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Chapter 8. Percutaneous Endourology  Ureterorenoscopy - Joachim W. Thuroff, MD,  Rolf Gillitzer, MD
INTRODUCTION
In contrast to retrograde instrumentation such as ureterorenoscopy, which invades the urinary tract via the natural route of the urethra under endoscopic guidance, techniques of antegrade instrumentation involve access via a percutaneous puncture. This approach must respect the intrarenal anatomy just as in open surgical nephrotomy, and imaging techniques are essential to guide the procedure.

First, and most important, a puncture route must be established that will provide straightforward access to the target and safe, bloodless instrumentation. Visualization of the puncture needle and target and precise guidance to the target require the use of imaging techniques such as ultrasound, fluoroscopy, and, in selected cases, computed tomography (CT).

Contraindications to percutaneous kidney puncture are blood clotting anomalies due to coagulopathies or pharmacologic anticoagulation. Preparation and draping of the surgical field are required as for open surgery, and the same standards of asepsis must be followed. Local anesthesia only is sufficient for puncture of the kidney and small-bore tract dilation (6-12F), for antegrade insertion of a ureteral stent or nephrostomy catheter. Lidocaine hydrochloride 1% USP, 10 mL, can be given for infiltration of the skin and tissues along the intended route of puncture down to the renal capsule. During dilation of the tract, administration of a local anesthetic in lubricant (eg, lidocaine hydrochloride jelly 2%) serves the dual purpose of anesthetization and lubrication. Dilation of nephrostomy tracts up to 30F and extraction of small renal stones can be done under local anesthesia.

Percutaneous nephrolithotomy (PNL) is still indicated for treatment of staghorn calculi and stones in caliceal diverticula, but the extent of intrarenal instrumentation for stone disintegration and extraction usually requires epidural or general anesthesia. Because puncture, tract dilation, and stone disintegration and removal are preferably performed as a one-stage procedure, the use of local anesthesia in PNL is limited.

IMAGING  PUNCTURE TECHNIQUES
Percutaneous puncture of the renal collecting system may be performed for diagnostic procedures (eg, antegrade pyelography, pressure/perfusion studies) or to establish access for therapeutic interventions (Table 8-1).
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Table 8-1. Indications for Percutaneous Puncture of the Renal Collecting System.


	 Diagnostic indications


	 Antegrade pyelography

	  Pressure/perfusion study (Whitaker test)


	  Therapeutic indications


	 Nephrostomy catheter drainage

	 Antegrade ureteral stenting

	 Dilation of ureteral strictures

	 Percutaneous endopyeloplasty

	 Perfusion chemolysis of renal stones

	 PNL

	 Percutaneous resection and coagulation of urothelial tumors

	 PNL, percutaneous nephrolithotomy.


Both ultrasonic scanning and fluoroscopy provide visualization and guidance for a safe, accurate percutaneous puncture, but ultrasound has definite advantages:

1. No intravenous or retrograde administration of contrast dye

2. No radiation exposure

3. Continuous real-time control of puncture

4. Imaging of radiolucent, non-contrast-enhancing renal and extrarenal structures (eg, renal cyst, retroperitoneal tumor) for puncture

5. Imaging of all tissues along an intended nephrostomy tract (eg, bowel, lung)

6. Imaging in numerous planes simply by shifting, tilting, and rotating the scanning head

7. Three-dimensional information during puncture

Once the puncture needle has entered the renal collecting system, fluoroscopy is required for control and guidance of subsequent steps (eg, guidewire insertion, tract dilation, catheter insertion). In selected cases, insertion and placement of a nephrostomy catheter in a dilated renal system may be possible with ultrasonic control only. Fluoroscopy provides a two-dimensional image with complete integration of all information from the third (anterior-posterior) dimension, so that the entire length of radiopaque catheter, wires, and so on can be visualized.

For percutaneous puncture of the renal collecting system, the patient should be placed on the fluoroscopy table in the prone position. Radiolucent bolsters may be placed under the abdomen to correct for lumbar lordosis and to support the kidney. A standard puncture site is in the posterior axillary line midway between the 12th rib and the ileal crest; this site ensures that later the patient does not lie on the nephrostomy catheter in the supine position. Morbidly obese patients can be placed in a lateral decubitus position in order to minimize respiratory distress. Ultrasonic scanning is performed below the 12th rib to obtain a median longitudinal scan through the kidney. For optimal coupling of the ultrasonic beam to the skin, sterile gel (eg, K-Y jelly) is applied to the skin at the scanning site. In the frontal view of an intravenous pyelogram, the long axis of the kidney usually follows the psoas muscle, forming about a 30 angle with the midline (Figures 8-1A). In the transverse view of a CT scan, the transverse axis of the kidney forms about a 45 angle with both a horizontal and a sagittal line (Figures 8-1B). The position and direction of the transducer should be oriented roughly to the following marks: below the 12th rib (if possible), cranial to the puncture site, with a 30 caudal-lateral rotation, and with a 45 lateral tilt of the scanning head.

Factors that may influence the choice of scanning technique and puncture site include patient size; position and rotation of the kidney; anomalies of bony structures; positions of the colon, spleen, liver, and lung relative to the kidney; and the target of puncture (upper, middle, or lower calyx; caliceal diverticulum). The scanning head can be positioned to provide the best visualization and optimum puncture site for each patient. Thus, a puncture site as high as above the 11th rib may be chosen if the lung is not visualized in the puncture route. A different puncture site must be chosen if bowel gas or the liver or spleen is visualized within the intended nephrostomy route.

The route of puncture should always aim through a pyramid into a dorsal calyx; puncture into an infundibulum may result in bleeding from segmental and interlobar vessels in the renal sinus, and direct puncture of the renal pelvis renders dilation of the nephrostomy tract and insertion of catheters and instruments difficult, with increased risk of accidental catheter dislodgment after successful entry. For large, complete staghorn calculi, when PNL is to be performed for debulking the stone volume (followed by extracorporeal shockwave lithotripsy [ESWL] for disintegrating retained caliceal stones), puncture is usually performed through a lower dorsal calyx, a position from which the lower caliceal group, the renal pelvis, and part of the upper caliceal group can be reached easily with rigid instruments. However, for staghorn stones that can be completely removed by PNL alone (without ESWL), another route (eg, middle or upper calyx puncture) may be chosen. Stones in caliceal diverticula are better approached by direct puncture of the diverticulum.

Once chosen, the target for access to the renal collecting system must be visualized ultrasonically. The cutaneous puncture site should be chosen in a virtual caudal extension of the perpendicular orientation (width) of the scanning plane. Skin and fascia are incised with a no. 11 blade. At this time, the scanning head may be shifted over the incision to measure the exact distance between the incision and the target. A 16- to 18-gauge puncture needle (Figure 8-2) may then be inserted blindly through the incision and aimed in the direction previously determined by ultrasound. However, the needle should never be advanced blindly farther than through the abdominal fascia.

The scanning head is now placed in such a way that both the target and the puncture needle are visualized in the same scanning plane, and the needle is aligned so that its tip can be clearly seen. Vibrating the needle makes the tip more visible while the position of the scanning head is being adjusted. The needle can be safely moved back and forth down to the renal capsule as often as necessary, but the renal parenchyma ideally should be punctured only once.

A needle guide can be used to direct the needle exactly within the ultrasonic scanning plane. With some needle guides, the angle of puncture relative to the longitudinal axis of the scanning plane (depth) is also fixed and may be indicated on the monitor by an electronically generated beam. If a steeper or flatter angle of puncture is desired, the entire scanning head and attached needle guide must be tilted, and the choice of puncture site is therefore limited. Another drawback of this device is that it does not allow for independent adjustment of the puncture and scanning direction if the needle deviates from its intended direction after being advanced through the skin. This frequently occurs in patients with scars from previous operations and becomes more of a problem the farther the target is from the cutaneous puncture site. Freehand puncture with individual adjustment of puncture and scanning direction is preferable in these cases.

Movement of the kidney during respiration may complicate puncture if the target is small and is visible on the monitor only during a specific respiratory phase. If the direction of the needle and the position of the target are aligned and both are clearly seen on the monitor, the needle is advanced through the renal capsule during the appropriate phase of respiration (Figure 8-3). In this phase, the kidney is usually pushed to some extent by the puncture needle, so that visualization of needle and target may be momentarily impaired. However, as soon as the tip of the needle has penetrated the fibrous renal capsule, it is seen even more clearly. If both the tip of the needle and the target are visualized clearly at the same spot on the scanning plane, the needle is in the desired space.

Antegrade injection of a small amount of contrast dye for fluoroscopy outlines the renal collecting system after successful puncture. However, if the collecting system has not been successfully punctured at the first attempt, contrast dye may fill the interlobar veins, which form a basket-like structure around the calyx, or may extravasate. In rare cases in which contrast dye is injected into the adventitia of the renal collecting system, extravasation may assume the configuration of the collecting system, mimicking successful puncture. Care must be taken to inject the least amount of dye necessary so that further fluoroscopic and ultrasonic orientation will not be hindered. A larger amount of dye injected outside the collecting system may compress the calyx to be entered and render puncture more difficult. If the position of the needle tip on ultrasound is close to its destination (ascertained by a small vibratory movement), the needle should be retracted a few millimeters only and readvanced at the appropriate angle and tilt. Once the collecting system is entered (Figures 8-4A), fluoroscopy alone is used to guide the subsequent steps of the procedure.

If fluoroscopy is used instead of ultrasound for guiding renal puncture, a fine-needle (20-22 gauge) puncture technique may be used. Intravenous or retrograde administration of contrast dye is needed. With retrograde injection, a ureteral balloon occlusion catheter can be inserted and blocked in the ureteropelvic junction (UPJ) to cause slight distention of the renal collecting system; this facilitates puncture of a nondilated system. First, a 16- to 18-gauge needle is inserted through the abdominal wall only, and a longer fine needle is inserted coaxially through the larger needle (Figures 8-4B). This technique improves control of the fine needle. As soon as the fine needle has entered the collecting system, the larger needle can be advanced over the fine needle, which serves as a guide. After withdrawal of the fine needle, a regular guidewire can be inserted through the large needle into the collecting system.

Urine aspirated from the collecting system should be cultured, especially if there is suspicion of a urinary tract infection.

	
	Figure 8-1. Renal ultrasound. A: The longitudinal axis of the kidney forms a 30 angle with the midline. B: The transverse axis of the kidney forms a 45 angle with both a horizontal and a vertical line.0 
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	Figure 8-2. Universal nephrostomy set (Bard-Angiomed), containing (1) coaxial 17.5-gauge needle/6F catheter system with obturator; (2) fine needle (22 gauge); (3) 0.035-in stiff guidewire with floppy J-tip; (4) coaxial 10F dilator/12F introducer catheter system; and (5) 10F pigtail nephrostomy catheter.0 
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	Figure 8-3. Ultrasonically guided puncture of a dorsal lower calyx. Needle must be in the scanning plane to be visualized.0 
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	Figure 8-4. Percutaneous puncture techniques. A: Ultrasonically guided technique: puncture with a 16- to 18-gauge coaxial needle/catheter system. B: Fluoroscopically guided technique: coaxial fine-needle puncture through a larger needle/catheter system.0 

[image: image9.png]





ANTEGRADE PYELOGRAPHY  PRESSURE/PERFUSION STUDIES
Renal puncture is rarely indicated for diagnostic antegrade pyelography only, because less invasive radiographic techniques are available (eg, intravenous pyelography with tomograms, ultrasound, CT, magnetic resonance imaging [MRI], retrograde pyelography). However, obtaining a radiograph after antegrade injection of contrast dye should be an integral part of every percutaneous puncture for any indication. Before contrast dye is injected, urine must be aspirated to decompress an obstructed collecting system. The contrast dye should be diluted to 20-30% for better visualization of details; antegrade pyelography then provides images of the collecting system with about the same resolution of detail as retrograde pyelography.

Antegrade pyelography is also performed in conjunction with a percutaneous pressure/perfusion study (Whitaker test) to assess pyeloureteral resistance. Percutaneous urodynamic studies of the dilated upper urinary tract are indicated only in the 10-30% of cases in which noninvasive radioisotope studies (diuresis renogram) fail to differentiate an obstructed from a nonobstructed dilated system. (This is more likely in cases of ureterovesical obstruction than in pelvic-ureteral obstruction, in which diuresis renograms are reliable.)

The Whitaker test provides simultaneous measurements of intrapelvic and intravesical pressures during antegrade perfusion, with flow rates of 5, 10, 15, and 20 mL/min. Puncture of the renal collecting system is performed with a coaxial needle/catheter system with an outer 6F catheter for the renal pressure/perfusion study; thus, puncture and catheter insertion can be done as a one-step procedure. Perfusion is started with flow rates of 5-10 mL/min until steady-state equilibrium of pressure readings is reached and the entire upper urinary tract is opacified (Figure 8-5). Pressure readings may be obtained intermittently, from the perfusion catheter via a 3-way stopcock, or continuously, if a double-lumen nephrostomy catheter or 2 separate catheters for perfusion and pressure measurement are used. Continuous recordings during perfusion from a single-lumen perfusion catheter via a T connection yield erroneous pressure readings (the smaller the lumen of the nephrostomy catheter and the higher the perfusion rate, the higher the pressure reading), unless the resistance of the entire system was previously calibrated for each rate of perfusion. To obtain accurate pressure readings, the positions of the intrapelvic and intravesical pressure manometers must be adjusted to the level of the renal pelvis and bladder, respectively. At a flow rate of 10 mL/min, differential pressures (renal pelvic pressure minus bladder pressure) below 13 cm water are normal, between 14 and 22 cm water suggest mild obstruction, and above 22 cm water suggest moderate to severe obstruction. At flow rates of 15 mL/min and 20 mL/min, upper limits of normal pressure are 18 cm and 21 cm water, respectively.

	
	Figure 8-5. Whitaker test in a dilated upper tract after vesicoureteral reimplantation (prune belly syndrome). Antegrade perfusion with 10 mL/min results in a vesicopelvic pressure gradient of 10 cm of water, with unobstructed flow.0 
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PERCUTANEOUS CATHETER PLACEMENT
Percutaneous nephrostomy catheter placement for drainage and decompression of the upper urinary tract is indicated if retrograde ureteral catheterization is not advisable (eg, in sepsis secondary to ureteral obstruction) or proves to be impossible (eg, impassable ureteral obstruction due to stone, tumor, or stricture). After percutaneous endourologic procedures, a nephrostomy catheter is usually left indwelling for a few days. To convert a nephrostomy catheter diversion into internal stent drainage, antegrade ureteral stenting through the nephrostomy tract may be attempted even in cases in which previous attempts at retrograde stenting have failed. The antegrade approach to stenting can be expected to be successful if failure of retrograde stenting was not related to mere mechanical ureteral obstruction but rather to ureteral tortuosity, false passage (ureterovaginal fistula, urinoma after open surgery), or inability to identify the orifice endoscopically (ureteroileal anastomosis).

For diagnostic procedures such as pressure/perfusion studies (Whitaker test), a 6F catheter is sufficient. Catheters of this size can be placed in a one-step procedure of puncture if coaxial needle/catheter systems are used (Figure 8-2). For therapeutic interventions such as nephrostomy drainage or antegrade ureteral stenting, softer, larger catheters must be inserted, and puncture tract dilation is necessary before catheter insertion. For dilation of a puncture tract, a 0.035- or 0.038-in guidewire must be inserted into the collecting system, either directly through the puncture needle or through the outer catheter of a coaxial needle/catheter system. Curved-tip (J) guidewires are less likely to cause damage to the mucosa of the renal pelvis than are straight guidewires. One of the most common problems of tract dilation is kinking of the guidewire during insertion of fascial dilators; therefore, guidewires with a floppy tip and a stiff proximal section (Lunderquist wire) are preferable over floppy guidewires. If the tip of the guidewire cannot be advanced into the renal pelvis because it is trapped in a dilated calyx with a narrow infundibulum or because an obstructing stone hinders passage, the outer catheter of a coaxial needle/catheter system can be used to manipulate the guidewire into the collecting system (Figures 8-6A), or angiographic catheters with different curved-tip configurations may be inserted over the guidewire for this purpose. Once the guidewire is in the correct position (upper calyx, renal pelvis, upper ureter), radiopaque fascial dilators can be inserted under fluoroscopic control with rotating movement of the dilator during advancement. If flexible plastic fascial dilators are used, sequential insertion of dilators of increasing size (usually in 2F steps) is necessary. If stiff metal or Kevlar dilators are used, dilation from 6F to 10-12F is possible in a one-step procedure.

After tract dilation, relatively stiff nephrostomy catheters (eg, polyethylene catheters) can be introduced easily over the guidewire. However, if softer catheters (eg, silicone or polyurethane) are to be inserted, use of an introducer catheter is helpful. An introducer catheter is also helpful for antegrade ureteral stenting and for insertion of nephrostomy catheters with various self-retaining configurations of the tip (eg, pigtail). These catheters can be stretched into a straight configuration while being inserted through the introducer catheter and over a guidewire; the tip resumes its original configuration due to the memory function of the material once the guidewire is withdrawn. The introducer catheter can be inserted with the last fascial dilator in a one-step procedure if a coaxial dilator/introducer catheter system is used (Figures 8-6B and C). The use of an introducer catheter provides universal access to the renal collecting system for placement of all types of catheters (nephrostomy catheters [Figures 8-6D], ureteral stents, balloon dilation catheters) and safety and working wires for different systems of large-bore nephrostomy tract dilation required for insertion of endoscopic instruments.

Nephrostomy catheters should be soft to avoid discomfort and irritation of the renal pelvis and should have a self-retaining mechanism or should be placed with enough slack to prevent dislodgment from the collecting system during movement of the kidney. Standard nephrostomy catheters are Malecot catheters, pigtail catheters, and loop catheters. Loop catheters have a very effective retaining mechanism; they may cause serious complications, however, if the catheter is accidentally pulled out of the kidney.

Antegrade ureteral stenting can be done through an introducer catheter using either open- or closed-tip stents. Catheters with open-tip configuration are advanced with a pusher catheter over a guidewire, which must be inserted through the introducer sheath down the ureter and into the bladder as a first step. Catheters with closed-tip configuration are advanced by pushing the indwelling wire. In either technique, a thread should be pulled through one of the proximal side holes of the catheter so that the catheter can be pulled back into the renal pelvis if it is advanced too far. The thread must be pulled out before the guidewire is withdrawn so that the pusher catheter can still hold the double-J stent in place.

An introducer catheter may also be used for insertion of a 7F balloon dilation catheter over a guidewire into the ureter to dilate ureteral strictures to 12-18F with balloon pressures of up to 15 atm. After successful dilation, an 8-10F stent is usually left indwelling for several weeks. This technique is most successful in ureteral strictures that are a complication of recent surgery for benign disorders, except ureteropelvic obstruction. Long-standing strictures or strictures due to tumor compression of the ureter, radiation damage, or ischemic ureteral necrosis after radical pelvic surgery are not likely to respond favorably to balloon dilation. Long-term results of ureteral balloon dilation cannot be determined from published data, either because the periods of follow-up were too short or because balloon dilations were repeated periodically.

	
	Figure 8-6. Small-bore tract dilation and nephrostomy catheter insertion. A: J-guidewire inserted through the needle-catheter system and advanced with assistance of the catheter into the renal pelvis. B: Insertion of a coaxial dilator/introducer catheter system over the guidewire. Stiff proximal section of the guidewire prevents extrarenal kinking. C: After the dilator has entered the collecting system, the introducer catheter is advanced over its tip. D: Pigtail nephrostomy catheter is inserted into the renal pelvis over the guidewire and through the introducer catheter.
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PERFUSION-CHEMOLYSIS OF RENAL STONES
Nephrostomy catheters may be used for perfusion of the renal collecting system with chemolytic agents for dissolution of renal stones. In principle, uric acid, cystine, struvite, or apatite stones are amenable to chemolysis. However, the success of ESWL and the possibility of oral chemolysis (for uric acid stones) have limited the use of percutaneous chemolysis to adjunctive treatment of residual stones after open surgery, PNL, or ESWL. Primary percutaneous chemolysis may still be indicated in patients who are poor anesthetic risks. Benefits of percutaneous chemolysis must be weighed against disadvantages and possible risks, for example, prolonged hospitalization for dissolution of large stones (cystine, struvite, or apatite stones) and possible complications of treating infection stones (sepsis, hypermagnesemia).

To limit risks, perfusion chemolysis should always be performed with a double-catheter system for irrigation and simultaneous continuous drainage. This is achieved by using either 2 separately or coaxially inserted nephrostomy catheters (Figures 8-7A) or a ureteral catheter in conjunction with a nephrostomy catheter (Figures 8-7B). To ensure effective flow around the stone, the irrigation catheter must be placed close to the stone. Lack of continuous, complete drainage of the perfusate with increased intrapelvic pressures above 30 cm water may lead to pyelotubular and pyelovenous reflux of chemolytic agents and, possibly, infected urine, resulting in hypermagnesemia (perfusion with hemiacidrin or Suby's solution G or M) and sepsis. Irrigation should be started only in the absence of urinary tract infection or if infection is under control. Irrigation must first be tested with saline at the lowest possible height above kidney level to achieve a flow rate of 100-120 mL/h. Discomfort, pain, or leakage of perfusate may indicate inappropriate drainage of the irrigant, and patients should be instructed to interrupt the irrigation themselves in such instances.

Uric acid stones can be dissolved by sodium or potassium bicarbonate solution; cystine stones with D-penicillamine, acetylcysteine, or tromethamine-E solution; and struvite and apatite stones with Suby's solution G or M or hemiacidrin (Renacidin; not U.S. Food and Drug Administration [FDA]-approved for renal irrigation). Patients must be monitored for developing urinary tract infection or fever, and serum creatinine, phosphorus (hemiacidrin-perfusion), and magnesium levels (perfusion with hemiacidrin, Suby's solution G or M) must be obtained every other day.

The time necessary for complete stone dissolution depends on the composition and size of the stone and may vary from a few days (uric acid stones) to several weeks (cystine or struvite stones).

	
	Figure 8-7. Catheter placement for perfusion chemolysis of renal stones. A: Perfusion and drainage of the irrigating fluid through 2 nephrostomy catheters. B: Perfusion through nephrostomy catheter, and drainage of the irrigant through ureteral catheter.0 
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ENDOSCOPIC INTRARENAL INSTRUMENTATION
Introduction
Nephroscopes are endoscopic instruments with sheaths of 15-26F that are inserted percutaneously through a nephrostomy tract. Standard rigid instruments are available in sizes 24-26F; these have telescopes with offset eyepieces (Figure 8-8, left). Rigid instruments such as graspers and ultrasound probes can be inserted through a central working channel (Figure 8-8, right). Flexible fiberoptic nephroscopes may be used as well. These have a deflecting mechanism for the tip that allows inspection of otherwise difficult-to-reach calyces. A smaller working channel allows insertion of flexible instruments such as stone baskets, wire graspers, and electrohydraulic or laser probes. However, instrumentation through flexible nephroscopes is limited by the size and flexibility of working instruments such as stone forceps, and flexible endoscopes do not offer the optical quality and durability of rigid nephroscopes.

Nephroscopy is rarely indicated for diagnostic purposes only; in most cases, it is performed for percutaneous lithotripsy and extraction of renal stones (PNL). However, ESWL has gradually replaced PNL for treatment of renal stones and is now used in >90% of cases. PNL is still indicated in cases for which ESWL is not the primary choice of treatment. Such cases include urinary obstruction not caused by the stone itself, large-volume stones, and stones that cannot be positioned within the focus of the shock wave apparatus. PNL can achieve stone-free rates of >90%. Nephroscopes also may be used for direct-vision internal incision of ureteropelvic stenosis and for palliative treatment of urothelial cancer of the upper urinary tract.

Insertion of a nephroscope into the renal collecting system requires dilation of the puncture tract to 24-30F. A safety wire should be inserted parallel to the working wire and advanced into an upper calyx or the upper ureter to guide the way back into the collecting system in case the dilator and working wire become dislodged accidentally. Insertion of an introducer catheter during small-bore tract dilation to 10-12F facilitates parallel insertion of safety and working wires. The central metal catheter of a coaxial metal dilator system (Figure 8-9, left), the central plastic catheter for insertion of sequential plastic dilators, or a balloon dilator catheter can be inserted over the working wire. Balloon dilator catheters of 9F size can dilate a nephrostomy tract to a diameter of 30F under pressure up to 10-12 atm in a one-step procedure. This may prove difficult or impossible if perirenal scar tissue from previous surgery prevents complete expansion of the balloon over its entire length. Sequential plastic dilators allow stepwise dilation of the tract under fluoroscopic control; however, on withdrawal for insertion of the next larger dilator, compression of the tract is lost intermittently and bleeding occurs into the collecting system, sometimes hindering subsequent endoscopy. Coaxial metal dilators (Figure 8-9, right) (each dilator slides over the next smaller one) allow stepwise tract dilation even in the presence of severe scarring with continuous nephrostomy tract compression for improved hemostasis.

With any dilation technique, the last step is insertion of a working sheath, which may be either the 24-26F metal working sheath of the nephroscope or a larger plastic sheath. With the balloon dilation technique, the working sheath must be introduced over a plastic dilator; with use of serial plastic or coaxial metal dilators, the working sheath slides over the last dilator. The Pathway Access Sheath is a novel device consisting of a balloon dilator with a coaxial external expandable sheath. It allows for balloon tract dilation and percutaneous access sheath placement in one simple step. Clinical studies comparing it to the standard two-step technique have demonstrated a quicker and gentler insertion for this new device. The combination of decreased axial forces and exclusion of multiple steps should theoretically result in less shearing of tissue. A 28-30F plastic working sheath is preferable to a metal nephroscope sheath in all cases in which extensive, prolonged instrumentation is anticipated (eg, staghorn stones). Larger plastic sheaths not only provide better irrigation with lower intrapelvic pressures than do continuous-flow nephroscope sheaths but also allow easier extraction of large stone fragments.

	
	Figure 8-8. Rigid nephroscope. Left: A continuous-flow sheath, telescope with offset eyepiece for central access to a straight working channel, and rigid forceps and graspers. Right: Graspers and forceps for percutaneous endoscopic stone extraction.0 
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	Figure 8-9. Large-bore tract dilation for nephroscopy. Left: Insertion of the central catheter of the Alken dilator system over a working wire through an introducer catheter (see also Figure 8-6). An introducer catheter allows parallel insertion of a safety wire into the collecting system. Right: Alken coaxial metal dilators for sequential tract dilation without loss of tract compression. Final step is coaxial insertion of a plastic working sheath or the metal nephroscope sheath.0 
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Renal Stones
In the era of ESWL, indications for PNL are limited to 4 types of stone disease:

1. Urinary obstruction not caused by the stone itself (eg, stone in a caliceal diverticulum [Figure 8-10, left and right], stone in association with ureteropelvic stenosis). These stones could be broken up by ESWL, but gravel would not pass spontaneously.

2. Large-volume stones (>3 cm, stone surface >500 mm2) (Figure 8-11, left and right) (eg, staghorn stones). These stones can be treated by several sessions of ESWL, but only about 30% of patients become stone free. However, problems associated with passing large quantities of gravel (eg, ureteral obstruction, pain, fever, sepsis) can be prevented by first percutaneously debulking the stone and then performing ESWL for endoscopically inaccessible stones.

3. Stones that cannot be positioned within the focus of the shock wave apparatus (eg, stones in kidneys with abnormal position due to anomalies of the urinary tract or skeleton, stones in transplanted kidneys, kidney stones in very obese patients that cannot be positioned into the focus of the shock wave source due to the increased distance from skin to stone, or when the weight limit of the ESWL table is exceeded).

4. PNL may be of benefit for lower pole caliceal calculi even under the 2-3-cm range. The overall stone-free rate for these stones with ESWL is only about 60%.

Large-volume staghorn stones are a much more common indication for PNL than stones that can be extracted in toto. Small stones can be extracted with a variety of rigid forceps and graspers (Figure 8-8, right). Stones may be retrieved from difficult-to-reach calyces with flexible wire baskets and graspers inserted through flexible nephroscopes. Large stones must be disintegrated using mechanical, ultrasonic, electrohydraulic, or laser energy. Strong nutcracker-type forceps (visual lithotrite, stone punch; derived from instruments for transurethral bladder stone disintegration) can be used only in a spacious renal pelvis. Hollow ultrasonic probes allow for controllable, systematic stone disintegration under continuous suction for removal of sand and smaller fragments. Electrohydraulic probes are more powerful than ultrasonic probes and may be used through flexible nephroscopes, but they do not provide continuous suction and are associated with a higher risk of scattering stone fragments into inaccessible calyces and of damaging the mucosa of the renal pelvis. However, with electrohydraulic probes and the holmium:YAG laser, disintegration of hard or large stones is faster.

For soft stones, continuous disintegration and evacuation of fragments with ultrasound probes is most time-efficient. Hard stones should be broken up into the largest possible fragments that can be extracted through the working sheath. The ureteropelvic portion of a staghorn stone should be left in place until the procedure is nearly completed, as it will act like a plug in a drain to prevent the loss of fragments into the ureter. An antegradely or retrogradely positioned ureteral balloon occlusion catheter might serve the same purpose; however, the extra procedure of retrograde ureteral catheterization is rarely indicated.

Normal saline should be used as the irrigation fluid except in the case of electrohydraulic lithotripsy, in which one-sixth normal saline is more appropriate. However, even with the low-pressure system provided by a large plastic working sheath, considerable amounts of irrigation fluid may be absorbed if small veins are opened and intrarenal manipulation is prolonged. This may cause transurethral resection (TUR) syndrome with use of hypotonic fluids. Intraoperative administration of diuretics (eg, mannitol, 12.5 g) is advisable and also has proved effective in preventing intrarenal reflux. If there is suspicion of extravasation, contrast dye must be injected and a diagnostic radiograph obtained. On completion of the procedure, a plain film should be obtained and a nephrostomy catheter placed. A Foley catheter with a 5-mL balloon may be inserted through a fenestrated trocar or the plastic working sheath, which then is withdrawn and cut lengthwise for removal from the Foley catheter. Malecot catheters or straight polyethylene catheters (eg, chest tubes) may be used as well and should be secured to the skin with sutures. A final nephrostogram documents appropriate position of the catheter.

Nephrostomy catheters may be removed after 1-4 days after antegrade pyelography to check for unobstructed upper urinary tract drainage. In cases of postoperative profuse hemorrhage, the nephrostomy catheter can be occluded for 1-2 days to allow for tamponade formation. Blood clots usually dissolve later spontaneously due to urokinase activity without problems. If ESWL is to be performed, it can be done 1-4 days after the percutaneous procedure. The nephrostomy catheter should be left in place during and after ESWL to provide drainage for urine and stone gravel and to allow for a second endoscopic procedure if some of the stone fragments do not pass spontaneously after ESWL.

After removing a large bore nephrostomy catheter (24-30F), urinary discharge from the nephrostomy tract can persist for several days and be bothersome and concerning to the patient. To prevent this, the nephrostomy tube can be exchanged over a guidewire under fluoroscopic guidance for a smaller caliber catheter. Leaving this smaller tube in place for a few days will permit the tissues around the tract to expand and minimize leakage.

Some experienced endourologists have propagated percutaneous stone treatment and endopyelotomy without standard placement of a nephrostomy tube. Major advantages are marked reduction in analgesia requirements and length of hospitalization. Prerequisites are a small to moderate stone burden and no residual fragments, no more than 2 percutaneous tracts in 1 session, and no significant bleeding. Bleeding arising from the nephrostomy tract can be stopped nephroscopically by punctual electrocoagulation during withdrawal of the working sheath. However, this "so-called" tubeless percutaneous renal surgery is best performed with intraoperative antegrade placement of an internal ureteral stent to secure unobstructed urinary drainage. Expected patient discomfort from the nephrostomy catheter is traded against possible discomfort from the internal urinary stent and from cystoscopy to remove the stent later.

	
	Figure 8-10. Stone in upper caliceal diverticulum requiring percutaneous nephrolithotomy. Left: Plain abdominal radiograph. Right: Intravenous pyelogram.0 
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	Figure 8-11. Staghorn stone requiring combined percutaneous nephrolithotomy and extracorporeal shockwave lithotripsy. Left: Plain abdominal radiograph. Right: Intravenous pyelogram.0 

[image: image16.png]





Ureteropelvic Stenosis
With the advent of PNL and ureterorenoscopy, other endosurgical techniques have been developed that are similar to procedures used in the lower urinary tract. Direct-vision internal incision of ureteropelvic stenosis (pyelolysis, endopyelotomy, endopyeloplasty) seems to be a natural outgrowth of endoscopic techniques in the upper urinary tract. Compared with the retrograde techniques of endopyelotomy (incision with a cold knife, Acucise catheter, Greenwald electrode, or laser) and the endoballoon rupture, the antegrade technique offers the advantage of an incision under direct vision. The cold-knife incision must be extended into the perirenal fat and is stented for 4-6 weeks to allow for healing, according to the principle of Davis' intubated ureterotomy.

Success rates of antegrade endopyelotomy of up to 65-95% are reported for primary cases and up to 89% for secondary cases after failed open-surgical pyeloplasty.

The success rates for retrograde endopyelotomy with fewer patients and less follow-up than in antegrade endopyelotomy range between 73% and 90%; for the Acucise endopyelotomy, between 76% and 81% (see Ureteropelvic Stenosis). The candidates for best endoscopic (antegrade and retrograde) outcome are those with less than grade II hydronephrosis and good renal function.

In most reports on endopyelotomy, the criteria of success differ from those of open pyeloplasty; relief of subjective symptoms is given priority over results of imaging studies such as decompression of a dilated collecting system on intravenous pyelography or renal ultrasound. Inadequate results after endopyelotomy may be related to a crossing vessel or to redundancy of the renal pelvis, which would be resected during open pyeloplasty. According to the law of Laplace, wall tension of a renal pelvis is, at the same intrapelvic pressures, higher in a more dilated collecting system with a larger diameter than in a less dilated system with a smaller diameter. A raised wall tension supposedly represents a more important pathogenetic factor for developing progressive dilatation than do elevated intrapelvic pressures due to anatomic obstruction of outflow. Secondary open pyeloplasty after failed endopyelotomy may be a more tedious operation with less satisfactory results in cases with extensive periureteral scarring due to extravasation of urine after endopyelotomy than primary open pyeloplasty.

Renal Pelvis Tumor
Another technique of endoscopic surgery in the upper urinary tract is use of electroresection, electrocoagulation, electrovaporization, and neodymium:YAG laser coagulation for treatment of urothelial tumors of the renal pelvis. However, with the limited reports of treatment of upper urinary tract urothelial cancer endoscopically, recurrence rates are yet to be compared with those of standard surgical treatment.

Ensuring a strict follow-up, percutaneous management of transitional cell carcinoma of the collecting system may be an alternative to nephroureterectomy for patients with grade I disease and for palliative treatment.

PERCUTANEOUS ASPIRATION  BIOPSY
Introduction
Percutaneous puncture of cystic or solid lesions of the kidney and the adjacent retroperitoneum is usually performed for diagnostic purposes, in some cases in combination with therapeutic intentions such as drainage of fluid collections or obliteration of renal cysts (Tables 8-2 and 8-3). Because most of these lesions are radiolucent and are not enhanced with intravenously administered contrast dye, they cannot be visualized by fluoroscopy. Thus, ultrasound or CT is the imaging technique of choice to depict these lesions and guide percutaneous puncture. The technique of ultrasonically guided puncture is the same whether the target is the renal collecting system or a cystic or solid renal or extrarenal lesion. For cytologic aspiration, a fine-needle (20-22 gauge) aspiration technique is used that is comparable to fine-needle aspiration biopsy of the prostate. There is no evidence that one type of needle is preferable to the others. For aspiration and evacuation of renal cysts or extrarenal fluid collections (urinoma, lymphocele), the same coaxial needle/catheter system can be used as for percutaneous puncture of the renal collecting system. A small catheter (6-10F) is placed for a few days to ensure complete drainage of fluid. When fluids of high viscosity (abscess, hematoma) are to be drained, large-bore catheters (14-20F) must be inserted, necessitating dilation of the percutaneous tract. Percutaneous renal biopsy for histologic diagnosis and classification of renal disease is performed with 14- to 16-gauge needles (eg, Franklin-Silverman, Tru-Cut) at the lower pole of the kidney.
1/29/2008 3:01:25 PM 

	[image: image17.png]


Table 8-2. Indications for Puncture of Renal and Retroperitoneal Lesions.

	Diagnostic indications

	Fluid aspiration

	Fluid chemistry

	Bacteriology and sensitivity

	Cytology

	Radiography with percutaneously injected contrast dye

	Histology (core biopsy)

	Therapeutic indications

	Catheter drainage

	Urinoma, lymphocele

	Abscess, hematoma

	Fluid evacuation and injection of sclerosing agent

	Simple renal cyst
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Table 8-3. Differential Diagnosis of Renal and Retroperitoneal Lesions.


	Renal cystic lesion


	Benign cyst

	Hydrocalix

	Abscess

	Hematoma

	Cystic tumor

	Tumor in cyst

	Retroperitoneal fluid collection

	Urinoma

	Lymphocele

	Hematoma

	Abscess

	Cystic tumor

	Solid renal and retroperitoneal lesions

	Benign tumor

	Malignant primary tumor

	Metastatic tumor


Renal Cysts
Renal cysts are found in about 50% of autopsy specimens in persons over the age of 50 years and are a frequent accidental finding on ultrasound or CT studies. Only a few cases require diagnostic percutaneous puncture. Indications for diagnostic puncture of a cystic lesion are an irregular, thick wall and internal echoes on ultrasound examination; density numbers on CT higher than those of serous fluid; and hematuria. Puncture for therapeutic procedures (evacuation of fluid and instillation of a sclerosing agent) is indicated only if, due to its size or location, the cyst causes compression and urinary obstruction of a caliceal infundibulum or the ureter, or discomfort and pain.

Various tests may be performed on aspirated fluid. No one test is pathognomonic except cytologic findings of malignant cells. However, neoplasms within a cyst are exceedingly rare, and cystic degeneration of a renal neoplasm can usually be easily identified by ultrasound and CT. Benign cysts contain clear, straw-colored fluid with low fat and protein content and lactic acid dehydrogenase levels of 250 mIU/mL. Cancer is suspected if the fluid is bloody or murky and has a high content of fat, protein, and lactic acid dehydrogenase. After aspiration of 20-30% of the cystic fluid, the same amount of 60% contrast dye is injected, and diagnostic radiographs are obtained in the prone, supine, upright, decubitus, and Trendelenburg positions. If necessary, another 20-30% of the cystic fluid may be replaced by air for obtaining double-contrast radiographs.

For therapeutic obliteration of cysts, sclerosing agents such as Pantopaque or 95% ethanol can be injected after complete evacuation of the cystic fluid. A volume of 10-100 mL of 95% ethanol, approximating 10-20% of the original volume of cystic fluid, is injected into the cyst and should be drained after 30 minutes.

Retroperitoneal Fluid Collections
Low-viscosity retroperitoneal fluid collections (urinoma, lymphocele) are usually a complication of surgical procedures. However, urinoma may also be caused by exogenous trauma or by fornix rupture due to acute ureteral obstruction. Percutaneous techniques of catheter drainage eliminate the need for open surgical revision in most cases.

Insertion of a small (6-10F) catheter (with numerous side holes) is usually sufficient. Adjunctive procedures are performed to ensure sealing of the fluid leak and obliteration of the cystic lesion. In cases of urinoma, the upper urinary tract must also be drained by a ureteral catheter or percutaneous nephrostomy catheter until drainage from the urinoma stops. Lymphoceles that develop following pelvic or retroperitoneal lymphadenectomy or renal transplantation often undergo spontaneous regression and usually do not require puncture and drainage. However, large lymphoceles developing after retroperitoneal lymphadenectomy may cause pain and even ureteral obstruction (Figure 8-12). Patients should be treated with parenteral nutrition and abdominal compression by bandaging, but if lymph drainage after percutaneous puncture and catheter placement persists for >1 week, surgical intervention with intraperitoneal marsupialization of the lymphocele and ligation or electrocoagulation of lymphatic vessels is indicated.

High-viscosity fluid collections (hematoma, abscess) usually require large-bore (14-20F) percutaneous catheters for sufficient drainage. Perirenal hematomas are most frequently caused by surgical or exogenous trauma and rarely develop spontaneously in the presence of a bleeding disorder or due to rupture of a renal tumor. Indications for percutaneous drainage are rare, as most small hematomas resolve spontaneously and should be followed by ultrasound or CT only. A hematoma that increases in size requires surgical intervention rather than percutaneous drainage. Secondary infection of a hematoma may be an indication for percutaneous drainage.

A perirenal abscess is mostly a complication of open surgery; hematogenic renal abscess (renal carbuncle) is less frequent. Indications for puncture and drainage should be based on CT finding of a unifocal process that can be effectively and safely drained percutaneously. Multifocal renal abscess formation is not amenable to percutaneous drainage.

	
	Figure 8-12. Percutaneous drainage of a lymphocele causing ureteral displacement and compression.0 
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Renal  Retroperitoneal Tumors
Percutaneous aspiration biopsy of renal and retroperitoneal tumors is indicated if less invasive radiographic studies are inconclusive and if cytologic findings may have an impact on further medical or surgical therapy (Figure 8-13). If curative treatment by open surgery seems to be feasible, aspiration biopsy is generally not indicated. If the identity of a renal lesion is questionable or if conservative, organ-sparing surgery is technically feasible, surgical excision of the lesion with intraoperative frozen sections is preferable over percutaneous aspiration biopsy. However, aspiration biopsy may be indicated to avoid radical nephrectomy of a possibly benign lesion. In multifocal or possibly metastatic lesions, cytologic evaluation can be crucial for planning surgical or medical therapy, and in these cases, aspiration biopsy is usually indicated. Interpretation of cytologic findings is limited by a 10-25% incidence of false-negative findings and the difficulty in discriminating normal renal tubular cells from low-grade renal cell cancer. As a rare complication, tumor seeding in the puncture tract has been described. The aspirate is immediately spread on glass slides. For standard Papanicolaou stains, alcohol fixation must be used.

The widespread use of ultrasound has led to an increased rate of incidental diagnosis of small renal tumors. With the advent of minimally invasive techniques and improved radiodiagnostic possibilities, nonresectional renal tumor ablation has emerged and is gaining increased attention. However, cryotherapy, radiofrequency ablation (RFA), and high-intensity focused ultrasound (HIFU) are still considered experimental procedures in the clinical setting. The therapeutic strategies of local energy application aim at selective tumor destruction with minimal injury to the surrounding normal kidney parenchyma and reduced morbidity. The biological principle of cryotherapy is tissue destruction by repeated rapid freeze and thaw cycles down to temperatures below 20C. Liquid argon and liquid nitrogen are the 2 most commonly used freezing agents. The cell destruction mechanism comprises intra- and extracellular ice crystal formation leading to intracellular dehydration and ultimately cell disruption. This is followed by a delayed cell death, which occurs during the thaw phase owing to vasoconstriction and microcirculatory failure. However, since the freezing effect decreases with increasing distance from the freezing probe, the "iceball" has to extend approximately 1 cm beyond the tumor margin to ensure complete tumor destruction. RFA involves coagulation of tumors by directly applying temperatures >50C via needle electrodes. Since tissue carbonization at the electrode tip increases the impedance for radiofrequency transmission, tissue conductivity can be maintained by simultaneously irrigating saline through the tissue ("wet" RFA), resulting in larger RFA lesions for therapy of larger renal tumors. This can also be accomplished by multiple electrodes, which create overlapping ablation fields. The vicinity of larger caliber vessels results in dissipation of heat ("heat sink effect") and influences the efficacy of RFA negatively. Thus, peripheral exophytic tumors seem to be controlled better than central tumors in the vicinity of larger vessels.

Indications are similar for both techniques and are presently restricted to patients with comorbidity and/or advanced age who are not suitable to surgical treatment, impaired renal function, multiple bilateral tumors as in von Hippel-Lindau disease, and renal tumors in a solitary kidney. Guidelines for cryotherapy do not recommend treatment of tumors >3 cm in size and for RFA not larger than 5 cm. Further relative contraindications for both procedures include hilar or central tumors and cystic tumors. An absolute contraindication is untreated coagulopathy.

The tumor mass can be approached either by open surgery, laparoscopy, or percutaneously using fine probes and high-resolution imaging techniques. However, the minimally invasive character of the procedure itself ideally deserves a less invasive approach than open surgery. Proponents of laparoscopy emphasize its advantage of mobilizing the tumor and providing excellent exposure, thus avoiding damage to adjacent structures. It also allows for precise confirmation of probe positioning and monitoring progress of the procedure such as development of the iceball in cryotherapy under direct vision. Percutaneous management requires MRI or CT with technical capabilities to construct three-dimensional pictures for monitoring probe placement and progress of therapy. The percutaneous approach may be performed as an outpatient procedure. Special patients requiring multiple procedures as in von Hippel-Lindau disease thus may benefit from a percutaneous treatment. In contrast to cryoablation, which has the advantage of intraoperative laparoscopic and sonographic monitoring, RFA lacks reliable real-time monitoring of the therapeutic progress. However, the introduction of real-time MRI guidance and monitoring of RFA may overcome this difficulty.

Both methods, cryotherapy and RFA, have shown promising results in carefully selected patients. These methods appear to achieve comparable oncologic control to surgical tumor resection with decreased operative morbidity. However, follow-up for cryotherapy is only as short as little over 3 years as compared to 10 and 15 years follow-up periods for surgical tumor resection. Results after RFA appear to be similarly effective, but average follow-up for RFA is even shorter. In contrast to cryotherapy, where tumor size decreases with time, tumor size after RF remains mostly constant. Tumor size after successful cryotherapy can decrease up to 75% over 3 years, and tumors may even completely disappear on MRI in some cases. This fact is important for posttreatment surveillance. A major drawback of ablative techniques is the lack of reliable histologic confirmation of complete tumor ablation. Assessment is commonly done by CT scan. After RFA, a successfully ablated lesion becomes fibrotic and nonperfused and does not show contrast enhancement as compared to a viable tumor.

Complication rates (major and minor) of cryotherapy are 1.4% and 12.2%, and of RFA 2.2% and 6%, respectively. The most commonly observed complications of cryotherapy and RFA are pain and paresthesia at the probe insertion site. Rare complications include perinephric hematoma, renal rupture, UPJ obstruction, and damage to adjacent organs. Anteriorly or centrally located tumors that abut the UPJ pose an increased risk for complications, especially colonic injuries or lesions of the renal collecting system and ureter. Bleeding complications have decreased with the use of ultrathin probes (1.5 mm diameter). Specifically for RFA, bleeding can be minimized by active coagulation of the puncture tract while removing the probe.

Ablative methods are still constantly evolving. Uncertainties exist regarding the exact amount of energy required, duration of treatment, mode of energy delivery and types of electrodes used, and render comparison of published results difficult. The adjunctive use of chemotherapeutic agents such as cyclophosphamide, 5-fluorouracil, and bleomycin, or radiotherapy may have a synergistic effect on cryoablation and intensify its ablative capabilities.

Other techniques with limited animal and clinical experience that remain experimental include HIFU, microwave thermotherapy (MT), laser interstitial thermotherapy (LITT), chemoablation with or without RF and radiosurgery.

	
	Figure 8-13. Percutaneous fine-needle biopsy. Left: Aspiration biopsy of a renal lesion. Right: Guidance with computed tomography scanning for fine-needle aspiration biopsy of an exophytic renal cell carcinoma.0 
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Renal Biopsy
Renal biopsy for diagnosis and classification of medical renal disease can be performed percutaneously or by open surgery. Because specimens, rather than aspirates, are needed for diagnostic histologic study, large-bore (14-16 gauge) Franklin-Silverman or Tru-Cut needles are used. Ultrasonic or fluoroscopic guidance is preferable to blind renal puncture. However, even with puncture aimed precisely at the dorsal aspect of the lower pole of the kidney, where accidental injury to large vessels is less likely, bleeding is to be expected because of the vascularity of the parenchyma and is the major complication of this procedure (about 5% of cases, with a mortality rate of 0.1%). Hematoma can usually be followed conservatively by ultrasound or CT, but transvascular embolization, open surgical revision, and even nephrectomy have been required following diagnostic renal biopsy. Therefore, open surgical biopsy rather than percutaneous biopsy is indicated in patients with solitary kidneys or uncontrolled hypertension.

URETERORENOSCOPY
Introduction
Ureterorenoscopy is endoscopy of the ureter up to the renal pelvis for both diagnostic evaluation and therapeutic intervention (Table 8-4).
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Table 8-4. Indications for  Ureterorenoscopy.

	Diagnostic indications

	Lesions of ureter or renal pelvis

	Hematuria from upper tract

	Therapeutic indications

	Ureteral stone treatment

	Direct vision internal ureterotomy of ureteral strictures

	Endoscopic resection and coagulation of ureteral tumors


Ureterorenoscopes (Figure 8-14) are endoscopes for retrograde insertion into the ureter; however, they also may be used in an antegrade fashion via a percutaneously established nephrostomy tract. Technical improvements in the last decade have led to the introduction of smaller caliber, more versatile instruments. As a consequence of this progress not only has ureterorenoscopic management of urinary calculi become more amenable and safer, but also endoscopic oncologic treatment is gaining an increasing role. Rigid ureterorenoscopes are available in sizes 6.9-12.6F, and semirigid fiberoptic ureterorenoscopes and flexible ureterorenoscopes may be found in sizes 6.2-9.3F. The smallest instruments are for diagnostic procedures only. Larger instruments, with a 3-6F working channel, can accept stone baskets, wire graspers, stone forceps, biopsy forceps, and ultrasonic, electrohydraulic, or laser probes for stone disintegration. Flexible ureterorenoscopes follow the topographic anatomy of the ureter more easily and facilitate inspection of middle and lower renal calyces if a deflecting mechanism for the tip of the instrument is provided. Newer state-of-the-art flexible ureterorenoscopes have 270 deflecting tips (dual active deflection) that allow access to virtually every calyx of the collecting system. However, the use of instrumentation through flexible nephroscopes is limited by the size and flexibility of working instruments such as stone forceps, and flexible ureterorenoscopes do not offer the optical quality and durability of rigid instruments.

Insertion of a ureterorenoscope into the ureteral orifice may be facilitated by dilation of the intramural ureter, either with sequential plastic dilators of increasing size, which are slid over a guidewire, or with a balloon dilator catheter (Figure 8-15). Dilation of the ureter is often unnecessary if a small (3-5F) ureteral catheter is inserted through the working channel of the ureterorenoscope into the ureter as a guide, and the ureterorenoscope is then rotated 180 and introduced in an upside-down orientation (Figure 8-16). In this position, the ureteral catheter will spread the roof of the intramural ureter like a tent and the nose of the instrument will slide flat on the trigone into the orifice. The orifice and intramural ureter will thus be dilated only to the extent necessary for insertion of the instrument.

	
	Figure 8-14. Ureterorenoscopes: Telescopes with center and offset eyepieces for use through a 12.5F working sheath. 10.5F ureterorenoscope with integrated sheath (asterisk).0 
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	Figure 8-15. Ureteral dilation with balloon catheter before ureterorenoscopic removal of a distal ureteral stone (arrow).0.015625 
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	Figure 8-16. Ureterorenoscopy. A: Straightforward advancement of the instrument over a thin ureteral catheter can catch the mucosa of the orifice. B: With 180 upside-down rotation of the instrument, the ureteral catheter holds the orifice open like a tent.0 
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Diagnostic Ureterorenoscopy
Indications for diagnostic ureterorenoscopy are those rare lesions of the ureter or renal pelvis whose nature cannot be determined with less invasive diagnostic procedures such as retrograde pyelography, selective urinary cytology, CT, or MRI. If a small ureterorenoscope without a working channel is used for a diagnostic procedure, a biopsy of a lesion cannot be obtained. If ureterorenoscopy is performed for evaluation of hematuria from the upper tract, the source of bleeding can rarely be identified during gross hematuria because of limited irrigation through ureterorenoscopes, resulting in poor visibility. If the urine has cleared, the chances of identifying a lesion that could not be detected on radiographic studies are small as well.

Ureteral Stones
Ureterorenoscopy is most frequently performed for treatment of ureteral stones, although >90% of ureteral stones can be treated by ESWL either in situ or after dislodgment of the ureteral stone into the renal pelvis using a ureteral catheter (push-back or flush-back procedures). For the remaining indications of ureteral stone treatment, ureterorenoscopy is used for extraction of stones, dislodgment of stones into the renal pelvis for subsequent ESWL, and intraureteral stone disintegration. Growing experience in general ureteroscopic techniques and the use of smaller caliber instruments have also rendered the procedure practicable and safe in the pediatric population, with no evidence of decreasing renal function, and/or renal growth or initiation of vesicoureteral reflux after the procedure.

For extraction of distal ureteral stones that are unresponsive to ESWL, short rigid ureterorenoscopes and alligator forceps or Dormia baskets are most helpful. Ureteroscopic clearance rates for distal ureteral stones reach 93-100%. Impacted proximal ureteral stones that did not respond to in situ ESWL and could not be dislodged with a ureteral catheter usually can be repositioned into the renal pelvis under direct vision for subsequent ESWL using a small semirigid or rigid ureterorenoscope. If the stones are too large or impacted, intraureteral lithotripsy for stone disintegration may be necessary in a few cases. Flexible ureteroscopic instrumentation in the upper ureter and the necessity to pass and withdraw the ureteroscope repeatedly to extract stone fragments bear an increased risk of injury to the ureter. Hence, in skilled hands stone clearance rates for proximal ureteral calculi range from 82% to 87%. The "ureteral access sheath" has been developed to facilitate ureteral reentry and to allow multiple reinsertions of the ureterorenoscope into the upper urinary tract while reducing trauma to the distal ureter. The outer sheath size is available in 12-16F. The increased efflux of irrigation fluid from the working sheath allows endoscopy to be performed with increased irrigation flow rates, thus enhancing visualization of the upper urinary tract while maintaining low (40 cm) intrapelvic pressures. Use of a working sheath is also supposed to decrease wear on the ureteroscope and reduce operative time. However, controversy still exists regarding a possible risk of ureteral injury from placement of the working sheath resulting in ureteral stricture rates of 1.4%, which however are still in the range of modern series of flexible ureteroscopy without the access sheath.

To prevent the pushing back of stones or fragments into the renal pelvis during lithotripsy, a 3F wire basket can be used to hold the stone during disintegration or a 3F balloon catheter can be passed alongside the stone and be blocked proximally. The Dretler stone cone (Microvasive, Boston Scientific) is a new nitinol device which uses the same principle. It can be coiled proximal to the stone, preventing upward ureteral migration of stone fragments during lithotripsy and facilitating stone fragment retrieval after successful disintegration. Ultrasound probes allow safe stone disintegration under continuous suction, but they are not as effective as electrohydraulic and laser probes and can be used through rigid ureterorenoscopes only. Both electrohydraulic and laser probes can be used through rigid or flexible ureterorenoscopes. Laser probes for intraureteral lithotripsy have the smallest diameter (1F) and do not injure the mucosa of the ureter if used under direct vision. Several pulsed lasers such as the holmium:YAG laser, pulsed-dye laser, and Alexandrite laser are available for intraureteral lithotripsy. The holmium:YAG laser is the most widely used laser for ureteroscopic lithotripsy because of its high efficiency. It can successfully disintegrate stones of any composition with stone fragmentation rates approaching 100%. Moreover, it can be used to coagulate, ablate, and incise tissues. Laser probes are flexible and as small as 200 mm in core diameter so that they can be easily passed through flexible ureteroscopes without hindering tip deflection and thus, maximize their durability. Electrohydraulic probes, which are available in sizes 1.6-5F, require less expensive equipment, but they bear the risk of ureteral damage if used inappropriately. The combination of flexible ureteroscopy with atraumatic ancillary tools, such as nitinol tipless baskets and thin holmium laser fibers (200 m), permits ureteroscopic treatment of renal stones when ESWL or percutaneous treatment are not an option or have failed. A 79-90% success rate has been reported for lower pole stones treated ureteroscopically. However, success is highly dependent on stone size and multiple procedures are often required. If ureteral perforation occurs as a complication of intraureteral instrumentation, ureteral stenting using a 6-8F double-J stent for 2-6 weeks usually allows healing without late sequelae. Stents should be used for a few days even after uncomplicated ureterorenoscopy to prevent pain from urinary stasis because of edema of the intramural ureter after instrumentation. If there is ureteral perforation and a stent has been placed, the bladder should be on continuous drainage for a few days using a transurethral Foley catheter or a suprapubic cystostomy catheter to prevent urinoma formation from vesicoureteral reflux via the double-J stent.

Ureteropelvic Stenosis
Ureteroscopic endopyelotomy of UPJ obstruction is feasible with cold knife, electrocautery, or holmium laser. Success rates range between 73% and 90% in different series. However, subsequent repeat balloon dilation of the UPJ may be required in 10% of cases, and 3% may even require repeat incision. At least 10% of recurrences are treated by open or laparoscopic surgery. Thus, the advantages of this minimally invasive procedure such as a reduced hospitalization time and convalescence are at the cost of poorer outcomes compared with open or laparoscopic pyeloplasty. Also, the risk of complications of ureteroscopy, which range between 1% and 15%, like ureteral perforation, stricture, false passage, ureteral avulsion, bleeding, and sepsis must be weighed against the possible benefits.

In recent years Acucise endopyelotomy has gained increased attention as an alternative treatment of UPJ obstruction and other postoperative ureteral strictures in selected patients. It is simple and a truly minimally invasive method that can be performed in an ambulatory setting, but relies on fluoroscopic rather than visual ureteroscopic guidance. The device permits combining balloon dilatation and incision by electrocautery in 1 step. Overall success rates for UPJ range between 76% and 81%, and even better outcomes are reported in secondary UPJ obstruction. Prognosticators of treatment failure of UPJ are a stricture length >2 cm, 20% split renal function, the presence of either anterior or posterior crossing vessels, and massive hydronephrosis.

Ureteral Strictures
Cold-knife, electrocautery, or laser incision of a stenosis into the periureteral fat should be followed by stenting of the ureter for 4-6 weeks according to Davis' principle of intubated ureterotomy. The intraoperative use of an endoscopic ultrasound probe can provide important information about the exact stricture location and its relation to adjacent structures, and thus help to direct the incision.

Best results are obtained in ureteral strictures that are a complication of surgery for benign disorders if treatment is established early. Proximal and distal ureteral strictures respond better to endoureterotomy than midureteral strictures. However, long-term results of this technique as compared with open surgical repair remain to be determined. Long-standing strictures or strictures due to external ureteral compression, radiation damage, or ischemic ureteral necrosis after surgery are not satisfactorily treated by internal ureterotomy. Acucise treatment of ureteral strictures should be reserved for short strictures (1.5 cm), in a good functioning kidney.

Ureteral Tumors
Endoscopic electroresection and laser coagulation of ureteral tumors are the ureterorenoscopic variants of percutaneous endoscopic treatment of renal pelvis tumors (see the section: Endoscopic Intrarenal Instrumentation, Renal Pelvis Tumor). Conservative endoscopic treatment of urothelial tumors of the upper urinary tract is still reserved for small tumors in solitary kidneys, bilateral disease, or chronic renal failure. Ureterorenoscopy offers an adequate surveillance method in cases of conservative management allowing for simultaneous biopsy. Although rare, benign fibroepithelioma of the ureter (Figure 8-17) is sufficiently treated by ureterorenoscopic techniques. The same precautions and limitations apply for endoscopic treatment of urothelial cancer of the ureter as listed previously for percutaneous endoscopic treatment of renal pelvis tumors.

	
	Figure 8-17. Intravenous pyelogram revealing a fibroepithelioma in the midleft ureter (arrow) without urinary obstruction.0 
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