Chapter 9. Laparoscopic Surgery - J. Stuart Wolf, Jr, MD, FACS,  Marshall L. Stoller, MD
INTRODUCTION
Laparoscopy now plays a prominent role in urology. Current residents finish their training with considerable exposure to the techniques, and a plethora of courses educate physicians already in practice. The technology continues to improve. In particular, hand-assisted techniques have facilitated the adoption of laparoscopy and robotic assistance is gaining great popularity.

This chapter is an overview of urologic laparoscopy, including the physiology of laparoscopy, laparoscopic instrumentation and techniques, and a review of urologic laparoscopic procedures. The reader is referred to the laparoscopic textbooks listed in the reference list for additional information.

PHYSIOLOGY OF LAPAROSCOPY
Introduction
During laparoscopy with pneumoperitoneum, the patient is exposed to unusual physiologic challenges. Although most challenges are met successfully with minor modifications of anesthetic management, the laparoscopic surgeon must be aware of them to prevent and manage complications.

Physiology: Cardiovascular
As intra-abdominal pressure increases with pneumoperitoneum, the systemic vascular resistance increases and venous return decreases. The degree of intra-abdominal pressure and the circulating blood volume determine the cardiovascular effects of pneumoperitoneum. A small increase in intra-abdominal pressure augments venous return and cardiac output. As intra-abdominal pressure rises above a certain point, the increase in resistance exceeds the increase in pressure and venous return (and therefore cardiac output) falls (Figure 9-1). This transition point occurs at a low intra-abdominal pressure in the hypovolemic state and at a greater pressure in the normovolemic and hypervolemic state. Given normovolemia, an intra-abdominal pressure of 15 mm Hg is associated with tolerable reduction of cardiac output.

The absorption of insufflated carbon dioxide (CO2) has several cardiovascular effects. The direct ones are primarily inhibitory, but CO2 also stimulates the sympathetic nervous system. If acidosis is allowed to develop, parasympathetic effects may be enhanced as well. Moderate hypercapnia produces an increase in cardiac output and blood pressure and a decrease in systemic vascular resistance, which counteract the mechanical effects of pneumoperitoneum.

Overall, an intra-abdominal pressure of 15 mm Hg and moderate hypercapnia in healthy patients produce a hyperdynamic state (increased central venous pressure, systemic vascular resistance, heart rate, and blood pressure) without significant alteration of cardiac output.

	
	Figure 9-1. Reduction of venous return and cardiac output during laparoscopy. (Borrowed with permission from Wolf JS Jr, Stoller ML: The physiology of laparoscopy: basic principles, complications, and other considerations. J Urol 1994;152:294.)0 




Physiological Complications: Cardiovascular
The cardiovascular complications of laparoscopy include tension pneumoperitoneum, cardiac dysrhythmias, fluid overload, and venous thrombosis.

When the intra-abdominal pressure is excessive, usually >40 mm Hg, the rise in vascular resistance becomes overwhelming and "tension pneumoperitoneum" can occur. Venous return, cardiac output, and blood pressure drop precipitously. Volume status must be optimized to prevent tension pneumoperitoneum at even lower pressures. Brief periods of elevated intra-abdominal pressure during laparoscopy usually are tolerated well, but generally the pressure should be kept below 15-20 mm Hg. Whenever hemodynamic compromise due to excessive intra-abdominal pressure is suspected, immediate desufflation will quickly improve the situation.

Tachycardia and ventricular extrasystoles due to CO2 are usually benign, but fatal dysrhythmias can occur with very high arterial partial pressure of CO2 (PaCO2). Avoidance of hypercapnia will prevent tachydysrhythmias. Since hypercapnia may also potentiate parasympathetic actions, vagal stimulation by peritoneal manipulation or distention during CO2 laparoscopy can occasionally produce bradydysrhythmias.

With decreased insensible fluid losses and urine output during laparoscopy there is a predisposition to volume overloading. The volume status of the patient should be optimized before insufflation, and then intraoperative fluid administration should be limited to appropriate replacement for blood loss plus a maintenance rate of 5 mL/kg/hr.

The increased abdominal pressure during laparoscopy restricts lower extremity venous return. Mechanical pressure forces blood out of the splanchnic circulation into the lower extremities, where venous stasis during laparoscopy can be demonstrated with Doppler flow studies. Prophylaxis for venous thrombosis is recommended for major laparoscopic procedures.

Physiology: Pulmonary, Acid-Base,  Insufflant-Related
Increased intra-abdominal pressure and volume elevate the diaphragm, which reduces lung capacity and compliance. Gases with high tissue permeance are absorbed readily, and CO2 has high tissue permeance. When instilled into the peritoneal cavity, CO2 rapidly diffuses into the bloodstream. The amount of CO2 absorbed from the peritoneal cavity during intraperitoneal CO2 laparoscopy at typical pressures is equivalent to adding 5-25% to the body's baseline production of CO2. Clinical studies have suggested that subcutaneous emphysema, elevated intra-abdominal pressure, extraperitoneal insufflation, and increased duration of insufflation all increase the rate of CO2 absorption.

Physiological Complications: Pulmonary, Acid-Base,  Insufflant-Related
The pulmonary, acid-base, and insufflant-related complications of laparoscopy include hypercapnia, intra-abdominal explosion, acidosis, extraperitoneal gas collections, and venous gas embolism.

Hypercapnia, an excess of CO2 in the bloodstream, occurs when CO2 production and absorption exceed its elimination. Moderate hypercapnia is stimulatory overall, but if PaCO2 exceeds 60 mm Hg, cardiodepressive effects predominate. Cardiovascular collapse, severe acidosis, and fatal dysrhythmias can occur. Increasing ventilation rates and tidal volumes usually will elevate CO2 elimination adequately. PaCO2 is estimated intraoperatively by the capnographic measurement of the partial pressure of endtidal CO2 (P[et]CO2, which generally is 3-5 mm Hg lower than PaCO2 during general anesthesia. During prolonged operations or in patients with pulmonary disease the gradient may widen unpredictably, and arterial blood gases should be obtained for accurate monitoring.

Additional measures to prevent hypercapnia include reduction of intra-abdominal pressure (which both decreases the CO2 absorption and allows more effective CO2 elimination) and use of alternative gases for insufflation. CO2 is the most popular gas for insufflation because of its rapid absorption (which offsets some of the hemodynamic burden imposed by the pneumoperitoneum and minimizes the effect of venous gas embolism) and its inability to support combustion. Since excessive levels of hypercapnia are dangerous, however, alternative gases for insufflation have been considered. Few have met with favor, although helium has been used to avoid hypercapnia in selected patients. Unfortunately, helium can exacerbate the clinical effects of a venous gas embolism (see below).

Laparoscopy with CO2 insufflation causes a mild respiratory acidosis due to the absorption of CO2. With gas insufflation pressures >20 mm Hg, a metabolic acidosis can also develop, likely related to retained acids from the decreased urine output. At typical pneumoperitoneum pressures, this usually is not a clinical problem.

Gases insufflated into the peritoneal cavity may leak into several extraperitoneal tissue planes or spaces. Subcutaneous emphysema is the most common site of extraperitoneal gas. Although generally innocuous, it may increase the risk of hypercapnia. Gas that is insufflated inadvertently into the properitoneal space or omentum might interfere with visualization during intraperitoneal laparoscopy. Pneumopericardium, pneumomediastinum, and pneumothorax can inhibit cardiac filling, limit lung excursion, or both. A CO2 pneumothorax will usually resolve spontaneously, but thoracostomy should be performed for a large or symptomatic pneumothorax.

Venous gas embolism (VGE) is the passage of gas bubbles through the venous system into the heart and pulmonary circulation. When clinically significant, right heart outflow is impeded, producing hypoxemia, hypercapnia, and depressed cardiac output. Clinically detectable VGE may be noted in almost 1% of laparoscopic cases when careful surveillance is used. Many VGEs during laparoscopy have been fatal. VGE is indicated by hypoxemia, evidence of pulmonary edema, increased airway pressure, hypotension, jugular venous distention, facial plethora, dysrhythmias, and a mill wheel murmur. The capnometer will register a sudden fall in P(et)CO2 if the CO2 embolus is large and an abrupt but transient increase if it is small. Swift response is required, including immediate desufflation, rapid ventilation with 100% oxygen, steep head-down tilt with the right side up, and general resuscitative maneuvers. The type of the gas comprising the embolus determines in part the outcome. Helium is less soluble in blood than CO2. This fact argues against its use for initial insufflation (Figure 9-2), but helium insufflation (to avoid hypercapnia) after the pneumoperitoneum has been safely created with CO2 is safer, since VGE rarely occurs beyond the first few minutes of insufflation.

	
	Figure 9-2. Arterial tracing after rapid intravenous injection of 7.5 cc/kg CO2 (top) and helium (bottom) in a dog. There is recovery within 1 minute after the CO2 injection but complete cardiovascular collapse after helium injection. (Borrowed with permission from Wolf JS Jr, Carrier S, Stoller ML: Gas embolism: helium is more lethal than carbon dioxide. J Laparoendoscopic Surg 1994;4:173.)0 
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LAPAROSCOPIC INSTRUMENTATION  BASIC TECHNIQUES
Preoperative Preparation
The considerations made in the selection of patients for laparoscopy are more stringent than for open surgery. Although any operation in a patient with obesity, previous abdominal surgery, and abnormal anatomy is more difficult than in a patient lacking these features, laparoscopy is rendered relatively more difficult by these factors than is open surgery. In addition, the physiological considerations discussed above suggest that open surgery may be favored over laparoscopy in patients with severe pulmonary disease or congestive heart failure. The patient being offered laparoscopic intervention should be fully informed of the risks and benefits, most appropriately in the context of a comparison to the spectrum of risks and benefits of open surgery for the particular procedure. It is important to inform the patient of the surgeon's experience with the particular laparoscopic procedure, and that conversion to open surgery may be required. For transperitoneal laparoscopic surgery without intended bowel resection, patient preparation with a clear liquid diet and oral magnesium citrate on the preoperative day is adequate. For retroperitoneoscopic surgery, bowel preparation is not necessary.

A logical operating room setup is required. The primary laparoscopic cart (see below) is positioned opposite the surgeon. For an upper abdominal or retroperitoneal procedure, a secondary monitor for nursing staff or assistants placed on the opposite side of the patient is useful, but for a pelvic procedure only the primary laparoscopic tower at the patient's feet is required. Operating rooms with booms from the ceiling that hold the primary equipment minimize clutter and reduce setup time (Figure 9-3). All equipment should be checked for function preoperatively or during setup. Adequate pressure in the CO2 tank should be verified, and a second tank should be available.

After induction of anesthesia and endotracheal intubation, insert a urethral catheter and orogastric tube. For a pelvic procedure, the patient is placed supine (or in some cases dorsal lithotomy), with the chest securely taped to allow steep Trendelenburg tilt of the table. For transperitoneal procedures into the retroperitoneum, the patient is placed in partial right flank position (45) without flexion of the table. Subsequent rotation of the table can provide near supine or near flank position. Direct retroperitoneoscopic procedures benefit from full flank position with table flexion.

	
	Figure 9-3. Laparoscopic surgery suite with ceiling booms.
0 [image: image2.png]





	
	

	
	


Entry: Obtaining Pneumoperitoneum
The 2 most common methods of insufflation to create pneumoperitoneum are the closed (Veress needle) and open (Hassan cannula) techniques. Either is acceptable as the first choice, but if the Veress needle is the surgeon's typical first choice then the open technique should be learned as well, since sometimes the former approach is contraindicated or fails.

In a previously operated-on abdomen, the Veress needle should be placed away from prior incisions. The Veress needle has a solid spring-loaded stylet that retracts back only under pressure from firm tissue (ie, fascia) to expose the sharp cannula; once the tip is free in the intraperitoneal space the stylet springs forward and protects against visceral injury. The needle is usually placed at the chosen location of the first port. It is inserted almost perpendicular to the abdominal wall, tilting slightly away from the large midline vessels. An exception is when the needle is being placed at the umbilical location in thin individuals, in which case it needs to be angled caudal almost 45. There are usually 2 "pops" of resistance as the fascial layer and then the peritoneal membrane are penetrated (Figure 9-4).

Once the needle is inserted, a series of maneuvers are performed before insufflation. First, attach a 10-cc syringe half-filled with saline and aspirate back. There should be no aspirated gas or liquid. Next, inject the saline in through the needle and attempt to aspirate it back. It should flow in easily and not return on aspiration. Finally, the saline in the hub of the Veress should drop rapidly into the abdomen. These maneuvers assess for the possibility that the needle tip is in a luminal structure (bowel, bladder, blood vessel), but will all be "normal" if the needle is preperitonealwhich is the most common erroneous placement (Figure 9-5). This possibility is assessed by the final test, the "opening pressure." Gas insufflation is commenced through the needle held carefully in place. The pressure should not rise above 8 mm Hg within the first 1/2 L of gas, or if it does it should only be momentary and quickly correctable by a twist, slight withdrawal, and tilting up of the needle (which will free the needle tip from omental or mesenteric fat). If these conditions are met, insufflation is continued. If these conditions are not met, then disconnect the insufflation tubing, allow the gas to escape, and withdraw the needle. Persistence when the pressure is too high risks extensive extraperitoneal gas collection that will interfere with surgery. We usually will make 3 attempts with the Veress needle, and if safe insufflation is not achieved, an alternative method is chosen.

The most common non-Veress entry method, the Hassan technique, is placement of a laparoscopic port through a small incision made into the intraperitoneal space under direct vision. This technique is used if the Veress needle fails or is contraindicated, but some surgeons use it in all cases. A 1.5- to 3-cm incision is made at a chosen site and deepened down to the peritoneal membrane, which is opened under direct vision. Stay sutures are placed, and the Hassan port (10/12 cannula containing a blunt obturator, with a conical adjustable sleeve, Figure 9-6) is inserted. The sutures are tied down tightly on the arms of the device, such that the conical sleeve is cinched down against the fascia. Gas is then insufflated. One modification of this technique is the use of a port with a retaining balloon that inflates intra-abdominally and is held up tight against the fascia by an adjustable retaining ring. Another modification is to make just a small nick in the fascia and insert a blunt port that dilates rather than cuts the fascia (see below). Finally, a visualizing trocar (see below) can be used.

	
	Figure 9-4. Insertion of the Veress needle into the peritoneal cavity.
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	Figure 9-5. Preperitoneal location of the tip of Veress needle.0 
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	Figure 9-6. Hassan cannula.0 
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Entry: Port Placement
Selection of port sites determines access to the operative field. The general scheme is to surround the site with the necessary number of instruments placed widely enough apart that they do not "sword fight" in the abdomen and with the laparoscope situated so that a good visual angle can be attained.

There are a variety of ports available, with the standard sizes being 5, 10, and 12 mm. "Needlescopic" ports (3 mm) as well as extra-wide ports (18 and 30 mm) are available for specialized use. Ports can be completely disposable, completely reusable, or "re-posable" ports, which contain both reusable and disposable components. Many disposable ports have sharp tips that are shielded to prevent viscus injury (Figure 9-7). Reusable ports most commonly have a metal trocar with a metal or plastic cannula (or both).

Finally, there are the "re-posable" ports. The cannulae are reusable and the trocars, blades, and diaphragms are mixed disposable and reusable.

Trocars can be cutting or noncutting. Disposable sharp trocars are shielded. Some reusable trocars have nonshielded sharp tips. The Hassan-type ports employ blunt tips. There are ports with clear plastic tips (Figure 9-8) that allow visualization with the laparoscope as the port is being inserted. The Step system (AutoSuture Co, Norwalk, CT, Figure 9-9) employs an expandable sheath that is inserted with a Veress needle. The needle is removed and a dilating trocar is used to insert the port. This and other ports that dilate or screw into the fascia are increasing in popularity because the fascia defect is smaller and there is less risk of visceral injury than with sharp-tipped ports.

If the Veress needle has been used for abdominal entry, the next step is to place the first port. This is usually the port for the laparoscope, inserted at the site of Veress needle placement. Use a firm but controlled motion to drive the port into the abdomen. To avoid inadvertent removal of the port during the procedure, anchor to the skin with suture. Alternatively, special sheaths will hold the port firmly into the fascia. Insert the laparoscope and inspect the intraperitoneal contents. Subsequent ports are placed under visual control through the laparoscope.

	
	Figure 9-7. Disposable ports with shielded sharp tips. (Applied Medical, Rancho Santa Margarita, CA.)0 
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	Figure 9-8. Endopath nonbladed trocar, with clear plastic tip that allows visualization as the abdominal wall is penetrated. (Ethicon Endo-Surgery, Cincinnati, OH.)0 
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	Figure 9-9. Step System port. (AutoSuture Co, Norwalk, CT.)0 
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Entry: Extraperitoneal Approach
The retroperitoneal route is well suited to many urologic procedures because the organ of interest is in the retroperitoneum. For flank retroperitoneoscopic surgery, a 2-cm incision is made below the tip of the 12th rib and taken down through the lumbodorsal fascia under direct vision. The retroperitoneal space is dilated with a finger, and then a dilating balloon (commercially available, Figure 9-10, or self-made) is used to dilate the working space. A self-retaining port is inserted at this location. Additional ports are placed at the base of the 12th rib, at the tip of the 11th rib, and in the mid axillary line above the iliac crest. For pelvic extraperitoneal surgery, the dilating balloon is placed directly into an infraumbilical incision and then slid down the inside of the rectus sheath to the pubic bone, where is it used to enlarge the preperitoneal space.

	
	Figure 9-10. Trocar-mounted preperitoneal distention balloon. (Origin Medsystems, Menlo Park, CA.)0 
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Hand Assistance
Hand-assisted laparoscopic surgery (HALS) entails the insertion of a hand into the laparoscopic field while maintaining pneumoperitoneum and visualization. The hand-assistance devices employ a compressive mechanism to affix the device to the abdomen and a locking or compressive mechanism (compressive balloon, gel, or disk) to prevent leakage of pneumoperitoneum around the intra-abdominal hand (Figure 9-11). HALS is predominantly used for transperitoneal laparoscopic procedures. The intra-abdominal hand is used for dissection, tissue identification, retraction, and control of injuries. The benefits of HALS include shorter operative times than for similar standard laparoscopic transperitoneal procedures, ease of learning by inexperienced surgeons, and enhanced ability to manage difficult surgical situations. Disadvantages of HALS include problems with the devices, such as gas leakage or interference with port placement, physical strain on the hand, interference of the hand in the operative field, and the need for a larger incision than might otherwise be required for a standard laparoscopic procedure.

Some urologic surgeons use HALS almost exclusively, and some never use it. Given the spectrum of its advantages and disadvantages, HALS is probably best used selectively. The most effective uses for HALS include cases where intact specimen removal is required, when difficult dissection is anticipated, early in a surgeon's experience, or for large specimens. Most simple and radical nephrectomies, as well as pyeloplasties, adrenalectomies, renal cyst resections, and pelvic procedures, can be performed well by experienced surgeons without HALS.

	
	Figure 9-11. Surgeon's hand inside Omniport. (Weck Closure, Raleigh, NC.)0 
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Laparoscopic Video Instrumentation  Cart
The standard adult laparoscope is 10 mm in diameter, although 5-mm laparoscopes are improving in light transmission capability. For pediatric surgery, a 5-mm laparoscope typically is used, but 2-mm laparoscopes are also available. Most laparoscopes employ a 0 or 30 lens, with the latter providing more viewing angles. Some laparoscopes can have the camera chip on the tip of the instrument, which removes an interface and enhances resolution. One or two large monitors, a strong light source with cables in good condition, and the digital image converter (camera box) complete the video apparatus. Still-image and video-capture devices provide documentation. Other equipment on the laparoscopic cart includes the high-flow insufflator and additional energy sources (see below).

Laparoscopic Instrumentation
Laparoscopic operating instruments include ones for grasping and dissection, cutting, hemostasis, retraction, irrigation and aspiration, suturing, clipping or stapling, specimen entrapping, morcellating, and intraoperative imaging. Many are available in both disposable and reusable versions. Most standard instruments are 5 or 10 mm in diameter and 35 cm in length, but there are "needlescopic" 2-mm instruments as well as larger (15-18 mm) devices for particular uses. A thorough understanding of each instrument, especially the clip appliers and staplers, is necessary for their safe and effective use.

Exiting the Abdomen
After a laparoscopic procedure is completed, the operative field is inspected at 5-mm Hg pressure to allow exposure of any disrupted small venules that may have been compressed by the working pneumoperitoneum pressure. The ports are removed under vision so that any bleeding from the abdominal wall can be detected. All port sites 10 mm or larger are closed in the fascial layer with suture. The Carter-Thomason Needle-Suture Passer (Figure 9-12) (Inlet Medical Inc, Eden Prairie, MN) or similar devices simplify the often-difficult task of fascial closure. In children, even 5-mm port sites should be closed. Because the CO2 is irritating to the abdomen and may be responsible for a considerable portion of pain after laparoscopy, attempts should be made to desufflate all gas before removing the last port. Close the port incisions with a subcuticular stitch or wound glue and apply sterile tape.

	
	Figure 9-12. Carter-Thomason device (Inlet Medical Inc, Eden Prairie, MN). A: Needle point suture passer. B: Fascial closure guide.
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Postoperative Care
For urologic laparoscopic procedures that do not involve bowel resection, hospital stay can be limited to 1 or 2 days in most patients with aggressive postoperative management. Offer parenteral narcotics the afternoon and evening after the procedure. Unless contraindicated, use intravenous ketorolac around the clock (not as needed) for the first 24 hour, including a dose at skin closure in the operating room. Start a clear liquid diet postoperatively, but if nausea develops then hold off on intake for a few hours before trying again. On the morning of postoperative day 1, advance to a regular diet as tolerated and switch from parenteral to oral pain medication. Get the patient up to a chair on the day of the operation, and start ambulation in the hallway the next day.

SPECIFIC PROCEDURES
Pelvic Lymph Node Dissection
Pelvic lymph node dissection (PLND) was the first adult laparoscopic urologic procedure to gain widespread interest and acceptance. The technique was initially described in 1990, and most cases in the early series were performed before the generalized use of prostate-specific antigen testing, when PLND had positive results in up to one-thirds of patients. Due to stage migration, modern series of prostate cancer patients reveal that 10% of patients with localized disease will have nodes with a positive result. This has greatly decreased the number of stand-alone PLNDs being performed. The interest in learning and perfecting laparoscopic PLND therefore has declined. The interest may once again increase in the future, however, as more laparoscopic radical prostatectomies and laparoscopic cystectomies are performed.

Laparoscopic PLND is indicated for assessment of pelvic nodal metastasis from prostate, bladder, or other pelvic malignancies. In prostate cancer patients, PLND is generally reserved for those with a prostate-specific antigen level >20, those with high-grade disease (Gleason 8), those with clinical stage T3 or T4 disease, or those with suspicious nodal enlargement as seen on computed tomography scan, before definitive therapy is initiated (ie, radiation, cryotherapy, hormonal ablation, or prostatectomy). There are no contraindications specific to PLND other than those general to laparoscopy. Prior laparoscopic hernia repair can result in severe adhesions, limiting both open and laparoscopic pelvic procedures.

The patient is positioned supine, with Trendelenburg tilt, as would be used for open PLND. Laparoscopic PLND can be performed transperitoneal or extraperitoneal (Figure 9-13). Initial access is typically through an umbilical port followed by 2-4 additional ports in a diamond or fan-shaped pattern (Figure 9-14). Key landmarks are the obliterated umbilical ligament, gonadal vessels, and internal inguinal ring (Figure 9-15), with the limits of the nodal dissection being the iliac bifurcation, the pubis, the obturator nerve, the pelvic side wall, and the medial umbilical ligament. The distal and proximal lymphatics are typically clipped to decrease lymphatic leakage. Dissection for bladder, penile, or urethral cancer usually involves a more extended field, bounded by the common iliac artery, the genitofemoral nerve, and the bladder.

Complications are similar with laparoscopic and open PLND. Specifically, injuries to the obturator nerve, iliac and epigastric vessels, and ureter have been reported but are uncommon. Other potential complications include lymphocele, bowel or bladder injury, subcutaneous emphysema, and scrotal swelling. Comparison studies of open versus laparoscopic PLND reveal a similar number of nodes retrieved. Patients treated with laparoscopic PLND enjoy an earlier time to oral intake, less postoperative pain, a shorter length of stay, and decreased recovery time. The disadvantages include prolonged operative time and higher complication rates in some series, especially early in one's experience.

	
	Figure 9-13. Balloon device inflated in the preperitoneal space for extraperitoneal laparoscopic pelvic lymph node dissection.
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	Figure 9-14. Port placements for laparoscopic pelvic lymph node dissection. A: Diamond configuration typically used. B: Fan configuration for use in obese patients.
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	Figure 9-15. Key landmarks for laparoscopic pelvic lymph node dissection are the obliterated umbilical ligament, gonadal vessels, and internal inguinal ring.0
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Varicocelectomy
As many as 15% of adolescent males will have clinically evident varicoceles. Most of these, however, do not need treatment. Varicocelectomy is reserved for those with asymmetrical testicular growth, infertility, or pain. The laparoscopic technique typically involves 3 ports. The initial camera port is placed at the umbilicus and additional ports are placed lateral to the rectus muscle. The gonadal veins are flattened by the pneumoperitoneum and therefore the artery appears more tubular than surrounding structures. After incising through the posterior peritoneum (Figure 9-16), gonadal veins are clipped and transected. Some series report meticulous dissection and salvage of lymphatic and arterial vessels; others have promoted transection of all vessels, including the artery. One study documents that testicular catch-up growth after artery-sparing varicocelectomy is the same as with non-artery-sparing procedures, therefore questioning the need to salvage the gonadal artery. Outcomes after laparoscopic varicocelectomy are comparable to those with open techniques. Recurrence rates are 2-15% depending on technique and follow-up. Complications include hydrocele formation and injury to the vas deferens as well as those generally associated with laparoscopic surgery. Unilateral laparoscopic varicocelectomy is rarely performed today due to the refinements in the subinguinal open technique.

	
	Figure 9-16. T-shaped incision is made through the posterior peritoneum to gain access to the gonadal vessels.
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Orchidopexy
Laparoscopy has been judged by many pediatric urologists to be the gold-standard diagnostic tool for nonpalpable testes. Although somewhat controversial, laparoscopic orchidopexy has been shown to be comparable to if not better than open orchidopexy in a recent multi-institutional analysis. A laparoscopic approach may be used for intersex evaluations. There are no specific contraindications for laparoscopic orchidopexy other than those for general laparoscopic procedures.

Positioning is usually supine with the legs frog-legged. A small laparoscope is inserted through a periumbilical site. The first step involves identifying the inguinal ring with the corresponding gonadal vessels and vas deferens. If the vas and vessels are seen entering the inguinal ring, the laparoscope is removed and an open inguinal exploration is performed as would be for a palpable cryptorchid testis. If the gonadal vessels are blind ending, the procedure is terminated. If an unsalvageable testis is identified, laparoscopic orchiectomy can be performed. If a salvageable testis is identified intra-abdominally, working ports are placed and the testis is freed from its nonvital attachments (Figure 9-17). If sufficient cord length can be gained, a scrotal incision is made and the testis is pexed. If there is insufficient cord length, a 1- or 2-stage Fowler-Stephens procedure may be performed. A multi-institutional review found decreased testicular atrophy and a higher rate of postoperative scrotal testicular positioning after the 2-stage procedure. About 15 complications were noted in 310 procedures, with an overall success rate of 93%.

	
	Figure 9-17. Dashed lines indicate incisions into posterior peritoneum for orchidopexy of a left intra-abdominal testis
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Renal Cyst Decortication
Although simple renal cysts are common, they rarely require surgical intervention. Occasionally, pain, infection, or secondary obstruction can develop, necessitating laparoscopic renal cyst decortication. Infrequently, a cystic mass may need to be explored for diagnostic purposes. Decortication can also be performed for pain relief in patients with polycystic kidney disease who still have good renal function. There are no specific contraindications other than that for general laparoscopic techniques.

If there is suspicion of a connection to the collecting system, a retrograde ureteral catheter may be placed. A 3-port approach is often sufficient. The colon is reflected medially to expose the kidney, and Gerota's fascia is incised to expose the cyst(s). Laparoscopic ultrasound may be used if necessary to help localize the lesions. The roof of the cyst typically appears blue before excision (Figure 9-18). The roof is excised, minimizing the removal of the surrounding renal parenchyma that can result in troublesome hemorrhage. A biopsy specimen of the base of the cyst may be taken and then coagulated with the argon beam coagulator or electrocautery. Retained perirenal fat may be fixed to the cyst base. Complications specific to renal cyst decortication include worsening of patient's symptoms, infection, or urine leak.

	
	Figure 9-18. Bluish hue of renal cyst.
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Nephrectomy
Widespread interest in urologic laparoscopy was rekindled when the first total laparoscopic nephrectomy was performed in 1990. Laparoscopic nephrectomy has become the most common laparoscopic urologic procedure. First popularized for the removal of benign, nonfunctioning renal units, laparoscopy has now become a well-accepted technique for renal malignancies. Indications for laparoscopic nephrectomy include nonfunctioning kidneys, chronic infections, symptomatic polycystic kidney disease, and tumors. Initially, large tumor size was considered a contraindication for laparoscopic nephrectomy, but with experience tumor size has become less of an issue. The only limitation is the expertise of the laparoscopic urologist. Laparoscopic excision of a level 1 venous thrombus has been reported. Relative contraindications include large venous thrombus, adjacent organ involvement, and widespread metastatic disease.

A. Approaches
Transperitoneal or retroperitoneal approaches are used, depending on surgeon preference. Each technique has advantages and disadvantages. The transperitoneal route provides a capacious working space and allows direct visualization of familiar intraperitoneal anatomy compared to the retroperitoneal technique. Transperitoneal access may be difficult, however, in patients who have had extensive abdominal surgery. The retroperitoneal approach allows easier and more rapid access to the renal artery from the posterior aspect and avoidance of intra-abdominal organs and adhesions. The disadvantage of the retroperitoneal technique is the limited working space. Comparisons of the 2 techniques have shown no difference in operative times, cost, length of stay, or postoperative convalescence. The approach therefore is dictated by the familiarity of the surgeon and the patient's condition.

Hand-assisted laparoscopic nephrectomy has been accepted as the technique of choice by many urologists. This technique has the advantage of using the surgeon's hand to retract, dissect, and guide the laparoscopic tools during laparoscopic nephrectomy. A small (approximately 7-8 cm) incision is required for the hand-assistance device, which maintains pneumoperitoneum. Numerous retrospective comparison studies between pure laparoscopic and hand-assisted laparoscopic nephrectomy show similar postoperative pain, time to oral intake, and convalescence. Operative times for hand-assisted laparoscopic nephrectomy are shorter than laparoscopic nephrectomy in some series.

B. Techniques
Positioning for laparoscopic nephrectomy is similar to that of flank approaches for open renal surgery. If a Pfannenstiel incision is to be used for specimen extraction, it is best marked in the supine position because its location often changes when the patient is positioned and the abdomen insufflated. Sequential compression stockings are placed. After initiation of general anesthesia, a Foley catheter and oral/nasogastric tube are placed and the patient is turned into a (modified) lateral decubitus position (45-90 with lesion side up, depending on the specific approach and surgeon preference). The lower knee is flexed and the upper leg is straight (figure of 4 position). All pressure points are adequately padded. The table may or may not require flexion depending on the specific approach and surgeon preference, and the patient is secured. The ipsilateral arm is flexed and secured with a pillow or arm supporter. The surgeon and assistant both stand toward the patient's anterior body wall for the transperitoneal approach.

The techniques for a laparoscopic nephrectomy will be discussed in detail as a template for other common laparoscopic urologic procedures. Many variations on port placement have been used. For transperitoneal laparoscopic nephrectomy, a 4-port "L"-shaped configuration for left nephrectomy and a reversed "L"-shaped pattern for right nephrectomy is commonly used. The initial trocar is placed 2 fingerbreadths below the costal margin at the lateral edge of the rectus muscle and the abdomen is insufflated initially to 15-18 mm Hg. Intra-abdominal organs are inspected for inadvertent injury. Another port is placed in the mid-axillary line 2 fingerbreadths above the iliac crest. One to two additional ports are placed along the lateral edge of the rectus muscle including one able to accept the endoscopic stapler if one anticipates its use. Depending on the patient's body habitus and relative position of the kidney and spleen/liver, other configurations may be chosen (Figure 9-19).

If hand assistance is chosen, port placement is altered to allow room for the hand-assistance device template. For left-sided lesions, the hand-assistance device is typically placed in the midline and may incorporate the umbilicus. For obese patients, the device may be placed paramedian, closer to the pathology. For right-sided lesions, the device may be placed in the midline or alternatively in the right lower quadrant using a muscle-splitting diagonal incision (Gibson). Placement of the hand-assistance device is dependent on the surgeon's arm length, optimal position of the surgeon's nondominant hand, and the patient's body habitus. Some devices are designed for placement before insufflation, whereas others may be added later in the procedure.

For left-sided lesions, the left colon is mobilized from the splenic flexure toward the iliac vessels, leaving the anterior fascicle of Gerota's fascia intact. The lienophrenic ligament is incised, allowing medial rotation of the spleen. Further medial rotation is achieved by mobilizing the pancreas, thus revealing the renal hilum. The ureter is identified lateral to the gonadal vein on top of the psoas muscle. The ureter can be transected with a variety of instruments. Following the gonadal vein superiorly will help identify the renal vein. The renal vein is dissected over the aorta to help avoid damage to the adrenal or lumbar veins. One should be careful using clips on vascular branches near the renal hilum because these can interfere with subsequent utilization of the endoscopic stapler. The renal artery is typically found posterior to the renal vein and is transected after securing it with locking plastic, titanium clips, or the endoscopic stapler. Once the artery is transected, the renal vein is secured and transected in a similar fashion. Rarely, if the hilar dissection is difficult and the vein and artery cannot be separated, the endoscopic stapler can be used to transect the artery and vein en bloc. The superior border of the kidney is dissected, either incorporating the adrenal or below the adrenal if salvage is planned. A definite adrenal artery is rarely identified. The lateral renal attachments are the last to be transected, because they help suspend the kidney and ease hilar dissection.

The kidney can be removed intact or morcellated after being placed into a specimen retrieval bag. If intact extraction is desired, a premarked incision is utilized, or a port site may be extended for extraction. For morcellation, the neck of the bag is brought through the port site. Appropriate drapings should be used to prevent potential tumor seeding. Blunt forceps are used to remove the specimen piecemeal, and laparoscopic monitoring is used to help prevent injuries. These instruments are then considered contaminated and are removed from the field. As with all laparoscopic procedures, insufflation pressures should be reduced to 5 mm Hg for final evaluation of hemostasis. Port sites >5 mm that utilized cutting trocars require fascial closure. The skin is approximated with subcuticular suture or liquid incisional sealant.

The technique for right-sided transperitoneal nephrectomy is similar. The ascending colon is mobilized from the hepatic flexure toward the iliac bifurcation. The triangular ligament is incised, with care not to injure the diaphragm. The liver is retracted with a blunt-tipped instrument. If necessary, the duodenum is mobilized medially to help expose the inferior vena cava (IVC). Entering the plane of Leriche directly anterior to the IVC will direct one to the right renal vein. Dissection lateral to the lower edge of the IVC will reveal the psoas muscle and ureter. Although the right renal vein is shorter, it rarely has branches, as typically seen on the left side. The remainder of the technique is analogous to that for the left side, as previously described.

Retroperitoneal nephrectomy begins with the patient in a full lateral decubitus position with similar padding and bed adjustments. In contrast to the transperitoneal approach, the surgeon and the assistant stand on the dorsal side of the patient. After an incision is made over Petit's triangle, blunt dissection through the lumbodorsal fascia is performed and a plane is developed over the psoas muscle. A dissecting balloon trocar is placed into this space. There are commercially available dissecting balloon trocars for this purpose, or a "homemade" version can be constructed by attaching a glove to a catheter. The commercially available dissecting trocar has the added advantage of allowing the laparoscopist to visually inspect the dissecting process and ensure proper location. This expansion typically requires 500-1000 cc of balloon inflation. The renal artery, ureter, or both may be seen through the balloon's wall. Pneumoretroperitoneum is then created and 2-3 additional port sites are placed according to surgeon preference (Figure 9-20). The kidney is retracted anteriorly to allow direct access to the hilum. Blunt dissection easily exposes the artery, which is clipped and transected. Anterior to the arterial stump, the vein is identified, dissected, and controlled in a similar fashion as previously described. After hilar control, the ureter is identified and transected. Further dissection is similar to that of transperitoneal techniques. Many laparoscopists remove the specimen intact when performing retroperitoneoscopic nephrectomy due to the limited working space. If morcellation is preferred, specimen-bag entrapment may require incising the peritoneum if the specimen is large. The final steps of ensuring hemostasis under low-pressure insufflation and inspecting the port sites remain the same.

The technique for hand-assisted laparoscopic nephrectomy is similar to that for transperitoneal laparoscopic nephrectomy. The hand-assistance device incision is made according to the manufacturer's directions, and 2-3 subsequent ports are placed according to surgeon preference. Dissection is similar to the transperitoneal description above. Lateral renal attachments can be transected earlier because the hand can provide countertraction, facilitating hilar dissection. Specimen extraction is rapidly performed through the hand-assisted incision.

C. Complications
The complication rate from laparoscopic nephrectomy ranges from 8% to 17%. Open conversion is required in 1.7-4% of cases. Minor complications include ileus, mild hemorrhage, urinary tract infection, hernia, and wound infection. Major complications include pulmonary embolus; pneumothorax; injury to the duodenum, spleen, liver, or pancreas; and major hemorrhage from the aorta, IVC, or iliac, gonadal, lumbar, or renal vessels. Technical complications are more common during the first 30-50 cases of a surgeon's experience.

D. Outcomes
Numerous studies have attempted to compare laparoscopic nephrectomy with open nephrectomy. Overall, laparoscopic nephrectomy offers shorter length of hospital stay, earlier time to oral intake, and less pain medication requirement with similar complication and cancer-control rates. Numerous studies have documented longer operative times for laparoscopic approaches; however, with surgeon experience, operative times may even be shorter than with open techniques. Studies comparing different laparoscopic techniques show similar outcomes, suggesting that no one approach is uniformly superior. The surgeon should be familiar with the various techniques so that the optimal procedure can be performed.

	
	Figure 9-19. One of the possible port configurations for right transperitoneal laparoscopic nephrectomy.0 
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	Figure 9-20. One of the possible port configurations for left retroperitoneal laparoscopic nephrectomy.
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Nephroureterectomy
Open nephroureterectomy has been the gold-standard treatment for upper tract urothelial carcinoma. This procedure is performed through a long curved flank incision or 2 separate incisions, leading to significant postoperative morbidity. Laparoscopic nephroureterectomy (LNUx) incorporates the benefits of cancer control with less postoperative pain and earlier return to normal activity. Indications include urothelial carcinoma of the renal pelvis (T1-3) and ureter (T1-2). LNUx can be employed for nonfunctioning kidneys due to reflux nephropathy, although control of the intramural ureter is not as critical as in cases of carcinoma. Transperitoneal, retroperitoneal, and hand-assisted techniques have been described.

Management of the distal ureter remains controversial. Initially, the distal ureter was transurethrally excised from the bladder using a resectoscope and delivered into the retroperitoneum. This procedure resulted in numerous reports of local recurrence. Other techniques to manage the distal ureter have since been described. Some perform a laparoscopic nephrectomy and proceed with a Pfannenstiel incision for open bladder cuff excision and specimen extraction. Alternatively, some authors have described transurethral mobilization and cauterization of the distal ureter in hopes of sealing the ureter. Other techniques involve 1- or 2-port transvesical dissection of the distal ureter (Figure 9-21) with (2-port) or without (1-port) transvesical closure of the ureteral orifice. Others have described using an endoscopic stapler or clips to secure the bladder cuff with subsequent transurethral cauterization of the ureteral orifice. Cancer-control rates appear adequate and complication rates are similar to those for laparoscopic radical nephrectomy. However, only short-term follow-up data are available.

	
	Figure 9-21. Transvesical dissection of the distal ureter performed with a Colling's knife on a resectoscope placed through a 10-mm port inserted suprapubically into the bladder. After the nephrectomy portion of the procedure and clipping of the ureter, incision (dotted black line) is gradually made around the ureteral orifice (white arrowhead) until the distal ureter can be pulled free of the bladder.0 
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Partial Nephrectomy
Open partial nephrectomy is performed in patients with renal lesions and risk for postoperative renal insufficiency (anatomically solitary kidney, bilateral lesions, significant preoperative renal insufficiency) or risk factors for future renal disease. Patients who are candidates for open partial nephrectomy have been treated with laparoscopic radical nephrectomy because of the decreased morbidity. Recently, reports of laparoscopic partial nephrectomy have become more common.

Transperitoneal, retroperitoneal, and hand-assisted techniques have been described. Although the overall technique is similar to that for laparoscopic radical nephrectomy, a few modifications are required. Some physicians perform preoperative ureteral catheterization to help ensure adequate collecting system closure. Laparoscopic ultrasound may be useful to delineate tumor margins and multifocality. The kidney is dissected from Gerota's fascia and perirenal fat, except for the fatty tissue directly over the lesion. The renal artery may be occluded with a laparoscopic bulldog or, alternatively, a loop or hand can be used for localized compression. Intracorporeal cooling with ice slush has been described. Maneuvers to minimize reperfusion injury (intravenous fluids, mannitol) can be used as with open partial nephrectomy. Enucleation or wedge resection can be performed with endoscopic scissors, electrocautery (Figure 9-22), or coagulating shears. Frozen section may be used to assess tumor margins. Biopsies of the base of the resection bed are recommended by some authors. Vessels and collecting system entry sites are closed using manual intracorporeal suturing techniques or with a variety of tissue glues. The overlying parenchyma is frequently coagulated using the laparoscopic argon beam coagulator. Tissue glues and bulking agents (collagen, gelatin, etc) may be placed on the resection bed to help ensure hemostasis. Bolstering sutures can be placed to compress and reconstruct the remaining renal tissue. Once reperfused, the surgical area is inspected for hemostasis. This is a procedure in evolution, and the optimal technique is yet to be determined.

Complications of laparoscopic partial nephrectomy, including delayed hemorrhage and urinary leak, are similar to those of open partial nephrectomy. Port site recurrences have not been documented. Long-term follow-up is needed to ascertain if cancer-control rates are equivalent to those of open partial nephrectomy.

Modifications to laparoscopic partial nephrectomy include cryoablation and radiofrequency coagulation of small peripheral renal lesions. The dissection techniques are similar to that for laparoscopic partial nephrectomy. A biopsy specimen is frequently taken to document localized renal cell carcinoma. For cryoablation, the probe is passed into the tumor and the lesion is frozen to -20C, thawed, and then refrozen to ensure adequate tissue destruction. This process can be monitored by laparoscopic ultrasound to ensure that the "ice ball" extends 1 cm beyond the tumor margin. The probe is gently released after the lesion has thawed. Pressure, fibrin sealant, and gelatinized foam help to ensure hemostasis. The radiofrequency ablative technique is similar. A percutaneous radiofrequency probe is introduced into the lesion after adequate mobilization and biopsy. The probe delivers 50-100 W of energy and is preset to the estimated tumor volume plus a margin of normal surrounding tissue. Temperature at the tip of the probe is 100C. After treatment, the lesion may be resected and a biopsy specimen taken from the base, or the coagulated mass can be left in situ. Postresection techniques for hemostasis are similar to those for laparoscopic partial nephrectomy. Cryoablation and radiofrequency coagulation techniques may decrease blood loss and operative times compared to partial nephrectomy. Renal arterial clamping is unnecessary, thus avoiding possible ischemia and reperfusion injuries associated with traditional partial nephrectomy. Complications are similar to those of laparoscopic partial nephrectomy. Long-term data are unavailable, and close follow-up is required.

	
	Figure 9-22. Partial nephrectomy for small lower pole tumor (white arrow), using bipolar electrocautery to maintain hemostasis in the resection bed (black arrow) without clamping of the renal artery. The intra-abdominal hand for hand assistance is visible on the left side.0 

[image: image22.png]





Donor Nephrectomy
Approximately 53,000 people await kidney transplantation, but only 15,000 transplants were performed in 2001, according to the United Network for Organ Sharing data registry. Of these, 6000 kidneys came from living donors. Open donor nephrectomy has many disincentives, including pain, cosmetic concerns, and a long recuperation time. Laparoscopic techniques reduce these disincentives, and data suggest that their availability may have increased the number of living renal donors at centers that have incorporated this technique. The first laparoscopic donor nephrectomy was performed in 1995. Donors are able to return to their normal responsibilities of family and work after only 1-2 days of postoperative hospital stay. Most centers begin their series with left-sided, single-artery kidneys, but multiple arteries and right-sided donation have been documented with excellent graft survival rates. The positioning and dissection technique is similar to that of laparoscopic nephrectomy, except that the ligation of the vasculature is one of the last steps. The ureter, vein, and artery are circumferentially dissected and tagged. For the pure laparoscopic technique, a premarked low transverse incision is carried down to the peritoneum. The ureter, artery, and vein are clipped and transected in sequential order. To optimize renal vein length, especially on the right side, an endoscopic stapler that lays down 3 rows of staples without cutting can be used, in place of the more commonly used stapler that lays down 6 rows of staples and cuts in between rows 3 and 4. A peritoneotomy is made and the kidney is passed to the recipient team.

Many centers use hand-assisted laparoscopic techniques for live renal donation. Proponents of hand-assisted approaches argue that the incision should be made at the beginning of the procedure and utilized for assistance in dissection. Others use the retroperitoneal approach for laparoscopic donor nephrectomy, claiming decreased operative times. Surgeon's experience and comfort level will dictate the laparoscopic technique. Laparoscopic donor nephrectomy produces renal units that function as well as those from open donation procedures, with similar complication rates. With widespread use of laparoscopic renal donation, it is hoped that kidney supply will match the demand for these lifesaving organs.

Pyeloplasty
Laparoscopic pyeloplasty was first introduced in 1993. Since that time, it has become a favored approach to treating ureteropelvic junction obstruction by many physicians. Transperitoneal, retroperitoneal, and hand-assisted techniques have been described. Common to all approaches is the need to be well skilled in laparoscopic suturing, a difficult intracorporeal task. Port placement is similar to that for laparoscopic transperitoneal or retroperitoneal nephrectomy. Dissection and reconfiguration of the ureteropelvic junction is similar to that of open techniques and is dependent on intraoperative findings. The Anderson-Hynes dismembered pyeloplasty, Y-V plasty, Heineke-Mikulicz reconstruction, Davis intubated ureterotomy, Hellstrom vascular relocation, and tubularized flap pyeloplasty have all been described laparoscopically. The procedure has been performed in infants, children, adults, and the elderly.

Some physicians use fibrin sealant to cover the repair with only minimal suturing. The largest laparoscopic pyeloplasty series to date with 100 cases reveals a 96% obstruction-free rate with 2-years follow-up. A comparison of open versus laparoscopic pyeloplasty revealed equivalent pain relief, activity level improvement, and relief of obstruction. These outcomes are better than other minimally invasive approaches to ureteropelvic junction obstruction, including retrograde and antegrade endopyelotomy or balloon dilation. The higher success of laparoscopic techniques compared to these other procedures is based on direct laparoscopic visualization of the pathologic areas, thus directing an appropriate repair. Although endopyelotomy may be successful in patients with an intrinsic obstruction, delayed failure is not uncommon in those with crossing vessels (Figure 9-23). Laparoscopic pyeloplasty is associated with decreased blood loss compared to open techniques. Postoperative pain and convalescence are similar to those in endopyelotomy; however, operative times are longer. Newer techniques with fibrin sealant and fewer sutures may decrease operative times. Robotic-assisted laparoscopic approaches may facilitate complex fine suturing. Complications are similar to that for laparoscopic nephrectomy. In addition, fistula, urine leak, and infection have been reported.

	
	Figure 9-23. Ureteropelvic junction obstruction associated with crossing vessel before laparoscopic pyeloplasty.0 
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Adrenalectomy
Laparoscopic adrenalectomy is the standard approach for most adrenal lesions. Indications include aldosteronomas, pheochromocytomas, Cushing's adenomas, incidentalomas, metastatic lesions, symptomatic myelolipomas, and feminizing/virilizing tumors. Large (>6 cm), invasive carcinomas are considered by most to be the only contraindication to laparoscopic adrenalectomy. Reports of laparoscopic adrenalectomy for up to 15-cm lesions have been reported by experienced laparoscopists. A complete endocrine workup is required preoperatively to help prevent the intraoperative hemodynamic lability associated with functional adrenal lesions. Hydration and medications may be needed 2-4 weeks preoperatively in some cases (calcium channel, alpha- or beta-blockers for pheochromocytomas, spironolactone and potassium for aldosteronomas).

Transperitoneal (anterior or lateral), retroperitoneal (posterior or lateral), hand-assisted, and transthoracic laparoscopic approaches have been reported. Bilateral synchronous adrenalectomy and partial adrenalectomy have been performed. The laparoscopic approach to the adrenal gland is similar to that previously described for transperitoneal laparoscopic nephrectomy. Instead of the "L"-shaped port configuration, however, 2-3 additional ports are placed in a subcostal location (Figure 9-24). The dissection can be compared to opening a book. For left-sided lesions, the spleen is mobilized medially while the characteristic yellow adrenal tissue is mobilized to the right. Dissection continues in a counterclockwise direction. Small lesions may be difficult to identify within the overlying adipose tissue. As one mobilizes the spleen and pancreas medially, the adrenal vein will be seen entering the renal vein. One should be cautious superomedially because the inferior phrenic vein will join the adrenal vein before entering the left renal vein and must be controlled. After one ligates and transects the adrenal vein, blunt and sharp dissection will allow mobilization of the adrenal gland from the psoas muscle and superior aspect of the kidney.

On the right side, the surgical approach is again analogous to opening a book, and dissection proceeds in a clockwise direction. The triangular ligament is incised with the posterior peritoneum, allowing medial retraction of the liver and colon. This exposes the IVC, and the adrenal is mobilized to the left. The adrenal vein is identified, ligated, and transected. Caution is necessary because an anomalous adrenal vein (10% incidence) may be identified connecting to the hepatic vein.

Complication rates from laparoscopic adrenalectomy are 8-29%. Open conversion rates range from 0% to 5%. Vascular injuries (transfusion rate 3%), visceral injury (3%), heart failure (pheochromocytoma), infections (Cushing's syndrome), pneumothorax (1%), and deep venous thrombosis have been reported. Subclinical Cushing's syndrome may result in an Addisonian crisis, typically within the first 10 postoperative days. Laparoscopic adrenalectomy offers significantly less postoperative pain, earlier time to oral intake, shorter length of hospital stay, and more rapid recovery when compared to open adrenalectomy.

	
	Figure 9-24. One of the possible port configurations for right transperitoneal laparoscopic adrenalectomy.
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Retroperitoneal Lymph Node Dissection
Retroperitoneal lymph node dissection (RPLND) is indicated for patients with stage I, marker-negative high-risk nonseminomatous germ cell tumors and for residual disease in patients with stage I-IIB nonseminomatous germ cell tumors after chemotherapy. The open version of this procedure involves a xiphoid-to-pubis midline incision and significant morbidity related to ileus, blood loss, and postoperative pain. The laparoscopic RPLND was initiated in 1992 in an effort to reduce morbidity. The dissection template is the same as in the open approach. For left-sided lesions, the para-aortic, preaortic, and retroaortic nodes are removed. The boundaries are the renal vessels, the medial edge of the aorta, and the ureter inferiorly down to the iliac vessels. For right-sided lesions, the interaortocaval, precaval, retrocaval, and preaortic nodes are removed (Figure 9-25). The boundaries are the renal vessels, the aorta, and the ureter inferiorly down to the iliac vessels. Additionally, the para-aortic nodes between the renal hilum and the inferior mesenteric artery are removed. Laparoscopic RPLND should be approached with caution in patients with bulky nodal disease.

The patient is positioned in a modified lateral decubitus fashion. The initial port is placed near the umbilicus. Three to five additional ports are placed to optimize dissection and retraction. As with open RPLND, strict hemostasis is vital to identify the planes of dissection. The dissection is similar to the previously described transperitoneal laparoscopic nephrectomy except that on the left side, the spleen and pancreas are rotated further medially and the descending colon is mobilized lower into the pelvis. This gives excellent exposure to the retroperitoneum. On the right side, the posterior peritoneum is incised under the liver to reveal the superior margin of the IVC, and the colon and duodenum are mobilized further medially to expose the retroperitoneal area of interest. A methodical approach, using the same split-and-roll technique as in open RPLND, is performed. Nerve-sparing techniques are similar to the open approach in hopes of preserving ejaculatory function.

The largest series of laparoscopic RPLND includes 125 patients. There were 2 conversions to open surgery. Other complications encountered were hemorrhage, lymphocele (7), chylous ascites (6), injury to renal and lumbar veins, and bowel injury. Postchemotherapy dissections are more difficult, with higher morbidity and open conversion rates. Follow-up studies at an average of 3-4 years show excellent relapse-free survival, comparable to that of open techniques.

	
	Figure 9-25. Exposure of paraspinous tissue during right-sided laparoscopic retroperitoneal lymph node dissection.0 
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Radical Prostatectomy
Interest in laparoscopic urologic surgery has intensified with successful laparoscopic techniques for radical prostatectomy. The first laparoscopic prostatectomies, described in 1992, required a mean operative time of 9.4 hours and offered no obvious advantages. The technique was modified in Europe and has become routine in some centers, with operative times similar to those for open prostatectomy. The indications for laparoscopic radical prostatectomy are similar to the open approach in patients with localized prostate cancer. Contraindications to this procedure are the same as those for general laparoscopy.

The patient is positioned in a modified lithotomy fashion with the thighs abducted for access to the perineum and the table in steep Trendelenburg position. A periumbilical insufflation port is placed with 4-5 additional ports in a fan-shaped pattern. Typically, laparoscopic dissection begins by incising the peritoneum posterior to the bladder to expose the seminal vesicles and transect the vas deferentia. Denonvillier's fascia is incised, allowing dissection anterior to the rectum in a caudal direction toward the prostatic apex. Retropubic dissection is then performed to expose the endopelvic fascia and control the dorsal vein complex. Dissection can be approached from the bladder neck distally to the apex or from the apex proximally to the bladder neck. The lateral pedicles can be controlled with electrocautery, clips, coagulating shears, or endoscopic staplers. If nerve sparing is desired, electrocautery is limited in this area. The bladder neck is inspected and any necessary reconstruction is performed. The laparoscopic approach has the advantage of performing the anastomosis under direct magnified vision. Robotic assistance may facilitate the vesicourethral anastomosis.

Although the reported data for laparoscopic radical prostatectomy are still preliminary, oncologic results seem comparable to those in open radical prostatectomy. Three-year biochemical recurrence-free survival was 91% for T2 patients and 81% for T3 patients. A retrospective comparison of open retropubic, open perineal, and laparoscopic prostatectomy showed comparable prostate-specific antigen-free survival. Positive margin, incontinence, and sexual dysfunction rates are comparable with those of open techniques. Blood loss is less than with open techniques because the pneumoperitoneum helps reduce venous hemorrhage. Conversion to open surgery is rare after the initial learning curve. Many centers remove the urethral catheter earlier than with open techniques. The benefits of laparoscopic radical prostatectomy as compared with open surgery remain unclear, however, because open surgical prostatectomy provides excellent results. The relative benefit of laparoscopy over open surgery in the duration and intensity of convalescence is likely much less in the case of prostatectomy than it is for upper retroperitoneal procedures such as nephrectomy and adrenalectomy. Future refinement of the technique may allow for better neurovascular bundle and urethral dissection and thus improved postoperative outcomes. Survival rates after 10-15 years will determine if laparoscopic radical prostatectomy is comparable to open techniques.

Cystectomy/Cystoprostatectomy with Urinary Diversion
Laparoscopic cystectomy/cystoprostatectomy is feasible, yet experience is limited. The first laparoscopic cystectomy was performed for pyocystis in a patient with an existing urinary diversion. In 1995, the first series of laparoscopic cystectomies for bladder cancer was reported. Initial reports included diversions performed entirely extracorporeally, but intracorporeal ileal conduit (1995), rectal sigmoid pouch (2001), and Studer ileal neobladder (2002) are now being performed.

The technique for laparoscopic cystectomy/cystoprostatectomy is similar to that of laparoscopic radical prostatectomy, with minor modifications including controlling the pedicles of the bladder with the endoscopic stapler and transecting the ureters. Bowel diversion requires division and reanastomosis as in open surgery. Endoscopic staplers and free-hand laparoscopic suturing facilitate the creation of the urinary diversion. Totally intracorporeal cystectomy with neobladder reconstruction highlights the rapid advances made in the field of laparoscopic urology; these techniques will continue to evolve.

Miscellaneous Laparoscopic Procedures
Numerous other laparoscopic procedures have been described. Interesting examples include laparoscopic ureteroneocystostomy for vesicoureteral reflux, augmentation enterocystoplasty with or without biodegradable grafts, ileal ureter, Boari flap, flank herniorrhaphy, and catheterizable cecal tubes (ACE Malone). Continued improvement in technology, surgical skills, and patient demand will likely deliver laparoscopic approaches into mainstream urology.

COMPLICATIONS
During the first decade of urologic laparoscopy, much attention was paid to its "steep learning curve." Many large reports indicate a considerable complication rate at the outset of a center's series, which falls markedly as experience is accrued. The surgeons in these series were usually some of the first to perform advanced laparoscopy. More recent data suggest that when the surgeons have received laparoscopic training during their residency or fellowship, this "learning curve" is less dramatic. In general, the rates of minor and major complications of laparoscopy are similar to those in open surgery. The intraoperative complications that are most feared during laparoscopy, just as in open surgery, are vascular and viscus injury. The problem in laparoscopy is that such injuries may require an emergent change in the approach (ie, conversion to hand-assistance or open surgery), whereas in open surgery the problem can be managed right there. As such, maneuvers during laparoscopic surgery must be more deliberate and careful, not because complications are easier to create but because they may be harder to manage.

FUTURE OF LAPAROSCOPY
Laparoscopy is now well established in urology. Certainly there are many applications for which laparoscopy has not yet reached its fullest potential, most notably radical prostatectomy and radical cystectomy with urinary diversion. In addition, new and evolving technologies such as surgical robots (Figure 9-26), virtual reality, and telemedicine will likely enhance not only laparoscopy but also all surgical endeavors. The challenge for the next decade is not only to continue developing procedures and techniques but also to integrate laparoscopy into urologic practice such that it is no longer viewed as a technique for technical specialists but rather a technique for disease specialists. In other words, rather than having endourologists or other minimally invasive specialists perform all of the laparoscopic procedures, those with subspecialization in oncology should perform laparoscopic oncologic procedures, those with subspecialization in reconstructive urology should

[Figure 9-26. Da Vinci surgical robot (Intuitive Surgical, Mountain View, CA).]

perform reconstructive laparoscopic procedures, and so on. In this way the urologic patient will benefit most from minimally invasive surgery.

	
	Figure 9-26. Da Vinci surgical robot (Intuitive Surgical, Mountain View, CA).0 
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