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Editorial

Our goal for World Journal of Laparoscopic Surgery must be to convey our reader knowledge of
excellent operative care with evidence-based perioperative processes, to leverage what we do in the
operation room to its maximal benefit. In so doing, we can generate the evidence that will move the
needle from open to MIS and serve our patients best.

World Association of Laparoscopic Surgeons (WALS) has grown enormously with the
laparoscopic revolution as a primary society for minimal access surgeons including gynecologists
and urologists. This organization is remarkable for its energy and the capacity of its members to
work hard to achieve our organizational goals. It is unlike any organization to which I belong in allowing and encouraging
young surgeons to get involved and to develop their careers.

Membership is the fuel of any professional organization. We will make a strong push to increase our membership of
WALS and World Journal of Laparoscopic Surgery this year. This effort will be built around conveying the values that
drive WALS, the opportunities for career development, the interpersonal opportunities to network and expand the
community of each of our members, and the excellent value that WALS membership provides. We will bring this effort
to residents and fellows and will extend our reach internationally.

We take great pleasure in inviting you to Fourth World Congress of Laparoscopic Surgeons on February 8th and 9th
2014. This event is organized by World Association of Laparoscopic Surgeons and hosted by World Laparoscopy Hospital,
Gurgaon, India. This year, WALS committees have worked hard to ensure a varied program for professional development
and networking opportunities. I would encourage each of you to bring two new members to WALS this year. I know that
they will thank you for years to come.

It is an incredible honor for me to be WALS Organizing Secretary.  WALS is your organization. It is essential that the
WALS leadership keep in touch with our members and respond to their needs. For more details regarding the conference,
please visit website www.wals.in. If you have any questions about the conference, please e-mail
md@laparoscopyhospital.com and please communicate your ideas to us and get involved!

Again, I request all of you to join hands and make the forthcoming Congress a grand success.
RK Mishra

Editor-in-Chief
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ABSTRACT

Eighteen female mongrel bitches, equally divided into three
groups (A, B and C) were subjected to CO2 insufflation at 6, 10
and 14 mm Hg pressure gradient respectively to study the
physiological changes of capnoperitoneum during laparoscopy.
Optimum visualization of internal organs during laparoscopy was
achieved at 10 and 14 mm Hg of CO2 pressure gradient. The
physiological effects were more pronounced at 14 mm Hg of
CO2 pressure gradient. Marked increase of respiration rate in
correlation with increased pCO2 and decreased pO2 was
observed in the group C. Bradyarrhythmia was observed in all
three groups, however, myocardial ischemia or hypoxia as
reflected through S-T segment depression and elevation was
more pronounced in 14 mm Hg of CO2 pressure gradient
(group C). Alteration of liver function was within the physiological
range in the animals of all the three groups. Physiological stress
was remained significantly higher with 14 mm Hg intra-abdominal
pressure. In conclusion, 10 mm Hg of CO2 was found most
suitable pressure gradient for laparoscopic examination in dogs.
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INTRODUCTION

Laparoscopy is now considered as one of the most potent
and promising aids for both its diagnostic and therapeutic
use. It involves minimal invasiveness (keyhole surgery) with
maximum visibility, shorter surgical time, decreased
postoperative discomfort and pain, less incidence of
infection, uncomplicated healing with minimal scarring, and
minimal surgical morbidity.1,2 Laparoscopy is now emerging
as a diagnostic and therapeutic tool in the medical field.3

Laparoscopic examination requires the separation of
structures from the abdominal wall. Insufflations of the
abdomen with most suitable gas CO2 optimally separates
the intra-abdominal organs from ventral and lateral walls.4

In response to CO2 capnoperitoneum (CP) there are series
of physiologic responses that have an impact on cardio-
pulmonary function of animal. These responses include the
hemodynamic changes related to mechanical and
neuroendocrine effects of CP and effects of absorbed CO2
on cardiovascular and respiratory function.5 Routine
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electrocardiogram is therefore a very useful mean for
continuous assessment of patient’s condition during
laparoscopy. In addition, blood gas analysis has been proved
very useful to evaluate the effect of CP.6 Increased intra-
abdominal pressure affects various intra-abdominal organs
and is linearly regulated by its level and durations. Alteration
of hepatic function has been reported following laparoscope
surgery.1

So far, very little works has been carried out on CP
pressure gradient to establish a most suitable one for canine
species with having minimum adverse effects. Therefore,
the present study was undertaken to evaluate the
physiological effect of CP using different CO2 pressure
gradients and to find a most suitable one for routine
laparoscopic examination and surgery in canines.

MATERIALS AND METHODS

The study was conducted on 18 clinically healthy adult
female mongrel dogs with body weights of 15 to 20 kg and
aged 16 to 22 months. The animals were randomly divided
into three equal groups (A, B and C) consisting of six
animals each. Different CO2 pressure gradients were used
to produce CP for laparoscopic visualization of different
intra-abdominal organs in these three groups of animals.
In group A, CO2 pressure gradient was 6 mm Hg, whereas,
in groups B and C it was 10 and 14 mm Hg respectively.
After administration of general anesthesia, the animals were
placed in dorsal recumbency and then in the Trendelenburg
position for laparoscopic visualization of different
intraperitoneal organs.

A small 0.5 cm skin incision was made at the level of
the umbilicus and a Verees needle was inserted. Insufflation
of the abdominal cavity was achieved with carbon dioxide
gas at the rate of 2 L/min with a pressure gradient of 6,
10 and 14 mm Hg in groups A, B and C respectively.
A 6 mm safety trocar and cannula unit was inserted into the
abdominal cavity. A rigid-type telescope connected to a light
source and a digital camera was then introduced through
the cannula. The intra-abdominal organs were visualized
thoroughly. After completing the laparoscopic examination,
CO2 gas was allowed to escape through the cannula. The
incisions were sutured with simple interrupted sutures.
Antiseptic dressing was applied regularly for 3 days post-
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surgery. The animals were evaluated on the basis following
observations.
• Intraoperative and postoperative observations:

Visualization of different peritoneal organs namely liver,
spleen, urinary bladder, uterus, ovary, pancreas, gall
bladder, stomach and intestine were assessed on the basis
of scoring for each organ as: 0-no visualization of an
organ; 1-difficult visualization of an organ; 2-moderate
visualization of an organ and 3-optimum visualization
of an organ.

• Clinical observations: The heart rate (beats/min),
respiratory rate (breaths/min), and rectal temperature
(°F) were recorded before and after anesthesia, 30,
60 and 120 minutes after establishment of CP and
24 hours postlaparoscopy.

• Electrocardiographic observations: A lead II ECG was
recorded at 1 mV and 25 mm/s paper speed before and
after anesthesia, 30, 60 and 120 minutes after
establishment of CP and 24 hours after laparoscopy. The
ECG was analyzed for heart rate, duration and amplitude
of P-wave, QRS complex, T-wave and RR, P-R, S-T
and Q-T intervals.

• Hematological and biochemical observations:
Heparinized blood was collected before and after
anesthesia, 30, 60 and 120 minutes after establishment
of CP and 24 hours postlaparoscopy for estimation of
packed cell volume (PCV), hemoglobin (Hb), total
leukocyte count (TLC), differential leukocyte count
(DLC), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), creatinine, blood urea nitrogen
and uric acid using standard procedures.

• Acid-base observations: Different acid-base parameters
like pH, partial pressure of oxygen (pO2), partial pressure
of carbon dioxide (pCO2), sodium, potassium, chloride
and base excess were estimated by using 0.5 ml an
aerobically collected heparinized venous blood in blood
gas analyzer.

• Hormonal observations: The plasma samples were used
to estimate the cortisol by radioimmunoassay assay using
RIA kit.

• Statistical analysis: The data were subjected to two-way
analysis of variance (ANOVA) and the paired t-test, as
per standard statistical methods.

RESULTS

Intraoperative and Postoperative Observations

The surgical phase of anesthesia in all the animals of
different groups was achieved by administering xylazine
and ketamine in combination. No additional anesthesia was
required in any animal to complete the intraoperative

procedure. The postsurgical recovery from anesthesia in all
of the animals of three groups was smooth and uneventful.

Establishment CP in each animal was easy and safe.
Insufflation of the abdominal cavity with CO2 gas at the
flow rate of 2 L/min was found sufficient for establishment
of CP within 1 to 2 minutes in all of the animals of three
groups. All animals were closely monitored for their
respiration and capillary perfusion. Each animal tolerated
well during insufflation even at Trendelenburg position.
Insufflation by CO2 at 6, 10 and 14 mm Hg was maintained
for 30 minutes in each animal of groups A, B and C
respectively. During this period complication like emphysema
or respiratory distress was not noticed in any animal.

The urinary bladder was visualized first by its
characteristic tortuous structures of blood vessels. Uterine
body was visualized next and it depended on the distension
of the urinary bladder. The uterus and ovarian structure were
thoroughly visualized with their characteristic ivory-colored,
cord-like structure. Both the kidneys were identified by the
presence of perirenal fat at the corresponding level of last
costochondral junction (Fig. 1). Spleen was visualized in
the upper left abdominal quadrant, cranial to the left kidney.
It was tongue shaped and in close exposure its diaphragmatic
surface was converse and cobbled. In the upper right
abdominal quadrant, liver was identified by its bright red
color and uniform smooth surfaces. Gallbladder was
visualized in between right medial and right lateral lobes
and appeared as distended, round and whitish to bluish in
color (Fig. 1). The empty stomach appeared as dense, pale-
red in color and was situated toward the mid-abdominal
plane. Visualization of pancreas was found most difficult
in this study. In contrary, intestine was visualized very easily
and appeared as loop like structures (Fig.1) Different
abdominal organs were evaluated in respect of their
visualization pattern during laparoscopy in three groups.
Observations were recorded on the basis of numerical score
from ‘0’ to ‘3’ depending on the degree of visualization
(Table 1). No differences in scores have been observed in
groups B and C, but they significantly (p < 0.05) differed
from group A.

Normal appetite returned within 2 to 4 hours after
surgical intervention in all animals. No postoperative
complications like emphysema, portal herniation, peritonitis,
ascites, or stitch abscess were recorded in any animals of
the three groups.

Clinical Observations

The respiration rate (breaths/min), heart rate (beats/min),
and rectal temperature (°F) recorded in all of the animals of
three groups are presented in Table 2. Respiration rate
decreased significantly (p < 0.05) in all the animals of three
groups after anesthesia. However, in group C, it was
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significantly (p < 0.05) increased at 60 minutes interval after
CP. Heart rate (beats/min) decreased nonsignificantly
(p > 0.05) immediately after anesthesia and at 30, 60 and
120 minutes after CP in all of the animals of the three groups.
However, it again nonsignificantly (p > 0.05) increased at
24 hours postlaparoscopy in all the three groups. This
fluctuation in heart rate was more pronounced in the animals
of group C than it was in groups A and B. Preoperative as
well as postoperative mean rectal temperatures (°F) recorded

in all three groups remained within the normal limits
throughout the observation period.

Electrocardiographic Indices

The mean amplitude and duration of P-wave in all the
animals of three groups did not differ significantly
(Table 3). Wandering pacemaker was evident in three
animals of groups A and B and one animal of group C
after CP (Fig. 2). One animal of group C showed occasional

Table 1: Mean ± SE of visualization score of internal organs during laparoscopy in animals of different groups

Groups Liver Spleen Gallbladder Pancreas Intestine Kidney Ovary Uterus

A 2.33 ± 0.21 2.16 ± 0.16 2.50 ± 0.22 0.33 ± 0.21 2.50 ± 0.22 1.50 ± 0.22 2.16 ± 0.16 1.83 ± 0.16
B 2.66 ± 0.21 2.66 ± 0.24 3.00 ± 0.00 2.50 ± 0.22 3.00 ± 0.00 2.66 ± 0.21 3.00 ± 0.00 2.66 ± 0.21
C 3.00 ± 0.00 3.00 ± 0.05 3.00 ± 0.00 2.50 ± 0.02 2.83 ± 0.30 3.00 ± 0.00 3.00 ± 0.04 3.00 ± 0.00

Table 2: Mean ± SE value of respiration rate, heart rate and rectal temperature recorded at different time intervals

Groups Before anesthesia After anesthesia Time intervals after establishment of capnoperitoneum
30 mins 60 mins 120 mins 24 hrs

 Respiration rate (beats/min)
A 26.83 ± 1.13 20.16 ± 0.98 28.16 ± 1.11 28.66 ± 1.33 26.16 ± 0.74 28.66 ± 1.08
B 29.16 ± 1.01 23.00 ± 1.39 29.66 ± 1.52 30.16 ± 1.93 28.66 ± 1.56 28.86 ± 0.84
C 28.50 ± 0.92 23.50 ± 1.05 31.83 ± 1.60 32.8 ± 1.07 30.16 ± 1.37 30.33 ± 0.88

 Heart rate (beats/min)
A 137.52 ± 20.15 136.25 ± 23.57 104.25 ± 17.97 93.25 ± 14.10 98.00 ± 18.92 132.50 ± 7.88
B 126.50 ± 9.91 107.00 ± 22.69 94.00 ± 5.47 86.00 ± 10.29 85.50 ± 5.12 115.00 ± 12.12
C 139.50 ± 16.50 105.00 ± 22.78 97.00  ± 13.3 106.50 ± 19.81 145.75 ± 29.85 134.50 ± 9.68

 Rectal temperature (F)
A 100.85 ± 0.33 100.98 ± 0.48 101.05 ± 0.55 101.11 ± 0.25 101.21 ± 0.43 101.33 ± 0.29
B 100.45 ± 0.32 100.36 ± 0.44 100.45 ± 0.38 100.41 ± 0.39 100.56 ± 0.36 100.83 ± 0.27
C 100.63 ± 0.50 100.71 ± 0.38 100.23 ± 0.21 100.63 ± 0.23 101.15 ± 0.44 101.28 ± 0.26

Fig. 1: Laparoscopic visualization of different intra-abdominal organs at 10 mm Hg of CO2 pressure gradient
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atrial premature complex after anesthesia and at 60 minutes
post-CP (Fig. 2). Intermittent sinus arrest was also evident
in one animal of group C after anesthesia (Fig. 2). The
preanesthetic amplitude and duration of QRS complex and
T-wave in all the animals of three groups also did not differ
significantly (Tables 4 and 5). Changes of T-wave
amplitude and duration were more marked in group C than
groups A and B. After establishment of CP, characteristics
T-wave were observed in the animals of different groups
at different time intervals. In group A, T-wave became
biphasic at 30 minutes (two animals), 60 minutes (three
animals), 120 minutes (two animals) and 24 hours (one
animal) (Fig. 2). In addition to biphasic, characteristic T-
wave alternans was also observed in one animal of group
A at 30- and 60-minute post-CP. In group C, two animals
showed biphasic T-wave at 60 and 120 minutes post-CP.
The initial mean duration of RR interval did not differ
significantly in all of the animals of the different groups
(Table 6). The initial mean duration of PR interval, ST
interval and QT intervals were almost same in all of the
animals of three different groups. The ST elevation (one

animal of group A at 60 minutes) and ST depression (one
animal of group C at 30 and 60 minutes) were also recorded
after establishment of CP (Fig. 2).

Hematological Observations

Mean ± SE of PCV, Hb and TLC are presented in Table 7.
Preanesthetic values of PCV and Hb in all of the animals of
the three different groups were within the normal limit. No
significant change was observed when comparisons were
made between the groups at different time intervals.
No significant leukocytosis or leukopenia was observed in
any animal of the three groups before and after anesthesia,
rather they were within the normal limit (Table 7). DLC of
the animals of three different groups at different intervals
did not reveal any significant differences. Only a mild
neutrophilia and comparative lymphopenia were evident in
groups B and C at 120 minutes post-CP.

Acid-base Analyses

Mean ± SE values of pH in different groups are presented
in Figure 3. No significant (p > 0.05) difference of pH value

Table 3: Mean ± SE of P-wave (amplitude and duration) recorded at different time intervals

Groups Before anesthesia After anesthesia Time intervals after establishment of capnoperitoneum
30 mins 60 mins 120 mins 24 hrs

 Amplitude (mV)
A 0.150 ± 0.035 0.137 ± 0.023 0.143 ± 0.021 0.115 ± 0.016 0.137 ± 0.023 0.150 ± 0.020
B 0.163 ± 0.031 0.103 ± 0.039 0.169 ± 0.037 0.163 ± 0.023 0.175 ± 0.032 0.163 ± 0.024
C 0.206 ± 0.016 0.163 ± 0.024 0.175 ± 0.014 0.163 ± 0.012 0.206 ± 0.026 0.175 ± 0.014

 Duration (seconds)
A 0.032 ± 0.004 0.035 ± 0.002 0.037 ± 0.002 0.032 ± 0.004 0.032 ± 0.002 0.035 ± 0.002
B 0.040 ± 0.000 0.042 ± 0.000 0.038 ± 0.003 0.040 ± 0.000 0.044 ± 0.000 0.035 ± 0.003
C 0.038 ± 0.003 0.033 ± 0.005 0.035 ± 0.003 0.040 ± 0.000 0.038 ± 0.003 0.035 ± 0.003

Fig. 2: Characteristic electrocardiograms in the animals of three different groups
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was recorded in any group at any time interval. Mean ± SE
values of partial pressure of carbon dioxide (pCO2) in the
animals of different groups are presented in Figure 4.
Comparison among three groups revealed no significant
variation among the mean values, in respect to different
time intervals. Mean ± SE values of partial pressure of
oxygen (pO2) in the animals of different groups are
presented in Figure 5. In all the animals of the three groups
a nonsignificant (p > 0.05) decrease of pO2 were recorded

at 30 minutes after CP and it continued up to 120 minutes.
Mean ± SE values of base excess (BE-B) in the animals of
three groups are presented in Table 8. No significant
(p > 0.05) changes were observed at any time interval within
a group or between the groups. Mean ± SE values of sodium,
potassium and chloride in animals of three groups are
presented in Table 9. No significant (p > 0.05) changes
were observed at any time interval within a group or between
the groups.

Table 6: Mean ± SE of different intervals (seconds) on electrocardiograph recorded at different time intervals

Groups Before anesthesia After anesthesia Time intervals after establishment of capnoperitoneum
30 mins 60 mins 120 mins 24 hrs

 RR interval
A 0.480 ± 0.120 0.670 ± 0.174 0.735 ± 0.152 0.745 ± 0.085 0.756 ± 0.144 0.430 ± 0.099
B 0.525 ± 0.075 0.568 ± 0.148 0.639 ± 0.042 0.763 ± 0.106 0.854 ± 0.054 0.545 ± 0.069
C 0.485 ± 0.100 0.715 ± 0.098 0.746 ± 0.068 0.488 ± 0.184 0.512 ± 0.106 0.490 ± 0.070

 PR interval
A 0.090 ± 0.005 0.127 ± 0.013 0.110 ± 0.012 0.085 ± 0.005 0.097 ± 0.014 0.090 ± 0.005
B 0.095 ± 0.006 0.105 ± 0.006 0.105 ± 0.009 0.098 ± 0.008 0.103 ± 0.006 0.078 ± 0.006
C 0.085 ± 0.011 0.100 ± 0.015 0.113 ± 0.017 0.100 ± 0.014 0.085 ± 0.006 0.108 ± 0.015

 ST interval
A 0.052 ± 0.007 0.045 ± 0.013 0.080 ± 0.023 0.080 ± 0.016 0.063 ± 0.01 0.050 ± 0.012
B 0.065 ± 0.009 0.063 ± 0.008 0.075 ± 0.022 0.070 ± 0.024 0.100 ± 0.02 0.070 ± 0.006
C 0.040 ± 0.014 0.055 ± 0.015 0.059 ± 0.019 0.052 ± 0.017 0.053 ± 0.011 0.040 ± 0.008

 QT interval
A 0.165 ± 0.017 0.185 ± 0.005 0.245 ± 0.059 0.205 ± 0.013 0.178 ± 0.006 0.185 ± 0.009
B 0.180 ± 0.016 0.200 ± 0.016 0.233 ± 0.024 0.218 ± 0.024 0.240 ± 0.022 0.170 ± 0.007
C 0.162 ± 0.016 0.190 ± 0.023 0.212 ± 0.024 0.227 ± 0.016 0.165 ± 0.003 0.175 ± 0.017

Table 4: Mean ± SE of QRS complex (amplitude and duration) recorded at different time intervals

Groups Before anesthesia After anesthesia Time intervals after establishment of capnoperitoneum
30 mins 60 mins 120 mins 24 hrs

 Amplitude (mV)
A 0.975 ± 0.189 1.112 ± 0.198 1.087 ± 0.25 1.025 ± 0.221 1.075 ± 0.221 1.025 ± 0.193
B 1.075 ± 0.048 1.275 ± 0.048 1.313 ± 0.148 1.225 ± 0.184 1.325 ± 0.103 0.887 ± 0.174
C 0.900 ± 0.141 0.988 ± 0.238 0.975 ± 0.149 0.901 ± 0.119 0.850 ± 0.137 0.925 ± 0.165

 Duration (seconds)
A 0.042 ± 0.006 0.040 ± 0.004 0.045 ± 0.005 0.045 ± 0.006 0.040 ± 0.004 0.042 ± 0.006
B 0.048 ± 0.005 0.043 ± 0.005 0.053 ± 0.003 0.043 ± 0.003 0.045 ± 0.003 0.0043 ± 0.005
C 0.050 ± 0.005 0.052 ± 0.002 0.055 ± 0.006 0.052 ± 0.006 0.048 ± 0.002 0.048 ± 0.004

Table 5: Mean ± SE of T-wave (amplitude and duration) recorded at different time intervals

Groups Before anesthesia After anesthesia Time intervals after establishment of capnoperitoneum
30 mins 60 mins 120 mins 24 hrs

Amplitude (mV)
A 0.231 ± 0.034 0.268 ± 0.101 0.212 ± 0.051 0.262 ± 0.055 0.162 ± 0.037 0.225 ± 0.032
B 0.138 ± 0.038 0.388 ± 0.065 0.350 ± 0.106 0.275 ± 0.032 0.288 ± 0.075 0.363 ± 0.103
C 0.150 ± 0.029 0.225 ± 0.014 0.387 ± 0.208 0.512 ± 0.231 0.225 ± 0.043 0.175 ± 0.025

 Duration (seconds)
A 0.045 ± 0.002 0.070 ± 0.010 0.057 ± 0.010 0.070 ± 0.017 0.045 ± 0.012 0.060 ± 0.000
B 0.045 ± 0.005 0.065 ± 0.009 0.077 ± 0.023 0.075 ± 0.035 0.073 ± 0.018 0.050 ± 0.009
C 0.057 ± 0.010 0.055 ± 0.013 0.075 ± 0.042 0.075 ± 0.022 0.045 ± 0.008 0.058 ± 0.010
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Biochemical Observations

Mean ± SE values of AST and ALT in the animals of three
groups are presented in Figures 6 and 7 respectively. AST
and ALT values were within the normal range in all of the
animals of three different groups throughout the observation
period. Comparison among three groups revealed no
significant (p > 0.05) changes at any time interval. Mean ±
SE values of creatinine, blood urea nitrogen and uric acid in
animals of three groups are presented in Table 10. The
creatinine, BUN and uric acid values in all three groups were
within the normal range throughout the observation period.

Hormonal Estimation

Mean ± SE of cortisol values recorded in animals of three
different groups are presented in Figure 8. Cortisol values

in all of the animals of three groups started to increase at
30 minutes after CP and reached to peak at 120 minutes
after CP, which were significantly (p < 0.01) higher than
the base value of the respective group.

DISCUSSION

General anesthesia was achieved by inducing xylazine and
ketamine combination with premedication by atropine
sulphate was found sufficient to establish CP and
laparoscopy in the animals of three different groups.
Induction as well as recovery from general anesthesia was
smooth and uneventful in all of the animals, as was also
reported by Wildt and associates in 1977.1

The establishment of CP in the animals of all three
groups was easy through Verees needle at preselected

Table 7: Mean ± SE of PCV, Hb and TLC recorded at different time intervals

Groups Before anesthesia After anesthesia Time intervals after establishment of capnoperitoneum
30 mins 60 mins 120 mins 24 hrs

 PCV (L/l)
A 0.41 ± 0.02 0.38 ± 0.01 0.38 ± 0.01 0.40 ± 0.01 0.39 ± 0.01 0.39 ± 0.01
B 0.41 ± 0.01 0.41 ± 0.01 0.40 ± 0.01 0.41 ± 0.01 0.41 ± 0.01 0.43 ± 0.01
C 0.43 ± 0.01 0.41 ± 0.02 0.40 ± 0.02 0.40 ± 0.01 0.41 ± 0.01 0.41 ± 0.01

 Hb (g/l)
A 139.83 ± 7.42 132.33 ± 5.16 131.33 ± 5.37 135.50 ± 5.27 134.00 ± 5.42 138.83 ± 7.38
B 136.16 ± 4.50 133.00 ± 4.36 131.66 ± 4.48 132.66 ± 4.77 134.83 ± 4.36 137.32 ± 6.44
C 142.33 ± 6.23 135.83 ± 7.00 134.83 ± 7.55 135.50 ± 5.39 134.66 ± 5.48 137.33 ± 5.50

 TLC (109/l)
A 8.93 ± 0.69 9.14 ± 0.75 9.18 ± 0.78 9.85 ± 0.79 9.98 ± 0.74 9.96 ± 0.70
B 9.41 ± 1.19 9.30 ± 1.15 9.74  ± 1.17 10.07 ± 1.36 11.56 ± 1.22 9.83 ± 1.21
C 9.13 ± 1.10 9.36 ± 1.21 9.93 ± 1.22 11.10 ± 1.26 12.07 ± 1.41 9.58 ± 1.14

Table 8: Mean ± SE of base excess of blood (mmol/l) recorded at different time intervals

Groups Before anesthesia After anesthesia Time intervals after establishment of capnoperitoneum
30 mins 60 mins 120 mins 24 hrs

A –2.91 ± 1.32 –1.98 ± 1.20 –2.43 ± 1.16 –1.71 ± 1.26 –0.66 ± 1.27 –0.31 ± 1.10
B –2.71 ± 1.40 –2.61 ± 1.12 –2.51 ± 1.08 –1.98 ± 1.00 –1.50 ± 1.36 –1.56 ± 2.06
C –2.11 ± 0.59 –2.38 ± 0.51 –2.61 ± 0.64 –1.86 ± 0.67 –1.35 ± 0.65 –1.68 ± 0.66

Table 9: Mean ± SE of sodium, potassium and chloride (mmol/l) recorded at different time intervals

Groups Before anesthesia After anesthesia Time intervals after establishment of capnoperitoneum
30 mins 60 mins 120 mins 24 hrs

 Sodium
A 147.33 ± 1.05 146.83 ± 0.94 146.33 ± 1.87 149.33 ± 2.99 146.33 ± 1.96 144.83 ± 1.4 4
B 146.83 ± 1.44 147.83 ± 1.72 147.33 ± 1.45 147.83 ± 1.68 149.00 ± 1.70 144.88 ± 1.08
C 146.83 ± 1.40 146.50 ± 1.12 145.66 ± 1.22 147.00 ± 1.00 148.00 ± 0.68 147.16 ± 1.24

 Potassium
A 4.53 ± 1.10 4.36 ± 0.14 4.46 ± 0.25 4.56 ± 0.19 4.41 ± 0.14 4.28 ± 0.07
B 4.56 ± 0.12 4.41 ± 0.10 4.56 ± 0.05 4.88 ± 0.14 4.76 ± 0.19 4.58 ± 0.17
C 4.40 ± 0.12 4.30 ± 0.18 4.21 ± 0.17 4.55 ± 0.14 4.36 ± 0.12 4.40 ± 0.10

 Chloride
A 113.00 ± 2.81 108.83 ± 1.68 108.66 ± 2.45 103.50 ± 3.38 107.83 ± 2.34 108.66 ± 0.80
B 110.66 ± 2.69 111.16 ± 1.49 110.66 ± 1.56 110.16 ± 1.40 111.16 ± 1.37 107.83 ± 1.32
C 108.50 ± 3.58 106.50 ± 1.87 107.00 ± 1.23 103.16 ± 3.16 104.83 ± 2.22 108.83 ± 1.95
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Table 10: Mean ± SE of creatinine, blood urea nitrogen and uric acid recorded at different time intervals

Groups Before anesthesia After anesthesia Time intervals after establishment of capnoperitoneum
30 mins 60 mins 120 mins 24 hrs

 A 61.34 ± 5.77 69.89 ± 7.07 79.89 ± 7.44 72.23 ± 5.35 77.33 ± 8.19 76.40 ± 8.74
B 74.59 ± 10.55 72.42 ± 9.20 82.24 ± 12.03 78.95 ± 9.86 79.67 ± 11.14 92.43 ± 7.70
C 74.80 ± 10.92 80.23 ± 13.60 79.53 ± 15.83 86.44 ± 14.24 90.08 ± 15.21 91.51 ± 13.7

 BUN (mmol/l)
A 7.23 ± 0.76 6.65 ± 0.66 7.21 ± 0.71 7.30 ± 0.79 8.09 ± 0.64 7.74 ± 0.58
B 7.41 ± 0.63 7.34 ± 0.78 7.49 ± 0.72 7.91 ± 0.90 8.32 ± 0.58 8.04 ± 0.36
C 7.40 ± 0.81 7.31 ± 0.86 7.65 ± 1.02 7.67 ± 0.94 8.52 ± 1.06 8.35 ± 1.30

 Uric acid (μmol/l)
A 42.36 ± 7.29 39.47 ± 6.56 42.34 ± 6.74 41.18 ± 6.48 42.80 ± 8.24 42.62 ± 8.68
B 40.00 ± 6.05 42.99 ± 6.53 43.57 ± 7.22 44.52 ± 8.65 43.69 ± 7.90 42.12 ± 7.09
C 50.89 ± 9.14 50.01 ± 9.25 54.61 ± 10.07 52.61± 7.83 48.83 ± 6.15 51.12 ± 6.94

pressure gradient in endoflator. Injection of 5 ml of normal
saline through Verees needle was found very useful7 to
confirm the insertion of the needle within the peritoneum
and thereby the chance of subcutaneous emphysema.8

During trocarization some complications observed in two

animals of group A. In one animal, splenic trauma due to
faculty trocarization while in other animal the tip of cannula
was entrapped within the mesentry. Davidson and
coworkers9 encountered inadvertent splenic puncture
and laceration due to blunt trocarization in three out of

Fig. 3: Mean ± SE of pH recorded in the animals of three
different groups

Fig. 4: Mean ± SE of partial pressure of pCO2 (mm Hg) recorded
in the animals of three different groups

Fig. 5: Mean ± SE of partial pressure of pO2
 (mm Hg) recorded

in the animals of three different groups

Fig. 6: Mean ± SE of plasma aspartate aminotransferase (U/L)
recorded in the animals of three different groups
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16 animals during laparoscopic examination. The low
insufflations pressure of CO2 might attribute to insufficient
spacing and separation of the abdominal structures from
the ventral abdominal wall and led to these complications.

Visualization of the abdominal organs started from the
urinary bladder which was readily and promptly visualized
by its unique tortuous vasculature over the visceral surface.
Identification and visualization of various internal organs
like liver, spleen and pancreas, kidney, ovary and uterus
during various laparoscopic surgeries have been
reported.10,11 Evaluation of laparoscopic organ visualization
at different CO2 pressure gradient revealed marked
differences among the three groups. Urinary bladder was
visualized distinctly in all the animals of all three groups
without any significant difference. But visualization of liver
in group C differed significantly from group A. In groups
B and C significantly better visualization was observed than
that was in group A when other organs were evaluated.

No significant differences were found between the
various groups as related to the physiologic parameters
except the respiration rate. Following CP, it was increased
in all groups, but it was significant in group C at 60 minutes
after CP. Soon after CO2 insufflation, CO2 absorbed from
abdominal cavity led to hypercapnia and hypercarbia which
might stimulate the respiratory center and as compensation
respiration rate was increased.12 CP is associated with an
increase in plasma potassium concentration,13 metabolic
acidosis14 and hemodynamic changes;15 therefore,
concomitant changes in electrocardiogram can be logically
speculated. Although the initial heart rate ranged widely
among the animals of three groups, it markedly decreased
during post-CP period, which could be attributed to
parasympathetic effect on vagus nerve owing to increased
intra-abdominal pressure.5 Increase in R-R interval during

post-CP periods was in tune with the observation of decrease
in heart rate and might be as a result of hypercarbia following
CP.16,17 Wandering pacemakers, and atrial premature
complexes were occasionally seen in this study. Wandering
pacemaker a variant of sinus arrhythmia is a shift of
pacemaker within the SA node and observed even in normal
dogs.18 Atrial premature complexes, AV junction premature
complexes, wandering pacemaker and intermittent sinus
arrest seems to a normal variants and might be due to an
increase in vegal tone in individual dogs on CP. The increase
in amplitude of T-wave was more marked in group C at
60 minutes post-CP, and could be related to the transient
hyperkalemia owing to CP.13 Biphasic T-wave and T-wave
alternant were more marked in animals of group C. Large
T-wave possibly indicated hyperkalemia and ST depression
suggested myocardial ischemia.19 The ST intervals did not
reveal any significant changes throughout the observation
in three groups, however, ST elevation (in group A) and ST
depression (in group C) were observed in some animals
during post-CP and were suggestive of myocardial ischemia
as a result of CP during laparoscopy.20

PCV and Hb were unchanged throughout the observation
period in all groups and remained within the normal range
as also reported by Delling et al21 24 hours after laparoscopy.
The mean value of TLC revealed a nonsignificant increase
at 60 and 120 minutes after CP in group C might be due to
the effect of corticosteroid, released as a stress response of
increased IP at higher CO2 pressure gradient of group C. In
this study, significant decrease of pH value was observed
at 120 minutes after CP in group C might be due to
hypercapnia developed as a result of increased absorption
of CO2 in blood from peritoneal cavity.5 Significant increase
of pCO2 in post-CP period in all the three groups might be
due to compensate the respiratory acidosis developed as a
result of hypercarbia.

Fig. 8: Mean + SE of plasma cortisol (mmol/l) recorded in the
animals of three different groups

Fig. 7: Mean ± SE of plasma alanine aminotransferase (U/L)
recorded in the animals of three different groups
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Low insufflations pressure in group A might attributed
to the unaltered plasma sodium, potassium and chloride as
reported by Yavuz et al22 Furthermore, CP maintained for
only 30 minutes in animals of the present study might be
insufficient to inflict any changes.23 Two cytosolic enzymes
ALT and AST are mostly used to evaluate hepatic function.
In this study both the ALT and AST revealed no statistically
significant changes among the different groups in respect
to different time intervals.

A nonsignificant increase of the mean plasma level of
BUN, creatinine and uric acid was observed in post-CP
period in all three groups and remained above the base
value throughout the rest part of the observation period.
This transient nonsignificant increase might be due to the
effect of CP. In the present study, change of plasma cortisol
in all groups was probably due to the effect of
pneumoperitoneum rather than operative trauma. Change
of plasma cortisol level had also been reported by O’Leary
et al24 at the time of laparoscopy. Marcovich et al25

reported a higher cortisol level at 4 hours after laparoscopy
in dogs. This change was reflected markedly in CP at
14 mm Hg than 6 mm Hg.

CONCLUSION

The results of this study indicated that 10 mm Hg of CO2
pressure gradient provided optimum laparoscopic
visualization of intra-abdominal organs and minimum
physiological, biochemical, electrocardiographical changes
and hormonal stress during laparoscopic examination
in dogs.
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ABSTRACT

Minimally access laparoscopic surgery has undergone rapid
development in last decade. It has many advantages but one of
the challenges is the tissue retrieval from the surgical site. Large
specimen can be retrieved after enlarging the port site but this
is against the concept of minimal access surgery (MAS). In this
article, we reviewed the literature to analyze the different
methods of tissue retrieval during MAS. Tissue retrieval using
the endobag for small to medium-sized specimens is straight
forward through the umbilical trocar port. For larger specimens
morcellation, delivery through colpotomy or hand-assisted
laparoscopic surgery was used to retrieve the specimen. All
these methods help to keep the incision size small hence
improving the surgical outcome with minimal complications and
early recovery.

Keywords: Laparoscopic tissue retrieval, Colpotomy, Endobag,
Laparoscopic tissue retrieval sac, Morcellator.

How to cite this article: Amer N, Amer M, Mishra RK. Different
Techniques of Tissue Retrieval from Abdominal Cavity during
Minimal Access Surgery. World J Laparosc Surg 2013;6(2):63-68.

Source of support: Nil

Conflict of interest: None declared

INTRODUCTION

Laparoscopic surgery has been known by surgeons since
1980. After the advent of laparoscopic surgery, it has
undergone rapid development in last decade. Laparoscopic
surgery has many advantages, like less tissue dissection,
less need of analgesia postoperatively, better cosmetic
aspect, less intraoperative and postoperative complications
and early return to work.1

In laparoscopic surgery, one challenge is to retrieve the
specimen from the abdominal cavity with minimal spillage
as spillage of the content may cause dissemination of
disease, infection or malignancy. Spillage rate depends upon
the size of the mass, surgical expertise and route of removal
of the tissue. Spillage rate of dermoid cyst by laparoscopy
is 15 to 100% as compared to 4 to 13% in laparotomy.2

One method of retrieval of specimen from the abdomen
is to enlarge one of the laparoscopic trocar incisions but it
is against the concept of minimal access surgery (MAS).3

Tissue retrieval through port site may cause contamination,
implantation and port site hernia formation.4

Transumbilical port is most thinnest and most distensible
portion of the anterior abdominal wall. As this technique
may be satisfactory for simple cyst or tissue but challenging
in cases of dermoid cyst of larger sizes. Endobags will be

10.5005/jp-journals-10033-1183

used but still the chance of spillage in case when perforation
of the tissue inside the bag.5

Specimen retrieval bags used for removal of excised
mass. It can avoid the spillage of the cyst and contamination
of the wound (Fig. 1). The bags generally require 10 to
12 mm port.2

Many types of specimen retrieval bags have been
described, including Nadiad bag, condom, modified zipper
bag. Commercial bags can be costly and difficult to use
and are available only in standard size. Some authors
describe bags from surgical glove finger (powder free) but
it can tear off during traction through abdominal wall. This
can be minimized by making purse string suture around the
opening (Fig. 2).6

Fig. 1: Endobag for tissue retrieval in MAS

Fig. 2: Endobag made with surgical glove
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Specimen can be retrieved through vaginal route by
colpotomy. It was first documented over a 100 years ago
but was not used much due to technical difficulties, poor
exposure and increased risk of infection.5

Some surgeons prefer to use plastic bag for drainage
package as endobag as it minimizes the tearing effect as in
glove finger bag (Figs 3A and B).7

Transvaginal route has been popular again for last few
years. Removal of the intact specimen through colpotomy
is more important.

Colpotomy is generally safe and easily learnt technique.
To minimize the risk of spillage, endoscopic bags can be
used during removal of tissue under direct vision but,
whenever incision is given in the posterior vagina,
(colpotomy) pneumoperitoneum greatly affected.8

To maintain the pneumoperitoneum, counter pushing
by other instrument inside the vagina is effective.1

This problem can be overcome by suturing the posterior
vaginal wall laparoscopically.8

Colpotomy may result injury to nearby structures,
bladder or bowel perforation, ureter injury, vaginal wall
hematoma. Extra care has to be taken during specimen
removal through vagina as it may tear or lacerate. Risks
will be more, if patient is nulliparous or morbid obese.5

Obstetric forceps can be used to extract the specimen
enclosed in an endobag. It can help to protect the integrity
of the bag and specimen and minimize the diameter of
the sac.9

Morcellator is another technique to retrieve the solid
tissue from abdominal cavity. It is important instrument for
tissue removal in myomectomy and splenectomy.
Morcellator works through sharp cylindrical blade over the
specimen and change tissue into small strips (Figs 4A
and B). Morcellator do not affect the pneumoperitoneum
during its work.1

Morcellator is not acceptable in cases where suspicion
of infection or malignancy is there. Morcellated tissue may
disturb the pathological findings on histopathology in cases
of suspected malignancy.3

Large diameter morcellator remove tissue in less time
but is associated with incisional hernia formation.2 This
complication can be avoided by port closure with sutures.
Now morcellator with diathermy instead of blade are also
available.10 Since, morcellator decrease the operative time
so the risk of port site herniation decreases due to decreased
manipulation.1

During morcellator use, caution must be taken as there
is risk of inadvertent injury to the normal tissue. This can
be avoided by bringing specimen toward the morcellator
rather moving the morcellator toward specimen.8

Natural orifice, transluminal endoscopic surgery
(NOTES) is another advancement of minimally invasive
intra-abdominal surgery in which peritoneal cavity is
approached by incising and traversing the lumen of natural
orifices.11

Natural orifices, like oral, anal, vaginal and urethral
routes, have been described but optimal route is still to be
determined. Vaginal access has been used for long time due
to its ease of access and more capacity. Closure of vaginal
wound can be done under direct vision and complication
rate is also low.12

Vaginal approach is not possible in some situations, like
fixed retroverted uterus, obliteration of Pouch of Douglas,
due to endometriosis or previous pelvic inflammatory
disease.8

In hand-assisted laparoscopic surgery (HALS), the
surgeon can insert a hand through a small incision via
pressurized sleeve. It is a new advancement in MAS. HALS
initially was started for tissue retrieval and surgeons can
use their hand for exploration, isolation and removal of
tissue (Fig. 5).1

Figs 3A and B: Plastic bag used as endobag

A B
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Figs 4A and B: Morcellator and morcellated tissues

Fig. 5: HALS and tissue retrieval

It is indicated for complex and advance laparoscopy
procedures. It restores tactile sensation and help to complete
the laparoscopic surgery without conversion.9

MATERIALS AND METHODS

A literature search was performed using Google, Yahoo,
PubMed, Springer library facility available at World
Laparoscopy Hospital, Gurgaon, Haryana, India.

AIM

To evaluate the different techniques of tissue retrieval from
abdominal cavity during MAS.

REVIEW OF EVIDENCE

Transumbilical Tissue Retrieval with Endobag

A prospective study was done by Schellpfeffer in which
42 patients underwent for laparoscopic tissue retrieval after
surgery by transumbilical route. In 34 out of 42 patients, the

tissue retrieval was successful, while in eight patients (19%),
it was unsuccessful due to size of the mass. The subumbilical
incision became large during specimen removal. There was
no sac rupture and no intraoperative complications relating
to tissue retrieval. There was no incisional hernia in 2 to
6 weeks postoperative period. Three patients (7%) had
superficial subumbilical trocar site wound infection which
was managed conservatively.3

In a study done by Turial and Schier, they used sterile
plastic bag (innermost cover from Redon drain package) to
laparoscopically remove tissue through umbilical port.
According to them, this bag is cost effective, does not need
port enlargement as compared to commercially available
bags and there was no bag rupture as seen with glove bag
technique.7

In a study done by Ghezzi et al (1,116 women) underwent
operative laparoscopy and endobags were used for
laparoscopic tissue retrieval through umbilical port. They
described method to remove large specimen without

BA



66

Nuzhat Amer et al

enlarging the umbilical port. In this method, they bring the
mouth of sac out of the port with help of atraumatic grasper.
The specimen then is morcellated with Kocher’s clamps to
avoid intra-abdominal spillage. No intraoperative or
immediate postoperative complication related to technique
of specimen extraction was noted. No trocar site hernia or
metastasis was observed.13

A study was done by Kao et al who described homemade
specimen retrieval bag (sterile glove) for laparoscopic tissue
retrieval. A total of 135 patients underwent laparoscopic
surgery and tissue specimen were retrieved using bag made
with surgical gloves. No postoperative complications were
noted such wound infection or wound metastasis. They
found this bag easy to prepare, easy to use, cost effective
and with short learning curve.14

Ganpule et al have described a novel cost effective
specimen retrieval bag (Nadiad bag) to retrieve specimen
in laparoscopic surgery. They used this bag in 40 patients.
They found this bag to be inexpensive and easy to use. This
bag needs less force for traction and is tumor seeding is
less. Urethral catheter used in this techniques keeps the bag
open during entrapment.6

Schellpfeffer described a novel laparoscopic tissue
retrieval device in which a forceps was used in cases where
endobag could not be removed with axial traction. Out of
42 patients in eight, the retrieval was not successful even
with the forceps and it was due to the large size of the mass.
In these cases, the port size had to be enlarged to remove
the mass. In 34 patients, the procedure was successful
without and significant complications. Three patients
developed subumbilical trocar site superficial infection
which was managed conservatively. No incisional hernia
was noted in early postoperative period. No adverse outcome
was noted on long term follow-up (until 5 years).3

Tissue Retrieval by Morcellation

Chen et al did laparoscopic myomectomy and morcellator
was used to remove the tissue. They grouped the patients
into three groups according to the weight of fibroid. They
observed shorter surgical time in groups with lower fibroid
weight. Patients were followed for until 3 months. They
advised to do simultaneous enucleation and in situ
morcellation as this minimize the operative time and missing
of myoma. They did not report any late postoperative
complications.15

Another study was done by Zhang et al in which
26 patients underwent laparoscopic myomectomy. Simul-
taneous morcellator in situ was used to remove fibroids
which were more than 9 cm in size. There were no serious
complications and hospital stay was not different for fibroids
of different sizes.16

A study was done by Chang et al in which they compared
the results of simultaneous laparoscopic uterine artery
ligation and laparoscopic myomectomy for symptomatic
myomas with a without in situ morcellation. No major
complication was noted during morcellation in both groups.
Improvement of symptoms was similar in both groups.
Follow-up was done until 24 months postoperatively. They
observed shorter surgical time in the group in which in situ
morcellation of the myoma was done without enucleation.17

In a retrospective study done by Rosenblatt et al,
51 patients underwent laparoscopic supracervical
hysterectomy with transcervical morcellation. They found
this procedure efficient and safe.18

Tissue Retrieval in Hand-Assisted
Laparoscopic Surgery

Hand-assisted laparoscopic living donor nephrectomy was
done in 100 cases in which donor kidney was retrieved by
surgeon’s hand after laparoscopic nephrectomy through a
specially designed hand assist device. Advantage of this
technique was that there was shorter hospital stay, less ileus
and postoperative pain.9

In a study done by Kakinoki et al, 28 patients underwent
for HALS splenectomy. Out of these, one patient suffered
from intraoperative hemorrhage and two patients had
postoperative wound infection.19

Tissue Retrieval through Colpotomy
(Transvaginal)

Transvaginal removal of large organs, like spleen, kidney
and gallbladder with large stones, has been performed
successfully.20

Mofid et al studied 1,281 patients who underwent notes
procedure from 2007 to 2011. In 222 patients, cholecystec-
tomy of appendectomy was done through transvaginal route.
Twelve patients out of these need additional abdominal
trocar for drainage system, 0.7% intraoperative compli-
cations while two patients had postoperative complications,
(abscess in pouch of Douglas and biliary fistula). A total of
88% patients did not have any postoperative complications,
like vaginal bleeding, incisional hernia, wound infection or
sexual dysfunction.21

A 2 years prospective study done by Pillai and Yoong
in which they studied the use of endobag to remove the
benign ovarian mass through colpotomy. There was no
spillage of the cyst and no intraoperative or postoperative
complication observed.5

Panait et al performed transvaginal notes procedure on
17 morbid obese patients. There was no significant
difference in operative time in morbid obese patients. These
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patients had better cosmesis, decreased postoperative pain,
faster recovery and early return to work.22

Wyman et al described robotic-assisted hysterectomy
and bilateral salpingo-oophorectomy through transvaginal
tissue retrieval by using anchor tissue retrieval system. These
patients were having atypical endometrial hyperplasia.
There was no split or tear in the sac and this system
minimized the exposure of cancer bearing tissue to the
pelvis.4

DISCUSSION

With advent of minimally access surgery by laparoscopy,
the major challenge has been to find the easy and safe
method of tissue retrieval from the surgical site. Enlargement
of trocar incision site is against the MAS and various
methods have been employed to overcome this problem.
It is important to retrieve the tissue from the abdominal
cavity in such a way so it will not cause infection,
implantation of tumor cells or spillage of the contents into
the abdominal cavity or tissue retrieval site. For this purpose,
various types of endobags have been described. There are
purpose built commercially available endobags but are
expensive. Various do it yourself endobags have been
described in literature which claim to be inexpensive and
safe for tissue retrieval during MAS. These include
endobags made of surgical glove or readily available
polythene pouches available in operation theater. Although,
these are inexpensive but there have been reports of rupture
of these bags leading to spillage of contents. Endobags
cannot be used to retrieve large specimen and in such
conditions the specimen has to be fragmented or
morcellated. An interesting technique is described by Ghezzi
et al and Schellpfeffer in which a polythene bag is used to
draw the large specimen into the mouth of the trocar port
and then forceps are used to morcellate and retrieve the
tissue without enlarging the port site as well as protecting
the port site from contact of the specimen.3,13

Morcellator (mechanical or thermal) can be used in
cases, where tissue is supposed to be benign in nature.
Morcellator should be used with caution in any suspected
malignancy and preferably specimen should be morcellated
in a rip proof bag whenever possible.1 In various studies,
morcellator has been found safe and time saving device for
tissue retrieval during laparoscopic surgery.15-18

HALS is another method used to retrieve large size tissue
from the abdominal cavity. This method has been used to
retrieve kidney after nephrectomy and large pieces of colon
after hemicolectomy. Studies have shown this method to
be less traumatic with less postoperative complications and
early return to work.9,19

Tissue retrieval through colpotomy has been known
since long and now with the advent of MAS this has become
an important route for large-sized specimen retrieval.20

Naturally, this method is only available in females. This
procedure can be used in morbid obese patients with good
results.21,22 In robotic-assisted laparoscopic surgery,
colpotomy wound can be closed laparoscopically.22 Tissue
retrieval through colpotomy has been found to be safe and
easy to learn method. There are minimal intraoperative and
postoperative complications, decreased hospital stay and
early return to work.4,5,22

CONCLUSION

Tissue retrieval in MAS is an important issue. Various
methods are being used and new technologies are being
developed to make this procedure safe for the patient. For
smaller specimens, transumbilical route using endobag
technique and for larger specimens retrieval through
colpotomy seems reasonable at this moment. Use of
morcellator is time saving but can only be used in for tissues
which are supposed to be benign in nature. For large tissue
resections and organ removal, HALS shows good promise.
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ABSTRACT

Robotic radical prostatectomy was first performed in 2000. The
superior range of movement as well as better ergonomics were
clear advantages of this technology. This technology and its
cost can however only be justified, if it has clear data confirming
its equivalence or preferably superiority in management. Open
radical retropubic prostatectomy has previously been the gold
standard for oncological outcomes in organ confined prostate
cancer. Follow-up data showed good 5-year cancer free survival
and mortality and Walsh's technique contributed significantly to
improvement of quality of life issues, such as sexual function.
In spite of improved survival rates with other less invasive
modalities, such as brachytherapy and intensity-modulated
radiotherapy, the radical prostatectomy is still a popular
treatment choice as there is long-term data to support evidence
of durable cancer control. The recovery and cost of the open
procedure has often been a disadvantage. Minimal access
surgery was able to overcome these issues with good surgical
outcomes. Robotic surgery may well be the next step in surgical
and technological revolution and has the possibility of making
minimally invasive surgery accessible to surgeons with less
laparoscopic experience. This review will attempt to assess the
outcomes of robotic surgery to determine if it is indeed a feasible
option for the treatment of organ confined prostate cancer, by
assessing the surgical outcomes.

Keywords: Robotic radical prostatectomy, Outcomes, Trifecta,
Continence, Erectile function, Complications, Oncologic
outcomes, Positive surgical margins.
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INTRODUCTION

With the evolution of disease patterns, increased awareness
around screening and widespread availability of prostate-
specific antigen (PSA), prostate cancer is increasingly being
recognized at the stage of organ confined disease.1 It is a
disease associated with the elderly males, who often have
comorbid conditions.2 Screening from the age of 40, as per
the EUA recommendations, has resulted in younger males
in the sexually active age group being diagnosed with this
disease. Preservation of continence and sexual function are
both prime considerations in this age group of individuals.
The previous gold standard of open radical prostatectomy
has shown durable excellent oncologic outcomes, but due
to the complexity of this procedure, quality of life issues
such as erectile function and continence rates, have produced
variable results, affected by the surgeon experience, amount
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of annual surgeries in the respective centers as well as patient
and cancer-specific variables.

The laparoscopic procedure with better visualization of
nerve anatomy and superior reconstruction of the pelvic
floor anatomy has shown good results over the past years.3

The procedure has a considerable learning curve in spite of
its clear benefits of lower hospital stay and transfusion rate.3

However, technology may offer an advantage in terms of
the learning curve. The introduction of robotic surgery by
Da Vinci robotic surgery (Fig. 1) has made these operative
skills more attainable goal with a reportedly less steep
learning curve. Despite the lower hospital stay with robot-
assisted radical prostatectomy (RARP), the considerable cost
still overshadows any apparent benefit to the technology.3

However, if evidence-based evaluation were able to
show clear benefits in terms of oncological and quality of
life outcomes, the cost could be at least justified, in the
limited centers that are able to afford this revolutionary
technology.

This article will review the recent literature regarding
robotic radical prostatectomy, and examine whether it is a
superior treatment option in the treatment of organ confined
prostate cancer.

MATERIALS AND METHODS

Keywords pertaining to the topic were used to identify
relevant literature, through the use of search engines
(PubMed Central, Google scholar and Medline). The MESH
keywords utilized included the following:
• Robotic radical prostatectomy (Fig. 2)
• Outcomes

Fig. 1: da Vinci robot (Source: http://www.daviscrump. com/)
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• Trifecta
• Continence
• Erectile function
• Complications
• Oncologic outcomes
• Positive surgical margins.

Relevant articles identified through the previously
mentioned search engines were identified. MESH keywords
were to identify the most relevant articles, and only these
articles are included in the review. Fifteen articles were
included in the review. Prospective and retrospective studies
were both included in this review. In addition, relevant
articles were cross-referenced from the articles identified.
Cohort studies were also used, which compared open and
laparoscopic approaches to the robotic radical prostatectomy
outcome. Only English articles that were published from
2010 until current date were included for analysis.

Results were analyzed by the author and summarized in
data capture sheet for analysis.

Endnote citation manager was used for the purposes of
referencing and downloaded directly from the respective
articles and search engines.

RESULTS

Eight articles were identified that dealt with complications.
Not all articles defined whether complications were minor
or major, whether transfusions were included and whether
or not they were graded according to the Clavien system or
not (Table 1).

The following 10 studies includes one study by
Kaffenberger11 et al that assessed the outcomes in salvage
prostatectomy postablative therapy (Table 2).

There were different definitions of failure and recurrence
in each of the studies below. The duration of follow-up also
varied as specified in each case (Table 3).

Erectile preservation rates differed based on age,
preoperative erectile function, nerve sparing techniques and
the early use of PDE-5 inhibitors, accounting for the
differences seen below (Table 4).

Differences in preservation of the puboprostatic
ligaments, the use of the Rocco suture and reconstruction
of the posterior rhabdosphincter, account for the differences
in rates below (Table 5).

DISCUSSION

Prostate carcinoma is now the most common solid neoplasm
of the male population.18 With a shift of the population
dynamics in the developed, world as well as the widespread
awareness of PSA2 and prostate cancer and Men’s health
awareness, there has been a shift in the profile of diagnosed
patients. Prostate carcinoma is a major cause of morbidity
and mortality and is now increasingly being diagnosed in
male patients at an earlier stage when it is organ-confined.2

Disease has physical, social and psychological
ramifications on the well-being of an individual. This is
extremely relevant in the treatment of prostate cancer as it
has the potential to have debilitating consequences on all
of these aspects of health, as the outcomes of surgery can
have adverse effects on sexual and voiding function, with
adverse psychological sequelae and patient dissatisfaction.19

The trifecta outcome20 is used to describe the triad of
oncological, potency and continence outcomes. These areas
are important to assess outcomes in surgery. Quality of life

Fig. 2: Port placement in robotic radical prostatectomy
(Source: http://www.avantgardeurology.com/)

Table 1: Complication rate results

References Complications (%)

Bouchier-Hayes4 et al (n = 125) 12.8
Doumerc5 et al (n = 212) 1.8
Jayram6 et al (n = 148) 3.4
Padanavo7 et al (n = 153) 7.8
Patel8 et al (n = 1,100) 8.6
Sharma9 et al (n = 500) 5.6
Yip10 et al (n = 235) 7

n: patient numbers in individual studies

Table 2: Results for positive surgical margins

References Positive surgical
margins (%)

Bouchier-Hayes4 et al (n = 125) 32
Doumerc5 et al (n = 212) 21.3
Jayram6 et al (n = 148) 20.9
Kaffenberger11 et al (n = 34) 26
Leitao12 et al (n = 171) 23.4
Novara13 et al (n = 242) 31
Padanavo7 (n = 153) 35
Patel8 et al (n = 1,100) 10.6
Sharma9 et al (n = 500) 23-26
Yip14 et al (n = 235) 20.7

n: patient numbers in individual studies
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issues can no longer be viewed as separate entities from
disease treatment and side effects. Radical retropubic
prostatectomy has been previously performed by the open
surgical route and after the detailed anatomic description
of nerve sparring radical prostatectomy by Walsh, has had
good outcomes in this regard.8 However, as result of
improvements in minimal access surgery, similar outcomes
have been reported in the literature with laparoscopic radical
prostatectomy.21

The first robotic-assisted laparoscopic surgery was
performed in 2001.21 Data has confirmed that there is a
shorter recovery, shorter hospital stay and a lower
transfusion rate13 with the procedure, but this must be
counterbalanced against the high operating and maintenance
costs of the robot.3

The complication rates in this review varied from 1.8 to
12.8%. This is comparable to the accepted complication
rate in open retropubic radical prostatectomy, the previously
considered gold standard. The articles did not include a more

detailed breakdown in these complications as to ascertain
the degree of morbidity. Three of the studies were from
centers that involved the first 200 cases, and hence
incorporate the learning curve and are therefore still
encouraging, that there was no statistically significant
increase in the incidence of the complications, even with
less experienced surgeons. There were also no reported
mortalities in these studies.

Positive surgical margins ranged from 10.6 to 35%. The
reported prevalence in the literature ranges from 10 to 45%.9

This is therefore in the acceptable range. Of note, is that in
the study by Kaffenburger et al15 which assessed positive
surgical margins in salvage radical prostatectomy, positive
surgical margin rate was 26%. This suggests that even in
patients that failed previous modalities, RARP still has an
acceptable positive surgical margin21 rate that is comparable
to that of cases where radical prostatectomy was offered at
the outset of treatment. However, the fact that this has a
smaller representative patient population makes this data
difficult to interpret. The Gleason grade and D'Amico
classification was not specified in all series, although there
was correlation noted by specific groups between higher
stage disease, positive surgical margins and high risk
disease. This has been confirmed by review of the current
literature as well.22

Although positive surgical margins were noted, this did
not correlate with the disease recurrence. Pandanavo7 et al
had two recurrences, both of whom had negative surgical
margins. Across these studies the apex and base were the
most common sites of recurrence. This concurs with
previous literature. It also correlates with the PSA and the
prostate volume as well.10 It would be of value to know if
these cases of positive surgical margins were confined to
cases of nerve sparing techniques, but this information was
not specified.

With regards to biochemical recurrence and failure, it
is difficult to standardise and analyze this data, as different
follow-up periods were used. The incidence however did
correlate with higher stage disease23 and has similar rates
to other studies.24

The erectile preservation range varied across the studies.
Of note, the high volume center with 1,1008 cases had
excellent potency rates, in spite of using a strict definition

Table 3: Summary of incidence of biochemical recurrence and failure

References Biochemical recurrence (%) Biochemical failure (%)

Bouchier-Hayes4 (n = 125) 7.6 (12 months)
Kaffenberger15 (n = 34) 18 (16 months)
Liss16 (n = 289) 15.7 (60 months)
Jayram6 (n = 148) 21.3 (24 months)
Padanavo7 (n = 153) 2 (9 months)

n: patient numbers in individual studies

Table 4: Preservation of erectile function

References Erectile function
preservation (%)

Bouchier-Hayes4 et al (n = 125) 72
Decastro17 et al (n = 140) 60
Jayram6 et al (n = 148) 51.7
Leitao12 et al (n = 171) 69.1
Novara13 et al (n = 242) 60
Patel14 et al (n = 1,100) 96.6
Sharma9 et al (n = 500) 75
Yip10 et al (n = 235) 37.3

n: patient numbers in individual studies

Table 5: Preservation of continence

References Continence
preservation (%)

Bouchier-Hayes4 (n = 125) 93
Decastro17 (n = 140) 55.7
Jayram6,11 (n = 148) 91.5
Kaffenberger11 (n = 34) 39
Leitao12 (n = 171) 90.3
Novara13 (n = 242) 89
Padanavo7 (n = 153) 98
Patel8 (n = 1,100) 97.9
Sharma9 (n = 500) 91.3
Yip10 (n = 235) 72.5

n: Patient numbers in individual studies
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n(erections adequate for intercourse with use of
phosphodiesterase-5 inhibitors, but not other assistive
devices). This would suggest that more experience would
improve potency outcomes. However, this could also be
due to the patient profile undergoing robotic retropubic
radical prostatectomy in this series. Also the study did note
a better potency rate in younger patients, and this could
therefore have a significant impact on outcomes. The range
reported here is consistent with that in literature of studies
with nerve preserving radical prostatectomies.8 However,
most of these patients had concomitantly used
phosphodiesterase-5 inhibitors. The use of early
rehabilitation of erectile function was not specified across
all these studies, and it is therefore difficult to compare these
results. More literature, and a randomized controlled trial
on the use of phosphodiesterase-5 inhibitor's impact on
outcomes of erections in bilateral vs unilateral nerve sparing
procedures, would be helpful in this regard. Most of these
techniques used athermal dissection and the principles of
nerve sparing procedures (although not specified). In
addition the use of the intrafascial vs interfascial dissection
planes of nerve dissection affects potency outcome. The
specifics of this were not provided and hence its impact on
outcomes cannot, be assessed in this review. However,
different tools were used as assessment of the erectile
function. Most often questionnaires were used. The
outcomes are therefore, reporter dependant, and therefore
reliability of this is, patient dependant.

The continence rate in this review is consistent with the
rates reported in the literature.8 The one study by
Kaffenberger et al11 reports a considerably lower rate of
continence of 39%. However, it must be borne in mind that
this was in a series of salvage radical prostatectomies,
postablative treatment. This may impact on the surgical
outcomes. Across the studies, the definition of continence
differed with some defining it as pad free8 and the rest
allowing for one pad. There were differences in the duration
of follow-up, as well. Most studies were followed up until
at least 1 year. Prolonged follow-up should not provide an
improved rate of continence noted, however. There were
also differences in the use of continence preservation
techniques in the different series.

Patel et al8 reconstructed the rhabdosphincter and used
periurethral suspension stitches. This may have contributed
to the excellent continence rates noted in this large series.12

Leitao et al12 preserved the puboprostatic ligaments and
these may contribute to their results.

CONCLUSION

RARP has outcomes that are similar to laparoscopic radical
prostatectomy. The cost can however be a prohibitive factor.

Although the outcomes of this procedure have curtailed the
inhospital stay, it cannot counterbalance the cost of this
procedure until sufficient data shows superior outcomes of
this procedure. This review shows that although there is no
sacrifice of trifecta outcomes, no clear benefit over
conventional laparoscopy was demonstrated. Studies that
directly compare the learning curve of robotic radical
prostatectomy and laparoscopic radical prostatectomy may
help in settling this debate and providing motivation for
robotic radical retropubic prostatectomy.
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ABSTRACT

Background: Energy sources have been an important part of
surgery in achieving hemostasis and bloodless field to operate.
Nowadays the most recent and commonly used are the
bipolar vessel sealing system (LigaSure) and the harmonic
scalpel (HS).

Purpose: To do a comparative review between the LigaSure
vessel sealing system and harmonic scalpel to make surgery
faster, safer and better.

Materials and methods: The literature regarding this review
article was searched online on various websites like Google,
PubMed, World Journal of Gastrointestinal Surgeons, YouTube.
Search words used were LigaSure vs harmonic scalpel,
LigaSure vessel sealing system, role of vessel sealer and HS
in laparoscopic surgery.

Conclusion: LigaSure vessel sealing system (LVSS) proves
to have a hand above the HS as it depends of the surgeon’s
convenience to use which of the energy sources when it comes
to handling and maneuverability during surgery resulting in an
overall faster, safer and a bloodless experience.

Keywords: LigaSure vs harmonic scalpel, LigaSure vessel
sealing system, Role of vessel sealer and harmonic scalpel in
laparoscopic surgery.
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INTRODUCTION

Energy sources have been an important part of surgery in
achieving hemostasis and bloodless field to operate. The
energy sources are required to cut, coagulate, desiccate,
dissect and evaporate tissue. There have been tremendous
upgrades in the technology used in energy sources which
targets on better, faster and safe hemostasis with minimal
lateral thermal spread or damage. Lateral thermal damage
confers to the damage to the tissues just adjacent to the
target site. Nowadays, the two most used energy sources
used are the LigaSure vessel sealing system (LVSS) (Fig. 1)
and the harmonic scalpel (HS) (Fig. 2).

LVSS manufactured by Covidien under the brand name
of Valleylab is a bipolar apparatus for sealing vascular
tissues. It seals tissue by administration of high current and
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low voltage that of 180 V as compared to conventional
electrosurgery. Its unique combination of pressure energy
causes fusion of vessels. The fusion is because of melted
collagen and elastin in the vessels which forms a permanent,
plastic like seal. LVSS has a unique property of active tissue
response which is a feedback from tissue that controls the
energy delivery and automatically discontinues it when the
seal cycle completes. This eliminates the guesswork of
operating surgeon and provides minimal lateral thermal
damage to approximately 2 mm. There is no sticking of the
instruments on tissues with least charring of the tissues.
The seal withstands thrice of normal systolic blood pressure.
The LVSS generator detects the characteristic of the tissue
in the jaws of the instruments and delivers energy
accordingly to provide a permanent seal. LVSS promises
to provide a secure seal of blood vessels measuring up to 7
mm in diameter. Various probes both for laparoscopic and
open surgeries are available which are compatible to this
electrosurgical generator.

Harmonic scalpel (HS) is manufactured and marketed
by Ethicon across the globe. It uses ultrasonic energy as
its principle and, hence, dissection by ultrasonic probes is
called ultracision. The HS is a high power system which
works at a frequency of 55.5 kHz or 55,500 vibrations/sec.
It comprises of a generator, blade and a hand piece. The
hand piece has an ultrasonic transducer which consists of
stacked piezoelectric crystals sandwiched under pressure
among metal cylinders. The sealing of the vessels is
achieved due to denatured protein coagulum which occurs
due to tamponade and coaptation. The ultrasonic generator
converts ultrasonic energy into mechanical energy. HS
mainly has three compatible probes both for open and
laparoscopic surgery that are the shear, blade and a hook.
The shear has opposite silicon padding which the blade
and hook lacks. The shear can coagulate vessels up to 5
mm, whereas the hook and blade only 2 mm in diameter.
The HS probes reach the temperature of 80ºC and even on
prolonged use stays below 250ºC which is far less than
other electrosurgical and laser energy sources resulting
in reduced lateral thermal spread and charring. Vibration
of the active probe prevents sticking of coagulated tissue
over it.
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AIMS AND OBJECTIVES

The present study is designed to compare between HS and
LVSS in open and laparoscopic surgery.

MATERIALS AND METHODS

The literature regarding this review article was searched
online on various websites, like Google, PubMed, World
Journal of Gastrointestinal Surgeons, YouTube. Search
words used were LigaSure vs HS, LVSS role of vessel sealer
and HS in laparoscopic surgery.

DISCUSSION

Kwok SY et al in their double-blinded study did a
randomized trial comparing LigaSure and HS hemorrhoi-
dectomy. Forty-nine patients with grades 3 and 4
hemorrhoids admitted for hemorrhoidectomy were selected
and randomized into two groups: (1) LigaSure hemorrhoi-
dectomy or (2) HS hemorrhoidectomy. The primary
outcomes measured were the analgesic requirement and the
postoperative pain score (assessed by an independent
assessor). Secondary outcome criteria included the operating
time, blood loss, hospital stay, patient satisfaction score,
and early and late complications and they concluded that
LigaSure hemorrhoidectomy reduces the postoperative pain
and operating time compared to the HS hemorrhoidectomy.
And, it is a safe, effective procedure for treating grades 3
and 4 hemorrhoids.1

Smith et al in a prospective comparison of four
laparoscopic vessel ligation devices found that the LigaSure
had the best overall performance with the highest burst
pressure, low thermal spread, fast sealing time, and low
smoke production. By contrast, the HS has the lowest
thermal spread and smoke production but was slow and had
the lowest mean burst pressure.2

Cakan A et al studied the safety and efficacy of the
LVSS  and HS in sutureless nonanatomical lung resections
on 20 adult rabbit lungs in which 1 × 1 cm wedge resections
were performed under one-lung ventilation with both
LVSS and HS and compared the air tightness and tissue
damage caused by them. They found no statistical
significant difference when the air tightness for both
devices was compared after resection (p = 0.37) and
concluded that their study LVSS and HS can both be used
for peripheral lung resections without any need of further
intervention for securing the air tightness, but LVSS was
found safer by means of tissue damage when compared
with HS in this experimental study.3

Zarebczan B et al did a retrospective study to compare
the LigaSure and HS in thyroid surgery. Their study included
a total of 231 patients of whom 123 underwent total
thyroidectomy and 108 underwent lobectomy. They found
that there was a significant decrease in the operative time
for both thyroidectomies and lobectomies when the HS was
utilized. But in regard to complications, there was no
statistically significant difference in the number of transient
and permanent recurrent laryngeal nerve injuries, percentage
of patients developing hypocalcemia or rate of hematoma
development. And, concluded that there was no difference
in the rate of complications between the two devices.
However, the use of the HS significantly decreased operative
time for both thyroidectomies and thyroid lobectomies
compared with the LigaSure device.4

An inference can also be made from a video available
online on the site www.youtube.com, which shows the
infrared camera recording of the probes of LVSS and HS
which compares the lateral thermal spread of both the
instruments, which is more in LVSS as compared to HS
(Fig. 3). It might be also due to a slightly bigger probe tip
of LVSS as compared to smaller probe tip of HS shear.5

Fig. 1: LigaSure vessel sealing system Fig. 2: Harmonic scalpel
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Two cohort studies comparing a bipolar vessel sealer
(BVS) with the ultrasonic coagulating shears (UCS) for
laparoscopic colectomy reported a slightly reduced length
of surgery and decreased blood loss in the BVS groups.6

One of these studies included 30 patients with colon cancer
who underwent laparoscopic transverse colectomy and
sigmoidectomy using either the electrothermal bipolar vessel
sealer (EBVS) (LigaSure) or UCS (harmonic scalpel). The
EBVS and the UCS were used for the mesocolon dissection
in the transverse and sigmoid colon. The incidence of
rebleeding was significantly lower in the EBVS group than
in the UCS group for both surgical procedures (0.3 vs 1.2
in transverse colectomy, 0.3 vs 2.0 in sigmoidectomy
respectively). The required time for mesocolon dissection
was also significantly shorter when the EBVS was used in
both laparoscopic transverse colectomy and sigmoidectomy
(7.9 vs 18.4, 15.0 vs 27.6 respectively). Another report
demonstrated the outcome of 200 consecutive unselected
patients who underwent laparoscopic colorectal resections,
of which 100 were performed with EBVS (LigaSure) and
100 with UCS (harmonic scalpel).7 Only right colectomy
(RC), left colectomy (LC) and low anterior resections (LAR)
were performed during this study. There were no deaths in
either group. One conversion to open surgery and two major
complications occurred in the UCS harmonic scalpel group.
There were no differences in the mean length of surgery
(111 vs 133, 140 vs 176 and 153 vs 201 minutes) or in the
mean postoperative hospital stay (5.2 vs 6.1, 6.5 vs 7.1 and
6.8 vs 7.3 days) for RC, LC and LAR between EBVS
LigaSure group and UCS harmonic scalpel group
respectively. There were, however, differences in the mean

blood loss: 115 vs 370, 150 vs 455 and 185 vs 495 ml for
RC, LC and LAR between the EBVS LigaSure group and
the UCS harmonic scalpel group respectively.6,7

CONCLUSION

After reviewing the above articles, we found that LVSS as
compared to HS, LVSS provides a better, safer and much
secure seal than HS that is up to 7 mm. The postoperative
pain, when used in open surgery, is less as compared to HS.
Even blood loss was comparatively less while using LVSS
than HS. HS made the surgery faster with low smoke
production as compared to LVSS. Lateral thermal spread
of HS is quite less as compared to LVSS but LVSS as
compared to other electrosurgical generators was quite less.
At the end though LVSS proves to have a hand above the
HS, it depends of the surgeon’s convenience to use which
of the energy sources when it comes to handling and
maneuverability during surgery resulting in an overall faster,
safer and a bloodless experience.
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ABSTRACT
Port-site metastasis is a major complication of surgical laparos-
copy for gynecologic oncology and has been reported in
literature with an incidence of 1.1 to 16%. Factors that contribute
for development of port site can be divided in three categories:
operative related, wound related and tumor related. With this
review, the authors pretend to report the ideal surgical conditions,
laparoscopic environment and means of prevention to decrease
risk of port-site metastases in gynecologic malignancies.
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INTRODUCTION

Laparoscopy is an established technical option for the
diagnosis, staging and treatment of several oncologic
pathologies.1 The early optimism after the introduction of
this approach was followed by the doubts based on the
observation of port-site metastasis after laparoscopic surgery
for neoplastic diseases.2 In 1978, port-site metastasis was
defined for the first time, subsequent to laparoscopy in a
patient with ovarian cancer. Port-site metastasis is a major
complication of surgical laparoscopy for gynecologic
oncology and has been reported in literature with an
incidence of 1.1 to 16%.3 Prospective studies show that it
is possible to keep the incidence of abdominal wall
metastases to about 1% comparable to open surgery.4

Etiology of port-site metastases is multifactorial. Factors
can be divided in three categories: operative related, wound
related and tumor related. Operative-related factors include
the gas used, the effect of gas turbulence in long laparoscopic
procedures, the high pressure pneumoperitoneum, long-
operative procedure, tumor manipulation, local trauma and
individual surgical skills. Wound-related factors are forced
extraction of unprotected tissue and contamination from
instruments during tumor dissection. Tumor-related factors
are the biologic properties of the tumor, embolization of
exfoliated cells and tumor stage.1,3,5-8

AIM

The aim of this review is to report ideal surgical conditions,
laparoscopic environment and means of prevention to

10.5005/jp-journals-10033-1186

decrease risk of port-site metastases in gynecologic
malignancies.

MATERIALS AND METHODS

The authors searched in Medline database for English-
language and French-language articles using the keywords
‘laparoscopic port-site metastases’, ‘prevention
of laparoscopic port-site metastases’, ‘laparoscopic port-
site metastases in ovarian cancer’, ‘laparoscopic
port-site metastases in endometrial cancer’, ‘laparoscopic
port-site metastases in cervical cancer’ and ‘laparoscopic
port-site metastases in borderline ovarian tumors’.

Additional articles were obtained based on the
bibliographic cross-reference of the initial articles reviewed.

There were identified >400 articles in English published
during the last 51 years regarding the history, incidence,
etiology and prevention of port-site metastases. According
to the aim of this revision, 28 articles were selected and
reviewed.

RESULTS

The development of port-site metastases following
laparoscopic resection of various malignancies continues
to be a disturbing issue for laparoscopic surgeons.9

Mostly studies intend to investigate the factors
potentially responsible for the spread of cancer cells in
laparoscopic surgery.

Based on experimental studies and clinical reports, many
theories have been proposed to account for the ability of
tumor to spread to surgical wounds. The tumor cell
entrapment hypothesis, which was proposed in 1989,
suggests that free cancer cells are able to implant on raw
tissue surfaces including damaged peritoneal surfaces.
Postoperatively, these areas become covered by a fibrinous
exudate which could serve to protect the tumor cells from
destruction by the normal defense mechanisms. This theory
is supported by studies that have demonstrated tumor cells
at concentrations of up to 26% in wound washings and have
shown the recovery of tumor cells from the gloves and
instruments used during surgery. Hypotheses specific to
laparoscopy include exfoliation and spread of tumor cells
by laparoscopic instruments, direct implantation at the trocar
site by frequent changes of instruments, direct implantation
from the passage of the specimen, the presence of the
pneumoperitoneum, which can create a ‘chimney effect’
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that causes an increase in the passage of tumor cells at port
sites and preferential growth of malignant cells at areas of
laparoscopic peritoneal perforation.10,11

A study performed to evaluate the variables in the spread
of tumor cells to port sites in swines demonstrated that some
strategies, such as increasing insufflation pressure, reducing
episodes of desufflation and gas leaks, and using frequent
intra-abdominal lavage may help to reduce the numbers of
viable tumor cells displaced to port sites during laparoscopic
surgery for intra-abdominal malignancy.12

Another study performed in rat model evaluated the
effects of carbon dioxide (CO2) pneumoperitoneum and
wound closure technique on port-site tumor implantation.
This study suggests that closure technique (skin closure
alone vs all three layers) may influence the rate of port- site
tumor implantation. The rate of tumor implantation was
found to be significantly higher for skin closure alone.13

Another experimental study in rat model proved that the
choice of helium as insufflation gas reduces the incidence
of port-site metastases and the degree of intraperitoneal
tumor spread.14 However, the use of helium carries a
possible risk of lethal gas embolism.4

Several clinical reports have suggested that gasless
laparoscopy may aid in the prevention of port-site metastases
by reducing tumor dissemination created by the carbon
dioxide CO2 pneumoperitoneum. However, in vitro research
involving a laparoscopic model performed on colorectal
cancer cells showed that malignant cells were not identified
in the CO2 exhaust, but were found on the laparoscopic
instruments used. Similarly, a study of the instruments, port
cannula, and CO2 gas of 12 patients undergoing staging
laparoscopy for pancreatic cancer showed extremely low
levels of free-floating tumor cells when compared with the
cell content found on the cannula and instruments. In both
cases, the authors concluded that the finding of malignant
cells on the ports was a result of direct contamination by
the instruments and not from dispersion of malignant cells
by the CO2 gas.15 In a prospective randomized study in rats
using a xenograft ovarian cancer model, port-site metastases
were found to be significantly higher in the gasless
laparoscopy group compared with that in a group that had
laparoscopy with a CO2 pneumoperitoneum.16

An article that reviewed all reported cases of laparoscopic
port-site metastases in patients with gynecological
malignancies revealed that 71% of port-site recurrences were
isolated in the tissue-manipulating port.8 This observation
also highlights the importance of the usage of protected
tissue retrieval.

Other studies were performed to evaluate if the
irrigation of port sites are efficient for the prevention of
port-site metastases.17

One study evaluated the effect of topical application of
oxaliplatin on the development of port-site metastases in
an experimental murine model. Intramuscular topical
application of oxaliplatin did not decrease the incidence of
port-site metastasis, but a tendency of declination was
observed.9

In another article reported the results of incidence of
port-site metastases with the irrigation after completion of
the pneumoperitoneum with povidone-iodine, a mixture of
taurolidine and heparin or sodium chloride in rat models.
No difference in tumor growth at trocar wounds was found
between any type of irrigation and controls in both
experiments.18 However, another study has shown a
significant reduction in port-site metastases when diluted
povidone-iodine was instilled in the peritoneal cavity in a
rat model.16

Cell adhesion molecules integrin and CD44 play an
important role in the development of port-site metastasis.
According to an investigative study in a murine model,
intraperitoneal injection of antiadhesion molecules can
prevent port-site metastasis.19

Another study investigated the antiproliferative effect
of aspirin and indomethacin on tumor cells in vitro and
in vivo and the potential of these drugs to inhibit port-site
and intraperitoneal metastases. Despite promising in vitro
studies, this study does not suggest any clinical therapeutic
value associated the use of aspirin or indomethacin for
the prevention of the spread of tumor following the spillage
of cells into the peritoneal cavity at laparoscopic surgery.20

Several authors have suggested that the presence of
ascites may be a contraindication to performing laparoscopy
in patients with known or suspected malignancy.
Specifically, a review of the literature of all cases of port-
site metastases demonstrated the presence of ascites to be
significantly associated with the early occurrence of port-
site metastases, and another study has demonstrated that
patients with ovarian cancer who developed port-site
metastases after undergoing laparoscopy tended to
have larger amounts of ascitic fluid present at the time of
surgery.21 Specific factors that were shown to be
significantly associated with the rapid development of port-
site metastases postoperatively included the diagnosis of
ovarian malignancy, the presence of ascites and noncurative
surgery. The early onset of postoperative chemotherapy has
been advocated by several authors that have suggested that
patients with a longer duration between laparoscopy and
postoperative chemotherapy may be more likely to develop
port-site metastases.22

A recent study presented clinical evidence to prove that
port-site metastases are likely to be due to the hematogenous
spread of tumor cells. In this same study, the authors propose
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that port-site metastasis could be a likely existence of
circulating tumor cells at the time of surgical trauma of
penetrating nature, i.e. port site or injection site, which
manifest in some patients depending upon their immune
response.23

DISCUSSION

Proper surgical technique in tumor handling following
rigorous oncological principles is the key to good surgery
with low recurrences and excellent survival rates. Some
unusual cases reported in literature highlight the important
role that tumor and host biologic mechanisms play in the
development of port-site metastasis.24 Whether or not
patients with malignancy would benefit from a gasless
laparoscopy approach remains controversial and further
research is needed in this area.16

According to the review of literature, the prophylactic
measures proposed to avoid the development of port-site
metastases after laparoscopy in gynecologic malignancies
are as follows:
• Preoperative measures7,25

– Proper patient selection
– Avoidance of laparoscopic surgery, if ascites is present
– Compliance guidance and adequate equipment for

advanced laparoscopic surgery
– Knowledge of the principles of prevention in the

event of intraoperative discovery of malignant
disease

– Adequate duration of the procedure
– Proper training of the surgeon

• Technical measures1,3,25-28

– Protected puncture of ovarian cyst
– Resection without rupture of an ovarian cyst (in case

of rupture-aspiration and extensive washing)
– Minimal tumor manipulation
– Resection of the tumor with adequate margin
– Peritoneal lavage with heparin in order to avoid

adhesion of free cells or lavage with cytocidal
solutions

– Use of protective bags for tissue retrieval
– Avoiding CO2 leaks and sudden desufflations
– Use of heated and humidified CO2
– Exsufflation of the peritoneum before removal of

the ports
– Drainage placement, if needed, before abdomen

deflation
– Irrigation of ports with heparin or povidone-iodine

solution before removal
– Administration systemic or intraperitoneal of

methotrexate

– Closure of all abdominal layers including the
peritoneum

– Early chemotherapy.

CONCLUSION

Laparoscopic port-site metastases are a potential
complication of laparoscopy in patients with gynecological
malignancies, even in patients with early-stage disease.

Although the etiology is not yet understood, a number
of factors are contributory. All efforts should be made to
prevent port-site metastases.

The risk of port-site metastases remains low, provided
that surgeons rigorously adhere to the principles of
oncological surgery.
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ABSTRACT
Vaginal cuff dehiscence (VCD) after hysterectomy is an adverse
event with potential severe morbidity. Although the data are
limited, minimally invasive approaches to hysterectomy, such
as total laparoscopic hysterectomy (TLH), may be associated
with a higher risk of vaginal cuff dehiscence. The cause for these
dehiscences is unknown, and multiple factors may be involved.
Internationally, the etiology of VCD is still a matter of concern.
Either in its technique (TLH) as in the used technology
(electrosurgical colpotomy and/or suturing method), an
explanation could be found for the higher incidence of VCD.

This study aims to review laparoscopic surgical techniques
in the minimal invasive hysterectomy and its association
with VCD.

Keywords: Vaginal cuff dehiscence, Total laparoscopic
hysterectomy, Vaginal cuff laparoscopic suture methods,
Electrosurgical colpotomy.
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INTRODUCTION

Vaginal cuff dehiscence (VCD) after hysterectomy is an
adverse event with potential severe morbidity.

VCD had complicated gynecologic surgery long before
the advent of laparoscopic approach to hysterectomy. In
older reviews of vaginal evisceration, most cases that were
reported in the literature had occurred after vaginal
hysterectomy (63%).1 However, the distribution of reported
cases has changed significantly over the past 5 years.2

The reported incidence of VCD following hysterectomy
is, nowadays, approximately 0.24%.3-5 In a large case series,
there were 28 cases of VCD among 11,606 patients
(0.24%) who underwent total hysterectomy.5 The incidence
of VCD after any type of pelvic surgery is 0.03% and varies
by surgical approach.6

However, the true incidence of VCD after hysterectomy
is unknown since:
1. The complication is likely under-reported.
2. Patients with cuff dehiscences may present to a different

physician or hospital than for the initial hysterectomy,
making data collection difficult and

3. Case reports of VCD generally do not include for
comparison in the number of hysterectomies that were
not associated with this complication.7

10.5005/jp-journals-10033-1187

Despite the difficulty just described, it is reported that
the incidence of VCD after total laparoscopic hysterectomy
(TLH) varies between 0.3 and 3.1%.3-10 This is higher
compared with the abdominal (AH) and vaginal (VH)
approach (0.1–0.3%).1,3 Currently, 50% of the cases of VCD
that have been reported in the literature occurred after TLH
or robotic hysterectomy.

After abdominal total hysterectomy, the vaginal cuff can
be sutured closed or left open. In the open technique, the
edges of the vaginal cuff seal gradually via granulation.
It does not appear that either technique is superior for
preventing cuff dehiscence.5,12

In several studies, the vaginal route suturing of vault
approach, in the total laparoscopic hysterectomy, is described
to reduce the incidence of VCD (0.18%).10 However, other
parameters must be considered are as follows:
1. In TLH, vaginal vault closure by laparoscopic route

requires statistically significant less time for completion
as compared to vaginal route.

2. Postoperative complications, like vault infection and
pain, are suggested to be significantly lower in the
laparoscopic route as compared to vaginal route suturing
for vault closure.

3. The mean postoperative vaginal length was significantly
more in the laparoscopic closure than in the vaginal route
suturing of vault approach.12 Given the fact that
transvaginal closure can not always be accomplished in
all women, alternatives to this suturing method should
be studied.
Since, the continuous increment in the number of

hysterectomies performed laparoscopically, the etiology of
VCD and explanations for its association with TLH have
been subjected to research. Patient characteristics, such as
smoking, diabetes, advanced age, radiation therapy and
chronic steroid administration, next to precipitating factors,
such as sexual intercourse, postoperative cuff infection and/
or hematoma and increased abdominal pressure (e.g.
coughing, vomiting and straining at toilet) have been
addressed with regard to their association with VCD.4-6,13

Nevertheless, none of these factors are unique for TLH.
Because studies have pointed to the possibility of

increased risk of dehiscence with minimally invasive
techniques, some potential differences in surgical technique
that could contribute to this problem have been studied.3,7
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Different from total vaginal hysterectomy and total
abdominal hysterectomy for TLHs:
1. Use of energy sources to make the vaginal colpotomy

may result in tissue destruction beyond the incision,
potentially increasing tissue necrosis and leading to poor
healing of the vaginal cuff compared with a sharp
colpotomy that is made using a scalpel or scissors.
Different electrosurgical instruments (e.g. bipolar and
monopolar devices) or ultrasonic devices produce
varying amounts of tissue destruction.

2. Laparoscopic magnification of the surgical field may
distort the view and cause the surgeon to place sutures
too close to the vaginal cuff edge (<1 cm) or not achieve
full thickness closure.

3. Laparoscopic suturing to close the vaginal cuff requires
advanced training to achieve secure knots via extra-
corporeal or intracorporeal techniques. Inappropriate use
of the laparoscopic knot pusher or poor intracorporeal
knot tying technique may compromise suture integrity.

Recently, several studies compared the influence of
various vaginal vault closure techniques on the incidence
of VCD after TLH. Internationally, the etiology of VCD
is still a matter of concern. Either in its technique (TLH)
as in the used technology (electrosurgical colpotomy
and/or suturing method), an explanation could be found
for the higher incidence of VCD.13 Preventive measures
to minimize the risk of VCD after hysterectomy are
uncertain since the causes are not well-established.7

This study aims to review laparoscopic surgical
tecnhiques in the minimal invasive hysterectomy and its
association with VCD.

A literature review was performed using PubMed,
Medscape reference, HighWire Press and Up-to-date. The
search was conducted using the keywords ‘laparoscopic
vaginal vault dehiscence’, ‘laparoscopic vaginal cuff closure
techniques’, ‘vaginal cuff laparoscopic suture methods’ and
‘electrosurgery laparoscopic hysterectomy’.

Fifty-eight citations were found. Among these studies,
a second selection of articles was performed according the
purpose of this review. The selected papers were also
screened for further references. At the end of the process,
29 articles were reviewed.

LAPAROSCOPIC SUTURING METHODS

Interrupted vs Running Sutures with Knot

Although techniques for suturing of the vaginal cuff have
changed rapidly over the past years, only one prospective
study on this subject has been published.14 This study
compared laparoscopic closure with interrupted and running
sutures, however, with a double-layer suturing method and
with an extracorporeal knotting technique. The study

revealed no statistically significant difference between the
two suture methods (incidence of VCD: 1.2%).

Several methods are described for laparoscopic intra-
abdominal cuff closure. Interrupted or continuous sutures
may be tied intracorporeally with a needle driver and grasper
or extracorporeally with a knot pusher.15

TEM Clips

Another method already adopted, off label, in the vaginal
cuff closure, is a suturing technique commonly used in
transanal endoscopic microsurgery (TEM).

In this technique, a regular Vicryl no. 0 with a suture
staple placed at the distal end of the wire is sutured from
the right to the left angle of the vaginal cuff, after which
another suture staple is placed at the proximal end to secure
the suture (suture clip forceps for TEM, Richard Wolf
GmbH, Knittlingen, Germany). In all suturing methods, both
uterosacral ligaments are incorporated in the repair, and the
peritoneum is unclosed.

This way, cuff closure using a running vicryl suture with
TEM clips, is a newly appointed alternative to other suturing
techniques currently in use. Although it is an easy method
to adopt, based on data, no statistical superiority of this
suturing procedure could be proven.13

Barbed Suture

Barbed suture is a relatively recent concept in gynecologic
surgery. The Quill SRS bidirectional barbed suture
(Angiotech Pharmaceuticals, Inc Vancouver BC, Canada)
was FDA approved for soft tissue approximation in 200416

and has been commercially available in the United States
since 2007.

Bidirectional barbed sutures are created by cutting barbs
into the suture with the barbs facing in an opposite direction
to the needle. The barbs change direction at the midpoint of
the suture17 (Fig. 1) and needles are swaged onto both ends
of the suture. Due to its decreased effective diameter, the
straight-pull tensile strength of barbed suture is rated one
suture size greater than smooth suture (e.g. A 0 barbed suture
equals a 2-0 smooth suture).

The anchoring of bidirectional barbed suture resists
migration and can be conceptualized as a ‘continuous
interrupted’ suture without knots and has been shown to
have at least equal tissue holding performance as comparable
knot anchored suture has.18,19 This offers several advantages.
Since, bidirectional barbed sutures self anchor and are
balanced by the countervailing barbs, no knots are required.
Furthermore, barbed suture self anchors at every 1 mm of
tissue, yielding more consistent wound opposition. Finally,
knotless barbed suture can securely reapproximate tissues
with less time, cost and aggravation.20,21
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The safety and effectiveness of barded sutures, in closure
of the vaginal cuff, has already been demonstrated in two
studies.16,22 However, one was noncomparative and, in the
other, a more time-consuming double-layer suturing method
was used. In both, the use of this suture reduced the
incidence of the VCD. Furthermore, the barbed suture
proved to be relatively easy to learn dehiscence while not
increasing the rate of postoperative bleeding, cuff cellulitis
or granulation tissue. Some concern is expressed regarding
adhesion formation of the intestine to the tail of the barbed
suture, which in turn potentially could cause bowel
obstruction.23

Suture Material

Several studies did address the type and class of suture
material as a possible cause for VCD.3,24,25 Up-to-date review
suggests the use of a delayed absorbable monofilament
suture [e.g. polydioxanone (PDS II™)]: Preferred for the
theoretical advantage of lower infectious risks.7

However, there is neither data demonstrating evidence
nor consensus on the preferred suture material, concerning
monofilament vs multifilament and delayed absorbability of
the thread.

According to the data, there is no superiority of one of
the suturing method over the others.

ELECTROSURGERY

Some authors state that electrosurgical colpotomy,
often used in TLH, is responsible for suboptimal vaginal
cuff healing, due to tissue necrosis and prolonged
devascularization.14,25-27

Colpotomy technique may account for the observed
increased risk of VCD associated with TLH as compared
with TVH and TAH. In the latter procedures, the colpotomy
is often made sharply using heavy scissors or a knife.
However, during TLH, the colpotomy is often made using

electrosurgery, which may yield thermal damage at the cuff
site, weakening the tissue and increasing the risk of
dehiscence.8

It is known that monopolar energy in the coagulation
mode, is frequently used, for the colpotomy in THL.
Coagulation mode is an interrupted, high-voltage current
dispersed over a large surface area, while cutting mode is a
continuous, low-voltage current concentrating the energy
in a small area, resulting in more rapid tissue heating and
less thermal spread. Coagulation mode may result in more
tissue damage, although is better at sealing vessels in
vascular areas like the vaginal cuff.8

A recent study, conducted in swines, analyzed energy-
induced damage (ultrasonic, monopolar and bipolar), to the
vagina during laparoscopic hysterectomy, using the distal
scalpel-cut margin was used as reference. All energy sources
demonstrated tissue damage, with ultrasonic showing the
least and bipolar the greatest.27

Further study of tissue damage relative to cuff closure
at laparoscopic hysterectomy is warranted, as also its
possible association with vaginal dehiscence.

CONCLUSION

VCD is a potentially severe adverse event and is still a matter
of concern to those who perform minimal invasive
hysterectomy. Its exact etiology remains unclear.

Data on additional risk factors for cuff dehiscence are
limited and conflicting.2 Although one study reported no
difference in age, tobacco use or diabetes mellitus between
women with and without cuff dehiscence, it likely was
underpowered to detect a clinically meaningful difference.28

Although it seems biologically plausible that any condition
that could compromise wound healing would increase the
risk of VCD, the data on such risk factors are sparse. The
inconsistency of the reporting of risk factors in studies and
case reports, the rarity of the VCD, and the lack of
comparison of risk factors between women with and without
dehiscence in most retrospective studies makes it impossible
to assess the significance of each of these potential risk
factors.

Some questions remain are as follows:
1. If in the abdominal hysterectomy, VCD is not increased

in patients who had an unclosed cuff closure technique,
why would be the suture method, the cause of this
complication in the laparoscopic procedure?

2. If electrosurgical colpotomy, overused in laparoscopic
hysterectomy, is the cause of damage and wound
healing complications, why these exist a superiority
of transvaginal closure compared with laparoscopic
closure (concerning VCD), in the same electrosurgical
damaged tissues?

Fig. 1: Bidirectional barbed suture with barbs that change
direction in the middle17
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3. Why would be the preoperative morbility factors the
cause for the superior incidence of VCD, in TLH? Are
not the patients the same?

4. What about postoperative conditions in TLH? Lower
indices of pain, earlier work return, better predisposition
to restart sexual intercourse. Won’t be these advantages
of the laparoscopic procedures the mainly risk factors
of VCD?

Vaginal vault dehiscence is a rare complication
after hysterectomy, but more common after a
laparoscopic approach. The relationship between cuff
dehiscence and mode of hysterectomy would be
assessed best by a very large randomized controlled
trial (RCT) study design. In fact, much of what is
known about VCD comes from case reports and case
series, which makes it difficult to truly assess possible
risk factors and whether these risk factors differ by
type of surgical procedure, mode of hysterectomy, etc.
It is unknown whether variations in the surgical
management of the vaginal cuff influence the risk of
dehiscence.

Despite of this, techniques specific to TLH are
pointed to be the main factor of the increased risk of
vaginal vault dehiscence seen after laparoscopic
hysterectomy.

More research is necessary to identify modifiable
risk factors for VCD and methods for its prevention.
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Laparoscopy Surgery
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ABSTRACT

Background: SILS is a newer laparoscopic technique emerging
in this era. So this article aims to provide an overview on safer
surgical skills by understanding basic principles and proper
application of energy source and endosuturing techniques.

Materials and methods: Articles of relevant studies are
explored from Google, HighWire Press, PubMed, SpringerLink
using keywords—single incision laparoscopy surgery (SILS),
energy source in SILS, suturing in SILS.

Aim: The main aim is to evaluate the best energy source which
can be used in SILS with better ergonomics and to define the
good suturing technique in single port laparoscopic surgery.

Results: Most of the studies show that newer energy devices,
such as LigaSure, harmonic and EnSeal, are being used with
advantage of less smoke, less operative time, very minimal blood
loss, less drop in hemoglobin value postoperatively, and reduced
duration of hospital stay. Endosuturing using roticulators, Endo-
stitch is easier, though intracorporeal and extracorporeal knotting
can also be perfomed same like conventional laparoscopy.

Conclusion: LigaSure, harmonic and EnSeal can be safely
used as multifunctional devices in the available space in SILS
without changing the instruments frequently as in conventional
laparoscopy. Both intracorporeal and extracorporeal knot can
be put by practice and with aid of newer suturing devices.

Keywords: Energy system and SILS, Harmonic, LigaSure and
SILS, Suturing in SILS.
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INTRODUCTION

Minimally invasive surgery is one of the most significant
surgical advances of the 21st century and has become the
standard treatment for many gynecological pathologies. In
the last decade, numerous studies have demonstrated that
laparoscopic approach for various gynecologic benign and
malignant diseases is feasible and results in shorter hospital
stay, improved quality of life, shorter operating time and
decreased perioperative complications when compared to
open procedures.

Single incision laparoscopic tubal ligations have been
performed for more than 30 years after the innovation of
the single-port laparoscopic tubal ligation by gynecologist
Dr Clifford Wheeless.1 Reports of performing more
advanced laparoscopic procedures using single-port surgery

10.5005/jp-journals-10033-1188

came years later, with the first single-port laparoscopic
hysterectomy reported in 1991 by Pelosi et al.2 Today, the
trend in gynecological laparoscopic procedures changes to
‘single incision laparoscopic surgery’ (SILS). Single
incision (or port) laparoscopic surgery (SILS) has emerged
in an attempt to further reduce morbidity and enhance the
cosmetic benefits of conventional laparoscopic surgery.

The scope of electrosurgery extends beyond tubal
ligation; now tools enable us to perform many procedures
and manage anatomic difficulties with increased patient
safety. Many new instruments and methods have been
developed for suturing and knot tying in SILS to overcome
these difficulties.

AIM

The main aim is to evaluate the best energy source which
can be used in SILS with better ergonomics and to define
the good suturing technique in singe-port laparoscopic
surgery.

MATERIALS AND METHODS

A literature review was performed using SpringerLink,
HighWire press, Journal of MAS and major search engines
like Google, Yahoo, MSN, PubMed, etc. The search terms
were energy system and SILS, harmonic, LigaSure and
SILS, suturing in SILS. The articles were selected based on
the type of energy system used, special instruments used
for energy and suturing and its safety and reliability in SILS.

PRINCIPLES OF ENERGY SYSTEMS

A surgeon must understand the fundamental principles of
energy-based surgery and the relative strength and weakness
of any device in this context and take the device to a higher
level of performance, achieving otherwise impossible tissue
effects.3-5

Bipolar Electrosurgery

A high frequency alternating current applied to living tissue
by an active electrode, flow through the tissue by pathways
offering the least resistance and return to an opposing
electrode. The flow of electrons or electric current (I) is set
in motion and sustained by electromotive force termed
voltage (V) to complete the circuit across the differences in
electrical potential between the two electrodes. Greater
voltage produces greater thermal necrosis.
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Thermal injury correlates to the maximum tissue
temperature, total volume of heated tissue, rate of
temperature rise and duration of temperature elevation. If
living tissue is heated to above 50ºC for a sufficient duration
of time, irreversible damage occurs; cellular water
evaporates at 90ºC (desiccation); cell walls rupture at 100ºC
(vaporization) and tissue begins to carbonize and char at
250ºC. The temporal relationship between tissue
temperature and thermal injury is nonlinear owing to the
complex effects of conduction and convection on the entire
process.

Practically, thermal effects can be moderated by altering
the power setting, the type of output current (cut vs blend
vs coagulation), the electrode dwell time, the proximity of
the tissue to the active electrode and the current density
(i.e. electrode surface area). The behavior of electricity in
living tissue is generally governed by Ohm’s law V =
I × R. Derivatively, current is directly proportional to voltage
and inversely proportional to resistance (R). To complete a
circuit, force or voltage must increase as resistance
increases.

Power is keyed into an electrosurgical generator as
watt (W), corresponding to the rate of work being perfomed.
The relationship between voltage and resistance. The
relationship between voltage and resistance is restated by
the derivation of power, W = I2/R and W = V2/R; at any
particular power setting (W) using a conventional
electrosurgery generator, higher R as with desiccation, fat
or char will drive higher output V to maintain the desired
tissue end point.

Ultrasonic Surgery

This type of surgery owes its efficacy to the fact that
ultrasound travels easily through water, which makes up
roughly 80% of all soft tissue. High intensity focussed
ultrasound transfers a significant amount of energy to the
targeted tissue, causing a rise in temperature.

Coagulation with ultrasound requires coaptation of blood
vessels; H+ bonds are broken, and protein in the cells is
denatured. Denatured protein forms a sticky coagulum.
Internal tissue heat generated from friction then seal or weld
vessel walls. Simultaneous cutting and coagulation takes
place at a lower temperature than in electrosurgery with
minimal lateral thermal spread.

New Energy Devices

Evaluation of newer energy systems should be based on
the following characteristics:5

• Reliability
• Efficiency
• Ergonomics

• Handedness
• Response to variable tissue content
• Smoke production
• Capacity to dissect
• Tissue sticking
• Tissue color
• Cost
• Degree of innovation

Instrumentation to expand Surgical Options

One of the disadvantages of SPLS has been the restriction
of movement that arises because of the close proximity of
instruments and instrument handles. The latest designs have
made articulation possible for tissue graspers, scissors,
vessel sealers and scopes. The value of articulation is
apparent inside the abdomen, where it allows perfect
positioning of the area of dissection. Outside the abdomen,
the handles can be arranged in an angled pattern to allow
the surgeon and assistant to operate comfortably. The latest
instruments are designed to dissect, cauterize and cut,
thereby decreasing the number of instrument exchanges
necessary.6,7 New bipolar technology seals blood vessels
to withstand high systolic pressure.

There are three bipolar platforms that utilizes low
constant voltage, pulsed current and impedance feedback
along with a paired ligating cutting device.4,5 This intricate
combination complete the sealing. Consequently, there is
minimal plume, carbon formation and tissue sticking:

LigaSure vessel sealing device (Covidien, Boulder, CO)
applies a high coaptive pressure during the generation of
tissue temperature under 100ºC hydrogen cross-links that
are first ruptured and then renatured, resulting in a vascular
seal that has high tensile strength.

The second instrument, the PlasmaKinetic cutting
forceps (Gyrus/ACMI/Olympus), lacks the compressive
pressure needed to create a true vessel seal but provides
efficient coagulation with visibly pulsed energy that is
moderated by impedence feedback.

The third device, the EnSeal laparoscopic vessel fusion
system (EES, Cincinnati, OH) utilizes temperature-sensitive
polymeric material (PTC) embedded with nanometer-sized
spheres of carbon that automatically controls a locally
regulated current, regulating temperature at about 100ºC.
Desiccation with this device is facilitated by advancing an
innovative ‘I-blade’ that provides extremely high pressure
along the length of the jaw to both cut and squeeze the tissue
bundle, eliminating tissue water and steam. So when we
‘follow the bubble’, tissue becomes easier to cut which can
be achieved by advancing I-blade at a rate of 1 mm/sec.
It produces only 1 mm of spread, used for transecting larger
vessels. In EnSeal, there are two ways to deliver energy,
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single tap and double tap. Single Tap is a 15 seconds cycle
which will tell us when the tissue has reached 450 Ohm or
complete coagulation has been reached. Double tip is a
2 minutes cycle, which does not confirm this tissue impedance.
• Harmonic device: Using the dynamic tissue effects of

mechanical energy, ultrasonic blades and shears, tissue
effects from ultrasonic energy using the harmonic
scalpel (EES, Cincinnati, OH) are actuated by a titanium
blade of variable excursion that vibrates nearly
55,500 Hz/sec from an in-line piezoelectric crystals
housed in the hand piece of the device. It is not regulated
through impedance. The high frequency vibration in
tissue causes a low temperature protein denaturation by
rupturing the hydrogen bonds of tissue proteins. Tissue
cutting from cavitational fragmentation naturally evolves
from the mechanical vibration and percussive effects of
steam that emanates through the tissue parenchyma.
Differing from the volumetric thermal tissue effects
during electrosurgery, lateral thermal damage with
ultrasonic energy is limited by the linear nature of energy
propagation through the tip of the blade.

Properties of laparoscopic vessel sealing devices:8

Devices Mean burst pressure Mean seal time
(mm Hg) (sec)

LigaSure V 386 10
Gyrus PK 290 11.1
Harmonic scalpel 204 14.3
EnSeal PTC 255 19.2

Evaluation conducted on 5 mm bovine arteries

Thunderbeat™ (TB)(Olympus, Japan): It simultaneously
delivers ultrasonically generated frictional heat energy and
electrically generated bipolar energy. TB has a higher
versatility compared with the other instruments like:
Harmonic® ACE, LigaSure™ V and EnSeal tested with
faster dissection speed, similar bursting pressure and
acceptable thermal spread. This new energy device is an
appealing, safe alternative for cutting, coagulation and tissue
dissection during surgery and should decrease time and
increase versatility during surgical procedures.9

APPLICATION OF ENERGY SYSTEM IN
SIL SURGERIES

Harmonic energy: Harmonic ACE can be used for peritoneal
separation, to amputate the cervix, coagulating and cutting
across the infundibulopelvic ligament, ovarian ligament/
pedicle, colpotomy, excision of endometriosis, to release
adhesions and distortion, appendicectomy and myomectomy.
Near the vital structures, like ureter, bladder or bowel,
harmonic wil be the option.5,10,11 In one case report,12 the
ovarian cyst wall was cut with harmonic scalpel on
coagulation mode and the epithelial lining in the residual

cyst was removed by electrocauterizing with a monopolar
cautery hook. Ismail H et al13 reported that harmonic ACE
can be used safely for Nissen fundoplication. Harmonic is
also one of the choice for colectomy in colon cancer which
was shown by Egi et al14 study where 20 patients were
operated with 10 cases each with SIL and conventional
laparoscopic colectomy. They have shown less operative
time, less blood loss and conversion rate.
LigaSure: The LigaSure has 5 mm blunt tip laparoscopic
sealer, 37 cm long shaft and is capable of sealing and
dividing vessels up to 7 mm in diameter. The 44 cm
instrument allow to access difficult to reach areas, such as
those near the spleen, hilum or gastroesophageal junction.
A 20 cm shaft can be used in pediatric age group.15 Parag
WD et al describes in his techniques that LigaSure tissue
fusion technique, LigaSure advance and Valleylab are ideal
hemostatic tool for minimal access surgery. Ultrasonic
devices, like harmonic, AutoSonix (Autosuture) and
SonosurgX (Olympus), have been well established. Ogura
et al report the development of a new compact articulating
ultrasonically activated device (USAD) prototype in 5 and
10 mm size with a bendable tip that offers coagulating
dissection performance.16

Ligasure gives a promising results in SIL hysterectomy
with excellent tissue dissection, less operative time, less
blood loss and reduced duration of hospital stay.17-20 Young
et al20 perfomed SIL-LAVH on 100 patients wherein he used
LigaSure system (Valleylab) for all patients.

Mathew et al conducted animal study (N = 45) and
concluded that the acute ex vivo study demonstrated a
significant difference in the cystic duct bursting pressure
between surgical clips and ultrasonic coagulating shears and
between electrothermal bipolar vessel sealer and ultrasonic
coagulating shears. The ultrasonic coagulating shears and
electrothermal bipolar vessel sealer failed to maintain seal
integrity in the in vivo animal study. Given the failure of
the ultrasonic coagulating shears and electrothermal bipolar
vessel sealer in the animal model, these energy sources
should not be used for transection of the cystic duct or major
hepatic ducts during hepatobiliary surgery.21 In one of the
case report published by Ondrer S, it is mentioned that, for
vessel sealing, the shaft of LigaSure is parallel to uterine
artery instead of perpendicular to their axis. They had used
LigaSure, harmonic scalpel for adnexal dissection, bipolar
cautery (for hemostasis at cut surface of cervix). Cervix
was transected with lap unipolar scissor. For sacrocolpopexy-
bladder was retracted away from vagina and vesicovaginal
space by fine dissection using 5 mm harmonic scalpel.22

Exploring the safer techniques of SILS surgery in children
Joshi M et al says that SIL splenectomy can be performed
utilizing combination of harmonic scalpel and LigaSure.23
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Combination of energy sources can also be used in
hysterectomy as mentioned in few searched articles;24,25 in
their study, IP was sealed and cut with 10 mm LigaSure.
The bladder peritoneum was dissected with 5 mm Harmonic
ACE uterine artery which was skeletonized and dissected
by 10 mm LigaSure™. Anterior and posterior colpotomies
were performed with Harmonic ACE®. In another study,
colpotomy was performed using monopolar hook or scissor.

EnSeal: EnSeal device comes either as a round tipped
5 mm device or as a curved 3 mm device that looks like a
curved surgical clamp. It is effective for large vascular
bundles and for separating the leaves of broad ligament or
opening the bladder flap. It can be used for adnexal
dissection.5,26 EnSeal can also be used for splenectomy,
studies have stated that blood loss was <10 ml.27

PKS (Gyrus): It was applied in 30 cases—10 mono/bilateral
adnexectomies and 20 cystectomies. They used PKS as it
was multifunctional with comparable results to LigaSure/
Harmonic.28 Mean blood loss was 10 ml, overall operative
time was 39.5 minutes. Hospital stay was for 1.3 days and
no postoperative complication was done.

Bipolar forceps/scissors: Maxime M et al did salpingectomy
in 37 patients using bipolar forceps/scissor. Operative time
was longer (50 minutes) but duration of hospital stay was
shorter (1.5 days).29

SUTURING IN SILS

Among searched articles, only few mentioned about the
correct endosuturing methods in SILS. Suturing through a
single port can be a challenge. When endoscopic suturing
is required, standard suturing using both intracorporeal and
extracorporeal methods is possible. Suturing aids, such as
the Endo Stitch (Covidien) or LapraTy (Ethicon),
Roticulator, are helpful. One author recommends Quill
bidirectional, self-retaining suture with barbs (Angiotech)
to avoid the need for knot-tying. The MiniLap (Stryker) is
a 2.3 mm grasper that is inserted percutaneously directly
through the abdominal wall without an incision. It can be
used to set the needle on the needle driver or manipulate
tissue while suturing. The resulting skin incision is barely
visible and does not require closure.6

Toshiaki E have devised a remarkably simple knot-tying
technique that can be applied during SILS with a SILS port
with a Roticulator and a straight-type needle driver. We
determined that, after transfixing the needle, the long tail
of the thread should be grasped at around 90º relative to the
long axis of tip of the Roticulator, which is articulated at
80º. This automatically forms an ideal C-loop because of
gravitation. The needle attached to the long tail should face

the distal side from the tip of Roticulator (from the surgeon’s
perspective). The apex of the C-loop is then toward the
proximal side from the tip of the Roticulator (from the
perspective of the surgeon). This thread position is important
during the knot-tying process. The upper arm of the C-loop
should then be entwined by applying a series of axial
spinning movements to the rod of the needle driver. At this
time, the jaws of the needle driver should be kept open so
the thread does not slip off of the rod. The benefit of this
technique is that it does not require any special skills; any
surgeon able to perform intracorporeal suturing should also
be able to easily tie knots during SILS.30

Another method noted in literature for suturing in SILS:31

In the first step, the Roticulator Endo Grasp is opened in
the knotting area, and the suture is wound around twice
(Figs 1A to F). The suture is grasped with the Roticulator
instrument at a point a few centimeters distal to the exit of
the suture from the tissue (Fig. 2). The reef knot is converted
into a slip knot by applying distracting forces on the suture
material at the two opposite points (Fig. 3). After the first
knot has been tightened, the instrument is removed, and the
procedure is repeated until the desired number of knots has
been made. Finally, after the knot has been tightened, the
suture is cut (Figs 1A to F, 2 and 3).

The majority of these methods required special, often
disposable, devices that were expensive (i.e. Endo Stitch).12

The ‘side winding’ technique makes laparoscopic suturing
feasible, especially when the angle between the hand
instruments is not ideal and the working space is limited.
With this simple technique, the disadvantages of the single
incision are overcome with the aid of flexible instruments.
It is also helpful when the length of the suture is short. With
this technique, laparoscopic suturing may be performed by
using routine instruments, thus providing cost-effectiveness,
feasibility and minimal instrument transfer. Moreover, with
this technique, the instruments are pulled away from the
tissue during knotting, so it is safer than the conventional
approach. It reduces the possibility of inadvertently catching
the organs in the suture.

In gynecology, hysterectomy is the most common
surgery done. So in modern day, we should be thorough
with SILS hysterectomy whether it is supracervical or
LAVH or total. In hysterectomy, endosuturing of vaginal
cuff can be closed with either intracorporeal or extra-
corporeal separate sutures. Extracorporeal sutures were
performed by using a Clarke-Reich knot pusher, same
as in conventional laparoscopic cuff closure24,22 (Figs 4A
and B).

Bidirectional barbed sutures reduce the difficulty of
technique intracorporeally knotting compared with
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Figs 1A to F: The Roticulator Endo Grasp is opened on the knotting area, and the suture is wrapped around twice

A B

C D

E F

traditional sutures, the benefits of the bidirectional self-
retaining sutures with tissue retainers (barbs) include speed
and economy of suture placement.26

The flexible endostapler (Endo GIA Roticulator™,
Autosuture; Covidien Norwalk, CT, USA) and the
Endostitch™ suture system (Autosuture; Covidien, Norwalk,
CT, USA) introduced through a Quadport™ or Triport
(advanced surgical concepts) to fashion the enterocolonic
anastomosis with extracorporeal knot tying after the initial

holding stitch. Use of a 10 mm endoscopic suturing device
(SILS™ Stitch, Covidien, Norwalk, CT, USA) has been
described for MISS Nissen’s fundoplication.16

The feasibility of linear salpingotomy with suturing for
ampullary tubal pregnancy via single incision laparoscopic
surgery (SILS) was studied in three patients with ampullary
tubal pregnancy. The linearly incised fallopian tube was
intracorporeally sutured using an articulating suturing device
dedicated to SILS. The mean surgical duration was
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Fig. 2: The suture is grasped with the Roticulator instrument at a point
that is a few centimeters distal to the exit of the suture from the tissue

Fig. 3: The reef knot is converted into a slip knot by applying
distracting forces on the suture material at the two opposite points

Figs 4A and B: (A) Flattened needle was used during vaginal cuff suturing using Vicryl 0, (B) extracorporeal sutures were
performed by using a Clarke-Reich knot pusher

A B

54 minutes. Tubal preservation by linear salpingotomy was
accomplished for all patients without up-conversion to
conventional laparoscopy.32

CONCLUSION

The days of clamp-cut-tie or desiccate-cut are gone. Gaining
control over the energy and moderating tissue effects is the
key. Assess new energy based device not just for thermal
characteristics, but for use-ability to lift, grasp and dissect
tissue and its performance in heterogenous desiccated, fatty
or vascular tissue. Evaluate its ergonomics and its cost and,
most importantly, whether it is safer than other devices.
LigaSure, Harmonic and EnSeal can be safely used as
multifunctional devices in the available space in SILS
without changing the instruments frequently as in
conventional laparoscopy.

SILS is a new and promising technique, but suturing is
more difficult in this procedure due to the port position and

the angle of the hand instruments. It is particularly
challenging to form a loop around the hand instrument when
there is limited working space. Both intracorporeal and
extracorporeal knot can be put by practice and with aid of
newer suturing devices.
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ABSTRACT
Aim: To determine the safety and benefits of single port
laparoscopic cholecystectomy.

Materials and methods: A search for randomized controlled
trials comparing single port laparoscopic cholecystectomy with
conventional laparoscopic cholecystectomy was conducted
using Google scholar, HighPress and SCOPUS.

Results: Single port laparoscopic cholecystectomy has a longer
operating time, with equivocal postoperative pain, and offers
better cosmetic result with low morbidity.

Conclusion: Single port laparoscopic cholecystectomy is at
least as safe as conventional laparoscopic cholecystectomy in
carefully selected patients.

Keywords: Single incision laparoscopic cholecystectomy,
Conventional laparoscopy, Randomized controlled trial.
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INTRODUCTION

Gallstone disease is a common surgical condition. Everhart
et al in a national survey in the United States found that
6.3 million men and 14.2 million women who were within
the age range of 20 to 74 years were afflicted with
gallbladder disease. Gallstone disease is a least twice as
common in females as in males.1 In Europe, the prevalence
was found to vary from 5.9% in Italy to 21.9% in Norway.2

The incidence rate in Europe is about 0.63 to 0.93/100
persons/year3,4 which may reflect the increasing demand
for cholecystectomy. In Taiwan, a lower prevalence of
gallstone disease was noted 4.6% in men and 5.4% in
women; however, there was no difference in sex prevalence.5

In Africa, a hospital prevalence of 747 cases in 4 years with
a male to female ratio of 1:5 was also reported.6

Cholecystectomy is the proven treatment for
symptomatic gallstone disease.6 Open cholecystectomy is
the mainstay of surgical treatment of gallbladder disease;
however, it has evolved in terms of the access to the
gallbladder. Muhe in 1985 introduced laparoscopic
cholecystectomy,7 which subsequently, became the gold
standard of care8 because it offered better cosmetic outcome,
reduced postoperative pain with early return to normal

10.5005/jp-journals-10033-1189

physical activity9 as well as comparative levels of patient
safety. During conventional, traditional, four-port
laparoscopic cholecystectomy complementary procedures,
such as laparoscopic intraoperative cholangiography using
contrast may be performed10 to define the extrahepatic
biliary anatomy and determine the presence of common bile
duct stone. Some authors have also performed transcystic
duct balloon dilatation of sphincter of Oddi during
conventional laparoscopic cholecystectomy which is
effective in flushing common bile duct stones into the
duodenum in 85% of cases.11

In 1997, Navarra performed the first single incision
laparoscopic cholecystectomy.12 Single incision laparos-
copic cholecystectomy also goes by other terminologies,
such as transumbilical laparoscopic cholecystectomy,13

single port laparoscopic cholecystectomy,14 natural orifice
transumbilical surgery (NOTUS)15 cholecystectomy and
laparoendoscopic single site (LESS) cholecystectomy.16 The
popularity of single incision laparoscopic surgery is driven
by reports of improved cosmesis,17 further reduction in
postoperative pain alongside comparative safety.18

However, there are difficulties with swording of instruments
and loss of triangulation19 as well as increased operating
time, and port site hernia, and increased risk of conversion.
The safety of single port laparoscopic cholecystectomy
should be determined compared with the standard of
care as recent reports suggest that advanced procedures,
such as laparoscopic cholangiography is being undertaken
during single port laparoscopic cholecystectomy with
some success.20,21 Therefore, it is necessary to review
randomized control trials that compared the single port
laparoscopic cholecystectomy with the four-port laparos-
copic cholecystectomy.

AIM

To compare safety of single incision laparoscopic chole-
cystectomy with conventional laparoscopic cholecystectomy
with emphasis on the operating time, postoperative pain,
and cosmesis (Table 1), and bile duct injuries as well as
conversion rate.

MATERIALS AND METHODS

A search of published randomized controlled trails
comparing single port laparoscopic cholecystectomy with
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conventional cholecystectomy in databases such as Google
Scholar, Highwire press, and PubMed, and SCOPUS
between 1st January 2009 and 20th February 2013 was made
using search terms, such as single incision laparoscopic
cholecystectomy, single port cholecystectomy, and
minimally invasive cholecystectomy. Other synonyms were
included in the search, such as transumbilical laparoscopic
cholecystectomy, nearly scarless cholecystectomy and
laparoendoscopic single site cholecystectomy, NOTUS
cholecystectomy. These studies must compare conventional
laparoscopic cholecystectomy, or its synonyms, such as
traditional laparoscopic cholecystectomy and Four-port
laparoscopic cholecystectomy.

Inclusion Criteria

• Articles published in English.
• Publications between 1st January 2009 and 20th

February 2013.
• Randomized controlled trials.
• The patients are adults aged 18 years up to 90 years old.
• The articles must evaluate any of the following criteria,

operating time, postoperative pain and cosmesis, and
bile duct injury and postoperative wound infection and
conversion.

Exclusion Criteria

Randomization with bias or Quasi randomization. Eleven
randomized controlled trials were found, but one study was
excluded because the randomization was biased, hence,
10 studies were considered.

DISCUSSION

Operating Time

Operating time is an important consideration because it
offers some idea about the difficulty of a surgical procedure.
Single incision cholecystectomy is associated with crossing
of instrument intracorporeally as well as the ends of trocars
and handles of the hand instruments impeding the
extracorporeal instrumentation. It depicts the time from the
first incision on the patient to the closure of the last incision
on the patient. There were no differences in the mean
operation time in two studies (Figs 1 and 2),23,24 similarity
in the operating time noted in these results may be as a
result of the similarity in the instruments used which are
the chip on tip flexible telescope and the articulated
instruments. While the mean operating time for conventional
laparoscopic cholecystectomy was shorter and statistically
significant (p  = 0.003,25 p = 0.00116 and p = 0.00001).26

These variations may be partly explained by the differences
in the level of skill of different surgeons’ involved in the

trials as well as the learning curve within each trial group.
A decline in operating time of about 21 minutes was
observed between the first five single port laparoscopy
procedures and the last five procedures, more so, two
surgeons with more than 15 years experience in advanced
laparoscopic surgery and transanal endoscopic microsurgery
performed all the procedures.16 Other studies showed mean
operating times for conventional laparoscopic chole-
cystectomy that were marginally statistically significant
(p = 0.03),27 p = 0.05.26 Phillips et al demonstrated a highly
statistically significant difference in the mean operating time
in a multicenter study involving 10 centers which enrolled
a large number of participating patients.

Postoperative Pain

The reduction in postoperative pain is a one of the benefits
of single incision laparoscopic cholecystectomy.
Conventional laparoscopic cholecystectomy involves about
three to four multiple incision, rather than one umbilical
incision used in single port laparoscopic cholecystectomy.
Other factors that may cause postoperative pain include
irritation of the peritoneum under the diaphragm by the
carbon dioxide used in creating the pneumoperitoneum, and

Fig. 1: Laparoendoscopic single-site cholecystectomy23

Fig. 2: Conventional laparoscopic cholecystectomy23
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pressure at the port sites. Postoperative pain parameter was
accessed in all the randomized controlled trials. There was
no difference in the severity of postoperative pain
experienced by the study group and controls.24,26,28 Other
authors noted that postoperative pain was lower in patients
who underwent conventional laparoscopic cholecystectomy
(p = 0.04,16 p = 0.028).25 Some results noted that single
port laparoscopic cholecystectomy resulted in less
postoperative pain as (p = 0.001,22 p = 0.002).23 These
conflicting results may arise from the difference in the timing
used in assessing the postoperative pain.

Cosmesis and Body Image

Cosmetic appearance of the abdominal wound after surgery
was assessed using the scar satisfaction scale. Cosmesis was
assessed in all the studies reviewed except for Tsimoyiannis
et al.18 The cosmetic outcome was in favor of single port
laparoscopic cholecystectomy except for one study that
reported that there was no difference.26 Another study noted
that the reported difference was not statistically significant.23

However, seven of the studies reviewed reported a better
cosmetic appearance outcome16,22,24,25,27-29 which where
statistically significant. The study that detected the highest
statistically significant difference in cosmesis (p = 0.0002)
had assessed cosmesis after single port laparoscopic
cholecystectomy at 2 weeks.24 All the cosmetic evaluations
in clinical trials reviewed were done within the first 3 months
of surgery. The cosmetic appearance of conventional
laparoscopic cholecystectomy after 4 years was judged to
be excellent by a retrospective study.31,32 This may be
considered in choosing the between single port
cholecystectomy and conventional laparoscopic
cholecystectomy.

Bile Duct Injuries and Conversion

Bile duct injuries were uncommon in the studies reviewed.
Two cases of postoperative bile duct leaks were reported
following single port laparoscopic cholecystectomy while
one bile duct injury occurred following conventional
laparoscopic cholecystectomy. This is similar to the finding
of bile duct leaks in (0.6%) of procedures performed as
single port laparoscopic cholecystectomy.30 These bile leaks
resolved spontaneously following closed drainage.18 These
leaks may arise from the accessory hepatic duct, from the
cystic duct stump or from the common bile duct as a result
of use of energy devices. There were seven conversions
from single incision laparoscopic cholecystectomy to
conventional laparoscopic cholecystectomy in very few
procedures22,24,25,27 while one conventional laparoscopic
cholecystectomy was converted to single port chole-

cystectomy due to upper abdominal adhesions obscuring
port placement.22 This is an unusual conversion which
should be borne in mind as an advantage of single port
laparoscopic cholecystectomy.

Postoperative Wound Infections and
Other Wound Complications

Wound hematoma was noted in three cases of single incision
laparoscopic surgery compared to four cases observed
following conventional laparoscopic cholecystectomy24 this
is similar to about 17 cases observed in a review of 1,180
cases.30 Wound infections were uncommon, and occurred
more frequently in the single port laparoscopic chole-
cystectomy, and was statistically significant (p = 0.04).25

This may be due to the pressure necrosis from the snugly fit
port a well as extraction of the inflamed gallbladder through
the umbilicus. Umbilical hernia occurred more frequently
following single port laparoscopic cholecystectomy. Other
studies found that these were evenly distributed between
the two arms;25 however, umbilical incisional hernia may
be related more to technical failure in the repair of the
umbilical port.

CONCLUSION

The randomized controlled trial that were available were
relatively few, and the sample sizes were small, this may
explain the failure to detect statistically significant
differences in many of the safety criteria evaluated.
However, improved cosmesis is the most consistent benefit
derived from the trials, it is also noteworthy that bile duct
leaks were low and no mortality was reported. These
remarkably good outcomes may be spurious considering
the meticulous criteria adopted in selecting the patients that
participated in this study. Large scale multicenter trials are
needed to challenge the findings in this review.
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Laparoscopic Management for Hydatid Disease of Liver:
Experience of Single Center
Ridvan Yavuz, Firat Demircan

ABSTRACT
Objectives: The objectives of this study were to investigate the
characteristics and outcome of patients with hydatid disease of
the liver who were laparoscopically managed at our clinic and
to define technical details of the method.

Materials and methods: Between January 2011 and June
2012, 11 patients with hydatid disease of the liver were
considered for laparoscopic surgery in our department. All the
patients underwent to laparoscopic surgical interventions.

Results: In all patients, laparoscopic cystotomy, unroofing with
laparoscopic cutting and sealing instruments for surgical
dissection and omentoplasty were performed. No conversion
to laparotomy was necessary. No radiological recurrens was
observed in a mean follow-up of 11 months (range: 3-18 months).

Conclusion: Laparoscopy is quite feasible to perform in hydatid
disease of the liver and, the use of laparoscopic cutting and
sealing instruments allows effective dissection and partial
cystectomy. Cyst size and grade is not restrict laparoscopic
surgery for liver hydatic disease. Obliteration of the residual
cystic cavity decreases postoperative complication rates, so an
effective omentoplasty is essential especially for laparoscopic
procedures. The use of helical fasteners allows effective omental
flap fixation.

Keywords: Hydatid disease, Laparoscopy, Laparoscopic cutting
and sealing instruments.
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INTRODUCTION

Echinococcus granulosus, a cestode that is commonly
lodged in the liver, causes human hydatid disease. Several
endemic regions exist; however, the disease may be
observed anywhere in the world.1 Surgery is the main
modality of treatment, despite advances in medical and
minimally invasive radiological therapies.2 In the last
decade, laparoscopic surgery has become apart of the
discussion of this issue, and several studies have reported
encouraging results.3,4 Whatever the technique, surgeons
should focus on safe evacuation and sterilization of the
cyst’s cavity.

10.5005/jp-journals-10033-1190

Herein, we report our series of patients with hydatid
disease of the liver who underwent to laparoscopic surgery,
including the use of laparoscopic cutting and sealing
instruments for dissection and unroofing completed
omentoplasty and fixation of the omentum with helical
fasteners.

PATIENTS AND METHODS

Between January 2011 and June 2012, 11 patients (three
male and eight female), mean age of 30 years (range: 14-58
years) with hydatid disease of the liver were considered for
laparoscopic surgery at our department. Nine patients had
single cysts, and two patients had two cysts. Six cysts were
in the right lobe, and three were in the left. In the patients
who had two, one cyst was in the right and the other in the
left lobe. The mean diameter of the cysts was 11 cm (range:
4-22 cm). Diagnostic procedure was based on radiological
examinations including computerized tomography (CT),
ultrasonography (US), and specific serological
examinations. Nevertheless, cysts that were diagnosed on
ultrasonographic examination were also confirmed by
tomographic studies. No evidence or suspicion of biliary
rupture existed upon clinical findings and radiological
studies (history of cholangitis or jaundice, evidence of
dilatation of the biliary tree, or connection with the cyst).
Serological test, such as indirect hemagglutination tests
(IHA) and ELISA were positive in all patients. The patients
who had evidence of biliary rupture, a history of recurrence,
cysts deep or difficult to access in liver (central or posterior
localizations), and cysts with calcified walls were not
considered as candidates for laparoscopy.

OPERATIVE TECHNIQUE

All patients received general anesthesia. The urinary bladder
was catheterized, a nasogastric tube was placed, and
antibiotics were administered half an hour prior to the
operation. The operation was performed in the lithotomy
position. The first trocar was inserted at the umbilicus by
open technique and insufflation for pneumoperitoneum.
Thirty-degree laparoscope was used to visualize the
peritoneal cavity. The operating surgeon stood between the
patient’s legs; the camera assistant managed the laparoscope
from the left for right-sided cysts and from the right
for left-sided cysts. Two additional 10 mm trocars were
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inserted from the optimum points chosen during exploration.
A 5 mm trochar was inserted from optimum points for using
second aspirator too. The cyst then was punctured from the
apex with a Veress needle and the cyst’s fluid was aspirated
as much as possible (Fig. 1). The cyst was refilled with
20% hypertonic saline, which is a potent scolicidal agent
and left for 5 minutes. During this procedure, a 5 mm
aspirator was placed beside the puncture point to prevent
any fluid spillage into the peritoneal cavity. The cyst’s
content was reaspirated. Thereafter, Veress neddle was
extracted and puncture was enlarged with electrocautery
for replace a 5 mm laparoscopic irrigation and sucking
instrument. The cyst was refilled with 20% hypertonic saline
and left 5 minutes. During this procedure, fluid spillage was
prevented by second 5 mm aspirator (Fig. 2). The cyst’s
contents, including germinative membrane and daughter
cysts, were aspirated. Irrigation with 20% saline was again
performed. The superficial and visible part of the cystic wall
was dissected with 10 mm laparoscopic cutting and sealing
instrument (Ligasure Atlas™, Covidien, Norwalk,
Connecticut, USA) and electrosurgical hook, and the
specimen was removed from the abdominal cavity within
an endobag (Fig. 3). The cystic cavity was then explored
with a laparoscope to check whether any remnants of the
cyst, biliary rupture, or hemorrhage were present. An
adequate portion of greater omentum was pulled and inserted
into the cyst’s cavity. The omentum was fixed to the cut
edges of the cyst wall with a helical fastener (Pro Tack,
Autosuture, Norwalk, Connecticut, USA) (Fig. 4). The
abdominal cavity was irrigated and aspirated with saline
solution. Two drain was placed into the cyst’s cavity and
rectovesical process. A clear diet was allowed the next day.
The drain was removed and the patient was discharged if
no bile or ascites drainage were present. Albendazole was
administered, 10 mg/kg/day, for a month preoperatively and
for 3 months postoperatively, and an intermittent therapy
regimen was planned as a 3-week course of drug therapy
and 1 week of no treatment. Radiological controls with CT
and US were performed in the 6 months, and then annually.

RESULTS

In all patients, laparoscopic cystotomy, partial cystectomy,
and omentoplasty were performed. No conversion to
laparotomy was necessary, and the procedures were
accomplished uneventfully. The mean operation time was
80 minutes (range: 60-130 minutes). No perioperative or
postoperative complication was seen.

The mean hospital stay was 6 days (range: 3-9 days).
No radiological recurrence was observed in a mean follow-
up duration of 11 months (range: 3-18 months).

Fig. 1: Aspiration of cyst fluid with Veress needle

Fig. 2: Aspiration cyst contents with 5 mm aspirator and
controlling the spillage with another one

Fig. 3: Resection of partial cyst wall with electrosurgical hook
and Ligasure

DISCUSSION

Since 1990s, laparoscopic treatment of hydatid disease of
the liver has been carried out in many centers. The general
approach is like open surgery. Regardless of the method,
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the surgical principles are sterilization of the cyst cavity,
careful evacuation of the cyst’s content without
intraperitoneal spread, investigation of the biliary rupture,
and obliteration of the cyst’s cavity. To succeed in
laparoscopic hydatid disease surgery, these objectives are
best reached with the studiously selection of patients. As
for current opinion, most laparoscopic surgeons prefer

simple drainage procedures with or without partial
cystectomy.3,4

In our series, we excluded the patients who had deep
parenchymal cysts, allocated posterior liver, evidence of
biliary rupture and recurrent cysts. Posterior or deep in liver
parenchymal cysts are difficult for laparoscopic approach.
Deep allocated liver hydatid cysts are increased risk of
biliary rupture and inconvenience the laparoscopic
exploration. Some authors suggest to exclude the patients
with cysts larger than 15 cm, grade IV-V cysts.5 In our series,
we did not limited cyst size and grade. For one of the case
who had 22 cm cyst allocated right lobe, we performed
laparoscopic partial pericystectomy and omentoplasty
(Fig. 5). We performed laparoscopic surgery for 7 patients;
four of them have grade III and three of them have
grade IV hydatid cysts. None of 7 patients experienced
biliary rupture. We have seen that the laparoscopic approach
is suitable for the large and grade III-IV cysts for the liver
hydatid disease. We used lithotomy position and standing
between the legs of patient. Some authors report they used
different positions like a lateral decubitus or supine. We
use 20% hypertonic saline for scholosidal solution as like
the authors. In some recent reports, different techniques and

Fig. 4: Fixation of omentum to the cyst cavity with
helical fastener

Fig. 5: Computer tomographic image of giant hydatid cyst in right lobe
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instruments had been used to sterilize the cyst contents and
to prevent any fluid spillage into the peritoneal cavity. Acarli
et al report aspirator and grinder apparatus system to sterilize
cyst contents.6 Altlnli et al used inserting a locking trochar
into the cyst cavity to minimize the contamination and
laparoscopic aspirator for prevent the fluid spillage.5

Al-Shareef et al used liposuction device for perforation and
aspiration cyst contents.7 In our series we aspirated
germinatif membrane and doughter cysts with 5 mm
aspirator and controlled the spillage with second 5 mm
aspirator which was inserted from another trochar.

Ligasure combined with electrocoter for dissection of
the cyst wall from the adhesions and resection of cyst wall
for unroofing is safe and fast technique. Omentoplasty was
recommended for prevention of postoperative abdominal
complications.8 For this purpose, some authors have defined
original omentoplasty techniques for laparoscopic hydatid
disease surgery. Ertem et al reported an omentoplasty
technique with staples.4 Altinli et al modified it by securing
an omental flap to the edges of the excised cavity with helical
fasteners and we agree that it is really fast and effective.5

In our series, we operated two patients who had two cysts
that allowed easy access. We did not added any more trochar
for second cyst. The preoperative CT images and patient
body type can be helpful to decide laparoscopic or open
approach with the multiple hydatid cysts.

Laparoscopic surgery for liver hydatid disease has been
performed since 1990. Several authors improved various
techniques in elapsed time. However, the laparoscopic
approach for hydatid disease was limited in the central
clinics which interested in a growing number of physicians
already prefer open surgery for hydatid disease esspecially
in peripheral states. The common reasons to avoid
laparoscopic surgery depend on spillage of cyst contents in
to the abdominal cavity, communion with biliary tree, fair
of anaphylaxis and postoperative recurrence risk.6,8,9

CONCLUSION

With growing experience, laparoscopy seems to be quite
feasible in hydatid disease of the liver. However,

laparoscopy should not limit the surgeon’s performance in
every surgical step of hydatid disease surgery. In many
instances, omentoplasty with helical fasteners provides an
easy and effective obliteration of the cyst’s cavity during
laparoscopic access.
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Hysteroscopic Findings in an Unusual Case of Adenomyosis
Priya Bhave Chittawar, Shilpa Sapre, Shilpa Bhandari

ABSTRACT
Adenomyosis is the presence of ectopic endometrial glands and
stroma in the myometrium. It traditionally presents with pelvic
pain, menorrhagia and dysmenorrhea in the fourth or fifth decade
of life. Here, we present a case of adenomyosis presenting with
severe menorrhagia at the age of 23 years.

Traditionally, adenomyosis is diagnosed in histopathologically,
in hysterectomy specimens or myometrial biopsies. Noninvasive
modalities, such as transvaginal ultrasound and magnetic
resonance imaging aid in diagnosis in the office before treatment
is undertaken. Office hysteroscopy is an established tool in the
diagnosis of abnormal uterine bleeding and infertility.While
hysteroscopy does not have pathognomonic features of
adenomyosis, certain patterns have been described in
association with adenomyosis, including endometrial defects,
abnormal vascularization and cystic hemorrhagic lesions.

In this case of adenomyosis, typical appearance of circums-
cribed endometrial defects on hysteroscopy was seen. This
appearance has been described in literature but is the first report
from India.

Hysteroscopy has the potential to be an important additional
procedure for the evaluation of uterine pathology, even in the
case of adenomyosis, because it offers the main advantage of
direct visualization of the uterine cavity and the possibility of
obtaining histological specimens under visual control.

With shifting focus toward conservative and fertility
preserving management of adenomyosis, office hysteroscopy
is likely to emerge as an important tool in the diagnostic
armamentarium for adenomyosis.

Keywords: Adenomyosis, Hysteroscopy, Abnormal uterine
bleeding.
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INTRODUCTION

Adenomyosis is a benign disorder that is being increasingly
diagnosed by noninvasive modalities, like transvaginal
ultrasound and magnetic resonance imaging (MRI).
Hysteroscopic picture of endometrial defects in adenomyosis
has been described in literature once. We report one more
case of adenomyosis presenting at an early age of 23 years
with menorrhagia, with characteristic hysteroscopic picture
of multiple circumscribed endometrial defects at the fundus.

CASE REPORT

Mrs S, a 23-year-old nulligravida, was admitted in
emergency with heavy bleeding since 20 days. She was
admitted outside and given progesterone in high doses,
4 units of blood transfusions and referred to us as a case of

10.5005/jp-journals-10033-1191

fibroid uterus for myomectomy. There was no history of
preceding amenorrhea.

Her previous cycles were prolonged with progressively
worsening bleeding, flooding and passage of clots since
2 years. She was married for 3 years, not using any
contraception and was desirous of conception. She was pale
with stable vitals. Examination revealed a uterus of 14 weeks
in size, soft, mobile and tender with free fornices. Investi-
gations revealed Hb of 7 gm%, beta hCG <1 IU/ml, thyroid
function was normal, viral screen was negative and
coagulation profile was normal. Transvaginal ultrasound
scan revealed a bulky uterus with thick posterior wall and
myometrial cysts (Figs 1 and 2). She was taken for an MRI
which showed bulky uterus with T1 bright foci suggestive
of blood in myometrium and T2 bright areas in myometrium
suggestive of myometrial cysts (Figs 3 and 4).

She continued to bleed despite progesterone and was
planned for a hysterolaparoscopy proceed. Hysteroscopy
showed enlarged uterine cavity with endometrial defects at
the fundus. The endometrial defects were seen as multiple
punched out, circumscribed lesions in the fundal area.
A myometrial biopsy was attempted but tissue was
inadequate for comment histopathologically. Both ostia
were deep seated and right ostium showed periosteal
fibrosis. Decision to undertake laparoscopy was taken to
ascertain tubal status and consider adenomyoma resection,
if focal disease was found (Figs 5 and 6). On laparoscopy,
a bulky uterus covered with dense omental adhesions was
found; an adhesiolysis was done (Fig. 7). The posterior wall
of the uterus was diffusely enlarged and we decided against
focal resection. Endometriotic blebs were seen in the POD.

Fig. 1: Transvaginal ultrasound showing bulky uterus with
myometrial cyst
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POD was completely obliterated with dense bowel adhesions.
Right ovary was normal. Left ovary was buried in POD.
Final diagnosis was adenomyosis with stage IV endometriosis.
Considering the wish for fertility, she was put on injection
Lupron depot for 3 months and planned for IVF subsequently.

DISCUSSION

Adenomyosis usually presents as dysmenorrhea, menorrhagia
and chronic pelvic pain in multiparous women in the fourth
or fifth decade of life.

The diagnosis was traditionally histopathological with
hysterectomy specimens. With availability of imaging
modalities, more and more cases are being diagnosed with
transvaginal ultrasound and color Doppler and magnetic
resonance ultrasound.

Also, atypical presentations are coming to the fore. In
this patient, the disease presented early at the age of
23 years. We could not find any similar report in the
literature of early presentation of adenomyosis. Menorrhagia
was the presenting complaint in this case. All other causes
of excessive bleeding were ruled out.

McCauseland et al postulated that myometrial hyper-
trophy is caused by the ectopic endometrial glands.1 This
dysfunctional myometrium is inefficient in contracting and
tamponading the bleeding myometrial arterioles. Brosens
showed that widened junctional zone has reduction in
peristalsis compared to normal menstruating subendometrial
zone and results in the menorrhagia.2

In this case, the patient was referred as a case of fibroid
uterus.

Transvaginal ultrasound has a sensitivity, specificity,
positive and negative predictive values of 76.4, 92.8, 73.8
and 88.8% respectively, in the diagnosis of adenomyosis.
Typical ultrasound features of adenomyosis differentiating
it from fibroid uterus are described.3

The features that differentiate it from fibroid are echo
texture which is not uniform, with poorly defined borders,
minimal mass effect on the endometrium or the serosa
relative to the size of the lesion, elliptical rather than globular
shape, lack of edge shadowing; ‘shaggy’ or whorled
appearance of the endometrium, small myometrial cysts or
spaces scattered throughout the myometrium, echogenic

Fig. 2: Transvaginal color Doppler showing diffuse color flow

Fig. 3: MRI: T1 axial image showing bulky uterus with T1 bright
areas suggestive of hemorrhage in the myometrium

Fig. 4: MRI: T2 axial image showing symmetrically enlarged
uterus with T2 bright areas suggestive of myometrial cysts

Fig. 5: Hysteroscopy showing defects at the fundus
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An office hysteroscopy has emerged as one of the
primary investigations in cases of abnormal uterine bleeding
and infertility. If the diagnosis of adenomyosis is not kept
in mind, the appearance of circular endometrial defects can
be confused with intrauterine adhesions leading to
unnecessary operative intervention. Such a picture has been
reported only once but is probably under-reported due to
low awareness among clinicians.

Awareness of the hysteroscopic picture can aid clinicians
in clinching the diagnosis of adenomyosis early thereby
tailoring the treatment according to the symptoms and
conditions.

Recognition and research on the endometrial effects of
adenomyosis will also help in elucidating the etiology of
the negative impact adenomyosis has on implantation and
pregnancy rates in IVF.6
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Fig. 6: Multiple circumscribed fundal lesions seen on hysteroscopy

Fig. 7: Laparoscopy showing bulky uterus with omental adhesions

nodules or linear striations radiating out from the
endometrium into the myometrium and the absence of
circular vascularization at the border of the lesion. MRI is
particularly amenable to diagnosis with an accuracy of
almost 99%.4 Hysteroscopy has been demonstrated to be
an important additional procedure for the evaluation of
uterine pathology, even in the case of adenomyosis, because
it offers the main advantage of direct visualization of the
uterine cavity and the possibility of obtaining histological
specimens under visual control.5

Campo et al described characteristic appearance of
endometrial cavity on hysteroscopy, including abnormal
endometrial vascularity, irregular endometrium with defects
or small openings on the surface and cystic hemorrhagic
lesions in the cavity.5 In this case, an appearance exactly
similar to that described by Campo et al was observed on
hysteroscopy showing endometrial defects in the fundal area.

While hysteroscopy alone cannot diagnose or rule out
adenomyosis, the typical endometrial lesions associated with
it can aid in the diagnosis when accompanied by a
transvaginal ultrasound. This can enable clinicians to decide
on taking an endomyometrial biopsy when the hysteroscopic
picture is suggestive of adenomyosis.
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ABSTRACT
A rare case of endometriosis in an umbilical hernia is presented.
The clinical course and management of the patient with a
literature review of the unusual site of endometriosis is
discussed.
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endometriosis.
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INTRODUCTION

Endometriosis is a condition in which endometrial stroma
and glands are found outside of the uterine cavity. It is found
in 8 to 15% of all menstruating women.

The endometrial tissue is generally found within the
pelvic cavity and involves the ovaries, uterine ligaments,
fallopian tubes, pouch of Douglas or pelvic side wall.

Extrapelvic sites also have been reported, including
the abdominal viscera, abdominal wall, extremities, lungs
and brain.

However, endometriosis in the umbilical hernia is very
rare site of occurrence of the disease and accounts for only
0.5 to 1% of all endometriosis cases.1

CASE PRESENTATION

A 42 years old lady, referred to the clinic for repair of an
umbilical hernia.

She has a history of umbilical hernia for the last 5 years,
but for the last 5 months, there is a history of tender umbilical
hernia that had increased in size gradually, pain and size of
hernia increases in relation to her menstrual cycle.

Her only history of abdominal surgery was a cesarean
section to deliver twins 5 years earlier, which had left a low
transverse incision scar.

Physical examination revealed 5 × 5 cm, irreducible
umbilical hernia with dark skin discoloration, no other
masses were observed in the abdomen or by the low
transverse scar.

Surgical exploration revealed an umbilical hernia. Part
of the irreducible omentum was excised. The hernia defect
was repaired, the surgical specimen was sent to pathology
for evaluation.

Microscopic sections revealed, histological features
consistent with umbilical endometriosis, endometrial glands

10.5005/jp-journals-10033-1192

and stroma with surrounding fibrosis and hemorrhage are
identified in the material Figs 1 and 2.

The patient was discharged home the next day of the
procedure, recovered well from surgery.

DISCUSSION

There are a variety of theories regarding the cause of
endometriosis. None have been proven, nor does any one
theory explain all the different manifestations of the
disease.2

The retrograde theory, which contends that endometrial
tissue reflexes through the fallopian tubes during
menstruation and implants at ectopic sites, would explain
the high percentage of cases occurring in the pelvis.

The presence of remote, extrapelvic sites is better
explained by the metaplasia theory, which suggests that

Fig. 1: Endometriosis by pathology
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multipotential cells can develop into endometrial tissue,
often stimulated by inflammation.

In 1994, Yu and associates described their experience
with a 30-year-old woman who had an 18-month history of
cyclic umbilical pain and bleeding 1.5 × 1.5 × 1.0 cm lesion
was found in the umbilical area, adjacent to a small umbilical
hernia. Histological analysis of the lesion revealed
endometriosis with chronic inflammation, hemosiderin and
fibrosis.3

In 2000, Ramsanhie and associates reported a case of
endometriosis in the scarless abdominal wall of a 33-year-
old woman. She had a 2-year history of intermittent pain
associated with an umbilical mass and underlying umbilical
hernia. The mass increased in size and tenderness prior to
menstruation. Physical examination revealed a 2 × 1 cm,
firm, round, cherry red nodule at the umbilicus with an
underlying umbilical hernia. Postoperative histological
analysis showed endometriosis.4

In 2001, Yuen et al reported the case of 43-year-old
woman who for several months had experienced umbilical
pain that came on during her menses. She had a lower
midline incision scar from a cesarean section that had been
performed 9 years earlier. Physical examination revealed a
tender, irreducible umbilical hernia with skin discoloration.
Histological analysis showed a focus of endometrial tissue
within the lower dermis.5

In 2007, Waxman et al reported a case of 29-year-old
woman, presented with a 7-month history of tender umbilical
mass; the initial impression was that she had an incarcerated
hernia with possible bowel strangulation. Microscopic
sections revealed an admixture of benign endometrial glands
and stroma consistent with endometriosis.6

Between 0.5 and 1% of all endometriosis cases involve
the umbilicus, endometriosis and umbilical hernia is
not only rare, it can present as a diagnostic pitfalls to the
general surgeon.

Thus, it should be considered in the differential diagnosis
of all premenopausal women presenting with umbilical
swellings.

The diagnosis is often made incidentally by histological
examination after surgical exploration and excision of the
lesion.

The fact that up to 50% of these affected women may
have concomitant pelvic endometriosis, further pre-
operative diagnostic investigations, is advisable. MRI is
recommended as the best investigation. This modality of
imaging has been shown to be useful for delineating the
size and location of extrapelvic endometriosis and in
excluding intra-abdominal extension of the disease.

CONCLUSION

Extrapelvic endometriosis in the umbilical hernia sac is rare.
This case highlights the importance of considering
endometriosis in the differential diagnosis of any premeno-
pausal woman who presents with umbilical swelling
and pain, regardless of whether the pain correlates with
her menses.
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Laparoscopic Myomectomy for Large Fibroids with
Synchronized use of Uterine Artery Embolization
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ABSTRACT

Objective: To determine the feasibility and efficacy of the
laparoscopic myomectomy for large fibroids (>10 cm) with use
of synchronous uterine artery embolization.

Design: A prospective observational case series of laparoscopic
myomectomy performed for single and multiple uterine fibroids.

Setting: A tertiary referral center for gynecological oncology
and minimal access surgery.

Population: A 15 premenopausal women with large fibroids
who wished to conserve their uterus from March 2005 to
August 2011.

Materials and methods: Laparoscopic myomectomy was
performed using harmonic scalpel with synchronized pre-
operative uterine artery embolization (UAE) following multi-
disciplinary team discussion. Tissue retrieval was performed
by morcellation.

Main outcome measures: Early discharge and reduced intra-
operative blood loss.

Results: Of all 15 cases, mean number of fibroids removed
was 2 (range: 1-4) and mean mass of tissue excised was 450 gm
(range: 320-1540). The mean diameter of the fibroids removed
was 13 cm (range: 10-20 cm). Mean estimated blood loss was
156 ml (range: 25-1,000 ml) and the mean operating time was
113 minutes (17-200 minutes). All cases were successfully
completed laparoscopically with no conversions to open surgery.
One patient who had a 13 cm broad ligament fibroid required a
2 unit blood transfusion intraoperatively and another patient
developed a single port-site infection 2 weeks following the
procedure. Histology confirmed benign leiomyomas in all cases.

Conclusion: Laparoscopic myomectomy with use of
synchronized UAE using harmonic scalpel is feasible and
efficient procedure for single or multiple large fibroids within an
experienced multidisciplinary setting.

Keywords: Large fibroids, Laparoscopic myomectomy, Uterine
artery embolization.
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INTRODUCTION

Symptomatic uterine fibroids are a common problem,
particularly for premenopausal women in their later
reproductive years. They principally cause either heavy
periods or pressure symptoms, especially on the bladder
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and other abdominal viscera. Prevalence rates vary widely
depending on the age and racial mix of the study population.

A diagnostic study in the UK identified uterine fibroids
in 36% of premenopausal women with abnormal uterine
bleeding.1 According to hospital episode statistics, UK
10,559 hysterectomies were performed due to menorrhagia
in 2002.2 A patient preference study in the UK showed that
approximately 85% women would consider a 50:50 chance
of treatment failure to avoid a hysterectomy.3

The successful management of uterine fibroids should
depend on the presenting symptoms, size, number and
location of the fibroids. A successful outcome also depends
on the patient’s expectations and desire or otherwise to retain
her uterus and fertility. However, the standard treatment
performed for large fibroids in the UK and USA remains
hysterectomy, the majority of which are performed by
conventional abdominal open surgery. Open myomectomy
is much less frequently performed and is also associated
with significant morbidity, but myomectomy is the preferred
choice for patients wishing to conserve their uterus.4,5

Laparoscopic removal of fibroids has been shown to be
possible since the early 1990s but has not been widely
adopted, especially for large fibroids, presumably due to
limitations in surgical expertize and training required.6,7

Laparoscopic myomectomy has the great advantages of
short hospital stay, reduced analgesic requirement, rapid
recovery to normal activity, reduced risk of adhesions, and
almost immediate symptomatic benefit. Laparoscopic
myomectomy is restricted by the size and the location of
the fibroids. Large fibroids limit the amount of space
available within which to manipulate the uterus and
laparoscopic instruments.8

Multiple smaller intramural or interstitial fibroids may
be best treated by nonsurgical means, such as UAE alone
with very good symptomatic and pregnancy outcomes.9 Not
all patients are suitable for UAE however, including those
with pedunculated fibroids, while others find the prospect
of fast recovery and minimal discomfort of laparoscopic
surgery appealing.

MATERIALS AND METHODS

Design and Setting

The study population includes 15 otherwise healthy non-
pregnant premenopausal women with symptomatic large
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fibroids undergoing laparoscopic myomectomy within a
tertiary referral center for gynecological oncology and
minimal access surgery. The data was collected from March
2005 to August 2011. The decision to undertake
laparoscopic myomectomy combined with preoperative
uterine artery embolization (UAE) was jointly taken in
15 cases of anticipated heavy intraoperative blood loss
following multidisciplinary review with interventional
radiology and gynecological oncology input. This approach
was adopted to gain the maximum knowledge about the
size, number and characteristics of abdominopelvis mass.
Particular emphasis was placed on excluding any features
suggestive of malignancy, such as atypical appearance of
mass, retroperitoneal disease or associated ovarian
pathology. Therefore, the patient exclusion criteria for the
combined procedure included small uterine mass of less
than 10 cm, calcification, single pedunculated lesion, clinical
and or radiological features suggestive of malignancy.

INVESTIGATIONS

All patients had preoperative full blood count, blood
grouping and serum saved. All cases were assessed pre-
operatively with ultrasound as well as MRI abdomen and
pelvis scans to estimate the size, number, location and
characteristics of fibroids (Figs 1 and 2). No preoperative
hormonal therapy was used and surgery was not timed with
any particular point in the menstrual cycle.

INTERVENTIONS

All patients were counselled appropriately in outpatient
department by two specialists involved in providing care
regarding the procedure and associated risks including pre-
mature ovarian failure, prospects of future pregnancy and
failure of the procedure requiring further in future.

The patients were admitted on the day of surgery and
remained for one night postoperatively. The selective uterine
artery embolization was carried out by a single
interventional radiologist through the groin approach using
local anesthesia and intravenous sedation on the day of the
operation in the interventional vascular suite following
pelvic angiogram. Unilateral or bilateral uterine artery
embolization was undertaken with 355 to 500 micron polyvinyl
alcohol (PVA) particles and coils based on the angiogram.

These patients were then observed on the ward prior to
surgery. All laparoscopies were undertaken by a single
gynecological surgeon. Palmer’s point entry in the left upper
quadrant was preferred using a 5 mm laparoscope as the
fibroid masses often extended close to or above the
umbilicus. A second 5 mm port was inserted in the left lower
quadrant, and one 12 mm port inserted through the
umbilicus. This was then later exchanged for the morcellator

following excision of the fibroids. A third 5 mm port was
used in 4 cases to aid with the dissection.

Following insertion of all ports and setup, confirmation
was made that the planned procedure was feasible before
proceeding further with the dissection. Dissection of the
fibroid(s) was then performed, followed by repair of any
uterine defect with a layered closure using 2/0 absorbable
braided monofilament sutures using intracorporial knot
tying. In all cases harmonic scalpel was used for the uterine
and other tissue dissection. Bipolar forceps were available
for additional hemostasis for larger vessels. Tissue
extraction was performed by laparoscopic morcellation. The
blood loss was measured by volume collected in the suction
apparatus. A final check laparoscopy and lavage was
performed, with infiltration of local anesthesia, prior to
closure of the ports.

RESULTS

The mean age of myomectomy in our population was
37 years (31-49). All 15 cases had synchronized uterine
artery embolization on the day prior to the laparoscopic
myomectomy. In total 34 fibroids were excised and the mean
number of fibroids removed was 2. Of all those, there were
22 fundal, 8 anterior or posterior uterine wall, 2 lateral
uterine wall/broad ligament and 2 cervical leiomyomas.
26 fibroids were intramural and 8 subserosal (including
2 cervical fibroids). The mean weight of the excised fibroid
tissue was 450 gm (350-1,540 gm). The mean fibroid size
in largest dimension was 13 cm (10-20 cm). The mean
estimated blood loss measured in suction was 156 ml and
the mean operating time was 113 minutes (65-200 minutes).
One patient who had broad ligament fibroid received a 2 unit
blood transfusion postoperatively due to an estimated
intraoperative blood loss of 1 liter from the aberrant blood
vessels in the broad ligament. The blood transfusion was

Fig. 1: MRI sagittal view showing large fibroid uterus
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given due to the clinical symptoms and a drop in post-
operative hemoglobin (Hb) by 2.1 gm/dl (preop Hb
9.4 gm/dl). Another patient had single port site infection,
which required a course of oral antibiotic treatment. All
patients were discharged home within 24 hours after an
overnight stay. Tissue specimen histology confirmed
leiomyomas in all cases. One patient subsequently delivered
a healthy infant at 37 weeks gestation by an elective cesarean
section. None of these women have undergone subsequent
hysterectomy or further treatment for their fibroids. All cases
were successfully completed laparoscopically without
conversion to open surgery.

DISCUSSION

Size and intractable intraoperative bleeding has been cited
in previous published series as a common reason for
conversion from a laparoscopic approach to laparotomy in
41.4% cases10 or even hysterectomy11 but that has not been
our experience. An upper limit of size for laparoscopic
myomectomy has been suggested at 10 cm to minimize
blood loss.12 Numerous preoperative and intraoperative
chemical and mechanical interventions have been described
to reduce the intraoperative blood loss during uterine
myomectomy.6,13 These include the preoperative use of
gonadotropin releasing hormone (GnRH) analoges, injection
of vasopressin or other vasoconstrictive agents under the
capsule of the fibroid, or the application of mechanical clips
or tourniquets around the uterine vessels. All of these
strategies have some merit. Use of vasopressin has been
shown to reduce blood loss14 as have the use of either
temporary or permanent laparoscopic clips.15,16 However,
the application of clips on uterine vessels becomes more
difficult, the larger the fibroid mass due to the restricted
operating space available.

We have adopted a simple reproducible technique of
myomectomy with no special pre- or peroperative measures,
but with use of UAE in selected cases following
multidisciplinary discussion and review of imaging. The
use of preoperative UAE followed by laparoscopic
myomectomy has proved to be a reliable method to help
reduce intraoperative blood loss and also to treat multiple
smaller intramural or interstitial fibroids simultaneously with
surgical removal of the largest of the masses. This approach
has enabled the most complex of cases to be managed
laparoscopically without fear of intractable hemorrhage.17,18

Preoperative UAE makes uterine surgery simpler due to the
bloodless field and does not increase the complication rate.19

Recent studies have suggested that UAE alone may not
provide effective symptomatic relief in nearly 1 in 4 women
and hence patients may need further intervention over
time20 and that nearly 30% patients with previous UAE may
require a hysterectomy due to insufficient symptomatic
improvement.21

The best symptomatic outcomes may be achieved by
combining UAE with synchronized myomectomy which
ideally should be undertaken laparoscopically to give
patients the considerable benefits of endoscopic surgery.
The advent of robotic surgery may well make such minimal
access surgery more widely available to women with
symptomatic fibroids, as it makes suturing of the uterine
defect easier to perform than with ‘conventional’
laparoscopic surgery.

In all of these cases disposable morcellators were used.
Tissue morcellation remains the most time-consuming part
of laparoscopic myomectomy for large fibroids, and further
improvements in mechanical tissue morcellation would
further enhance these procedures and reduce operating time.

CONCLUSION

We have successfully demonstrated the feasibility and
efficacy of laparoscopic myomectomy for large fibroids of
diameter up to 20 cm using harmonic scalpel combined with
preoperative UAE. The size of fibroids should not necessarily
be the limiting factor to performing myomectomy
laparoscopically. Laparoscopic myomectomy for large
fibroids should be undertaken with multidisciplinary team
approach in centers with particular expertize in both minimal
access surgery and interventional radiology.
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