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Abstract

Background: Colorectal cancer is a common malignant tumor of the digestive system. Minimally
invasive surgeries, with Hand-Assisted Laparoscopic Surgery (HALS) as a representative technology,
have challenged Traditional Laparotomy (TL). Some studies indicated that HALS has an apparent
advantage in terms of intestinal function recovery, complications, and other parameters.
Objective: In this study, we aimed to compare the clinical effects of HALS and TL in radical resection of
colorectal cancer, in order to investigate the feasibility of HALS in colorectal cancer resection.
Methods: We retrospectively analysed the clinical data on HALS and TL at our hospital from 2009 to
2011 (28 rectal carcinoma patients underwent laparoscopic surgery and 32 rectal cancer patients
underwent traditional open surgery), and compared the differences in operative time, blood loss,
number of dissected mesenteric lymph nodes, intestinal function recovery time, postoperative hospital
stay, and postoperative complication incidence.
Results: The HALS group exhibited less blood loss, shorter intestinal function recovery time, and
shorter postoperative hospital stay than the TL group (intraoperative blood loss: 80.5 ± 13.3 ml vs. 170.5
± 35.5 ml, t=12.650, p-value<0.05; intestinal function recovery time: 45.4 ± 15.8 h vs. 89.5 ± 13.3 h,
t=11.750, p-value<0.05; postoperative hospitalization stay: 8.2 ± 2.0 days vs. 11.6 ± 2.0 days, t=6.518, p-
value<0.05). However, the difference in operative time, number of intraoperative lymph nodes dissected,
and postoperative complication incidence between the two groups was not significant (p-value>0.05).
Conclusions: HALS showed the advantages of less bleeding, quicker recovery, and minimal invasiveness
over TL. Moreover, it did not increase the operative time or postoperative complications. HALS could
achieve the same results as those obtained with TL in radical resection.
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Introduction
Laparoscopic surgery has a long history, and its application has
matured in multiple areas of surgery. In colorectal cancer
surgery, especially in Total Mesorectal Excision (TME) for low
colorectal cancer, laparoscopy has not been popular because of
the difficulty of the procedure [1-3]. However, this surgery has
evolved rapidly in recent years, and has been included in the
Non-Small Cell Lung Cancer guidelines. Laparoscopic
colorectal cancer resection has a long learning curve; however,
hand-Assisted Laparoscopic Surgery (HALS) could overcome
some of the challenges and achieve the same results with
minimal invasiveness [4-6]. HALS is a minimally invasive
surgical approach developed in the 1990s, in which surgeons
use hand-assisted instruments through small abdominal wall
incisions to maintain pneumoperitoneum, and place their hands
into the abdominal cavity of patients to manipulate
laparoscopic instruments, enabling the completion of complex
surgical procedures. The learning curve is shorter because

tactile sensation is involved. Although HALS has the specific
advantage of being minimally invasive [7-9], it is not clear
whether it could also achieve the same radical resection results
as those obtained with Traditional Laparotomy (TL) [10]. In
this study, we compared and analysed the clinical data for
HALS and TL in colorectal cancer resection, through a
comparison of the differences between the two methods in
operative time, blood loss, number of dissected mesenteric
lymph nodes, intestinal function recovery time, postoperative
hospital stay, and the incidence of postoperative complications,
with the aim of determining the advantages and investigating
the feasibility of  HALS in colorectal cancer  resection [11-14].
We retrospectively analysed the clinical surgical data for 60
cases of colorectal cancer resection performed during the same
period (pathological staging included Dukes’ A or B without
lymph node metastasis), to compare the clinical effects of
HALS and TL in radical resection of colorectal cancer.
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Methods

Patient information
We preoperatively diagnosed all patients as having rectal
adenocarcinoma by using electronic colonoscopy and biopsy.
During preoperative evaluation, we allocated the patients to
either of the two groups, according to their preference. The
HALS group included 28 cases and the TL group included 32
cases (Table 1). There was no significant difference in sex, age,
Dukes’ stage, tumor size, tumor-anus distance, or
comorbidities (cardiac functional grade III or above or severe
respiratory dysfunction), etc., between the two groups
(p>0.05), and they were considered comparable. This study
was conducted in accordance with the declaration of Helsinki.
Our study was conducted with approval from the Ethics
Committee of Lishui People's Hospital. Written informed
consent was obtained from all participants.

Operation
The same physicians operated on all patients from the two
groups under general anesthesia. The patients were in the head
low-foot high lithotomy position; however, those in the HALS
group were slightly tilted toward the right.

Operative method for the HALS group: Position the hand-
assisted device before establishing pneumoperitoneum;
perform a 5-7 cm median periumbilical incision; enter the
abdomen by layers; position the hand-assisted device (blue
plate); place a 10 mm trocar into the hand-assisted device
looper as the exploration mouth; tighten the looper; establish
pneumoperitoneum with a pressure of 14 mmHg (1
mmHg=0.133 kPa); conventionally explore the abdominal
cavity to determine the tumor size, location, presence or
absence of multiple foci and invasion degree, intra-abdominal
seeding or organ metastasis, presence or absence of enlarged
lymph nodes at the mesenteric vascular roots, and other
parameters. After exploration, reverse the pneumoperitoneum
and place a piece of gauze inside the abdominal cavity; insert
the nondominant surgical hand into the abdominal cavity
through the blue plate; prepare the laparoscopic port with a 10
mm trocar above the pubis; re-establish the
pneumoperitoneum; place a 10 mm trocar at the corresponding
position on the lower right abdominal wall; insert the operating
forceps or ultrasonic knife through the operating port (Figure
1A); place a 5 mm trocar in the left lower abdomen as a
secondary operating port if needed. Under monitored guidance,
use the hand-assisted ultrasonic knife for dissection, with
attention to the correctness of the operative plane; small blood
vessels can be cut directly with the ultrasonic knife, whereas
great vessels should be clamped first, then dissociated (Figure
1B); perform sigmoid and rectal resection; dissect lymph nodes
from submesenteric vascular roots; isolate the inferior
mesenteric artery and vein, with care to protect the ureters;
ligate and cut free from the vascular roots; free the sigmoid
mesentery, with the freed proximal end about 10 cm distant
from the tumor; the distal end should be freed up to the rear
part and bilateral mesentery of the rectum; flatly expose the

mesorectum from approximately 5 cm to the lower edge of the
tumor; follow the principles of TME; cut and close the distal
rectum with endoscopic linear cutter-stapler and staple
cartridge (Echelon 60, USA Ethicon Endo-Surgery). Remove
the proximal bowel through the blue plate; resect the
specimens in vitro (Figure 1C); place the nail set of the end-to-
end Anastomat into the proximal sigmoid (Covidien EEA
Autosuture Circular Stapler, Tyco International Ltd., USA);
insert the Anastomat through the anus; complete the
anastomosis intraperitoneally; reestablish pneumoperitoneum
after completing the anastomosis; observe whether the
mesentery is rotated; perform haemostasis and rinse the
abdominal cavity; place the drainage tube; and close the
abdomen by layers (Figure 1D).

Operative method for the TL group: Perform conventional
colorectal cancer radical surgery, following the principles of
TME and tumor radical resection, and use the end-to-end
Anastomat.

Observation indicators
We estimated the intraoperative blood loss from the amount in
the blood drainage bottles and blood absorbed by gauze. We
recorded the operative time, number of dissected lymph nodes,
intestinal function recovery time (time to evacuation), and
postoperative hospital stay. We considered the patients eligible
for discharge when normal flatus and defecation had returned,
a normal diet was resumed, and symptoms had improved. We
also recorded the occurrence of postoperative ileus during
hospitalization, incidence of anastomotic leakage, abdominal
and wound infections, and urinary retention.

Statistical analysis
We used SPSS 17.0 software for statistical analysis. We
expressed the measured data as x̄ ± s, and performed intergroup
comparison by using the t-test. We compared the counted data
with the χ2 test, and considered p<0.05 as statistically
significant.

Figure 1. Illustrations of key steps of hand-assisted laparoscopic
surgery. A: Positions of assisted hand, pneumoperitoneum and
operation hole; B: Performed hand-assisted mesangial root vascular
transection; C: Took out the amputated specimen of proximal colon
from blue plate; D: Incision size, number and location after
completed abdominal surgery.
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Results
We successfully performed HALS surgery in all patients
(n=28) of the HALS group. The operative time, postoperative
complication rate, and number of lymph nodes dissected for
the two groups showed no significant difference (p>0.05).
However, the HALS group exhibited obvious advantages with
regard to the amount of intraoperative bleeding, intestinal
function recovery time, and postoperative hospital stay
(p<0.05). The postoperative pathological TNM staging of the

two groups was T1-4N0M0 (Dukes’ stage A or B). One case of
intestinal obstruction in each group improved with
conservative treatment. Anastomotic leakage did not occur in
either group. The TL group had two cases of wound infection,
which healed after the wound was opened and drained. One
patient in the TL group had urinary retention after catheter
removal; this patient was discharged after being recatheterized
and returned to our hospital 1 month later for catheter removal
(Table 2).

Table 1. General information of the two groups (counted data were compared with the χ2 test).

Group Gender Age (years) Dukes staging Tumor size
(cm)

Tumor-anus
distance (cm)

Complications

M F A B

HALS (n=28) 42.86 (12) 57.14 (16) 59.7 ± 11.4 17.86% (5) 82.14%
(23)

4.48 ± 1.24 9.25 ± 1.62 10.7% (3)

TL (n=32) 50% (16) 50% (16) 55.5 ± 12.6 21.88% (7) 78.12%
(25)

5.12 ± 1.28 8.36 ± 1.81 9.4% (3)

T (χ2) χ2=0.306 t=1.404 χ2=0.151 t=-1.960 t=1.995 χ2=0.000   

P 0.58  0.166 0.698  0.055 0.051 1

Table 2. Comparison of intraoperative and postoperative indexes between the 2 groups (counted data were compared with the χ2 test).

Group Intraoperative bleeding
(ml)

Operative time
(min)

Intestinal function
recovery time (h)

Postoperative hospital
stay (d)

Postoperative
complication rate (%)

Number of lymph
node dissection

HALS (n=28) 80.5 ± 13.3 165.5 ± 40.9 45.4 ± 15.8 8.2 ± 2.0 3.6 (1/28) 9.0 ± 4.5

TL (n=32) 170.5 ± 35.5 152.7 ± 30.5 89.5 ± 13.3 11.6 ± 2.0 12.5 (4/32) 11.0 ± 4.3

t (χ2) t=-12.650 t=1.388 t=-11.750 t=-6.518 χ2=0.609 t=-1.760

P <0.05 0.17 <0.05 <0.05 0.435 0.084

Discussion
Laparoscopic-Assisted Colectomy (LAC) has been used in the
treatment of colorectal cancer for many years, and is now a
mature procedure. Compared with laparotomy, LAC has the
advantage of a shorter hospital stay and faster postoperative
recovery, and is minimally invasive. A recent consensus
revealed that LAC even had a better cosmetic result. However,
the operative techniques are complex and the surgical time is
longer. LAC has the added disadvantages of lacking tactile
sensation and a long learning curve. HALS compensated for
the above deficiencies, and achieved similar results with
minimal invasiveness [15].

HALS has shown advantages in radical resection of colorectal
cancer. Because of the involvement of the surgeon’s hand, the
tactile sensation inside the abdominal cavity is similar to that in
conventional laparotomy, thus reducing the difficulty of
complex laparoscopic procedures [16,17]. The mean operative
time of this study was 165.5 min, with intraoperative blood
loss of 80.5 ml. HALS also maintains the advantages of
laparoscopic surgery; by amplifying the surgical field and
providing better exposure of blood vessels and nerves, it
achieves minimal invasion. HALS had resulted in complete

tumor resection and normative lymph node dissection, with
results much closer to those seen in TL. The largest number of
lymph nodes dissected in this study was 23 in one patient, with
an average of 9, which is fewer than the average number
(n=15) reported in the literature [18]. HALS can significantly
improve lymph node dissection in the enterocelia of patients
with gastric cancer and in the pelvic cavity of patients with
gynaecologic tumors. A possible reason might be the limited
surgeon experience with HALS. We sampled the pathological
specimens, and the postoperative staging was Dukes’ A or B in
all cases. Concerning lymph node dissection, some authors
believe that the number of nodes obtained is the same between
rectal laparoscopic surgery and HALS [5]. Targarona
performed statistical analysis on the oncology-related indices
of these two procedures, and found no significant difference
[19]. HALS reduces the rate of intraoperative conversion to
laparotomy. When inadvertent surgical injuries occur, timely
and accurate management is possible. The surgeon can easily
control a major bleeding point by using the hand, thus avoiding
emergent conversion to laparotomy [19,20]. HALS can take
full advantage of the blue plate to place the incision.
Performing mesenteric root lymph node dissection is
sometimes difficult. If necessary, an incision can be directly
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performed from the blue plate for open mesenteric lymph node
dissection, in order to simplify the surgery [21-24].

Certain considerations are necessary when HALS is used for
colorectal cancer resection. To avoid seeding at the abdominal
incision, suture the puncture cannula onto the abdominal wall;
do not directly clamp the tumor; remove the specimens from
the center hole of the blue plate; first reverse the
pneumoperitoneum, then disconnect the cannula; after
removing the specimens, use saline to rinse the abdominal
cavity and the incision; perform repeat rinsing after removing
the blue plate. Use the unipolar electric shear to dissect tissues
quickly and accurately. This is much closer to the traditional
electric knife, and does not result in injuries under the guidance
of hand assistance, thus shortening the operation time. The
ultrasonic knife can be used to dissect thicker tissues, as well
as manage small blood vessels, with good haemostatic effects.
In this study, no ureter or bowel injury or haemorrhage
occurred. If haemorrhage occurs, the surgeon should calmly
use the assisting hand to control the bleeding and then perform
haemostasis. In most situations, this should achieve
satisfactory results. The trocar position and the HALS incision
are not static, and require continuous experimentation and
practice. The best approach is to make decisions according to
the actual clinical situation. HALS takes full advantage of the
multiple uses of hand-assisted devices, which can be utilized
through the initial abdominal exploration port. This can assist
anatomic dissection and vascular ligation under direct vision,
as well as assist the dissection of regional lymph nodes,
removal of resected specimens, and completion of the
anastomosis [25-27].

Our results showed that HALS has obvious advantages over
TL in the treatment of colorectal cancer, mainly in four
aspects: amount of bleeding, operation time, recovery of
postoperative intestinal function, and hospital stay after the
operation [4,8]. HALS cannot increase the numbers of
dissected lymph nodes or improve the incidence rate of
postoperative complications; however, it could significantly
improve lymph node dissection in the enterocelia of patients
with gastric cancer and pelvic cavity of patients with
gynaecologic tumors [28,29]. The main reasons maybe as
follows: (i) the colorectum have a full set of intestinal
mesangial colorectal in dissection, and lymphatic metastasis is
always detected in the mesentery when tumors are found
within the lumen. TME, TL, HALS, and total laparoscopic
surgery are mature procedures, and therefore these methods
show no significant difference in the numbers of dissected
lymph nodes. (ii) The number of surgeries with HALS is
limited in our laboratory, which may be a reason for the
differences with previous studies. Generally, the incidence of
complications has close relationships with the preoperative
neoplasm staging, tumor location, metastasis, nutrient status,
postoperative preventive colostomy, neoadjuvant
chemoradiotherapy, chemoradiotherapy, and economic
conditions [30-32]. Moreover, we did not divide the difference
of these factors before the operation, which is also limitation of
this study and needs further investigation.

HALS also has some disadvantages. With a
pneumoperitoneum established, the surgeon might partly fill
the abdominal cavity by using the hand, and the field of vision
might not be as wide as with traditional laparoscopy.
Moreover, the hand of the surgeon might interfere with the
laparoscope and the operating clamp, and this requires a period
of adjustment. HALS requires a period for learning, and the
mastery of flexible and delicate finger movements requires
experience. HALS necessitates the use of the blue plate,
ultrasonic knife, and other equipment; thus, the treatment costs
are higher than for TL [33,34].

In contrast to full laparoscopic colorectal cancer radical
resection, an incision is made in the beginning of HALS.
Therefore, many experts believe that this is not in keeping with
the principles of laparoscopy or the concept of minimal
invasion; however, as complete laparoscopic rectal tumor
specimens could only be removed after extending the trocar
penetration, the incision sizes then become comparable.
Therefore, establishing a small incision in the initial stage of
surgery should not increase the wound size. The surgery can
still be assisted by hand, thus reducing the incidence of
conversion resulting from the use of laparoscopic instruments.
HALS could be particularly useful for laparoscopy novices.
Compared with laparotomy, HALS has the advantages of less
bleeding, faster intestinal function recovery, shorter hospital
stay, and minimal invasion. HALS can achieve the same result
in tumor radical resection as TL [35,36]. HALS has become a
useful technique with broader applications and prospects in
minimally invasive surgery for colorectal cancer [37-40].

Conclusion
With the development of minimally invasive surgery, HALS
will be more and more popular in colorectal cancer surgery.
Our experience and research suggest that HALS has
advantages over TL in terms of surgical trauma, intraoperative
bleeding, and postoperative rehabilitation, which the hospital
has, no total laparoscopic operation. Concerning the learning
curve, however, the laparoscopic surgical field and equipment
costs still need to be further improved. We believe that with
further research and improvement, gasless laparoscopic
technology will have an important role in the treatment of
colorectal tumors in the future.
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