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Kidney stones (also called nephrolithiasis or urolithiasis) are a common health problem. It is estimated that 12 percent of men and 5 percent of women will develop a symptomatic stone by age 70. Fortunately, treatment is available to effectively manage most stones and steps can be taken to prevent their recurrence.

A brief overview of the anatomy of the urinary tract will help in the understanding of kidney stones. The urinary tract is composed of the kidneys, ureters, bladder, and urethra. Urine is produced by the two kidneys, which are located toward the middle of the back and below the ribs. The kidneys remove waste products and excess fluid from the blood and convert these products to urine. The urine passes out of the kidney through small tubules, called calyces, into the renal 'pelvis' and then into the ureter, a narrow tube connecting the kidney to the bladder. The urine collects in the bladder until it passes out of the body via the urethra.

WHAT IS A KIDNEY STONE? — A kidney stone can form when substances, such as calcium, oxalate or uric acid, are present in the urine in higher than normal concentrations, although stones can form in the absence of such high levels. These substances can form crystals which become anchored in the kidney and gradually increase in size, forming a kidney stone. Eventually, the stone may migrate or move down the urinary tract to be expelled in the urine. Or, the stone can become lodged in the urinary tract causing an obstruction to urine flow and usually acute pain.

Most kidney stones are formed of calcium-containing material, primarily calcium oxalate. Stones can also be made of other substances, such as uric acid, struvite (magnesium ammonium phosphate), or cystine.

ARE THERE RISK FACTORS FOR KIDNEY STONES? — Certain diseases and habits can affect a person's risk for developing kidney stones. These include:

History of kidney stones — Patients who have had a calcium stone in the past have the highest risk of future stone formation. It has been estimated that for patients who have already had a stone, the likelihood of forming a second stone is about 15 percent at one year, 35 to 40 percent at 5 years, and 80 percent at 10 years.

Family history of stones — Persons with a positive family history of kidney stones are at increased risk for developing stones.

Dietary habits — Regular ingestion of certain liquids appears to affect a person's risk for stone formation. Drinking more than one liter per week of soft drinks acidified with phosphoric acid seems to cause a modest increase in the risk of stone disease. An increased risk of stones has also been associated with the intake of tea in some individuals. On the other hand, drinking large amounts of water or other liquids has been linked to a reduced risk of stone formation.

Interestingly, higher levels of dietary calcium intake appear to protect against rather than cause stone formation in some patients. This finding is probably due to the combination of some of the extra dietary calcium with dietary oxalate, which prevents oxalate entry into the blood and subsequent excretion. Stone formation falls because the percentage fall in oxalate excretion exceeds the percentage rise in calcium excretion. These changes are reversed and stone formation may be enhanced with a low calcium diet. However, certain individuals who absorb excess calcium from their diet may experience additional stone problems with a high calcium intake. The best recommendation regarding dietary calcium is to avoid excessive intake of calcium, as well as low calcium diets.

Other medical conditions — Some medical conditions can increase an individual's risk for stone formation, including conditions that increase the absorption of oxalate from the gastrointestinal tract (like short bowel syndrome, chronic diarrhea, or previous bowel surgery), or conditions that increase the chance of urinary tract infection. Patients with hyperparathyroidism and sarcoidosis may have an increased risk for stone formation. The risk of kidney stones is also increased in patients with gout or with high concentrations of uric acid in their urine. Cystinuria (increased levels of cystine in the urine) is caused by an inherited condition and increases the risk of cystine stone formation.

Medications — Some medications that promote the formation of crystals in the urine increase the risk of stone formation.

Diarrhea and dehydration — Uric acid stones are sometimes seen in patients who have chronic diarrheal states and concentrated, acidic urine. Marathon runners, if predisposed to developing stones, may have an acute risk of stone formation brought on by dehydration.

WHAT ARE THE SYMPTOMS OF A KIDNEY STONE? — Symptoms are usually produced as a stone passes from the kidney into the ureter (the tube that leads from the kidney to the bladder).

Pain — Pain is the most common symptom and can range from a mild and barely noticeable ache, to discomfort which is so intense that it requires hospitalization for pain control. Typically, the pain waxes and wanes in severity. The paroxysms of pain are related to movement of the stone in the ureter and the resulting ureteral spasm. Paroxysms of severe pain usually last 20 to 60 minutes.

Pain occurs on the side of the stone. The location of the pain depends upon the location of the stone and may change as the stone migrates. A stone causing obstruction in the upper ureter or renal pelvis leads to flank pain (pain in the side, between the ribs and the hip) or tenderness. A stone obstructing the lower portion of the ureter causes pain in the lower abdomen that may radiate to the genitals.

Hematuria — Hematuria, or blood in the urine, occurs in most patients with kidney stones. The blood may be readily apparent in the urine or may be visible only by microscopic examination.

Gravel — Patients may pass "gravel" or small stones. Uric acid stones, in particular, are more likely to present with gravel, but can also produce acute obstruction.

Other symptoms — Other symptoms commonly seen include nausea, vomiting, pain with urination, and an urgent feeling of needing to urinate (also called "urgency"). In some patients, the stone becomes impacted in the ureter, leading to persistent obstruction and possible infection. Staghorn calculi, which are irregular stones with protruding branches, can lodge in the renal pelvis. These stones may lead to renal failure over years if they are present in both kidneys and are not treated.

Asymptomatic kidney stones — Many patients with kidney stones have no symptoms. ("Asymptomatic" means the absence of symptoms.) These stones are detected when x-ray studies are performed in those individuals with a prior history of stones, or when a radiologic study of the abdomen is performed for other purposes. Asymptomatic patients can remain symptom-free for years, although those with a history of stones are more likely go on to develop symptoms.

HOW IS A KIDNEY STONE DIAGNOSED? — Clinical symptoms, laboratory tests, and diagnostic x-ray studies may all be used to diagnose a kidney stone. Hematuria (blood in the urine), flank pain, and a history of acute onset are particularly suggestive of a kidney stone. Analysis of a urine sample should be performed to look for the presence of blood or crystals. In addition, a radiologic test is typically performed to confirm the presence of a stone and to rule out other conditions, especially if the patient has no previous history of stones. A number of radiologic tests have been used, but computed tomography (CT scan) is now the preferred diagnostic test in most patients.

Abdominal x-ray — Many types of kidney stones can be seen on standard abdominal x-ray. However, certain stones, such as uric acid stones and small stones, may not be seen. As a result, other tests including a CT scan may be required if the history is suggestive and the plain x-ray is negative.

Intravenous pyelogram (IVP) — In an IVP, a radiopaque dye (one that is detectable by x-ray) is injected into the bloodstream. The dye collects in, and is excreted by, the kidneys. As the dye passes through the kidney and into the bladder, the urinary tract and any kidney stones are visible on x-ray. Although most kidney stones can be detected by IVP, there is a small risk of reaction to the dye that is administered.

Computed tomography (CT) scan — A CT scan is a radiologic test that creates a three dimensional image of bodily structures. A particular type of CT scan (called noncontrast helical CT) without contrast can visualize almost all kidney stones, including those that may not be seen by other tests, as well as the presence of urinary tract obstruction. This test has become the gold standard for the initial radiologic diagnosis of stone disease; it is not necessary if a stone has been detected by one of the above tests. Moreover, all stone compositions, including uric acid stones, can be visualized with a CT scan.

Ultrasonography — Ultrasonography (the use of sound waves to visualize body structures) can detect most stones, although small stones might be missed. It is the procedure of choice for patients who should avoid radiation, including pregnant women and possibly women of child bearing age.

HOW IS A KIDNEY STONE TREATED? — Treatment during the acute phase is similar for all patients. Once the acute phase is resolved, however, measures to prevent further stones vary depending upon a person's risk for a recurrence.

Acute treatment — During the acute phase, many patients require only pain medication and fluids until the stone is passed. Nonsteroidal antiinflammatory drugs (NSAIDs) may be prescribed for pain and can be given intravenously or orally. If the pain is not controlled by an NSAID, narcotics may be prescribed. Fluids are given to increase urine flow and facilitate passage of the stone.

Patients able to take oral medications and fluids may be managed at home. However, hospitalization may be required if the pain is severe or if the patient cannot tolerate oral fluids. Once the stone is passed, a radiographic test is generally performed within the following few weeks to confirm that passage is complete and that no fragments or additional stones remain.

If the stone is not passed — Stones smaller than 5 mm, and even those up to 7 mm, often pass spontaneously. Larger stones, however, rarely pass on their own and require some type of intervention. Several procedures are available for the treatment of these kidney stones.

  Shockwave lithotripsy (SWL) — SWL is the treatment of choice in many patients who need help passing a stone, and is particularly good for stones in the renal pelvis and upper ureter. Stones that may require a different form of treatment include large, hard, or complex stones (such as staghorn calculi). In SWL, x-rays or ultrasound are used to pinpoint the location of the stone. A high energy shock wave is directed toward the stone, passing through the skin and bodily tissues and causing a release of energy at the stone surface. This energy causes the stone to break into fragments that can be more easily passed.

  Percutaneous Nephrolithotomy (PNL) — Extremely large or complex stones, or stones resistant to shock wave lithotripsy, may require removal using a percutaneous approach. In a percutaneous approach, small telescopic instruments are passed through the skin and into the urinary tract to access the stone directly. The PNL technique is often used in patients with abnormal kidneys. Rarely, open surgery is performed to access and remove complex stones.

  Ureterorenoscopy — Ureterorenoscopy is often used to remove stones obstructing the middle and lower portion of the ureter. In ureterorenoscopy, a very small telescopic instrument is passed up through the urethra and bladder and into the ureter. The telescope is moved through the ureter until it encounters the obstructing stone, which can then be removed. If the stone is too large for removal intact, additional instruments, such as the holmium laser can be applied during the procedure to break the stone into smaller pieces that are easier to extract.

Treatment of asymptomatic stones — Patients with asymptomatic stones are sometimes treated depending upon the size and location. Other factors, such as the patient's occupation and access to acute treatment should the stone cause problems, are also considered in deciding how to treat the stone.

CAN KIDNEY STONES BE PREVENTED? — A number of steps can be taken to decrease the chance that another stone will develop.

Prevention after the first stone — After a patient has had a kidney stone, blood and urine tests are often performed to identify factors that may contribute to stone formation. In addition, if the stone has passed and been saved, its composition should be analyzed.

Patients who have had a first stone are typically instructed to increase their fluid intake to three liters per day, including drinking at night. The increased fluid intake will increase the urine flow rate and lower the concentrations of substances within the urine that promote stone formation.

Among patients with calcium stones, limiting calcium intake is not recommended. As mentioned above, a low calcium diet may increase the risk of calcium stones in some individuals.

An abdominal x-ray or ultrasound may be performed one year after the first stone to screen for new stone formation. If no new stones are found, screening may be repeated every three to five years thereafter.

Prevention in patients with recurrent stones — A more extensive work-up is generally recommended for a patient who has had previous stones or who is at higher risk for developing recurrent stones. Special tests are performed to analyze the patient's urine and blood and determine whether underlying conditions may be contributing to stone formation. Examples include too much calcium or uric acid in the urine, which can be treated with specific medications to reduce the incidence of new stone formation.

Radiologic studies, such as an IVP or CT scan, may be performed to search for asymptomatic stones within the urinary tract and to identify anatomic abnormalities that may be responsible for stone formation. If available, the most recently passed stone is analyzed. Depending on its make-up, medications may be prescribed to inhibit the formation of similar stones. Patients with recurrent stones may also benefit from increasing their fluid intake.

WHERE TO GET MORE INFORMATION — Your doctor is the best resource for finding out important information related to your particular case. Not all patients with kidney stones are alike, and it is important that your situation is evaluated by someone who knows you as a whole person.
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· National Library of Medicine

      (http://www.nlm.nih.gov/medlineplus)

· National Institute of Diabetes and Digestive and Kidney Diseases

      (http://www.niddk.nih.gov)

· National Kidney Foundation

      (http://www.kidney.org)


