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Kidney Stones and Stone Analysis

The incidence of kidney stones is on the rise.
Currently, more than 1 million cases are
reported on an annual basis and your chance of
passing a kidney stone in your lifetime is 10
percent. Not good news considering that the
experience of passing a kidney stone has been
described as excruciatingly painful. Fortunately,
the composition of the individual kidney stone
and urine studies can help the physician
determine the right treatment and measures to
prevent formation of new stones.

Kidney Stones — What Are They

and Where Do They Come From?
There are several terms for kidney stones: renal
lithiasis, urinary calculi, urinary stones, and
bladder stones. The various names all come
back to the same thing, a "stone" develops as a
result of crystal formation in urine. One reason
crystals may form is because the urine becomes
too concentrated. However, other conditions can
cause crystal formation. Calcium, oxalate (oxalic
acid), uric acid, and cystine all have the
tendency to form crystals, while substances
such as citrate and magnesium help prevent
crystal formation. Any number of conditions
can affect the delicate balance between these
substances: heredity, diet, drugs, climate
(natural or artificial), lifestyle, and certain
medical conditions.

The crystals may form on the inner surface of
your kidneys and can break off and enter the
ureter (tubes leading from the kidney to the
bladder). The stone then travels to the bladder,
down the urethra, and exits the body. Problems
occur when the stone is too large to pass
through the ureter or the urethra, causing pain,
and potentially, damage. (See Photos 1 and 2.)

Two less common types of stones include
struvite and cystine stones. Struvite stones are
almost always a result of a urinary tract
infection and usually are found in women. The
bacteria causing the urinary tract infection
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Image 1. Individual stones vary in size and conformation and
many patients have multiple small stones. A, B, and C are
examples of multiple stones from 3 different patients (additional
stones from these patients were crushed for analysis). D is a
larger, more irregularly surfaced stone. E is a smooth stone with
visible layers (cross-sectioned). F is made up of a core covered
with protruding stalks. G shows 5 sections from one stone with
well-defined layers.
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Image 2. The stones in this photo demonstrate the widely varying
shape and texture which may be seen. The largest stone (which
shows a cut made during the analysis of the stone) has a flattened,
circular shape with a gritty surface. The smallest stone has a
roughly round shape and a very sandy texture, with larger
particles that come off when handled. The white stones have an
irregular, hard smooth surface. The dark brown stones are densely
pitted and have a hard surface that flakes off

secrete specific enzymes that increase the
ammonia in the urine. Struvite stones are
primarily formed of crystals containing
ammonia, magnesium, and phosphate, are often




large and can have a characteristic stag’s horn shape
that can cause serious kidney damage. (See Photo 3)
Cystine stones are a result of a hereditary disorder that
causes the kidneys to excrete excessive amounts of
cystine and certain other amino acids.
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Image 3. The characteristic sgorn shape of a
struvite stone.

Many kidney stones pass unnoticed. It is not
uncommon for kidney stones to be discovered during a
medical work-up for an unrelated problem. Symptoms
of kidney stones vary and can include:

= Bloody, cloudy, or foul-smelling urine

= Nausea and vomiting

= Persistent urge to urinate

= Fever and chills if an infection is present

The most common initial symptom of a kidney stone is
pain. When the stone enters the urinary tract, it can
block the tract or cause irritation as the muscles
contract to move the stone along. Pain usually occurs in
the general area of the kidney, or may move into the
lower abdomen; the pain is usually sharp and
cramping. Small kidney stones may pass unassisted or
by simply drinking lots of water, however, large stones
may require surgical treatment. Kidney stones can be
broken up with extracorporeal shock wave lithotripsy,
the resulting small particles are then passed normally
or thorough a catheter. (See Photo 4)

If the stone is especially large or located in the ureter,
the physician may elect to perform percutaneous
nephrolithotomy or ureteroscopic stone removal.

Kidney Stone Analysis
Regardless of the selected treatment, for proper
management of patients with recurrentstone formation

b

! & Y ]
mllw"llllllIHIINI'WIIIlllll'ﬂwllllllllwﬂlllm
Image 4. Particles resulting from lithotripsy
treatment.

(approximately 80% of the stone-forming patients),
qualitative and quantitative analysis of all crystal
material present is essential to guide therapy.

Previously, stone analysis required grinding up the stone,
mixing the powder with potassium bromide, using special
equipment to compress the material into a standard pellet,
drying the pellet, then analyzing it utilizing infrared
spectrometry. Today, this time-consuming method has
been greatly simplified. Mayo’s Metals Laboratory has
compiled data on the reference spectra of all known stone
components. As a result, the laboratory is able to
pulverize the stone into a fine powder, take an infrared
spectrum reading from the powder, compare the reading
to the reference spectra and provide a complete analysis of
the complex crystal mixture, as well as the hydration state
of each crystal type.

The composition of kidney stones may vary from a simple
crystal to a complex mixture containing several different
species of crystals. The composition of the nidus, the
original crystal over which new layers form, may be
entirely different from that of the peripheral layers. Stones
are most commonly made up of calcium oxalate. The
proportions of oxalate dihydrate vs. oxalate monohydrate
can give clues to the age of the stone, with older stones
being composed of primarily of monohydrate.
Monohydrate is a more stable form than dihydrate, and
can be formed from the conversion of dihydrate to
monohydrate (but not vice versa). Outer newly formed
layers may be primarily dihydrate. (See Photo 5.)

Most stones (95%) are composed of calcium oxalate,
uric acid, or calcium phosphate. However, as
pharmacology advances, some drugs are being




