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lECTION 5. Stone disease.
Introduction
Urinary stone disease has plagued mankind for centuries. Long before effective treatment was available reference to urinary stones may be found in ancient literature. The oldest stone discovered to date was found in a prehistoric tomb at El Amara amoongst the pelvic bones of a teenage boy. It was thought to be a bladder stone dated at over 7000 years old. Historically bladder stones appear to have been endemic in many civilizations and are still prevalent in many regions of the world including the Middle East and northern Africa. In industrialized countries however there was a rise in the incidence of upper tract stones at the turn of the nineteenth century and conversely bladder stones became less common.

There is no doubt that urolithiasis is a significant worldwide problem accounting for a considerable degree of morbidity and mortality in the population. Despite criticism of the studies looking into the prevalence of stone disease it is clear that it is common (1% to 13% of the population in the developed world) with wide geographical variability. Clearly dietary factors play an important role in

the site and type of stone formation but detailed epidemiological studies have identified a wide variety of aetiological factors in stone formation .
In recent years the treatment of urinary stones has been completely revolutionized and although lithotomy ('cutting for stone') was historically the only treatment option available it is now unusual for a patient to undergo an open operation as first line treatment. This chapter summarizes the current concepts of aetiology of urinary stones and outlines the clinical features of the condition along with a review of the modern treatment of urinary stone disease.
Aetiology and risk factors
Many theories have been proposed to explain the underlying reasons why stones (calculi) develop but none in isolation have been able to answer fully the questions concerning stone formation. It is highly likely that stone disease arises from a combination and interaction of multiple factors. Some of these are well recognized but many are still unknown.
Nucleation theory: A small crystal or foreign body promotes the crystallization and growth of a crystal lattice in urine, which is supersaturated with a crystallizing salt.

Stone matrix theory: A matrix of organic urinary proteins (albumin, mucoproteins etc.) provides a framework for the deposition of crystals.

Inhibition of crystallization theory: There are several urinary substances (magnesium, citrate etc.) which have been demonstrated to inhibit the crystallization of salts in urine. If these are in low concentration or absent in urine then there will be an increased tendency towards stone formation.
Obstruction: stones tend to form at sites of obstruction. Examples would include a renal calyceal diverticulum, a ureterocele, an obstructed bladder or an obstructed prostatic duct.

It is recognized that all three of these processes are likely to be involved in stone formation. After initial crystal nucleation larger crystal aggregates will form providing that some or all of these abnormalities are present in combination with supersaturation of the urine with the salt of the stone-forming crystal. In addition to these factors stones are more likely to form in patients with metabolic abnormalities, making supersaturation of the urine more likely or anatomical abnormalities resulting in urinary stasis with chronic infection.

Several different theories exist as to the actual site of stone formation within the kidney. Deposition of calcium on the basement membrane of collecting tubules or papillae may occur and are referred to as Randall's plaques. Alternatively it has been suggested that precipitates of calcium arise within the renal lymphatics, breaking down the membrane separating the lymphatics from the collecting system (theory of Carr). Deposition of calcium and cellular debris may occur within the tubules of the collecting system before propagating into larger tubules. This process is known as intranephronic calculosis.
Urinary stone disease, as previously mentioned is often related to metabolic disorders that result in increased concentration of substances in the urine that constitute stone composition. Not surprisingly many of these conditions relate to calcium metabo​lism but other rarer conditions may also result in stone disease and certainly any patient who forms stones on a recurrent basis or has a family predispo​sition to stone formation should be fully investigat​ed for the presence of a metabolic disorder.

Calcium is of course one of the most common constituents of urinary stones and it is therefore not surprising that conditions affecting urinary cal​cium concentration may be associated with stone formation. Calcium is absorbed from the duode​num and upper jejunum with the aid of a vitamin D-dependent protein. In addition the interaction of vitamin D with parathyroid hormone seems to be essential for calcium absorption.

Absorptive hypercalciuria is the most common abnormality detected in patients with calcium oxalate stones and is present in about 60% of such patients. These patients are thought to have an altered intestinal response to vitamin D leading to increased absorption of calcium, hypercalcaemia and decreased parathyroid secretion. The basis of treatment is to limit calcium and sodium intake in the diet (sodium is known to assist calcium absorption from the gastrointestinal tract), increase dietary fibre that binds to calcium and prevents absorption and increased hydration. Cellulose phosphate may be administered which exchanges sodium for calcium within the gastrointestinal tract and thus reduces calcium absorption and orthophosphates reduce urinary calcium excretion and increase urinary pyrophosphate and citrate excretion. These are both potent inhibitors of calcium stone formation in the urine.

Renal hypercalciuria arises when the kidneys are unable to conserve calcium and is found in about 10% of stone-forming patients. Patients develop hypocalcaemia with increased parathyroid secretion and gastrointestinal calcium absorption. Treatment involves the administration of thiazide diuretics that decrease calcium excretion and also increase urinary zinc and magnesium levels that may enhance the effect.

Hyperparathyroidism is a relatively uncommon condition that accounts for 6% of patients with urinary stone disease. It is more common in females and is recognized by the finding of hypercalcaemia on routine blood analysis. Excessive levels of parathyroid hormone are secreted from the parathyroid glands due to a hormone-secreting adenoma or more rarely carcinoma. This results in increased absorption of calcium from the gastro-intestinal tract and resorption from bones. Second​ary parathyroidism occurs in response to renal hypercalciuria and tertiary hyperparathyroidism may result when an adenoma arises as a result of chronic overactivity within the parathyroid gland. Hypercalcaemia may also be associated with Cushing's disease, myeloma, metastatic cancer, hyperthyroidism etc. and subsequently cause urinary calculi. Patients with sarcoidosis usually form mixed calcium stones containing oxalate and phosphate. Hypercalciuria arises in response to increased sensitivity to vitamin D and may be treated with corticosteroids.

Renal tubular acidosis is usually classified into three distinct types one of which is associated with urinary stone formation. Type I renal tubular acidosys occurs as an autosomal dominant condition but can also arise spontaneously. The condition is more common in females and about 70% of patients will form calcium stones. These patients cannot acidify their urine below a pH of 6.0 and have decreased excretion of bicarbonate, potassium and citrate in their urine. They also develop hypercalciuria, metabolic acidosis and subsequent bone demineralization. The stones are usually pure calcium phosphate and patients are prone to nephrocalcinosis (stone formation within the cortical tubular structure of the kidney). Patients are advised to drink plenty of fluid and may require sodium bicarbonate or sodium potassium citrate to alkalinize the urine. Type II and type IV are not associated with urinary stones.

Hyperoxaluria is an important consideration in the urinary stone formation given that 70% to 80% of urinary calculi identified comprise of calcium oxalate. Primary hyperoxaluria is a general term describing two rare genetic disorders characterized by excessive production of oxalic acid that results in recurrent calcium oxalate neprolithiasis and nephrocalcinosis. Patients often present with the clinical features of urinary calculi and progress to death in their early twenties. Oxalic acid is an end product of metabolism and disorders of its break-down result in hyperoxaluria. Type I hyperoxaluria is caused by a deficiency of alanine:glycoxalate aminotransferase. Treatment is aimed at lowering oxalate excretion by dietary control, decelerating oxalate synthesis with pyridoxine administration, increasing fluid intake and increasing inhibition of calcium oxalate crystallization with magnesium oxide/hydroxide. Type II hyperoxaluria is extremely rare and once again inherited as an autosomal recessive condition. It is caused by a deficiency of D-glycerate dehydrogenase (DGD). It tends to be less severe than type I hyperoxaluria and first manifests in later childhood.

Uric acid stones account for about 10% of urinary calculi and interestingly humans and Dalmatian dogs are the only mammals known to suffer with the condition. Uric acid is an end prod​uct of purine metabolism and is very insoluble in acidic water. As urine becomes more acidic more uric acid will become insoluble and thus lead to stone formation. Uric acid stones arise in patients with an idiopathic form of the disease with nor​mal levels of serum and urinary uric acid. In other patients hyperuricaemia is associated with a metabolic abnormality such as primary gout or the Lesch-Nyhan syndrome. About 25% of patients with gout develop uric acid urinary stones. Hyperuricaemia also occurs in patients with myelo-proliferative disorders and urinary uric acid secre​tion is raised in patients receiving chemotherapy. Chronic diarrhoea may be associated with the formation of uric acid stones especially in patients with ileostomies and rarely hyperuricosuria may occur in patients who are normouricaemic. This condition may be seen as a side effect of thiazide diuretics and salicylate therapy. Treatment is based upon adequate hydration, dietary control and alka-linization of the urine with sodium bicarbonate. Allopurinol, the xanthine oxidase inhibitor can be used in patients to prevent stone formation but may be associated with skin rash, fever etc. Pure uric acid stones are radiolucent and care is therefore needed in the choice of investigation in patients with this condition.

Cystinuria occurs due to an inherited defect in the transport of the amino acids cystine, lysine, arginine and ornithine. Cystine is insoluble and therefore excessive concentrations within urine lead to cystine lithiasis. It is inherited as an auto​somal recessive condition and diagnosis is based upon the finding of cystine crystals within the urine that are present in up to 80% of patients. Some patients exhibit mild or heterozygous cystinuria and rarely excrete enough cystine in their urine to form pure cystine stones. However calcium oxalate stones are common in this group of patients and it is thought that cystine aggregates may form a nidus on which calcium oxalate can then precipitate. Patients usually present after puberty but the stones are often not clearly visible on plain radiographs having a ground glass appear​ance thus leading to delays in diagnosis. Treatment consists of hydration, alkalinization of the urine and the use of cystine-binding drugs such as penicillamine.

Hypocitraturia is said to be a co-existent factor in the formation of urinary calculi in up to 60% of patients. Citrate is known to inhibit crystallization of calcium oxalate and calcium phosphate and may also prevent crystal nucleation. Potassium citrate may reduce the risk of new stone formation.

Urinary stone formation is also common in the presence of chronic urinary tract infection. These stones are twice as common in women as in men and account for 15% of all urinary calculi. They are often large and fill the pelvicalyceal system, giving the characteristic 'staghom' appearances. Chemically, they comprise of a mixture of magnesium ammoni​um phosphate and calcium apatite, referred to as triple phosphate or struvite stones. The stones usu​ally arise in the presence of 'urea-splitting' organ​isms within the urine, typically Proteus species. These organisms alkalinize the urine above pH 7.0, causing precipitation of urinary calcium and other ions. Treatment involves eradicating the urinary tract infection and stone removal and occasionally urease inhibitors such as acetohydroxamic acid have been employed with some success.

Clinical features

Most urinary stones are likely to form in the kidney and then pass through the ureters, bladder and ure​thra depending on their size and other anatomical factors. The symptoms caused by these stones will thus depend upon their size, position and the presence of complicating factors such as infection.

Most patients will present with isolated symp​toms of loin pain, with or without haematuria. Symptoms related to urinary tract infection such as dysuria, urinary frequency and fever may also occur. Stones should be suspected if a patient is suffering recurrent UTIs. Many renal stones are asymptomatic and identified when investigations are performed as a result of other clinical condi​tions. Stones situated in renal calyces may be small and asymptomatic but occasionally present after a single episode of relatively painless haematuria. When they become big enough to obstruct the flow of urine from a calyx they may cause flank pain, haematuria and recurrent infection. Stones that become lodged at the pelviureteric junction may cause severe loin pain associated with nausea and vomiting. If there is associated infection patients will quickly become unwell with evidence of pyelonephritis or septicaemia in more severe cases.

When smaller stones pass down from the kid​ney to the ureter patients may complain of typical 'ureteric colic' . The pain origi​nates in the loin, comes in waves of severity often lasting several minutes and radiates into the scro​tum and testis in the male and labia in the female. Stones typically become lodged at three main sites in the ureter, the pelviureteric junction, the point at which the ureter crosses the iliac vessels and finally as the ureter enters the bladder at the vesicoureteric junction. More severe and consistent pain with or without haematuria may occur if the stone becomes 'stuck' at any of these sites. Once again superimposed urinary tract infection can complicate ureteric colic and lead to sepsis in severe cases.

As the stone nears the bladder filling lower urinary tract symptoms will become more severe due to irritation of the trigone of the bladder although once the stone is passed into the bladder the symptoms may settle . Patients may or may not notice passing a stone through the urethra. Larger stones may of course be more painful to void and be associated with haematuria due to trauma to the urethral urothelium.

Bladder stones will present with increasing filling lower urinary tract symptoms and recurrent urinary tract infection. Voiding may be interrupted in a variable manner as the stone falls into the bladder outlet causing intermittent obstruction and severe 'stranguary' may be associated with the presence of a large bladder stone . Rarely, a patient who has passed a sizeable stone into the urethra may present in painful retention of urine.
Non-specific symptoms may be associated with the presence of urinary stones in patients with chronic urolithiasis. Failure to thrive in a child may indicate the presence of chronic urinary tract infection with stones and the highly variable patterns of abdominal pain mean that the diagnosis should be considered in all patients with acute abdominal pain even if gastrointestinal pathology seems more likely on initial assessment. The presence of an abdominal aortic aneurysm may initiate symptoms similar to those of renal or ureteric colic and should be carefully considered in patients presenting in this way.

Physical examination often reveals a pale patient in severe distress with considerable pain. The patient may well be vomiting with tachypnoea and a tachycardia. The presence of pyrexia should be established at an early stage as a sign of sepsis. In comparison to a patient with peritonitis who will invariably remain still, the patient with renal or ureteric colic is often restless, moving around exces​sively in an effort to find a more comfortable position and this clinical observation is a useful diagnostic sign in cases where symptoms are not clear cut. The abdomen should be carefully palpated for signs of localized tenderness and to rule out other causes of acute abdominal pain. As mentioned before the presence of a pulsatile mass should raise the suspicion of an abdominal aortic aneurysm.
When assessing a patient clinically with a sus​pected diagnosis of urinary tract stones always bear in mind that a potentially more serious gastro​intestinal, gynaecological or vascular diagnosis may be present and these possibilities must be excluded especially where conservative treatment is likely to be initiated for presumed stone disease.

Investigations

The investigations commonly employed in the identification of urinary tract calculi have been discussed elsewhere. In general terms the goals of investigation are as follows:

(a) To confirm the diagnosis.

(b) Is there evidence of urinary tract infection?

(c) Where is the stone?

(d) How big is the stone?

(e) Is the kidney partially/fully obstructed?

(f) Are there multiple stones present?

(g) What is the relative function of each kidney? To identify aetiological factors associated with the formation of urinary stones e.g. metabolic disorders, anatomical abnormalities. Urinalysis is mandatory for all patients suspect​ed of having urinary stones. In the acute presenta​tion the presence of microscopic or macroscopic haematuria will suggest urinary tract pathology. Perhaps of more importance is the situation encountered where a patient presents with clinical features of ureteric colic but blood is not identified in the urine. In this situation the diagnosis of uri​nary stones is unlikely and an alternative explana​tion for the symptoms should be looked for. Similarly the presence of blood in the urine is not always diagnostic of urinary stone disease. The presence of pyuria and infection in the urine may suggest an increased risk of sepsis and can alter the approach to management. In the non-acute situa​tion the pH of the urine may give clues as to the aetiology of urinary stone disease and the presence of crystals, i.e. uric acid crystals may point to an underlying diagnosis.

Radiological imaging is usually undertaken ini​tially with a plain X-ray of the kidneys, ureters and bladder (KUB) and an ultrasound scan (USS) of the urinary tract. These investigations will demonstrate the size and position of most urinary tract calculi and demonstrate the presence of upper tract dilatation. Most (90%) urinary stones are radiopaque and are easily identified on a KUB X-ray but radiolucent stones such as uric acid stones will usually be seen with USS. Intravenous urography (IVU) is now rarely used as a first line investi​gation in urinary stone disease, excluding the emergency investigation of ureteric colic. IVU may be performed if the diagnosis is not clear from KUB X-ray and USS. In recent years computerized tomography urography (CTU) has superseded IVU in the investigation of urinary stones in some centres. It is not only employed in the acute phase but can also be useful in the planning of access etc. to the kidney for percutaneous surgery. CTU is also useful in the investigation of radiolucent stones. Static renography can be utilized where knowledge of the relative function of an individual kidney is important. In a patient with a unilateral stag-horn renal calculus, attempted removal of the stone is not indicated where there is little or no function left in the kidney. In this scenario a simple nephrectomy would be a better option.

Metabolic stone screening is undertaken to investigate any possible disorder that predisposes the patient to recurrent stone formation. In addi​tion to routine blood tests for calcium, oxalate and urate, a 24-hour urine collection is under​taken to look at abnormal concentrations of stone-forming substances and inhibitors within the urine. Abnormal amino acid concentration within the urine may suggest a diagnosis of cystinuria. It is always essential to send any stones or stone fragments for analysis as this will also give important aetiological information regarding the nature of stone formation within an individual patient.

Treatment
In the acute presentation of urinary stone disease

the clinician needs to assess a number of key questions before making a treatment decision:

(a) Is the stone likely to pass spontaneously?

(b) Is there evidence of continuing upper tract obstruction?

(c) Is there evidence of urinary sepsis?

(d) Are there complicating factors present? i.e.
solitary kidney, pregnancy etc.

Most stones that are 5mm or less in diameter have a very good chance of spontaneous passage without the need to intervene: 50% will pass if situated in the upper ureter at presentation and 90% will pass if situated in the distal ureter. Larger stones are less likely to pass spontaneously. Stones are likely to be held up at the pelviureteric junction, the pelvic brim or the vesicoureteric junction but if small will eventually pass through. During this time the patient should be given adequate analgesia (for example, diclofenac 50 mg 8-hourly) and carefully counselled to expect more pain as the stone moves. It is not uncommon for patients to suffer continuing pain for several hours after the stone has passed, probably due to oedema within the ureter. Some small stones may not pass spontaneously, either due to irregular morphology or excessive ureteric oedema. Adequate time should be left to allow the stone to pass before resorting to invasive measures to remove the stone, provided that the patient's pain can be controlled with simple analgesics.

If there is clinical evidence of progressive upper tract obstruction (non-resolving or increasing pain), of infection (pain and swinging fever) then active intervention is necessary as an emergency even if the stone appears to be small . Under normal circumstances a nephrostomy tube can be placed radiologically to decompress the kidney, allowing obstruction to be relieved and infection to settle with intravenous antibiotics etc. Where the patient has a single kid​ney retrograde double J ureteric stent placement should be considered rather than nephrostomy due to risk of damage to the kidney with needle nephrostomy placement.

Renal calculi that fail to pass spontaneously or larger stones will require active intervention. Modern stone treatment involves extracorporeal shock wave lithotripsy (ESWL), endoscopic stone removal or open stone surgery.

ESWL permits fragmentation of renal (and occa​sionally ureteric and bladder calculi) without the need for direct surgical intervention. ESWL has since revolutionized stone treat​ment. Dornier laboratories in Germany found that, during high-speed flight, shock waves generated by collision with raindrops caused pitting on the metal surfaces of supersonic aircraft. Micrometeorites caused similar damage to spacecraft (Chaussy and Fuchs, 1987). In 1966 a test engineer accidentally touched a target body at the moment of impact of a high-velocity projectile and felt something like an electrical shock. No damage from the shock waves could be demonstrated. Further studies in animals in 1971 showed that only the lungs sustained damage from experimental shock waves (Hepp et al., 1987). In vitro experiments by Hoff, Behrendt, and Hausler demonstrated that stones suspended in water could be fragmented; this was reported to the German Physical Society (Hausler and Kiefer, 1973). 

 In 1972 Dornier approached E. Schmiedt, Director of the Department of Urological Surgery at the University of Munich, to do research on calculi. Schmiedt referred Dornier to Walter Brendel, director of the Institute for Surgical Research, to do animal research studies. In 1972 Hausler began work with Ziegler, a urologist at the University of Saarbrucken, using shock waves to destroy kidney stones after surgical exposure. In 1974 an agreement was reached that research on the lithotripter would be conducted by the Institute for Surgical Research, and clinical trials by the urology department at the University of Munich. Experimental animal studies and machine development were done by Chaussy, Brendel, Eisenberger, and Forssmann (Brendel, 1986). The first patient was successfully treated on February 7, 1980. Clinical results in the first 21 patients were published in 1980 .
In simple terms an acoustic shock wave is generated by the lithotripter apparatus using either riectrohydraulic, electromagnetic or piezoelectric energy. The shock wave is then focused on the stone using either ultrasound or image intensification. The strength and frequency of the shock wave can then be altered according to patient tolerability but with most modern lithotripters patients can tolerate treatment on an out-patient basis with minimal analgesia. Post treatment patients are warned that haematuria and pain may occur as stone fragments are passed down the ureter and antibiotics are usually administered to avoid infective complications. Occasionally a 'cloud' of minute stone fragments pass down the ureter collecctively causing upper tract obstruction. This phe​nomenon is referred to as a 'stonestrasse' and may require the temporary insertion of a double J stent to relieve obstruction and subsequent ureteroscopy to remove the fragments in some cases . Limitations to using ESWL to treat renal stones include very large stag-horn calculi (which often require a combination of ESWL and percutaneous renal surgery), patients on anti-coagulant therapy, body habitus (patients with deformed spines etc.), abnormal drainage from the kidney (pelviureteric junction obstruction, horseshoe kidney) or ureter (ureterocele, stricture) and pregnancy.

Percutaneous   nephrolithotomy   (PCNL) involves the insertion of a nephroscope through a nephrostomy tract to remove a stone from a calyx or the pelvis of the kidney.
Before the development and widespread acceptance of percutaneous nephrostolithotomy, individuals with urinary tract stones required open surgical removal. It was not until Rupel and Brown (1941) reported the first successful stone extraction through a surgically created nephrostomy tract that an alternative to surgical extraction became available. A significant drawback to this procedure was the need for a surgically created "formal" nephrostomy tract, and a review of both the English and German literature from 1941 to 1980 disclosed only 11 reported cases (Alken, 1982). Seldinger (1953) reported a significant advance when he described the percutaneous technique that allowed access to the femoral artery without the need for a surgical incision. The Seldinger technique when applied to the urinary tract allowed for the first time direct access to the renal collecting system without a formal incision. In 1955 Goodwin, using the Seldinger technique, reported the first percutaneous nephrostomy tube placement; however, widespread acceptance of this technique was slow to occur (Goodwin, 1955). Soon thereafter, both radiologists and urologists recognized the importance of achieving percutaneous drainage of the kidney, and it soon became the preferred technique of decompressing the obstructed urinary tract. In just a few short years, percutaneous nephrolithotomy had become the procedure of choice for nearly all renal stones. The popularity of this approach, however, was short lived, as the technology for shock wave lithotripsy was being developed by Chaussy and associates at the same time that percutaneous techniques were evolving. In 1984, the golden age of percutaneous stone surgery effectively ended as Lingeman and associates treated the first American patients with extracorporeal shock wave therapy. The urologic community had entered the shock wave era. 

 An ultrasound or pneu​matic intracorporeal lithotripter can then be used to fragment the stone under direct vision. The advantages of this technique include the lack of a surgical wound to remove the stone with a much quicker recovery period post-operatively. Complications of this procedure include haemor​rhage from the nephrostomy tract and prolonged nephrostomy drainage especially if there is distal obstruction present. Large stag-horn calculi may be treated in combination with ESWL but multiple treatments may be necessary to render the patient stone-free.

Open nephrolithotomy was once the only available method for removing renal calculi neces​sitating the use of hypothermic renal surgery and on-table radiographic location of stones. Nowadays <1% of renal stones are removed by open operation and are usually reserved for patients in whom other treatment modalities have been unsuccessful or access to the kidney radiologically or percutaneously is difficult due to body habitus etc. Partial nephrectomy may occasionally be necessary if stone clearance proves to be technically impossible and simple nephrectomy may be indicated in a poorly or non-functioning kidney, either open or laparoscopic.

Ureteric calculi that have not passed sponta​neously can be treated with in-situ ESWL. However many are removed with ureteroscopy. Modern rigid and flexible instruments allow excellent access to all sections of the ureter. Intracorporeal lithotripsy, usually pneumatic or laser energy, can be transmitted down the instrument channel of the endoscope to fragment the stone. Stone fragments are then removed using endoscopic forceps or a basket, under direct vision. Open ureterolithotomy is now rarely employed in the treatment of ureteric stones although occasionally utilized where ureteric strictures have arisen making access with a ureteroscope difficult.

Dissolution therapy should be considered either in isolation or as an adjunct to stone surgery. The specific treatments employed have been dis​cussed previously with relation to each specific stone type.

Bladder calculi are often treated endoscopically and are crushed using a stone punch or pneumatic lithotripter. For larger bladder calculi open lithoto​my is often still the treatment of choice.

Prostatic calculi are usually asymptomatic and are only identified when the prostate is imaged either with a plain radiograph or at trans-rectal ultrasonography. They may be seen during endo​scopic examination of the prostatic urethra or dur​ing a trans-urethral resection of prostate. They are often associated with prostatitis. They usually are formed of calcium phosphate. Occasionally prostat​ic calculi are extrinsic i.e. primarily formed in other parts of the urinary tract and may cause obstruc​tion to urinary flow within the prostatic urethra during voiding.

Urethral stones are rarely primary and usually become impacted on passage from the bladder. These stones can be removed endoscopically or at open operation where they have formed in a urethral diverticulum.

