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Abstract

Background: Single-incision laparoscopic surgery (SILS), which has been demonstrated to be safely applied on
kinds of surgeries, may represent an improvement over conventional multi-port laparoscopic surgery. However,
there are still few clinical experiences of SILS in pancreatic surgery until now. In this study, we will summarize our
experience of transumbilical single-incision laparoscopic distal pancreatectomy (TUSI-LDP), and compare its related
parameters with conventional multi-port laparoscopic distal pancreatectomy (C-LDP).

Methods: A retrospective analysis was conducted for the patients who underwent C-LDP or TUSI-LDP in our
department. The demographic data, operative parameters, and postoperative complications in the two groups
were summarized and compared.

Results: Laparoscopic distal pancreatectomy was performed in a total of 21 cases, among which TUSI-LDP was
performed in 14 cases. As far as the demographical results concerned, there were no significant differences between
the two groups. The conversion to open surgery was conducted in one case in the TUSI-LDP group because of severe
adhesion between pancreatic cyst and surrounding tissues, while in the C-LDP group the only one conversion was for
the difficult detection of small lesion. The mean operating time and intraoperative blood loss in TUSI-LDP group was a
little shorter (166.4 574 versus 202.1 +122.5 minutes, p > 0.05, and 157.1 = 1624 versus 1686 + 1574 ml, p > 0.05).
The postoperative pain and post-operation lengths of hospital stay in the TUSI-LDP group were also less, though
there was no significant statistical difference between the two groups. For the post-operation complications,
in TUSI-LDP group the pancreatic leakage occurred in only one case, and ceased spontaneously with only a drain for
61 days. There were no other complications including postoperative hemorrhage, venous thrombosis, infections and
so on in both groups.

Conclusion: For the experienced laparoscopic surgeons, in selected patients, TUSI-LDP is a feasible technique, with

excellent cosmetic effect, less postoperative pain and post-operation lengths of hospital stay. With the experience
accumulated, the operating time and intraoperative blood loss of TUSI-LDP could also gradually reduce.
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Background

Currently, the application of laparoscopic surgery for the
distal pancreatectomy seems to become a trend in surgi-
cal technique, and might be considered as the first ap-
proach for distal pancreatectomy in the near future,
possibly owing to its clear visual field, less injury, less
postoperative pain, better cosmetic results, and faster re-
covery of patients [1-3]. Recently, for further minimizing
surgical trauma by reducing the number of the port,
many experienced laparoscopic surgeons have tried
to develop a new minimally invasive technique called
“single incision laparoscopic surgery” (SILS), which has
been now successfully and widely applied in many fields
of abdominal surgery [4,5]. However, The SILS per-
formed on the pancreatic lesions has been reported only
recently, and the experience is still limited now [6-13].
Therefore, more studies are still required to confirm the
feasibility of transumbilical single-incision laparoscopic
distal pancreatectomy (TUSI-LDP). In addition, there
have been few comparisons with standard laparoscopic
distal pancreatectomy in the literature until now.

In this study, we would report 14 cases in which
TUSI-LDP was performed in the Shengjing Hospital of
China Medical University, to summarize the clinical ex-
periences, and the related data was also compared with
that of conventional multi-port laparoscopic distal pan-
createctomy (C-LDP).

Methods

Patient selection and data collection

The criteria for patient selection in our department for
laparoscopic distal pancreatectomy are as follows: a
benign lesion was found in preoperative examination,
and distal pancreatectomy was intented to be performed.
The diameter of the lesion should be less than 3.5 c¢m,
and could be a little larger for a cystic lesion. The patient
has strong preference for cosmetic appearance, with no
contraindications for laparoscopic surgery. All the pa-
tients participating in this study gave informed consent,
for SILS operations and the publication of their individ-
ual clinical details. The patient records were also granted
by the hospital to be accessed. This study was approved
by the ethical committee of Shengjing Hospital, China
Medical University.

Since 2009, all the cases in which laparoscopic distal
pancreatectomy was performed in our department in the
Shengjing Hospital of China Medical University were
retrospectively reviewed. Medical records were reviewed
to collect relevant information in the perioperative
period. Operation records were reviewed to obtain oper-
ation indications, incision length, operative time, esti-
mated blood loss, intraoperative complications and so
on. Pathology reports were reviewed to obtain final diag-
nosis. Medication records were reviewed to determine
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analgetica used during the hospital stay. Daily progress
notes were reviewed to document length of stay and peri-
operative complications, and follow-up by telephone was
for postoperative complications within 30 days.

Surgical technique

In the TUSI-LDP group, after the induction of general
endotracheal anesthesia, the patient was placed in a
supine position, with legs apart (Figure 1A). A transum-
bilical 3 cm superficial longitudinal incision was made.
After the maintenance of pneumoperitoneum, a 10 mm
trocar was inserted into the lower margin of the incision,
for the lens, and another two trocars were inserted on
the superior margin of incision, the left one, 5 mm for
the grasper, and the right one, 12 mm in diameter for
the plastic disposable trocar (Figure 1B, case 12). In the
MPLDP group, the incision at the umbilicus was 10 mm
for the lens, and three additional trocars were used, one
in the midline between the xiphoid process and the um-
bilicus, one lateral to the right rectus muscle at the level
of the umbilicus and the other one subcostally in the
medioclavicular line.

The operative procedure was similar in the two groups.
The operation began with the division of the gastrocolic
ligament and the lower part of the gastrolienal ligament,
to expose the body and tail of the pancreas and confirm
the location and range of the mass or cyst (Figure 2A,
case 12). Then, the serous membrane was dissected along
the lower edge of pancreas on the right of the lesion.
Loose connective tissue between the dorsal surface of the
pancreas and the posterior abdominal wall was dissoci-
ated carefully, to not injure the splenic artery or splenic
vein. When a tunnel would be built at the posterior
surface of normal pancreatic body, the grasper was
inserted into the tunnel and carried forward, to en-
large the visual fields behind the pancreas. The loose
connective tissue was dissociated carefully by the ultra-
sonic scalpel towards the tail of the pancreas, and then
the mass in the body of the pancreas was lifted and sepa-
rated from posterior abdominal wall. When the body and
tail of the pancreas from the normal pancreatic tissue on
the right of the mass to the tail of pancreas near the
hilum of spleen was completely separated, the pancreas
would be divided with an endoscopic linear stapler device
(Figure 2B).

If a splenectomy was to be simultaneously performed,
the superior part of the gastrosplenic ligament, spleno-
phrenic ligament, splenogastric ligament should be re-
spectively dissected, and then the spleen was removed
with the pancreas specimen. In the cases among which a
spleen-preserving laparoscopic distal pancreatectomy
was to be performed, the splenic vessels were mostly di-
vided, with the short gastric vessels preserved to provide
a blood supply. In some cases, the pancreatic branches
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Angsthetist

Operator

Figure 1 Operating room setting and access site in the umbilicus. (A) Operating room setting: the operator, assistants and monitor.
(B) Access site in the umbilicus: the two trocars for the lens, grasper, and the plastic disposable trocar, for the ultrasonic scalpel.

of splenic vessels could be well dissected and divided,
and the splenic vessels could also be separated from the
pancreas and preserved.

A retrieval bag was placed through the plastic dispos-
able trocar. The specimen was wrapped in the retrieval
bag (Figure 2C) and extracted from the umbilical inci-
sion (Figure 2D). A closed drain was then placed near
the stump of the pancreas, and brought out through
the transumbilical incision (Figure 2E). A purse-string
suture was beforehand reserved surrounding the drain-
age tube, and could be tensed to close the hole at the
umbilicus when the intrabdominal drainage tube was
pulled out.

Postoperative treatment

Patients were transferred to the recovery room after
surgery. Nasogastric tube was removed after return of
intestinal function, and oral feeding was mostly initiated
immediately, usually on the fourth postoperative day.
As a closed drainage was placed near the stump of
the pancreas, the content and volume of pancreatic
amylase, and bleeding, was closely monitored. For slight
pancreatic leakage, the remaining drainage time was ex-
tended, and the regulation of food and use of somato-
statin was utilized for healing. The drainage tube could
be pulled out when the drainage volume was less than
10 ml in 24 hours and there were no biochemical or
clinical signs of a pancreatic fistula. Patients were dis-
charged when tolerating a soft diet and no signs of
complication were identified, and a strict follow-up was
still made.

Statistical analysis

Continuous data are presented as the mean + standard
deviation and the range. Categorical variables are expressed
as numbers and percentages for each group. Continuous
variables were compared between the two groups using
an unpaired-sample student ¢ test and Mann—Whitney
test. Results were considered statistically significant for
p <0.05.

Results
Since 2009, laparoscopic distal pancreatectomy was per-
formed in a total of 21 cases, among which TUSI-LDP
was performed in 14 cases. In the TUSI-LDP group, the
characteristics of patients are listed in Table 1. Only one
patient of the 14 cases was male, and the age ranged
from 20 to 73 years old, with the average of 40.2 years
old. The average of body mass index (BMI) is 22.6
(18.4 ~ 27.0). Among the 14 cases, 6 cases were diagnosed
as pancreatic mucinous cystadenoma, 3 cases were diag-
nosed as the pancreatic cyst, 2 cases were diagnosed as
splenic artery aneurysm, and the other 3 cases were diag-
nosed as pancreatic serous cystadenoma (Figure 2F), islet
cell tumor and abdominal cavity fibromatosis involving
the tail of pancreas respectively. In the C-LDP group, only
one patient of the 7 cases was male. The average age was
50.4+11.3 years old (range, 35-65), and the average of
BMI is 23.3 (21.3 ~ 25.2). The related parameters in the
C-LDP group are evaluated as a control group.
Operative data are given in Table 2. The TUSI-LDP
were successfully performed in the 13 cases, while in the
other case the operation conversed to conventional open
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Figure 2 Operative procedure of laparoscopic distal pancreatectomy. (A) Exposure of pancreas. The lesion is seen at the right side of the
picture. (B) The body to tail of the pancreas is mobilized and lifted from the retroperitoneum by a cloth tape, and pancreatic body is transected
with an endoscopic linear stapler device. (C) The lesion was put into a retrieval bag. (D) The cyst contents were aspirated within the retrieval bag.
(E) The closed drains brought out through the transumbilical incision. (F) The lesion, the serous cystadenoma in pathologic diagnosis.

surgery due to severe adhesion between pancreatic cyst
and surrounding tissues. Among these 14 cases, laparo-
scopic distal pancreatectomy with splenectomy was per-
formed in 7 cases (case 1, 3, 4, 5, 10, 11, 14), while
spleen-preserving laparoscopic distal pancreatectomy
was performed in the other 7 cases, including 2 cases in
which the splenic vessels were successfully preserved
(Table 2). The median operative time was (166.4 + 57.4)
min, with all procedures finished in <240 min in the 13
cases with successful TUSI-LDP, and the operative
time in the case with conversion to open surgery was
300 min. The median estimated intraoperative blood loss
was (157.1 £ 162.4) ml (10-500 ml), with none of the pa-
tients requiring perioperative transfusion of red blood
cells. As for the postoperative complications, only in one
case with the diagnosis of the pancreatic cyst, the pancre-
atic leakage occurred, and ceased spontaneously with

only a drain for 61 days. There were no other com-
plications including postoperative hemorrhage, venous
thrombosis, fever, infection and so on. Postoperative um-
bilical incision healed well, with no obvious scar, and cos-
metic result was well. The patients were discharged from
hospital in a mean of (7.6 + 1.4) d (range, 5 to 10 d), with
no mortality. All the patients resumed daily activities
quickly.

For preoperative characteristics, there were no statis-
tically significant differences between the two groups
(Table 3). For the related data of operation (Table 4), the
conversion to open surgery was conducted in one case
in the TUSI-LDP group because of severe adhesion be-
tween pancreatic cyst and surrounding tissues, while in
the C-LDP group the only one conversion was for the
difficult detection of small lesion. The mean operative
time was a little shorter in the single-incision laparoscopic
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Table 1 General information of 14 cases
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Patient number Diagnosis Tumor location Age Sex BMI Maximum diameter of lesion
1 Mucinous cystadenoma body of pancreas 46 F 246 5
2 Fibromatosis abdominal cavity 20 F 186 35
3 Serositic cyst tail of pancreas 36 F 234 4.5
4 Pancreatic cyst body of pancreas 42 F 222 45
5 Artery aneurysm spleen 22 F 216 35
6 Mucinous cystadenoma and SPT body and tail of pancreas 34 F 2238 35
7 Pancreatic cyst tail of pancreas 34 F 234 35
8 Mucinous cystadenoma body and tail of pancreas 39 F 226 3
9 Islet cell tumor tail of pancreas 73 F 26.2 12
10 Mucinous cystadenoma body and tail of pancreas 27 F 222 4
11 Mucinous cystadenoma tail of pancreas 45 F 218 6.2
12 Serous cystadenoma tail of pancreas 50 F 215 32
13 Mucinous cystadenoma tail of pancreas 37 F 184 11
14 Artery aneurysm spleen 58 M 270 38

BMI body mass index; SPT solid-pseudopapillary tumor.

group (166.4 +57.4 versus 202.1 +£122.5 min, p>0.05),
and the mean estimated blood loss in the single-incision
group was also a little smaller (157.1 + 162.4 versus 168.6
+157.4 ml, p>0.05), though there was no significant dif-
ference between the two groups. There were no requiring
blood transfusions in the two groups, and no deaths in ei-
ther group. As for the postoperative complications, in only
one case in the single-incision group the pancreatic leak-
age occurred, and ceased spontaneously with only a drain
for 61 days. The use of in-hospital postoperative narcotics

was evaluated in both groups of patients. While the pa-
tients in the TUSI-LDP group (0.7+0.6 times) used a
lower total dose of narcotic medication than that in
the C-LDP group (1.1 £ 0.7 times), the difference was not
significant, either. The mean length of stay in the two
groups was 7.6 days and 9.0 days respectively.

Discussion
In recent years, the search for less morbidity and greater
patient comfort has led surgeons to develop newer

Table 2 Operative parameters and postoperative recovery of patients

Cases Operation Intraoperative Conversion to Postoperative Food intake Drainage Hospital Postoperative Pancreatic
time (min) blood loss (ml) multi-incision evacuating time  time (day) time (day) stay (day) hemorrhage leakage
surgery (day)
1 300 500 yes 3 3 4 8 no no
2 240 500 no 4 4 7 9 no no
3 150 10 no 3 3 >7 7 no yes
4 125 100 no 4 5 7 8 no no
5 170 10 no 3 3 4 6 no no
6" 110 30 no 3 3 4 6 no no
7 15 50 no 2 3 7 8 no no
8 165 100 no 5 5 10 10 no no
o 170 50 no 3 4 7 8 no no
10 155 200 no 4 5 7 7 no no
1 95 200 no 3 4 5 5 no no
12% 120 50 no 3 4 6 7 no no
13" 185 200 no 3 4 7 9 no no
14 230 200 no 5 5 8 9 no no

*Splenic preservation; *Splenic and its vessels preservation.
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Table 3 Demographical characteristics of the patients
SILS (n =14)

Conventional P
(n=7)

Age, mean + SD [range] 402+14.1[20-73] 504 +113[35-65] 0.66
Sex (% men) 7.1 143 061

596+89[45-80]  604+£51 [54-67] 021
226+24[184-270] 233+13[213-252] 0.29

Weight, mean + SD [range]
BMI, mean + SD [range],

kg/m2

Size of lesion, mean + SD 43+22[1.2-11] 37+22[07-60] 047
[range], cm

Lesion type 0/14 1/6 0.16

(benign/malignant)

means of access to the abdominal cavity with less surgical
trauma, such as natural-orifice transluminal endoscopic
surgery and single-incision laparoscopic surgery. The
scarce reproducibility and difficulty involved with the nat-
ural orifice technique made most surgeons opt for the
single-incision technique, for its similarity with conven-
tional laparoscopy and lower requirement of specific
equipments. Since the first documented single incision
laparoscopic procedure in 1997, SILS has already been ap-
plied dramatically in many surgical procedures, such as
cholecystectomy [4], appendectomy [5,14], total extraperi-
toneal inguinal hernia repair [15], sleeve gastrectomy [16],
gastrojejunostomy [17], splenectomy [18], nephrectomy
[19], liver resection [20], and so on. However, TUSI-LDP
has still been rarely reported, possibly because pancreatic
surgery represents one of the most challenging areas in di-
gestive surgery.

In 2010, Barbaros U et al. first reported the TUSI-LDP
with splenectomy, and it was described that the overall
procedures were similar to that performed in the con-
ventional multi-port laparoscopic pancreatectomy [6].
The operation was successfully finished even though in
the retroperitoneal region there was dense fibrosis
caused by a previous left nephrectomy, confirming that
TUSI-LDP could be performed technically. Since then,
TUSI-LDP were reported a total of 26 cases, among
which, the largest study was reported by us [11]. Recently,
three more cases were performed in our department.

Table 4 Operative and postoperative results

SILS Conventional P
(n =14) n=7)
Operating time, mean + SD, min 1664 +574 202.1+1225 0.15

Estimated blood lossmean = SD, ml 157.1+ 1624 1686+ 1574 066
Scale of pain, mean + SD 0.7+06 1.1+0.7 0.90
Conversion to open surgery, % 1/14 1/7 061
Complications, % 114 0/7 048
Length of hospital stay, mean +SD, d 76+14 90+30 017
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Now, during the 29 cases, transumbilical single-incision
laparoscopy spleen-preserving distal pancreatectomy in 16
cases and single-incision laparoscopy distal pancreatec-
tomy without splenic preservation in 13 case were per-
formed, and the patients’ postoperative recoveries were all
uneventful [6-13]. Now, these experiences well confirm
the feasibility and safety of the TUSI-LDP in selected
cases. However, for the pancreatic surgery, comparative
studies are still needed, to compare the related parameters
of the single-incision and conventional laparoscopic tech-
niques, and lay down the foundation for the possible indi-
cations for this type of access.

As far as operating time concerned, some published
studies for SILS reveal a longer operating time than con-
ventional laparoscopy [21-23]. As in SILS all instruments
are closely packed together, and the instruments, which
are limited within a small range of motion, would inter-
fere with each other, the operation of SILS is though to
be more difficult. These would increase the difficulty of
learning and practice, and also increase the operating
time. However, as the SILS were performed, the oper-
ation could be more and more smoothly. One study
[24], comparing colon resections for cancer using the 2
techniques, reported no differences and operating times
were practically the same, although the size of the series
was small. Now, in our study, we observed that in un-
complicated distal pancreatectomy with normal charac-
teristics, operating times in SILS group would be similar
or even shorter than that in conventional laparoscopy
group, mainly because our experiences for LDP and SILS
had accumulated much before TUSI-LDP began to be
performed, making the operations in TUSI-LDP much
more smoothly, just as our results for the gastric GIST
[25]. Similarly in our study, the intraoperative blood loss
in the single-incision laparoscopic group was also smaller
than that in the conventional laparoscopic group, though
the difference did not reach statistical significance. As
our experiences of TUSI-LDP gradually accumulated, we
could be more careful for the vessels during operation,
and intraoperative blood loss could also be gradually well
controlled. However, operating time or intraoperative
blood loss might be much longer when there was severe
adhesion between pancreatic cyst and surrounding tissues.
In this study, one patient required even a conversion to
open surgery because of severe adhesion.

Many studies have suggested that the single-incision
laparoscopic surgery approach may have some advan-
tages over conventional laparoscopic surgery: greater
patient comfort, less postoperative pain, and a better
cosmetic outcome due to a scareless procedure [26].
However, for the pancreatic surgery, the related reports
were lacking. The less injury and less postoperative pain
of SILS might be related with reducing the size of the
skin incision and not perforating the aponeurosis or



Yao et al. BMC Surgery 2014, 14:105
http://www.biomedcentral.com/1471-2482/14/105

muscle. In some complex surgical procedures, such as
colectomy, which requires a greater number of incisions
or even minilaparotomy to complete the operation, post-
operative pain may have important clinical repercussions
in satisfaction, quality of life, and health state. Some pre-
vious prospective studies show no differences for the
postoperative pain [21,22,27,28], but the results obtained
in our study indicated that although there were no sig-
nificant difference, the patients in the TUSI-LDP group
indeed used a lower total dose of narcotic medication.
Therefore, the controversy for the postoperative pain still
exists, waiting for further confirmed.

For the postoperative complications, the well visual
fields of operation provided by the laparoscope, and the
rational utilization of sealing devices have made the
complication in laparoscopic surgery rarely occur. It was
found that compared with open distal pancreatectomy,
LDP patients had significant fewer complications [29].
Cho CS et al. explored the risk factors for pancreatic fis-
tula after distal pancreatectomy, and found that pre-
operative characteristics may identify cohorts of patients
who will benefit more from LDP, and no patient cohorts
had higher postoperative complication rates after LDP
than open distal pancreatectomy, suggesting that LDP
may be the better operative procedure of choice for less
pancreatic fistula or other complications [30]. Now, for
the TUSI-LDP, the pancreatic fistula occurred in only
one case of our 14 cases and one case in the English lit-
erature [6], and conservative treatment was effective in
the both cases. There were no other complications in-
cluding postoperative hemorrhage, venous thrombosis,
fever, infection and so on. These results suggest the pa-
tients with TUSI-LDP may also benefit much for less
postoperative complications. Certainly, more definitive
prospective and randomized comparisons are still needed
for further confirmation.

As for the post-operation lengths of hospital stay,
though no significant difference was found between the
two groups, the mean lengths of hospital stay in the
SILS group were also a little shorter. It may be related
with the reduced postoperation pain, and early recovery
of oral feeding. Certainly, we are beginning to try apply-
ing a relative fast-track protocol in one patient (case 11)
with uncomplicated pancreatic cyst without increasing
the number of complications, and the oral feeding initi-
ation and the discharge time could still be futher earlier
[31] in the near future.

Today, SILS is becoming popular, and its purpose is to
cure the disease in a cosmetic method with minimal in-
vasion. As these results suggest, the single incision ap-
proach could be applied successfully in the pancreatic
surgery, providing high degree of satisfaction and well
cosmetic advantages, though much more techniques are
needed for the operator. It does not increase the rate of
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complications and represents a possible alternative to
conventional laparoscopic distal pancreatectomy. With
the related experience acquired, we believe that it could
be applied more and more widely [32].

Conclusions

Our study suggests that for the experienced laparoscopic
surgeons, TUSI-LDP is feasible and safe, with excellent
cosmetic effect, and the single-incision technique is
comparable to standard laparoscopic distal pancreatectomy
in terms of operative time and perioperative outcomes.
Certainly, the advantages and disadvantages of the TUSI-
LDP compared with the conventional LDP still need fur-
ther evaluated in prospective clinical researches.

Consent

Written informed consent was obtained from all the pa-
tients for publication of related data and any accompany-
ing images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.
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