiport laparosocpic surgery, the patients requiring 
concomitant surgery were the primary candidates in general. 
Laparoscopic partial splenectomy was regarded as technically 
challenging so we have not yet established indication and one 
single-port laparoscopic trial was made in this report. 

We started laparoscopic approach through a multiport at 
the first attempt at operation. For the introduction of SPLS, we 
made exclusion criteria; concomitant and partial. However, we 
were able to apply them by single-port, as we had experienced a 
large number of SPLS. Two procedures of LS were performed by 
two surgeons specialized in laparoscopic surgery. All patients 
agreed with the surgical technique of these operations. After 
Institutional Review Board approval and informed consent, 
all records and medical charts of patients were reviewed 
retrospectively.

Most patients were injected with vaccines against Hae
mophilus influenzae type B, pneumococcus and meningococcus 
at least two weeks before the elective splenectomy and the 
remainders vaccinated postoperatively. All patients were 
evaluated for age, gender, body mass index (BMI), radiologic 
dimension of spleen. The radiologic dimension of spleen was 
evaluated by CT. The dimension was recorded by the maximum 
length which was measured as the greatest overall dimension 
in the coronal and axial planes. The factors related to the 
operation (operation time, the length of incision, estimated 
blood loss (EBL), spleen weight, number of trocars, the length of 
postoperative hospital stay) were also evaluated in the current 
study for analysis. The operation time was recorded between 
the skin incision to closure and the length of postoperative 

hospital stay was defined as the length of days between the 
operation and the discharge or transfer to other departments, 
which were department of hematology or infection. The length 
of skin incision in SPLS was measured after closing the skin.

Surgical procedure
The procedures of both groups were similar excepting 

the number of trocars. All patients were positioned in right 
lateral decubitus and bent at the waist to increase the space 
between the iliac crest and subcostal margin. The surgeon 
and the assistant stood on the right side of the patient. The 
insertion site of the single-port trocar was made at the left 
upper quadrant site (umbilicus level of left anterior axillary 
line) through a 4-cm transverse skin incision. We used two 
kinds of multichannel trocars for single-port insertion. One 
of them was surgical glove with extrasmall wound retractor 
(ALEXIS wound retractor XS, Applied Medical, Rancho Santa, 
CA, USA). The glove was attached with two 5-mm trocars and 
one 10-mm trocar. The other trocar was a Glove port (Nelis, 
Seoul, Korea), which was composed of 4 trocar channels and 
2 rings with gas insufflation and exsufflation gates. For the 
2-port procedure, an additional 5-mm trocar (Excel Endopath, 
Ethicon Endo-Surgery, Cincinnati, OH, USA) was inserted at the 
subxiphoid area accompanied with a multichannel single-port 
device. In cases of 3-port or 4-port, single-channel trocars (Excel 
Endopath, Ethicon Endo-Surgery) were used for operation, 
not multichannel trocars. Basically, one 12-mm incision at the 
midepigastric area, one 10-mm transumbilical incision for the 
scope, and other additional 5-mm incisions for the instruments 
at the left upper quadrant, below the costal margin, were used 
in MPLS.

For the 5-mm and 10-mm, a 30-degree rigid telescope 
(Olympus, Center Valley, PA, USA) was used as laparoscopic 
camera in MPLS and a flexible tip 10-mm scope was used in 
SPLS (Olympus). The 5-mm laparoscopic graspers, dissectors and 
scissors were used as laparoscopic instruments. The ultrasonic 
scalpel (Harmonic ACE, Ethicon Endo-Surgery) and the 12-mm 
endovascular stapler (Echelon Flex 69 Endopath stapler with 
white cartilage, Ethicon Endo-surgery) were used for ligating 
and dissecting vessels and tissues of patients. Sometimes 5-mm 
or 10-mm laparoscopic endo-clips (Ethicon Endo-Surgery) were 
used for ligating splenic vessels.

After insertion of trocar, we dissected the gastrocolic and 
gastrosplenic ligaments to access the lesser sac by using the 
ultrasonic scalpel or monopolar hook (Endopath Probe Plus II, 
Ethicon Endo-Surgery). The short gastric vessels were dissected 
by using endo-clips or ultrasonic scalpel, if needed. And then, 
by dividing splenorenal and splenophrenic ligaments, the 
spleen could be moved medially. After mobilization of spleen 
was finished, the splenic hilum was exposed and splenic vessels 
were ligated with one or two 12-mm endovascular staplers or 
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endo-clips. Once the spleen was detached freely, the specimen 
was placed in the endo-bag and taken out through the trocar 
site in SPLS. For specimen retrieval in MPLS, the 12-mm 
incision site had to be extended in 3- or 4-port LS, and main 
trocar site was used in 2-port procedure. The ring forceps were 
used to morcellate the spleen in the endo-bag. If we needed, a 
closed drain was inserted via the single trocar site in SPLS and 
via the 5-mm trocar site in MPLS.

Statistical analyses
Data were expressed as mean ± standard deviation. Out

comes using continuous variables were compared by the 
t-test and categorical data using frequency distributions were 
compared by the chi-square. All statistical analyses were 
evaluated by PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, 
USA). The statistical significance was set at 0.05.

RESULTS
The characteristics of patients and comparison between 

the two groups are shown in Table 1. Both groups had similar 
results with respect to the mean age in the current study. 
No significant differences were observed between the two 
procedures with regard to the mean BMI. There was also no 
significant difference in the radiologic dimension of spleen 
between the two groups, axial section and coronal section.

Diagnosis for splenectomy and types of operation are des
cribed in Table 2. Preoperative diagnosis varied from idiopathic 
thrombocytopenic purpura to benign splenic tumor. The most 
common indication of SPLS was idiopathic thrombocytopenic 
purpura and benign splenic tumors were mostly treated by 
MPLS. Several patients underwent concomitant operation 
with SPLS and MPLS. One patient underwent cholecystectomy 
with SPLS and three patients underwent cholecystectomy 
with MPLS. Gastric varix ligation, gynecologic procedure, 
pancreatectomy, nephrectomy and lymph node biopsy were 

carried out concomitantly with MPLS. The rate of partial spl
enectomy and concomitant operation were significantly higher 
in MPLS than SPLS.

The operative outcomes are described in the Table 3. The 
mean operating time was not longer in SPLS than MPLS. In 
terms of the mean EBL, the result of SPLS was comparable 
with the outcomes of MPLS. The length of hospital stay was 
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Table 1. Patient demographics

Characteristic SPLS (n = 29) MPLS (n = 32) P-value 

Age (yr) 39.0 ± 14.7 47.8 ± 15.9 0.512
Sex
   Male/female 13/16 (81.3) 9/23 (39.1) 0.186
Body mass index (kg/m2) 23.2 ± 3.5 23.2 ± 3.8 0.673
Radiologic dimension of spleen (mm)
   Axial section 112.1 ± 26.6 114.2 ± 27.3 0.965
   Coronal section 122.5 ± 40.9 124.7 ± 32.5 0.402
Splenomegalya) 22/29 (75.9) 27/32 (84.3) 0.404

Values are presented as mean±standard deviation or number (%).
SPLS, single-port laparoscopic splenectomy; MPLS, multiport laparoscopic splenectomy.
a)Splenomegaly was defined as the spleen having length greater than 9.76 cm by using CT [28].
*P < 0.050, statistically significance.

Table 2. Diagnosis for splenectomy and types of operation

Variable SPLS 
(n = 29)

MPLS 
(n = 32) P-value

Diagnosis 
   ITP 11 (37.9) 8 (25)
   Benign splenic tumor 4 (13.8) 10 (31.3)
   Lymphoma 6 (20.7) 1 (3.1)
   Splenomegaly (unknown origin) 2 (6.9) 3 (9.4)
   Hereditary spherocytosis 2 (6.9) 1 (3.1)
   MDS 1 (3.4) 2 (6.3)
   Trauma 1 (3.4) 0 (0)
   Splenic tuberculosis 0 (0) 1 (3.1)
   Splenic abscess 0 (0) 1 (3.1)
   Malignancy 1 (3.4) 1 (3.1)
   Aplastic anemia 1 (3.4) 3 (9.4)
   Multiple myeloma 0 (0) 1 (3.1)
Types of splenectomy
   Total splenectomy 28 (96.6) 26 (81.3) <0.05
   Partial splenectomy 1 (3.4) 6 (18.8)
Concomitant operation 1 (3.4) 9 (28.1) <0.05
   Cholecystectomy 1 3
   Gastric varix ligation 0 1
   Gynecologic procedure 0 2
   Pancreatectomy 0 1
   Nephrectomy 0 1
   Lymph node biopsy 0 1

Values are presented as number (%).
SPLS, single-port laparoscopic splenectomy; MPLS, multiport 
laparoscopic splenectomy; ITP, idiopathic thrombocytopenic 
purpura; MDS, myelodysplastic syndrome.
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not significantly different between the SPLS and MPLS groups. 
We had experienced two cases of adding trocars during SPLS, 
because of enlarged spleen. And laparotomic conversion took 
place in each case in both groups due to bleeding.

The complications of both groups are given in Table 4. There 
was no intraoperative complication in the MPLS group but one 
gastric tearing was encountered in the SPLS group, which was 
successfully treated with endovascular stapler (gastrointestinal 
anastomosis [GIA]) stapling during the operation. Postoperative 
complications occurred in one patient after SPLS compared with 
three patients in the MPLS. Atelectasis was observed in one case 
in the SPLS group. In the MPLS group, central intravenous line 
infection in the postoperative period took place in one patient. 
Postoperative bleeding occurred in one patient who underwent 
MPLS and this patient received nephrectomy concomitantly 
and expired due to bleeding of nephrectomy site. This patient 
was admitted to Urology and received postoperative care by a 
urologist. This was the only mortality case among both groups. 
One patient of the MPLS group suffered from pleural effusion 
that was successfully managed with transpleural catheter 

drainage.

DISCUSSION
Recently, laparoscopic surgery aiming for minimally invasive 

technique has increased with some surgeons [18-20]. As the 
techniques and instruments have developed, more surgeons 
have performed laparoscopic surgery with less numbers of 
trocars for better postoperative outcomes such as cosmesis, 
economic advantage, and less pain [21,22]. On the basis of 
these advantages, some surgeons have attempted to apply 
laparoscopic single-port surgery for various types of abdominal 
surgery [23-25]. 

With the above-mentioned advantages, SPLS might provide 
patients with early recovery and ambulation and, thus, is ex
pected to reduce the length of hospital stay. In this report, the 
hospital stay in the SPLS group was shorter than that in the 
MPLS group even there was no statistical significance. Hospital 
stay was influenced by concomitant surgical procedures and 
number of partial splenectomies in the current study. It is 
controversial that total days of hospital stay were considered a 
result of surgical outcome. This is because influential factors, 
such as medical insurance, differ from country to country.

On the contrary, the disadvantage of SPLS can be thought to 
be the difficulty in the use of operational techniques due to a 
clash among operational instruments in the multichannel port. 
It is deemed that MPLS can overcome this defect since two 
hands are free to use in this surgery with more than 2 ports. 
Despite the theoretical disadvantage, we did not observe any 
difference in operation time between the two groups. And EBL 
was lower in SPLS than MPLS, but not statistically significant. 
According to these results, we could anticipate that surgical 
difficulties of SPLS would not have a significant effect on the 
operative results.

In addition, in the comparison of complications, there was 

Table 3. Operative outcomes of SPLS and MPLS

Operative outcome SPLS (n = 29) MPLS (n = 32) P-value 

Operating time (min)a) 113.6 ± 39.9 (n = 26) 95.9 ± 38.9 (n = 20) 0.946
Estimated blood loss (mL)a) 295.8 ± 301.3 (n = 26) 322.5 ± 254.5 (n = 20) 0.582
Spleen weight (g) 283.9 ± 300.7 362.3 ± 471.8 0.261
Length of postoperative hospital stay (day) 5.8 ± 2.5 7.3 ± 5.2 0.140
Conversion to multiport 2 (6.8) -
Conversion to laparotomy 1 (3.4) 1 (3.1) 0.944
No. of trocars
   2 Ports - 24 (75)
   3 Ports - 4 (12.5)
   4 Ports - 4 (12.5)

Values are presented as mean±standard deviation or number (%).
SPLS, single-port laparoscopic splenectomy; MPLS, multiport laparoscopic splenectomy.
a)Partial splenectomy and concomitant operative cases are excluded in the operating time and estimated blood loss.

Table 4. Comparison of complications

Complication SPLS 
(n = 29)

MPLS 
(n = 32) P-value 

Postoperative complication 1 (3.4) 0 (0)
   Stomach tearing 1 (3.4) 0 (0)
Postoperative complication 1 (3.4) 3 (9.4) 0.350
   Atelectasis 1 (3.4) 0 (0)
   Postoperative bleeding 0 (0) 1 (3.1)
   Central intravenous line infection 0 (0) 1 (3.1)
   Pleural effusion 0 (0) 1 (3.1)
Mortality 0 (0) 1 (3.1)

Values are presented as number (%).
SPLS, single-port laparoscopic splenectomy; MPLS, multiport 
laparoscopic splenectomy.
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1 case of stomach tearing in SPLS while no such complication 
was reported during the operation in MPLS. This injury 
occurred in the first case of SPLS. It was a perforation of the 
gastric fundus area during GIA stapling of splenic hilum. And 
it was treated immediately by additional GIA stapling without 
problems. For postoperative complication, in SPLS, there was 
1 case of atelectasis, whereas in MPLS, we observed 3 cases 
of complications with postoperative bleeding, central venous 
catheter infection, and pleural effusion for each case. Among 
them, postoperative bleeding was from nephrectomy rather 
than from splenectomy. Unfortunately, the number of patients 
was so small that these results had no statistical significance. 
We should enroll more patients for the next studies to make 
conclusions about the comparison of complications between 
the procedures.

In the comparison of characteristics between the groups with 
two different surgeries, there was no statistical difference in 
BMI, spleen size, and spleen weights. Although this study was 
not a random trial, we could expect that SPLS could be applied 
to patients regardless of characteristics or spleen size. Of 
course, randomly prospective studies are required to prove this 
hypothesis.

Comparing the results of this thesis on 3 cases of early 
SPLS performed in our center and this study [26], duration of 
operation was reduced to 113.6 ± 39.9 minutes and there was 
no intraoperative complication except the first case in the 
above journal. As mentioned in the preceding journal, there 
was difficulty in the operation because there was no proper 
angle for the instruments during the dissection of uppermost 
part of spleen in SPLS. However, because of the flexible GIA 
stapler and greater dissecting curvature of the stomach, the 
SPLS was conducted effectively with no complication and was 
applied to cholecystectomy or partial splenectomy without 
any other problems. This implies that SPLS has enough safety 

and feasibility as a result of development of techniques and 
instruments. 

We could see that a majority of MPLS operations were 
conducted in 2 ports. The operational difference between 2-port 
LS and SPLS is whether there is an additional 5-mm trocar. 
According to the results of comparison study between single 
port laparoscopic surgery and multiport laparoscopic surgery 
[27], we could conclude that single-port has a shorter total 
incision length and offers more aesthetic and economic benefits 
than multiport. Based on above grounds, SPLS offers better 
economic and aesthetic effects than 2-port LS since it has one 
less (number of) trocar.

The limitation of this study is as follows; Firstly, this is a 
retrospective, nonrandomized study based on a small number 
of patients. If we collect randomized prospective data over 
a long period of time in the direction we predicted in the 
discussion, a more obvious result can be drawn out. Secondly, 
this study did not conduct research on aesthetic satisfaction 
and pain, which are subjective results of patients. Thus, 
comparison of subjective results between the method of MPLS 
and SPLS is required by conducting both prospective study and 
questionnaire survey on patients after the operations. Lastly, 
there was no difference in the operative results between SPLS 
and MPLS since the operators of this study are from a highly 
experienced group in laparoscopic surgery. Therefore, in order 
to compare the technical difficulty of the two operations for 
beginners in laparoscopic surgery, acomparison should be 
made on the splenectomies of less experienced operators in the 
center in order to draw conclusion on the hypothesis.
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