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Abstract

Background Single-site laparoscopic colectomy (SLC) is

increasingly performed for colon cancer. There are few

reports on invasiveness in SLC. This study aimed to

evaluate the postoperative pain from SLC, as compared to

conventional multiport laparoscopic colectomy (MLC).

Methods We compared postoperative pain among

patients from the SLC group (n = 11) with those from the

MLC group (n = 11) who underwent laparoscopic surgery

for colon cancer at our institution between May and

October 2013. Patients were specifically matched for

gender, age, body mass index, tumor size, and performance

status. Postoperative pain was evaluated at rest and during

mobilization, using a visual analog scale (VAS) on post-

operative days (PODs) 1–7, and by postoperative fre-

quency of analgesics; pain intensity was evaluated at rest,

using the Pain VisionTM system on PODs 1–7. Other

operative outcomes of the two groups were also recorded.

Results Patient demographics, operative outcomes, time

duration before first flatus, and C-reactive protein and

WBC count on POD 1 showed no significant differences

between groups. Results of sequential VAS during mobili-

zation until POD 7 were significantly less in the SLC group

than in the MLC group (p = 0.009). However, sequential

VAS at rest did not differ between the two groups (p = 0.11).

Measured with the Pain VisionTM system, the difference in

pain intensity at rest was statistically significant for the

postoperative period (p = 0.003). Total requests for anal-

gesics until POD 7 were reduced in the SLC group compared

to that in the MLC group, but lacked statistical significance

(three vs. seven, respectively, p = 0.07).

Conclusions In both quantitative and objective measure-

ments using the Pain VisionTM system, SLC significantly

reduced postoperative pain. SLC is a promising procedure,

associated with less invasiveness than MLC.

Keywords Single-site laparoscopic colectomy � Colon

cancer � Postoperative pain � Pain VisionTM � Visual analog

scale (VAS)

Jacobs et al. [1] performed the first laparoscopic surgery for

colorectal cancer (right hemicolectomy) in 1991. Advan-

tages of laparoscopic surgery over conventional open sur-

gery include decreased invasiveness, earlier recovery of

postoperative intestinal functions, and shorter hospital stay

[2, 3, 4]. In randomized controlled clinical studies of lap-

aroscopic surgery and open surgery for advanced colon

cancer, the frequencies of intraoperative and postoperative

complications (short-term outcomes) were comparable. In

addition, the non-inferiority of laparoscopic surgery, in

terms of long-term outcomes, such as overall survival and

disease-free survival, was also demonstrated [5, 6, 7].

Furthermore, single-site laparoscopic surgery for low

invasiveness and improvement in cosmesis (by eliminating

the port on the flank and centralizing wounds of the

abdominal wall onto the umbilical region) has attracted

attention; single-site laparoscopic surgery has also been

gaining in popularity by addressing social needs in the field

of gastroenterological surgery.
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Due to its success, the application of laparoscopic sur-

gery has been extended. Remzi [8] and Bucher et al. [9],

first performed single-site laparoscopic colectomy (SLC) in

2008. Subsequently, reports have shown that SLC is

comparable to conventional multiport laparoscopic colec-

tomy (MLC), in terms of short-term outcomes, including

safety and oncologic clearance [10, 11].

The surgical instruments and techniques of SLC cause

some limitations. Because several forceps gather at the

access site, they tend to clash; in addition, because the

operator manipulates two straight forceps, which are

positioned in parallel to the endoscope, the movement of

the operator is limited, and they interfere with the move-

ment of the endoscope. In addition, it is difficult to remove

or resect intestines because of insufficient triangulation

with the tissue [12]. Although SLC is associated with dif-

ficult surgical procedures and great stress for the operator,

it is clear that SLC is advantageous for improving cos-

mesis, and brings patients satisfaction; however, concerns

over low invasiveness of SLC, including reduced postop-

erative pain, have not been clearly demonstrated.

There have been some studies comparing postoperative

pain in three-port or two-port with four-port laparoscopic

cholecystectomy [13, 14, 15, 16, 17]; in most of these

studies, there were no differences in postoperative pain.

Several studies, which compared SLC and MLC, reported

reduced postoperative pain in SLC [11, 18, 19]. On the

other hand, a systematic review showed conflicting views

on whether SLC reduces postoperative pain [20]; thus, the

evaluation of SLC remains controversial.

The Visual Analog Scale (VAS) [21] is one of the most

common methods used for the evaluation of pain. The

Numerical Rating Scale and the 4-point Verbal Rating Scale

are difficult methods to use for the evaluation of postoper-

ative pain because they cannot distinguish small changes in

pain, while VAS can distinguish changes in pain with the

highest sensitivity [22]. On the other hand, VAS is a sub-

jective evaluation method of grading the pain, which the

patient is currently experiencing, in comparison with the

most intense pain that patient has ever experienced [23].

Determination of pain by VAS is associated with a

margin of error of about ±20 mm, and at least one report

questioned VAS as an appropriate method to measure

postoperative pain [24]. The controversy over the low

invasiveness of SLC may be caused by the use of different

evaluation methods to compare pain, including a variety of

factors. Thus, the establishment of an appropriate evalua-

tion method of pain is required.

Recently, a device called Pain VisionTM PS-2100 (Nipro

CO., Osaka, Japan), which quantitatively measures the

degree of pain using painless electrical stimulation [25,

26], was developed and introduced in clinical practices. In

addition to the advantage that Pain VisionTM can evaluate

pain in a relatively short time, it can evaluate pain without

giving additional pain to patients. In clinical practices, this

method has been used in not only studies of chronic pain

such as fibromyalgia [27], low back pain due to spondyl-

olisthesis [28] but also that of acute pain caused by the

removal of adhesive wound dressing materials [29]. As for

abdominal pain, Ota et al. [30] applied Pain VisionTM to

pharmacological challenges tests of local anesthetics to

compare the pain in patients before and after treatment and

reported that Pain VisionTM was a device which enabled a

more objective measurement of pain including lower

abdominal pain and body pain. These studies have shown

that Pain VisionTM is a useful device, which can evaluate

pain objectively in various fields. However, there is no

report of postoperative acute pain.

In this study, we investigated the invasiveness of SLC,

compared with that of MLC, by objectively and quantita-

tively evaluating pain, using this new device, Pain

VisionTM, in addition to VAS.

Materials and methods

Study design

We compared the SLC group (n = 11) with the MLC group

(n = 11) among patients who underwent laparoscopic surgery

for colon cancer at our institution between May and October

2013. Informed consent was received from all patients.

Patients were specifically matched by gender, age, body mass

index (BMI), tumor size, and performance status (PS).

Exclusion criteria were: advanced T4 tumor, perforated tumor

or tumor exceeding 60 mm on preoperative evaluations, PS 2

or 3 or 4, severe obesity (defined as a BMI [ 35 kg/m2),

dementia, previous abdominal polysurgery, indication for an

emergency colectomy, and participation refusal.

Outcome

Patient and tumor characteristics data, such as gender, age,

BMI, tumor size, and PS, were recorded. Before surgery,

all patients were taught how to score pain on the VAS

(0 mm, no pain; 100 mm, maximal pain) and measure pain

intensity, using the Pain VisionTM system. Surgical data,

including operative time, estimated blood loss, length of

umbilical incision, number of lymph nodes harvested, and

length of resected specimen were also recorded.

Postoperative data focused on the VAS (100 mm) at rest

and during mobilization on each postoperative day (POD)

1–7, the Pain VisionTM system for pain intensity at rest on

each POD 1–7, postoperative frequency of analgesics, time

duration before first flatus, and C-reactive protein and

WBC count on POD 1.
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Visual analog scale (VAS)

The VAS is a simple and often used method for evaluating

variations in pain intensity. Subjects are instructed to

indicate the intensity of the pain at rest and during mobi-

lization by marking a 100-mm horizontal line, anchored

with ‘‘0 (no pain)’’ at the left edge and ‘‘100 (worst

imaginable pain)’’ at the right edge.

Pain visionTM

Principle of pain determination

The Pain VisionTM system was developed as a medical

device, which can determine pain intensity as a numerical

value. The principle of measurement of this system is to

compare a unique electrical stimulation with the pain that

the patient is experiencing. That is to say, an electrical

stimulation without pain, whose intensity is equivalent to

that of the pain experienced by the patient, is applied, and

the current value of this electrical stimulation is defined as

the ‘‘pain equivalent current’’. The sensitivity (threshold)

of the patient for the electrical stimulation is defined as the

‘‘minimum perceived current’’, which is intended to elim-

inate variations between individuals.

Using these two values, pain intensity is defined by the

following formula:

Pain intensity = (pain equivalent current-minimum

perceived current)/minimum perceived current 9 100.

Methods of measurement

An electrode is attached to the medial side of the upper arm

(Fig. 1). An electrical current is applied (50 Hz;

0–150 lA rms; pulse width: 0.3 ms), and the stimulation is

increased. The patient is instructed to press a button when

s/he perceives this stimulation for the first time; the current

at this point is defined as the ‘‘minimum perceived current’’

value. As the stimulation current is increased, the patient is

instructed to press the switch when s/he feels the intensity

of the stimulation current is equivalent to that of the pain

s/he is experiencing (i.e., when the patient is more annoyed

by the stimulation current than by the pain s/he is experi-

encing), the current at this point is defined as the ‘‘pain

equivalent current’’ value. Using the values obtained, ‘‘pain

intensity’’ is calculated by the aforementioned formula.

Procedure technique

SLC was introduced to our hospital in 2009 to further

improve cosmesis and lower invasiveness, and now the

operation technique is routine [11, 31]. In SLC, a small

incision of 2.5 cm is first made in the umbilical region,

then the multichannel access device, one 12 mm camera

port, and two 5 mm instrument ports are inserted, and

intra-abdominal manipulation is performed; the final inci-

sion is extended as short as possible, depending on the

situation, where a specimen is extracted through the mini-

laparotomy umbilical incision. In MLC, a small incision of

2.5 cm is made in the umbilical region, and the access

device and one 12 mm camera port are inserted into the

umbilical region. In addition, one 12 mm port and three

5 mm ports are inserted into the flank. The incision is

extended when a specimen is removed, in a manner similar

to SLC. In other words, SLC and MLC have the same

length of midline wound in the umbilical region.

Statistical analyses

Data were collected and analyzed using JMP 9.0 (SAS

Institute Inc.). Numeric data are presented as medians.

Continuous variables were compared using the Mann–

Whitney U test, whereas categorical variables were com-

pared using Fisher’s exact test. The sequential VAS and

pain intensity until POD 7 were analyzed using two-way

ANOVA for repeated measures. p values of 0.05 or less

were considered statistically significant differences.

Results

The SLC group and the MLC group had similar patient

characteristics, regarding gender, age (63 vs. 69 years,

respectively, p = 0.45), BMI (23 vs. 22 kg/m2, respec-

tively, p = 0.34), tumor size (30 vs. 30 mm, respectively,

p = 0.39), and PS (Table 1).

Fig. 1 Method of pain evaluation measurements, using the Pain

VisionTM system. The patients are attached to a bipolar electrode on

the ulnar side of the forearm. Patients grasp a switch by a contralateral

hand
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Operative and perioperative outcomes

The surgical results were compared between the SLC

group and the MLC group. Operative time (177 vs.

182 min, respectively, p = 0.82), estimated blood loss (20

vs. 20 mL, respectively, p = 0.95), length of umbilical

incision (35 vs. 35 mm, respectively, p = 0.71), number of

lymph nodes harvested (26 vs. 21, respectively, p = 0.67),

length of resected specimen (270 vs. 265 mm, respectively,

p = 0.87), time duration before first flatus (2 vs. 2 days,

respectively, p = 0.83), C-reactive protein on POD 1 (2.6

vs. 4.1 mg/dL, respectively, p = 0.18), and WBC count on

POD 1 (7760 vs. 7540 per lL, respectively, p = 0.87) were

not significantly different between the two groups

(Table 2).

Total requests for analgesics until POD 7 were reduced

in the SLC group, but the difference between the SLC and

MLC group was not statistically significant (three vs.

seven, respectively, p = 0.07).

Postoperative pain outcomes

In both the SLC and MLC groups, VAS during mobiliza-

tion was consistently significantly higher than VAS at rest

until POD 7 (Fig. 2). The reduction of postoperative pain

during mobilization until POD 7, evaluated by VAS, was

significantly greater in the SLC group than that in the MLC

group (p = 0.009; two-way ANOVA) (Fig. 3).

For evaluation by VAS at rest, there was a tendency for

postoperative pain to be reduced in the SLC group, but no

significant difference was observed (p = 0.11; two-way

ANOVA) (Fig. 4).

For the quantitative evaluation of pain at rest, using the

Pain VisionTM system, pain intensity after surgery in the

SLC group was consistently lower than that in the MLC

group, and reduction of pain until POD 7 in the SLC group

was significantly greater than that in the MLC group

(p = 0.003; two-way ANOVA) (Fig. 5). In the MLC

group, high pain intensity was observed in the early post-

operative period that gradually decreased. In the SLC

group, on the other hand, pain intensity did not increase

greatly, even in the early postoperative period, and

remained at a low level on POD 3 and thereafter.

Discussion

Penetration of laparoscopic surgery has become popular in

the field of surgery, due to its extended indication for colon

cancer. Compared with open surgery, laparoscopic surgery

has demonstrated low invasiveness, as well as several other

advantages, including reduction in postoperative pain,

earlier recovery of intestinal functions after surgery, and

shorter hospital stay [4]. Against the background of

increasing social needs for lower invasiveness and

improved cosmesis, single-site laparoscopic surgery has

gained attention as the ultimate minimally invasive

surgery.

Table 1 Patients and tumor characteristics

SLC group

(n = 11)

MLC group

(n = 11)

p value

Gender

Male/Female 5/6 7/4 0.67b

Age (years)a 63 69 0.45

BMI (kg/m2)a 23 22 0.34

Tumor size

(mm)a
30 30 0.39

PS

0/1 5/6 3/8 0.66b

Mann–Whitney U test, except

BMI body mass index, PS performance Status, SLC single-site lapa-

roscopic colectomy, MLC conventional multiport laparoscopic

colectomy
a Values are median
b Fisher’s exact test

Table 2 Operative and perioperative outcomes of patients undergo-

ing SLC and MLC

SLC group

(n = 11)

MLC group

(n = 11)

p value

Surgical outcomes

Operative time (min) 177 182 0.82

Estimated blood loss

(mL)

20 20 0.95

Length of umbilical

incision (mm)

35 35 0.71

Oncologic clearance

Number of lymph nodes

harvested

26 21 0.67

Length of resected

specimen (mm)

270 265 0.87

Postoperative outcomes

Time duration before first

flatus (day)

2 2 0.83

C-reactive protein

(mg/dL) POD1

2.6 4.1 0.18

WBC count (per uL)

POD1

7760 7540 0.87

Total frequency of

analgesics

3 7 0.07

Values are median Mann–whitney U Test

SLC single-site laparoscopic coletomy, MLC conventional multiport

laparoscopic colectomy
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Trocars are inserted in laparoscopic surgery. These

instruments can increase damage to the abdominal wall,

resulting in bleeding from this wall, the abdominal cavity,

and the retroperitoneal organs. Additionally, abdominal

wall hernia and surgical site infection may occur in the port

site. An increasing number of ports are associated with a

higher risk of these conditions [32]. Therefore, it would be

beneficial for patients to reduce the number of ports, size of

the trocars, and incision length as much as possible, to the

extent that safety and oncologic clearance would not be

compromised.

Oncologic clearance and technical safety are important

in the surgical treatment of cancer. In these respects, SLC

is similar to MLC, regarding operative time, perioperative

blood loss, incidence of complications, the number of

lymph nodes harvested, and the length of resected margin,

while the feasibility is also maintained to some degree [10,

11, 19, 33, 34]. If cosmesis and low invasiveness are

demonstrated, the significance of SLC as a superior tech-

nique to MLC will be determined.

This study evaluated pain over seven consecutive days

after surgery, employing VAS at rest and during mobili-

zation, as well as Pain VisionTM. In previous studies,

postoperative pain for SLC has frequently been measured

by a pain score on POD 1 [11, 18, 35, 36]. Since patients

experience the most intense pain on this day, we can

evaluate pain. However, evaluation of temporal changes in

pain, when patients eat meals and move their body to use

Fig. 2 VAS during

mobilization and at rest on POD

1–7 in both the SLC and MLC

groups. (Mean ± SEM)

Fig. 3 VAS during mobilization on POD 1–7. (Mean ± SEM)

Fig. 4 VAS at rest on POD 1–7. (Mean ± SEM)

Fig. 5 Pain intensity at rest on POD 1–7. (Mean ± SEM)
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the toilet after leaving their sickbed, enables further com-

parison and investigation. Thus, we measured pain until

POD 7 in this study.

Our data confirmed that pain on the VAS, both at rest

and during mobilization, was almost completely resolved

by POD 7. By controlling postoperative pain during

mobilization, patients can leave their sickbed earlier and

discharge the sputum. In addition, this may reduce the

incidence of postoperative respiratory complications and

the risk of postoperative cardiovascular events [37]. In this

study, the VAS pain scores during mobilization showed

significantly reduced pain in the SLC group, as compared

to those in the MLC group. Since patients experience pain

at rest for a long time after surgery, we can prevent noc-

turnal sleep problems and reduce postoperative dis-

satisfaction/discomfort by controlling the pain at rest.

Although the VAS scores at rest in this study showed a

trend toward reduction in postoperative pain for the SLC

group, there was no statistically significant difference

between the groups.

Wolthuis et al. [38], compared postoperative pain using

‘‘pain scores’’, such as VAS, between the SLC (14 patients)

and MLC (14 patients) groups. Similarly, Chew et al. [35],

compared postoperative pain between the SLC (40

patients) and MLC (104 patients) groups. Both studies

reported similar intensities of pain between both groups.

On the contrary, Takemasa et al. [11], evaluated the fea-

sibility of the SLC group (150 patients) compared with the

MLC group (150 patients), and reported that VAS scores

on POD 1 were significantly lower in the SLC group than

in the MLC group. Champagne et al. [18], also compared

postoperative pain between the SLC (165 patients) and

MLC (165 patients) groups, and reported a significant

reduction in postoperative pain in the SLC group. These

results suggest that studies using larger sample sizes

demonstrate higher reliability of pain scores, such as VAS.

Since our study involved comparison using a smaller

number of patients (11 patients in the SLC group and 11

patients in the MLC group), we did not observe a signifi-

cant difference in the VAS scores at rest, despite case-

matching patient characteristics and operative factors.

Thus, we measured the scores of pain at rest using Pain

VisionTM, which quantitatively and objectively evaluates

pain. As a result, we confirmed that the SLC group showed

a significant reduction in postoperative pain, as compared

with the MLC group. This indicates that, given the

equivalent length of umbilical incision between both

groups, the lateral port sites in the abdominal wall may be

responsible for the difference in postoperative pain. By

reducing early postoperative pain of the highest intensity,

we may minimize anxiety or fear relating to body move-

ment, and, in turn, patients may be able to leave their

sickbeds without trouble sooner, and possibly accelerate

postoperative recovery. These results provide evidence

supporting the low invasiveness of SLC.

Prior to Pain VisionTM, Pain Matcher� (Cefar Medical

AB, Lund, Sweden), which compared the intensity of pain

with that of pain that is artificially produced by applying

stimulation to the skin, was developed [39]. However, such

electrical stimulation on the skin may damage tissue in

some way [40], and it is impractical to make patients

experience additional pain. Another disadvantage of Pain

Matcher� is its inability to measure the threshold level of

pain in subjects.

Based on the results of our study, we confirmed, in the

smaller number of patients, that, while subjective evalua-

tion based on the VAS scores revealed no difference,

quantitative evaluation, employing Pain VisionTM, showed

a significant reduction of postoperative pain in the SLC

group, as compared to that in the MLC group. However,

there remain some limitations of this study. First, Pain

VisionTM cannot evaluate pain during mobilization, which

is an important measure of postoperative pain. Second, it

takes time for patients to get accustomed to Pain VisionTM,

because it is slightly complicated and not straightforward.

Thus, it may be difficult to introduce Pain VisionTM as

routine protocol in clinical practices. Third, this study was

a case control study in a smaller number of patients. A

prospective randomized controlled trial, involving a larger

number of patients, would provide greater significance.

We confirmed that SLC not only controls pain during

mobilization, but it also reduces pain at rest. These

advantages of SLC are in addition to its apparent superi-

ority over MLC, regarding cosmesis. This study provides

additional evidence to support the low invasiveness of SLC

by evaluating pain, using Pain VisionTM. Thus, SLC may

be a promising procedure with many advantages for

patients.

In conclusion, using the quantitative and objective

measurements, employed by the Pain VisionTM system, we

show that SLC significantly reduces postoperative pain for

a selected group of patients, in comparison to MLC. These

results support that SLC is less invasive. Larger-scale,

prospective studies are required to confirm our results.
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