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ABSTRACT

Background: Reports have suggested increased use of
laparoscopy in the treatment of urological diseases and equally
wrong port positions as the commonest cause of struggling during
surgeries and increased in complications and operative time.

Aim: We aimed to find out the ideal positions for laparoscopic
ports to be placed during urological procedures.

Methods: We performed different laparoscopic tasks in both the
upper and lower urinary tract regions, at different ports position
making different manipulation angles and operative time recorded.
The procedures were performed on both dry and wet laboratory
and on human during laparoscopic donor nephrectomies.

Results: The average operative time of those ports whose
position approximate to manipulation angle of 60° was shorter
and more comfortable to the surgeons.

Conclusion: There is no ideal positions for port placement
in urological procedures based on anatomical landmarks, but
rather any position that approximate its manipulation angle to
as close to 60° as possible.
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INTRODUCTION

Laparoscopic Nephrectomy and Port Positioning

There are various approaches to nephrectomy and the placement
of ports depends on the approach and the side, and whether or
not a single site laparoendoscopic approach is intended.

Transperitoneal Approach

In this approach, usually a 12 mm port is placed at umbi-
licus by open Hasson technique, which is often primarily
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used as a camera port. Another 12 mm laparoscopic port is
placed between umbilical port and anterior superior iliac
spine (spinoumbilical port) and a 5 mm port is placed in
line with the camera port at about 3 cm below the costal
margin and 3 cm lateral to the midline. The fourth usually
for retraction if needed, is a 5 mm port placed 4 cm below
the costal margin in anterior axillary line.!"® Both kidneys
have similar approach on either side.

Another approach is to place the laparoscopic port on the
midclavicular line just at or above the upper border of the
umbilicus. A working port usually 10/12 mm is positioned
a fingerbreadth below the costal margin on the anterior
axillary line. A second working port, is placed on the ante-
rior axillary line just above the superior iliac crest. An
additional working port may be placed on the midaxillary
line midway between the costal margin and the superior iliac
crest to provide access for a retracting instrument and to
mobilize the kidney laterally. For the extremely thin patient
the port sites are all moved medially with the laparoscope
at the umbilicus, the working ports on the midclavicular
line and an additional port on the anterior axillary line.®

One other approach for the left kidney is to place the
camera port at the paraumblical space at the lateral border
of the rectus muscle at the level of the umbilicus while the
patient is placed in the right lumbotomy position; through
the open introduction technique according to Hasson. One
additional 10 mm and one 5 mm trocar are then inserted
under laparoscopic vision in the epigastric and midclavi-
cular positions.’

The left kidney can also be approached with the camera
port placed just to the left of the umbilicus. The left hand
12 mm port placed along the lateral border of the rectus
abdominis muscle lateral to the umbilicus. The right hand
port placed on the lateral border of the rectus near the dome
of the bladder. A fourth port to be placed laterally to retract
the sigmoid colon medially.'

The Retroperitoneal Approach to the Kidneys

In the retroperitoneal laparoscopic approach, incision is
made at tip of 12th rib and then blunt dissection or balloon
used to create space and the working port is placed between
the midaxillary line and the anterior axillary line (5 cm above
the iliac crest). A 5 mm port is then inserted at the junction
of the 12th rib and paraspinal muscles (renal angle).!!
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Another approach through the retroperitoneal space is
obtained through a 15 to 20 mm incision just below the tip
of the 12th rib and the secondary ports are then placed along
the inferior border of the costal margin using digital palpation
through the balloon dilated incision site. After digital place-
ment of all the secondary ports, the primary balloon-tip port
is inserted. The posterior secondary 12 mm port is placed at
the lateral border of the paraspinal muscle along the inferior
border of the 12th rib. An anterior port is placed near the
anterior axillary line, just below the inferior tip of the 11th
rib. An additional 5 mm port may be placed, on the midaxi-
llary line at or above the level of the superior iliac crest, and
used for retraction and suction. Often a 12 mm port is placed
at Petit’s triangle just above the midportion of the iliac crest
and a fingerbreadth superior to the iliac crest.®

Hand-assisted Laparoscopic Nephrectomy

The hand-assisted device for right renal surgery could be
located at and just below the umbilicus on the midline.
Alternatively, on the right side, the hand port may be placed
as a Gibson incision in the right lower quadrant. A port is
placed on the midclavicular line just above the superior
iliac crest; the laparoscope is positioned at this port site.
A 12 mm port is placed two fingerbreadths below the costal
margin on the midclavicular line, to accommodate the Endo-
GIA stapling device. A 5 mm port is placed on the midline
in the epigastric region for placement of an instrument to
retract the liver superiorly and medially.®

Conversely, on the left the incision for the hand-assisted
laparoscopic (HAL) device is located on the midline, at and
above the umbilicus on the midclavicular line just above
the superior iliac crest, a 10 mm port placed for positioning
of the 10 mm, 30° laparoscope. The laparoscope may then
be used for visualization of the HAL device incision. An
additional 12 mm working port is placed on the midclavi-
cular line 2 fingerbreadths below the costal margin. Retraction
of the kidney laterally may be facilitated by an instrument
placed through a 5 mm port in the midaxillary line, midway
between the costal margin and superior iliac crest.®

Laparoendoscopic Single Site Nephrectomy

Since the advent of laparoscopy, urologists have tried
to minimize scars and improve cosmesis, leading to the
progression to laparoendoscopic single site urological
procedure. Access is usually gain through the umbilicus,
but others include transabdominal or retroperitoneal flank
approach, a suprapubic or mini-Pfannenstiel approach or
Gibson incisions.'?

Either a specialized port or cluster conventional port
can be used to obtain access. Conventional laparoscopic

techniques are generally followed, although modifications

in techniques and manoeuvres unique to single site surgeries
are employed.'?

During laparoendoscopic single site (LESS) nephrec-
tomy, a periumbilical incision is made to the rectus fascia.
The peritoneum is entered with an extra-long trocar. After
pneumoperitoneum, another trocar, is placed 1 to 1.5 cm
caudal and at the 4 o’clock position to the extra-long trocar,
eventually functioning as the camera port. A 12 mm port
is inserted 1.5 cm caudal to the second trocar, resulting in
triangular configuration. A fourth 12 mm standard length
trocar is placed 1 cm cephalad to the umbilical protuber-
ance, through which liver or splenic retraction and control
of the renal upper pole and adrenal gland is achieved.'*

Natural Orifice Transluminal
Endoscopic Nephrectomy

Natural orifice transluminal endoscopic surgery (NOTES),
with the objective of incision free abdominal surgery
through natural orifices (mouth, vagina and rectum) has
been described. Although, there were reports on successful
completion of six laparoscopic transvaginal nephrectomies
using conventional instruments in a porcine model, there
were note of limitations of the laparoscopic instruments
making the procedure cumbersome and time consuming.
Clayman et al reported their experience with single port
NOTES transvaginal nephrectomy and encountered similar
difficulty until a purpose built multi lumen operating instru-
ments were made available.'*

Hybrid NOTES in which two natural orifices are used
for approaches has also been described and tried for neph-
rectomies. Transvaginal NOTES hybrid combined with
either transgastric or transvesical nephrectomy, transvesical-
transgastric have all been described.'?

Laparoscopic Pyeloplasty

Standard port placement described as ports placed in the
upper and lower quadrant midclavicular lines and the
camera port placed near the umbilicus. An assistant port is
placed in the suprapubic midline.'®

Another approach with a primary port at 2.5 cm to the
right of umbilicus, a 5 mm port midway between the primary
port and right costal margin and, on right midclavicular line,
and another 5 mm port midway between the anterosuperior
iliac spine and the umbilicus was used while the patient
was placed in the 45 left lateral position. Fourth flank port

is placed for retraction.!”

LESS Pyeloplasty

The patient is positioned in a modified flank fashion, and
a 2.5 cm incision is made within the umbilical dimple to
conceal the scar. After insufflation of the abdomen, three
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5 mm trocars are placed through the anterior abdominal
fascia in a triangular configuration. A 5 mm 45° laparoscope
is used along with articulating laparoscopic instruments.
The laparoscope is placed through the most medial trocar
and positioned anteriorly in the abdomen so that the camera
looks down onto the surgical field. The working instruments

are placed through the two lateral trocar.'8

Laparoscopic Adrenalectomy

Laparoscopic adrenalectomy (LA) has become a gold stan-
dard in the management of most of the adrenal disorders,
after it was described by Schuessler et al in 1993 and
matched it success with open.!” Apart from advantages
like early recovery, reduced hospital stay and cosmesis, the
main benefits of LA over open adrenalectomy are decreased
incidence of intraoperative and postoperative hemorrhage,
decreased morbidity and mortality.

Transperitoneal Laparoscopic Adrenalectomy

This involves putting 12 mm port in the umbilicus or at the
lateral border of rectus abdominis muscle just above the
level of umbilicus. Two subcostal 5 mm ports at midclavi-
cular line and in the lateral border of the rectus and another
3.5 mm subcostal trocar-anterior axillary line, for the left
adrenals. The right is approached through a mirror image
and an additional epigastric port to the left of the liver for
its retraction.?’

Right adrenalectomy can also be performed with four
ports. The primary camera port 10 mm to be placed at about
3 cm lateral and cephalad to the umbilicus. Two working
ports, 5 and 10 mm are placed in the midclavicular position,
the upper one (5 mm) below the costal margin, and the lower
one (10 mm), 10 to 12 cm below the upper one. Another
5 mm port is to be placed in the sub-xiphisternal position
for liver retraction. A fifth 5 mm port, if required, is placed
in the right anterior axillary line, to facilitate retraction or
suction.?%!

And another approach is to put the telescope’s trocar at
the umbilicus while maintaining the positions of the other
trocars.?’ In the case of the left usually, the first three ports
are placed in a mirror image of the right. A fourth 5 mm
port, if required, is placed in the left midaxillary line to

facilitate retraction.?%%2

Retroperitoneal Lateral Laparoscopic
Adrenalectomy

Retroperitoneal lateral approach to the left adrenal gland
is through an incision at the inferior edge of the 12th rib in
which the camera port is placed, the second port 5 mm at
anterior axillary line midway between the iliac crest and

costal margin, third port is placed posteriorly between the
12th rib and iliac crest along the lateral border of sacrospi-
natus muscles and the fourth port for retraction is placed
cephalad to the first port at anterior axillary line. The right
side is a mirror image of the left but the liver lobe is retracted
percutaneously reducing the ports number to three.?
Retroperitoneal posterior approach described by Walz
et al, and thoracoscopic transdiaphragmatic approach
described by Gill et al are not commonly used.*

LESS Adrenalectomy

The approach is usually through transumbilical incision and
placement of multichannel single Gelport and 3.5 mm ports
for flexible laparoscope, SILS dissector and tissue sealing
device; and the adrenal gland approached anteriorly in cases
of right side with no mobilization of the right lobe of the
liver, and the left is approached laterally.?* Retroperitoneal
LESS adrenalectomy has also been described.

Laparoscopic Approaches to the Ureter

A three-port approach with primary port at the umbilicus,
one 5 mm port midway between the umbilicus and the medial
costal margin and a 5 mm port midway between the antero-
superior iliac spine and the umbilicus, was described.?*

Umbilical port with, ipsilateral hypochondrium and iliac
fossa as working ports have been described for approaches
to upper and mid ureter while ipsilateral paraumbilical and
suprapubic ports for lower ureter while maintaining the
umbilical port.?

In cases of retrocaval ureter, a three port approach with
a primary port at 2.5 cm to the right of umbilicus, a 5 mm
port midway between the primary port and right costal
margin, and on right midclavicular line, and another 5 mm
port midway between the anterosuperior iliac spine and
the umbilicus was used while the patient is placed in the
left lateral position. Mobilization of the ureter in the inter-
aortocaval region require additional 5 mm port to be inserted
at the flank.!”

LESS approach to lower ureter through suprapubic
transvesical port has been described.?®

Laparoscopic Prostatectomy

Laparoscopic simple or radical prostatectomy has been per-
formed through almost the same approach. The commonly
described conventional laparoscopy is through a primary
port placed upper side of the umbilicus. Then secondary
ports at upper margin of the pubic bone and levels of the
anterior superior iliac spines bilaterally and the fifth port
at a point midline at about 15 cm from the pubic bone?”-*8

while others described both iliac fossae for the last two
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ports, most especially when it is to be robotic assisted
others described the distance of the second and third ports
to be 8 to 10 cm from the camera port.*°

Transumbilical LESS radical prostatectomy was first
described in 2008 by Kaouk et al, through the umbilicus
using a single three-channel port, and 2 years later Desai
et al published the initial series of single-port transvesical
simple prostatectomy where a single-port device inserted
percutaneously into the bladder through a 2 to 3 cm incision
in the suprapubic skin crease was used.’

Laparoscopic Cystectomy

Laparoscopic cystectomy has been described by many
authors, but remains to be evaluated and is far from
being a standard procedure. While some described a similar
approach to prostatectomy with periumbilical port, two
others 8 to 10 cm away from the primary port and then
bilateral iliac fossae®! others described only four ports
approach with 3 to 4 cm supraumbilical camera port and
two iliac fossae ports and suprapubic port*? and the sixth
port is only needed during urinary diversion in radical
surgeries.>

In the hand-assisted approach, a 7 cm periumbilical
incision is made as the hand port, camera is placed at the
left of the hand port in the midclavicular line at the level
of the umbilicus, a second port is placed 5 cm below the
level of the umbilicus at right midclavicular line. A 10 mm
port is placed in the left anterior axillary line and a 5 mm
at midline about 5 cm above the pubic symphisis.>*

Kaouk et al described the laparoscopic radical cystec-
tomy and pelvic node dissection through a single umbilical
port and an extracorporeal urinary diversion by way of
extension of the umbilical port site.’

Laparoscopic Varicocelectomies

Laparoscopic varicocelectomy is generally performed
transperitoneally, but extra or retroperitoneal has also been
described. And two trocars or single trocar approaches
described, but generally three trocars are required especially
in bilateral cases.>

Varicocelectomy is performed in a transperitoneal lapa-
roscopic fashion with two ports placed at supraumbilical
and caudal and lateral to the umbilicus on the contralateral
side of the varicocele.*®

For the three ports approach, some described the sub-
umbilical camera port with secondary trocars at midline
half way between umbilicus and pubic symphysis, and the
other at midclavicular line 1 to 2 cm below horizontal line
to the umbilicus while maintaining subumbilical camera

port’” while others described umbilical primary port and
both lower abdominal quadrants ports.$

Mitrofanoff

A four-port transperitoneal approach is described, with
camera at umbilicus, two 5 mm at left lower quadrant and
right midaxillary line at the level of the umbilicus. Fourth
port at left midaxillary also at umbilical level.*’

Other LESS Procedures

Single site laparoscopic surgery has been reported in small
numbers for a variety of other urological conditions. A mesh
sling has been successfully removed from the bladder via a
transvesical approach. Sacrocolpopexies, orchidopexy and
orchidectomy have been successfully performed through a
single incision without complication.’

DISCUSSION

First: Tables 1A to D showed readings of timing obtained
while making a surgeon’s knot in the region of upper uri-
nary tract in the dummy at different manipulation angles
which were validated by y” tests and average obtained. The
average timing in seconds for 30, 60 and 90° were 221.20,
130 and 283.95 respectively. Although all the readings were
reproducible at p-value (30.144), 5% level of significance:

Table 1A: Timing for surgeon’s knotting in upper urinary track
with manipulation angle 30°

Sl (O-E)?
no. Observed (O) Expected (E) O-E (O-E)? = E
1 249 221.20 278 772.88 3.49
2 206 -15.2 231.04 1.04
3 220 -1.2 1.44 0.01
4 212 -9.2 84.64 0.38
5 239 -17.8 316.84 1.43
6 232 -21.2 116.64 0.53
7 200 27.8 44944 203
8 249 -11.2 12544 349
9 210 11.8 20944 057
10 233 -11.8 139.24 0.63
11 204 -17.2 295.84 1.33
12 210 -11.2 209.44 0.57
13 223 1.8 3.24 0.01
14 222 0.8 0.64 0.01
15 199 —-22.8 492.84 2123
16 206 -15.2 231.04 1.04
17 254 32.8 1075.84 4.86
18 201 20.2 408.04 1.84
19 239 17.8 316.84 1.43
20 216 -52 27.04 0.12
Average timing = y2=
221.20 27.06

p-value (30.144) > 42, data are reproducible

World Journal of Laparoscopic Surgery, May-August 2014;7(2):74-87
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it has clearly demonstrated that the 60° angle has shorter
operative time followed by 30 and then 90°. This is shown
in Graph 1 (Figs 1 and 2).

Table 1B: Timing for surgeon’s knotting in upper urinary track
with manipulation angle 60°

S, (O-E)?
no. Observed (O) Expected (E) O-E (O-E)?  E
1 120 130.00 -10 100  0.77
2 131 1 1 0.01
3 118 -12 144 1.1
4 128 -2 4 0.03
5 160 30 900 6.92
6 138 8 64 0.49
7 127 -3 9 0.07
8 140 10 100  0.77
9 120 -3 9 0.07
10 127 11 121 093
1 141 8 64 0.49
12 138 6 36 0.28
13 136 8 64 0.49
14 138 6 36 0.28
15 113 -17 289 222
16 119 -11 121 093
17 129 -1 1 0.01
18 130 0 0 0.00
19 129 -1 1 0.01
20 131 1 1 0.01
Average timing = x2=
130.00 15.88

p-value (30.144) > 52, so data are reproducible

Table 1C: Timing for surgeon’s knot in upper urinary track with
manipulation angle 90°

SI. Observed Expected (O-E)?
no. (0) (E) OE (0E? —E
1 275 283.95 -8.5 80.10 0.28
2 270 —-13.95 194.60 0.69
3 296 12.05 145.20 0.51
4 305 21.05 44310 1.56
5 268 —-15.95 254.40 0.90
6 262 —-21.95 481.80 1.70
7 271 —-12.95 167.70 0.59
8 265 -18.95 359.10 1.26
9 281 -2.95 8.70 0.03
10 281 -2.95 8.70 0.03
11 320 36.05 1299 4.58
12 270 —-13.95 194.60 0.69
13 290 6.05 36.60 0.13
14 298 14.05 197.40 0.70
15 273 -10.95 119.90 0.42
16 268 —-15.95 254.40 0.90
17 315 31.05 964.10 3.40
18 309 25.05 964.10 2.21
19 294 10.05 101.00 0.36
20 268 15.95 25440 0.90
Average timing = y2=
283.95 0.90

p-value >%?2, so data are reproducible

Second: Tables 2A to D showed readings of timing taken
to clip a renal vessel in the swine at different manipulation
angles which were validated by > test and average
obtained. The average timing in seconds for 30, 60 and 90
degree were 16.00, 11.10 and 30.20 respectively. Although,

Table 1D: Average timing of surgeon’s knotting in the region of
the upper urinary tract with respective manipulation

Manipulation angle 30 60 90
Average timing in seconds 221.20 130.00 283.95
x> 27.06 15.88 21.81

300
250
200
150 +
100

50

oW

1
[ Manipulation angle

n il

—— Average timing in seconds

Graph 1: Average timing of surgeon’s knotting in
upper urinary tract

Fig. 1: The ports positioning for the upper tract
tasks on the dummies
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Table 2A: Timing of clipping of renal vessels at 30° Table 2C: Timing for renal vessel ligation with manipulation
manipulation angle angle 900
Observed Observed
timing (O) (0-E)? time in ,
(in sec) Expected (E) O-E (0-E2 — E SI. seconds Expected time (O-E)?
16 16 seconds 0 0 0.00 no. (O) in seconds (E) O-E  (O-E)? E
15 1 1 006 1 32 30.2 1.8 324 0.08
29 6 36 205 2 37 6.8 46.24 1.53
14 2 4 025 3 25 -52 27.04 0.90
16 0 0 0.00 4 34 3.8 14.44 0.48
13 _3 9 056 5 29 -12 144 0.05
17 1 1 0.06 6 29 -12 144 0.05
18 2 4 025 7 27 -3.2 1024 0.34
19 3 9 056 8 18 —-12.2 148.84 4.93
15 1 1 0.06 9 33 238 7.84 0.26
17 1 1 0.06 10 36 5.8 33.64 1.1
16 0 0 0.00 1 29 1.2 144  0.05
14 _2 4 025 12 27 -32 1024 0.34
15 1 1 0.06 13 35 4.8 23.04 0.76
13 _3 9 056 14 28 -22 440 0.15
16 0 0 0.00 15 32 1.8 324 0.08
14 _2 4 025 16 37 6.8 46.24 1.53
10 _6 36 205 17 25 -52 27.04 0.90
21 5 25 156 18 24 -6.2 3844 1.27
19 3 9 056 19 38 7.8 60.84 2.01
Average time in x? = 9.56 20 29 —12 144 009
seconds = 16 Average x?>=16.85

time = 30.2
p-value is >%?, so data is reproducible

p-value (30.144) >y2, so data are reproducible

Table 2B: Timing of renal vessels clipping with manipulation all the readings were reproducible at p-value (30.144), 5%

angle of 60° o .

Observed level of significance: it has clearly demonstrated that the 60°
timing (0) (O-E)? angle has shorter operative time followed by 30 and then
(in seconds) Expected (E) O-E (O-E2 ~— E  90° and the angle 60° followed by 30° were more repro-
13 1.1 1.9 3.61 0.33 ducible than 90°. This is shown in Graph 2 (Figs 3 and 4).
11 - 0.1 0.01 0.00
19 79 6241  5.62 Third: Tables 3A to D showed readings of timing taken for
1 ~0A1 0.01 0.00 ureteroureteral anastomosis in the swine at different mani-
10 -1.1 1.21 0.1 pulation angles which were validated by y test and average
16 4.9 24.01  2.16 obtained (Fig. 5). The average timing in seconds for 30,
9 -21 4.41 0.39
8 -31 9.61 0.87
9 21 4.41 0.39
9 -21 4.41 0.39
11 -0.1 0.01 0.00
12 0.9 0.81 0.07
1 -041 0.01 0.00
12 0.9 0.81 0.07
12 -0.9 0.81 0.07
1" 0.1 0.01 0.00
10 -11 1.21 0.1
10 -1.1 1.21 0.1
10 -1.1 1.21 0.1 4
8 -31 961 087 = 8 )

Average time = x?=11.66 i g ) /s " 7 " AT .

1.1 Fig. 2: Tying a knot around a fixed distance to ensure the
p-value >%?, so data are reproducible manipulation angle is maintained
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Table 2D: Average timing of renal vessels clipping Table 3A: Timing of ligation of ureteroureteric anastomosis with
Manipulation angles in degrees 30 60 90 30° manipulation angle
Mean timing in seconds 16.00  11.10 30.20 SI. Observed Expected (O-E)?
22 9.56 1165  16.85 no. (0 (E) O-E __ (0E)? E
1 387 381.65 5.35 28.62 0.075
2 377 -465 21.62 0.057
3 397 156.35 235.62 0.62
4 372 -965 9312 024
5 310 —28.35 803.72 2.1
6 368 -13.65 186.32 0.49
7 389 7.35 54.02 0.14
8 398 16.35 267.32 0.70
9 387 5.35 28.62 0.07
/ 10 401 19.35 37442 0.98
11 390 8.35 69.72 0.18
12 403 2135 45582 1.19
13 402 20.35 41412 1.09
14 304 —77.65 6029.52 15.80
15 391 9.35 87.42 0.23
16 398 16.35 267.32 0.70
Fig. 3: The ports positioning for the upper tract tasks on the 17 393 535 128.82 0.34
swine with illumination 18 395 19.35 17822 047
19 381 -0.65 042 0.00
20 390 8.35 69.72 0.18
Average time = x? =
381.65 25.66

p-value (30.144) is >%2, so data are reproducible

Table 3B: Ureteroureteric anastamosis with manipulation

angle 60°
Sl. Observed time  Expected time (O-E)?
no. in second (O) (E) (O-E) (O-E)> = E
1 320 306.6 seconds 13.4 179.56 0.59
2 310 34 11.56 0.034
3 315 8.4 70.56 0.23
4 298 -86 7396 0.24
5 296 -10.6 112.36 0.37
Fig. 4: The ports positioning for the upper tract tasks 6 306 -0.60 0.36 0.00
on the swine 7 310 34 1156 0.038
8 310 3.4 11.56 0.038
100 9 306 -0.6 0.36 0.00
90 | 10 302 -46 2116 0.070
80 - 11 315 8.40 70.56 0.23
70 - 12 299 -76 57.76 0.19
60 13 307 0.40 0.16 0.00
50 14 309 24 5.76 0.019
40 - 15 309 24 5.76 0.019
30 16 309 24 5.76 0.019
20 1 17 307 0.40 0.16 0.00
10 1 18 305 —-1.60 2.56 0.0083
0- p 5 s 19 299 -76 57.76 0.1884
20 300 -6.6 43.56 0.1421
[ Manipulation angles in degrees  —— Mean timing in seconds Average time = y2 =
306.60 seconds 2.43
Graph 2: Timing of renal vessels clipping p-value (30.144) >y2, so data are reproducible
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60 and 90° were 381.65, 306.60 and 460.45 respectively. then the 30° and also demonstrated that the more difficult, a
Only readings at 30 and 60° were reproducible at p-value laparoscopic task, is more likely it become nonreproducible
(30.144), 5% level of significance; but the y* of readings  at an angle of 90° and above, probably due to fatique from
at 90 was less than p-value, indicating nonreproducibility.  high elevation angle and shoulder over stretching due to
These suggest that the 60° angle has shorter operative time  poor ergonomics.*! This is shown in Graph 3.

Table 3C: Timing for ureteroureteral anastomosis at
manipulation angle 90°

Observed time  Expected (O-E)?
SI. no. in sec. (O) time (E) O-E (O-E? — E
1 445 460.45 1545 238.70 0.52
2 470 9.55 91.20 020
3 468 7.85 57.00 0.13
4 492 3155 99541 2.16
5 415 —45.45 2065.70 4.49
6 462 1.55 2.40 0.01
7 447 -13.55 180.90 0.39
8 480 19.55 382.20 0.83
9 479 18.55 34410 0.75
10 412 48.55 234740 5.10
1 482 2155 464.40 1.01 2 i
12 499 38.55 1486.10 3.23 . s =
13 433 2755 75350 1.64 Fig. 6: Arrangement of port’s positions for tasks in the pelvis
14 483 2255 508.50 1.10
15 490 29.55 873.20 1.90
16 495 34.55 1197.70 2.59
17 432 —-28.45 809.40 1.76
18 453 -7.45 5550 0.12
19 469 8.55 73.10 0.16
20 413 —47.45 2251.50 4.89
Average time = ¥ =
460.45 32.95

p-value (30.144) <y2, so data are not reproducible

Table 3D: Average timing for ureteroureteral anastomosis

Manipulation angles 30 60 90

in degree

Mean timing in 381.65 306.60 460.45 4

seconds R, LT ’

x 25.66 2.43 32.95 Fig. 7: A picture of ring transfer in the pelvis at 60°

manipulation angle

500

400

300

200

100

0
1 2 3
[ Manipulation angles in degrees — Mean timing in seconds
Fig. 5: The approximate manipulation angle while knotting in the
upper tract in a swine Graph 3: Average timing of ureteroureteral anastomosis
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Table 4A: Timing for ring transfer in pelvis with manipulation

Table 4B: Time for ring transfer in pelvis with manipulation

angle 30° angle 60°
Sl. Observed time Expected (O-E)? Sl.  Observed time Expected (O-E)?
no. in sec. (O) time (E) O-E (0-E? ~— E no. in sec. (O) time (E) O-E (O-E)? — E
1 27 33.2 6.2 38.44 1.16 1 15 201 -5.1 26.01 1.29
2 41 7.8 60.84 1.83 2 19 -1.1 1.21 0.06
3 35 1.8 3.24 0.10 3 24 3.9 15.21 0.76
4 20 -13.2 17424 525 4 22 1.9 3.61 0.18
5 38 4.8 23.04 0.69 5 22 1.9 3.61 0.18
6 62 28.8 829.44 24.98 6 25 4.9 24.01 1.20
7 48 14.8 219.04 6.60 7 24 3.9 15.21 0.76
8 34 0.8 0.64 0.02 8 22 1.9 3.61 0.18
9 48 14.8 219.04 6.60 9 19 -1.1 1.21 0.06
10 31 —-22 484 0.15 10 16 —-4.1 16.8 0.84
11 30 -3.2 10.24 0.31 1" 17 -3.1 9.61 0.48
12 27 -6.2 3844 1.16 12 19 -1.1 1.21 0.06
13 38 4.8 23.04 0.69 13 21 0.9 0.81 0.00
14 31 —-22 484 0.15 14 17 -3.1 9.6 0.48
15 39 5.8 33.64 1.01 15 21 0.9 0.81 0.00
16 32 1.2 1.44 0.04 16 25 4.9 24.01 1.19
17 42 8.8 77.44 2.33 17 20 -0.1 0.01 0.00
18 35 1.8 3.24 0.10 18 20 -0.1 0.01 0.00
19 25 -8.2 67.24 2.03 19 15 -5.1 26.01 1.29
20 40 6.8 46.24 1.39 20 19 1.1 1.21 0.06
Average time = x2= Average time = x?=8.64
33.2 56.57 20.1

p-value (30.144) <y2, so data are not reproducible

Table 4C: Timing for ring transfer in pelvis with manipulation

angle 90°
Sl. Observed time Expected (O-E)?
no. in sec. (O) time (E) O-E (O-E)? —  E
1 90 72.35 1765 311.52 4.31
2 82 9.65 93.12 1.29
3 85 12.65 160.02 2.21
4 75 2.65 7.02 0.10
5 54 18.35 336.72 4.65
6 60 -12.35 15252 211
7 96 23.65 559.32 7.73
8 59 —-13.35 178.22 246
9 74 1.65 2.72 0.04
10 49 —-23.35 54522 7.54
11 56 -16.35 267.32 3.70
12 69 -3.35 1.22 1.16
13 86 13.65 186.32 2.58
14 87 1465 214.62 2.97
15 67 -535 28.62 0.40
16 63 -9.35 8742 1.20
17 68 —-435 18.92 0.26
18 79 6.65 44 .22 0.61
19 73 0.65 0.42 0.01
20 74 1.65 2.72 0.04
Average time = ¥?=44.33

72.35 seconds

p-value (30.144), data are not reproducible

Fourth: Tables 4A to D showed readings of timing taken for
ring transfer in the pelvic region of the dummies at diffe-
rent manipulation angles, which were validated by y test

p-value (30.144) >y2, so data are reproducible

Table 4D: Average timing of ring transfer in the pelvis

Manipulation angle in degrees 30 60 90
Mean timing in seconds 33.20 20.10 72.35
x2 56.57 8.64 44.33

®

Fig. 8: Estimation of manipulation angles determining ports’
positions on the dry lab anterior abdominal wall

and average obtained (Figs 6 to 9). The average timing in
seconds for 30, 60 and 90° were 33.20, 20.10 and 72.35
respectively. Here, only the readings at 60° manipulation
angle were reproducible at p-value (30.144), 5% level of
significance: which further support any port position that
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Table 5B: Time for surgeon’s knotting in pelvis with

100 manipulation angle 60°
90 SI.  Observed time

80 no. in Expected (O-E)?
70 7 sec. (O) time (E)  O-E (O-E)? E
60 1 120 116.50 3.5 12.25 0.1
50 2 120 3.5 12.25 0.1
40 3 121 4.5 20.25 0.17
30 4 118 1.5 2.25 0.48
20 5 109 -7.5 56.25 0.02
10 6 115 -1.5 2.25 1.05
0 7 120 3.5 12.25 0.02
[ = : 8 115 15 225 0.17
[ Manipulation angles in degrees — Mean timing in seconds 9 121 45 20.25 0.02
10 118 1.5 2.25 0.48
Graph 4: Timing of ring transfer in the pelvis 11 109 -75  56.25 0.17
12 112 -4.5 20.25 0.05
13 1M1 -55 30.25 0.26
14 119 2.5 6.25 0.05
15 114 -1.5 2.25 0.02
16 118 1.5 2.25 0.02
17 125 8.5 72.25 0.62
18 115 -1.5 2.25 0.02
19 119 2.5 6.25 0.05
20 121 4.5 20.25 0.17

Average time = y2=4.08
116.50

p-value (30.144) >42, so data are reproducible

Table 5C: Time for surgeon’s knotting in pelvis with
Fig. 9: Instruments and ports at different positions of manipulation angle 90°

task performance

SI.  Observed
Table 5A: Time for surgeon’s knotting in pelvis with no. time in Expected _(0-E?
manipulation angle 30° sec(0)  time(E) O-F (0-Ef E

Sl Observed fime Expected (O-E)2 1 190 210.55 —-20.55 422.30 2.01
no. insec.(0) _ time(E) O-E (0-Ef T E _ 2 220 945  89.30 0.42

1 156 160.60 -46 2116  0.13 3 197 -13.55 18360  0.87

2 169 8.4 70.56 0.44 4 182 —-28.55 815.10 3.87

3 156 —46 21.16 0.13 5 182 -28.55 815.10 3.87

4 162 14 1.96 0.01 6 172 —-38.55 1486.10 7.06

5 159 -1.6 2.56 0.02 7 183 —-27.55 759.00 3.60

6 137 —-236 556.96 3.47 8 224 13.45 180.90 0.86

7159 -1.6 256 0.01 9 221 10.45  109.20 0.52

9 161 04 016  0.00 1 272 6145 37760  17.93
0 oo Lo
12 144 _16.6 27556 172 13 223 12.45 155.00 0.74
13 184 234 54756 3.41 14 204 —6.55 4290 0.20
11 162 14 19 001 15 207 ~355 1260  0.056
15 182 014 45796 285 16 219 845 7140 0.34
16 161 —04 016 0.00 17 226 15.45 238.70 1.13
17 156 —-4.6 21.16 0.13 18 240 29.45 867.30 4.12
18 182 214 457.96 2.85 19 234 23.45 549.90 2.61
19 156 -4.6 21.16 0.13 20 224 13.45 180.90 0.86
20 163 2.4 5.76 0.04 Average XZ =59.17

Average time = v%=23.26 time =
160.60 210.55

p-value >%?, data are reproducible p-value (30.144) <y2, data are nonreproducible
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Table 5D: Average timing for surgeon’s knotting in the pelvis

Manipulation angle in degrees 30 60 90
Mean timing in seconds 160.60 116.50 210.55
T 23.26 4.08 59.17

will provide working angle of 60° as the ideal. This is shown
in Graph 4.

Fifth: Tables 5A to D showed readings of timing of sur-
geon’s knotting in the pelvic cavity of dummies at different
manipulation angles which were validated by ¥ tests and
average obtained (Figs 9 and 10). The average timing in
seconds for 30, 60 and 90° were 160.60, 116.50 and 210.55
respectively. Despite the facts that, the first two readings
were reproducible at p-value (30.144), 5% level of signifi-
cance: it has clearly demonstrated that the 60° angle has
shorter operative time than that of 30°. The readings of 90°
angle were nonreproducible for surgeons knotting in the
pelvis indicating increased difficulties and time consump-

tion when ports are positioned in such a way that will give
working angle of 90° and above (Figs 10 and 11).
This is shown in Graph 5.

< |
Fig. 11: Performing a task with 90° manipulation angle
in the pelvis

250
200
150
100
N [I
oL [

1 2 3

[ Manipulation angles in degrees

— Mean timing in seconds

Graph 5: Average timing of surgeon’s knotting in the pelvis

180
160
140
120
100
80
60
40 ~
p |
0
1 2 3
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\/

—— Mean timing in minutes

Graph 6: Laparoscopic donor nephrectomy

Table 6A: Timing of laparoscopic donor nephrectomy with
approximate 30° manipulation angle

Sl.no Observed Expected O-E  (O-E)? (O-E)?
(0) (E) E

1 157 151.50 55 30.25 0.20

2 157 55 30.25 0.20

3 159 7.5 56.25 0.37

4 157 55 30.25 0.20

5 132 -19.5 38025 2.51

6 147 -4.5 20.25 0.13

Mean 151.50 x?=3.61

p-value >(11.070) %2, so data are reproducible

Table 6B: Timing of laparoscopic donor nephrectomy with
approximate 60° manipulation angle

Sl.no. Observed Expected (E) O-E  (O-E)? (O-E)?
(0) ~ E

1 122 128.50 -65 4225 0.33

2 121 -75 5625 044

3 136 75 5625 044

4 137 85 7225 056

5 188 -10.5 11025 0.86

6 137 85 7225 056

Mean in 128.50 x2=13.19

minutes

p-value (11.070) >%2, so data are reproducible
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Sixth: Tables 6A to D showed readings of timing taken readings obtained in minutes were validated by y* tests
for laparoscopic donor nephrectomy and manipulation and average obtained. The averages were 151.50, 128.50
angles were approximated nearest to 30, 60 and 90°. The and 158.83 respectively. Although, all the readings were
reproducible at p-value (11.070), 5% level of significance:
it has clearly demonstrated that the 60° angle has shorter
operative time followed by 30° and then 90°, and the angle

Table 6C: Approximate manipulation angle of 90° and timing of
donor nephrectomy in minutes

Observed Expected (O-E)?
Sl.no.  (0) (E) O-E (0-e) — E  60°followed by 30° were more reproducible than 90°. This
1 142 158.83  -16.83 283.43 1.78 is shown in Graph 6 (Figs 12 to 19).
2 186 29.17  850.89 3.36
3 138 —-20.83 433.89 2.73
4 159 0.17 0.03 0.00
5 148 -10.83 117.29 0.74
6 180 2117 44817 2.82
Mean in 158.83 x2=10.43

minutes
p-value (11.070) >y?2, so data are reproducible

Table 6D: Average duration of laparoscopic donor nephrectomy

in minutes
Manipulation angles in degree 30 60 90
Mean timing in minutes 151.50 128.50 158
v 3.61 3.19 10.43

Fig. 14: Ports’ positions

Fig. 12: The working angle at one of the ports’ positions in a
donor nephrectomy

Fig. 13: Ports’ positions for left laparoscopic donor nephrectomy Fig. 15: Sites of ports’ positions after left donor nephrectomy
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-

Fig. 17: Ports’ positions

Fig. 18: Manipulation angle at the hilum (crucial target of dissection)

Final: From all the discussions above, the average timing
of all laparoscopic tasks were shorter with 60° manipula-
tion and all were reproducible irrespective of the difficulty
of the tasks then followed by 30°. The 90° angle has the
longest operative time and, in some cases, nonreproducible,
indication the closer the manipulation angle is to the 90° and
above, the more the likely to take longer operative time and

Fig. 19: Laparoscopic surgical team of the investigator

the higher it approaches nonreproducibility due to fatigue
from increased elevation angle and shoulder overstretching.
This is in keeping with the Baseball Diamond concepts of
port positioning.

CONCLUSION

There is no ‘ideal port position in urological laparoscopic
procedures based on anatomical landmarks, but the closer
the ports’ positions are to make a manipulation angle of 60°
(Baseball Diamond), the closer to ideal it will be.

RECOMMENDATIONS

More work is to be done on the newly emerging laparos-
copic urology particularly in the developing world.
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