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Introduction

Laparoscopic surgery has developed rapidly over the last few years, and many surgi-
cal procedures formerly carried out through large abdominal incisions are now per-
formed laparoscopically. Reduction of the trauma of access by avoidance of large
wounds has been the driving force for such development [1]. However, the insertion
of needles and trocars necessary for the pneumoperitoneum and the performance of
the procedure are not without risk [2]. The technical modifications imposed by sur-
gical laparoscopy are obvious (e.g., number and size of trocars, location of insertion
sites, specimen retrieval), and therefore morbidity may be substantially modified.
Complications such as retroperitoneal vascular injury, intestinal perforation, wound
herniation, wound infection, abdominal wall hematoma, and trocar site mestastasis
have been reported [3].

Laparoscopy currently plays a key role in urological surgery. Its applications are
expanding with experience and evolving data confirming equivalent long-term out-
come. Although significant port-site complications are uncommon, their occurrence
impacts significantly on perioperative morbidity and rate of recovery. The incidence of
such complications is inversely related to surgeon experience. Ports now utilize blade-
less tips to reduce the incidence of vascular and visceral injuries, and subsequently
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port-site herniation. Metastases occurring at the port site are preventable by adhering to
certain measures. Whether performing standard or robot-assisted laparoscopy, port-site
creation and maintenance is critical in ensuring minimal invasiveness in laparoscopic
urological surgery. Although patient factors can be optimized perioperatively and port
design continues to improve, it is clear that adequate training is central in the preven-
tion, early recognition, and treatment of complications related to laparoscopic access
[4]. Despite numerous recent technical advances in minimally invasive surgical tech-
nique, the potential exists for serious morbidity during initial laparoscopic access.
Laparoscopic access entry injuries are reported at rates of 0.05-0.3%. Such injuries
likely occur more frequently than reported and carry a mortality rate as high as 13% [5,
6]. Studies have shown that no trocar design, including safety shields and direct-view
trocars, can completely prevent serious injuries [6—8]. Safe access depends on adhering
to well-recognized principles of trocar insertion, knowledge of abdominal anatomy,
and recognition of the hazards imposed by previous surgery [9].

Anatomical Considerations

Abdominal wall anatomy should receive special attention prior to laparoscopy
because many laparoscopic complications result from trocar placement.

Abdominal Scars

Previous surgery is associated with a greater than 20% risk of adhesions of bowel or
omentum to the anterior abdominal wall. Of special concern are incisional scars
immediately adjacent to the umbilicus because bowel adherent underneath the
umbilicus may be at risk for injury, regardless of the technique used. In addition to
location, the width and depth of the scar should be evaluated because a wide or
retracted scar may be associated with an increased risk of intra-abdominal adhesion
formation, although no data are available to support this observation. If the dome of
the bladder is involved, there is increased risk of bladder injury at the time of supra-
pubic trocar placement [10].

Abdominal Wall Thickness

Although abdominal thickness correlates with patient weight, short stature or trun-
cal obesity may increase abdominal wall thickness out of proportion to patient
weight. Routine evaluation of the abdominal wall prior to laparoscopy is important
because the success of trocar insertion may depend on altering the technique based
on abdominal wall thickness [11].
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Umbilicus

The umbilicus should be examined for signs of umbilical hernia. Techniques for
trocar insertion should be adjusted, and closure of the defect should be considered.
In the absence of incarcerated bowel, the skin over the hernia can be carefully
incised and the peritoneal cavity entered using an open technique.

Abdominal Wall Vessels

The anterior abdominal wall contains two sets of bilateral vessels: the superficial
and the inferior (deep) epigastric vessels. These arteries originate from the femoral
and external iliac arteries, respectively, and are accompanied by a large vein in most
cases. Immediately above the symphysis pubis, they are both located an average of
5.5 cm from the midline and course either laterally or cephalad. In order to avoid
injuring these vessels during lateral trocar placement, the superficial vessels should
be visualized by transillumination and the inferior vessels should be laparoscopi-
cally visualized whenever possible [12].

Port Design

Port design has also improved significantly since the beginning of urological lapa-
roscopy. Initially pyramidal cutting trocars were the mainstay. Trocars with shielded
blades were then developed and are still the preferred port type in many centers.
More recently, nonbladed trocars are increasingly being used as a growing number
of studies suggest reduced complication rates. These ports spread muscle and fascia
rather than incise it and theoretically allow spontaneous re-approximation after tro-
car removal. A randomized prospective multicenter trial comparing radially expand-
ing trocars to standard cutting trocars, in gastrointestinal surgery, has shown
significantly reduced wound complications in the radial expansion group [13, 14].

Two primary entry systems are available in laparoscopy: the first-generation con-
ventional entry method where the push-through spike principle is applied, and the
second-generation entry method where the Archimedes spin principle is employed.

Conventional entry, irrespective of make or model of instrument, requires two
components, a central trocar with a sharp cutting, or pointed, distal end and an
encasing cannula. Surgeons palm the access instrument with the dominant hand and
apply considerable penetration force (PF), generated through the dominant upper
arm muscles, axially at port site, to push the spike across different tissue layers
towards the intended body cavity. Several versions, modifications, and models have
attempted to render this entry system less hazardous while maintaining the spike
and cannula design.

The second-generation entry method uses the spin principle, where the entry instru-
ment comprises a threaded cannula only, which ends in a notched blunt tip. No central
trocar is required as a laparoscope is mounted into the cannula during insertion and
removal. No axial PF is applied; tissue layers part radially and the visually guided can-
nula pulls tissue up along its outside thread using Archimedes’ principle [15].
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Conventional primary port insertion requires application of considerable axial
PF to the push through the trocar cannula access unit. The anterior abdominal wall
dents towards the viscera; entry is blind and uncontrolled with the probability of
overshoot. The compilation of these potentially dangerous performance shaping
factors (PSFs) during primary port insertion renders access less forgiving and sets
the stage for inadvertent injury.

Second-generation entry systems cushion human error through system redesign
and avoid integration of identified PSF. Error recognition is likely when mishaps
occur and error recovery is possible before the situation evolves and harms the
patient. When specific PSFs of conventional entry are eliminated during primary
entry, port placement becomes less hazardous. Interactive and real-time visual entry
avoids application of axial force at port site, requires no sharp or pointed trocars,
and allows for controlled port placement [16].

Port Insertion Techniques

Laparoscopic approaches to the urological organs and the prostate can be performed
using the retroperitoneal or transperitoneal approach. Each approach has distinct
advantages and disadvantages. Laparoscopic radical nephrectomy and adrenalec-
tomy have been performed most commonly via the transperitoneal approach. In
general, the retroperitoneal approach is used less frequently because the working
space is smaller, landmarks are less easily identified, and the operative strategy
requires a steeper learning curve. However, the retroperitoneal location of the kid-
ney and adrenal allows a more direct approach without the need to mobilize or
retract the viscera. In addition, it provides greater direct access to the vasculature
and drainage systems of the urological organs [17].

The Transperitoneal Approach

There are three main options for initial port insertion: closed access using the Verres
needle, open Hasson technique, or use of an optical port. The site of insertion
depends on the procedure and whether the site is approached trans- or retroperitone-
ally. To avoid the epigastric vessels, the site is generally located lateral to the rectus
abdominus or just below the tip of the 12th rib, respectively, in upper renal tract
laparoscopy. In pelvic laparoscopy, the site is para- or infraumbilical, according to
the type of approach.

Closed Access
Using the Veress Needle

This procedure involves blind insertion of the Veress needle to create a pneumoperi-
toneum. The needle design allows tactile feedback as it passes through various
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layers of the abdominal wall. Intra-abdominal pressure is initially set at 15-20 mm
Hg for primary port insertion, which is done via inserting a separate port-site sys-
tem. In upper-tract laparoscopy with the patient in the flank position, the needle can
be inserted in the iliac fossa or upper quadrant [18].

The insertion site should always be away from previous surgical scars to reduce
the risk of visceral injury. The Veress needle is placed in the midclavicular line at the
level of the umbilicus in patients without previous open abdominal surgery, while in
those with previous open surgery the needle is placed in the ipsilateral abdominal
quadrant farthest from the previous incision. After placing the Veress needle into the
peritoneal cavity, insufflation to 15 mmHg pneumoperitoneum is established.
Certain safety steps are used to confirm entry into the peritoneal cavity, including
absence of gas or blood at aspiration of a syringe through the Veress needle, injec-
tion of 5 cc saline that cannot be aspirated, low initial intraperitoneal pressure, and
no rapid increase in intraperitoneal pressure at the commencement of insufflation. If
any of these steps are not satisfactory, the Veress needle is removed and reinserted.
No more than three attempts are made with the Veress needle. If still unsuccessful,
open trocar placement or a nonbladed visualizing trocar entry technique is used for
direct vision into the peritoneal cavity. Radially expandable sheaths are the most
commonly used trocars [19, 20].

Open Access
Using the Hasson Technique

The open procedure is carried out as follows: A 1.5-cm semicircular incision in the
inferior border of the umbilicus is made and the subcutaneous tissue dissected. The
fascia is then grasped with two Kocher clamps and lifted to separate these layers
from the underlying viscera. The fascia and peritoneum are incised with scissors to
gain access to the peritoneal cavity. The fascial defect is secured by passing two
single stitches on both sides of the incision, aiming to avoid any gas leak. Afterward,
the Hasson’s blunt tip trocar is inserted and attached to both sutures. Subsequently,
the insufflator is connected to the trocar and pneumoperitoneum is established [2].

Using the Bailez Technique

A variation of the Hasson technique for laparoscopic access has been developed in
children. Access to the peritoneal cavity is obtained using the following approach: a
semicircumferential incision is made in the inferior part of the umbilicus and the
umbilical skin lifted and dissection carried out underneath to expose the area of the
umbilical scar where the peritoneum and the skin meet. On separating the skin from
the peritoneum, the abdominal cavity is opened without an incision. The opening is
sometimes enlarged with a hemostat to allow the introduction of a blunt nonarmed
5- or 10-mm trocar into the peritoneal cavity without forceful manipulation
(Fig. 2.1). The rest of the procedure is accomplished as usual. At the end of the
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Fig. 2.1 (a) A semicircumferential incision is made in the inferior part of the umbilicus. (b)
Umbilical skin lifted and dissection carried out underneath to expose the area of the umbilical scar.
(c) Figure illustrating where the peritoneum and the skin meet. (d) The opening is sometimes
enlarged with a hemostat. (e) The introduction of a blunt nonarmed 5 mm trocar

procedure, the opening is closed with a polydioxanone figure-of-8 stitch and the
skin reapproximated with 5-0 polyglactin subcuticular sutures [21].

The open technique using a peritoneal cut-down and trocar insertion under direct
visualization is associated with fewer problems than blind insertion of the Veress nee-
dle and primary trocar. Nevertheless, the Hasson technique, believed to be safer than
blind insertion of the Veress needle, also carries the risk of potential complications.
Hasson’s experience with open laparoscopic access demonstrates complications related
to primary access in 0.5% of patients [22]. In an effort to decrease the complications
associated with the introduction of the first trocar, many variations of the Hasson tech-
nique have been proposed. Suggested alternatives include modifications to the tradi-
tional open approach, as well as techniques using a blunt tip trocar, a visualizing trocar,
and a finger to gain initial access to the peritoneal cavity [8, 23, 24]. Others have sug-
gested using an alternative site of entry for laparoscopy in patients with previous
abdominal surgery [25]. The incision made in the Hasson technique is done infraum-
bilically where a considerable amount of subcutaneous fat can be encountered, while
the technique described herein takes advantage of the fact that at the umbilicus the skin
and peritoneum are in contact with each other without interposed fat. Therefore, this
approach is believed to be advantageous for obese patients [21].
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Optical Access

Optical access trocars have been developed as an alternative method of peritoneal
entry. The theoretical advantage of these trocars is that each layer can be identified
prior to transection. Two visual entry systems are available: one system retains the
conventional trocar and cannula push-through design, where the visual trocar tran-
sects abdominal myofascial layers by applying axial PF generated by the surgeon’s
dominant upper body muscles, while the second visual cannula system applies
radial PF generated by the surgeon’s much weaker dominant wrist muscles to part
the abdominal myofascial layers.

The First Disposable Visual Entry System

This system retains a push-through trocar and cannula design where the spike prin-
ciple recruits considerable PF thrust, denting tissues towards viscera. After pneu-
moperitoneum is established with the Veress needle, the pressure is increased to
20 mm Hg. A Visiport™ (Covidien, Mansfield, MA), a disposable device consists
of an optical obturator with a blunt, clear window at its distal tip and a recessed
knife blade. Following the skin incision and blunt dissection into the fascia, the
trocar connected to a 0° laparoscope is inserted. Under constant visualization, it is
moved into the abdomen by activating the retracted blade at the instrument tip. The
subcutaneous fatty tissue, anterior fascia of the rectus muscles, rectus muscles,
posterior fascia of the rectus muscles, transversalis fascia, and peritoneum are tra-
versed with slight rotating movements and moderate pressure. The trigger is acti-
vated when passing through fascia and peritoneum. The trocar advances by dilating
the tissue planes and the correct position in the abdomen of the instrument can be
recognized easily. After the peritoneal cavity is entered and pneumoperitoneum is
started, the handpiece of the optical access trocar is removed and the 0° laparo-
scope is replaced with a 30° endoscope. All secondary trocars are placed under
direct vision [26].

The Second Reusable Visual Entry System

The Endoscopic Threaded Imaging Port (EndoTIP™) (Karl Storz, Tuttlingen,
Germany), is a reusable visual entry cannula that may be used as a primary and
ancillary port and may be used to perform intra- or retroperitoneal operations. It
consists of a stainless steel proximal valve and distal hollow cannula section. A
single thread winds diagonally on the cannula’s outer surface, which ends distally
in a blunt notched tip. EndoTIP™ is available in different lengths and diameters for
different surgical applications. The reusable retaining ring, or Telescope Stopper
(TS), keeps the mounted telescope from sliding out of focus during insertion. This
system has no trocar and is a hollow threaded cannula with a blunt distal tip to
engage abdominal tissue layers. It uses the Archimedes spin principle to tent tissue
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away from viscera, while relaying clear real-time monitor images of the port site. In
addition, the outer thread avoids overshoot and renders port insertion and removal
incremental and less forceful [27]. Despite visualization of tissue layers, these ports
cannot prevent serious injuries as outlined by the review of the Food and Drug
Administration’s database by Sharp et al. [28]

The Retroperitoneal Approach

The retroperitoneoscopic approach to the kidney and adrenal has been described in
detail previously [29, 30]. Briefly, patients are given gentle bowel preparation and
are positioned on the operative table in the full 90° flank position with the table
flexed and the kidney rest elevated. The technique used is a three-port approach. A
1.5-cm incision is made at the tip of the 12th rib and the retroperitoneum is entered.
A trocar-mounted 800-cc balloon is used to create a working space outside and
posterior to Gerota’s fascia. A 10-mm 30° laparoscope is used to visualize proper
dilation through the balloon. Following balloon deflation, a 10-mm blunt port is
inserted and CO, pneumoretroperitoneum is established under high flow at a patient
pressure of 15 mm Hg [17].

Two ancillary ports are then placed, of which the size depends on the indications;
they may be 5 or 12 mm. One port is placed at the junction of the paraspinal muscles
and the 12th rib, while the other is placed in the midaxillary line 2 cm above the
anterior superior iliac crest. The psoas muscle is identified, the intermediate stratum
of the transversalis fascia is divided, and the kidney and adrenal are retracted antero-
medial. Mobilization remains completely posterior to the kidney and/or adrenal
until vascular control is complete. Further steps involving ablative techniques, radi-
cal or partial nephrectomy, ureterectomy, or adrenalectomy have been previously
described [17, 31].

Laparoscopic Access Difficulties

Factors that cause difficulties in laparoscopic entry to the peritoneal cavity or the
retroperitoneal space are mainly related to patient factors and to some extent to
surgeon factors.

Patient Factors

Obesity

Obesity is an ever-increasing problem. A thick layer of adipose subcutaneous tissue
limits access, especially in the insertion of the initial camera port. The angle of
insertion is more critical as this adipose layer limits free rotational movement of
working ports. Patients who are grossly obese are at a significantly greater risk of
complications when undergoing laparoscopic surgery. It is generally recommended
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that an open (Hasson) technique should be performed for primary entry in patients
who are morbidly obese, although even this technique may be difficult. If a Veress
needle approach is used in the patient who is morbidly obese, it is important to make
the vertical incision as deep as possible in the base of the umbilicus, since this is the
area where skin, deep fascia, and parietal peritoneum of the anterior abdominal wall
will meet. In this area, there is little opportunity for the parietal peritoneum to tent
away from the Veress needle and allow preperitoneal insufflation and surgical
emphysema. If the needle is inserted vertically, the mean distance from the lower
margin of the umbilicus to the peritoneum is 6 cm (+3 cm). This allows placement
of a standard length needle even in extremely obese women. Insertion at 45°, even
from within the umbilicus, means that the needle has to traverse distances of
11-16 cm, which is too long for a standard Veress needle [11, 32].

Ports need to be placed closer to the operation site, or longer ports and instru-
ments must be used. The potential risk of misplacement of ports with associated
injury is also higher for those choosing initial Verres needle insufflation. Open
Hasson access requires a larger skin incision to see in the obese patient, and the
overall operation time is generally prolonged. If the surgeon realizes intraopera-
tively that he or she is far away or aiming with difficult angle to the target organ,
then new ports should be inserted, which will make the procedure more efficient and
close the previous ports.

Very thin patients are also potentially at risk of trocar-related injury, mainly with
the primary port, as adjacent organs and major vessels are much closer to the
abdominal wall. Great care, therefore, must be taken when performing first entry
and a Hasson approach or insertion at Palmer’s point is preferable in this situation
[11, 33]. Care and caution are essential when doing laparoscopy in children where
open access may be advised and even continuous monitoring of all the laparoscopic
instruments is essential to avoid inadvertent injury during the surgery.

Previous Surgery in the Area of Interest

Previous surgery can influence laparoscopy in many ways. It may cause difficulty in
placing a Verres needle because of abdominal wall adhesions and limitations in
proper insufflation. In retroperitoneal laparoscopy, a previous significant breach of
the retroperitoneum increases the potential for significant adhesions and limitations
in creating a sufficient working space [34].

The rate of adhesion formation at the umbilicus may be up to 50% following
midline laparotomy and 23% following low transverse incision [35]. The umbili-
cus may not, therefore, be the most appropriate site for primary trocar insertion
following previous abdominal surgery. The most usual alternative site is in the left
upper quadrant, where adhesions rarely form, although even this may be inappro-
priate if there has been previous surgery in this area or splenomegaly. The preferred
point of entry is 3 cm below the left costal margin in the mid-clavicular line
(Palmer’s point). A small incision is made and a sharp Veress needle inserted verti-
cally. A check for correct placement using the pressure/flow test is performed. CO,
is then insufflated to 20 mmHg pressure and a 2—-5 mm endoscope is used to inspect
the undersurface of the anterior abdominal wall in the area beneath the umbilicus.
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If this is free of adhesions, the trocar and cannula can be inserted under direct lapa-
roscopic vision. If there are many adhesions present, it is possible to dissect these
free via secondary ports in the lower left abdomen or an alternative entry site can
be selected visually [33].

If the initial intraperitoneal pressure is high (>10 mm Hg) and there is no rapid
increase in intraperitoneal pressure at the commencement of insufflation, the Veress
needle is removed and reinserted. No more than three attempts are made with the
Veress needle. If still unsuccessful, open trocar placement or a nonbladed visualiz-
ing trocar entry technique is used for direct vision into the peritoneal cavity [20].

Anatomical Variations

Patients with a large degree of hydronephrosis or giant hydronephrosis that crosses
the midline and causes significant anatomic distortion are at risk of injury to the
intra-abdominal organs. Open (Hasson) access into the peritoneum is performed to
avoid injury to the already displaced abdominal contents [36]. Prelaparoscopic
deflation of the hydronephrotic kidney with intraoperative or preoperative nephros-
tomy tube insertion may also be performed. Variation in the course and size of
parietal vessels attributable to inferior vena caval obstruction or portal hypertension
are also susceptible to provoking unexpected injuries to parietal vessels [37].

Surgeon Factors

It is well established that both the retroperitoneal and transperitoneal approaches
have distinct advantages and disadvantages with regard to urological laparoscopic
surgery. In practical terms, the selection of one approach over the other depends on
an individual surgeon’s experience and training [29]. Surgeon experience is para-
mount in getting a safe, versatile access and in reducing the rate of port-site and
other complications. With experience comes skill at accurate port placement, pre-
venting inadvertent injury as well as maximizing surgical ergonomics, and, there-
fore, reducing fatigue [30].

Conclusion

Gaining safe and accurate access is the first and most important step in achieving
a safe and efficient laparoscopic surgery. Detailed knowledge of the organ anat-
omy and prior surgical history with availability of all the important surgical tools
is an important requirement to do safe laparoscopy.

Caution is vital in laparoscopic access and especially in children and thin or
obese patients, and also in patients with previous surgeries. Open access is
always an alternative for safe laparoscopy in difficult case scenarios.
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