Andy Torrance, Mark Diamond, Oliver
Coldrick, Cora Sommerey, Lindis
Fouracre, Maria Pinilla, John Thipthorpe,
Tony Bacon, Emma Cake, Louise
Southard, Katy Coleman

Branch laboratory
Matt Garland

CTDS Founded April 2003
Nick Carmichael, Karen Scott,
Doug Hayward

EVDS Founded Feb 2006
Jaime MacDonald, John Chitty,
Exotic Species Specialists

Leeds UK

VLSI Founded April 2007
Cork Ireland

Lucy Hooper, Elaine Lawton,
Melanie Unverfehrt

PTDS Founded Jan2008

Higham Gobion, Hertfordshire
Roger Powell
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personallsed hlgh quality diagnostic service backed
rtlse in all aspects of clinical pathology from small
of _nd approachable laboratories

. oA

) found | laboratories and services around the preferences and

-—

==—personalit 's of some of the best individual specialists in the UK

e -

=

—ll-_"

ﬁ {}’ To train selected residents with strong medical experience in Clinical
——and Anatomic Pathology in conjunction with the Universities. To achieve
_the standard of American and European Specialist Board Examinations

over a three year residency
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axpertise readily available to Veterinary Surgeons
ugh detailed didactic reporting and highly accessible
NSu tatlon

"
‘1.!' .

r a aIternatlve choice to the corporatisation of pathological
and maintain the philosophy of the small business and
T]dentlty

—-.._
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- '_ NOVS) Recognlsed SpeC|aI|st in CI|n|caI Pathology
g M.J. Diamond BSc Hons, ACA, MBA
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A.G. ._réhcé MA, Vet MB, PhD, DACVIM, DACVP, DECVCP, MRCVS
- RCVS Recognised Specialist in Clinical Pathology
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e - Director TDDS, CTDS, EVDS, VLSI, PTDS
R The Innovation Centre
e Exeter University
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“lass jion of Muscle Dis
Non=inflammatory Vyopathi

—ODeficiency o phin (X-linked)

- Ouchenne Muscular dystrophy: deficienc
oI AT CYLOSKEl etal proteinrstrictiral Protel
<>Go|den Retrievers and recently DSH cats

ef|C|ency ofi Type 2 muscle fibres
. Ol.abrador retrievers

' éMallgnant hyperthermia
== o Triggered by halothane

- OExercise induced collapse
~ OMyotonia

{Glycogen Storage disorders

=  Ylipid storage myopathies

: O Electrolyte myopathies
OHypokalaemic myopathy

O Mitochondrial myopathies

{Endocrine-associated myopathies

8
i
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assification of Mus%
_ e

liglicinmateR 2 Myepatpes ((Snelton =200, cases

YIEsticatory muscle myositis (22.5 %)
(“er rallsed iInflammatory myositis (70%)

_:E.;_T, OImmune mediated polymyositis 65%

= Infectlous polymyositis 28.5%

OPreneopIastlc polymyositis syndrome 8.5%
¢ Dermatomyositis-like syndrome 1.5%

.—""'_

—



ssification ofm_sc_lwﬁ

Juncrlonorﬂ NIES.. —————
WVesthenia gravis.
C onger aI
Acgired

5 e
— - |
T e e
1y - -
— —— T
i -
— ._...d-__-

—

= Focal, chronic generalised, acute fulminant

—

— generallsed



cgl_*gi"g‘ijmf_' Mu iseases

_' L -

Mlmlgu eakness exercise-induced collapse,
DIt tance, neck ventroflexion

“Ger erallsed or localised atrophy or hypertrophy

-—l'
- —_—
" —ar=
am—
—

-’ C|culat|ons myotonia, tremor
= QDysphonla dysphagia, dyspnoea, regurgitation
-~ ©Pain, stiffness, abnormal defensive gait,falling

SHyperthermia

“\ |



lboratory Diagnostic test
MUSTeE.bDlseas

rlarrlisery, nrwmdro OJ\/ zlolel Urigle) ySISH
ROASH), Al electrolytes, calciumr, glucose
T rogomri” (cardiac muscle affected)

Z7AISH rlﬁﬂ cortlsols

leunr ctiate, pyruvate and L:P ratio
Arlil= ‘CHR antibody: titres

=< ,FEE G2V antibody: titres

——

= =05¢ ﬁfogy for infectious agents
=

— O Toxo, Neospora, tick born diseases including Borrelia

- <>I5Tasma, urine, muscle carnitine quantification
oUrinary organic acid analysis, plasma amino acid quantification
ODNA testing for hereditary myopathies and muscular dystrophies
OMuscle biopsy

i

i|L'



2 enzymes, eléctrolytes,ﬁlcm
- aﬂgglucose _—

'\Jr ,x: speC|f|c sensitive, returns to normal in 1 week

__r\l n 'dogs and cats can be elevated by marked
- ger ‘IISEd muscle injury, persists 10 days to 2 weeks

——

— = 5Hypoka|aem|c myopathy — burmese kittens, adult cats
~with hyperthyroidism, renal disease or acidifying diets

OHyperkalaemic periodic paralysis

OHypernatraemia, hyponatraemia, hypoglycaemia,
hypercalcaemia, hypocalcaemia
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of muscle dls_‘eaw
—_—

i S—

Varied toEssivanslavEitionse i Cia (h0=210),0/000 16
fnreccm Us neeplastic and immune mediated polymyositis,
J\/Jrror)m deficiency’ (muscular dystrophy), exertional

rrerlor 0Iy5|s malignant hyperthermia

Mllrl Lmoderate elevations of CK (1-10,000)
— Jazpokalaemlc myopathy, IM injection, Masticatory myaositis,

—_ g
= _—
— -

—— -_ -“docrlne myopathies, dermatomyositis, hyperkalaemic periodic
=—— p_araIySIS
’*<>M|n|mal elevations of CK (<1000)

oexercise induced collapse, mitochondrial myopathies, Type 2 fibre
deficiency, Storage diseases, myasthenia gravis



Endr ine Mygg_thles-!,-""

IWPE T muscle |res—w earlng, sustained
fores Iow twiteh, red

IPEZ muscle ﬂbres — sudden movements,
gljree psefiul motion, fast twitch, white

-_r_L\ othyr0|d Myopathy — weakness, muscle
*'- ast’mg, exercise intolerance, Type 2 muscle
= fibre atrophy

| *<> Steroid Mpopathy pseudomyotonia, muscle
hypertrophy may occur, dlsorganlsatlon of fibres
with abnormal mitochondrial morphology
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yr“T?aﬁe.a‘h d W

7o) m estlgate myopathies associated with
NGEN: nents of energy metabolism in muscle eg.,
me. deficiencies, mitochondrial myopathies,

S ge  diseases, malignant hyperthermia,

.r-""'

- Arﬁabdomyolyss and exercise induced collapse

:<>T hese are probably more common than we realise
currently.




Pyrtmajce and-lPrati o§"'

EVAEELINES Off ENErRgY. metabollsm In muscle

Glieo e.__jl converted to glucose 6-phosphate which

celr) rogr glycogen or undergo glycolysis to form

r)yru\f' e,

.:._'fiv yate IS converted to lactate under anaerobic

.:, =conditions or is converted to Acetyl CoA and enters

,the tricarboxyllic acid (Krebs) cycle to form CO2 and

H20: (releasing ATP) under aerobic conditions.
Pyruvate is also used to regenerate glucose by
gluconeogenesis
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E5 0ff energy metabolismin!
- . e —
_ Jl_ag_yscle

IEREVIUIVALE concentiation depends upon the rate of
JIEolySiS (@erobic), the rate of conversion to
r\mr\/lfoﬁ "(@erobic -Pyruvate dehydrogenase), the
ELereIrconversion to lactate (anaeroblc) the rate of
regg eration (pyruvate carboxylase) and the rate of
=GIlCONEOJENESIS

< .;Té‘Lactate concentration depends upon the rate of
_conversion from pyruvate by anaerobic glycolysis and

fhe rate of removal of lactate by the circulation.

| actate is used in the liver to regenerate glucose via

gluconeogenesis.




ostic value of lac tatewmﬁiﬂaﬁ:@-
and!l_-,P ratios,

Tria cllzle

-

—_—

——

EIEVaueRS o lactate reflect anaerobic muscle activity
SIIEROECUTEIN| Stienuous exercise. They can be a

HEIHERGIFENZYymMe deficiencies in energy metabolism
vv]"r'n]n uscle
JL?\ | ons off pyruvate occur durlng exercise and will

' =exacerbated by deficiencies in Pyruvate
dehydrogenase or gluconeogenic enzymes

<> Reductions in pyruvate may occur with excessive
conversion to lactate or reduced regeneration
associated with eg., pyruvate carboxylase deficiency




ostic value of lac tatewmﬁiﬂaﬁ:@-
and!l_-,P ratios,

Tria cllzle

-

—_—

——

SEVENORSTNthE L:Pratio'may’ occur in'vigorous
EXENGISE: Shey may: also indicate derangements in

oyiEabiVERmELapolism and reduced regeneration of
Dy lv.-""’ ed., pyruvate carboxylase deficiency

~ Noggy al or reduced L:P ratios reflect appropriate

= _—-

= 2erobic metabolism but in the presence of lactic

'l_".'—~—

= aC|d05|s reflect defects in oxidative metabolism which

Ccause increases in pyruvate such as pyruvate
dehydrogenase deficiency and defects in
gluconeogenic enzymes.




CKEY iSHR the measurement.and ™

]n"rerr)r""" [On" o ngtate pyrum&ﬁdf‘l"

= - [iabios

—

pUITERNTILISCIEAS diffierent filvre composition (1ess aerobic)
pEliNeaEine andifeline muscles. Consequently the striking
IEiEasENtne P ratio seen in exercising humans is not
IeEUNRIAegs and' cats. In these species exercise induces a
HerENnodest increase in the L:P ratio. Interpretation
seveloped inithe human field cannot be extrapolated to the
_uﬁf £rinary species

i_-oncentratlons of lactate and pyruvate and the ratios depend

~ upon: the level of exertion. Conseguently measurement of
“these factors should be performed on the animal under

investigation and a control exercised to the same extent.

¢ Lactate can be measured on OXF plasma or deproteinised
plasma (treated with eg., acetoacetic acid). Pyruvate requires
deproteinised plasma
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SR the measuremenigd-'}'
jon oftlactate, pyin ndE
T — _ (e . ,

~ll

H\/rm é O 06 — O 1

—
-|.-

@s{: —exeruse ranges
<>Lactate —1.35-5.8
OPyruvate — 0.11 — 0.27
OL:P—-14.6 — 26.4



Exercise-induced hyperthe O

Xercise mﬂhced Co a se ?

Norrazll ogs can develop temperatures >42C
Of] vlgore EXErcise

NOTTIE! 'dogs can have lactates as high as 10
=0l ‘extreme exercise and values as high as 30
= S‘Y/er been seen in greyhounds post racing.

<§Dogs with exercise induced collapse have
normal L:P ratios



Urlnlz rganlc AcCIds and 120
- Amino auds‘iﬁa@m

. —_—

IMISHSaElatively simple prnciple. Animals with

ST ITIEN ef|C|enC|es and errors oft metabolism will
Xeleue a diffierent spectrum of urinary organic acids
( r)rodl.- ts Of metabolism) than normal animals

S ihe p rincipal is similar for plasma amino acids.

= T—- —

& Samples are analysed for a large range of organic

~_acids or amino acids and the pattern is compared
with-normals. Animals with single enzyme
deficiencies may just show a massive elevation or
reduction in one particular organic acid or amino
acid.




PJEsma,, Urine and muscle canmiting.

~ guantification”

—_—

——

ScliIENS EssEntial fior allowing the entry of long chain; fatty

GGiESNIILONE mitochondrial for oxidation and energy

produetgg

BENGIENCY Of carnitine causes muscle weakness and fatigue.

Eciiitine s also linked to the production of Pyruvate.

i Clignges in carnitine and pyruvate have been noted in some

~ Cases of exercise-induced collapse.

¢ Supplementation of carnitine is often helpful in treating
muscular diseases associated with energy production in which
a specific diagnosis has not been reached.

¢ Carnitine deficiency can be primary or secondary to organic
acidosis — replacement is beneficial in both situations.



Piagnoestic Findings in the, =
VIOEHE drlaL,Myopathy ssexX

-

- »)0)c|flf= -
EXEIEISE 1 OJErance and post EXErCiSe collapse

PYruVelt re*e ienydrogenase deficiency prevents
SYIIVALETON ENtEring the tricarboxylic acid cycle of
GEIBIC ELaDolisSm

Lzjgt =-aC|d05|s (pre and post exercise) with increased
;..;-ev vate concentration

~<5Norma| or reduced L:P ratio

© Muscle carnitine reduced and urinary carnitine
Increased

<& Urinary pyruvic acid and lactic acid markedly
Increased




Availability of DNA testi ﬁr_-.—-
etabcﬁ!!—‘myop E%

BIIVETSIvy 01 Pennsylvanial GEnetic disease unit,
Arlignzll H'J |thi Trust, Vetgen

Prid rl—\ é eney. (Cockers and Springers)

J\ gojef: n Branchlng enzyme deficiency (Horses)
'C' gen05|s (Norwegian Forest Cat)
<>Mann05|d05|s, Mucopolysaccharidosis,

& Myotonia Congenita (Miniature Schnauzer)

_|-_._
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~ o
F AR o
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Jiiiies to Infectious w_’-
- 1y 51t|s

— — — —_—
.~
G—

AL Ieayt % of Cases of myositis are due to
Irifecile) ; _gents

T le)) IgG Neospora serology

=—'a 0 IgG <50, 50 — 200, 400 — 800

» TO’xo IgM <20, 20 or above. False negatives and positives
: " are possible , interpret with IgG

- ¢ Neospora IgG <100, 100 — 200, 400 - 1600

"-'.

e i—

—



yastjae_nla Gr-aws} -

AntivACEtyl Gholine Rece Anti=ACKHR) TnE
rjssa\/ 15 dvd 2]o)]= 0' slojejSiclglele

IUERESHIS Sensitive and specific for acquired (immune
rriaciz ej ‘generallsed myasthenia gravis. 2% cases are
SEIOIIETC _- /e

glErtEst is |ess sensitive for Focal acquired myasthenia gravis

Sitres >0.6 nmol/L and >0.3 nmol/l are positive in dogs and
-~ cat ‘respectlvely

=0 This test should be considered in all dogs and cats with
~ deneralised weakness, dysphagia or megaoesophagus

¢© Congenital cases are always seronegative

© >7-10 days of immunosuppressive doses of corticosteroids
will reduce the anti-ACHR titre




e 'ctbr Muscle M LIS
GeeEetoy USCe LR EER.

VEsticatoamuselesy@liinnenatedibythedigeminal newe)l o
soliclifR e URIGUENMUSEIE TirE Y PEr KNOWRTas ype 2 1V
r\nrl ZalViimuscle fibre antibodies are directed at these muscle

fiyEstand ane not present in any generalised immune
nEuiated myositis or polymyopathy

Cigeulz 3ting IgG antibodies to 2M fibres are present in 85% of
dQC StwithFmasticatory myositis. The sensitivity of the test is
= B850 and specificity is 100%

— Ter findings which may be present in masticatory myositis
: _' include mild to. moderate Ck elevations, hyperglobulinaemia,
fm|ICc|| anaemai and proteinuria. Eosmophllla IS an inconsistent
iInding.

< Anti 2M antibodies have been found in dog as young as 4
montllj's particularly CKCS with early onset masticatory muscle
atropny.




: _|c;psy 0.5 x 1.0 cm from affected but not end-

' '}_: ge'muscle kept cold (not frozen) and shipped on
— JCE to arrive at the lab within 24-36 hours

<>Second smaller biopsy placed in formalin.

¢ If delays are anticipated, freeze at -80C and ship on
dry ice.
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AWGNIIGEoa Wit ing coliti )

— . - e - g

~ O Recurringl large boewel
signs

¢ Stiffness walking

O Lethargic

- estie <& Pain on palpation of
the back

O Age 3 years
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Total proks i 5.0-8.5

Ein | Hb T ) i 2-18
1Ol ~ . 7_55 e -

SOUIUN
' - — ) ,‘ = (2
EOLASSIUNN L — - o)< 6)0)=¢10

J;JEJJiJ'{ rjjt]o ,_-‘,107 g $ MCH 22 19-23
Crlloleld g 1 3 L
joLal caJc]Lm_J 2.0-3.0 & MCHC 34 31-34
Phos & 2.05Hi 0.8-1.6 & Platelets See comment
Uzl L 6.2 2.0-9.0 o WBC 9.06 6.0-15.0
e o2 40-106 ¢ Neutrophils 6.25  3.0-11.5
Alle PHos __~ & 840 Hi  0.0-50.0 ;
- P _'_:__'.-_ 4072Hi 0.0-25.0 O Bands 0.54 Hi <0.3
=== 97 Hi 0.0-10.0 <& Lymphocytes 1.8 1.0-4.8
—— - igg II:III' g-g'gg-g & Monocytes 0.09  0.0-1.3
= g | I " . .
_”i:_—.;f = _Glucose | 4.8 0.0-5.5 ¢ Eosinophils  0.36  0.0-1.25
—15—=CK 37992Hi 0.0-190 ¢ Platelet count appears normal in film,
$ Cholesterol 4.4 3.8-7.0 Occ target cells
- | & Triglycerides 1.6 0.45-1.9
¢ Amylase 548 0.0-1800
¢ Lipase 21 0.0 -250 Toxo IgM=<20

Toxo IgG - <50
Neospora - >600
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Alvoun dog W‘h %
assymetrical t r-al mus swellmg

i

——

<© Painion opening jaw
©40% opening only
possible
= O Mild pyrexia
d Dalmation < Crying out
¢ Difficulty eating
¢ Protrusion of the left
eye

O Age 3 years ¢ Pain on palpation of
O Sex YIN left temporal and

masseter muscles

Species  Canine



liiagesrarennrthe transverse plan offthe
Srufatthe level of the mandibilar
@mis.

'J gooe
AVIIIEE IS J Slfygoid muscle
5F remr)orr.
C: 1) J””‘ 5r muscle

e

- #F" fiee 'd signal (inflammation) is present diffusely

hroughout the left-sided temporal muscle, the masseter

- muscle and the medial pterygoid muscle. The muscles are
slightly swollen compared to the right sided mastication
muscles

5—-—

Anti 2M muscle fibre antibody titre —
Strongly positive at 1:1000



TheClinical Pathology of joints
JointiEiLiaAnalys

l'_d_ - _. .

Appearamce
Viseosity

Y[uicin) Clojt ceJ Joteln

NUGEIER eJ il count

Ov—'urs categorles

— »Role in horses

- B O'GQICE:ﬂ examination (the priority)
Gdislormal

& Mononuclear arthropathy/degenerative disease

¢ Inflammatory arthropathy
¢ Infectious
< Traumatic
¢ Immune-mediated

i
s =
=S
_-—."_
——
l—
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Ipjnt fluid analysis in
—

Bzlciariz ezlnl d e JH‘JCL itopSEENNSEPtIC joint: filid on cytology.y
MO5SIIIIEISEPLICHOINT EITUSIONS dlie considered emergenues In
PIGES AN Often| action must be taken before a clinical
r)rlrnologuv dn examine the fluid

-. r'_-r 3

Ce__I_L E ts are often used to guide treatment
= 0 Normal/DID. - <500 cells/ul

f@DJD <5,000 cells/uL
~ ¢ Trauma <10,000 cells/uL

O Sep5|s >50,000 cells/ul



e

AN EERiIth swollen painful joints, inf

gidmild gener Mmp

O Lameness

O Multiple joint
swellings

¢ Crusting inflamed skin

reed Crossbred O Mild generalised
lymphadenopathy

=— - ¢ Had travelled abroad

.

sies;  Canine

O Age 4 years
O Sex MN
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jiotaliproter
AU
Glon i)
SoHIUm
POLASSIU:
INSFRSEALIO;
ehionue

jotalicalcium:
.27

5.2

- 99

PIOS
Urea :
Cf'ﬁEJE_- ~ g

Allc 2o

e o

=0 —CR—
¢ Cholesterol
{ © Triglycerides
& Amylase
¢ Lipase

- 30

amistry and-haemato)

74
29

45 -

i

a0

=

116
2.56

64
11

6

4
6.0
120
<)
0.6
863
31

- —raZ

H

Hi

Lo

" 54-77 S5 F 0-8.
;g;g‘!*-o b 16.3  12-18
-_.“ > -‘_.F:T)'—'f - 49
S S~0:U v 58
Bk $ MCH 22
2.0-3.0 ¢ MCHC 33
0.8-1.6 & Platelets See comment
2.0-9.0 O WBC 54 Lo 6.0-15.0
40106 | 1o Neutrophils 3.46  3.0-11.5
0.0-25.0 ¢ Lymphocytes 1.13  1.0-4.8
0.0-10.0 ¢ Monocytes  0.49 0.0-1.3
ggggg ¢ Eosinophils  0.32  0.0-1.25
T & Platelet count appears normal in film,
0.0-190 Slight polychromasia, Anisocytosis +,
3.8-7.0 Poikilocytes +
0.45-1.9
0.0-1800
0.0 -250 ANA - Negative

Rheumatoid factor — Positive

1:20

Lyme - Negative
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Fr a_ll Pathplogy ofi B -
BieGHEmicaINEErsoRbonetlinoyerhavebecnwidelya

WEVEIBPEC N NUManimedicine to: Monitor 0Steoporosis
IEINRUSEN R VEeterinary medicine has been very limited but

Eeentdevelopments with the Bisphosphonate drugs for
WEBNING OStEosarcoma, hypercalcaemia and bone pain may.
2aErue MoKe interest bone markers.

== ilie main Clinical Pathological applications in bone currently

are eytological' methods for the diagnosis of cancer and

e

~  osteomyelitis
¢ Regulators of calcium homeostasis particularly PTH and
Vitamin D3 assays are sometimes used in the investigation of
bone disorders such as rickets, nutritional and renal
hyperparathyroidism



Bieehemical Markers of Bone T
Triz gejl nhn betweeniboene form

S

EF
d resorption

SE:‘JC:]]”IH—FJ' frlzljof rlogl=ce ;c,rr ISKBERE PHeLEAunarkerion esieob)a
J\/ll‘\/ ericl e ir e ORMAtiof
EISPECITIC ’Alkallne Phosphatase — a marker of bone formation

seroA\/cerrr I Cross-linked Telopeptide of Type 1 Collagen — a marker of bone
forslzigigng s

-ﬂ

——

of rmc fo ion
—_::_ﬂt Le_eoxypyrldlnollne — collagen degradation product marker of bone resorption
= J’fﬁ'e hydroxyproline — marked of very rapid bone resorption

T

——

Z)"Samples must be taken at a consistent time of day (diurnal rhythms)

¢ Many variables control these markers including age, sexual maturity, growth, sex
steroids, nutritional status, time of day.

& These markers are best used sequentially in monitoring individual patients or in
cohort studies rather than diagnostic tests.



t-@logy of Bonemﬂr'

e

F\/rglgg\/ r]r]J )22 OWHNGNIENTOrE effiecuivern thex
rlmgnow Offbone neoplasia than small incisional
J]OF)JI‘—‘,)

Mor—\_- {65, can be sampled thus overcoming the
J)rr 0) em O moesaicism

'_n_ "‘-—'-

o

“OVany: bone tumours (primary and metastases)

—
S

~exfoliate relatively easily with normal cytological

—C-'- e
= =
.—-'"!'._

sampling techniques.
& Hard proliferative lesions may require core biopsies.
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