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Abstract Effective long-term management of urolithiasis

depends on identification and manipulation of factors

contributing to initial stone formation; identification of

these factors depends on accurate identification of the

mineral composition of the urolith involved. The purpose

of this study was to determine the chemical composition of

uroliths obtained from the low urinary tract of dogs in

Mexico City. One hundred and five cases of urolithiasis

were studied in which stones were surgically obtained from

the low urinary tracts of dogs treated in different hospitals.

The chemical composition of the uroliths was quantita-

tively and qualitatively determined by stereoscopic

microscopy, IR-spectroscopy, scanning electron micros-

copy and X-ray microanalysis. Age of animals ranged from

4 months to 14 years, with a median of 5 years. Compo-

sition and distribution of the uroliths were struvite 38.1%,

calcium oxalate 26.7%, silica 13.3%, urate 7.6%, mixed

11.4%, compounds 1.9%, and cystine 1%. Most uroliths

were found in pure breed dogs (75.2%); 23 different breeds

were identified, and more than half of the submissions were

from breeds of small size. In our study, the frequency of

struvite, calcium oxalate, cystine, urates, mixed and com-

pounds stones are in agreement with papers that report on

dog populations in America and Europe, but a higher fre-

quency of silica uroliths was observed in Mexico City

dogs.
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Introduction

Urolithiasis is a common disorder in dogs in all geo-

graphical areas, with diagnoses reaching 18% of dogs

presenting with lower urinary tract disease [1]. The pro-

portion of dogs with urolithiasis out of all dogs admitted to

veterinary hospitals varies between 0.5 and 3% [1–3].

To achieve adequate control and long-term clinical

management of this disease, it is necessary to identify the

pathophysiological mechanisms involved, which requires

knowing the mineral composition of the uroliths them-

selves. To determine such composition, it is necessary to

perform a quantitative analysis, often combining more than

one analytic method, such as stereoscopic microscopy,

X-ray diffraction and/or infrared spectroscopy.

The purpose of this study was to determine the chemical

composition of uroliths surgically obtained in dogs from

Mexico City and to compare results with findings from

studies in other geographical areas.
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Materials and methods

One hundred and five uroliths surgically removed from the

low urinary tracts of dogs in Mexico City were analyzed

with stereoscopic microscopy (zoom Stereomicroscope

SWZ1500, Nikon Instruments, Japan), IR-spectroscopy

(FT-IR 2000, Perkin Elmer, UK) with an infrared spectra

library (IR Kidney Stones Spectra, Nikodom. Czech

Republic) and, in some cases, with scanning electron

microscopy (Jeol JSM-6480LV, Jeol, Japan) and X-ray

microanalysis (INCA, Oxford Instruments, UK).

Uroliths were classified as simple or pure (one layer

containing C70% of a given mineral), mixed (one layer

with less than 70% of a single mineral) and compound

(uroliths with nidus and other layers of varying predomi-

nant mineral composition), according to the usual veteri-

nary classification [4].

We identified uroliths from a total of 23 different breeds

(plus a group of mixed breed dogs), ranging in age from

4 months to 14 years, with a median age of 5 years.

Results

The distribution and composition of uroliths according to

sex and age of the animals are presented in Table 1.

Overall, nearly two of every three uroliths (63.8%) were

from males, while slightly over one-third (36.2%) occurred

in females: a ratio of 1.76:1. Struvite uroliths were slightly

more common in females (1:1.5), whereas in males, oxalate

(3.65:1) and urate (1.6:1) uroliths were more frequently

found. Silica uroliths and cystine uroliths were found

exclusively in males.

Most samples (75.2%, n = 79) were from pure breed

dogs. When considering the size of the animals, it was

found that the samples obtained from small pure breed

animals (less than 50 cm in height at adulthood) accounted

for 72.2% (n = 57). The breeds most commonly affected

among small breeds were the miniature Schnauzer

(n = 23), Poodle (n = 15), Yorkshire terrier (n = 6) and

Cocker spaniel (n = 4); whereas among large breeds,

Labrador retrievers (n = 7) and Dalmatians (n = 5) con-

stituted the largest number of cases.

The composition of uroliths according to the size of the

affected animals is presented in Table 2. It is noted that

small breeds are mainly affected by struvite and calcium

oxalate uroliths, while large breeds are predominantly

affected by silica uroliths.

Overall, struvite uroliths accounted for nearly 40% of

the total, followed by calcium oxalate (about 28%), silicate

(nearly 14%) and mixed, which accounted for 11.4% of all

cases. Mixed uroliths were found to be formed by combi-

nations of ammonium urate and calcium oxalate (n = 7) or

struvite with either calcium oxalate (n = 3) or calcium

phosphate (n = 2). The two-compound uroliths each had a

silica nidus with the other layer made of calcium oxalate.

Struvite was the only mineral present in uroliths of

animals less than 1 year old. The age group most affected,

regardless of the composition of the urolith, was 4–6 years.

Discussion

Over the past 30 years local, national and international

epidemiological studies have published data on populations

of dogs in different geographical areas; comparison of our

results of these studies can be found in Table 3. Besides the

geographical area involved, these studies also differ in the

number of samples tested and the study periods. Despite

these differences, all the studies analyzed the uroliths by

physical techniques of quantitative analysis.

In our study, as in most reports found in the literature

[4–8, 10], struvite uroliths were the most frequently

encountered. These uroliths are frequently present in

alkaline urine oversaturated with phosphate, ammonium

and magnesium. This condition is usually associated with

urinary tract infection by urease positive bacteria (Staph-

ylococcus spp., Streptococcus spp. or Proteus spp.) [11].

Table 1 Composition and distribution of uroliths by sex and age (n = 105)

Mineral Percentage (n) of

total analyzed

Sex Percentage by age range (years)

Female (%) Male (%) \1.0 1–3 4–6 7–9 [10

Struvite 38.1 (40) 60 40 15 27.5 30 7.5 20

CaOx 26.7 (28) 21.5 78.5 10.7 39.3 17.9 32.1

Silica 13.3 (14) 0 100 28.6 64.3 7.1

Urates 7.6 (8) 37.5 62.5 25 62.5 12.5

Cystine 1 (1) 100 100

Mixed 11.4 (12) 41.7 58.3 16.7 75 8.3

Compounds 1.9 (2) 0 100 50 50

CaOx calcium oxalate (include monohydrate and dihydrate forms), urates include ammonium urate and sodium urate forms
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Although in this study we did not have access to the data

from urine cultures from the patients, it is reasonable to

posit that this pathophysiological mechanism can account

for the fact that most cases of struvite urolithiasis included

in this study occurred in females, as this gender is more

susceptible to urinary tract infection than are males [11].

The second-most common type of urolith was calcium

oxalate, which forms in acidic urine oversaturated with

calcium and oxalate. Two different mineralogical forms are

found in dogs: oxalate dihydrate (weddellite) and mono-

hydrate (whewellite)—although currently this chemical

differentiation does not seem to have much clinical sig-

nificance. In this species, the conditions of hyperoxaluria

and hypercalciuria increase the risk of calcium oxalate

stones, but hyperadrenocorticism and chronic metabolic

acidosis can also be associated with this type of urolith

[12, 13]. Our results are similar to those reported in most

epidemiological studies [4–6, 10].

The third most frequent type of urolith was silica, which

can represent over 15% of the total if we add the cases of

pure silica uroliths and the two-compound uroliths con-

taining a nidus of silicate. This percentage is significantly

higher than that reported in most epidemiological studies,

which report values between 0.5 and 0.9% [4, 7, 9] or do

not report this mineral [5, 6, 8]. The number even exceeds

the proportion of 4% that we found in a preliminary

national study in Mexico [10]. It has been suggested that

silica uroliths are due to increased intake of this mineral in

the diet. As animal protein contains a low amount of sili-

cate, dietary sources of plant origin or a high silica content

in local groundwater [1, 14] may be responsible for the

formation of this type of urolith. A possible explanation for

the high percentage in our study is that water taken from

groundwater near volcanoes contains high levels of silica,

and this groundwater is the most important source of water

in Mexico City [15]. Nonetheless, our results are actually

lower than those obtained in a unique study in Kenya,

which reported that in a 53% prevalence of urolithiasis in

native crossbreed dogs, 100% of the uroliths were silica

[14].

Urate uroliths were the fourth most prevalent in our

study, with values similar to those cited in most studies

[4–7, 9, 10]. Almost all cases involved male Dalmatians;

the composition of uroliths was ammonium urate.

The most common mineral mixtures in the mixed uro-

liths were the two major elements, struvite and oxalate.

Comparison with other studies presents difficulties because

only some of them [4, 9, 10] reported mixed uroliths and

compounds separately.

In our study, small breeds were most commonly affected

by urolithiasis. This predisposition may be related to a

lower volume of urine and less frequent micturition, thus

leading to a higher urinary concentration of minerals [16].

One limitation of this study was a lack of information on

the frequency of different breeds within the general and

clinic populations in Mexico City. Thus, the relative risk

for the formation of different types of uroliths could not be

calculated. However, it did appear that schnauzers and

poodles were over-represented in the study.

Comparing our results with studies from other countries

has enabled us to identify a high frequency of silica

uroliths, which we assume is a peculiarity of the

Table 2 Frequency of each urolith mineral, based on the size of dog

breeds

Mineral Pure breeds

Small (n) Large (n)

Struvite 28 1

Calcium oxalate 18 5

Urate 5 3

Silica 1 9

Cystine 1

Mixed 4 2

Compounds 1 1

Table 3 Frequency of mineral composition of uroliths from different geographical areas

Country Samples Struvite

(%)

CaOx

(%)

Urate

(%)

Cystine

(%)

PCa

(%)

Silica

(%)

Mixed

(%)

Compound

(%)

USA [4] 77,191 49.6 31.4 8 1 0.6 0.9 1.9 6.6

Europe [5] 180 39 27.5 5 4 0.5 0 24

Ireland [6] 156 41 25 7 6 1 0 19

Canada [7] 16,647 43.8 41.5 4.8 0.4 2.2 0.9 6.5

Czech Republic [8] 1,366 38.7 35.9 11.2 5.6 1.8 0 6.1

Brazil [9] 143 16 7 8 0 0 0.5 2 66.5

Mexico [10] 200 41 26 7 0.5 0.5 4 13 8

CaOx calcium oxalate, PCa calcium phosphate
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geographical location of Mexico City, but more in-depth

studies are needed to understand the pathophysiology of

this type of urolith formation and to explain, for instance,

the reasons that we have detected it only in large breed

male dogs.
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(2007) Analysis of canine urolithiasis in Mexico: preliminary

results (abstract). J Vet Int Med 21:1432. doi:10.1111/j.1939-

1676.2007.tb01969.x

11. Ling GV, Franti CE, Johnson DL, Ruby AL (1998) Urolithiasis in

dogs. III: prevalence of urinary tract infection and interrelations

of infection, age, sex, and mineral composition. Am J Vet Res

59(5):643–649

12. Hess RS, Kass PH, Ward CR (1998) Association between

hyperadrenocorticism and development of calcium-containing

uroliths in dogs with urolithiasis. J Am Vet Med Assoc 15;212:

1889–1891

13. Adams LG, Syme HM (2005) Canine lower urinary tract disease.

In: Ettinger SJ, Feldman EC (eds) Textbook of veterinary internal

medicine-diseases of dog and cat, 6th edn. Saunders, Philadel-

phia, pp 1850–1874

14. Brodey RS, Thomson R, Sayer P, Eugster B (1977) Silicate renal

calculi in Kenyan dogs. J Small Anim Pract 18:523–528. doi:

10.1111/j.1748-5827.1977.tb05924.x

15. Huizar-Alvarez J, Carrillo-Rivera JJ, Angeles-Serrano G, Hergt T,

Cardona A (2004) Chemical response to groundwater extrac-

tion southeast of Mexico City. Hydrogeol J 12:436–450. doi:

10.1007/s10040-004-0343-3

16. Stevenson AE, Markwell PJ (2001) Comparison of urine com-

position of healthy Labrador retrievers and miniature Schnauzers.

Am J Vet Res 62:1782–1786. doi:10.2460/ajvr.2001.62.1782

204 Urol Res (2010) 38:201–204

123

http://dx.doi.org/10.1111/j.1748-5827.1992.tb01047.x
http://dx.doi.org/10.1111/j.1748-5827.1992.tb01047.x
http://dx.doi.org/10.1111/j.1939-1676.2000.tb01174.x
http://dx.doi.org/10.1111/j.1748-5827.2005.tb00308.x
http://dx.doi.org/10.1111/j.1748-5827.2005.tb00308.x
http://dx.doi.org/10.1111/j.1939-1676.2007.tb03006.x
http://dx.doi.org/10.1111/j.1939-1676.2007.tb01969.x
http://dx.doi.org/10.1111/j.1939-1676.2007.tb01969.x
http://dx.doi.org/10.1111/j.1748-5827.1977.tb05924.x
http://dx.doi.org/10.1007/s10040-004-0343-3
http://dx.doi.org/10.2460/ajvr.2001.62.1782

	Composition of lower urinary tract stones in canines  in Mexico City
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


